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EXECUTIVE SUMMARY

As part of the overall education reform initiative, there has been a
concerted effort to improve mathematics education in the United States by
emphasizing problem solving and application in real-life settings, rather than
simply rote memorization. Beginning in the rnid-1980s, the National Council of
Teachers of Mathematics (NCTM) worked to develop Curriculum and Evaluation

Standards for School Mathematics. Published in 1989, The NCTM Standards
emphasize more balanced and dynamic curricular goals where students "do"
mathematics actively exploring, constructing, and justifying their ideas as they
interact and work to solve problems.

The Mathematical Sciences Education Board (MSEB) also has developed

a number of publications supporting the need for such reform, stressing the
importance of active learning for students, and developing prototypes for
assessing mathematics performance in ways that support instructional goals.

There is agreement by the NCTM, MSEB, and a number of national
organizations, including The National Council on Education Standards and
Testing, that the potential for educational improvement is enhanced if reform is
systemic, simultaneously involving such areas as curriculum, instruction,
assessments, and professional development. To reinforce reform efforts,

assessments should embody the new instructional goals by providing thoughtful
problem-solving situations and opportunities for students to explain their
approaches.

In NAEP's 1992 mathematics assessment, about one-third of the questions
and approximately one-half of the students' response time were devoted to
questions asking students to construct their own responses. These questions were
classified as regular constructed-response and extended constructed-response
tasks. Regular constructed-response questions required students to provide a
short answer giving a solution to the problem posed. The extended-response

1



tasks were a new feature of the 1992 assessment. For these questions, students
were allowed at least five minutes for the completion of tasks which required the
students to demonstrate -- by writing, by giving examples, or by drawing
diagrams their mathematical reasoning and problem-solving abilities. For some
of the constructed-response questions, NAEP provided students with
protractors/rulers, calculators, or "manipulable" geometric shapes.

In general, the analysis of student papers showed that most made a
conscientious effort to respond, but the performances exhibited left much to be
desired.

MAJOR FINDLN GS

On regular constructed-response questions, which required only a short
constructed answer, the average percentage correct by grade level was 42
percent for grade 4, 53 percent for grade 8, and 40 percent for grade 12.
Similar performance was noted across the participating states and
territories, with the average percentage correct ranging from 27 to 51
percent at grade 4 and from 30 to 63 percent at grade 8. (See Chapter One
for examples of specific questions.)

On extended constructed-response tasks, which required students to solve
problems requiring a greater depth of understanding and then explain, at
some length, specific features of their solutions, the average percentage of
students producing satisfactory or better responses was 16 percent at
grade 4, 8 percent at grade 8, and 9 percent at grade 12. Similar
performance was noted across the participating states and territories, with
the average percentage providing satisfactory or better responses ranging
from 7 to 22 percent for grade 4 and from 0 to 13 percent for grade 8. (See
Chapter Two for examples of specific tasks.)

The procedures employed in constructing and scoring extended-response
tasks showed that they could be successfully included in a large-scale
national assessment and that they significantly contributed to
understanding of student proficiency in mathematics at each of the three
grades assessed.

From approximately one-third to two-thirds of the students
provided incorrect responses to these extended questions,
indicating little evidence of understanding the mathematics
concepts involved or even the question being asked.

2

6



Substantial percentages of students, sometimes as many as one-
fifth, simply left their papr,-s blank.

Most students who did seem to understand the problems had
difficulty in explaining their work.

It is encouraging, however, that some students -- from 1 to 16
percent -- provided extended responses to each one of the tasks.

For the nation and across the states, there was a lower level of
performance on both regular and extended constructed-response questions
than on the multiple-choice items contained in the 1992 NAEP
mathematics assessment.

For the nation, regardless of question type, there was considerable
variation in average performance by students from differing demographic
groups at each of the three grades assessed:

Average performance for White students was significantly higher
than that of Black or Hispanic students.

Students in advantaged urban areas performed significantly better
than students from disadvantaged urban areas.

Students attending private schools performed better than students
attending public schools.

While the extended constructed-response tasks were considerably more
difficult than either the multiple-choice or regular constructed-response
questions, analyses using item response theory (IRT) showed that this type
of question provided considerably more information per item toward
understanding student performance for more proficient students than
either regular constructed-response or multiple-choice questions.

Similar analyses showed that the regular constructed-response questions
provided more information per item about student proficiency than
multiple-choice items for students of any ability and more information
about below-average students than the extended constructed-response
tasks.
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The Scope of NAEP's 1992 Mathematics Assessment

NAEP's 1992 mathematics assessment involved nearly 250,000 fourth-,
eighth-, and twelfth-grade students attending approximately 10,000 schools across
the nation and the states. The resulting student work, including approximately
four million written responses constructed by students in 1992, was scored by
professional readers at National Computer Systems in Iowa City, Iowa, using
scoring rubrics that had been developed by the NAEP Mathematics Test
Development Committee and staff at Educational Testing Service. Each answer
to the regular constructed-response questions was scored as receiving credit or
not receiving credit. Responses to the extended tasks were evaluated according
to a five-point scale ranging from an incorrect to an extended explanation. The
scoring rubrics for each question were developed prior to the assessment, revised
on the basis of field-test results, and modified a final time following an
examination of samples of student responses obtained in the actual assessment.
To evaluate the reliability of scoring, 25 percent of the papers for each question
were scored by two different scorers. The percentage of exact agreement,
averaged across the papers, was 94 percent.

N'Aionally representative samples of students attending both public and
private schools were assessed at grades 4, 8, and 12. In addition, samples of
fourth and eighth graders attending public schools were assessed in 44
jurisdictions. NAEP's Trial State Assessment Program in Mathematics was begun
in 1990 at grade 8 aid expanded in 1992 to include both grades 4 and 8.

In releasing the 1992 mathematics results for the nation and the states, U.S.
Education Secretary Richard W. Riley said of the NAEP data that "collectively
they mean one thing: hard work, systemic change in all parts of education at the
state and local levels, and an increased commitment to a learning ethic in America
will all be necessary to move education forward."

4
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INTRODUCTION

The Curriculum and Evaluation Standards for School Mathematics developed

by the National Council of Teachers of Mathematics (NCTM)1 have gained wide

acceptance in education and in the public arena as a framework for the

mathematics that schools should teach? The NCTM Standards place particular

emphasis on problem solving as central to the curriculum. As described by the

NCTM, problem solving "is a primary goal of all mathematics instruction and an

integral part of all mathematical activity. Problem solving is not a distinct topic

but a process that should permeate the entire program and provide the context

in which concepts and skills can be learned."

The NCTM Standards also call for mathematics study to include numerous

opportunities for communication, which can be prompted by having students

explore, investigate, describe, and explain mathematical ideas through

representing, talking, listening, writing, and reading. Underlying the importance

of problem solving and communicating mathematically is developing a spirit of

inquiry in school mathematics that helps students understand mathematics as

reasoning. Because reasoning, communication, and problem solving are central

components of successfully doing mathematics, The NCTM Standards place these

processes at the center of their recommenCations for curriculum design and

instructional activities.
A mathematics cuniculum that fulfills these three seminal standards

(which provide a foundation for all others) will differ significantly in both content

and instruction from most existing curricula. Consequently, methods for

assessing progress toward the vision of the standards also must change. By

design, evaluation standards that also emphasize problem solving,

communication, and reasoning accompany the NCTM curriculum standards.

'National Council of Teachers of Mathematics, Curriculum and Evaluation Standards for School Mathematics

(Reston, VA: National Council of Teachers of Mathematia;, 1989).

'The National Council on Education Standards and Testing, Raising Standards for American Education

(Washington, DC: U.S. Department of Education, 1992).
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According to the evaluation standards, the following are among assessment
practices that should receive more attention:

Assessing what students know and how they think about
mathematics

Developing problem situations that require the
applications of a number of mathematical ideas

Using calculators, computers, and rnanipulatives in
assessment

As described in The NCTM Standards, problem solving in classroom

settings requires that the mathematical ideas originate with the students rather

than the teacher. The problems to be solved can be from real-world activities,
from organized data, and from equations. The strategies to solve them can
include using manipulative materials, employing trial and error, making
organized lists or tables, drawing diagrams, and looking for patterns. In contrast,

it has been observed that commonly used tests continue to stress routine,
repetitive, rote tasks instead of offering students opportunities to demonstrate the

range of their problem-solving abilities.' To help foster improved assessment in

mathematics, the Mathematical Sciences Education Board (MSEB) has developed

a set of prototype problem-solving tasks for fourth graders that is innovative,

challenging, and designed to meet a variety of criteria.' For example, the tasks

should reflect the "spirit" of the reform movement, promote active mental
involvement, emphasize the importance of communicating results rather than

isolated answers, allow a variety of creative strategies, and have the potential for

influencing instruction positively.

Beginning with the availability of the draft standards and subsequent to

their publication in 1989, the National Assessment of Educational Progress

(NAEP) has been working toward alignment with The NCTM Standards. In 1988,

Congress added a new dimension to NAEP by authorizing, on a trial basis,

Mathematical Sdences Education Board, Measuring Up: Prototypes for Mathematics Assessment (Ww,hingh)n,
DC: National Academy Press, 1993).

Mathematical Sdences Education Board, Measuring Up: Prototypes for Mathematics Assessment (Washington,
DC: National Academy Press, 1993).
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voluntary participation in state-level assessments in 1990 and 1992. The program

featured mathematics at grade 8 in 1990, and at both grades 4 and 8 in 1992 (as

well as at grade 4 in reading in 1992). Because the advent of the Trial State

Assessment Program signaled a new era for NAEP, special care was taken to

solicit widespread involvement and advice about the development tnd conduct

of the 1990 mathematics assessment. The mathematics objectives framework

underlying the assessment, and endorsed for use again in 1992 by the National

Assessment Governing Board (NAGB), was developed under the auspices of the

Council of Chief State School Officers (CCSSO) through a special NAEP Planning

Project sponsored by the National Center for Education Statistics and the National

Science Foundation.
The mathematics objectives were designed as a matrix comprising five

broad content areas and three levels of mathematical ability. The five content

areas are: Numbers and Operations; Measurement; Geometry; Data Analysis,

Statistics, and Probability; and Algebra and Functions. The mathematical abilities

are Conceptual Understanding, Procedural Knowledge, and Problem Solving.'

Brief descriptions of the content areas and ability levels follow.

5 Mathematics Objectives, 1990 Assessment (Princeton, NJ: National Assesnient of Educational Progres:,,
Educational Testing Service, 1988).
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FIGURE 1
Description of Mathematics Content Areas

Numbers and Operations

This content area focuses on students' understanding of numbers (whole
numbers, fractions, decimals, and integers) and their application to real-world
situations, as well as computational and estimation situations. Understanding
numerical relationships as expressed in ratios, proportions, and percents is
emphasized. Students' skills in estimation, mental computation, use of
calculators, generalization of numerical patterns, and verification of results are
also included.

Measurement

This content area focuses on students' ability to describe real-world objects
using numbers. Students are asked to identify attributes, select appropriate units,
apply measurement concepts, and communicate measurement-related ideas to
others. Questions are included that require an ability to read instruments using
metric, customary, or nonstandard units with emphasis on precision and accuracy.
Questions requiring estimation; measurements; and applications of measurements
of length, time, money, temperature, mass/weight, area, volume capacity, and
angles are also included under this content area.

Geometry

This content area focuses on students' knowledge of geometric figures and
relationships and on their skills in working with this knowledge. These skills are
important at all levels of schooling as well as in practical applications. Students
need to be able to model and visualize geometric figures in one, two, and three
dimensions and to communicate geometric ideas. In addition, students should
be able to use informal reasoning to establish geometric relationships.

8
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Data Analysis, Statistics, and Probability

This content area focuses on data representation and analysis across all
disciplines and reflects the importance and prevalence of these activities in our
society. Statistical knowledge and the ability to interpret data are necessary skills
in the contemporary world. Questions emphasize appropriate methods for
gathering data, the visual exploration of data, and the development and
evaluation of arguments based on data analysis.

Algebra and Functions

This content area is broad in scope, covering a significant portion of the
grade 9-12 curriculum, including algebra, elementary functions (pre-calculus),
trigonometry, and some topics in discrete mathematics. For the fourth grade, and
in part at grade 8, algebraic and functional concepts are treated in more informal,
exploratory ways. Proficiency in this content area requires both manipulative
facility and conceptual understanding; it involves the ability to use algebra as a
means of representation and to use algebraic skills and concepts as problem-
solving tools. Functions are viewed not only in terms of algebraic formulas, but
also in terms of verbal descriptions, tables of values, and graphs.

* * *

The second feature of the design in the construction of the items was the
anticipated cognitive ability required of the student to correctly respond to the
question. These three categories, conceptual understanding, procedural
knowledge, and problem solving, are detailed in FIGURE 2. The main intent in
the use of these categories is to provide balance within each content area among
items requiring the use of conceptual knowledge and those requiring procedural
skill. The ability category of problem solving requires students to integrate their
knowledge of both of the prior areas with their knowledge of problem solving in
new situations.

9



FIGURE 2
Description of Mathematical Abilities

The following three categories of mathematical abilities are not to be
construed as hierarchical. For example, problem solving involves interactions
between conceptual knowledge and procedural skills, but what is considered
complex problem solving at one grade level may be considered conceptual
understanding or procedural knowledge at another.

Conceptual Understanding

Students demonstrate conceptual understanding in mathematics when they
provide evidence that they can recognize, label, and generate examples and
counterexamples of concepts; can use and interrelate models, diagrams and varied
representations of concepts; can identify and apply principles; know and can
apply facts and definitions; can compare, contrast, and integrate related concepts
and prinoples; can recognize, interpret, and apply the signs, symbols, and terms
used to represent concepts; and can interpret the assumptions and relations
involving concepts in mathematical settings. Such understandings are essential
to performing procedures in a meaningful way and applying them in problem-
solving situations.

Procedural Knowledge

Students demonstrate procedural knowledge in mathematics when they
provide evidence of their ability to select and apply appropriate procedures
correctly, verify and justify the correctness of a procedure using concrete models
for symbolic methods, and extend or modify procedures to deal with factors
inherent in problem settings. Procedural knowledge includes the various
numerical algorithms in mathematics that have been created as tools to meet
specific needs in an efficient manner. It also encompasses the abilities to read and
produce graphs and tables, execute geometric constructions, and perform
noncomputational skills such as rounding and ordering.

Problem Solving

In problem solving, students are required to use their reasoning and
analytic abilities when they encounter new situations. Problem solving includes
the ability to recognize and formulate problems; determine the sufficiency and
consistency of data; use strategies, data, models and relevant mathematics;
generate, extend and modify procedures; use reasoning (i.e., spatial, inductive,
deductive, statistical and proportional); and judge the reasonableness and
correctness of solutions.
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The 1987-88 CCSSO project gave special attention to the draft version of
The NCTM Standards and the nature of formal state objectives and frameworks for

mathematics instruction. As a consequence of the major revisions in NAErs
mathematics framework resulting from this effort, Educational Testing Service
(ETS) designed new maerials and procedures for the 1990 assessment. It

included a broad range of questions that required students to solve problems in
both constructed-response and multiple-choice formats, provide responses using
protractors/rulers, and use calculators (four-function at grade 4 and scientific at
grades 8 and 12).

For 1992, to increase NAEP's responsiveness to the then-published
standards, the mathematics assessment was nearly doubled in scope to provide
greater emphasis on constructed-response questions and innovative problem-
solving situations. For 1994, under the direction of NAGB, the NAEP
mathematics framework was again modified in light of the standards to ensure
continued evolution in future assessments toward the vision espoused by
NCTM.6

Orientation to This Report

In NAEP's 1992 mathematics assessment, about one-third of the questions
and approximately half of the students' response time were devoted to questions
asking students to construct their own responses. The apportionment of the 1992
assessment into multiple-choice, regular constructed-response, and extended-
response questions is shown in TABLE 1. These questions continued the previous
practice of supplying students with protractor/rulers and calculators for portions
of the assessment. Also, the assessment was expanded to include "manipulable"
geometric shapes. Chapter One of this report presents results for regular
constructed-response questions, including those accompanied by tools such as the
protractor or ruler, calculator, or geometric shapes. Both national and state-by-
state data are provided throughout the report.

Also included for 1992 were extended-response questions which allowed
students five minutes or so to demonstrate -- in writing, by giving examples, or
by drawing diagrams their mathematical reasoning and problem-solving
abilities. Five such questions were included at grade 4, and six such questions at
grades 8 and 12. Three of these questions at each grade, together with national

1994 National Assessment of Educational Progrecs: Mathematics Aswssment Framework (WaL,hington, DC:

National Assessment Governing Board, U.S. Government Printing Office, 1993).
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TABLE 1 Numt -r of Regular Constructed-Response, Multiple-Choice, and Extended-Responset Questions

Overall

Numbers
and

Operations Measurement Geometry

Data
Analysis,
Statistics,

and
Probability

Algebra
and

Functions

Grade 4

Regular ConstructedResponse 54 20 8 12 9 5

MultIple-Choke 96 41 21 14 10 10

Total: Regular and Multiple-Choice 150 61 29 26 19 15

Extended-Response 5

Total: Constructed-Response 59

Grade 8

Regular (onstructedResponee 60 15 12 15 11 7

Multlple-Choke I 17 41 19 20 16 21

Total: Regular and Multiple-Cholce 177 56 31 35 27 28

Extended-Response 6

Total: Constructed-Response 66

Grade 12

Regular Constructed-Response 58 15 10 10 12 11

Mull Iple-Choke 115 28 18 21 16 12

Total: Regular and Multiple-Choke 173 43 28 31 28 43

Extended-Response 6

Total: Constructed-Response 64

t 'Me extended-response questions are not classified by content area, because they generally cut across domains.

Note: In addition, the national and state assessments included a special assessment in estimation. Thc multiple-choice questions used in
conjunction with the paced audiotape to measure estimation are not included in this table. There were 20 estimation questions at grade 4, and
22 at grades 8 and 12. The counts presented herein reflect the questions included in the analyses discussed in the report.

and state results, are discussed in full in Chapter Two. It should be noted that
measuring trends in achievement across time is central to NAEP's purpose. For
each assessment, some materials are kept secure and carried forward to future
assessments to monitor progress in students' performance. Thus, the example
questions presented in this report are, by necessity, those released to the public.
Also, because many of these questions were newly introduced in the 1992
assessment, trends are not yet available.
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Chapter Three of this report summarizes students' performance on the
extended-response questions, the regular constructed-response questions, and the
multiple-choice questions, nationally for various demographic groups and for the

states. Unless othrwise noted, all differences discussed in this report are
statistically significant at the .05 level of significance. This means that the
observed differences are unlikely to be due to chance or to sampling variability.

This report is one of a series, which, taken in its entirety, is designed to
provide a comprehensive account of the results from NAEP's 1992 mathematics

assessment. The 1992 Mathematics Report Card for the Nati-'. and the States
summarizes achievement and compares the results to 1990. ough gains in
performance were noted between 1990 and 1992 at all three graL e :evels assessed,
just over 60 percent of the students in grades 4, 8, and 12 were estimated to be
at or above the Basic Achievement Level on the 1992 assessment. Across the

three grades, 25 percent or fewer were estimated to he at the Proficient
Achievement Level or beyond, where students should exhibit evidence of solid
lcademic performance. Most students, particularly at grades 8 and 12, showed
success in addition, subtraction, and simple problem solving with whole numbers.

Fourth graders had more difficulty solving two-step problems involving
multiplication and division. Approximately one-fifth and one-half of the students

at grades 8 and 12, respectively, were estimated to have solved problems
involving fractions, decimals, and percents as well as elementary concepts in
geometry, statistics, and algebra. The low levels of performance described in The
1992 Mathematics Report Card invite a more detailed look at student performance,

particularly on the sorts of tasks presented in Chapter Two of this report.
Other reports of findings from NAEP's 1992 mathematics assessment,

including those specifically tailored for each participating state, highlight
performance results and relationships between achievement and background
factors. The Data Compendium for the NAEP 1992 Mathematics Assessment of the
Nation and the States provides a detailed resource of assessment results.

13



Overview of Assessment Procedures and Methods

NAEP's 1992 mathematics assessment included nearly 250,000 fourth-,
eighth-, and twelfth-grade students attending approximately 10,000 schools across
the nation and the states. Nationally representative samples of students attending
both public and private schools were assessed at grades 4, 8, and 12.
Additionally, samples of fourth and eighth graders attending public schools were
assessed in 44 jurisdictions.

These participants include:

Alabania -] .

Minna
Arkansas
California.
Colorado
onnectleut
Dglawarp:

Distriet.of .Coluntbia:
Florida-
Cen
Haviaii. OvIer Se
Idaho New Mexko:

Indiana NoW':York

'Iowa 'North:Carolina
ICentucky North: bakota..

*The Virgin Islands participated in the testing portion of The 1992 Trial State Assessment Program. However,
in accordance with the legislation providing for partidpants to review and give permission for release of their
results, the Virgin Islands chose not to release their results at grade 4 in the 1992 NAEP reports.

All NAEP data are collected by trained administrators. Data for the
national assessment were collected by a field staff managed by the ETS
subcontractor, Westat, Inc. However, in accordance with the NAEP legislation,
data collection for the Trial State Assessment Program was the responsibility of
each participating jurisdiction. Uniformity of procedures across states was
achieved through training and quality control monitoring by Westat, Inc. Westat
staff trained nearly 10,000 state assessment administrators using a video
presentation accompanied by a scripted trainer's guide and practice exercises.

14
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Quality control was provided by unannounced, random monitoring of half the
sessions in each state. The results of the monitoring indicated a high degree of
qualif and uniformity across sessions.'

The participation rates for the nation and the states are found in the
Procedural Appendix (in particular, see TABLE A.4). It should be noted that
several states did not satisfy the guidelines for participation rates. Further
analyses, documented in the Technical Report of the 1992 Trial State Assessment in
Mathematics, suggest that nonresponse bias, if any, was probably quite small.
Nevertheless, Delaware, Maine, Nebraska, New Hampshire, New Jersey, New
York, Oklahoma, and Guam received notations at grade 4 and Alabama, Maine,
Nebraska, New Jersey, and New York received notations at grade 8 for not
meeting one or more of the guidelines for participation rates.

The materials, including approximately four million written responses
constructed by students in 1992, were scored by a second subcontractor, National
Computer Systems, and the results were analyzed by Educational Testing Service.
As expected, numerous quality control steps were undertaken to ensure the
accuracy of the results. Throughout, NCES and its contractors worked closely

with the Trial State Assessment NETWORK, which includes representatives from
all interested states. Federal funding permitted state education personnel to meet
with staff members from NCES, the contractors, NAGB, and CCSSO at
NETWORK meetings regularly held to review NAEP materials and procedures.
Further details about the methods and procedures used in NAEP's 1992
mathematics assessment of the nation and states are provided in the Procedural
Appendix and the Technical Report of the 1992 Trial State Assessment in Mathematics.
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CHAPTER ONE

Performance on Regular Constructed-Response Questions

The 1992 NAEP assessments at grades 4, 8, and 12 required students to
supply their own written responses, in one form or another, to more than one-
third of the questions. Most of these questions were classified as "regular"
constnicted-response questions. These questions asked students to carry out a
calculation and write an answer; to examine a situation and describe why one
alternative or another was correct; or to measure or draw a geometric figure given
some boundary conditions. Profiles of student achievement on these questions,

when combined with information from the extended-response questions discussed
in Chapter Two of this report, provide a broader view of students' mathematical
abilities than that possible from multiple-choice items alone. Information in
Chapter Three provides an examination of student proficiency on the constructed-
response questions relative to their performance on other types of items in the

assessmen t.
While the regular constructed-response questions do not demand extensive

amounts of student investigation or ask students to show their work, they do

move the assessment of students' content knowledge beyond the selection of a

response from a list, as in the multiple-choice format. The constructed-response

questions examined in this chapter are of three varieties. The first includes
questions where students had access to neither manipulative materials nor to a
calculator. The second comprises those where students had access to rulers,
protractors, or manipulative materials. The third consists of questions where
students had access to calculators in providing their responses. This chapter
presents samples of student work on these three types of questions together with

results at the national and state levels. National results are provided for
demographic subgroups.

The constructed-response questions were scored by professional readers
who had experience in education. These readers were thoroughly trained and

subsequently worked to evaluate the 4 million student-constructed responses
collected as part of NAEP's 1992 mathematics assessment. The scoring was
conducted at National Computer Systems in Iowa City, Iowa, using rubrics that

had been developed by the NAEP Mathematics Test Development Committee and
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ETS staff. Each answer to the regular constructed-response questions was scored
either as receiving credit or not receiving credit. Responses to the extended
questions were evaluated according to a five-point scale ranging from incorrect
to extended (see Chapter Two). The scoring rubrics were developed prior to the
assessment, revised on the basis of field-test results, and modified a final time
following an examination of samples of student responses obtained from the
actual assessment. To determine the reliability of the scoring, 25 percent of the
students' responses to each question were evaluated by two different scorers. The
percentage of exact agreement between readers, averaged across questions for
both the national and Trial State Assessment reliability samples, was 94 percent
(see Procedural Appendix for further details).

Example Regular Constructed-Response Questions

The foEowing eight examples illustrate student performance on regular
constructed-response questions, for which the students had access to neither a
calculator nor to manipulative materials. The questions presented throughout this
report are representative of the totals of 59, 66, and 64 constructed-response
questions included in the overall assessment at grades 4, 8, and 12, respectively.
Other examples of constructed-response questions released to the public can be
found in the Data Compendium for the NAEP 1992 Mathematics Assessment of the
Nation and the States!

The first question shown below is from the Numbers and Operations
content area and was included in the assessments at both grades 4 and 8. At
grade 4, 22 percent of the students correctly responded to the item, while at grade
8, 59 percent of the students correctly stated that Jill would have to work three
weeks in order to earn the amount of money needed for the class trip.
Considering that the problem requires little more than finding the weekly total
earned and comparing this total with the $45 needed, the somewhat low level of
performance at both grades provides insight into students' difficulty with
numbers and operations questions calling for more than one step to the solution.

7 Data Compendium for the NAFT 1992 Mathematics Assessment of the Nation and the States (Washington, DC:
National Center for Education Statistics, U.S. Government Printing Office, 1993).
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EXAMPLE 1: Numbers and Operations

Jill needs to earn $45.00 for a class trip. She earns $2.00 each nay on
Mondays, Tuesdays, and Wednesdays, and £3.00 each day on Thursdays,
Fridays, and Saturdays. She does not work on Sundays. How many weeks
will it take her to earn $45.00 ?

Answer 3 to s

*The standard errors of the estimated percentages appear in parentheses.

Overall Percent Correct
Grade 4 -- 22 (1.4)
Grade 8 -- 59 (1.3)

TABLE 1.1 provides data giving the percentage of correct responses to this
question for the nation and demographic subpopulations. The results provided
in this and other corresponding national tables are based on students attending
both private and public schools. Also, it should be noted that the data for all
students, regardless of whether their racial/ethnic group is reported separately,
were included in computing the overall results. Assessment data for

Asian/Pacific Islander and American Indian students are not reported separately
in the tables containing national results because there were too few participating
students in those classifications to permit stable results for individual questions.8
Definitions and distributions of subpopulations as well as discussions of sampling

and analysis procedures are found in the Procedural Appendix.
Some differences in performance can be seen among subpopulations. In

general, these follow patterns seen in NAEP and other educational achievement
data.' For example, at Loth grades 4 and 8, White students performed better on
this question than did their Black and Hispanic counterparts, and students
attending schools in advantaged urban communities had higher percentages of
correct responses than did students attending schools in disadvantaged urban
communities.

8 The sample sizes responding to individual questions were approximately 1,600 students per grade for the
nation and 650 students per grade for the states. These sample sizes are in contrast to the total sample sizes of
approximately 9,000 students per grade for the nation and 2,500 students per state that form the bases of the
aggregated results across question,- provided in most NAEP reports. The aggregated data permit reporting for
more student subgroups than is possible for individual questions.

Ina V.5. Mullis, John A. Dossey, Eugene II. Owen, and Gary W Phillips, NAEP 7992 Mnthematic Rewrt
Card for the Nation and Hie States (Washington, DC: National Center for Education Statistics, U.S. Government
Printing Office, I qq3).
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TABLE 1.1 National Results for Demographic Subgroups for the
Regular Constructed-Response Task, "Jill's Class Trip"

Grade 4

Correct Incorrect No Response

Nation 22 (1.4) 70 (1.5) 8 (0.9)

Northeast 28 (3.9) 66 (3.4) 7 (1.5)
Southeast 16 (3.0) 77 (3.7) 7 (1.9)
Central 22 (2.4) 70 (2.4) 7 (2.0)
West 23 (2.6) 66 (2.5) 11 (1.8)

White 26 (1.8) 66 (1.8) 8 (1.0)

Black 11 (2.8) 80 (3.1) 8 (2.1)

Hispanic 13 (2.1) 77 (3.1) 10 (2.1)

Male 21 (1.7) 69 (1.8) 10 (1.3)
Female 23 (2.0) 71 (2.1) 6 (1.1)

Advantaged Urban 34 (3.7) 60 (3.5) 6 (1.8)
Disadvantaged Urban 10 (2.0) 76 (3.8) 14 (3.7)
Extreme Rural 19 (3.0) 67 (3.5) 14 (3.2)
Other 22 (1.7) 71 (1.8) 6 (0.9)

Public 22 (1.6) 70 (1.7) 8 (1.0)
Catholic and Other Private 23 (2.4) 70 (2.7) 7 (1.7)

Grade 8

Correct Incorrect No Response

Nation 59 (1.3) 38 (1.2) 4 (0.4)

Northeast 59 (2.7) 38 (2.3) 4 (0.9)

Southeast 53 (2.7) 43 (2.2) 4 (1.0)
Central 63 (2.6) 33 (2.3) 4 (1.0)

West 61 (2.8) 37 (3.0) 3 (0.6)

White 65 (1.6) 33 (1.6) 2 (0.4)

Black 37 (3.6) 53 (3.2) 10 (2.0)
Hispanic 51 (3.2) 46 (3.3) 4 (0.9)

Male 56 (1.6) 40 (1.6) 4 (0.8)
Female 62 (1.7) 35 (1.7) 3 (0.7)

Advantaged Urban 67 (5.2) 32 (4.8) 1 (0.5)
Disadvantaged Urban 42 (4.8) 43 (4.5) 15 (2.6)
Extreme Rural 62 (5.3) 37 (5.1) 2 (0.5)
Other 59 (1.8) 38 (1.6) 3 (0.5)

Public 58 (1.4) 38 (1.3) 4 (0.5)
Catholic and Other Private 66 (2.9) 32 (2.7) 2 (0.7)

The standard errors of the estimated xrcentages appear in parentheses. It can be said with about 95
percent certainty that for each population of interest, the value for the whole population within plus
or minus two standard errors of the estimate for the sample. In comparing two estimates, one must
use the standard error of the difference (see Appendix for details). Percentages may not total 100
percent due to rounding error.

SOURCE: National Assessment of Educational Progress (NAEP), 1992 Mathematics Assessment
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The state-by-state data in TABLE 1.2 for students in grades 4 and 8 show
considerable variation. For the fourth graders, performance ranged from 12 to 28
percent correct. At grade 8, student performance was higher, but still extremely
variable, ranging from 37 to 71 percent correct. It should be noted that the
regional results shown in the state tables are based on the nationally and
regionally representative samples of public-school students who were assessed as
part of the national program, and not from an aggregate of the separate state-by-
state tables. The assignment of states to the four regions is described in the
Procedural Appendix. Using the regional results from the national program is
necessary because the voluntary nature of the Trial State Program did not
guarantee representative regional results from the aggregated data across states,
since not all states participated. Also, because the state assessment results are
based only on students attending public schools, the regional results in the state
tables (also based only on public-school stu6ents) should be used in making
comparisons between national, regional, and state performance.
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TABLE 1.2 Percentage of Correct Responses to Regular Constructed-Response Question, "Jill's Class
Trip"

PUBLIC
Grade 4 - 1992

SCHOOLS Correct Incorrect No Response

NATION 22 (1.6) 70 (1.7) 8 (1.0)
Northeast 27 (4.4) 66 (3.8) 6 (1.5)
Southeast 16 (3.4) 77 (4.2) 7 (2.1)
Central 23 (2.8) 70 (3.0) 7 (2.1)
West 23 (2.9) 66 (2.5) 11 (2.0)
STATES
Alabama 17 (1.6) 77 (1.7) 6 (1.0)
Arizona 19 (1.5) 74 (1.8) 7 (1.0)
Arkansas 17 (1.5) 79 (1.7) 4 (0.8)
California 20 (1.7) 71 (2.0) 8 (1.4)
Colorado 20 (1.8) 73 (2.1) 7 (0.8)
Connecticut 27 (2.0) 64 (2.4) 8 (1.2)

Delaware 19 (2.0) 76 (2.2) 5 (0.9)
Dist. Columbia 12 (1.2) 81 (1.5) 7 (1.1)
Florida 15 (1.6) 79 (1.7) 6 (0.8)
Georgia 19 (1.6) 76 (1.5) 4 (0.8)
Hawaii 23 (1.7) 71 (1.9) 7 (1.4)
Idaho 18 (1.7) 74 (1.8) 7 (1.0)

Indiana 21 (2.0) 75 (2.0) 3 (0.7)
Iowa 25 (2.0) 71 (2.0) 3 (0.6)
Kentucky 21 (2.0) 76 (2.0) 4 (0.8)
Louisiana 14 (1.7) 80 (1.8) 6 (1.0)
Maine 25 (1.9) 72 (1.9) 3 (0.9)
Maryland 24 (1.6) 70 (1.7) 6 (0.9)

Massachusetts 25 (2.3) 70 (2.5) 5 (1.0)
Michigan 21 (1.7) 74 (1.8) 6 (0.9)
Minnesota 28 (1.7) 67 (1.8) 5 (1.1)
Mississippi 13 (1.6) 81 (1.6) 6 (0.9)
Missouri 21 (2.0) 74 (2.0) 4 (0.9)
Nebraska 26 (2.2) 70 (2.1) 5 (1.2)

New Hampshire 25 (1.8) 67 (2.0) 8 (1.2)
New Jersey 23 (2.1) 69 (2.0) 8 (1.2)
New Mexico 17 (1.5) 78 (1.9) 6 (1.0)
New York 24 (1.8) 73 (2.0) 3 (0.7)
North Carolina 17 (1.7) 78 (1.8) 5 (0.8)
North Dakota 24 (1.8) 72 (2.0) 4 (0.9)

Ohio 22 (1.7) 73 (1.8) 5 (0.8)
Oklahoma 23 (1.8) 73 (2.0) 4 (0.8)
Pennsylvania 24 (1.8) 72 (1.8) 3 (0.7)
Rhode Island 17 (2.0) 77 (2.0) 6 (1.0)
South Carolina 15 (1.6) 80 (1.9) 5 (0.8)
Tennessee 19 (1.9) 76 (2.0) 5 (1.0)

Texas 19 (1.7) 77 (1.7) 3 (0.8)

Utah 22 (1.5) 72 (1.7) 6 (0.9)
Virginia 23 (2.0) 72 (2.2) 5 (0.9)
West Virginia 15 (1.2) 79 (1.4) 6 (0.9)

Wisconsin 23 (1.8) 72 (2.0) 4 (0.9)
Wyoming 20 (1.6) 75 (1.9) 6 (0.9)
TERRITORY
Guam 12 (1.6) 81 (1.9) 7 (1.3)

The standard errors of the estimated percentages appear in parentheses. It can be said with 95 percent certainty that for each population of interest,
the value for the whole population is within plus or minus two standard errors of the estimate for the sample. In comparing two estimates, one must
use the standard error of the difference (see Appendix for details). Percentages may not total 100 percent due to rounding error.

SOURCE: National Assessment of F,ducational Progress (NAEP), 1992 Mathematics Assessment.
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TABLE 1.2 Percentage of Correct Responses to Regular Constructed-Response Question, "Jill's Class
Trip" (continued)

PUBLIC
SCHOOLS

Grade 8 - 1992

Correct Incorrect No Response

NATION 58 (1.4) 39 (1.3) 4 (0.5)
Northeast 58 (2.7) 39 (2.3) 4 (1.1)
Southeast 52 (2.9) 44 (2.4) 5 (1.1)
Central 62 (2.7) 34 (2.5) 4 (1.1)
West 60 (2.9) 37 (3.1) 3 (0.7)
STATES
Alabama 55 (2.3) 42 (2.3) 3 (0.8)
Arizona 65 (2.1) 32 (1.9) 3 (0.8)
Arkansas 60 (2.5) 38 (2.3) 3 (0.8)
California 61 (1.9) 35 (1.9) 4 (0.7)
Co'Jr..-!do 63 (1.9) 35 (2.0) 2 (0.6)
Connecticut 67 (2.0) 32 (2.2) 1 (0.4)

Delaware 59 (2.5) 39 (2.5) 3 (0.9)
Dist. Columbia 46 (2.3) 49 (2.6) 5 (0.9)
Florida 57 (2.4) . 38 (2.4) 5 (1.1)
Georgia 58 (2.1', 39 (2.2) 3 (0.8)
Hawaii 55 (2.2) 39 (2.2) 7 (1.0)
Idaho 68 (1.9) 29 (2.0) 3 (0.7)

Indiana 61 (2.0) 37 (1.8) 2 (0.5)
Iowa 71 (2.3) 28 (2.1) 1 (0.5)
Kentucky 61 (1.9) 36 (2.0) 2 (0.7)
Louisiana 54 (2.3) 43 (2.1) 3 (0.7)
Maine 69 (2.4) 30 (2.3) 1 (0.4)
Maryland 59 (2.2) 36 (2.4) 5 (0.9)

Massachusetts 63 (1.8) 34 (1.8) 3 (0.7)
Michigan 63 (1.8) 35 (1.8) 1 (0.6)
Minnesota 68 (1.8) 31 (1.8) 1 (0.3)
Mississippi 51 (2.1) 44 (1.9) 4 (0.8)
Missouri 62 (2.1) 36 (2.0) 2 (0.6)
Nebraska 65 (2.6) 34 (2.6) 1 (0.3)

New Hampshire 67 (2.1) 31 (2.1) 2 (0.6)
New Jersey 68 (1.8) 31 (1.8) 1 (0.5)
New Mexico 56 (1.8) 40 (1.9) 4 (0.7)
New York 63 (2.4) 34 (2.3) 3 (0.7)
North Carolina 59 (2.0) 39 (2.0) 2 (0.5)
North Dakota 70 (1.8) 29 (1.9) 2 (0.7)

Ohio 65 (2.1) 33 (2.1) 2 (0.6)
Oklahoma 64 (2.0) 32 (2.2) 4 (0.9)
Pennsylvania 64 (2.1) 34 (2.0) 3 (0.81
Rhode Island 61 (1.8) 36 (1.8) 3 (0.9)
South Carolina 61 (2.0) 38 (2.0) 1 (0.51
Tennessee 57 (2.2) 40 (2.4) 3 (0.8)

Texas 58 (2.3) 38 (2.1) 4 (0.8)
Utah 68 (1.9) 30 (1.8) 2 (0.61
Virginia 64 (2.2) 35 (2.1) 1 (0.4)
West Virginia 59 (2.1) 37 (2.1) 4 (0.8)
Wisconsin 66 (2.5) 31 (2.3) 2 (0.6)
Wyoming 65 (2.2) 32 (2.1) 3 (0.7)
TERRITORIES
Guam 44 (2.8) 49 (2.3) 7 (1.6)
Virgin Islands 37 (2.8) 51 (2.8) 12 (1.6)
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The following regular constructed-response question asking students to
draw a rectangle having an area of 12 on the provided grid was classified in the
Measurement content area. Students were required to draw any one of several
possible responses, including rectangles of dimensions 1 by 12, 2 by 6, or 3 by 4.
(No student drew a rectangle involving rational number dimensions.)
Percentages of correct responses on this task, also given to students at both grades
4 and 8, were higher than the previous item, particularly at grade 4, with 42
percent of the fourth graders and 66 percent of the eighth graders answering
correctly. State performance varied from 24 to 54 percent correct for grade 4
students and from 38 to 78 percent correct for grade 8 students.

EXAMPLE 2: Measurement

On the grid below, draw a rectangle with an area of 12 square units.

7 =1 square unit

Overall Percent Correct*
Grade 4 42 (1.4)
Grade 8 -- 66 (1.5)

00e
effi/c
aliSwerS

*The standard errors of the estimated percentages appear in parentheses.
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TABLE 1.3 National Results for Demographic Subgroups for the
Regular Constructed-Response Task, "Draw a Rectangle on the Grid"

Grade 4

Correct Incorrect No Response

Nation 42 (1.4) 50 (1.4) 7 (0.8)

Northeast 50 (2.9) 43 (2.1) 8 (2.) )

Southeast 38 (1 5) 54 (3.0) 8 (1.4)

Central 45 (3.0) 50 (3.5) 6 (1.8)

West 39 (2.1) 53 (1.9) 8 (1.7)

White 49 (1.9) 46 (1.8) 5 (0.8)

Black 22 (2.6) 64 (2.4) 15 (2.5)

Hispanic 30 (2.4) 58 (2.7) 12 (2.1)

Male 43 (2.0) 49 (2.1) 9 (1.2)

Female 42 (2.0) 52 (1.9) 6 (1.0)

Advantaged Urban 54 (3.8) 42 (3.3) 4 (1.6)

Disadvantaged Urban 24 (3.6) 56 (3.8) 20 (4.5)

Extreme Rural 39 (4.8) 54 (4.7) 6 (2.)))

Other 44 (1.8) 50 (1.7) 6 (0.9)

Public 43 (1.5) 50 (1.5) 8 (0.9)

Catholic and Other Private 41 (3.6) 53 (3.3) 6 (1.7)

Grade 8

Correct Incorrect No Response

Nation 66 (1.5) 31 (1.3) 3 (0.5)

Northeast 64 (4.1) 34 (4.2) 2 (0.4)

Southeast 64 (2.6) 31 (1.8) 1 (1.4)

Central 69 (2.3) 29 (2.2) 2 (0.9)

West 69 (2.7) 28 (2.4) 1 (0.8)

White 72 (1.9) 26 (1.8) I 11).4)

Black 46 (1.5) 48 (3.2) 0 11.0)

Hispanic 56 (3.4) 18 (2.9) 6 (1.8)

Male 67 (2.)) 30 (1.9) 3 (0.8)

Female 66 (1.4) 32 (1.5) 2 (0.5)

Advantaged Urban 74 (4.0) 24 (4.0) 2 (1.2)

Disadvantaged Urban 51 (4.4) 44 (4.9) 5 (1.4)

Extreme Rural 61 (3.6) 37 (3.5) 2 (0.8)

Other 68 (1.7) 30 (1.5) 3 (0.6)

Publk 66 (1.6) 32 (1.5) 3 (0.6)

Catholic and Other Private 72 (2.5) 26 (2.6) 2 (0.6)

Tht_ standard errors of the estimated perce gages appear in parentheses. It can be said with about 95 percent certainty hat

for each population of interest, the value for the whole population is within plus or minus two standard errors of the

estimate for the sample. In comparing two estunates, one must use the standard error of the difference (see Appendix (or

details). Percentages may not total 100 percent due to rounding error.

SOURCE: National Assessment of Educational Progress (NAEP), 1992 Mathematics Assessment
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TABLE 1.4 Percentage of Correct Responses to Regular Constructed-Response Question, "Draw a
Rectangle on the Grid"

PUBLIC
SCHOOLS

Grade 4 - 1962

No Response
-

Correct Incorrect
I_

NATION 43 (1.5) 50 (1.5) 8 (0.9)
Northeast 50 (3.1) 42 (2.2) 8 (2.5)
Southeast 37 (3.9) 54 (3.3) 9 (1.6)
Central 46 (3.2) 48 (3.8) 5 (1.8)
West 40 (2.3) 53 (2.2) 8 (1.6)
STATES
Alabama 34 (2.4) 59 (2.6) 8 (1.2)
Arizona 37 (1.7) 57 (1.7) 7 (1.1)
Arkansas 35 (2.1) 59 (2 2) 6 (1.0)
California 39 (2.3) 53 (2.3) 8 (1.3)
Colorado 47 (2.2) 47 (2.2) 6 (1.1)
Connecticut 54 (2.2) 41 (2.1) 6 (1.0)
Delaware 39 (2.4) 53 (2.6) 8 (1.4)
Dist. Columbia 28 (1.8) 58 (2.01 14 (1.3)
Florida 41 (2.6) 52 (2.8) 7 (1.1)
Georgia

.
40 (2.4) 54 (2.0) 6 (0.9)

Hawaii 47 (2.4) 48 (2.3) 5 (1.01
Idaho 45 (2.2) 49 (2.3) 7 (1.21

Indiana 48 (2.5) 48 (2.3) 5 (0.8)
Iowa 50 (2.3) 46 (2.0) 4 (0.8)
Kentucky 39 (2.51 56 (2.3) 5 (0.8)
Louisiana 33 (2.11 58 (2.2) 9 11.41
Maine 52 (2.4) 46 (2.31 2 (0.7)
Maryland 46 (1.8) 48 (1.9) 6 (1.2)

Massachusetts 44 (2.4) 48 (2.5) 8 (1.2)
Michigan 41 (2.2) 56 (2.1) 3 (0.7)
Minnesota 52 (2.7) 43 (2.6) 5 (0.9)
Mississippi 29 (1.9) 60 (2.1) 11 (1.7)
Missouri 41 (2.3) 56 (2.31 3 (0.6)
Nebraska 45 (2.6) 51 (2.6) 4 (0.8)
New Hampshire 49 (2.3) 45 (2.3) 6 (1.0)
New Jersey 47 (2.5) 46 (2.31 7 )1.21
Nevi Mexico 36 (2.6) 58 (2.7) 7 (1.4)
New York 40 (2.2) 53 (2.5) 8 (1.21
North Carolina 38 (2.1) 55 (2.3) 7 (0.91
North Dakota 43 (2.8) 54 (2.51 4 (0.9)
Ohio 49 (2.7) 46 (2.6) 5 (1.0)
Okiahoma 37 (2.4) 58 (2.5) 5 (1.1)
Pennsylvania 49 (2.3) 47 (2.2) 4 (0.6)
Rhode Island 38 (2.3) 53 (2.1) 9 (1.21
South Carolina 39 12.2) 54 (2.1) 7 (1.0)
Tennessee 37 12.11 53 (2.2) 10 (1.1)
Texas 47 (2.9) 48 (2.6) 5 11.01
Utah 49 (2.3) 46 (2.31 5 (1.01
Virginia 40 (2.3) 55 (2.2) 5 (1.1)
West Irginia 38 (2.2) 57 (2.2) 5 MO)
Wisco sin 45 (2.0) 51 (2.1) 5 (0.8)
Wyorn g 46 (2.2) 50 (2.4) 4 (0.9)
TERRI )RY
Guar 24 (2.1) 61 (2.4) 15 (1.7)

ihe standard errors of the estimated percentages appear in parentheses. It can be said with 95 percent certainty that for each population of interest,
the value for the v hole population is within plus or minus two standard errors of the estimate for the sample. I n comparing two estimates, one must
use the standard error of the difference (see Appendix for details). Percentages may not total 100 percent due to rounding error.

SOt RCL: National Assessment of Educational Progress (tiAEP), 1992 Mathematics Assessment.
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TABLE 1.4 Percentage of (:orrect Responses to Regular Constructed-Response Question, "Draw a
Rectangle on the Grid" (continued)

PUBLIC
Grade 6 - 1992

SCHOOLS Correct F Incorrect No Response

NATION 66 (1.6) 32 (1.5) 3 (0.6)
Northeast 63 (5.2) 35 (5.1) 2 (0.5)
Southeast 62 (2.8) 34 (1.9) 4 (1.6)
Central 68 (2.5) 30 (2.4) 2 (1.0)
West 69 (2.8) 28 (2.5) 3 (0.9)
STATES
Alabama 54 (2.6 42 (2.4) 4 (1.0)
Arizona 64 (2.4) 33 (2.3) 3 (0.7)
Arkansas 61 (1.8) 37 (1.9) 2 (0.5)
California 64 (2.3) 32 (2.3) 4 (0.9)
Colorado 69 (2.2) 28 (2.0) 3 (0.7)
Connecticut 71 (1.8) 28 (1.8) 1 (0.7)

Delaware 60 (2.7) 36 (2.7) 3 (0.9)
Dist. Columbia 49 (2.4) 43 (2.1) 8 (1.5)
Florida 58 (2.1) 37 (2.2) 4 (0.9)
Georgia 65 (1.6) 33 (1.7) 2 (0.7)
Hawaii 62 (2.3) 33 (2.1) 5 (1.0)
Idaho 67 (1.8) 31 (1.8) 2 (0.5)

Indiana 62 (2.5) 36 (2.7) 2 (0.7)
Iowa 78 (2.0) 21 (1.9) 1 (0.4)
Kentucky 61 (1.8) 36 (1.7) 3 (0.61
Louisiana 57 (2.2) 38 (2.0) 5 (0.8)
Maine 72 (1.9) 27 (1.9) 1 (0.51
Maryland 61 (2.5) 35 (2.4) 4 (0.8)

Massachusetts 63 (2.5) 34 (2.5) 3 (1.0)
Michigan 66 (2.3) 31 (2.2) 3 (0.9)
Minnesota 76 (1.7) 22 (1.6) 1 (0.5)
Mississippi 51 (2.4) 44 (2.2) 5 (1.2)
Missouri 69 (1.8) 29 (1.8) 2 (0.6)
Nebraska 68 (2.5) 31 (2.4) 2 (0.5)

New Hampshire 72 (1.91 27 (2.0) 1 (0.5)
New Jersey 69 (2.5) 28 (2.4) 3 (0.9)
New Mexico 58 (2.1) 37 (2.2) 5 (0.7)
New Yorl, 65 (2.6) 32 (2.4) 3 (1.1)
North Carolina 63 (2.6) 34 (2.4) 3 '27)
North Dakota 68 (2.2) 31 (2.3) 1 (0.2)

Ohio 66 (2.1) 32 (2.0) 2 (0.6)
Oldahoma 65 (2.0) 35 (2.1) 1 (0.4)
Pennsylvania 67 (2.3) 30 (2.2) 3 (0.8)
Rhode Island 63 (1.9) 35 (2.0) 2 (0.5)
South Carolina 65 (1.9) 33 (1.8) 2 (0.7)
Tennessee 60 (2.4) 38 (2.5) 3 (0.7)

Texas 71 (1.9) 27 (1.7) 3 (0.71

Utah 71 (2.0) 28 (1.9) 1 (0.4)
Virginia 65 (2.0) 33 (2.0) 2 (0.5)
West Virginia 59 (2.1) 39 (2.2) 2 (0.6)
Wisconsin 67 (3.3) 31 (2.7) 2 (0.9)
Wyoming 69 (1.7) 29 (1.7) 2 (0.5)
TERRITORIES
Guam 49 (3.0) 39 (3.4) 12 (2.0)
Virgin Islands 38 (2.7) 46 (2.9) 16 (1.7)
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The regular constructed-response question shown below is from the
content dimension of Data Analysis, Probability, and Statistics. Students were
given one outcome for the experiment of selecting two marbles from a bag of
yellow and blue marbles and asked to generate the remaining outcomes. To
receive credit for this question, students had to list all three remaining possible
outcomes. If they listed one or more of the outcomes more than once, that was
accepted as correct, providing they had listed among their responses the three
unlisted outcomes (y,y), (b,y), and (b,b). Nationally, 24 percent of the grade 4
students and 59 percent of the grade 8 students correctly answered this item.

EXAMPLE 3: Data Analysis, Statistics, and Probability

Steve was asked to pick two marbles from a bag of yellow marbles and blue
marbles. One possible result was one yellow marble first and one blue marble
second. He wrote this result in the table below. List all of the other possible
results that Steve could get.

y stands for one First
yellow marble. Marble

b stands for one
blue marble.

Second
Marble

' The standard errors of the estimated perc ntages appear in parentheses.

Overall Percent Correct
Grade 4 24 (1.5'
Grade 8 59 (1.3)

The national results in TABLE 1.5 indicate considerable improvement
between grade 4 and grade 8 for each of the various subpopulations. The

state-by-state results in TABLE 1.6 show performance for grade 4 students ranged
from 6 to 37 percent correct. At grade 8, the percentages of correct responses
ranged from 22 to 75 percent correct. Compared with the results for questions
in other content areas, success on questions such as this data analysis item may
be dependent on curricular coverage of the topic. Of the five mathematics content
areas assessed by NAEP, teachers of fourth and eighth graders reported the least
instructional emphasis on the area of data analysis, probability, and statistics)'
However, NAEP results reflect that students are both capable of understanding
and dealing with this content area.

1(1
Vial' Compendium for the NMI' 1992 Mathematics Asses5numt of the Nation and the titatiN (Wa,,hingtini,

National Center for Education StatNtics, U.S. Government Printing Office, 1993).
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TABLE 1.5 National Results for Demographic Subgroups for the
Regular Constructed-Response Task, "Sampling the Yellow and
Blue Marbles"

Grade 4

Correct Incorrect No Response

Nation 24 (1.5) 64 (1.6) 12 (1.1)

Northeast 31 (3.3) 60 (2.8) 9 (2.))

Southeast 17 (2.3) 68 (3.4) 14 (2.6)

Central 30 (2.7) 59 (2.8) 12 (1.1)

West 19 (3.4) 68 (3.4) 13 (2.0)

White 30 (1.7) 60 (1.7) 10 (1.0)

Black 4 (1.8) 78 (3.8) 18 (3.6)

Hispanic 9 (2.7) 72 (3.7) 19 (3.3)

Male 25 (1.8) 62 (1.9) 12 (1.2)

Female 22 (2.0) 66 (2.0) 12 (1.4)

Advantaged Urban 44 (4.7) 49 (3.7) 7 (2.6)

Disadvantaged Urban 11 (3.0) 65 (4.6) 24 (4.8)

Extreme Rural 21 (3.7) 65 (4.7) 14 (3.0)

Other 22 (1.6) 66 (1.7) I I (1.))

Public 24 (1.6) 64 (1.7) 12 (1.1)

Catholic and Other Private 23 (2.9) 64 (3.4) 13 (2.1)

Grade 8

Correct Incorrect No Response

Nation 59 (1.3) 30(1.)) 11 (0.7)

Northeast 59 (3.2) 30 (2.9) 11 (1.4)

Southeast 53 (2.7) 34 (2.9) 13 (1.0)

Central 66 (2.6) 26 (2.1) 8 (1.7)

West 58 (2.1) 29 (1.3) 13 (1.6)

White 68 (1.1) 23 (1.2) 9 (1.0)

Black 33 (4.0) 49 (4.1) 18 (2.0)

Hispanic 38 (2.7) 42 (3.5) . 20 (2.8)

Male 59 (1.6) 27 (1.5) 14 (1.1)

Female 59 (1.9) 32 (1.9) 9 (1.1)

Advantaged Urban 75 (3.1) 22 (2.9) 3 (1.4)

Disadvantaged Urban 14 (3.7) 44 i4.1) 22 (3.0)

Extreme Rural 65 (4.2) 30 (3.6) 4 (1.5)

Other 59 (1.4) 29 (1.3) 12 (0.9)

Puhlic 58 (1.4) 30 (1.3) 12 (0.8)

Catholic and Other Private 67 k2.8) 26 (2.6) 8 (1.9)

Ths standard errors of the estimated percentages appear in parentheses. It can be said with about 95 percent certainty hat

for each population of interest. the value for the who:e population is within plus or minus two standard errors of the
estimate for the sample. In comparing two estimates, one must use the standard error of the difference (see Appendix for

details). Percentages may not total 100 percent due to rounding error.

SOURCE: Naconal Assessment of Educational Progress (NAEP). 1992 Mathematics Assessment
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TABLE 1.6 Percentage of Correct Responses to Regular Constructed-Response Question, "Sampling the
Yellow and Blue Marbles"

PUBLIC
SCHOOLS

Grade 4 - 1992

Correct Incorrect No Response

NATION 24 (1.6) 64 (1.7) 12 (1.1)
Northeast 32 (3.7) 60 (3.4) 8 (2.2)
Southeast 17 (2.6) 68 (3.4) 15 (2.5)
Central 31 (2.9) 57 (3.3) 12 (1.5)
West 18 (3.5) 69 (3.5) 13 (2.2)
STATES
Alabama 17 (1.6) 72 (2.0) 11 (1.4)
Arizona 19 (1.7) 67 (1.8) 13 (1.3)
Arkansas 17 (1.8) 69 (1.8) 14 (1.4)
California 18 (2.0) 70 (2.4) 12 (1.7)
Colorado 31 (2.5) 58 (2.3) 11 (1.3)
Connecticut 34 (2.3) 57 (2.5) 9 (1.5)

Delaware 18 (2.0) 68 (2.5) 14 (1.3)
Dist. Columbia 9 (1.4) 70 (2.2) 21 (1.8)
Florida 18 (1.8) 69 (1.9) 13 (1.2)
Georgia 23 (1.9) 63 (2.3) 14 (1.7)
Hawaii 19 (1.5) 67 (2.3) 14 (1.6)
Idaho 24 (2.0) 64 (2.1) 11 (1.3)

Indiana 27 (2.3) 64 (2.2) 9 11.41
Iowa 32 (1.8) 60 (2.0) 9 (1.0)
Kentucky 18 (1.6) 70 (1.8) 11 (1.5)
Louisiana 12 (1.7) 77 (2.0) 12 (1.4)
Maine 37 (2.2) 54 (2.3) 9 (1.5)
Maryland 30 (1.7) 61 (1.9) 10 (1.11

Massachusetts 32 (2.6) 57 (2.6) 11 (1.5)
Michigan 21 (2.1) 69 (2.1) 10 (1.4)
Minnesota 31 (2.2) 59 (2.2) 10 (1.6)
Mississippi 10 (1.4) 73 (1.8) 17 (1.6)
Missouri 27 (2.1) 62 (2.5) 10 (1.6)
Nebraska 28 (2.3) 60 (2.6) 12 (2.0)
New Hampshire 35 (2.3) 54 (2.5) 10 (1.5)
New Jersey 30 (2.4) 59 (2.41 11 (1.3)
New Mexico 19 (1.8) 67 (2.1) 14 (1.81
New York 25 (2.4) 64 (2.71 11 (1.8)
North Carolina 18 (1.3) 71 (1.3) 11 (1.3)
North Dakota 32 (1.8) 60 (2.1) 8 (1.3)

Ohio 28 (2.2) 63 (2.3) 9 (1.2)
Oklahoma 23 11.9) 68 (2.01 9 11.31
Pennsylvania 27 (2.0) 62 (1.91 11 (1.3)
Rhode Island 21 (2.1) 62 (2.3) 16 (1.61
South Carolina 16 (1.5) 70 (2.1) 14 (1.8)
Tennessee 18 (1.9) 66 (2.0) 15 (1.5)

Texas 18 (1.7) 68 (2.0) 15 (1.6)
Utah 21 (1.9) 67 (2.1) 12 (1.3)
Virginia 25 (1.9) 65 (1.8) 9 (1.2)
West Virginia 16 (1.6) 71 (2.1) 14 11.41
Wisconsin 34 (2.6) 58 (2.61 8 (1.2)
Wyoming 29 (1.91 58 (2.2) 13 (1.4)
TERRITORY
Guam 6 (1.01 84 (2.0) 11 11.7)

The standard errors of the estimated percentages appear in parentheses. It can be said with 95 percent certainty that for each population of interest,
the value for the whole population is within plus or minus two standard errors of the estimate for the sample. In comparing mo estimates, one must
use the standard error of the difference (see Appendix for details). Percentages may not total 100 percent due to rounding error.

SOURCE: National Assessment of Educational Progress (NAEP), 1992 Mathematics Assessment.
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TABLE 1.6 Percentage of Correct Responses to Regular Constructed-Response Question, "Sampling the
Yellow and Blue Marbles" (continued)

PUBLIC
SCHOOLS

Grade B - 1992

Correct Incorrect No Response

NATION 58 (1.4) 30 (1.3) 12 (0.8)
Northeast 58 (4.0) 29 (3.6) 12 (1.6)
Southeast 52 (2.9) 34 (3.2) 14 (1.2)
Central 66 (2.8) 26 (2.2) 8 (1.7)
West 57 (2.3) 30 (1.3) 13 (2.0)
STATES
Alabama 45 (2.4) 38 (2.3) 17 (1.7)
Arizona 59 (2.3) 30 (1.9) 11 (1.5)
Arikansas 50 (2.4) 36 (2.0) 14 (1.6)
California 55 (2.3) 30 (2.3) 15 (1.9)
Colorario 68 (2.0) 25 (1.7) 8 (1.1)
Connecticut 64 (2.6) 29 (2.2) 7 (1.3)

Delaware 60 (2.8) 28 (2.3) 13 (1.8)
Dist. Columbia 33 (3.3) 43 (3.0) 24 (2.3)
Florida 56 (2.4) 31 (1.8) 13 (1.4)
Georgia 51 (2.3) 37 (2.3) 12 (1.3)
Hawaii 45 (2.0) 38 (2.3) 17 (1.9)
Idaho 65 (1.8) 28 (1.7) 7 (1.1)

Indiana 68 (1.7) 24 (1.5) 8 (1.1)
Iowa 75 (1.8) 21 (1.5) 3 (0.7)
Kentucky 56 (2.4) 33 (2.2) 11 (1.3)
Louisiana 48 (2.7) 37 (2.3) 15 (1.6)
Maine 72 (2.2) 25 (2.1) 3 (0.5)
Maryland 62 (2.2) 28 (2.1) 10 (4.5)

Massachusetts 61 (1.8) 29 (2.0) 10 (1.3)
Michigan 64 (2.2) 27 (1.7) 9 (1.3)
Minnesota 72 (2.1) 22 (1.8) 5 (1.1)
Mississippi 43 (2.7) 39 (2.4) 18 (1.7)
Missouri 64 (2.3) 28 (2.0) 8 (1.3)
Nebraska 69 (2.1) 24 (1.9) G (1.4)

New Hampshire 71 (2.0) 22 (1.8) 7 (1.1)
New Jersey 65 (2.4) 26 (1.8) 9 (1.1)
New Mexico 53 (1.9) 34 (1.7) 13 (1.5)
New York 60 (2.6) 30 (2.1) 10 11.6)
North Carolina 58 (2.2) 33 (2.2) 9 (1.3)
North Dakota 71 (2.1) 26 (2.0) 3 (0.8)

)hio 62 (1.9) 27 (1.9) 11 (1.2)
Oklahoma 62 (2.1) 30 (2.1) 8 (1.3)
Pennsylvania 63 (2.8) 29 (2.4) 8 (1.3)
Rhoae Island 63 (2.2) 26 12.0) 11 (1.3)
South Carolina 54 (2.1) 35 (1.8) 10 (1.3)
Tennessee 54 (1.8) 34 (1.7) 11 (1.3)

Texas 56 (2 1) 33 (1.9) 11 (1.3)
Utah 67 (2.0) 25 (1.8) 8 (1.0)
Virginia 60 (2.3) 31 (2.1) 9 (1.3)
West Virginia 56 (1.9) 34 12.01 10 (1.4)
Wisconsin 70 (2.4) 25 (2.2) 6 (1.21
Wyoming 69 (1.8) 25 (1.7) 5 (0.9)
TERRITORIES
Guam 29 (2.21 40 (2.4) 31 (2.0)
Virgin Islands 22 (2.3) 34 (2.5) 44 12.31
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The following question asked students to locate two other points on a
coordinate grid having coordinates where the first and second components were
equal. To receive credit for their answer, students needed to circle two or more
of the points (0,0), (1,1), (2,2), or (3,3) on the grid. Nationwide, 38 percent of the
grade 4 students and 75 percent of the grade 8 students correctly identified at
least two of the required points. However, as shown in TABLE 1.7, performance
varied considerably across subgroups for this question, which measures concepts
that form underpinnings of algebra.

EXAMPLE 4: Algebra and Functions

On the grid below, the dot at (4, 4) is circled. Circle two other dots where
the first number is equal to the second number.

2 3

First Number

Overall Percent Correct *
Grade 4 38 (1.6)
Grade 8 75 (1.3)

(One 0( Me
rois-44
4trui ers

* The standard errors of the estimated percentages appear in parentheses.

At grade 4, the state-by-state percentages of correct responses ranged from
18 to 52 percent and at grade 8 from 40 to 88 percent (see TABLE 1.8).
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TABLE 1.7 National Results for Demographic Subgroups for the
Regular Constructed-Response Task, "Find Points on a Grid"

Grade 4

Correct Incorrect No Response

Nation 38 (1.6) 51 (1.3) 10 ((.0)

Northeast 36 (2.4) 55 (3.2) 10 (1.9)

Southeast 33 (2.9) 55 (2.0) 12 (2.4)

Central 45 (4.4) 46 (3.6) 9 (2.1)

Wt 39 (2.5) 50 (1.6) 11 (1.3)

White 47 (2.2) 45 ((.8) 8 (1.1)

Black 13 (2.1) 70 (3.1) 17 (2.6)

Hispanic 15 (2.2) 68 (3.0) 17 (2.3)

Male 40 (2.0) 48 (1.8) 12 (1.3)

Female 38 (2.4) 54 (2.1) 8 (1.1)

Advantaged Urban 55 (2.9) 42 (3.3) 3 (1.2)

Disadvantaged Urban 18 (3.5) 62 (4.2) 20 (4.2)

Extreme Rural 35 (4.6) 52 (3.3) 14 (1.4)

Other 39 (1.9) 51 (1.8) 10 (1.1)

Public 38 (1.8) 51 (1.5) 11 (1.1)

Catholic and Other Private 42 (2.1) 51 (2.1) 7 (1.5)

Grade 8

Correct Incorrect No Response

Nation 75 (1.3) 21 (1.1) 4 (0.6)

Northeast 72 (3.8) 24 (2.9) 4 ((.4)

Southeast 75 (2.9) 23 (2.7) 3 ((.0)

Central 81 (2.1) 16 (2.1) 1 (0.8)

West 73 (2.1) 22 (2.5) 6 (1.5)

White 81 (1.5) 16 (1.4) 1 (0.7)

Black 59 (3.8) 36 (3.6) 6 (1.9)

Hispanic 58 (2.9) 37 (2.9) 5 (1.5)

Male 76 (1.9) 20 (1.7) 5 (0.9)

Female 75 (1.5) 22 (1.5) 3 (0.6)

Advantaged Urban 80 (4.9) 15 (4.0) 4 ((.5)

Disadvantaged Urban 60 (3.2) 36 (2.7) 5 (1.7)

Extreme Rural 80 (5.1) 20 (5.1) 0 (0.0)

Other 76 (1.2) 20 (1.2) 4 (0.7)

Public 75 (1.4) 21 (1.4) 4 (0.6)

Catholic and Other Private 78 (2.3) 20 (2.2) 3 (0.9)

The standard errors of the estimated percentages appear in parentheses. It can he said with about 95 percent certainty hat
for each population of interest, the value for the whole population is within plus or minus two standard errors of the
estimate for the sample. In comparing two estimates, one must use the standard error of the difference (see Appendix for

details). Percentages may not total 100 percent due to rounding error.

SGURCE: National Assessment of Educational Progress (NAEP), 1992 Mathematics Assessment
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TABLE 1.8 Percentage of Correct Responses to Regular Constructed-Response Question, "Find Points
on a Grid"

PUBLIC
SCHOOLS

Grade 4 - 1992

Correct Incorrect No Response

NATION 38 (1.8) 51 (1.5) 11 (1.1)
Northeast 36 (2.5) 55 (3.7) 9 (2.1)
Southeast 32 (3.2) 56 (2.0) 12 (2.7)
Central 45 (5.0) 45 (4.2) 10 (2.5)
West 38 (2.9) 50 (2.1) 12 (1.4)
STATES
Alabama 26 (2.3) 63 (2.5) 12 (1.5)
Arizona 37 (1.8) 52 (2.0) 11 (1.3)
Arkansas 33 (1.9) 57 (2.0) 10 (1.2)
California 34 (2.1) 50 (2.3) 16 (1.4)
Colorado 4-5 (2.1) 48 (2.1) 7 (1.0)
Connecticut 42 (1.9) 51 (1.8) 7 (1.2)
Delaware 34 (2.5) 5,7 (2.1) 9 (1.7)
Dist. Columbia 16 (1.2) 68 (1.8) 16 (1.5)
Florida 38 (2.6) 53 (2.5) 10 (1.3)
Georgia 36 (2.1) 55 (1.9) 9 (1.1)
Hawaii 29 (2.1) 60 (2.2) 11 (1.5)
Idaho 37 (2.6) 54 (2.3) 9 (1.2)
Indiana 37 (2.1) 56 (2.3) 7 (1.3)
Iowa 46 (2.0) 47 (1.9) 7 (1.1)
Kentucky 30 i2.3) 61 (2.3) 9 (1.31
Louisiana 24 (2.0) 64 (2.2) 12 (1.3)
Maine 46 (2.51 49 (2.41 5 (1.0)
Maryland 38 (1.7) 55 (1.9) 8 (1.2)

Massachusetts 39 (2.3) 52 (2.6) 9 (1.3)
Michigan 33 (2.3) 60 (2.5) 8 (1.1)
Minnesota 45 (2.1) 46 (2.2) 9 (1.1)
Mississippi 21 (1.5) 65 (2.0) 14 (1.7)
Missouri 48 (2.2) 46 (2.2) 6 (1.1)
Nebraska 42 (2.7) 51 (2.6) 7 (1.2)

New Hampshire 47 (2.41 45 (2.4) 8 (1.4)
New Jersey 50 (2.6) 45 (2.5) 5 (1.5)
New Mexico 31 (2.9) 59 (3.1) 11 (1.4)
New York 39 (2.31 54 (2.5) 8 (1.3)
North Carolina 34 (2.3) 58 (2.4) 8 (1.1)
North Dakota 43 (2.2) 51 (2.2) 6 (1.0)

Ohio 36 (2.0) 56 (1.9) 8 (1.4)
Oklahoma 39 (2.4) 56 (2.4) 5 (1.1)
Pennsylvania 40 (2.1) 53 (1.9) 7 (1.2)
Rhode Island 32 (2.51 58 (2.3) 10 (1.4)
South Carolina 31 (1.8) . 60 (1.9) 9 (1.0)
Tennessee 28 )2.1) 62 (2.1) 10 (1.4)

Texas 34 (2.0) 58 (1.9) 8 (1.2)
Utah 39 (2.1) 53 (2.0) 8 (1.1)
Virginia 36 (2.4) 58 (2.21 6 (0.9)
West Virginia 33 (2.0) 57 (2.1) 9 (1.1)
Wisconsin 52 (2.21 43 (2.1) 5 (0.9)
Wyoming 40 (2.2) 54 (2.3) 6 (1.0)
TERRITORY
Guam 18 (2.1) 70 (2.5) 12 (1.4)

The standard errors of the estimated percentages appear in parentheses. It can be said with 95 percent certainty that for each population of interest,
the value for the whole population is within plus or minus two standard errors of the estimate for the sample. In comparing two estimates, one must
use the standard error of the difference (see Appendix for details). Percentages may not total 100 percent due to rounding error.

SOURCE: National Assessment of Educational Progress (NAEP), 1992 Mathematics Assessment.
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TABLE 1.8 Percentage of Correct Responses to Regular Constructed-Response Question, "Find Points
on a Grid" (continued)

PUBLIC
SCHOOLS

Grade 8 - 1992

Correct Incorrect No Response

NATION 75 (1.4) 21 (1.4) 4 (0.6)

Northeast 71 (4.7) 25 (3.5) 4 (1.7)
Southeast 75 (3.11 23 (2.9) 2 (0.9)
Central 81 (2.3) 17 (2.3) 3 (0.9)

West 73 (2.2) 22 (2.7) 6 (1.6)

STATES
Alabama 66 (2.1) 30 (1.9) 4 (0.9)

Arizona 74 (2.2) 22 (1.9) 4 (0.8)
Arkansas 69 (1.8) 27 (2.0) 4 (1.0)

California 71 (2.4) 24 (2.0) 6 (1.1)

Colorado 79 (1.5) 18 (1.4) 3 (0.7)

Connecticut 80 (1.7) 17 (1.5) 3 (1.0)

Delaware 77 (2.21 20 (2.2) 3 (0.8)

Dist. Columbia 50 (2.4) 43 (2.4) 7 (1.1)

Florida 75 (2.0) 19 (2.1) 6 (1.0)

Georgia 71 (2.1) 26 (1.9) 3 (0.6)

Hawaii 65 (2.3) 29 (2.3) 5 (0.9)

Idaho 85 (1.41 13 (1.4) 2 (0.6)

Indiana 81 (1.7) 16 (1.5) 2 (0.8)

Iowa 88 (1.4) 12 (1.4) 0 (0.3)

Kentucky 74 (1.61 25 (1.5) 2 (0.6)

Louisiana 65 (2.2) 30 (2.0) 5 (1.0)

Maine 85 (1.61 14 (1.5) 1 (0,4)

Maryland 72 (2.0) 24 (1.8) 4 (0.8)

Massachusetts 82 (1.6) 16 (1.5) 2 (0.6)

Michigan 77 (2.1) 19 (1.8) 4 (0.8)

Minnesota 84 (1.2) 14 (1.3) 2 (0.6)

Mississippi 60 (2.3) 36 (2.2) 4 (0.6)

Missouri 83 (1.7) 14 (1.6) 3 (0.6)

Nebraska 88 (1.7) 10 (1.4) 2 (0.6)

New Hampshire 85 11.51 14 (1.5) 1 (0.3)

New Jersey 79 (2.01 20 (2.0) 1 (0.5)

New Mexico 75 12.21 21 (2.0) 4 (0.7)

New York 76 12.81 20 (2.4) 4 (1.0)

North Carolina 72 (1.8) 24 (1.6) 4 (0.7)

North Dakota 86 11.91 13 (1.9) 1 (0.4)

Ohio 80 (2.0) 17 (1.9) 3 (0.7)

Oklahoma 82 (1.9) 16 (1.9) 2 (0.7)

Pennsylvania 80 (2.1) 19 (1.9) 1 (0.5)

Rhode Island 80 (1.9) 16 (1.8) 4 (0.8)

South Carolina 69 (1.9) 28 (1.9) 3 (0.8)

Tennessee 72 12.01 25 (1.9) 3 (0.7)

Texas 77 (1.9) 19 (1.6) 3 (0.8)

Utah 86 11.41 13 (1.4) 2 (0.5)

Virginia 76 11.9) 22 (1.81 2 (0.7)

West Virginia 76 (2.11 22 (1.9) 2 (0.5)

Wisconsin 84 (1.6) 14 (1.5) 2 (0.6)

Wyoming 82 (1.81 16 (1.7) 2 (0.5)

TERRITORIES
Guam 55 (2.8) 35 (2.7) 10 (1.6)

Virgin Islands 40 (2.5) 43 (3.0) 17 (2.1)
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The geometry question presented below, given only to eighth-grade
students, required them to identify the shape of various cross sections of a
cylinder. To receive credit for their answers, students needed to identify all three
cross sections: circle; rectangle, parallelogram, or quadrilateral; and oval or
ellipse. This type of question reflects one aspect of the added emphasis given to
spatial visualization in school mathematics. The increased emphasis on spatial
awareness and its relationship to shapes and properties is a central portion of the
middle-grade goals articulated in The NCTM Standards. Such understanding is
central to the application of geometry in the solution of many real-world
problems, especially those involved in engineering and several vocational or
technical areas. For the nation, 48 percent of grade 8 students correctly completed
the question.

EXAMPLE 5: Geometry

Each of the cylinders shown below was cut in a different way. The
shaded part shows the shape of the cut. Under each figure, write the
name of the shape of the cut.

Answer. rale Answer: re-C:1-6t r.t le Answer °V61

*The standard errors of the estimated percentages appear in parentheses.
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The "Trash Cans" question, which was in the Data Analysis, Probability,
and Statistics content area, required eighth-grade students to examine a
misleading pictograph and explain why the data display was misleading. To
receive credit for a correct response, students needed to note that the 1980 can
would hold more than twice the 1960 can or that both the width and height of the
can had been doubled. (In particular, doubling the dimensions of the can would
lead to an eightfold increase in the volume of the can, because doubling the
radius [or diameter] results in a fourfold increase when the radius is squared in
v=7rr2h.) However, even though the general rather than the specific answer was
scored correct, student performance at the national level was quite low, with 8
percent of the eighth-grade students providing an acceptable response.

The ability to read data from a graph, noting the correctness of the graph
and the implied comparisons, is an important consumer skill. The ability to
detect errors of the type presented in this question is an important outcome of the
data analysis/quantitative literacy aspect of the school mathematics curriculum.
While some students seem to have developed this critical skill, the results indicate
that the vast majority have little conception of the effects that such visual
representations can have on th possible interpretations of the data.

EXAMPLE 6: Data Analysis, Statistics, and Probability

200
1
0

0̂

100

THE UNITED STATES
IS PRODUCING MORE TRASH

80 Million Tons

160 Million Tons

1960 1980

The pictograph shown above is misleading. Explain why.

Answer- +ke wict4i ke-

Cf -1-114. 11?o c_avt 114 Ve- bezii dokto
On( 46. 6lioodd tiavd.
dolbled.

'The standard errors of the estimated percentages appear in parentheses.
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The subgroup results for eighth graders on both the "Shapes Cut from
Cylinders" question and. the "Misleading Pictograph of Trash Cans" question are
found in TABLE 1.9. Although both questions were difficult for students,
especially the pictograph task, differences among subgroups were somewhat less
pronounced than for some of the previous example questions. The state results
for the two questions in TABLE 1.10 reveal that the percentages of correct
responses ranged from 36 to 60 percent for "Cylinders" and from 1 to 16 percent
for the "Trash Cans" question.

TABLE 1.9 National Results for Demographic Subgroups for the
Regular Constructed-Response Tasks, "Shapes Cut from Cylinders"
and "Misleading Pictograph of Trash Cans"

Grade 8

Shapes Cut from Cylinders Misleading Pictograph of Trash Cans

Correct Incorrect
No

Response Correct Incorrect
No

Response

Nation 48 (1.3) 45 (1.2) 7 (0,8) 8 (0.8) 86 (1.1) 6 (0.9)

Northeast 46 (2.7) 48 (2.1) 6 (1.1) 14 (2.4) 78 (3.0) 8 (1.9)

Southeast 46 (2.9) 46 (2.6) 8 (2.2) 6 (0.9) 90 (1.0) 5 (0.9)

Central 53 (2.5) 42 (2.5) 5 (0.9) 10 (1.8) 87 (2.4) 3 (1.3)

West 48 (1.9) 44 (2.3) 8 (1.6) 6 (1.5) 87 (2.2) 7 (2.3)

White 52 (1.6) 42 (1.7) 5 (0.9) 10 (1.0) 84 (1.4) 6 (1.1))

Black 41 (4.0) 48 (3.1) 11 (2.7) 4 (1.5) 90 (2.5) 6 (2.2)

Hispanic 38 (3.3) 51 (3.3) 10 (2.2) 4 (1.5) 92 (1.9) 4 (1.0)

Male 44 (2.1) 48 (2.1) 8 (1.1) 10 (1.3) 84 (1.3) 6 (0.9)

Female 54 (1.5) 42 (1.4) 5 (0.9) 7 (0.9) 87 (1.7) 6 (1.3)

Advantaged Urban 54 (2.9) 42 (3.4) 3 (1.5) 12 (2.3) 84 (2.8) 4 (1.3)

Disadvantaged Urban 35 (4.3) 51 (4.3) 14 (2.8) 2 (0.9) 89 (2.1) 10 (2.2)

Extreme Rural 50 (5.2) 45 (5.0) 5 (3.0) 5 (2A) 91 (2.3) 4 (1.7)

Other 49 (1.6) 44 (1.4) 7 (0.9) 9 (1.0) 85 (1.4) 6 (1.1)

Public 48 (1.5) 45 (1.4) 7 ((1.9) 8 (0.9) 86 (1.2) 6 (0.9)

Catholic and Other Private 50 (2.5) 46 (2.5) 4 (1.0) 12 ((.7) 83 (2.2) 5 (1.4)

The standard errors of the estimated percentages appear in parentheses. It can he said with about 95 percent certainty that
for each population of interest, the value for the whole population is within plus or minus two standard errors of the
estimate for the sample. In comparing two estimates, one must use the standard error of the difference (see Appendix for
details). Percentages may not total 100 percent due to rounding error.

SOURCE: National Assessment of Educational Progress (NAEP), 1992 Mathematics Assessment
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TABLE 1.10 Percentages of Correct Responses to Regular Constructed-Response Questions, "Shapes Cut
from Cylinders" and "Misleading Pictograph of Trash Cans"

Grade 8 1992

PUBLIC
Shapes Cut from Cylinders Misleading Pictographs of Trash Cans

SCHOOLS Correct Incorrect No Response Correct Incorrect No Response

NATION 48 (1.5) 45 (1.4) 7 (0.9) 8 (0.9) 86 (1.2) 6 (0.9)
Northeast 45 (3.5) 48 (2.9) 7 (1.4) 14 (2.7) 78 (3.0) 8 (2.0)
Southeast 46 (3.2) 46 (2.8) 8 (2.3) 5 (0.9) 90 (1.1) 5 (1.0)
Central 53 (3.1) 41 (2.9) 5 (1.1) 9 (2.2) 88 (2.7) 3 (1.4)
West 48 (1.9) 44 (2.51 8 (1.9) 5 (1.6) 87 (2.3) 8 (2.5)
STATES
Alabama 36 (1.8) 57 (1.7) 7 (1.1) 7 (1.4) 91 (1.3) 2 (0.6)
Arizona 51 (2.3) 43 (2.2) 6 (1.0) 7 (1,2) 87 (1.4) 6 (0.9)
Arkansas 42 (2.0) 52 (2.0) 7 (1.2) 6 (1.1) 87 (1,3) 7 (1.0)
California 44 (2.3) 47 (2.3) 9 (1.3) 7 (1.2) 88 (1.5) 6 (1.3)
Colorado 50 (2.3) 43 (2.2) 7 (1.0) 9 (1.1) 86 (1.2) 5 (1.1)
Connecticut 52 (2.0) 44 (2.2) 4 (0 7) 10 (1,4) 86 (1.4) 4 (0.9)

Delaware 50 (2.8) 40 (2.7) 10 (1.4) 10 (1.6) 84 (2.0) 6 (1.3)
Dist. Columbia 41 (2.4) 48 (2.6) 11 (1.7) 5 (1.6) 86 (2.2) 8 (1.6)
Florida 45 (2.5) 45 (2.5) 10 (1.3) 5 (1.1) 88 (1.5) 7 (1.3)
Georgia 45 (2.4) 47 (2.4) 7 (0.9) 6 (1.3) 90 (1.5) 3 (0.7)
Hawaii 48 (1.9) 41 (2.1) 11 (1.4) 6 (1.2) 87 (1.7) 7 (1.2)
Idaho 50 (2.1) 44 (2.0) 6 (1.0) 11 (1.4) 85 (1.5) 4 (0.8)

Indiana 55 (2.2) 40 (2.1) 5 (0.9) 8 (1.2) 89 (1.4) 4 (1.0)
Iowa 54 (2.3) 43 (2.1) 3 (0.7) 13 (1.5) 83 (1.5) 3 (0.6)
Kentucky 45 (2.2) 49 (2.4) 6 (1A) 8 (1.4) 88 (1.6) 4 (1.0)
Louisiana 40 (2.5) 51 (2.3) 9 (1.3) 4 (0.9) 91 (1.3) 5 (1.1)
Maine 56 (2.0) 38 (2.2) 5 (1.1) 10 (1.5) 86 (1.8) 3 (0.9)
Maryland 48 (2.8) 46 (2.6) 6 (0.9) 11 (1.5) 86 (1.6) 3 (0.9)

Massachusetts 56 (2.2) 38 (2.3) 6 (1.1) 16 (2.3) 80 (2.4) 4 (0.9)
Michigan 52 (2.0) 43 (1.8) 5 (1.1) 11 (1.5) 86 (1.4) 4 (0.9)
Minnesota 52 (2.6) 44 (2.3) 5 (0.9) 11 (1.4) 84 (1.7) 5 (0.9)
Mississippi 34 (2.2) 56 (1.9) 10 (1.5) 4 (0.9) 92 (1.0) 3 (1.0)
Missouri 56 (2.2) 38 (2.0) 6 (1.0) 12 (1.6) 83 (1.8) 6 (1.0)
Nebraska 50 (2.6) 44 (2.5) 6 (1.3) 15 (1.5) 79 (1.6) 6 (1.0)

New Hampshire 60 (2.3) 35 (2.2) 5 (0.9) 16 (2.0) 80 (2.1) 4 (0.9)
New Jersey 51 (2.6) 45 (2.9) 5 (1.0) 11 (1.4) 87 (1.6) 2 (0.7)
New Mexico 47 (2.1) 46 (2.2) 7 (1.0) 4 (1.0) 91 (1.3) 5 (1.0)
New York 54 (2.6) 38 (2.5) 8 (1,2) 9 (1.2) 86 (1.4) 5 (1,1)
North Carolina 45 (2.1) 49 (2.1) 6 (1.0) 8 (1.2) 89 (1.4) 4 (0.8)
North Dakota 50 (2.6) 47 (2.6) 3 (0.8) 16 (1.8) 81 (1.8) 3 (0.9)

Ohio 54 (2.4) 41 (2.2) 5 (1.0) 11 (1.4) 85 (1.6) 4 (0.8)
Oklahoma 49 (2.6) 45 (2.5) 6 (1.1) 10 (1.3) 88 (1,4) 2 (0.7)
Pennsylvania 56 (1.9) 40 (1.7) 4 (0.9) 13 (1.4) 84 (1.5) 3 (0.6)
Rhode Island 52 (3.1) 42 (3.0) 6 (1.1) 11 (1.7) 85 (1.9) 4 (1,0)
South Carolina 46 (2.0) 48 (2.1) 6 (0.9) 6 (1.0) 89 (1.4) 4 (1.0)
Tennessee 48 (1.8) 46 (1.8) 6 (0.9) 8 (1.2) 89 (1.4) 3 (0.8)

Texas 45 (2.6) 48 (2.5) 7 (1.3) 8 (1.2) 87 (1.3) 6 (0.9)
Utah 53 (2.3) 41 (2.2) 6 (1.2) 13 (1.5) 81 (2.0) 5 (1.1)
Virginia 53 (2.3) 42 (2.3) 5 (0.8) 9 (1.4) 87 (1.7) 4 (0.9)
West Virginia 46 (2.3) 47 (2.3) 8 (1.0) 8 (1.4) 87 (1.6) 5 (1.1)
Wisconsin 51 (2.3) 44 (2.6) 5 (1,0) 11 (1.5) 86 (1.5) 4 (0.6)
Wyoming 51 (2.0) 44 (1.8) 5 (1.0) 8 (1.5) 88 (1.6) 3 (0.9)
TERRITOR ._:S
Guam 41 (2.6) 45 (2.9) 14 (1.8) 1 (0.7) 95 (1.6) 4 (1.5)
Virgin Islands 40 (3.1) 45 (3.0) 15 (2.1) 1 (0.9) 89 (2.1) 10 (1.9)

The standard errors of the estimated percentages appear in parentheses. It can be said with 95 percent certainty that for each population of interest,
the value for the whole population is within plus or minus two standard errors of the estimate for the sample. In comparing two estimates, one must
use the standard error of the difference (see Appendix for details). Percentages may not total 100 percent due to rounding error.

SOURCE: National Assessment of Educational Progress (NAEP), 1992 Mathematics Assessment.
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The following algebra and functions question also was administered only
to grade 8 students. It asked students to write two numbers that could be put in
the 0 to make the number sentence 54 < 3 x 0 true. Grade 8 students who either
gave two numbers greater than 18 or communicated a generalization indicating
that any number greater than 18 would suffice were given credit for a correct
response. (Students giving only one number greater than 18 were not given
credit.) Nationally, approximately half of the eighth graders provided an
acceptable response. However, the results presented in TABLE 1.11 indicate large
performance gaps for Black and Hispanic students compared to White students
on this task, and between advantaged urban and disadvantaged urban students.
At the state level, performance of grade 8 students ranged from 22 to 64 percent
correct, as shown in TABLE 1.20.

EXAMPLE 7: Algebra and Functions

54 < 3 x

Write two numbers that could be put in the 0 to make the number
sentence above true.

Answer 2. 0

(One or Hie
/so $516/e. aoswers)

*The standard errors of the estimated percentages appear in parentheses.
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TABLE 1.11 National Results for Demographic Subgroups for the
Regular Constructed-Response Task, "Two Numbers Make Number
Sentence True"

Grade 8

Correct Incorrect No Response

Nation 49 (1.6) 41 (1.4) 10 (0.)))

Northeast 48 (5.4) 44 (4.9) X ( 1.1 I

Southeast 41 (3.1) 46 (2.6) I 1 (2.0)
Centrai 56 (2.9) 16 (2.1) 9 (1.7)
West 50 (2.31 38 (1.))) 12 (1.1)

White 57 (1.9) 36 (1.))) 8 (0.)))
Black 30 (3.6) 56 (3.1) 13 (2.8)
Hispanic 25 (3.2) 53 (3.3) 22 (2.1)

Male 49 (1(1) 41 (140 11 (1.2)
Female 50 (2.0) 41 (1.8) 9 (1.0)

Advantaged Urban 63 (5.4) 11 (4.7) 4 (1.6)
Disadvantaged Urban 26 (4.1) 55 (4.4) 19 (2.4)

Extreme Rural 55 (4.5) 17 (4.0) 8 (2,0)
Other 49 (1.6) 41 (1.4) 10 (0.9)

Public 48 (1.7) 42 (1.6) 10 (0.9)

Catholic and Other Private 56 (3.2) 36 (2.6) 8 (1.8)

'nu standard errors of the estimated perce itages'appear in parentheses. It can he said with a)out 95 percent certainty hat
for each population of interest, the value for the whole populatIon is within plus or mtnus two standard errors ot the
estimate for the sample. In comparing two esfimates, one must use the standard error of the difference (see Appendix for
details). Percentages may not total 100 percent due to rounding error.

SOURCE: National Assessment Educational l'rogress (NAEP), 1992 Mathematics Assessment
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TABLE 1.12 Percentage of Correct Responses to Regular Constructed-Response Question, "Two Numbers
Make Number Sentence True"

PUBLIC
SCHOOLS

Grade 8 - 1992

Correct Incorrect No Response

NATION 48 (1.7) 42 (1.6) 10 (0.9)
Northeast 46 (6.1) 46 (5.6) 8 (1.6)
Southeast 42 (3.1) 47 (2.6) 11 (2.2)
Central 55 (3.2) 36 (2.8) 9 (1.9)
West 50 (2.3) 38 (1.9) 12 (1.3)
STATES
Alabama 40 (2.3) 47 (2.',: 13 (1.8)
Arizona 47 (1.8) 42 (1.7) 11 (1.3)
Arkansas 42 (2.2) 47 (2.3) 10 (1.4)
California 45 (2.3) 41 (2.2) 14 (1.5)
Colorado 54 (2.4) 39 (2.2) 7 (1.0)
Connecticut 55 (2.2) 35 (2.0) 10 (1.4)

Delaware 46 (2.3) 42 (2.5) 11 (1.7)
Dist. Columbia 32 (2.8) 45 (2.5) 22 (2.0)
Florida 48 (2.2) 39 (2.0) 12 (1.4)
Georgia 49 (2.3) 42 (2.3) 9 (1.2)
Hawaii 38 (2.0) 45 (2.1) 17 (1.7)
Idaho 55 (2.1) 37 (1.8) 8 (1.0)

Indiana 46 (1.9) 45 (2.4) 9 (1.5)
Iowa 64 (2.0) 30 (1.8) 6 (0.9)
Kentucky 44 (2.2) 46 (1.9) 10 (1.2)
Louisiana 41 (2.2) 48 (2.1) 11 (1.5)
Maine 56 (2.3) 36 (2.0) 9 (1.1)
Maryland 45 (2.0) 43 (2.1) 12 (1.5)

Massachusetts (2.1) 37 (1.9) 9 (1.2)
Michigan :. (2.4) 38 (2.3) 11 (1.4)
Minnesota 63 (2.41 31 (2.0) 6 (1.1)
Mississippi 35 (2.4) 55 (2.3) 10 (1.5)
Missouri 57 (2.1) 38 (2.3) 5 (1.1)
Nebraska 57 (2.6) 37 (2.4) 6 (0.8)

New Hampshire 55 (2.3) 36 (2.3) 7 (1.0)
New Jersey 55 (2.5) 38 (2.4) 6 (1.0)
New Mexico 37 (2.2) 51 (1.9) 11 (1.2)
New York 52 (2.8) 38 (3.0) 10 (2.0)
North Carolina 43 (2.1) 49 (2.2) 9 (1.2)
North Dakota 61 (2.4) 36 (2.6) 3 (0.8)

Ohio 50 (2.5) 42 (2.2) 8 (1.4)
Oklahoma 54 (2.4) 36 (2.2) 11 (1.4)
Pennsylvania 56 (2.5) 37 (2.0) 7 (1.2)
Rhode Island 50 (2.5) 42 (2.7) 8 (1.3)
South Carolina 46 (2.0) 45 (2.3) 9 (1.3)
Tennessee 40 (2.0) 48 (2.0) 11 (1.3)

Texas 49 (2.4) 40 (2.2) 10 (1.1)
Utah 55 (1.9) 37 (1.9) 8 (1.2)
Virginia 51 (2.2) 40 (1.9) 9 (1.3)
West Virginia 40 (2.1) 49 (2.0) 11 (1.2)
Wisconsin 55 (2.5) 37 (1 8) 8 (1.4)
Wyoming 53 (1.9) 41 (1.9) 7 (1.0)
TERRITORIES
Guam 28 12.1) 50 (2.6) 22 (2.3)
Virgin Islands 22 (2.2) 37 (2.6) 41 (3.0)

The standard errors of the estimated percentages appear in parentheses. It can be said with 95 percent certainty that for each population of interest,
the value for the whole population is within plus or minus two standard errors of the estimate for the sample. In comparing two estimates, one must
use the standard error of the difference (see Appendix for details). Percentages may not total 100 percent due to rounding error.

SOl. RCF.: National Assessment of Educational Progress (NAEP), 1992 Mathematics Assessment.
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The final regular constructed-response question presented in this section
was classified under the Measurement content area. This question, given to
twelfth graders, asked students to consider the effect of a moving vertex on the
area of a right triangle. The analysis of this situation foreshadows the nature of
the use of limits in similar situations elsewhere in mathematics. As shown below
and in TABLE 1.13, 29 percent of the twelfth-grade students received full credit
for their responses. Fifty-one percent of the students attending schools in
advantaged urban communities answered this question correctly compared to 15
percent of the students attending schools in disadvantaged urban communities.
(As this item was only given at the twelfth grade, state-level data are not
available.) Black and Hispanic students performed considerably below White
students, and public-school students performed significantly less well than did
Catholic- and other private-school students.

EXAMPLE 8: Measurement

6 Q

1\\ Overall Percent Correct
-1\\ Grade 12 -- 29 (1.6)

4

3 \ \
\

2 \
I \

I I \
1 \

\
I 2 3

x

In the figure above, point Q is fixed and point P starts at 4 and moves
left along the x-axis. As P moves left along the x-axis toward 0, the area
of /"...P00 changes.

Use the information given to complete the table below to show how
the area of LPOQ changes as P goes from the position shown to the
origin 0.

x coordinate Arca of
of P APOQ

4

3

2 6

0 0

*The standard errors of the estimated percentages appear in parentheses.
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TABLE 1.13 National Results for Demographic Subgroups for the
Regular Constructed-Response Task, "Changing Area of Triangle"

Grade 12

Correct Incorrect No Response

Nation 29 (1.6) 37 (1.7) 34 (1.5)

Northeast 38 (2.0) 32 (2.31 31 (2.4)

Southeast 20 (2.2) 43 (2.9) 36 (3.6)

Central 29 (3.8) 35 (3.1) 36 (3.0)

West 29 (3.6) 38 (3.9) 33 (3.1)

White 33 (1.9) 35 (1.8) 32 (1.8)

Black 12 (2.6) 49 (3.0) 39 (2.9)

Hispanic 16 (3.9) 34 (4.3) 49 (5.5)

Male 30 (2.0) 38 (2.3) 32 (1.8)

Female 28 (2.1) 16 (2.3) 36 (2.4)

Advantaged Urban 51 (5.8) 30 (4.1) 19 (3.8)

Disadvantaged Urban 1.5 (2.4) 42 (3.7) 43 (4.1)

Extreme Rural 19 (3.8) 37 (3.8) 44 (5.5)

Other 28 (2.2) 15 (2.2) 34 (1.9)

Public 27 (1.8) 17 (1.9) 36 (1.7)

Catholic and Other Private 42 (3.1) 17 (3.2) 21 (2.6)

Pk standard errors of the estimated percentages appear in parentheses. It can be said with about 95 percent certainty hat
for each population of interest, the value for the whole population is %%aim-) plus or minus two standard errors of the
estimate for the sample. In comparing two estimates, one must use the standard error of the difference (see Appendix for

details). Percentages may total 100 percent due to rounding error.

SOURCE: National Assessment of Educational Progress (NAEP), 1992 Mathematics Assessment

Example Constructed-Response Questions Involving Rulers,
Protractors, or Manipulative Materials

Some questions requiring students to construct their own responses
involved use of mathematical tools a ruler, a protractor, or manipulative
geometric shapes. The questions involving the ruler or protractor required
students to make sasurements or to provide a fairly accurate rendering of a
geometric object. The questions involving the geometrically-shaped pieces
required students to assemble them to create other geometric shapes having given
properties or areas. However, none of the questions involving the geometric
shapes were among the items released at the conclusion of the 1992 NAEP
assessment. As a result, the following five examples of constructed-response
tasks with added materials all involve a ruler or protractor.

The following example question was classified in the Measurement content
area. Students were shown a rectangle and first asked to measure the length of
one of the longer sides to the nearest centimeter. To receive credit for their
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answer, students needed to respond with a measure of 8cm. Nationally, 52

percent of the fourth graders and 71 percent of the eighth graders were able to

respond correctly to the task. Students missing this question often responded
with the measure of the shorter side of the rectangle or incorrectly measured the

length of the longer side.
The second part of this measurement question asked students to find the

length of the diagonal AB of the rectangle. Performance on this second question

was about 20 percentage points higher. Among students at grade 4, 60 percent
answered the item correctly, while 79 percent of the grade 8 students did. The
increase in performance may be explained by the task set for students. In the first

portion of the item, students were asked to measure the longer side of the

rectangle, but no side was actually prescribed. In the second portion, dealing
with the diagonal, students were told to measure the length of the diagonal AB.

This specificity may be responsible for the increased level of performance, as

some students measured the shorter side in the first portion of the question.

EXAMPLE 9: Measurement
(size reduced from original)

A

Use your centimeter ruler to make the following measurements to the
nearest centimeter.

What is the length in centimeters of one of the longer sides of the
rectangle?

Answer: F Cevat;mefees

What is the length in centimeters of the diagonal from A to B ?

Answer. 0 certfi.mefer3
*The standard errors of the estimated percentages appear in parentheses.
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Overall Percent Correct.
Grade 4

Part One: 52 (1.5)
Part Two: 60 (1.2)

Grade 8

Part One: 71 (1.5)
Part Two: 79 (1.1)



TABLES 1.14 and 1.15 illustrate the variation in performance that existed
among demographic subpopulations of students for the nation and across the
states participating in NAEP's Trial State Assessment Program. Black students
and those attending schools in disadvantaged urban areas had particular difficulty
in using a ruler to measure centimeters. For the states, success in measuring the
longer side of the rectangle ranged from 27 to 64 percent at grade 4 and from 38
to 85 percent at grade 8. Success in measuring the diagonal ranged from 34 to 70
percent at grade 4 and from 53 to 90 percent at grade 8.
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TABLE 1.14 National Results for Demographic Subgroups for the Regular
Constructed Response Task, "Using Ruler to Measure Centimeters"

Grade 4

Measure Longer Side

Correct Incorrect No Response

Nation 52 (1.5) 43 (1.4) 6 (0.7)

Northeast 52 (3.2) 42 (2.6) 7 (2.3)

Southeast 47 (2.2) 49 (2.1) 4 (1.2)

Central 56 (4.5) 40 (4.2) 3 (1.0)

West 52 (1.5) 39 (1.5) 9 (1.4)

White 57 (2.0) 38 (1.9) 5 (0.9)

Black 29 (3.5) 63 (3.6) 8 (1.7)

Hispanic 45 (3.4) 47 (3.0) 8 (1.9)

Male 51 (1.9) 42 (1.7) 7 (1.0)

Female 52 (2.5) 43 (2.5) 5 (0.9)

Advantaged Urban 66 (4.8) 31 (4.7) 2 (1.2)

Disadvantaged Urban 25 (4.0) 60 (4.1) 14 (2.4)

Extreme Rural
.-0

53 (7.5) 44 (7.4) 3 (1.4)

Other 52 (1.8) 42 (1.7) 6 (1.0)

Public 50 (1.6) 44 (1.5) 6 (0.8)

Catholic and Other Private 62 (2.8) 33 (2.4) 5 (1.3)

Grade 8

Measure Longer Side

Correct Incorrect No Response

Nation 71 (1.5) 26 (1.3) 3 (0.5)

Northeast 73 (3.3) 24 (3.0) 3 (0.9)

Southeast 63 (3.2) 35 (2.5) 2 (1.0)

Central 77 (2.7) 20 (2.1) 3 (1.3)

West 70 (3.5) 26 (3.1) 4 (0.8)

White 78 (1.6) 19 (1.4) 2 (0.5)

Black 42 (4.1) 51 (3.6) 6 (1.7)

Hispanic 57 (3.9) 38 (4.1) 5 (1.3)

Male 71 (2.0) 26 (1.9) 3 (0.6)

Female 70 (1.8) 27 (1.6) 3 (0.7)

Advantaged Urban 82 (2.8) 15 (2.2) 2 (1.4)

Disadvantaged Urban 50 (6.1) 39 (4.6) 1 I (2.6)

Extreme Rural 67 (6.5) 33 (6.5) 0 (0.3)

Other 72 (2.0) 25 (1.8) 3 (0.6)

Public 69 (1.7) 27 (1.5) 3 (0.5)

Catholic and Other Private 80 (2.2) 19 (2.2) 2 (0.9)

(Table 1.14 continued on next page)
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TABLE 1.14 National Results for Demographic Subgroups for the Regular Constructed-
Response Task, "Using Ruler to Measure Centimeters" (continued)

Grade 4

Measure Diagonal

Correct Incorrect No Response

Nation 60 (1.2) 33 (1.1) 7 (0.7)

Northeast 66 (3.2) 27 (2.2) 7 (2.1)
Southeast 52 (2.6) 44 (2.0) 4 (1.3)
Central 68 (3.0) 28 (3.1) 4 (1.3)
West 57 (1.9) 33 (1.4) 10 (1.5)

White 67 (1.5) 28 (1.4) 5 (0.8)
Black 35 (3.0) 54 (3.3) 11 (2.1)
Hispanic 51 (4.2) 40 (3.3) 9 (2.1)

Male 56 (2.1) 36 (1.9) 8 ((.0)
Female 65 (1.9) 30 (1.8) 5 (0.9)

Advantaged Urban 78 (3.3) 20 (3.0) 2 (1.2)
Disadvantaged Urban 27 (3.5) 56 (3.5) 17 (3.0)
Extreme Rural 61 (7.2) 38 (6.8) 2 (1.3)
Other 62 (1.6) 31 (1.4) 7 (1.0)

Public 59 (1.3) 34 (1.2) 7 (0.8)
Catholic and Other Private 68 (2.6) 28 (2.5) 4 (1.1)

Grade 8

Measure Diagonal

No ResponseCorrect Incorrect -1
Nation 79 (1.1) 18 (1.1) 3 (0.5)

Northeast 83 (2.3) 14 (2.2) 3 (0.7)
Southeast 76 (2.2) 21 (1.4) 3 (1.2)
Central 82 (2.1) 16 (2.0) 3 (1.3)
West 75 (2.3) 21 (2.6) 4 (0.8)

White 84 (1.2) 14 (1.3) 2 (0.5)
Black 60 (4.0) 33 (3.4) 7 (1.8)
Hispanic 66 (3.2) 28 (3.3) 5 (1.2)

Male 80 (1.8) 18 (1.7) 3 (0.6)
Female 78 (1.4) 19 (1.4) 4 (0.7)

Advantaged Urban 87 (3.3) 13 (3.3) 0 (0.0)
Disadvantaged Urban 60 (5.3) 28 (4.0) 11 (2.6)
Extreme Rural 79 (2.4) 19 (2.3) 2 (1.2)
Other 80 (1.4) 18 (1.4) 3 (0.6)

Public 77 (1.2) 19 (1.2) 4 (0.6)
Catholic and Other Private 90 (1.7) 9 (1.6) 1 (0.4)

'FliL standard errors of the estimated percentages appear in parentheses. It can be said with about 95 percent certainty hal
for each population of interest, the value for the whole population is within plus or minus two standard errors of the
estimate for the sample. In comparing two estimates, one must use the standard error of the difference (see Appendix for
details). When the proportion of students is either 0 percent of 100 percent, the standard error is inestimable. However,
percentages 99.5 percent and greater were rounded to 100 percent and percentages 0.5 percent or less were rounded to 0
percent. Percentages may not total 100 percent due to rounding error.

SOURCE: National Assessment of Educational Progress (NAEP), 1992 Mathematics Assessment
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TABLE 1.15 Percentages of Correct Responses to Regular Constructed-Response Questions "Using Ruler

to Measure Centimeters"

PUBLIC
SCHOOLS

Grade 4 - 1992

Measure Longer Side

Correct Incorrect No Response

NATION 50 (1.6) 44 (1.5) 6 (0.8)

Northeast 51 (3.5) 42 (2.9) 7 (2.6)

Southeast 45 (2.4) 51 (2.5) 4 (1.3)

Central 54 (4.9) 43 (4.7) 4 (1.0)

West 51 (1.5) 40 (1.6) 9 (1.5)

STATES
Alabama 40 (2.1) 56 (2.2) 4 (1.0)

Arizona 51 (2.2) 43 (2.1) 5 (0.8)

Arkansas 43 (2.1) 51 (2.0) 6 (0.9)

California 45 (2.1) 46 (2.1) 9 (1.1)

Colorado 56 (2.4) 39 (2.3) 4 (0.8)

Connecticut 60 (1.9) 37 (1.8) 3 (0.7)

Delaware 48 (1.9) 49 (2.01 4 (0.9)

Dist. Columbia 25 (2.1) 63 (2.2) 12 (1.5)

Florida 47 (2.6) 49 (2.5) 5 (0.9)

Georgia 48 (2.7) 47 (2.5) 5 (1.1)

Hawaii 48 (2.1) 47 (1.9) 5 (1.0)

Idaho 57 (2.2) 39 (2.2) 4 (0.7)

Indiana 50 (2.6) 48 (2.4) 2 (0.6)

Iowa 59 (1.81 39 (1.7) 2 (0.7)

Kentucky 42 (2.1) 53 (2.2) 5 (0.7)

Louisiana 42 (2.9) 54 (2.7) 4 (0.8)

Maine 64 (2.7) 33 (2.6) 3 (0.9)

Maryland 49 (2.1) 47 (2.1) 4 (1.0)

Massachusetts 54 (2.6) 41 (2.8) 5 (1.2)

Michigan 55 (2.3) 40 (2.1) 5 (0.9)

Minnesota 62 (2.1) 34 (2.0) 3 (0.7)

Mississippi 36 (1.8) 58 11.8) 5 (0.7)

Missouri 56 (2.4) 41 (2.4) 3 (0.7)

Nebraska 60 (2.7) 37 (2.7) 2 (0.7)

New Hampshire 61 (2.2) 35 (2.1) 4 (0.9)

New Jersey 56 (2.8) 39 (2.7) 5 (1.0)

New Mexico 49 (3.3) 48 (3.2) 4 (0.9)

New York 50 (2.9) 44 (2.81 5 (1.3)

North Carolina 44 (1.6) 49 (1.8) 6 (1.1)

North Dakota 61 (2.3) 37 (2.2) 2 (0.7)

Ohio 51 (2.3) 4,5 (2.1) 4 (0.9)

Oklahoma 49 12.21 49 (2.2) 2 (0.7)

Pennsylvania 53 (2.6) 44 (2.6) 3 (0.6)

Rhode Island 46 (2.5) 47 (2.31 8 (1.4)

South Carolina 45 (2.1) 51 (2.1) 4 (0.8)

Tennessee 40 (2.1) 55 (1.9) 5 (1.0)

Texas 49 (2.4) 49 (2.4) 2 (0.6)

Utah 59 (2.1) 38 (2.1) 3 (0.7)

Virginia 50 (2.3) 47 (2.1) 3 (1.0)

West Virginia 50 (2.0) 47 (2.0) 3 (0.7)

Wisconsin 59 (2.6) 39 (2.6) 2 (0.5)

Wyoming 60 (1.8) 35 (1.8) 5 (0.9)

TERRITORY
Guam 27 (2.1) 63 (2.2) 10 (1.8)

The standard errors of the estimated percentages appear in parentheses. It can be said with 95 percentcertainty that for each population of interest,

the value for the whole population is within plus or minus two standard errors of the estimate for the sample. In comparing two estimates, one must

use the standard error of the difference (see Appendix for details). Percentages may not total 100 percent due to rounding error.

SOURCE: National Assessment of Educational Progress (NAEP), 1992 Mathematics Assessment.
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TABLE 1.15 Percentages of Correct Responses to Regular Constructed-Response Questions "Using Ruler
to Measure Centimeters" (continued)

PUBLIC
SCHOOLS

Grade 8 - 1992

Measure Longer Side
Correct Incorrect No Response

NATION 69 (1.7) 27 (1.5) 3 (0.5)Northeast 72 (3.5) 24 (3.0) 3 (0.7)Southeast 61 (3.6) 37 (2.9) 2 (1.2)Central 76 (3.1) 21 (2.4) 3 (1.5)West 69 (3.8) 26 (3.4) 5 (0.8)STATES
Alabama 63 (2.2) 35 (2.1) 2 (0.8)Arizona 76 (2.0) 22 (1.9) 3 (0.7)Arkansas 68 (1.8) 31 (1.7) 1 (0.5)California 73 (2.0) 24 (1.8) 3 (0.7)Colorado 81 (1.5) 17 (1.4) 2 (0.5)Connecticut 80 (1.7) 19 (1.6) 1 (0.5)
Delaware 72 (2.0) 25 (1.8) 2 (0.6)Dist. Columbia 45 (2.9) 45 (3.0) 10 (1.4)Florida 68 (2.5) 30 (2.3) 3 (0.7)Georgia 65 (2.6) 33 (2.4) 2 (0.6)Hawaii 71 (2.0) 26 (1.8) 3 (0.6)Idaho 80 (1.9) 18 (1.7) 2 (0.6)
Indiana 76 (1.9) 23 (1.8) 1 (0.3)Iowa 85 (1.6) 14 (1.6) 1 (0.4)Kentucky 71 (1.9) 27 (1.7) 2 (0.5)Louisiana 60 (2.2) 36 (2.2) 4 (0.8)Maine 84 (1.1) 15 (1.2) 1 (0.5)Maryland 70 (2.0) 26 (1.8) 4 (1.0)
Massachusetts 77 (1.7) 20 (1.8) 3 (0.71Michigan 74 (1.7) 24 (1.8) 2 (0.5)Minnesota 83 (1.9) 16 (1.9) 1 (0.5)Mississippi 51 (2.0) 47 (2.0) 3 (0.7)Missouri 78 (2.0) 20 (1.9) 2 (0.5)Nebraska 82 (1.4) 17 (1.4) 1 (0.4)
New Hampshire 84 (1.7) 15 (1.6) 1 (0.5)New Jersey 72 (2.2) 27 (2.1) 1 (0.6)New Mexico 69 (1.7) 26 (1.7) 4 (1.0)New York 73 (2.7) 23 (2.3) 4 (1.5)North Carolina 67 (2.11 31 (2.2) 2 (0.5)North Dakota 84 (1.8) 16 (1.8) 0 (0.2)
Ohio 71 (2.8) 27 (2.7) 2 10.6)Oklahoma 74 (1.9) 23 (1.9) 2 (0.7)Pennsylvania 81 (1.7) 18 (1.7) 1 (0.4)Rhode Island 76 (2.3) 23 (2.2) 2 (0.6)South Carolina 70 (1.8) 28 (1.6) 2 (0.5)Tennessee 69 (2.2) 29 (2.1) 1 (0.5)
Texas 70 (2.3) 28 (2.3) 2 (0.4)Utah 81 (1.9) 18 (1.9) 1 (0.4)Virginia 72 (1.8) 26 (1.8) 1 (0.3)West Virginia 71 (2.2) 27 (2.3) 2 (0.61Wisconsin 81 (1.4) 19 (1.3) 1 (0.3)Wyoming 82 (1.7) 17 (1.7) 1 (0.4)TERRITORIES
Guam 55 (2.5) 40 (2.8) 5 (1.3)Virgin Islands 38 (2.4) 46 (3.0) 15 (2.1)
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TABLE 1.15 Percentages of Correct Responses to Regular Constructed-Response Questions "Using Ruler

to Measure Centimeters" (continued)

PUBLIC
SCHOOLS

Grade 4 - 1992

Measure Diagnoal

Correct Incorrect No Response

NATION 59 (1.3) 34 (1.2) 7 (0.8)

Northeast 66 (3.9) 27 (2.5) 7 (2.3)

Southeast 50 (2.8) 45 (2.1) 5 (1.4)

Central 67 (2.9) 28 (3.2) 5 (1.51

West 56 (2.1) 34 (1.7) 1C, (1.5)

STATES
Alabama 51 (2.1) 45 (2.2) 4 (0.9)

Arizona 56 (2.0) 39 (2.0) 5 (0.8)

Arkansas 51 (1.8) 43 (1.8) 6 (1.1)

California 51 (2.3) 39 (2.1) 10 (1.3)

Colorado 62 (2.1) 34 (1.9) 4 (0.7)

Connecticut 67 (2.2) 30 (2.2) 4 (0.8)

Delaware 59 (2.1) 38 (2.1) 4 (1.0)

Dist. Columbia 28 (2.2) 60 (2.4) 13 (1.6)

Florida 54 (2.8) 40 (3.1) 6 (1.1)

Georgia 52 (2.3) 44 (2.2) 4 (0.9)

Hawaii 56 (2.4) 39 (2.1) 6 (1.2)

Idaho 62 (1.9) 33 (1.7) 5 (0.9)

Indiana 61 (2.1) 37 (2.0) 2 (0.7)

Iowa 68 (1.5) 30 (1.5) 2 (0.6)

Kentucky 51 (1.3) 45 (1.8) 4 (0.7)

Louisiana 47 (2.5) 48 (2.3) 5 10.81

Maine 65 (2.3) 32 (2.5) 3 (1.0)

Maryland 57 (1.9) 39 (1.9) 4 (1.11

Massachusetts 64 (2.4) 32 (2,1) 5 (1.2)

Michigan 62 (2.3) 34 (2.21 4 10.9)

Minnesota 66 (2.0) 30 (1.9) 4 10.7)

Mississippi 43 (2.2) 52 (2.1) 5 (0.8)

Missouri 65 (1.9) 32 (2.0) 3 (0.8)

Nebraska 66 (2.7) 32 (2.7) 2 (0.5)

NeW Hampshire 68 (2.1) 27 (1.8) 5 10.8)

New Jersey 62 (1.9) 34 (2.0) 4 (1.1)

New Mexico 52 (2.9) 44 (2.4) 5 (1.1)

New York 54 (2.8) 40 (2.7) 7 (1.3)

North Carolina 51 (2.2) 43 (2.0) 6 (1.0)

North Dakota 70 (2.2) 28 (2.0) 2 (0.7)

Ohio 59 (2.4) 37 (2.2) 4 (0.8)

Oklahoma 60 (2.7) 37 (2.5) 3 (0.8)

Pennsylvania 64 (1.9) 33 (1.8) 3 (0.7)

Rhode Island 55 (2.0) 37 (2.1) 8 (1.5)

South Carolina 53 (2.2) 44 (2.1) 4 (0.81

Tennessee 49 (2.2) 47 (1.9) 4 (1.0)

Texas 56 (2.4) 40 (2.3) 3 (0.7)

Utah 66 (2.1) 31 (2.1) 4 (0.8)

Virginia 59 (2.5) 38 (2.4) 3 (1.0)

West Virginia 57 (2.1) 40 (2.1) 3 (0.7)

Wisconsin 68 (2.4) 31 (2.4) 2 (0.5)

Wyoming 65 (2.2) 30 (2.0) 5 (0.9)

TERRITORY
Guam 34 (2.0) 56 (2.5) 10 (1.8)
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TABLE 1.15 Percentages of Correct Responses to Regular Constructed-Response Questions "Using Ruler
to Measure Centimeters" (continued)

PUBLIC
SCHOOLS

Grade 8 - 1992

Measure Diagnoal

Correct Incorrect No Response

NATION 77 (1.2) 19 (1.2) 3 (0.6)Northeast 81 (2.7) 16 (2.7) 3 (0.8)Southeast 74 (2.5) 23 (1.5) 3 (1.3)Central 80 (2.2) 17 (2.2) 3 (1.5)West 75 (2.5) 21 (2.8) 4 (0.8)
STATES
Alabama 75 (2.2) 23 (1.9) 2 (0.8)Arizona 82 (1.9) 15 (1.6) 3 (0.7)Arkansas 78 (2.0) 21 (1.9) 1 (0.5)California 76 (1.9) 20 (1.6) 4 (0.8)Colorado 84 (1.3) 14 (1.2) 2 (0.5)Connecticut 87 (1.7) 12 (1.7) 1 (0.6)
Delaware 80 (1.9) 17 (1.7) 3 (0.8)Dist. Columbia 60 (2.1) 31 (2.2) 9 (1.4)Florida 76 (2.2) 21 (2.1) 3 (0.8)Georgia 78 (2.2) 20 (2.1) 2 (0.7)Hawaii 78 (1.7) 19 (1.6) 4 (0.7)Idaho 86 (1.6) 12 (1.5) 2 (0.6)
Indiana 84 (1.6) 15 (1.6) 1 (0.4)Iowa 88 (1.5) 11 (1.3) 1 (0.4)
Kentucky 81 (1.7) 17 (1.6) 2 (0.5)Louisiana 74 (2.1) 22 (2.2) '4 (0.7)Maine 87 (1.5) 12 (1.4) 1 (0.5)Maryland 76 (1.7) 19 (1.8) 4 (1.0)
Massachusetts 85 (1.6) 12 (1.3) 3 (0.9)
Michigan 79 (1.7) 19 (1.6) 2 (0.5)Minnesota 87 (1.21 12 (1.2) 1 (0.3)Mississippi 67 (2.1) 31 (2.0) 2 (0.5)Missouri 85 (1.7) 13 (1.5) 2 (0.5)Nebraska 85 (1.6) 14 (1.7) 1 (0.5)
New Hampshi.-e 90 (1.3) 10 (1.2) 0 (0.3)New Jersey 83 (2.1) 16 (2.0) 1 (0.5)New Mexico 78 (1.5) 18 (1.3) 4 (0.9)New York 82 (2.4) 13 (2.0) 5 (1.6)North Carolina 80 (1.7) 19 (1.7) 2 (0.4)North Dakota 88 (1.6) 11 (1.6) 0 (0.2)
Ohio 80 (2.3) 18 (2.2) 2 (0.8)Oklahoma 82 (2.0) 16 (2.0) 2 (0.7)Pennsylvania 89 (1.4) 11 (1.4) 1 (0.4)Rhode Island 87 (1.5) 11 (1.4) 1 (0.5)South Carolina 80 (1.8) 18 (1.7) 2 (0.5)Tennessee 78 (1.9) . 20 (1.8) 1 (0.5)
Texas 77 (1.9) 22 (1.8) 2 (0.4)
Utah 85 (1.4) 14 (1.5) 1 (0.4)Virginia 83 (1.7) 16 (1.7) 1 (0.4)West Virginia 81 (2.01 17 (2.0) 2 (0.6)Wisconsin 85 (1.5) 14 (1.5) 1 (0.3)
Wyoming 86 (1.4) 13 (1.3) 1 (0.5)
TERRITORIES
Guam 69 (2.5) 26 (2.8) 5 (1.2)Virgin Islands 53 (2.2) 32 (2.7) 14 (2.1)

5
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The following geometry question involving the use of a ruler required

students to draw a rectangle 2 inches wide by 31/2 inches long. Students were
provided space in which they could draw the rectangle in any orientation,
horizontal, vertical, or otherwise. To receive credit for their drawing, the
rectangle needed reasonably straight sides, vertex angles closely approximating

90°, and sides satisfying the dimensions of 2 ± 3/is inches in width and 31/2

inches in length. To evaluate the students' responses, a templatesvas constructed

for the scorers to place above a student constructed rectangle to see if it fell

within the boundaries defined by the above conditions. This provided a uniform

grading procedure for responses to this task. Nationally, 18 percent of grade 4

students and 58 percent of grade 8 students correctly completed the task.

EXAMPLE 10: Geometry

In the space below, draw a rectangle 2 inches wide and 31 inchcs long.

*The standard errors of the estimated percentages appear in parentheses.

Overall Percent Correct
Grade 4 18 (0.9)
Grade 8 -- 58 (L3)

As can be seen in TABLE 1.16, the substantial increase in percentage of

correct responses between grades 4 and 8 noted for the nation also occurred for

each of the various subgroups. At grade 4, from 8 to 27 percent of students,

depending on the subgroup, did not provide a response to the question. This

may have been due to the use of fractions in the measurements. At grade 8, most

of the students attempted to provide a response to this task.
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TABLE 1.16 National Results for Demographic Subgroups for the
Regular Constructed-Response Task, "Using Ruler to Draw
a Rectangle"

Grade 4

Correct Incorrect No Response

Nation 18 (0.9) 68 (1.2) II (0.9)

Northeast 16 (2.1) 76 (3.0) 8 (2.(t)
Southeast 17 (1.4) 71 (2.4) 12 (1.6)
Central 20 (2.2) 69 (2.7) 11 (1.7)
West 20 (1.7) 61 (1.6) 19 (1.5)

White 22 (1.3) 67 (1.5) 11 (1.)))
Black 6 (1.4) 73 (3.3) 21 R1)
Hispanic 11 (1.8) 70 (3.))) 19 (2.7)

Male IX (1.4) 64 (1.7) IX ().1)
Female 18 (1.6) 74 (1.8) 8 (1.1)

Advantaged Urban 27 (3.0) 64 (3.0) 9 (2.4)
Disadvantaged Urban 8 (1.9) 65 (4.8) 27 (4.7)
Extreme Rural 21 (6.0) 68 (6.0) 11 (3.0)
Other 18 (1.2) 70 (1.6) 12 (1.0)

Public 17 (1.1) 69 (1.4) 14 (1.01
Catholic and Other Private 29 (2.5) 62 (2.9) 9 (1.8)

Grade 8

('.orrect Incorrect I No Response

Nation 5)) (1.3) 18 (1.2) 4 (0.5)

Northeast 63 (3M) 14 (2.7)
Southeast 52 (2.9) 44 (2.6) 4 (1.5)
Central 65 (2.6) 14 (2.6) 1 (0.6)
West 54 (2.0) 40 (1.6) 5 (1.0)

White 68 (1.5) 30 (1.4) 2 (Ri)
Black 28 (3.4) 65 (4.1) 7 (2.1)
Hispanic 17 (2.9) 55 (1.1) 8 (2.)))

Male 59 (2.0) 36 (1.9) 5 (0.9)
Female 58 (1.))) 40 (1.))) 2 (0.6)

Advantaged Urban 71 (2.7) 29 (2.7) 0 (0.0)
Disadvantaged Urban 34 (2.9) 58 (3.2) 8 (2.1)
Extreme Rural 56 (5.9) 42_ (5.6) 2 ((.1)
Other 60 (1.6) 37 (1.5) 4 (0.7)

Public 57 (1.4) 39 (1.1) 4 (0.6)
Catholic and Other Private 67 (2.5) 11 (2.6) 2 (0.7)

Thi, standard errors of the estimated percentages appear in parentheses. It can be said with about 95 percem cenzunty hat
for each population of interest, the value for the whole populations is within plus or minus two standard eiTois of the
estimate for the sample. In comparing two estimates, one must use the standard error of the difference (see Appendix for
details. When the proportion of students is either 0 percent or 1(X) percent, the standard error is inestimable. llowever,
percentages 99.5 percent and greater were rounded to 1(X) percent and percentages 0.5 percent or loss were iounded to 0
percent. Percentages may not total 100 itercent due to rounding error.

SOURCE: National Assessment of Educational Progress (NAEP). 1992 Mathematics Assessment
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TABLE 1.17 contains the state-by-state data for responses to this task by
fourth- and eighth-grade students. Again, considerable variation existed between
states -- from 8 to 31 percent correct at grade 4 and from 30 to 77 percent correct

at grade 8. Yet, the increase in performance between grades 4 and 8 held both

within and across states.
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TABLE 1.17 I Percentage of Correct Responses to Regular Constructed-Response Question, "Using Ruler
to Draw a Rectangle"

PUBLIC
SCHOOLS

Gradc 4 - 1992

Correct Incorrect No Response

NATION 17 (1.1) 69 (1.4) 14 (1.0)
Northeast 14 (1.9) 76 (3.3) 9 (2.4)
Southeast 16 (1.3) 72 (2.4) 12 (1.7)
Central 17 (3.0) 71 (3.5) 12 (2.0)
West 19 (1.8) 61 (1.6) 20 (1.8)
STATES
Alabama 12 (1.5) 72 (1.8) 15 (1.5)
Arizona 20 (1.8) 66 (2.1) 15 (1.6)
Arkansas 12 (1.5) 74 (2.4) 14 (1.8)
California 18 (1.7) 63 (2.3) 20 (1.8)
Colorado 25 (1.8) 65 (1 8) 10 (1.1)
Connecticut 26 (1.9) 63 (2.2) 11 (1.4)

Delaware 17 (1.5) 71 (1.7) 12 (1.6)
Dist. Columbia 8 (1.1) 70 (1.8) 22 (1.7)
Florida 16 (2.5) 68 (2.7) 16 (1.7)
Georgia 16 (1.7) 71 (1.9) 13 (1.5)
Hawaii 20 (1.6) 68 (1.9) 12 (1.2)
Idaho 24 (1.7) 65 (2.2) 11 (1.5)

Indiana 21 (1.9) 69 (2.0) 10 (1.3)
Iowa 28 (1.81 64 (1.9) 8 (1.1)
Kentucky 16 (1.5) 73 (1.7) 11 (1.2)
Louisiana 16 (1.61 72 (1.7) 12 (1.3)
Maine 31 (2.5) 66 (2.5) 4 (0.8)
Maryland 21 (1.41 67 (1.5) 12 (1.3)

Massachusetts 22 (1.8) 69 (2.1) 9 (1.1)
Michigan 19 (1.6) 68 (1.8) 13 (1.4)
Minnesota 26 (1.8) 66 (2.1) 8 (1.0)
Mississippi 12 (1.4) 74 (1.9) 14 (1.7)
Missouri 21 (1.6) 71 (1.7) 8 (1.1)
Nebrask a 28 (2.6) 65 (2.4) 7 (1.0)

New Hampshire 27 (2.1) 64 (1.9) 9 (1.3)
New Jersey 25 (2.2) 67 (2.1) 8 (1.2)
New Mexico 21 (2.4) 69 (2.7) 10 (1.3)
New YorF 19 (1.7) 68 (2.1) 13 (1.8)
North Carolina 16 (1.4) 70 (1.8) 14 (1.4)
North Dakota 30 (2.5) 63 (2.2) 6 (1.0)

Ohio 22 (1.8) 67 (2.11 12 (1.7)
OF lahoma 15 (1.7) 78 (1.9) 7 (1.1)
Pennsylvania 22 (1.7) 67 (2.1) 11 (1.3)
Rhode Island 18 (2.1) 70 (2.4) 12 (1.6)
South Carokna 14 (1.5) 76 (1.6) 10 (1.3)
Tennessee 13 (1.6) 71 (2.0) 16 (1.8)

Texas 20 (1.8) 72 (2.2) 7 (1.1)
Utah 28 (2.4) 61 (2.3) 11 (1.3)
Virginia 22 (2.1) 69 (2.1) 9 (1.1)
West Virginia 17 (1.5; 72 (1.9) 11 (1.3)
Wisconsin 26 (2.1) 68 (2.3) 6 (0.9)
Wyoming 24 (2.0) 69 (2.0) 7 (0.9)
TERRITORY
Guam 8 (1.1) 76 (2.2) 16 (1.8)

he standard errors of the estimated percentages appear in parentheses. It can be said with 95 percent certainty that for each population of interest,
the 1.alue for the whole population is within plus or minus two standard errors of the estimate for the sample. In comparing two estimates, one must

the ciandard err or of the difference (see Appendix for details). Percentages may not total 100 percent due to rounding error.

Sel RCI-. National Assessment of Educational Progress (tiAEP), 1992 Mathematics Assessment.
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TABLE 1.17 Percentage of Correct Responses to Regular Constructed-Response Question, "Using Ruler
to Draw a Rectangle" (continued)

PUBLIC
SCHOOLS

Grade 8 - 1992

Correct Incorrect No Response

NATION 57 (1.4) 39 (1.3) 4 (0.6)
Northeast 62 (3.6) 34 (3.2) 4 (1.2)
Southeast 49 (3.1) 46 (2.8) 4 (1.6)

Central 64 (2.6) 35 (2.7) 1 (0.6)

West 54 (2.3) 41 (1.9) 5 (1.1)
STATES
Alabama 50 (2.3) 48 (2.2) 3 (0.8)
Arizona 62 (1.7) 34 (1.9) 4 (1.0)
Arkansas 51 (2.3) 46 (2.3) 3 (0.8)
California 61 (2.4) 35 (2.0) 4 (1.0)
Colorado 66 (2.2) 31 (2.2) 3 (0.6)
Connecticut 69 (2.0) 28 (2.3) 3 (0.8)

Delaware 60 (2.8) 35 (2.7) 5 (1.3)

Dist. Columbia 35 (2.7) 53 (2.51 12 (1.8)

Florida 56 (2.4) 40 (2.5) 4 (0.9)
Georgia 49 (2.3) 47 (2.4) 3 (0.8)

Hawaii 60 (2.4) 36 (2.6) 3 (0.8)

Idaho 69 (1.9) 29 (1.9) 2 (0.5)

Indiana 66 (2.3) 32 (2.2) 2 (0.5)
Iowa 71 (2.0) 27 (2.0) 2 (0.6)

Kentucky 60 (2.2) 36 (2.0) 4 (1.0)

Louisiana 40 (2.3) 55 (2.3) 5 (0.7)
Maine 73 (1.6) 27 (1.6) 1 (0.4)

Maryland 57 (2.0) 39 (2.0) 4 (1.0)

Massachusetts 66 (1.8) 31 (1.9) 3 (0.7)

Michigan 60 (2.3) 36 (2.3) 4 (0.6)

Minnesota 73 (2.1) 26 (1.9) 1 (0.4)

Mississippi 40 (1.8) 55 (2.1) 5 (1.1)

Missouri 66 (2.1) 32 (2.2) 2 (0.5)

Nebraska 73 (1.7) 25 (1.7) 2 (0.6)

New Hampshire 71 (1.9) 27 (1.7) 2 (0.7)
New Jersey 58 (2.5) 39 (2.6) 3 (0.8)

New Mexico 58 (2.0) 39 (2.0) 3 (0.8)

New York 59 (2.5) 35 (2.4) 6 (1.3)

North Carolina 55 (1.8) 41 (1.8) 4 (0.8)

North Dakota 77 (1.8) 22 (1.8) 0 (0.2)

Ohio 62 (2.4) 35 (2.3) 3 (0.9)

Oklahoma 65 (2.3) 33 12.31 3 (0.7)

Pennsylvania 69 (1.9) 29 (1.8) 3 (0.7)

Rhode Island 57 (2.6) 41 (2.7; 3 (0.7)

South Carolina 53 (2.4) 45 (2.3) 2 (0.5)

Tennessee 53 (2.5) 44 (2.5) 3 (0.8)

Texas 57 (2.5) 40 (2.5) 3 (0.8)

Utah 71 (1.91 28 (1.8) 1 (0.5)

Virginia 61 (2.3) 38 (2.2) 2 (0.5)

West Virginia 56 (1.8) 40 (1.8) 4 (0.8)

Wisconsin 72 (2.21 26 (2.2) 2 (0.6)

Wyoming 73 (2.3) 25 (2.0) 2 (0.6)

TERRITORIES
Guam 46 (3.0) 45 (2.9) 9 (1.7)

Virgin Islands 30 (2.8) 59 (3.0) 11 (1.4)
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Another task provided students with two dots and asked them to use their
rulers to draw a square with two of its corners at the points shown. As can be
seen below, this geometry question required students to use their spatial
perception skills. They needed to be able to visualize at least one of the three
potential squares that could satisfy the conditions defined by the two corner
points. The first and second answers were squares developed under the
assumption that the points were adjacent vertices of the square. This leads to
squares drawn either above or below the segment joining the two points. The
third solution resulted from seeing the two points as opposite ends of a diagonal
of the desired square. In this case, the sides of the square were basically parallel
to the sides of the pages of the test booklet. This question, like the earlier regular
constructed-response item involving the sections of the cylinder, assessed aspects
of students' spatial perception.

EXAMPLE 11: Geometry

In the space below, use your ruler to draw a square with two of its corners
at the points shown.

LI

Overall Percent Correct
Grade 4 40 (1.3)
Grade 8 67 (1.5)

(okie of 4ke-
possi6

411$41erS

*The standard errors of the estimated percentages appeal in parentheses.
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Student responses to this task were scored using a template, similar to the
previous question. The major criterion used in developing the template was that
at least three sides were equal in length and the figure closely approximated a
square in shape. Nationally, 40 percent of the fourth graders and 67 percent of
the eighth graders correctly constructed a solution to thiE task. TABLES 1.18 and
1.19 contain the information showing subgroup and state-level student responses
to this task. At grade 4, state performance ranged from 37 to 52 percent correct.
At grade 8, the corresponding range of performance was from 45 to 81 percent
correct.
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TABLE 1.18 National Results for Demographic Subgroups for the
Regular Constructed-Response Task, "Using Ruler to Draw
a Square"

Grade 4

Correct Incorrect No Response

Nation 40 (1.3) 52 (1.2) 8 (0.6)

Northeast 44 (2.9) 50 (2.9) 5 (1.5)

Southeast 30 (1.5) 61 (1.9) 9 (1.5)

Central 43 (3.2) 50 (2.9) 8 (0.9)

West 45 (2.0) 48 (2.2) 7 (1.2)

White 47 (1.7) 48 (1.7) 5 (0.6)

Black 15 (2.7) 68 (3.6) 18 (3.0)

Hispanic 37 (3.1) 55 (3.3) 8 (1.6)

Male 41 (2.3) 50 (2.2) 9 (1.1)

Female 40 (1.9) 54 (2.1) 6 (0.8)

Advantaged Urban 51 (5.2) 46 (4.8) 3 (1.4)

Disadvantaged Urban 18 (3.1) 58 (4.2) 24 (4.1)

Extreme Rural 46 (6.7) 50 (6.7) 4 (1.2)

Other 41 (1.5) 53 (1.7) 7 (0.7)

Public 39 (1.4) 53 (1.4) 8 (0.7)

Catholic and Other Private 48 (3.1) 48 (2.9) 4 (1.1)

Grade 8

Correa Incorrect No Response

Nation 67 (1.5) 32 (1.7) 2 (0.5)

Northeast 69 (2.9) 30 (2.9) 0 (0.3)

Southeast 59 (2.2) 38 (3.1) 3 (1.6)

Central 71 (1.9) 27 (1.9) 1 (0.6)

West 68 (4.4) 30 (4.6) 2 (0.6)

White 73 (1.9) 26 (2.0) 1 (0.3)

Black 43 (2.9) 52 (3.6) 5 (2.4)

Hispanic 62 (3.8) 37 (3.8) 2 (0.6)

Male 69 (1.7) 28 (1.9) 3 (0.8)

Female 64 (2.1) 35 (2.3) 1 (0.5)

Advantaged Urban 77 (2.2) 22 (2.2) 0 (0.2)

Disadvantaged Urban 54 (3.0) 38 (4.4) 8 (3.6)

Extreme Rural 70 (5.7) 28 (5.8) 2 (1.1)

Other 66 (2.0) 32 (2.1) 1 (0.4)

Public 66 (1.7) 32 (1.9) 2 (0.5)

Catholic and Other Private 75 (2.2) 24 (2.1) 1 (0.6)

The standard errors of the estimated perce fiages appear in parentheses. It can be said with about 95 percent certainty hat
for each population of interest, the value for the whole populations is within plus or minus two standard errors of the
estimate for the sample. In comparing two estimates, one must use the standard error of the difference (see Appendix for
details). When the proportion of students is either 0 percent or 100 percent, the standard error is inestimable. However,
percentages 99.5 percent and greater were rounded to 100 percent and percentages 0.5 percent or less were rounded to 0
percent. Percentages may not total 100 percent due to rounding error.

SOURCE: National Assestnent of Educational Progress (NAEP), 1992 Mathematics Assessment
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TABLE 1.19 Percentage of Correct Responses to Regular Constructed-Response Question, "Using Ruler
to Draw a Square'

PUBLIC
Grade 4 - 1992

SCHOOLS Correct Incorrect No Response

NATION 39 (1.4) 53 (1.4) 8 (0.7)

Northeast 46 (3.8) 49 (3.8) 6 (1.7)

Southeast 28 (1.5) 63 (2.0) 9 (1.7)

Central 41 (3.4) 51 (3.3) 9 (1.0)

West 45 (2.2) 48 (2.5) 7 (1.3)

STATES
Alabama 33 (2.5) 60 (2.3) 7 (1.2)

Arizona 43 (1.9) 49 (2.0) 8 (1.1)

Arkansas 35 (2.3) 56 (2.5) 8 (1.2)

California 33 (2.2) 52 (2.5) 15 (1.5)

Colorado 43 (1.9) 51 (2.1) 6 (1.0)

Connecticut 45 (2.4) 49 (2.3) 6 (0.9)

Delaware 36 (2.2) 55 (2.5) 9 (1.4)

Dist. Columbia 22 (2.1) 62 (2.2) 16 (1.4)

Florida 37 (2.5) 55 (2.2) 9 (1.4)

Georgia 35 (2.0) 57 (2.0) 8 (1.2)

Hawaii 38 (2.5) 53 (2.4) 8 (1.3)

Idaho 46 (2.0) 46 (2.1) 8 (1.3)

Indiana 39 (2.4) 54 (2.4) 7 (1.2)

Iowa 49 (2.3) 45 (2.2) 5 (1.0)

Kentucky 35 (2.0) 58 (2.0) 7 (1.0)

Louisiana 33 (2.0) 58 (2.1) 10 (1.3)

Maine 52 (2.5) 43 (2.3) 5 (1.0)

Maryland 39 (2.0) 54 (2.4) 8 (1.0)

Massachusetts 48 (2.3) 47 (2.4) 6 (0.9)

Michigan 41 (2.5) 50 (2.3) 9 (1.3)

Minnesota 50 (2.3) 45 (2.2) 5 (0.9)

Mississippi 27 (2.1) 62 (2.1) 11 (1.5)

Missouri 48 (2.1) 47 (2.1) 5 (0.9)

Nebraska 44 (2.8) 51 (2.6) 5 (1.1)

New Hampshire 50 (2.7) 44 (2.5) 6 (1.1)

New Jersey 44 (2.4) 50 (2.4) 6 (1.2)

New Mexicu 41 (2.0) 53 (2.3) 6 (1.4)

New York 41 (2.3) 51 (2.4) 8 (1.1)

North Carolina 33 (2.2) 61 (2.3) 7 (1.1)

North Dakota 52 (2.6) 45 (2.6) 4 (1.1)

Ohio 43 (2.3) 50 (2.2) 7 (0.9)

Oklahoma 45 (1.9) 51 (2.0) 5 (0.9)

Pennsylvania 42 (2.7) 52 (2.8) 5 (1.0)

Rhode Island 40 (2.9) 52 (2.9) 9 (1.8)

South Carolina 32 (1.7) 62 (1.8) 7 (1.2)

Tennessee 30 (1.8) 62 (2.1) 9 (1.5)

Texas 40 (1.9) 56 (2.0) 3 (0.8)

Utah 49 (2.2) 45 (2.0) 6 (1.0)

Virginia 39 (2.2) 56 (2.1) 5 (1.0)

West Virginia 39 (2.1) 55 (2.2) 6 (0.9)

Wisconsin 46 (1.9) 49 (2.0) 5 (1.1)

Wyoming 45 (2.1) 50 (2.1) 5 (1.0)

TERRITORY
Guam 37 (2.2) 52 (2.0) 11 (1.7)

The standard errors of the estimated percentLges appear in parentheses. It can be said with 95 percent certainty that for each population of interest,
the value for the whole population is within plus or minus two standard errors of the estimate for the sample. In comparing two estimates, one must
use the standard error of the difference (see Appendix for details). Percentages may not total 100 percent due to rounding error.

SOURCE: National Assessment of Educational Progress (NAEP), 1992 Mathematics Assessment.
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-171131.E. 1.19 I Percentage of Correct Responses to Regular Constructed-Response Question, "Using Ruler
to Draw a Square" (continued)

PUBLIC
SCHOOLS

Grade 8 - 1992

Correct Incorrect No Response

NATION 66 (1.7) 32 (1.9) 2 (0.5)
Northeast 67 (3.5) 33 (3.4) 0 (0.3)
Southeast 57 (2.3) 39 (3.6) 3 (1.8)
Central 72 (2.1) 27 (2.1) 1 (0.7)
West 67 (4.8) 31 (5.0) 2 (0.6)
STATES
Alabama 61 (2.2; 37 (2.1) 2 (0.6)
Arizona 74 (1.8) 24 (1.7) 2 (0.5)
Arkansas 65 (2.1) 33 (2.1) 2 (0.6)
California 70 (2.3) 28 (2.2) 2 (0.6)
Colorado 79 (1.6) 19 (1.5) 1 (0.4)
Connecticut 74 (2.3) 25 (2.3) 1 (0.4)

Delaware 68 (2.5) 31 (2.51 1 (0.6)
Dist. Columbia 48 12.6) 47 (2.5) 5 (1.01
Florida 63 (2.3) 36 (2.3) 1 (0.4)
Georgia 63 (2.1) 36 (2.1) 2 (0.4)
Hawaii 71 (2.3) 27 (2.2) 2 (0.6)
Idaho 78 (1.8) 21 (1.9) 1 (0.3)

Indiana 73 (2.2) 26 (2.2) 1 (0.4)
Iowa 78 (1.8) 22 (1.8) 0 (0.3)
KentucF y 70 (2.0) 29 (1.9) 2 (0.6)
Louisiana 56 (2.3) 43 (2.3) 1 (0.3)
Maine 78 (2.2) 21 12.2) 1 (0.4)
Maryland 70 (2.3) 29 (2.3) 1 (0.4)

Massachusetts 73 12.11 26 (2.1) 1 (0.3)
Michigan 69 12.31 30 (2.3) 2 (0.5)
Minnesota 77 (2.0) 22 (2.1) 1 (0.4)
Mississippi 53 (2.1) 46 (2.2) 1 (0.4)
Missouri 71 (1.81 28 11.7) 1 (0.4)
Nebraska 78 12.01 21 (2.0) 1 (0.5)

New Hampshire 81 (1.9) 19 (1.8) 0 (0.3)
New jersey 71 (2.1) 28 (1.9) 1 (0.5)
New Mexico 73 12.21 25 (2.2) 1 (0.5)
New York 64 12.61 35 (2.7) 2 (0.8)
North Carolina 64 (2.1) 35 (2.1) 2 (0.4)
North Dali ota 78 12.31 22 (2.3) 0 (0.0)

Ohio 73 (2.3) 26 (2.2) 1 (0.6)
Oklahoma 73 11.9) 26 (2.0) 1 (0.5)
Pennsylvania 73 12.11 25 (1.9) 2 (0.7)
Rhode Island 69 (2.4) 29 (2.4) 2 (0.4)
South Carolina 62 (2.4) 37 (2.5) 2 (0.6)
Tennessee 63 (2.41 35 (2.3) 1 (0.51

Texas 66 12.2) 32 (2.1) 2 (0.6)
Utah 80 (1.7) 19 (1.6) 1 (0.3)
Virginia 69 12.11 30 (2.1) 1 (0.5)
West Virginia 71 11.81 28 (1.9) 1 (0.5)
Wisconsin 73 (1.7) 26 (1.7) 1 (0.2)
Wyoming 73 (2.4) 26 (2.4) 1 (0.5)
TERRITORIES
Guam 63 (3.0) 32 (3.0) 6 (1.4)
Virgin Islands 45 (2.81 46 (2.7) 10 (2.0)

1992 \ Ail' TRIAL STATF ASSESSNWNT PAGE 62



The final example of a constructed-response task involving a ruler/
protractor was a measurement question asking grade 8 students to use their
protractors to find the degree measure of an angle showing a negative rotation
of approximately 12T from standard position. Given the orientation of the angle
and consideration of sample student performance in the field testing and the early
responses on the actual NAEP, it was decided to award credit for any answer in

the range 124° to 13O°. Since the question asked students to find the degree
measure, students were not required to write the degree symbol with their
numerical answer. Also, the lack of precision created by the cardboard protractor

provided to students, which was graduated only to whole degrees, in

combination with some amount of imprecision as a result of the diagram, meant
that students were never expected to provide answers to more than the nearest
whole degree of accuracy.

EXAMPLE 12: Measurement

Use your protractor to find the degree measure of the angle shown above.

i27°
Answer.

The standard errors of the estimated percentages appear in parentheses.
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Nationally, 35 percent of grade 8 students completed this task correctly,
and percentages of success were significantly lower for several subgroups (see
TABLE 1.20). TABLE 1.21 contains the results for state-by-state student
performance. The percentages of correct performance ranged from 12 to 53
percent, further indicating the low level of skills that students leaving middle
school have in the reading and application of rulers and protractors.

TABLE 1.20 National Results for Demographic Subgroups for the
Regular Constructed-Response Task, "Using Protractor to
Measure an Angle"

Grade 8

Correct Incorrect No Response

Nation 35 (1.9) 55 (1.7) 10 (1.0)

Northeast 41 (6.2) 50 (4.8) 9 (2.4)

Southeast 28 (3.2) 61 (3.2) 11 (2.1)

Central 40 (3.7) 54 (3.5) 6 (1.8)

West 12 (2.9) 56 (1.9) 12 (2.0)

White 41 (2.4) 52 (2.0) 7 (0.9)

Black 15 (3.7) 68 (4.9) 17 (3.3)

Hispanic 18 (2.9) 62 (3.9) 20 (3.3)

Male 17 (2.8) 55 (2.5) 8 (1.2)

Female 33 (1.8) 56 (1.7) 11 (1.4)

Advantaged Urban 42 (4.1) 53 (3.4) 5 (1.7)

Disadvantaged Urban 17 (5.1) 66 (5.5) 17 (4.0)

Extreme Rural 34 (5.9) 57 (5.0) 9 (3.5)

Other 36 (2.3) 54 (1.9) 10 (1.4)

Public 35 (2.1) 56 (1.8) 10 (1.1)

Catholic and Other Private 38 (3.1) 53 (2.7) 9 (1.3)

The standard errors of the estimated perce stages appear in parentheses. It can be said with about 95 percent certainty hat
for each population of interest, the value for the whole populations within plus or minus two standard errors of the

estimate for the sample. In comparing two estimates, one must use the standard error of the difference (see Appendix for
details). Percentages may not total 100 percent due to rounding error.

SOURCE: National Assessment of Educational Progress (NAEP), 1992 Mathematics Assessment
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TABLE 1.21 Percentage of Correct Responses to Regular Constructed-Response Question, "Using
Protractor to Measure an Angle"

PUBLIC
SCHOOLS

Grade 8 - 1992

Correct Incorrect No Response

NATION 35 (2.1) 56 (1.8) 10 (1.1)
Northeast 42 (6.9) 50 (5.5) 9 (2.4)

Southeast 28 (3.5) 61 (3.6) 11 (2.3)

Central 39 (4.0) 55 (3.7) 6 (2.0)
West 32 (3.1) 56 (2.1) 12 (2.2)
STATES
Alabama 24 (2.4) 65 (2.1) 10 (1.5)
Arizona 28 (2.5) 60 (2.4) 12 (1.7)
Arkansas 24 (2.2) 68 (2.3) 8 (1.1)

California 29 (2.5) 55 (2.2) 16 (1.7)
Colorado 37 (2.1) 55 (2.0) 8 (1.2)
Connecticut 41 (2.3) 52 (2.4) 7 (1.5)

Delaware 34 (2.6) 57 (2.6) 9 (1.8)
Dist. Columbia 20 (2.7) 57 (3.0) 23 (2.7)
Florida 29 (2.3) 59 (2.5) 12 (1.7)

Georgia 25 (2.4) 65 (2.3) 10 (1.5)
Hawaii 31 (2.6) 53 (2.6) 16 (2.0)
Idaho 43 (2.5) 48 (2.3) 9 (1.1)

Indiana 42 (2.5) 51 (2.4) 6 (1.0)
Iowa 53 (2.2) 45 (2.1) 2 (0.6)
Kentucky 32 (2.0) 59 (1.8) 8 (1.5)
Louisiana 22 (2.2) 69 (2.4) 10 (1.4)

Maine 42 (2.5) 51 (2.6) 6 (1.1)

Maryland 32 (2.1) 56 (2.6) 12 (1.8)

Massachusetts 37 (2.5) 53 (2.6) 10 (1.2)
Michigan 36 (2.7) 56 (2.5) 8 (1.2)
Minnesota 51 (2.9) 45 (2.7) 3 (0.8)
Mississippi 23 (2.7) 63 (2.5) 13 (1.9)
Missouri 45 (2.8) 51 (2.6) 4 (0.8)
Nebraska 46 (2.7) 51 (2.6) 3 (0.7)

New Hampshire 40 (2.8) 55 (2.6) 5 (1.2)
New Jersey 44 (2.3) 50 (2.2) 6 (1.2)
New Mexico 32 (2.2) 55 (2.2) 13 (1.2)
New York 42 (3.1) 49 (2.9) 10 (1.7)
North Carolina 30 (2.3) 61 (2.6) 8 (1.3)
North Dakota 52 (2.4) 45 (2.4) 3 (0.7)

Ohio 35 (3.7) 57 (3.5) 8 (1.3)
Oklahoma 26 (2.7) 68 (2.5) 6 (1.2)
Pennsylvania 41 (2.3) 52 (2.3) 6 (1.0)
Rhode Island 29 (2.8) 62 13.0) 9 (1.7)
South Carolina 38 (2.3) 55 (2.5) 7 (1.2)
Tennessee 30 (2.6) 64 (2.7) 7 (1.3)

Texas 34 (2.8) 54 (2.3) 13 (1.6)
Utah 32 (2.2) 61 (2.4) 8 (1.2)
Virginia 36 (2.4) 56 (2.4) 8 (1.5)
West Virginia 28 (2.6) 62 (2.6) 10 (1.6)
Wisconsin 48 (2.5) 48 (2.2) 4 (0.9)
Wyoming 39 (2.3) 54 (2.2) 7 (1.0)
TERRITORIES
Guam 26 (2.6) 54 (3.2) 20 (2.8)
Virgin Islands 12 (2.31 53 (3.4) 35 (3.3)

The standard errors of the estimated percentages appear in parentheses. It can be said with 95 percent certainty that for each population of interest,
the value for the whole population is within plus or minus two standard errors of the estimate for the sample. In comparing two estimates, one must
use the standard error of the difference (see Appendix for details). Percentages may not total 100 percent due to rounding error.

SOURCE: National Assessment of Educational Progress (NAEP), 1992 Mathematics Assessment.
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Example Constructed-Response Questions with Calculator
Available

The third group of constructed-response questions were those for which
students had a hand calculator supplied. These questions were quite similar to
the first set of constructed-response tasks presented, in that they usually required
the construction of a numerical answer to be provided in a short-answer format.
However, the tasks set by these questions usually called for a greater amount of
calculation with more realistic numbers and data than do those a student
sometimes finds in textbook-type application problems. For some of the
calculator-assisted questions, students needed to investigate a situation and
discover a pattern or a generalization which was based on a significant amount
of numerical work.

Students in grade 4 were supplied with a Texas Instruments TI-108
calculator and students in grades 8 and 12 received a Texas Instruments TI-30
Challenger for their use. In addition, the students were provided with a short,
prepared introduction to the use of these particular calculators prior to beginning
the assessment exercises.

The two example calculator questions shown below were tasks presented
only to fourth graders. The first of these asked students to examine four food
items, which had calorie information given, and tell which two items would
provide a total of approximately 600 calories. Correct answers could have been
either cheeseburger and yogurt or some statement equivalent to two hotdogs.
Forty-five percent of the fourth graders correctly completed this task.

The second question asked fourth graders to determine the amount of
change that George would receive from a $10 bill if he purchased two calculators
that cost $3.29 each. A student could receive credit for a correct response by
responding $3.42, 3.42, 342 cents, or 342. Even under this liberal scoring for this
numbers and operations question, only 21 percent of the fourth graders correctly
answered the problem. The multi-step nature of the task may have contributed
somewhat to the low level of performance.
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EXAMPLE 13: Numbers and Operations

Cheeseburger
393 Calories

041Z114411""24111
uzzgaiqtragso

Hot Dog Yogurt Cookie
298 Calories 214 Calories 119 Calories

Overall Percent Correct
Grade 4 45 (1.4)

Which two of the items above would provide a total of about 600 calories?

Answer Ckt e-t Se (7 ur 4(

`lavs+- (Ogir of e tvss46
Did you use the calculator on this question?

)1JklerS
No

EXAMPLE 14: Numbers and Operations

George buys two calculators that cost $3.29 each. If there is no tax, how
much change will he receive from a $10 bill?

Answer- *.2-
Did you use the calculator on this question?

.No

The standard errors of the estimated percentages appear in parentheses.

Overall Percent Correct
Grade 4 21 (1.4)

The results by subgroup further illustrate the difficulty fourth graders had
with these questions, particularly the second one (see TABLE 1.22). The state data
for these two numbers and operations questions, shown in TABLE 1.23, range
from 28 to 55 percent correct for "Estimate Calories" and from 10 to 30 percent for
"Change from Buying Two Calculators."
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TABLE 1.22 National Results for Demographic Subgroups for the
Regular Constructed-Response Tasks, "Estimate Calories"
and "Change from Buying Two Calculators"

Grade 4

Estimate Calories Change from Buying Two Calculators

Correct Incorrect
No

Response Correct Incorrect
No

Response

Nation 45 (1.4) 50 (1.5) 5 (0.7) 21 (1.4) 77 (1.6) 3 (0.5)

Northeast 47 (3.7) 47 (3.6) 6 (2.4) 26 (3.3) 73 (3.5) 1 (0.6)

Southeast 39 (3.3) 56 (3.7) 5 (1.1) 17 (2.4) 79 (2.5) 4 (1.6)

Central 50 (2.1) 46 (2.3) 4 (1.0) 20 (2.9) 78 (3.6) 2 (0.8)

West 45 (2.1) 49 (2.7) 6 (1.4) 20 (2.9) 76 (3.0) 4 (1.2)

White 52 (1.7) 44 (2.0) 5 (0.9) 23 (1.8) 75 (2.0) 2 (0.4)

Black 26 (2.6) 68 (2.8) 6 (1.5) 9 (2.3) 82 (3.6) 9 (2.8)

Hispanic 33 (3.5) 60 (3.6) 8 (1.7) 13 (2.3) 86 (2.3) 1 (0.5)

Male 44 (2.0) 52 (2.0) 4 (0.8) 20 (1.8) 78 (2.0) 3 (0.7)

Female 47 (2.0) 47 (2.1) 6 (0.9) 22 (2.2) 76 (2.4) 2 (0.9)

Advantaged Urban 54 (3.3) 44 (3.5) 3 (1.1) 26 (3.3) 74 (3.4) 1 (0.7)

Disadvantaged Urban 32 (4.6) 62 (4.8) 6 (2.5) 12 (3.4) 82 (4.6) 6 (2.7)

Extreme Rural 42 (3.7) 50 (4.8) 8 (3.3) 22 (3.7) 76 (3.2) 2 (1.4)

Other 46 (1.8) 49 (1.8) 5 (0.9) 20 (1.6) 77 (1.8) 3 (0.7)

Public 45 (1.6) 50 (1.7) 5 (0.8) 20 (1.6) 77 (1.8) 3 (0.5)

Catholic and Other Private 49 (3.6) 45 (3.7) 6 (1.4) 23 (3.3) 75 (3.1) 3 (2.1)

The standard errors of the estimated percentages appear in parentheses. It can he said with about 95 percent certainty that
for each population of interest, the value for the whole population is within plus or minus two standard errors of the
estimate for the sample. In comparing two estimates, one must use the standard error of the difference (see Appendix for
details). Percentages may not total 100 percent due to rounding error.

SOURCE: National Assessment of Educational Progress (NAEP), 1992 Mathematics Assessment
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TABLE 1.23 Percentages of Correct Responses to Regular Constructed-Response Questions with
Calculator Available, "Estimate Calories" and "Change from Buying Two Calculators"

PUBLIC
SCHOOLS

Grade 4 - 1992

Estimate Calories Change from Buying Two Calculators

Correct Incorrect No Response Correct Incorrect No Response

NATION 45 (1.6) 50 (1.7) 5 (0.8) 20 (1.6) 77 (1.8) 3 (0.5)
Northeast 45 (4.3) 48 (4.2) 7 (2.7) 26 (3.9) 73 (4.0) 1 ((1.6)
Southeast 40 (3.7) 56 (4.0) 5 (1.0) 18 (2.6) 79 (2.6) 3 (1.1)
Central 50 (2.9) 47 (2.9) 3 (0.9) 19 (3.6) 80 (4.5) 2 (1.0)
West 4-5 (2.2) 50 (3.0) 5 (1.6) 20 (3.2) 76 (3.2) 4 (1.2)
STATES
Alabama 38 (2.8) 59 (2.9) 3 (0.7) 16 (1.9) 84 (1.9, 1 (0.6)
Arizona 41 (2.1) 55 (2.2) 5 (0.9) 18 (1.9) 80 (2.0) 2 (0.7)
Arkansas 36 (2.0) 59 (2.1) 4 (0.9) 15 (1.7) 82 (1.7) 3 (0.8)
California 37 (2.5) 57 (2.5) 6 (1.0) 17 (2.0) 79 (1.9) 4 (0.9)
Colorado 47 (2.2) 49 (2.2) 4 (1.0) 20 (1.9) 79 (1.9) 1 (0.4)
Connecticut 49 (2.0) 45 (2.1) 5 (1.0) 23 (2.3) 76 (2.4) 1 (0.5)

Delaware 45 (2.9) 49 (2.7) 6 (1.1) 22 (2.2) 78 (2.1) 0 (0 3)
Dist. Columbia 28 (2.0) 64 (2.4) 8 (1.2) 12 (1.5) 84 (1.8) 4 (1.1)
Florida 42 (2.5) 51 (2.4) 7 (1.0) 17 (1.7) 81 (1 3) 2 (0.7)
Georgia 44 (2.2) 53 (2.2) 3 (0.8) 16 (1.8) 83 (2.1) 1 (0.8)
Hawaii 46 (2.3) 49 (2.4) 6 (1.0) 21 (1.8) 76 (2.0) 2 (0.8)
Idaho 46 (1.8) 49 (1.8) 5 (0.7) 19 (1.8) 80 (1.9) 0 (0.3)

Indiana 49 (2.4) 49 (2.3) 2 (0.6) 16 (1.1) 82 (1.5) 1 (0.6)
Iowa 51 (2.4) 45 (2.4) 4 (0.6) 26 (2.1) 74 (2 0) 0 (0.2)
Kentucky 41 (2.0) 56 (2.0) 3 (0.7) 24 (1.9) 75 (1.9) 1 (03)
Louisiana 38 (2.0) 59 (2.0) 3 (0.7) 12 (1.8) 85 (2.0) 3 (0.9)
Maine 55 (2.7) 43 (2.7) 3 (5.6) 24 (1.?) 75 (1.6) 0 (0.4)
Maryland 48 (2.2) 48 (2.3) 5 (1.0) 21 (2.0) 77 (2.0) 2 (0.7)

Massachusetts 49 (2.3) 42 (2.5) 9 (1.4) 24 (2.3) 75 (2.3) 2 (0.7)
Michigan 4-4 (1.9) 54 (1.8) 3 (0.7) 22 (2.6) 77 (2.6) 1 (0.4)
Minnesota 52 (1.8) 45 (1.8) 3 (0.7) 22 (2.0) 77 (2.1) 1 (0.4)
Mississippi 34 (2.0) 60 (2.1) 6 (1.0) 12 (1.5) 85 (1.6) 3 (0.8)
Missouri 46 (2.1) 51 (2.1) 3 (0.7) 21 (1.5) 77 (1.5) 1 (0.6)
Nebraska 50 (2.4) 46 (2.3) 4 (1.1) 24 (2.2) 75 (2.0) 1 (0.5)

New Hampshire 52 (2.5) 43 (2.4) 5 (0.8) 23 (2.3) 75 (2.3) 2 (0.8)
New Jersey 51 (2.1) 43 (2.3) 6 (1.2) 30 (2.0) 69 (2.1) 1 (0.5)
New Mexico 41 (2.7) 57 (2.8) 2 (0.7) 15 (2.0) 84 (2.1) 2 (0.6)
New York 45 (2.3) 50 (2.6) 6 (1.0) 17 (1.7) 80 (1.9) 3 (0.7)
North Carolina 36 (1.8) 60 (1.8) 4 (0.8) 18 (1.8) 79 (1.8) 3 (0.8)
North Dakota 53 (2.2) 44 (2.1) 3 (0.8) 25 (2.1) 73 (2.1) 1 (0.5)

Ohio 42 (2.2) 54 (2.1) 4 (0.8) 20 (2.0) 78 (2.1) 1 (0.5)
Oklahoma 47 (2.3) 49 (2.3) 4 (0.9) 20 (1.9) 79 (1.9) 1 (0.5)
Pennsylvania 53 (2.5) 45 (2.5) 3 (0.7) 21 (1.8) 78 (1.9) 1 (0.4)
Rhode Island 43 (2.2) 52 (2.3) 5 (1.0) 19 (2.2) 78 (2.4) 3 (1.0)
Soutn Carolina 35 (2.0) 51 (2.0) 4 (0.9) 19 (1.8) 80 (1.8) 1 (0.51
Tennessee 40 (2.3) 55 (2.2) 5 (1.0) 16 (1.6) 82 (1.6) 2 (0.6)

Texas 41 (2.1) 54 (2.3) 4 (0.8) 20 (2.0) 77 (2.2) 3 (0.7)
Utah 50 (1.9) 47 (2.1) 3 (0.7) 20 (1.4) 80 (1.5) 1 (0.3)
Virginia 45 (1.8) 51 (1.6) 4 (0.7) 22 (1.6) 77 (1.5) 2 (0.5)
West Virginia 39 (2.5) 56 (2.3) 5 (0.8) 15 (1.4) 84 (1.5) 1 (0.4)
Wisconsin 55 (2.2) 42 (2.0) 3 (0.7) 23 (1.9) 76 (2.0) 1 (0.4)
Wyoming 52 (2.4) 44 (2.4) 4 (1.0) 25 (2.1) 73 (2.1) 2 '0.9)
TERRITORY
Guam 33 (2.5) 60 (2.7) 7 (1.3) 10 (1.5) 84 (1.9) 6 (1.4)

The standard errol s of the estimated percentages appear in parentheses. It can be said with 95 percent certainty that for each population of interest,
the value for the whole population is within plus or minus two standard errors of the estimate for the sample. In comparing two estimates, onemust
use the standard en or of the difference (see Aprendix for details). Percentages may not total 100 percent due to rounding error.

SOURCE National Assessment of Educational Progress (NAEP), 1992 Mathematics Assessment.
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The following two questions also were administered only at fourth grade.
For the first, classified under the content area of Numbers and Operations, 58
percent of the stucints supplied 7 as the correct missing digit. Many students
incorrectly responded with a response of 2 and others with a response of 8. The
former students were using an incorrect approach, making only unit digit analysis
based on 2 x 8 resulting in a units digit of 6 in the product. The latter were most
likely approaching the problem as an addition problem in the units digit, thinking
that 8 + 8 results in a units digit of 6. Students who correctly answered the
question had to look beyond just getting the correct units digit, to examine the
related sentence 1896 4- 8 = 23 la

Since developing an understanding of numerical patterns is fundamental
to the introduction of algebra and functions, the second question provided fourth
graders with a pattern of products, each involving a power of 2. They were
asked to determine whether, if the pattern shown continued, 375 might be one of
the products in the pattern. To be scored correct, students' responses had to
indicate an answer of "no," and explain in some equivalent form that either 375
is not divisible by 2 (even) or that 375 falls between two numbers in the pattern
(256 and 512). Nationally, only 27 percent of the fourth-grade students
constructed such a response.

EXAMPLE 15: Numbers and Operations

In the multiplication problem below, write the missing number in the box.

23
x 8

1,896

Did you use the calculato- question?

No

f h., standard errors of the estimated percentages appear in parentheses.
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EXAMPLE 16: Algebra and Functions

Product

2 x 2 = 4
2 x 2 x 2 = 82x2x2x2=i6

2x2x2x2x2=32

If the pattern shown continues, could 375 be one of the products in this
pattern?

Yes

Explain why or why not.

Be.CA L.4 6 e. 75. /.5 601" V1.54/e.,

Did you use the calculator on this question?

No

*The standard errors of the estimated percentages appear in parentheses,

Overall Percent Correct
Grade 4 27 (1.5)

The subgroup and state results presented in TABLES 1.2 l and 1.25 indicate
that fourth graders had only a limited grasp of these situations involving
multiplication. For example, the state results show that from 49 to 66 percent of
the fourth graders demonstrated the ability to find the missing 7 in the
multiplication problem. However, just over one-fourth were able to detect that
a pattern based on multiplying 2 x 2 would involve only even numbers and
articulate an answer to a problem using this information. Among the advantaged
urban group, only 43 percent answered successfully, although this was
significantly more than the percent correct for students attending schools in any
of the three remaining types of communities. The results for the states ranged
from 13 to 36 percent correct.
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TABLE 1.24 National Results for Demographic Subgroups for the
Regular Constructed-Response Tasks, "Missing Number in Box"
and "Extend Pattern"

Grade 4

Missing Number in Box Extend Pattern

Correct Incorrect
No

Response Correct Incorrect
No

Response

Nation 58 (1.3) 33 (1.21 9 (0.9) 27 (1.5) 60 (1.5) 13 (0.9)

Northeast 66 (2.2) 23 (1.9) 10 (2.3) 41 (4.9) 48 (4.6) 11 (2.6)

Southeast 51 (3.5) 42 (3.1) 7 (1.4) 20 (3.61 67 (3.7) 12 (1.3)

Central 62 (2.4) 32 (2.3) 6 (1.8) 27 (1.9) 60 (1.7) 13 (1.4)

West 56 (2.5) 32 (2.4) 12 (1.7) 23 (2.2) 61 (2.6) 16 (2.2)

White 63 (1.8) 30 (1.6) 7 (1.0) 30 (2.0) 58 (2.1) 11 (1.1)

Black 42 (3.)) 42 (3.2) 16 (2.6) 13 (2.4) 65 (3.)) 22 (3.2)

Hispanic 51 (2.5) 37 (2.8) 12 (2.6) 16 (2.9) 70 (4.2) 13 (2.4)

Male 57 (1.7) 35 (1.6) 8 (1.1) 28 (1.9) 56 (2.0) 17 (1.7)

Female 60 (1.7) 30 (1.7) 9 (1.2) 26 (1.9) 64 (2.2) 10 (1.4)

Advantaged Urban 70 (3.5) 25 (3.1) 5 (1.5) 43 (3.71 50 (4.3) 7 (2.3)

Disadvantaged Urban 53 (4.4) 15 (4.2) 12 (2.1) 7 (2.5) 70 (3.8) 23 (4.2)

Extreme Rural 54 (5.5) 37 (4.2) 9 (2.7) 26 (5.8) 67 (5.2) 7 (2.6)

Other 58 (1.6) 33 (1.61 9 (1.1) 26 (1.7) 59 (1.9) 14 (1.I)

Public 58 (1.5) 32 (1.4) 9 (1.0) 26 (1.6) 6)) (1.7) 14 (1.1)

Catholic and Paler Private 59 (2.-, 34 (2.9) 7 (1.2) 35 (3.6) 56 (4.4) 9 (2.)))

The standard errors of the estimated percentages appear tn pareniheses. It am he said with al)out 95 percent certainty that

fo: each population of interest, the value for the whole population is within plus or minus two standard errors of the

estimate for the sample. In comoarmg two estimates, one must use the standard error of the difference (see Appendix for

details). Percmtages may not total 100 percent due to rounding error.

SOURCE: National Assessment of rducational Progress (NAEP), 1992 Mathematics Assessment
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TABLE 1.25 Percentages of Correct Responses to Regular Constructed-Response Questions with
Calculator Available, "Missing Number in Box" and "Extend Pattern"

PUBLIC
SCHOOLS

Grade 4 - 1992

Missing Number In Box Extend Pattern

Correct incorrect No Response Correct Incorrect No Response

NATION 58 (1.5) 32 (1.4) 9 (1.0) 26 (1.6) 60 (1.7) 14 (1.1)

Northeast 67 (2.5) 23 (2.2) 10 (2.5) 42 (5.8) 48 (5.3) 10 (3.2)

Southeast 50 (3.8) 42 (3.4) 8 (1.6) 19 (4.1) 68 (4.0) 14 (1.6)
Central 62 (2.8) 31 (2.6) 7 (2.2) 24 (2.3) 61 (2.1) 14 (1.9)
West 56 (2.7) 32 (2.8) 12 (2.0) 22 (2.2) 62 (2.8) 17 (2.5)

STATES
Alabama 52 (2.2) 40 (2.1) 7 (1.1) 20 (2.3) 64 (2.3) 16 (2.0)
Arizona 51 (2.2) 40 (2.0) 9 (1.1) 21 (1.6) 68 (2.0) 11 (1.7)

Arkansas 53 (2.3) 40 (2.0) 7 (1.1) 20 (1.9) 66 (2.3) 14 (1.7)
California 54 (2.6) 36 (2.4) 10 (1.3) 23 (2.5) 65 (2.3) 12 (1.9)
Colorado 53 (2.3) 39 (2.2) 8 (1.0) 28 (2.1) 62 (2.4) 10 (1.2)
Connecticut 60 (2.7) 31 (2.2) 9 (1.5) 32 (2.4) 61 (2.5) 8 (1.6)

Delaware 59 (1.8) 33 (1.8) 8 (1.3) 25 (2.1) 67 (2.8) 8 (1.6)

Dist. Columbia 56 (2.3) 32 (2.0) 11 (1.5) 13 (1.7) 64 (2.2) 23 (2.0)
Florida 58 (1.7) 35 (1.5) 8 (1.1) 25 (2.3) 63 (1.9) 12 (1.8)

Georgia 56 (2.0) 37 (2.1) 7 (1.1) 29 (3.0) 61 (2.9) 10 (1.7)

Hawaii 59 (2.1) 32 (1.9) 10 (1.31 23 (2.1) 67 (2.2) 11 (1.6)

Idaho 58 (1.8) 35 (1.8) 8 (1.2) 26 (2.5) 65 (2.2) 9 (1.4)

Indiana 57 (2.5) 37 (2.5) 6 (0.9) 23 (1.9) 71 (2.4) 6 (1.3)
Iowa 60 (1.8) 36 (1.7) 4 (0.9) 35 (2.2) 58 (2.3) 7 (1.0)

Kentucky 58 (2.3) 35 (2.1) 7 (1.1) 22 (2.4) 70 (2.6) 9 (1.4)

Louisiana 58 (2.3) 34 (2.1) 7 (1.0) 15 (1.6) 72 (2.1) 12 (1.8)

Maine 61 (2.5) 34 (2.2) 5 (1.0) 35 (2.9) 56 (3.1) 10 (1.9)

Maryland 60 (2.0) 33 (1.9) 7 (1.2) 28 (2.0) 63 (2.2) 8 (1.4)

Massachusetts 61 (2.1) 28 (2.0) 11 (1.3) as (2.8) 56 (2.7) 9 (1.7)

Michigan 61 (2.1) 34 (2.3) 6 (0.9) 26 (3.0) 65 (2.3) 9 (1.7)

Minnesota 62 (2.1) 31 (1.9) 6 (1.1) 33 (2.6) 58 (2.9) 9 (1.4)

Mississippi 53 (2.4) 38 (2.4) 9 (1.2) 14 (1.7) 73 (2.2) 13 (1.7)

Missouri 56 (2.4) 36 (2.2) 8 (1.0) 24 (2.3) 66 (2.7) 10 (1.6)
Nebraska 60 (2.4) 35 (2.3) 6 (1.0) 33 (2.5) 61 (2.3) 6 (1.2)

New Hampshire 61 (2.7) 30 (2.1) 9 (1.5) 33 (2.9) 57 (2.9) 10 (1.7)

New Jersey 65 (2.4) 28 (1.9) 7 (1.2) 36 (2.8) 58 (3.1) 7 (1.3)

New Mexico 62 (2.7) 33 (2.5) 5 (1.1) 19 (2.8) 69 (3.7) 12 (2.3)

New York 58 (2.1) 34 (2.3) 8 (1.5) 25 (2.5) 65 (3.0) 10 (1.9)

North Carolina 57 (2.1) 36 (1.8) 8 (1.1) 22 (2.0) 66 (2.3) 12 (1.4)

North Dakota 61 (1.7) 35 (1.7) 4 (0.9) 33 (2.4) 60 (2.4) 6 (1.3)

Ohio 60 (2.01 35 (1.9) 5 (0.9) 23 (2.21 69 (2.4) 8 (1.1)

Oklahoma 61 (2.31 32 (2.0) 7 (1.3) 21 (1.6) 71 (1.7) 7 (1.2)

Pennsylvania 63 (2.0) 33 (2.01 4 (0.8) 26 (2.1) 66 (2.3) 8 (1.5)

Rhode Island 54 (2.8) 38 (2.5) 7 (1.0) 20 (2.1) 68 (2.7) 12 (1.7)

South Carolina 52 (2.0) 40 (1.8) 8 (1.1) 21 (1.9) 67 (2.3) 12 (1.7)

Tennessee 57 (2.1) 36 (1.9) 7 (1.0) 26 (2.3) 63 (2.8) 11 11.6)

Texas 63 (1.8) 32 (1.8) 4 (0.8) 25 (2.5) 62 (2.9) 13 (1.8)

Utah 60 (1.7) 34 (1.7) 6 (1.0) 29 (2.5) 60 (2.7) 10 (1.5)

Virginia 61 (1.9) 32 (2.0) 7 (1.0) 28 (2.4) 63 (2.7) 9 (1.4)

West Virginia 53 (1.9) 40 (1.9) 7 (1.1) 24 (2.2) 62 (2.6) 14 (1.6)

Wisconsin 66 (2.1) 28 (1.9) 6 (0.9) 33 (2.4) 61 (2.3) 6 (1.2)

Wyoming 61 (2.1) 33 (1.9) 6 (0.9) 26 (2.2) 66 (2.3) 7 (1.31

TERRITORY
Guam 49 (2.5) 43 (2.7) 9 (1.4) 15 (2.1) 65 (2.9) 20 (2.3)

The standard errors of the estimated percentages appear in parentheses. It can be said with 95 percent certainty that for each population of interest,
the value for the whole population is within plus or minus two standard errors of the estimate for the sample. In comparing two estimates, onemust
use the standard error of the difference (see Appendix for details). Percentages may not total 100 percent due to rounding error.

SOURCE: National Assessment of Educational Progress (NAEP), 1992 Mathematics Assessment.
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The following two calculator-supported tasks were presented to eighth
graders as part of the national and state assessments, and to twelfth graders as
part of the national assessment. The numbers and operations question asked
students to calculate the number of whole packages of paper (reams) that
Raymond would have to purchase in order to print 28 copies of a report
containing 64 sheets of paper. Students were required to calculate the number of
pages needed (1792), and round that number up to the nearest multiple of 500
(2000). For that new number, they then had to determine what multiple it was
of 500 and respond that Raymond needed to purchase 4 packages of paper. If

students responded with an incorrect unit, say 4 pages, they were given credit
under the supposition that they meant to say 4 packages. Responses of 3, those
in the range of 3.5 to 3.6, or about 4 were not scored as correct. Fifty-two percent
of the eighth graders and 72 percent of the twelfth graders completed the
question correctly.

The measurement task required students to determine the area of a
trapezoid in square inches, given dimensions of an embedded rectangle, its area,
and one other piece of necessary information. Students needed to be able to
disassemble this information, using the area relationship for a rectangle to
determine the altitude of the trapezoid was 4 units. Then they could proceed to
use the information given to use the area formula for a trapezoid to find the area

of the desired figure to be 80 square inches or use the area formula for a triangle
to find the area of triangle ABE and add that area to that for the rectangle BCDE
to get the 80 square inches. In either approach, students were required to manage
measurement data and carry out a series of sequential calculations in order to get
the desired answer. This problem proved to be quite difficult for students at both
grades 8 and 12. Only 10 percent of the eighth graders and 23 percent of the
twelfth graders provided a correct response to this item.
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EXAMPLE 17: Numbers and Operations

Raymond must buy enough paper to print 28 copies of a report that
contains 64 sheets of paper. Paper is only available in packages of
500 sheets. How many whole packages of paper will he need to buy
to do the printing?

Answer.

Did you use the calculator on this question?

No

EXAMPLE 18: Measurement

A

The area of rectangle BCDE shown above is 60 square inches. If the
length of AE is 10 inches and the length of ED is 15 inches, what
is the area of trapezoid ABCD, in square inches ?

Answer a 0
Did you use the calculator on this question?

Yes

*The standard e: ors of the estimated percentages appear in parentheses.
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Overall Percent Correct
Grade 8 -- 52 (1.4)
Grade 12 72 (1.4)

Overall Percent Correct
Grade 8 10 (0.9)
Grade 12 23 (1.6)



The subgroup results for "Raymond's Reporr and "Area of a Trapezoid"
for grades 8 and 12 are found in TABLE 1.26. The state results for both questions
at grade 8 are found in TABLE 1.27. (State assessments were not conducted at
grade 12.) In general, students had more success solving the problem of
"Raymond's Report" than they did in finding the "Area of a Trapezoid." For

example, across the states, from 18 to 71 percent of the eighth graders were able
to find the correct answer to "Raymond's Report." In contrast, performance
ranged from 1 to 16 percent correct in finding the trapezoid's area. While not set
in an applied context, the "Area of a Trapezoid" problem presents a reasonable
application of measurement concepts and procedures. The level of correct
responses suggests that students have little grasp of how to integrate and
sequence the information to arrive at a correct answer to the problem. It is
interesting to note that at grade 12 twice as many private-school students as
public-school students answered this question correctly -- 42 percent compared
to 21 percent.
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TABLE 1.26 National Results for Demographic Subgroups for the
Regular Constructed-Response Tasks, "Raymond's Report"
and "Area of Trapezoid"

Grade 8

Raymond's Report Area of Trapezoid

Correct 1 Incorrect
No

Response Correct Incorrect
No

Response

Nation 52 (1.4) 46 (1.4) 3 (0.4) 10 (0.9) 81 (1.3) 9 (0.8)

Northeast 58 (3.5) 38 (3.5) 4 (0.7) 9 (1.4) 80 (1.7) 11 (1.5)

Southeast 42 (2.9) 54 (3.1) 4 (1.1) 9 (1.9) 82 (2.8) 9 (1.3)

Central 61 (3.3) 39 (3.4) 0 (0.2) 10 (1.9) 84 (2.1) 5 (0.8)

West 48 (1.9) 49 (1.6) 3 (1.0) 10 (2.0) 79 (3.0) 11 (2.3)

White 62 (1.7) 36 (1.7) 2 (0.4) 12 (1.2) 80 (1.4) 8 (0.7)

Black 20 (3.2) 74 (3.5) 6 (1.1) 2 (1.1) 84 (3.8) 14 (3.3)

Hispanic 30 (3.7) 65 (3.8) 5 (1.4) 3 (1.3) 88 (2.3) 9 (1.91

Male 51 (2.3) 46 (2.4) 3 (0.6) 10 (1.4) 79 (2.0) 12 (1.4)

Female 52 (1.9) 45 (1.9) 2 (0.5) 9 (1.2) 84 (1.5) 7 (0.9)

Advantaged Urban 66 (5.3) 34 (5 3) 0 (0.0) 19 (3.8) 70 (4.0) I I (4.9)

Disadvantaged Urban 25 (4.5) 68 (4.8) 6 (1.7) 4 (1.3) 82 (2.8) 14 (3.1)

Extreme Rural 55 (8.2) 45 (8.1) 0 (0.4) 9 (3.3) 83 (4.8) 8 (2.7)

Other 52 (1.6) 44 (1.6) 3 (0.6) 9 (1.2) 83 (1.5) 9 (0.7)

Public 50 (1.5) 47 (1.5) 3 (0.5) 9 (1.0) 82 (1.4) 9 (0.9)

Catholic and Other Private 62 (3.2) 35 (3.2) 3 (0.6) 12 (2.0) 78 (2.5) 9 (1.6)

Grade 12

Raymond's Report

No
Incorrect Responser At .,a of Trapezoid

N.
Correct Incorrect Responsecorrect

Nation 72 (1.4) 25 (1.4) 2 (0.5) 23 (1.6) 67 (1.6) 1() (0.9)

Northeast 75 (2.2) 23 (2.3) 2 (0.9) 26 (2.8) 64 (3.4) 1(1 (1.6)

Southeast 68 (2.8) 28 (2.7) 3 (1.1) 16 (2.3) 77 (2.2) 7 (1.5)

Central 78 (1.9) 21 (2.2) 2 (0.9) 26 (3.2) 64 (2.1) 10 (2.4)

West 69 (3.5) 29 (3.71 2 (0.6) 24 (4.2) 65 (4.3) 11 (1.4)

White 78 (1.3) 20 (1.3) 1 (0.3) 27 (2.1) 63 (1.8) 10 (1.1)

Black 51 (4.2) 44 (4.7) 5 (1.5) 8 (1.9) 81 (3.0) 12 (2.6)

Hispanic 62 (5.0) 34 (6.2) 4 (2.4) 14 (2.3) 80 (2.5) 6 (1.8)

Male 74 (2.0) 23 (2.0) 4 (0.9) 24 (1.7) 65 (1.8) 10 (1.2)

Female 71 (1.9) 28 (1.9) 1 (0.3) 22 (2.4) 68 (2.2) 9 (1.1)

Advantaged Urban 79 (3.6) 21 (3.7) 0 (0.2) 46 (4.8) 50 (4.6) 4 (1.4)

Disadvantaged Urban 62 (3.4) 31 (3.8) 5 (1.4) 10 (2.1) 79 (2.7) 11 (2.1)

Extreme Rural 73 (3.8) 25 (3.5) 2 (1.))) 25 (4.0j 68 (2.7) 8 (2.4)

Other 73 (1.5) 25 (1.6) 2 (0.6) 21 (1.6) 68 (1.9) I 1 (1.)))

Public 72 (1.5) 26 (1.5) 2 (0.5) 21 (1.9) 70 (1.8) 10 (0.9)

Catholic and Other Private 79 (2.4) 20 (2.4) 2 (0.8) 42 (3.4) 49 (3.5, 9 (1.8)

The standard errors of the estimated percentages appear in parentheses. It ca.- be said with about 95 percent certainty that
for each population of interest, the value for the whole population is within plus or minus two standard errors of the
estimate for the sample. In comparing two estimates, one must use the standard error of the difference (see Appendix for
details). When the proportion of students is either 0 percent of 100 percent, the standard error is Inestimable. However,
percentages 99.5 percent and greater were rounded to 1()0 percent and percentages 0.5 percent or less ere rounded to 0
percent. Percentages may not total 1(X) percent due to rounding error.

SOURCE: National Assessment of Educational Progress (NAEP). 1)92 Mathematics Assessment
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TABLE 1.27 Percentages of Correct Responses to Regular Constructed-Response Questions with
Calculator Available, "Raymond's Report" and "Area Trapezoid"

PUBLIC
SCHOOLS

Grade 8 - 1992

Raymond's Report Area of Trapezoid

Correct Incorrect No Response Correct Incorrect No Response

NATION 50 (1.5) 47 (1.5) 3 (0.5) 9 (1.0) 82 (1.4) 9 (0.9)
Northeast 58 (4.1) 39 (4.1) 3 (0.8) 7 (1.9) 81 (2.2) 12 (1.7)
Southeast 38 (2.5) 58 (2.9) 4 (1.2) 9 (2.1) 82 (3.0) 9 (1.4)
Central 60 (3.7) 39 (3.7) 0 (0.2) 10 (2.3) 85 (2.3) 5 (1.0)
West 47 (2.0) 49 (1.7) 4 (1.1) 9 (2.0) 79 (3.2) 11 (2.5)
STATES
Alabama 41 (2.3) 56 (2.3) 3 (0.7) 4 (0.7) 89 (1.5) 7 (1.3)
Arizona 53 (2.2) 44 (2.2) 3 (0.7) 9 (1.3) 82 (1.8) 9 (1.2)
Arkansas 43 (1.9, 54 (2.0) 3 (0.8) 5 (0.8) 89 (1.2) 6 (0.9)
California 48 (2.3) 47 (2.2) 5 (1.0) 10 (1.3) 76 (1.5) 14 (1.4)
Colorado 56 (1.9) 41 (1.9) 3 (0.8) 9 (1.4) 81 (1.5) 10 (1.2)
Connecticut 58 (2.2) 40 (2.3) 2 (0.6) 12 (1.4) 81 (1.8) 7 (1.1)

Delaware 54 (2.7) 43 (2.3) 2 (0.9) 6 (1.3) 35 (1.7) 9 (1.3)
Dist. Columbia 30 (2.8) 62 (2.7) 8 (1.2) 3 (1.1) 87 (2.2) 10 (1.9)
Florida 52 (2.1) 44 (2.1) 4 (1.0) 6 (0.9) 85 (1.6) 9 (1.4)
Georgia 45 (2.3) 52 (2.6) 3 (0.9) 5 (1.0) 90 (1.3) 4 (0.8)
Hawaii 48 (2.1) 48 (2.1) 4 (0.8) 8 (1.2) 79 (1.9) 13 0.5/
Idaho 58 (1.7) 39 (1.6) 2 (0.6) 13 (1.6) 79 (1.8) 8 (1.0)

Indiana 55 (2.0) 43 (2.0) 2 (0.7) 9 (1.3) 84 (1.6) 7 (1.1)
Iowa 71 (2.2) 28 (2.31 2 (0.5) 13 (1.5) 82 (15) 5 (1.0)
Kentucky 54 (2.3) 43 (2.2) 3 (0.7) 7 (1.1) 87 (1.4) 6 (0.9)
Louisiana 42 (2.5) 54 (2.4) 5 (1.1) 4 (1.1) 90 (1.6) 7 (1.5)
Maine 67 (2.3) 32 (2.3) 2 (0.4) 12 (1.5) 80 (1.9) 8 (1.3)
Maryland 54 (2.4) 42 (2.21 4 (1.0) 9 (1.5) 81 (2.0) 10 (1.4)

Massachusetts 59 (2.6) 39 (2.5) 3 (0.8) 9 (1.1) 82 (1.4) 8 (1.1)
Michigan 55 (2.1) 43 (2.2) 2 (0.7) 10 (1.4) 81 (1.6) 8 (1.2)
Minnesota 66 (1.7) 32 (1.7) 2 (0.6) 15 (1.71 78 (1.9) 7 (1.0)
Mississippi 35 (2.1) 61 (2.2) 4 (0.91 3 (0.7) 89 (1.1) 8 (1.0)
Missouri 53 (1.9) 46 (1.91 1 (0.5) e (1.2) 85 (1.6) 7 (1.2)
Nebraska 58 (2.3) 41 (2.3) 2 (0.6) 12 (1.51 83 (1.8) 4 (0.8)

New Hampshire 63 (2.11 36 (2.1) 1 (0.5) 13 (1.5) 78 (1.9) 8 (1.3)
New Jersey 59 (3.21 37 (3.1) 3 (1.0) 9 (1.7) 84 (2.3) 7 (1.2)
New Mexico 46 (2.2) 52 (2.2) 2 (0.6) 7 (1.1) 85 (1.6) 7 (1.2)
New York 55 (2.4) 43 (2.4) 2 (0.8) 12 (1.7) 84 (1.8) 4 (0.9)
North Carolina 48 (1.9) 50 (1.81 2 (0.6) 5 (0.91 90 (1.2) 6 (0.8)
North Dakota 67 (2.01 32 (2.0) 1 (0.5) 16 (1.8) 79 (1.9) 5 (1.0)

Ohio 58 (2.3) 41 (2.2) 1 (0.4) 6 (1.0) 87 (1.4) 6 (1.01
Oklahoma 50 (2.51 39 (2.51 2 (0.5) 8 (1.2) 85 (1.4) 6 0.21
Pennsylvania 56 12.51 -41 (2.6; 2 (0.7) 10 (1.3) 84 (1.9) 7 (1.4)
Rhode Island 54 (2.2) 45 (2.0) 2 (0.6) 6 (1.0) 88 (1.4) 6 (0.81
South Carolina 44 (2.5) 54 (2.4) 3 (0.7) 8 (1.1) 86 (1.4) 6 (0.9)
Tennessee 44 (2.4) 52 (2.4) 4 (0.7) 5 (1.01 88 (1.4) 7 (1.0)

Texas 51 12.3) 45 12.21 4 (0.7) 9 (1.21 83 (1.6) 8 (1.2)
Utah 61 (1.8) 38 (1.8) 1 (0.4) 10 (1.31 83 (1.4) 7 (1.1)
Virginia 57 (2.1) 42 (2.0) 2 (0.6) 8 (1.1) 86 (1.3) 6 (1.1)
West Virginia 52 (2.21 46 (2.1) 2 (0.5) 5 (0.8) 88 (1.31 8 (1.1)
Wisconsin 65 (1.7) 34 (1.5) 1 (0.4) 11 (1.31 83 (1.31 6 (0.9)
Wyoii.ing 61 (2.2) 37 (2.31 2 (0.8) 9 (1.1) 86 (1.3) 6 (0.8)
TERRITORIES
Guam 29 (2.8) 64 (2.7) 7 (1.3) 4 (1.0) 87 (1.8) 9 (1.71
Virgin Islands 18 (1.8) 68 (2.2) 14 (2.0) 1 (0.5) 82 (2.1) 17 (2.21

rile standard errors of the estimated percentages appear in parentheses. It can be said with 95 percent certainty that for each population of interest,
the vaiue for the whole population is skithin plus or minus two standard errors of the estimate for the sample. In comparing two estimates, one must
use th standard error of the difference (sec Appendix for details). Percentages ma) not total 100 percent due to rounding error.

SOt. RC I National Asessment ol Educational Progress (NAEP), 1992 Mathematics Assessment.
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The remaining five calculator-aided, constructed-response questions
presented in this report were administered only at grade 12. In "Video Rental
Costs," twelfth graders were presented with a comparison shopping situation
involving two video rental stores. The problem was complicated by the presence
of a bonus rental feature which provided free tapes under differing rental
conditions. While it was possible for students to get the rental cost for one of the
two stores correct and miss the other, credit for the item was only given to
students getting both of the rental costs correct.

The question asking students to find the area of a parallelogram was
classified in the Measurement content area. Students were given sufficient
information to find the solution, but any approach to the problem required that
students make an application of the Pythagorean theorem to find the length of the
missing segment on the base of the parallelogram. Once this segment was found
and added to the 7 units shown for the other portion of the base, the student only
needed to multiply the sum by the altitude 7 to obtain the rounded area of 188
or 189 square units. A frequent incorrect answer was 91, from 7 x 13, where
students neglected to find the other portion of the base for the parallelogram.

As can be seen from the results in TABLE 1.28, these two multi-step
problems gave twelfth graders considerable difficulty. Only 5 percent answered
the "Video Rental Costs" question correctly, and only 8 percent correctly
determined the area of the parallelogram.
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EXAMPLE 19: Numbers and Operations

Video Store A Video Store B

S2.65 per tape for one night
51.50 charge for each

additional night
Every 10th tape free

for one night

53.00 per tape for 2 nights
credit if tape returned

after one night
Every 10 credits =-- one free rental

The Peterson family rents 30 videotapes yearly, o: which 23 are rented for
one night only and 7 are rented over a period of two nights. Given the
rental fee structures shown above, fill in the chart below with the total
yearly cost for the Petersons at each store. (Note: The 30 tapes include
the free tapes earned.)

Store

A

Total Cost

4.00

Did you use the calculator on this question?

-No

EXAMPLE 20: Measurement

To the nearest whole ',umber, what is the area of the parallelogram above?

/
(5

Answer

Did you use the calculator on this question?

No

'The standard errors of the estimated percentages appear in parentheses.
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TABLE 1.28 National Results for Demographic Subgroups for the
Regular ConstructedResponse Tasks, "Video Rental Costs"
and "Area of Parallelogram"

Grade 12

Video Rental Costs Area of Parallelogram

(7orreet Incorrect
No

Response Correct Incorrect
No

Response

Nation 5 (0.7) 92 (0.9) 3 (0.5) 8 (1.0) 80 ((.4) 12 (1.1)

Northeast 8 (2.3) 911(3.1) 2 (0.7) 9 (2.7) 78 (4.4) 13 (2.3)

Southeast 6 (1.1) 92 (1.6) 3 (1.1) 4 (0.6) 86 (2.0) 10 (2.0)

Central 4 (1.0) 96 (1.1) 1 00) 10 (2.0) 79 (2.1) 11 (2.1)

West 4 (1.4) 90 (1.9) 6 11.31 8 (2.1) 77 (2.3) 14 (2.2)

White 6 (0.9) 92 (1.0) 2 (0.5) 9 ((.3) 80 (1.7) 11 (1.1)

Black 2 (1.2) 94 (2.2) 4 (1.5) i (0.51 85 (2.6) 15 (2.6)

Hispanic 0 (0.0) 92 (4.5) 8 (4.5) 2 ((.4 ) 77 (4.3) 21 (4.5)

Male 6 (0.9) 90 ((.4) 4 (1.0) 8 0.4) 81 (1.7) 11 (1.2)

Female 5 (1.1) 94 (1.5) 2 (0.6) 7 (1.2) 79 (2.1) 14 ((.8)

Advantaged Urban 8 (3.41 89 (4.0) 3 (1.7) 14 (2.9) 74 (3.4) 11 (1.8 )

Disadvantaged Urban 6 (2.4) 88 (4.1) 7 (2.)) 1 (0.51 85 (2.7) 14 (2.5)

Extreme Rural 5 (1.3) 93 (1.9) 2 (1.0) 6 (2.2) 82 (4.2) 12 (4.4)

Other 5 (0.9) 93 (1.1) 2 (0.7) 8 (1.5) 80 (1.9) 12 (1.4)

Public 5 (0.7) 92 (0.9) 1 (0.5) 7 (0.8) 81 ((.2) (3 (1.2)

Catholic and Other Private 7 (2.2) 91 (2.3) 2 (1.0) 15 (4.2) 75 (5.1) 10 ((.7)

"Ilie standard errors of the estimated percentages appear in parentheses. It can he said with about 95 percent certainty that

for each population of interest, the value for the whole population is within plus or minus two standard errors of the

estimate for the sample. In companng two estimates, one must use the standard error of the difference (see Appendix for

details). When the proportion of students is either 0 percent or 100 percent, the standard error is inestimable. I lowever,

percentages 99.5 percent and greater were rounded to 100 percent and percentages or less were .ourided to 0 percent.

Percentages may total 100 percent due to rounding error.

SOURCE:. National Assessment of Educational Progress (NAPP), 1992 Mathematics Assessment

Of the next two tasks, one is a data analysis, statistics, and probability

question requiring students to find the average pulse rate for a group of
individuals. Information on these 100 individuals was grouped in the form of a

histogram having pulses per minute rates calibrated in terms of 10 pulses. This

required students to consider the pulses in a given category to be clustered at the

average value (or midpoint) of each interval. Students were given a hint to
consider this approach to dealing with the data as part of the problem statement.

The algebra and functions question required students to understand the

meaning and application of the f (x) notation, and make the substitution of 3.5 for

x in the function rule for f . This approach would result in the calculation

4(3.5)2 7(3.5) + 5.7, or 30.2.
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EXAMPLE 21: Data Analysis, Statistics, and Probability

PULSE RATE FOR 100 PEOPLE

35

.1: 30
0.
8 25

0.

"15' 20

15

z 10

5

40 50 60 70 80 90 100
Pulse Rate per Minute

The pulse rate for a group of 100 people is shown in the graph above.
What is the average pulse rate per minute for these 100 people?
(Note: Use the midpoint of each interval to represent the pulse rate for
the entire interval. For example, 55 would be used for the pulse rate of the
15 people in the 50-60 group.)

Answer 7/

Did you use the calculator on this question?

No

EXAMPLE 22: Algebra and Functions

1 i f (x) = 4x2 + 5.7, what is the value of 1(3.5) ?

Answer: 30. 2.

Did you use the calculator on this question?

No

"The standard errors of the estimated percentages appear in palentheses.
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As shown in TABLE 1.29, students had considerable difficulty with the
"Graph of' Pulse Rates." Only 9 percent determined the average pulse rate from
the histogram. More twelfth graders were familiar with what was needed to
complete the functional notation task, as 39 percent of the students received credit

for this item.

TABLE 1.29 National Results for Demographic Subgroups for the
Regular Constructed-Response Tasks, "Graph Pulse Rates"
and "E(3.5)"

Grade 12

Graph Pulse Rates F(3.5)

Correct Incorrect
No

Response Correct Incorrect
No

Response

Nation 9 (1.0) 77 (1.3) 14 (1.0) 39 (1.6) 40 (1.5) 22 (1.4)

Northeast 10 (2.1) 74 (2.5) 16 (1.8) 40 (2.5) 35 (2.2) 24 (2.9)

Southeast 5 (1.1) 79 (2.4) 17 (2.4) 31 (2.6) 46 (3.4) 23 (3.2)

Central 10 (1.7) 80 (1.7) 10 (1.4) 45 (4.0) 37 (3.2) 18 (2.4)

West 9 (2.5) 77 (2.7) 14 (1.8) 39 (2.6) 40 (3.0) 21 (2.4)

White 11 (1.3) 75 (1.5) 14 (1.1) 43 (1.8) 36 ((.3) 21 (1.6)

Black 0 (0.0) x6 (2.9) 14 .2.9) 23 (4.1) 55 (4.9) 22 (3.5)

Hispanic 1 (0.6) 83 (3.1) 16 (3.2) 25 (5.7) 44 (9.0) 11 (5.9)

Male 11 (1.6) 75 (1.8) 14 (1.3) 37 (2.1) 40 (2.1) 21 (1.9)

Female 6 (1.0) 80 (1.9) 14 (1.7) 41 (2.0) 39 (1.7) 20 (1.9)

Advantaged Urban 19 (4.4) 69 (4.7) 12 (3.6) 58 (5.3) 26 (1.0) 16 (4.0)

Disadvantaged Urban 1 (0.8) 84 (3.1) 15 (2.8) 25 (3.7) 50 (4.1) 25 (3.4)

Extreme Rural 8 (2.3) 77 (2.4) 16 (3.2) 28 (6.0) 51 (5.1) 21 (4.9)

Other 8 (1.1) 78 (1.7) 14 (1.4) 40 (1.7) 38 (1.8) 22 (1.5)

Public 8 (1.1) 78 (1.4) 14 (1.2) 37 (1.7) 40 (1.7) 22 (1.6)

Catholic and Other Private 15 (2.7) 74 (3.1, 10 (1.7) 50 (3.0) 33 (2.1) 17 (1.9)

The standard errors of the estimated percentages appear in parentheses. It can be said with about 95 pcicent certainty that
for each population of interest, the value for the whole population is within plus or minus two standard errors of the
estimate for the sample. In comparing two estimates, ono must use the standard error of the difference (see Appendix for
details). When the proportion of students is either 0 percent of 100 percent, the standard error is ine5.timable. However
percentages 99.5 percent and greater were rounded to 1(X) percent and percentages 0.5 percent or less were rounded to
percent. Percentages may not total 1(X) percent due to rounding error.

SOURCE: N-tional Assessment of 1.:ducational Progress (NAEP). 1992 Mathematics Assessment

The final calculator-assisted constructed-response question given to grade
12 students was an algebra and functions item that required students to make use
of a number of relationships drawn from measurement, geometry, algebra, and
trigonometry. To correctly answer the item, the student had to recognize that
triangle OAB is a right triangle and that since the regular hexagon is composed
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of 6 equilateral triangles, the length of segment AO is found to be 12. Then the
measure of angle OAB to the nearest whole number is the rounded value of Tan'
(15 /12) or 51 °. Some students gave the answer in terms of radian measure
0.8960..., which was incorrect, as the problem required degree measure. The
results presented in TABLE 1.30 reveal that, for the nation, 7 percent of the
twelfth graders correctly solved the problem. Even for those students attending
schools in advantaged urban communities, only 14 percent provided correct
responses. Catholic- and other private-school students performed significantly
better than public-school students, 13 compared to 6 percent correct, respectively.

EXAMPLE 23: Algebra and Functions

Overall Percent Correct
Grade 12 7 (0.5)

The base of the pyramid shown above is a regular hexagon with side of
length 12. If point 0 is the center of the base and the length of OB is 15,
what is the degree measure of angte OAB to the nearest whole number?

Answer. 57
Did you use the calculator on this question?

*The standard errors of the estimated percentages appear in parentheses.
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TABLE 1.30 National Results for Demographic Subgroups for the
Regular Constructed-Response Task, "Trigonometry"

Grade 12

Correct Incorrect No Response

Nation 7 ((1.5) 84 (1.0) 10 (0.8)

Northeast 8 (1.3) 80 (2.0) 12 (1.7)

Southeast 3 ((1.8) 89 (2.2) 8 (1.7)

Central 10 (1.2) 82 (1.8) 9 (1.5)

West 5 (1.2) 86 (1.8) 10 (1.7)

White 8 (0.7) 83 (1.2) 10 (1.0)

Black I ((.9) 90 (2.5) 9 (2.4)

Hispanic 2 (1.2) 90 (4.0) 8 (3.3)

Male 8 (1.0) 82 (1.3) 10 (1.1)

Female 6 (1.0) 85 (1.5) 9 (1.1)

Advantaged Urban 14 (2.3) 76 (3.2) 10 (2.7)

Disadvantaged Urban 2 (1.0) 86 (3.1) 12 (2.6)

Extreme Rural 3 (1.1) 88 (3.7) 9 (3.8)

Other 7 ((1.8) 84 (1.3) 9 (1.0)

Public 6 ((1.7) 85 (1.1) 10 (0.9)

Catholic and Other Private II (2.2) 79 (2.4) 8 (1.2)

TI c standard errors of the estimated percentages appear in parentheses. It can he said with about 95 percent certainty that
for each population of interest, the value for the whole population is within plus or minus two standard errors of the
estimate for the sample. In comparing two estimates, one must use the stal .lard error of the difference (see Appendix for
details). Percentages may total 100 percent due to rounding error.

SOURCE: National Assessment of Educational Progress (NAEP), 1992 Mathematics Assessment

Summary of National and State Results for Regular
Constructed-Response Items

In general, student attempts to construct their answers to the questions
presented in this chapter suggested honest efforts to comply with the
requirements set by the problem situations. However, the information provided
by students added up to generally low performance levels. Students had
difficulty with questions in all mathematics content areas. Those requiring
"hands-on" measurement skills using a ruler or protractor may have implications
for applications in various technological and daily-life settings. Because students
were supplied with calculators to use in answering some of the questions, these
tasks required slightly more of students in the way of both computation and the
number of steps involved. Students had particular difficulty with these questions.
Even though students had access to the calculator in working on these problems,
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they did not demonstrate an ability to conceptualize or sequence the information
required by the problem-solving situation.

In general, performance for subpopulations followed patterns found in
other NAEP mathematics results, with greater percentages of White students than
Black and Hispanic students, as well as higher percentages of advantaged urban
than disadvantaged urban students, providing correct responses to these
questions. Gender and regional differences were less consistent from question to
question as were results for public- versus private-school students (see Chapter
Three for summary results).

At grades 4 and 8, the results for participating states and territories tended
to mirror the low levels of national performance, even though there was
considerable variation across the jurisdictions.
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CHAPTER TWO

Extended Responses to Explain Mathematical Reasoning

Introduction

The constructed-response tasks presented in this chapter represent a step
toward the mathematics assessments envisioned for the future -- assessments that
reflect instructional goals to actively promote student learning." The tasks not
only require students to construct their own responses instead of choosing a
single answer, but, in contrast to the questions described in Chapter One, they
also provide students an opportunity to express their mathematical ideas and
demonstrate the depth of their understanding of a problem. These types of tasks
are intended as progress toward addressing The NCTM Standards, which
emphasize that students demonstrate their problem-solving and reasoning abilities
and learn to communicate effectively about the mathematical power they possess.
The intention is for NAEP to continue making strides in improving the problem-
solving tasks given to students with each successive assessment, building on
experience with performance-oriented assessment approaches to incorporate
improved procedures in the future.'

Overview of the Tasks and Scoring Guides

Particularly in a large-scale assessment situation, it is a great challenge to
develop tasks that exemplify The NCTM Standards, but remain within the reach

of most students. Further, issues arise regarding the operational aspects of
providing the ancillary materials that can be used with such problem situations,
the time such tasks take, and the reliability of the scoring. A tightly structured
question can be scored more easily, but in some instances yields less interesting
information about students' mathematical understanding. On the other hand,

7' Mathematical Sciences Education Board, For Good Measure (Wa4iington, DC: National Academy Prey.
1991).

12 1994 National Assessment of Educational,Progress: Mathematics Assessment Framework (Washington, DC:
National Assessment Governing Board, U.S. Government Printing Office, 1993).
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more broadly structured questions require developing guides that take into
account the strategies used to solve the problem, the implementation of those
strategies, and the interaction between the two. Each task needs to be considered
separately in developing scoring rubrics or guides, because both the strategies and
implementation may differ significantly across problem situations and content.
As might be anticipated, the first round of extended problem-solving tasks
developed by NAEP represents a range in the structure provided, the settings and
stimulus materials encompassed by the problem situations, and in the content
covered.

At each of grades 4, 8, and 12, three examples of extended tasks from the
1992 assessment are presented, along with the associated scoring rubrics and
examples of student work. Each of these extended constn icted-response
questions required students to demonstrate their level of mathematical
understanding within a giveii context that varied from question to question --
both in terms of the approach to the problem and its content domain. Students
were asked to think carefully about the question before writing a complete

answer that demonstrated their understanding of the problem. They were asked

to show all the work that led to their solution, or to provide an explanation of
their reasoning. In formulating their responses to these extended questions,
students were told that they could use drawings, words, and numbers in their
explanations and that it was important that their solution be clear enough so that
another person could read it and understand their thinking.

To provide for some consistency in approach for developing the evaluation
criteria across the extended-response tasks, five generic levels of performance
were defined as shown in FIGURE 2.1. Provision also was made for categorizing

blank papers that provided no response to the question. These guidir principles

were used in developing the tailored scoring guides for each specific task.
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2

3

4

5

FIGURE 2.1 NAEP Mathematics Scoring Category Classifications for
Extended Constructed-Response Questions

Nii.ROgon-47e. .. There is no response

. . - . . -....
.1:n6niaRe-spoilNe:,:::-: The work is completely Mcorrect or irrelevant. Or the response states, "I

... ../ -1:::::'::::...:::7....;.':':' don't know."

The response demonstnites a minima understanding of the problem posed
hut does not suggest a reasonable approach. Although there may or inay not

' be some correct inwhematical work, the response is incomplete, conutins
major mathematical errors, or revettls serious fltiws in reisoning. Extimples

,. are absent.

The response contains evidence of a conceptual undersuinding of the problem
in dull ti reasonithle approtich is indicited. However on the whole, the
response is not well developed. Although there inay he serious mathemittical
errors or flaws in the rettsoning, the response does conuiin some correct
intithematics. Extunples provided are inappropthite.

..

Stgi&CO.iy-- The response demonstrates a clear understtulding of the problent and
.:: provides tin acceptable tmprottch. The response idso is genentlly well

developed tmd coherent but contitins minor wetiknesses in the development.
Exarnples provided ttre not fully developed.

Extqfido 1 .... The response demonstnttes a complete undersuindMg of the problem, is
correct wid the methods of solution ire appropritue mid fay developed.
Responses scored 5 are logictdly sound, clearly written, .Ind do ! ot contain

.. any significant intithematictd errors. Emtmples tire well chosen and fully
:

developed.

NOTE: In the partial-credit scaling used to summarize student achievement across questions for other analyses and
reports. neither "blank" nor incorrect responses are given credit, and minimal through extended responses itre
assigned values 1-4. However, for the purposes of this report, it is interesting to distinguish between students who
omitted questions and those who at least attempted to respond.

Organization for this Chapter

The national and state results for each of the nine questions are presented
in the following format:

The Task -- The problem situation given to students is
presented.

Possible Solution An overview of the "ingredients" of a
successful approach is provided together with one possible
example of a successful solution.
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National Results, Scoring Guide, and Sample Responses
The national results are presented category by category,
together with the description of the scoring guide for that
category, and an annotated example student response
illustrative of the types of answers students gave.

National Results for Demographic Subgroups The results
for subpopulations of students are presented as defined by
region, race/ethnicity, gender, type of community, and type
of school (students attending public schools as compared to
those attending private schools, including Catholic and other
types of private schools).

State Results The state-by-state results for grades 4 and 8
are shown for each category of performance, including the
percentage of satisfactory or better responses (categories 4 and
5). It should be noted that for comparisons between the
nation or the regions and the participating states, the national
and regional data provided in the state tables should be used.
In contrast to the state assessments, which only included
students attending public schools, the national assessments
included students attending both public and private schools.
Thus, for comparison purposes, the national and regional
results presented together with the state results are based only
on public-school students, while those presented earlier are
based on students attending both public and private schools.

Performance Highlights -- The national and state results are
discussed.
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Extended-Response Questions: Grade 4

The fourth-grade students who participated in the 1992 assessment were
given five extended-response tasks, three of which follow.

The "Pizza Comparison" question assesses how well students are making
the transition from whole number reasoning into using concepts associated with
fractions. The intent of the problem is to measure students' ability to

communicate that a fraction must be interpreted in terms of the relative size of
the object. It taps their understanding of the concept of fraction with initial
development of the idea of proportional reasoning. The real-life setting for this
numbers and operations question pertains to comparing pieces of pizza.

In "Laura's Calculator Correction," students were provided with a four-
function calculator (T1-108) and asked to apply their understanding of place value
to explain two ways for correcting a mistaken entry -- 8375 instead of 8275 --
without clearing the calculator.

The "Graphs of Pockets" question asks students to read, interpret, and
select one of three pictographs to represent a particular situation the number
of pockets for a class of 20 students. In this data analysis task, students are asked
to explain why they selected a particular graph and their reasons for rejecting the
other two.
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Grade 4 Question: Pizza

The Task

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.

lose ate of a pizza
2

Ella ate of another pizza.
2

lose said that he ate more pizza than Ella, but Ella said they both ate
the same amount. Use words and pictures co show that Jose could be
right.

Possible Solution

Jose would be right if the size of his pizza was larger than the
size of Ella's pizza. More generally, students are expected to
communicate by pictures and/or words that half of a larger
quantity is more than half of a smaller quantity.

Students with only a naive understanding of the meaning of
"1 / 2" in the context of the given task are likely to indicate
"1/ 2 = 1 /2" because they do not realize the potential for the
two quantities being compared, the pizzas, to be different in
size. Students with a higher level of comprehension can show
some evidence that size is an important factor but are unable
to convey how the comparison of the two pizzas is related to
their relative sizes. Students with the highest level of
understanding of the meaning of "1 /2" in the context of the
given problem can demonstrate responses that, at least
informally, demonstrate what the fraction 1/2 means in terms
of relative sizes of pizzas.



National Results, Scoring Guide, and Sample Responses

National Percent
for Each Category*

7 (0.8)

Rating and Performance Category

0 No Response

49 (1.7) 1 Incorrect -- The work is completely incorrect or irrelevant, or
the response states, "I don't know."

This INCORRECT response
does not involve the
concept of one-half
of a whole pizza.

18 (1.1) 2 Minimal -- Student responds that "1/2 is always 1/2"
indicating an awareness of fractional parts. Other
responses may include only references to number of
pizzas or to toppings.

This MINIMAL response
indicates an under-
standing of the
concept of 1/2 as a
fractional part of a
whole, but states 1/2
is always equal to 1/2.

6104 kgif

,o,x,4,±L,114.4ieleAJbe4

A'ti 411A- latte A hi
4/1141 Ativit fix

freak/0k.

The standard errors of the estimated percentage.; appear in parentheses.
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National Percent
for Each Category Rating and Performance Category

2 (0.5) 3 Partial -- Student makes statements such as "Jose's
pizza has bigger pieces" that bzgin to demonstrate an
awareness of the idea of relative size.

This PARTIAL response
does give an indication
that Jose's pizza
may be larger. 944".'41

1)(44.44,t

8 (0.8) 4 Satisfactory -- Student displays responses that connect figuraly
the relationship between the difference in the relative size of
Jose's and Ella's pizzas but are not clear in explaining that
relationship.

This SATISFACTORY response
uses diagrams to clearly
show two different-sized
pizzas and to illustrate
that the respective halves
of those pizzas are not
the same size.
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National Percent
for Each Category Rating and Performance Categou

16 (1.2) 5 Extended -- Student explains and/or
demonstrates a clear understanding of
fractional part and relative size.

This strong EXTENDED
response provides
drawings of two tiff

ferent.sized pizzas,
each divided into
halves and labelled
appropriately. The
student also has
written a clear and
accurate description
of the situation.

coy\ bc. cs4i-
1*.cpotAse* tess ?tuck cov 1c) ke

ch$er A.LaA E 1 let's.

3- es ?Tao,
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Performance Highlights: Pizza Comparison

Nationally, the majority of fourth graders appeared to be unfamiliar with
either the format of such a mathematics task (7 percent provided no response) or
the concepts underlying the question. As shown in TABLE 2.1, nearly half of the
students (49 percent) did not use or include mathematical concepts in

communicating their responses. Of those students who provided irrelevant or
incorrect answers, most tended either to draw pizzas or parts of them or simply
to reiterate the premise in the problem, showing that either Jose, Ella, or both ate
half a pizza.

TABLE 2.1 National Results for Demographic Subgroups for the Extended-Response
Question, "Pizza Comparison"

Grade 4

No Response Incorrect Minimal Partial Satisfactory Extended
Satisfactory

or Better

Nation 7 (0.8) 49 (1.7) 18 (1.1) 2 (0.5) 8 (0.8) 16 ((.2) 23 (13)

Northeast 7 (2.1) 42 (4.6) 19 (3.2) 3 (1.2) 8 (23) 21 R5) 29 (4.1)

Southeast 6 (1.1) 55 (4.2) 17 (2.1) 2 (0.6) 6 (1.2) 14 (2.0) 20 (2.4)

Central 7 ((.7) 49 (2.8) 18 (1.7) 3 (13) 8 (2.0) 15 (2.6) 23 (2.2)

West 8 (1.6) 50 (2.7) 18 (2.))) 2 (0.8) 9 (1.1) 14 (2.0) 23 (2.1)

White 6 (0.9) 44 (2.1) 20 (1.3) 2 ((1.6) 9 (1.2) 19 (1.5) 28 (1.7)

Black 11 (2.7) 65 (1.5) 13 (2.1) 2 (1.0) 6 (1.9) 3 (1.3) 9 (2.1)

Hispanic 7 (1.9) 64 (1.6) 16 (3.1) 1 ((1.5) 5 (1.7) X (2.3) 12 (2.8)

Male 9 (1.2) 48 (2.4) 15 (1.3) 2 (0.5) 8 (1.3) 17 (2.0) 26 (2.0)

Female 5 (0.9) 51 (2.2) 20 (1.7) 1 (0.8) 7 (1.0) 14 (1.2) 21 (1.4)

Advantaged Urban 3 (1.1) 41 (4.1) 16 (2.7) 4 (1.6) 10 (2.6) 26 (4.0) 35 (1.6)

Disadvantaged Urban X (2.2) 68 (5.3) 10 (2.3) 0 (0.3) 10 (3.51 4 (1.6) 14 (3.5)

Extreme Rural 7 (23) 55 (4.6) 17 (2.9) 2 (1.2) 4 (1.51 14 (3.5) 18 (3.7)

Other 8 (1.1) 47 (2.2) 20 (1.3) 2 (0.7) 8 (0.9) 16 (1.6) 21 (1.6)

Public 8 (0.9) 49 (1.9) IX (13) 2 (0.6) 8 (0.9) 15 (1.3) 23 (1.5)

Catholic and Other Private 3 (1.2) 51 (3.0) IX (2.3) 4 (1.1) 5 (1.4) 18 (2.3) 21 (2.7)

The standard errors of the estimated percentages appear in parentheses. It can be said with about 95 iwrcent certainty that
for each population of interest, the value for the whole population is within plus or minus two standard errors of the
estimate for the sample. In compaiing two estimates. one must use the standard error of the difference (see Aprmdix for
details). Percentages may not total 100 percent due to numding error.

SOURCE: National Assessment of Educational Piogress INAEP), 1992 Mathematics Assessment
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On the other hand, nearly one-fourth (23 percent) of the fourth graders
8 percent by using figures and another 16 percent through well-labelled or
explained diagrams were able to communicate the relationship between the
concept of fractional part and relative size. Because the topics of fractions and
proportional reasoning may be covered to varying degrees across the fourth-grade
curriculum, the relatively uniform success of fourth graders suggests some
experience with sharing such things as cookies or pizzas with friends and families
or at least some familiarity with the concepts of "bigger than" and "smaller than."

Across the various demographic subpopulations, performance did not
differ significantly for the regions, gender, or type of school. However, a greater
percentage of White fourth graders (28 percent) provided satisfactory or better
responses than did their Black Wand Hispanic classmates (9 and 12 percent,
respectively). Also, students attending schools in advantaged urban communities
outperformed those attending schools in the three other types of communities.
More than one-third (35 percent) of the students in advantaged urban schools
provided satisfactory or extended responses compared to 14 percent of those
attending disadvantaged urban schools.

In general, as shown in TABLE 2.2, the performance of public-school
fourth graders across the states tended to parallel that of the nation. For 20 of the
participating states, an estimated from one-fifth to one-fourth of the students
provided satisfactory or better responses. Additionally, it was estimated that
more than one-fourth of the students provided satisfactory or better responses in
Connecticut, IcAva, Maine, Minnesota, Missouri, Nebraska, New Hampshire, and
North Dakota. However, for 34 of the jurisdictions, it was estimated that at least
one-half of the fourth graders did not show any evidence on this question of
being able to communicate mathematical concepts.
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TABLE 2.2 Percentages for Responses to Extended-Response QueQtion, "Pizza Comparision"

PUBLIC
SCHOOLS

Grade 4 - 1992

No Response Incorrect Minimal Partial Satisfactory Extended
Satisfactory or

Better

NATION 8 (0.9) 49 (1.9) 18 (1.3) 2 (0.6) 8 (0.9) 15 (1.3) 23 (1.5)
Northeast 8 (2.3) 41 (5.0) 19 (3.9) 2 (1.4) 8 (2.4) 22 (4.3) 29 (5.1)
Southeast 7 (1.2) 55 (4.7) 17 (2.3) 1 (0.6) 6 (1.4) 14 (2.2) 20 (2.7)
Central 8 (1.9) 49 (3.5) 18 (2.0) 3 (1.5) 8 (2.1) 14 (2.8) 23 (2.8)
West 8 (1.7) 50 (2.8) 17 (2.2) 2 (1.0) 10 (1.2) 13 (2.0) 23 (2.1)
STATES
Alabama 5 (0.8) 57 (2.9) 18 (2.2) 3 (0.7) 4 (0.8) 12 (1.7) 16 (1.7)
Arizona 5 (1.1) 56 (2.2) 18 (1.5) 2 (0.6) 6 (1.0) 12 (1.3) 19 (1.6)
Arkansas 4 (0.9) 57 (2.3) 17 (1.7) 2 (0.7) 6 (1.2) 14 (1.5) 20 (1.7)
California 10 (1.5) 55 (2.7) 18 (1.5) 2 (0.7) 3 (0.8) 11 (1.7) 14 (1.9)
Colorado 5 (0.8) 51 (2.1) 19 (1.7) 4 (0.6) 6 (0.7) 16 (1.3) 21 (1.5)
Connecticut 7 (0.9) 46 (2.0) 17 (1.6) 3 (0.7) 5 (1.0) 23 (1.5) 27 (1.9)

Delaware 4 (1.0) 58 (2.6) 16 (1.8) 1 (0.6) 7 (1.4) 14 (1.2) 21 (1.5)
Dist. Columbia 10 (1.3) 63 (1.9) 13 (1.5) 1 (0.6) 6 (1.0) 7 (1.3) 12 (1.6)
Florida 6 (1.1) 58 (2.3) 16 (1.6) 3 (0.8) 4 (0.8) 13 (1.3) 17 (1.4)
Georgia 4 (0.9) 52 (2.2) 17 (1.7) 2 (0.6) 8 (1.2) 17 (1.4) 25 (1.7)
Hawaii 6 (1.1) 56 (2.3) 17 (1.9) 3 (0.8) 6 (1.1) 11 (1.3) 17 (1.8)
Idaho 6 (1.1) 50 (2.1) 19 (1.5) 3 (0.8) 7 (0.9) 16 (1.8) 23 (2.0)

Indiana 4 (0.7) 50 (3.0) 19 (2.0) 4 (0.8) 6 (1.1) 18 (1.9) 24 (2.3)
Iowa 3 (0.9) 48 (2.1) 17 (1.6) 3 (0.5) 8 (1.3) 21 (1.8) 29 (1.6)
Kentucky 4 (0.9) 57 (2.6) 15 (1.8) 3 (0.6) 5 (1.0) 16 (1.8) 21 (2.0)
Louisiana 7 (1.1) 61 (2.2) 16 (1.7) 2 (0.7) 5 (0.9) 9 (1.4) 14 (1.5)
Mame 4 (0.9) 40 (2,7) 22 (2.2) 4 (1.1) 9 (1.3) 21 (2.3) 30 (2.3)
Maryland 5 (1.0) 48 (1.8) 23 (2.0) 3 (0.6) 5 (0.9) 16 (1.4) 21 (1.6)

Massachusetts 4 (0.8) 50 (2.9) 21 (2.3) 2 (0.6) 5 (1.1) 17 (2.2). 22 (2.3)
Michigan 5 (1.0) 52 (2.7) 19 (1.9) 3 (0.6) 7 (1.3) 14 (1.7) 21 (1.8)
Minnesota 4 (0.9) 51 (2.4) 16 (1.7) 3 (0.6) 6 (1.1) 21 (2.0) 27 (2.0)
Mississippi 6 (1.1) 65 (2.1) 16 (1.7) 2 (0.6) 3 (0.6) 8 (1.2) 11 (1.3)
Missouri 4 (0.9) 50 (2.1) 17 (1.8) 2 (0.7) 7 (1.1) 19 (1.8) 26 (2.1)
Nebraska 4 (1.0) 49 (2.6) 18 (1.8) 3 (0.7) 7 (1.3) 19 (2.5) 26 (2.5)

New Hampshire 5 (1.2) 42 (2.7) 22 (2.4) 4 (0.8) 5 (1.0) 23 (1.8) 28 (2.2)
New Jersey 5 (0.9) 48 (2.1) 19 (2.0) 5 (0.9) 4 (0.8) 18 (1.9) 22 (1.7)
New Mexico 10 (1.5) 56 (2.6) 15 (1.7) 3 (0.7) 6 (1.0) 10 (1.3) 17 (1.4)
New York 7 (1.2) 56 (2.2) 18 (2.1) 3 (0.7) 5 (0.9) 11 (1.6) 16 (1.7)
North Carolina 4 (0.8) 56 (2.0) 17 (1.7) 3 (0.7) 8 (1.2) 12 (1.2) 19 (1.5)
North Dakota 3 (0.8) 46 (2.3) 18 (2.0) 3 (0.9) 6 (1.1) 24 (2.0) 30 (2.0)

Ohio 2 (0.7) 56 (2.3) 16 (1.6) 3 (0.6) 5 (0.9) 19 (1.5) 24 (1.8)
Oklahoma 4 (0.9) 52 (2.4) 18 (1.8) 3 (0.8) 7 (1.3) 16 (1.7) 23 (1.8)
Pennsylvania 5 (0.6) 53 (2.4) 16 (1.6) 2 (0.6) 6 (1.1) 18 (1.7) 24 (1.7)
Rhode Island 7 (1,3) 52 (2.3) 16 (1.8) 4 (0.8) 6 (1.2) 16 (1.7) 22 (2.1)
South Carolina 3 (0.8) 60 (2.1) 17 (1.6) 3 (0.7) 5 (0.9) 12 (1.3) 17 (1.6)
Tennessee 5 (1.0) 53 (2.4) 16 (1.6) 3 (0.7) 7 (1.3) 16 (1.6) 23 (2.1)

Texas 5 (1.0) 58 (2.4) 16 (1.7) 4 (0.9) 5 (1.0) 12 (1.5) 17 (1.9)
Utah 7 (1.1) 51 (2.0) 17 (1.8) 3 (0.6) 8 (1.1) 15 (1.4) 23 (1.8)
Virginia 6 (1.1) 50 (2.2) 18 (1.5) 3 (0.7) 8 (1.0) 15 (1.7) 24 (1.6)
West Virginia 6 (1.1) 56 (2.4) 16 (1.9) 3 (0.7) 5 (0.9) 14 (1.4) 19 (1.7)
Wisconsin 4 (0.8) 47 (2.1) 21 (1.4) 3 (0.6) 8 (1.1) 17 (1.5) 25 (1.7)
Wyoming 4 (0.7) 52 (2.3) 13 (1.3) 5 (1.0) 6 (1.2) 19 (1.5) 25 (1.9)
TERRITORY
Guam 10 (1.6) 67 (2.7) 14 (2.2) 2 (0.8) 4 (1.1) 3 (0.7) 7 (1.4)

The standard errors of the estimated percentages appear in parentheses. It can be said with 95 percent certainty that for each population of interest,
the value for the whole population is within plus or minus two standard errors of the estimate for the sample. In comparing two estimates, onemust
use the standard error of the difference (see Appendix for details). Percentages may not total 100 percent due to rounding error.

SOURCE: National Assessment of Educational Pi ogress (NAEP), 1992 Mathematics Assessment.
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Grade 4 Question: Laura's Calculator Correction

The Task

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 yourwork.

Laura wanted to enter the number 8375 into her calculator. By mistake,
she entered the number 8275. Without clearing the calculator, how could
she correct her mistake?

Without clearing the calculator, how could she correct her mistake
another way?

Did you use the calculator on this question?

Yes No



Possible Solution

Laura could add 100 to the number in the display because
she needs to increase the digit in the hundreds' place by 1.

She also ,ould add 50 two times or 25 four times, or add
1,000 and subtract 900.

She also could describe any other series of arithmetic
operations that yields 8375.

Students with a minimal understanding have essentially
cleared the calculator by means other than using the on/c ,

c, or ce buttons. They have demonstrated no understanding
of place value. Students at a higher level are beginning to
understand place value, but may have focused on the tens' or
the thousands' place, rather than the hundreds' place. For a
complete response, it is critical that students realize 100
needs to be added to 8275 in order for the calculator screen
to display 8375. This can be done without clearing the
calculator either directly by the addition of 100 or by
performing a series of appropriate arithmetic operations (such
as adding ten 10's or by subtracting 1900 and adding 2000)
that results in the addition of 100.

National Results, Scoring Guide, and Sample Responses

National Percent
for Each Category* Rating and Performance Category

17 (1.3) 0 No Response

44 (1.6) 1 Incorrect -- The work is completely incorrect or
irrelevant, or the response states, "I don't know."

This INCORRECT response
is irrelevant since it
ignored the condition
given in the problem -
that the calculator
could not be cleared. Ctear 0."01 %red- Ali ave.r.

100

1 3



National Percent
for Each Category Rating and Performance Category

9 (0.8) 2 Minimal -- Student's response involves
attaining a display of 0 on the calculator with
a method other than using the on/c, c, or ce
keys. Responses in this category demonstrate
no connection between place value and
arit!..metic operations in this problem setting.

This is a MINIMAL
response in which the
student was able to
obtain a 0 on the
calculator display
without the use of the
on/c, c, or ce keys on
the calculator.

3oOkV13 442.. rQienVer

trna,Ae 0, isA4"%si-a\St. ovv, ck,t
c0 41Q- r\Qes.f.kr-

0 C1/4,Aa \Vs clear.

10 (1.1) 3 Partial -- Student's response begins to connect
place value and arithmetic operations as both
being necessary to change 8275 to 8375
without clearing the calculator. Errors in
arithmetic and/or understanding are evident.

This is a PARTIAL
response, in which
the student realizes
a I must be added to
the 2, but makes a
place value error.

c.bAck AA 14

\,)e cou ajs
a.14. subiyac)r \.

The standard errors of the estimated percentages appear in parentheses.
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National Percent
for Each Category Rating and Performance Category

13 (1.2) 4 Sstisfactory -- Student's response describes only one
correct way to change 8275 to 8375.

This SATISFACTORY response
shows one clear method
that corrects the place
value mistake without
clearing the calculator.

2-75-

2, 3'25

i00
27 .g.75-

7 (0.9) 5 Extended -- Student's response describes two
correct ways to change 8275 to 8375.

This EXTENDED response
shows two different
ways to correct the
place value mistake
without the need to
clear the calculator.

S he coold
100 more,

SIiQ subtrqcet'eci

sne COL2/4
crcid AOC.
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Performance Highlights: Laura's Calculator Correction

As suggested by the results presented in TABLE 2.3, the overwhelming
majority of students, and perhaps for good reason, found it difficult to accept the
premise of this question, pointing out some of the difficulty in developing these
types of questions or activities. Because place value and basic number facts
receive heavy emphasis in the mathematics curriculum at and prior to grade 4,
expectations would be for relatively high performance on this question. However,
students had difficulty in accepting another approach to Laura's situation than
using the clear button. Nationally, 17 percent of the students left their booklets
blank for this question, 44 percent recommended that Laura clear the calculator
anyway, and another 9 percent essentially showed her how to clear the calculator
without using the clear button. Ten percent appeared to have accepted the
premise, but were unable to provide a response that would help rectify Laura's
error in entering 8275 instead of 8375.

TABLE 2.3 National Results for Demographic Subgroups for the Extended-Response
Question "Laura's Calculator Correction"

Crade 4

1No Response lncorred Minimal Part !al Satisfactory Extended
Satisfactory
or Better

Nation 17 (1.3) 44 (1.6) 9 (0.8) 10 (1.1) 13 (1.2) 7 (0.9) 20 (1.5)

Northeast 19 (2.7) 34 (3.7) 12 (2.9) 9 (2.5) 14 (2.0) 12 (3.0) 25 (1.9)

Southeast 20 (3.3) 48 (2.3) 9 (1.6) 8 (1.0) 10 (2.2) 5 (1.7) 15 (2.8)

Central 13 (2.2) 47 (4.5) 6 (1.1) 11 (1.8) 17 (3.5) 6 (1.3) 23 (3.4)

Wtst 18 (2.0) 44 (1.9) 9 (1.2) 12 (2.8) 12 (1.7) 6 (1.6) 18 (2.3)

White 15 (1.4) 41 (2.1) 10 (1.1) 10 (1.3) 16 (1.8) 9 (1.3) 24 (2.2)

Black 28 (3.1) 50 (4.2) 6 (1.1) 12 (2.7) 4 (1.7) 1 ((1.5) 5 (1.8)

Hispanic 20 (2.7) 56 (2.5) 6 (1.3) 7 (1.8) 8 (1.6) 3 (1.1) 11 (2.21

Male 19 (2.0) 42 (1.8) 9 (1.0) 8 (1.1) 13 (1.6) 8 (1.3). 22 (1.8)

Female 15 (1.4) 46 (2.2) 9 (1.1) 12 (1.6) 13 (1.5) 5 (1,11 18 (2.0)

Advantaged Urban 12 (2.1) 34 (4.3) 10 (2.5) 12 (2.7) 21 (1.0) 11 (2.7) 32 (4.8)

Disadvantaged Urban 32 (3.5) 50 (3.3) 6 (2.1) 8 (2.6) 4 (1.5) 0 (0.0) 4 (1.5)

Extreme Rural 22 (4.9) 42 (8.0) 11 (2.2) 6 (1.5) 16 (6.7) 3 (1.9) 20 (6.1)

Other 15 (1.3) 45 (1.5) 9 (0.9) 11 (1.5) 12 (1.3) 8 (1.1) 20 (1.7)

Puhlic 18 (1.4) 45 (1.7) 9 11.0) 10 (1.1) 12 (1.4) 6 (1.0) 19 (1.6)

Catholic and Other Private 14 (1.5) 18 (2.7) 9 (1.1) 10 (1.6) 18 (2.6) 1(1 (1.4) 28 (2.6)

The standard mots of the estimated percentages appear in parentheses. It can be said with about 05 percent certain(y that for each p yulation
of interest, the value for the whole pl.ipulation is within plus or minus two standard errors of the estimate for the sample. In comparing two
estimates, one must use the standard error of the difference (see Appendix for details). When (he proportion of students is either (1 percent or
100 percent. the standard erroi is inestimable. Ilowever, percentages 00.5 percent and g water were rimnded to 100 percent and percentages or
less were rounded to 0 percent. Percentages may not total 10(1 percent due to rounding error.

St11:1-:11: National Assessment of I1ducational Progress INAPP). 1902, Mathematics Assessment
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Nevertheless, about one-fifth of the fourth graders provided Laura with
advice consistent with the demands of the task, providing at least one way to
rectify the error without clearing the calculator (usually telling her to add 100).
For some demographic subgroups, approximately one-fourth of the students
provided answers rated as satisfactory or better, including students in the
Northeast (25 percent) and Central (2:_, percent) regions, White students (24
percent), and those attending private schools (28 percent). Nearly one-third (32
percent) of the students attending schools in advantaged urban areas provided
satisfactory or better responses to this question. Although regional differences
were not significant statistically, those among racial/ethnic groups, between

public- and private-school students, and between advantaged and disadvantaged
urban students were significantly different.

As shown in TABLE 2.4, similar to the Pizza Comparison question, there
was variation across the states on this task, with from 8 to 31 percent of the
students providing satisfactory or better responses. Nine states had an estimated
one-fourth or more of their students' responses rated as satisfactory or better,
including Connecticut, Idaho, Iowa, Maine, Massachusetts, Minnesota, New
Hampshire, New Jersey, and Wisconsin.
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TABLE 2.4 Percentages for Responses to Extended-Response Question, "Laura's Ca:culator Correction"

Grade 4 - 1092

PUBLIC
SCHOOLS No Response Incorrect Minimal Partial Satisfactory Extended

Satisfactory or
Btter

NATION 17 (1.4) 45 (1.7) 9 (1.0) 10 (1.3) 13 (1.4) 6 (1.0) 19 (1.6)
Northeast 20 (3.0) 34 (4.0) 12 (3.2) 9 (3.1) 13 (2.2) 11 (3.2) 24 (4.3)
Southeast 20 (3.9) 49 (2.5) 10 (1.9) 8 (1.1) 9 (2.6) 4 (1.8) 13 (3.4)
Central 13 (2.4) 48 (4.6) 5 (1.3) 10 (2.3) 18 (4.1) 5 (1.5) 23 (3.7)
West 18 (2.1) 45 (1.9) 9 (1.4) 12 (3.0) 10 (1.9) 6 (1.8) 16 (2.2)
STATES
Alabama 13 (1.6) 53 (2.2) 8 (1.2) 10 (1.2) 12 (1.7) 4 (0.9) 16 (1.9)
Arizona 14 (1.7) 56 (2.1) 8 (1.1) 7 (1.0) 10 (1.2) 5 (1.0) 15 (1.2)
Arkansas 13 (1.6) 58 (2.1) 12 (1.3) 7 (1.1) 7 (1.3) 2 (0.7) 10 (1.3)
California 20 (2.1) 49 (2.3) 7 (1.3) 7 (1.0) 12 (1.5) 6 (1.3) 18 (1.8)
Colorado 16 (1.6) 44 (2.1) 8 (1.1) 9 (1.1) 14 (1.5) 9 (1.4) 23 (1.7)
Connecticut 11 (1.5) 41 (2.3) 9 (1.4) 8 (1.1) 20 (1.8) 11 (1.3) 30 (2.4)

Delaware 18 (1.4) 43 (2.4) 10 (1.1) 9 (1.3) 13 (1.5) 8 (1.1) 20 (1.6)
Dist. Columbia 25 (1.8) 55 (2.3) 8 (1.5) 4 (0.9) 6 (0.91 3 (0.5) 9 (1.0)
Florida 15 (1.4) 53 (2.1) 9 (1.0) 8 (1.3) 11 (1.3) 5 (0.9) 16 (1.6)
Georgia 16 (1.5) 52 (1.9) 9 (1.01 8 (1.1) 10 (1.2) 5 (0.8) 16 (1.5)
Hawaii 16 (1.9) 44 (2.4) 14 (1.5) 7 (1.0) 12 (1.6) 7 (1.1) 20 (1.9)
Idaho 17 (1.5) 41 (2.0) 8 (1.1) 9 (1.3) 17 (1.7) 8 (1.1) 25 (1.9)

Indiana 13 (1.3) 48 (1.8) 9 (1.2) 10 (1.0) 15 (1.5) 6 (0.9) 21 (1.7)
Iowa 9 (1.3) 44 (2.4) 11 (1.5) 8 (1.2) 18 (1.7) 10 (1.1) 28 (2.2)
Kentucky 10 (1.2) 54 (2.2) 10 (1.4) 8 (1.2) 12 (1.4) 6 (0.8) 18 (1.7)
Louisiana 21 (2.2) 55 (2.7) 6 (1.1) 9 (1.1) 5 (1.1) 4 (1.1) 9 (1.5)
Maine 14 (1.9) 37 (3.0) 7 (1.4) 11 (1.7) 18 (2.4) 13 (1.9) 31 (2.9)
Maryland 17 (1.9) 45 (2.01 9 (1.3) 7 (0.9) 14 (1.3) 8 (1.2) 23 (1.8)

Massachusetts 15 (1.6) 42 (2.81 7 (1.1) 8 (1.4) 17 (1.8) 10 (1.5) 27 (2.5)
Michigan 13 (1.6) 50 (2.2) 8 (1.1) 8 (1.2) 13 (1.7) 9 (1.4) 22 (2.3)
Minnesota 12 (1.61 46 (2.4) 8 (1.41 8 (1.4) 15 (1.5) 11 (1.41 26 (2.31

Mississippi 16 (1.6) 59 (2.01 9 (1.3) 6 (0.81 8 (1.3) 2 (0.6) 10 (1.3)
Missouri 15 (1.5) 45 (2.2) 10 (1.21 7 (1.2) 14 (1.5) 9 (1.5) 23 (2.0)
Nebraska 15 (2.1) 44 (2.01 11 (1.4) 7 (1.0) 15 (1.8) 8 (1.3) 23 (1.91

New Hampshire 13 (1.1)
.

38 (2.2) 9 (1.31 11 (1.5) 19 (2.0) 10 11.1) 29 (2.0)
New Jersey 13 1.5) 41 (2.1) 11 (1.4) 8 (1.2) 16 (1.7) 11 (1.5) 27 (2.0)
New Mexico 16 (2.0) 52 (3.2) 6 (1.2) 8 (1.0) 11 (1.2) 7 (2.2) 18 (2.7)
New York 15 (2.0) 53 (2.3) 5 (1.01 7 (1.1) 14 (1.4) 6 (1.1) 20 (1.8)
North Carolina 18 (2.0) 48 (2.0) 10 (1.3) 8 (1.0) 11 (1.4) 5 (1.0) 16 (1.7)
North Dakota 9 (1.2) 46 (2.5) 12 (1.9) 9 (1.3) 15 (1.4) 9 (1.1) 24 (1.7)

Ohio 11 (1.3) 50 (2.0) 8 (1.1) 8 (1.11 14 (1.3) 8 (1.2) 23 (1.5)
Oklahoma 11 (1.5) 52 (2.0) 9 (1.2) 8 (1.3) 15 (1.8) 5 (1.0) 21 (1.81

Pennsylvania 11 (1.4) 46 (1.9) 12 (1.5) 8 (1.1) 15 (1.31 8 (1.1) 23 (1.6)
Rhode Island 16 (1.9) 43 (2.3) 13 (1.8) 9 (1.3) 14 (1.5) 5 (0.9) 18 (1.7)
South Carolina 13 (1.4) 59 (1.8) 6 (0.9) 9 (1.1) 9 (1.2) 5 (1.1) 13 (1.4)
Tennessee 12 (1.5) 54 (2.2) 9 (1.3) 9 (1.4) 12 (1.8) 4 (0.9) 16 (2.2)

Texas 13 (1.51 47 (2.5) 11 (1.3) 8 (1.1) 14 (1.4) 8 (1.2) 21 (2.0)
Utah 14 (1.6) 49 (2.3) 8 (1.1) 8 (1.2) 14 (1.6) 6 (1.1) 21 (1.7)
Virginia 16 (1.5) 45 (2.3) 9 (1.4) 7 (1.2) 13 (1.3) 10 (1.4) 23 (1.9)
West Virginia 14 (1.6) 51 (2.61 9 (1.2) 9 (1.3) 12 (1.4) 5 (1.1) 17 (1.7)
Wisconsin 12 (1.2) 39 (2.0) 11 (1.1) 10 (1.2) 16 (1.8) 13 (2.0) 29 (2.2)
Wyoming 12 (1.4) 46 (2.1) 9 (1.2) 9 (1.3) 15 (1.6) 9 (1.4) 24 (1.9)
TERRITORY
Guam 19 (2.3) 60 (2.8) 8 (1.4) 5 (0.9) 6 (1.3) 2 (0.6) 8 (1.5)

The standard errors of the estimated percentages appear in parentheses. It can be said with 95 percent certainty that for each population of interest,
the value for the whole populatiun is within plus or minus two standard errors of the estimate for the sample. In comparing two estimates, one must
use the standard error of the difference (see Appendix for details). Percentages may not total 100 percent due to rounding error.

SOURCE: National Assessment of Educational Progress (ti AEP), 1992 Mathematics Assessment.
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Grade 4 Question: Graphs of Pockets

The Task

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.

There are 20 students in Mr. Pang's class. On Thesday most of the
students in thc class said they had pockets in the clothes tbey were
wearing.
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The Task (continued)

Which ot the graphs most likely shows the number ot pockets that each

child had?

Explain why you chose that graph

Explain why you did not choose the other graphs.
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Possible Solution

Graph B, because it had 20 students and most of the
students have clothes with pockets, or the distribution of the
number of pockets is reasonable.

It could not be Graph A because most of the students do not
have pockets.

It could not be Graph C since there are more than 20
students shown.

OR, it is not likely that there would be the same
number of students for each number of pockets.

OR, most clothes don't have 10 pockets.

Students neeo to understand the information provided in the
question in order to study and determine which graphical
representation most accurately depicts the given data arid
why the other graphs are inappropriate. The essential facts
that students need to comprehend are:

There are 20 students in Mr. Pang's class.
(Thus, Graph C is inappropriate because more
than 20 students are represented. Additionally,
the dist.ribution of the number of pockets is
unreasonable.)

Most students in Mr. Pang's class have
clothes with pockets. (Thus, Graph .A is
inappropriate because most of the 20 students
have clothes that do riot have pockets.)

Therefore, in reviewing the graphs, only Graph B reasonably
conveys the given information accurately since 20 students
are represented and most of these students have clothes with
pockets. In extended solutions to this task, students must
clearly communicate a rationale for the graph they select and
explain why the other graphs are inappropriate.



National Results, Scoring Guide, and Sample Responses

National Percent
for Each Category* Rating and Performance Catetory

6 (0,7) 0 No Response

46 (1.4) 1 Incorrect -- The work is completely incorrect or
irrelevant, or the response states, "I don't know."

This is an INCORRECT
response. The student
may have picked
Graph C because of its
rectangular shape. This
is inappropriate because
it doe.s not use any of
the information given
about the number of
students in the class or
that most students had
clothes with pockets.

eccw.se. ty cse

0,1\

Ca.vse 4-Nty cve

evol

23 (1.2) 2 MinImal -- Student chooses Graph B with -to
explanation or the student chooses Graph A or
Graph C with an explanation that shows some
understanding.

This Ls a MINIMAL
solution since the
student did not
select Graph B, the
most appropriate
graph to display the
data, but did give a
reason that showed
some understanding.

PS

-444sua-e- aual-

2.0 Til3k4iSs-"±A.).

-4-,)
1,44.4t44.04 ,t4 aid.--9441

to At44464..

The standard errors of the estimated percentages appear in parentheses.
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National Percent
for Each Category

15 (0.8)

This is a PARTIAL
response. The student
did select the most
appropriate graph, B,
but did not give a
complete explanation
of why neither Graph A
nor Graph C was the
best choice.

Rating and Performance Category

3 Partial -- Student chooses Graph B but does not
give an adequate explanation or student
chooses Graph B but gives no explanation why,
but explains why the answer is neither Graph A
nor Graph C.

deu.704

ilyur4Z) cfs.) .tRa-

4kodte,tw.

-) 04;t41.v.IZ 6kavi-A /4tg. vat94

g44404%.4.
ef-r-4.4A44"<yls2,reees_

hL ,I)L4mv-e,

7 (0.7) 4 Satisfactory -- Student chooses Graph B and gives a
good explanation but does not mention the other
graphs, or student gives a good explanation of why the
answer cannot be Graph A or Graph C. but does not
give a good explanation of why the answer is Graph B.

This is a SATISFACTORY
response since the student
did select Graph B and
also provided a complete
explanation by indicating
there were 20 people and
most of them had pockets.
However, the student did
not provide any information
about why Graphs A and C
were inappropriate.

ot.Aft4-Q-12)
comi, tvurt AnA41--

latcbag.,
4,41-ciezi6x,
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National Percent
for Each Category Rating and Performance Category

3 (0.6) 5 Extended -- Student chooses Graph B, explains
why the answer must be Graph B, and explains
why neither Graph A nor Graph C can be the
enrreet solution.

This is an EXTENDED
response. The student
selects Graph B and
gives a clear and
accurate explanation.
In like fashion, the
student conveys correct
and concise reasons for
not choosing either
Graph A or Graph C.

4 orwo-1 , 4.4 ot
je4 Mk,*

tjAA, )441, PIMA-V(1th ti4A

il46f4X cktkav. rilk at AuLgi
J6)9. r6- pftior

1t ALvd, Imlay).- 4)
11,4,110-e0134,....A A2t-

C).. ottst coa-4g. Aa.066,1
er14.461.1/4 iers44,42. c6t4

A,
a ,tua,

ow,40t. 4444 pecAtit.)

BEST COPY AVAILABLE
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Performance Highlights: Graphs of Pockets

The national results for the Graphs of Pockets question presented in
TABLE 2.5 indicate that fourth graders had difficulty responding to the many
requirements inherent in this task, including assimilating the criteria set forth in
the question, using those criteria to evaluate the data in the pictographs, and
explaining the results of their analysis. Approximately 46 percent of the fourth
graders nationally seemed unfamiliar with this type of assessment task and were
unable to relate the pictographs to the problem, as in the example response where
the student selected graph C because the number of pockets were equal. Many
of the remaining fourth graders tended to perform at the minimal or partial
levels. Approximately one:fourth of the students showed a minimal grasp of the
relationship between the problem situation and the three graphs, by either
selecting the right graph with no explanation or selecting the wrong graph for a
reason that was related to Mr. Pang's class. Fifteen percent of the fourth graders
provided a partial response based on selecting the right graph and giving some
reason to support it via the process of eliminating either graph A or C.

TABLE 2.5 National Results for Demographic Subgroups for the Extended-Response
Question, "Graphs of Pockets"

Grade 4

No Response Incorrect Minimal Partial Satisfactory Extended
Satisfactory

or Better

Nation 6 (0.7) 46 (1.4) 23 (1.2) 15 (0.8) 7 (0.7) 3 (0.6) 10 (0.9)

Northeast 6 (1.5) 42 (3.7) 27 (2.7) 13 (2.2) 10 (2.1) 2 (0.8) 12 (2.5)

Southeast 6 (1.4) 52 (2.9) 19 (1.8) 14 (1.3) 5 (1.4) 4 (1.4) 9 (2.3)

Central 6 (1.6) 46 (3.1) 22 (1.1) 18 (1.7) 5 (1.2) 4 (1.2) 9 (1.7)

West 6 (1.2) 45 (2.2) 24 (1.8) 15 (1.4) 8 (1.3) 2 (1.0) 10 (1.2)

White 5 (0.8) 42 (1.7) 24 (1.5) 17 (1.1) 9 (1.0) 4 (0.8) 13 (1.3)

Black 6 (1.5) 67 (2.5) 19 (2.1) 7 (1.7) 0 (0.3) I (0.2) 1 (0.4)

Hispanic 11 (2.81 5)) (3.4) 23 (3.6) 11 (1.9) 2 (0.9) 0 (0.1) 2 (1.0)

Male 6 (1.0) 47 (2.1) 23 (1.6) 12 (1.2) 7 (1.2) 4 (0.9) 11 (1.5)

Female 5 (0.8) 45 (2.1) 22 (1.8) 18 (1.4) 7 (1.2) 2 (0.6) 9 (1.2)

Advantaged Urban 3 (0.9) 41 (3.5) 22 (2.0) 18 (3.0) 11 (2.7) 5 (1.7) 16 (3.4)

Disadvantaged Urban 9 (2.0) 58 (4.1) 20 (3.0) 10 (2.1) 2 (0.8) 1 (0.5) 2 (0.9)

Extreme Rural 7 (2.6) 46 (5.9) 23 (3.3) 14 (2.4) 8 (1.8) 2 (1.0) 10 (2.3)

Other 6 (0.8) 46 (2.0) 23 (1.6) 15 (1.1) 7 (1.0) 3 (0.7) 10 (1.2)

Public 6 (0.8) 46 (1.6) 23 (1.3) 15 (0.9) 7 (0.8) 3 (0,6) 10 (1.0)

Catholic and Other Private 4 (1.1) 48 (2.4) 20 (1.9) 16 (2.0) 7 (1.5) 4 (1.6) 12 (2.0)

the standard errors of the estimakd percentages appear in parentheses. It cam be said with about 95 percent certainty that for each population
of interest, the vaiue for the whol population is within plus or minus two standard errors of the estimate for the sample. in companng two
estimates, one must use the standard error of the difference (see Appendix for details). When the proportion of students is either 0 percent of
100 percent, the standard error is inestimable. llowever, percentage. 99.5 percnt and greater were rounded to 100 percent and percentages 0.5
percent or less were rounded to percent. l'ercentages may not total 100 Iwreent due to rounding error.

SOURCE: National Assessment of Educational Progress (NAEP), 1992 Mathematics A..sessment
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Ten percent provided satisfactory or better responses, with 7 percent
giving a good explanation for either why graph B could fit the situation described
for the number of pockets had by students in Mr. Pang's class, or why both A
and C did not. Only 3 percent provided full responses, explaining the pro side
for graph B as well as the con sides for both graphs A and C.

Because of the low levels of satisfactory or better performance on this task,
in general, percentages of successful performance did not differ significantly
across demographic subgroups.

The state-level results for public-school students mirrored those for the
nation. The response percentages shown in TABLE 2.6 indicate that for many
participating jurisdictions about half the fourth graders or more did not relate the
text and graphs for the problem-situation. Of those that showed some
understanding, most had difficulty in providing explanations or reasons
supporting the fit between the criteria for the students' pockets and the data as
displayed in the pictographs. Across the jurisdictions, the percentages of
satisfactory or better responses to this task ranged from 3 to 13 percent. Twelve
states had an estimated 10 percent or more of their students provide responses
judged as satisfactory or extended, and in Connecticut, North Dakota, and
Pennsylvania at least 5 percent of the students were estimated to have performed
at the extended level.
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TABLE 2.6 Percentages for Responses to Extended-Response Question, "Graphs of Pockets"

PUBLIC
SCHOOLS

Grade 4 - 1992

No Response Incorrect Minimal Partial Satisfactory Extended
Satisfactory or

Better

NATION 6 (0.8) 46 (1.6) 23 (1.3) 15 (0.9) 7 (0.8) 3 (0.6) 10 (1.0)
Northeast 7 (1.6) 39 (4.0) 29 (2.9) 12 (2.3) 11 (2.1) 2 (0.9) 12 (2.5)
Southeast 6 (1.8) 53 (3.6) 18 (2.1) 14 (1.5) 4 (1.4) 4 (1.4) 8 (2.4)
Central 6 (1.8) 45 (3.7) 22 (3.4) 18 (2.0) 5 (1.4) 4 (1.5) 8 (2.1)
West 6 (1.3) 46 (2.6) 24 (1.9) 14 (1.5) 8 (1.4) 2 (1.1) 10 (1.4)
STATES
Alabama 3 (0.6) 56 (2.1) 21 (2.0) 15 (1.6) 4 (0.7) 1 (0.4) 5 (0.9)
Arizona 5 (1.0) 52 (1.8) 20 (1.5) 16 (1.4) 5 (0.9) 2 (0.6) 7 (1.0)
Arkansas 2 (0.7) 57 (2.2) 19 (1.9) 15 (1.4) 5 (1.0) 2 (0.7) 7 (1.1)
California 5 (1.1) 53 (2.5) 20 (1.5) 15 (1.9) 4 (1.1) 2 (0.6) 6 (1.2)
Colorado 3 (0.7) 44 (2.0) 27 (1.5) 18 (1.4) 6 (1.1) 2 (0.5) 8 (1.2)
Connecticut 4 (0.9) 43 (2.6) 24 (1.8) 17 (1.4) 8 (1.1) 5 (1.0) 12 (1.6)

Delaware 4 (0.9) 53 (2.5) 21 (2.3) 16 (1.7) 5 (1.1) 1 (0.7) 7 (1.1)
Dist. Columbia 7 (1.1) 62 (2.0) 21 (1.8) 6 (1.2) 2 (0.7) 1 (0.4) 3 (0.8)
Florida 5 (1.0) 52 (2.0) 21 (1.8) 16 (1.4) 4 (1.0) 2 (0.5) 6 (1.2)
Georgia 2 (0.5) 50 (2.6) 22 (2.0) 19 (1.8) 4 (0.9) 3 (0.9) 8 (1.2)
Hawaii 5 (0.8) 56 (2.3) 17 (1.7) 15 (1.7) 5 (1.0) 2 (0.6) 7 (1.1)
Idaho 4 (0.6) 44 (2.2) 24 (1.6) 21 (1.9) 5 (0.9) 2 (0.7) 7 (1.0)

Indiana 1 (0.4) 55 (2.3) 23 (1.8) 17 (1.8) 4 (1.1) 2 (0.6) 6 (1.1)
Iowa 3 (0.7) 42 (2.0) 25 (1.7) 17 (1.6) 8 (1.1) 4 (0.8) 12 (1.3)
Kentucky 3 (0.7) 56 (2.4) 20 (1.8) 15 (1.7) 5 (1.1) 1 (0.5) 6 (1.2)
Louisiana 5 (0.9) 57 (2.5) 18 (1.8) 15 (1.7) 3 (0.7) 2 (0.5) 5 (0.8)
Maine 3 (0.7) 38 (1.9) 26 (2.2) 21 (2.1) 8 (1.3) 4 (0.9) 13 (1.6)
Maryland 5 (1.0) 50 (2.2) 19 (1.5) 17 (1.6) 6 (1.0) 3 (0.6) 9 (1.2)

Massachusetts 5 (0.8) 43 (2.2) 24 (1.9) 18 (1.5) 7 (1.2) 3 (0.9) 10 (1.6)
Michigan 1 (0.4) 51 (2.0) 20 (1.6) 18 (1.5) 7 (1.1) 3 (0.6) 10 (1.2)
Minnesota 3 (0.7) 42 (1.8) 22 (1.5) 22 (1.8) 7 (1.2) 4 (0.8) 11 (1.4)
Mississippi 4 (0.8) 60 (2.3) 20 (1.8) 12 (1.3) 3 (0.7) 1 (0.4) 4 (0.8)
Missouri 1 (0.5) 47 (2.2) 25 (1.6) 18 (1.7) 6 (1.1) 3 (0.7) 9 (1.3)
Nebraska 5 (1.0) 42 (2.3) 24 (1.7) 20 (1.9) 6 (1.2) 3 (0.9) 9 (1.1)

New Hampshire 3 (0.8) 46 (2.6) 23 (1.9) 19 (2.0) 6 (1.4) 3 (0.7) 9 (1.5)
New Jersey 3 (0.8) 47 (2.4) 23 (1.9) 18 (2.0) 7 (1.2) 3 (0.8) 10 (1.5)
New Mexico 2 (0.6) 59 (2.2) 21 (1.7) 14 (1.91 4 (0.9) 1 (0.3) 4 (1.0)
New York 4 (1.3) 49 (2.4) 22 (1.8) 16 (1.6) 5 (1.2) 4 (1.0) 9 (1.5)
North Carolina 3 (0.6) 52 (2.2) 24 (1.5) 15 (1.5) 3 (0.6) 3 (0.6) 6 (0.9)
North Dakota 4 (1.1) 44 (2.6) 22 (1.8) 20 (1.9) 6 (1.0) 5 (1.0) 10 (1.1)

Ohio 4 (0.9) 51 (2.4) 20 (1.5) 15 (1.6) 6 (1.0) 4 (0.9) 9 (1.4)
Oklahoma 2 (0.7) 46 (2.2) 27 (1.8) 18 (1.8) 3 (0.9) 3 (0.7) 7 (1.0)
Pennsylvania 4 (0.8) 49 (2.1) 22 (2.0) 15 (1.6) 6 (1.2) 5 (0.9) 11 (1.7)
Rhode Island 6 (1.1) 52 (2.3) 22 (1.9) 14 (1.6) 5 (1.1) 2 (0.7) 7 (1.4)
South Carolina 2 (0.5) 52 (2.4) 23 (1.9) 18 (1.7) 3 (0.6) 2 (0.4) 6 (0.8)
Tennessee 3 (0.7) 55 (2.2) 20 (1.7) 16 (1.5) 4 (0.9) 2 (0.6) 6 (1.1)

Texas 3 (0.8) 47 (2.6) 19 (1.8) 20 (1.5) 8 (1.2) 4 (1.2) 11 (1.5)
Utah 3 (0.8) 47 (2.1) 27 (1.6) 17 (1.2) 4 (0.7) 3 (0.6) 6 (1.0)
Virginia 3 (0.4) 50 (2.1) 21 (1.4) 18 (1.6) 6 (1.1) 2 (0.6) 8 (1.6)
West Virginia 3 (0.6) 57 (2.0) 20 (1.7) 15 (1.6) 3 0.8) 2 (0.7) 5 (1.0)
Wisconsin 3 (0.7) 48 (2.5) 20 (1.9) 18 (1.6) 8 (1.1) 3 (0.8) 11 (1.3)
Wyoming 4 (0,8) 47 (2.2) 23 (2.2) 15 (1.6) 8 (1.1) 3 (0.7) 11 (1.2)
TERRITORY
Guam 6 (1.1) 66 (2.0) 15 (1.5) 10 (1.5) 2 (0.5) 2 (0.6) 3 (0.7)

The standard errors of the estimated percentages appear in parentheses. It can be said with 95 percent certainty that for each population of interest,
the value for the whole population is within plus or minus two standard errors of the estimate for the sample. In comparing two estimates, one must
use the standard error of the difference (see Appendix for details). Percentages may not total 100 percent due to rounding error.

SOURCE: National Assessment of Educational Progress (NAEP), 1992 Mathematics Assessment.
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Extended-Response Questions: Grade 8

The eighth-grade students participating in NAEP's 1992 mathematics
assessment were given six extended-response tasks, three of which are presented
in the following section.

"Treena's Budget," asking students to select options that fit an overall
budget, was designed to be accessible to all eighth-grade students. They were
required to use basic whole number operations skills to figure out which set of
travel and instructional alternatives was available to Treena for basketball camp.
They were given a scientific calculator (TI-30) to use if they wished.

In "Radio Stations," students were asked to apply measurement and
geometry knowledge to diagram the intersection of signal transmissions from two
radio stations.

"Marcy's Dot Pattern" is a prealgebra question requiring pattern
recognition and an elementary understanding of the concept of recursion.
Students were asked to generalize about any term in a pattern of dots and use
their generalization to extend the pattern. Students also were provided the
scientific calculator to use in solving this problem.
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Grade 8 Question: Treena's Budget

The Task

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 er ough so that another person could read it and understand
your thinking. It is important that you show all your work.

Treena won a 7-day scholarship worth $1,000 to the Pro Shot Basketball
Camp. Round-trip travel expenses to the camp are $335 by air or $125
by train. At the camp she must choose between a week of individual
instruction at $60 per day or a week of group instruction at $40 per day.
Treena's food and other expenses are fixed at $45 per day. If she does not
plan to spend any money other than the scholarship, what are all choices
of travel and instruction plans that she could afford to make?
Explain your reasoning.

Did you use the calculator on this question?

Yes No

Possible Solution

The solution to this task requires students to use evelyday
consumer sense to determine l'reena's fixed expenses and
analyze the various choices she has for travel (plane or train)
and instruction (individual or group). Students also must
compare the total cost for each of the four alternatives to
which this analysis leads to the $1,000 value of Treena's
scholarship, in order to conclude which choices meet the
given conditions.

Treena's fixed expenses will be $45 x 7 = $315
for the seven days. Therefore, she has
$1,000 $315 = $685 to spend on travel and
instruction. Travel costs are either train ($125)
or plane ($335). Instruction costs are eittiLr
group ($40 x 7 = $280), or individual
($60 x 7 = $420).

The four choices Treena has are:

Travel by train, group instruction, and fixed
expenses: $125 + $280 + $315 = $720

Travel by plane, group instruction, and fixed
expenses: $335 + $280 + $315 = $930
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Possible Solution (continued)

Travel by train, individual instruction, and fixed
expenses: $125 + $420 + $315 = $860

Travel by plane, individual instruction, and
fixed expenses: $335 + $420 + $315 = $1,070

Students must realize that Treena cannot choose the
individual plan and travel by plane because the total
expenses ($1,070) would be greater than the allotted
scholarship. Any full credit response must clearly
communicate that Treena has three options that do not
exceed $1,000, what the three options are, and how the
student arrived at the three options.

National Results, Scoring Guide, and Sample Responses

National Percent
for Each Category*

22 (1.2)

Rating and Performance Category

0 No Response

37 (1.6) 1 Incorrect -- The work is completely incorrect or irrelevant, or
the response states, "I don't know."

This INCORRECT response
appears to be somewhat
on task but the work
shown does not warrant
credit even at the
minimal level.

e.,4(.1
(Van VI C..3 04A Gr

4rNe(l sc,1,101
coc)

`i°') %.4'\\ Vir 230 -

The standard errors of the estimated percentages appear in parentheses.
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National Percent
for Each Category Rating and Performance Category

22 (1.2) 2 Minimal -- a) Student indicates one or more options
only (such as group and train) with no supporting
evidence, or b) Student work contains major
mathematical errors and/or flaws in reasoning (for
example, the student does not consider Treena's fixed
expenses).

This MINIMAL response
does illustrate one valid
budget option, but does
not show any supporting
calculations.

(.0,18 .ar.kce 14e.

ccken? hoole n); v.14) vo,A
O

stro etiort 0.f% eat ce5

riot rth+N ()kit of CY10

15 (1.0) 3 Partial -- The student a) indicates one or more correct
options; additional supporting work beyond the
minimal level must be present, but the work may
contain some computational errors; or b) demonstrates
correct mathematics for one or two options, but does
not indicate the options that are supported by his or
her mathematics.

This PARTIAL response
illustrates one acceptable
budget alternative
(group and train) and
the corroborating
computational work.
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National Percent
for Each Category Rating and Performance Category

2 (0.3) 4 Satisfactory -- The student a)
shows correct mathematical
evidence that Treena has three
options, but the supporting
work is incomplete; or b) shows
correct mathematical evidence
for any two of Treena's three
options and the supporting
work is dear and complete.

This SATISFACTORY response
illustrates two appropriate
budget options (both
individual and train and
group and plane) as well as
the correct supporting calculations...
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National Percent
for Each Category Rating and Performance Category

2 (0.4) 5 Extended -- The correct solution indicates what the
three possible options are and includes supporting
work for each option.

This outstanding EXTENDED
response provides the
correct calculations in
terms of the excess dollars
that remain from the $1,000
scholarship, for the three
acceptable budget options.

Coo
x

. t-etke. V-016,
2 1-n4
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Performance Highlights: Treena's Budget

As shown in TABLE 2.7, eighth graders had considerable difficulty
understanding and persevering with this problem situation. Because the
mathematics involved whole number computations and the context was
budgeting, both thought to be familiar to eighth graders, high performance was
anticipated. Further, students were given a calculator. However, nationally, more
than one-fifth of the students left their papers blank. Another 37 percent could
not seem to make the translation from the problem to the required calculations.
Many of these responses, as depicted in the illustration, ignored the question
asked, instead croviding a calculation or two based on numbers in the problem
or providing otherwise unrelated information. These students did not
communicate that they even understood the set of boundary conditions and how
they related to the stated budget constraints.

TABLE 2.7 National Results for Demographic Subgroups for the Extended-Response
Task, "Treena's Budget"

Grade 8

No Response Incorrect Minimal Partial Satisfactory Extended
Satisfactory
or 'letter

Nation 22 (1.2) 17 (1.6) 22 (1.2) 15 (1.0) 2 (0.3) 2 (0.4) 4 (0.5)

Northeast 23 (1.0) 37 (3.7) 21 (2.7) 14 (2.0) 2 (0.4) 2 (1.0) 4 (1.0)

Southeast 21 (1.9) 41 (3.0) 22 (2.3) 10 (1.7) 2 (0.6) I (0.5) 1 (0.8)

Central 17 (2.0) 14 (1.9) 25 (2.6) 18 (1.6) 4 (0.8) 2 (1.2) 6 (1.1)

West 26 (2.9) 14 (2.3) 21 (2.2) 17 (2.5) 2 (0.7) 1 (0.7) 3 (0.9)

White 18 (1.5) 34 (2.1i 25 (1.5 18 (1.2) 1 (0.4) 2 (0.6) 5 (0.6)

Black 30 (2.9) 50 (3.4) 11 (2.) 1 7 (1.7) 0 (0.5) 0 (0.0) 0 (0.5)

Hispanic 36 (3.1) 40 (3.0) 19 (2.7) 5 (1.3) 1 (0.4) 0 (0.4) 1 (0.6)

Male 28 (1.8) 38 (2.1) 19 (1.5) 12 Gil 1 (0.4) 1 (0.4) 2 (0.5)

Female 16 (1.8) 36 (1.9) 26 (1.7) 17 (1.8) 3 (0.6) 3 (0.8) 6 (0.8)

Advantaged Urban 10 (3.2) 33 (3.4) 35 (3.4) 15 (1.0) 3 (1.1) 4 (1.6) 7 (2.7)

Disadvantaged Urban 42 (3.3) 39 (4.1) 10 (2.5) 8 (2.)) 2 (1.1) 0 (0.0) 2 (1.1)

Extreme Rural 24 15.31 30 (5.1) 23 (1.9) 19 (4.1) 2 (1.3) 3 (1.7) 4 (1.8)

Other 21 (1.4) 18 (2.0) 22 (1.5) 15 (1.4) 2 (0.5) 2 (0.5) 4 (0.6)

Public 21 (1.4) 17 (1.8) 21 (1.1) 14 (Li) 2 (0.4) 2 (0.5) 4 ((.5)

Catholic and Other Private 14 (2.1) 15 (2.7) 30 (2.4) 16 (2.2) 2 (0.8) 2 (0.7) 4 (1.0)

File standard errors of the estimated percentages appear in parentheses. It can Ix' said with about 95 percent certainty that for each impulation

if interest, the value for the whole population is within plus or minus two standard errors of the estimate for the sample. In comparmg Iwo

estimates, one must use the standard error of the difference (see Appendix for details). When the proportion of students is either 0 percent or
100 percent, the standard error is inestimable. However, percentages 99.5 percent and greater were rounded to 1(X) percent and percentages 0.5

percent or less were rounded to 0 ivrcent. Percentages may not total 100 percent due to rounding error.

SOURCE: National Assessment of Educational Progress (NAEP), 1992 Mathematics Assessment
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More than one-third of the students received either minimal (22 percent)
or partial (15 percent) credit for their work. These students appeared to have
understood the mathematics and the question, but failed to heed the instructions
asking that work be shown, reasoning explained, and multiple budget options
explored. Only 4 percent of the students provided fully documented work
explanations and supporting computations -- for at least two of the three viable
budget options.

Across the subgroups of students, the highest percentage of satisfactory
or better responses appeared to have been posted by advantaged urban students
-- 7 percent, although this result was not statistically different from the
percentages attained by students in any other types of communities. The very
low performance overall precluded substantial differences among subgroups in
levels of successful performance. However, 30 percent or more of the Black and
Hispanic students left this question blank in comparison to 18 percent of their
White counterparts. Similarly, 42 percent of the disadvantaged urban students
left this question blank compared to 10 percent of the advantaged urban students.
It may be that in learning to engage in more complex assessment scenarios,
students need to be encouraged to spend more time simply digesting the
question. Also, it may be that the communication aspects of reading and listening
need to be emphasized as well as their counterparts of writing and discussing.
Because from an estimated one-third to half the students across the demographic
groups provided incorrect and unrelated information, the results suggest that
some students may rush to provide an answer through meaningless
manipulations without thinking through problems and strategies for solving
them.

Given that for this question, ratings of minimal or better indicated basic
understanding of the mathematics and task (albeit incomplete implementation),
it is interesting to note that only nine states had an estimated majority of their
students reach this level or better: Connecticut, Iowa, Maine, Minnesota,
Nebraska, New Hampshire, North Dakota, Wisconsin, and Wyoming (see TABLE
2.8). The percentages of students providing a satisfactory or better response
ranged from 0 to 8 percent. States with 7 to 8 percent of their students estimated
to have provided such responses included Colorado, Connecticut, and Iowa.
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TABLE 2.8 Percentages for Responses to Extended-Response Question, "Treena's Budget"

PUBLIC
SCHOOLS

Grade 8 - 1992

No Response Incorrect Minimal Partial Satisfactory Extended
Satisfactory or

Better

NATION 23 (1.4) 37 (1.8) 21 (1.3) 14 (1.1) 2 (0.4) 2 (0.5) 4 (0.5)
Northeast 23 (3.8) 40 (4.5) 19 (2.7) 13 (2.7) 2 (0.3) 3 (1.3) 5 (1.3)
Southeast 24 (2.2) 43 (3.7) 20 (2.5) 10 (1.8) 2 (0.7) 1 10.5) 3 (0.9)
Central 18 (2.2) 34 (4.2) 25 (2.9) 18 (1.6) 4 (0.9) 2 (1.3) 6 (1.2)
West 27 (3.1) 34 (2.4) 20 (2.4) 17 (2.5) 2 (0.7) 1 (0.7) 3 (1.0)
STATES
Alabama 26 (2.2) 40 (2.1) 20 (1.6) 12 (1.6) 2 (0.6) 0 (0.3) 2 (0.7)
Arizona 23 (2.0) 35 (2.0) 23 (1.9) 16 (1.8) 3 (0.8) 1 (0.3) 4 (0.91
Arkansas 24 (2.0) 38 (1.8) 25 (1.9) 11 (1.2) 2 (0.6) 0 (0.2) 2 (0.6)
California 27 (2.2) 36 (2.5) 22 (1.7) 12 (1.7) 2 (0.8) 0 (0.3) 3 (0.8)
Colorado 18 (1.4) 33 (2.0) 24 (1.8) 19 (1.7) 4 (0.6) 3 (0.8) 7 10.9)
Connecticut 21 (1.9) 29 (2.3) 23 (1.8) 20 (1.9) 4 (0.9) 3 (0.7) 7 (1.0)

Delaware 24 (2.5) 31 (2.4) 23 (2.0) 17 (1.9) 4 (1.2) 1 (0.4) 4 (1.4)
Dist. Columbia 41 (2.4) 38 (2.4) 14 (1.9) 5 (1.2) 0 (0.4) 1 (0.6) 1 (0.7)
Florida 24 (2.2) 37 (2.3) 24 (2.4) 12 (1.5) 2 (0.6) 2 (0.7) 4 (0.9)
Georgia 24 (1.8) 36 (2.0) 25 (1.9) 13 (1.5) 2 (0.5) 0 10.21 2 (0.6)
Hawaii 34 (2.0) 36 (2.0) 16 (1.8) 13 (1.4) 1 (0.4) 0 (0.3) 1 (0.5)
Idaho 19 (1.5) 37 (1.9) 23 (1.7) 17 (2.0) 3 (0.7) 1 (0.4) 4 (0.7)

Indiana 17 (1.8) 35 (2.0) 27 (2.2) 18 (2.1) 2 (0.7) 1 (0.4) 3 (0.8)
Iowa 11 (1.1) 29 (2.2) 30 (2.1) 22 (1.9) 4 (0.7) 4 (0.8) 8 (11 )
Kentucky 19 (1.6) 32 (1.8) 27 (1.8) 18 (1.4) 2 (0.7) 1 10.4) 4 (0.9)
Louisiana 35 (2.3) 36 (2.0) 19 (1.9) 8 (1.2) 1 (0 4) 0 (0.2i 1 (0 51
Maine 17 (1.8) 29 (2.0) 29 (2.3) 20 (1.6) 3 (0.9) 2 (0.6) 5 (1.1)
Maryland 26 (2.3) 30 (2.3) 20 (1.8) 20 (1.9) 3 (0.8) 2 (0.5) 4 (0.9)

Massachusetts 21 (1.9) 31 (2.0) 26 (2.1) 17 (1.8) 3 (0.7) 2 (0 6) 5 MO)
Michigan 21 (1.7) 34 (2.3) 25 (1.8) 16 (1.8) 2 (0.7) 1 (0.5) 4 (0.9)
Minnesota 13 (1.5) 34 (2.1) 27 (2.7) 19 (1.7) 4 (0.9) 3 (0.91 6 (1.4)
Mississippi 29 (2.2) 39 (1.9) 23 (1.9) 8 (1.1) 1 (0.4) 1 (0.3) 1 10.51

Missouri 20 (1.8) 37 (2.0) 23 (1.61 16 (1.7) 2 (0.6) 2 (0.31 4 (0.7)
Nebraska 17 (1.7) 30 (2.1) 29 (1.9) 20 (1.6) 4 (0.8) 1 k 0.4 i 5 (0.9)

New Hampshire 18 (1.3) 31 (2.1) 26 (1.7) 20 (2.1) 3 (0.7) 1 (0 5) 5 (0.8)
New Jersey 21 (2.2) 33 (3.1) 24 (2.0) 17 (1.6i 3 (0.9) 2 (0.7) 5 (1.3)
New Mexico 22 (1.7) 37 (2.0) 26 (2.0) 13 (1.4) 1 (0.51 0 (0.11 1 (0.5)
New York 23 (1.9) 36 (2.4) 21 (1.9) 15 (1.6) 2 (0.7) 2 (0.6) 4 (1.0)
North Carolina 24 (2.1) 35 (2.01 25 (1.7) 14 (1.4) "10.6) 1 (0.3) 3 (0.8)
North Dakota 14 (1.4) 32 (2.4) 29 (2.1) 19 (1.6) 4 (0.9) 2 (0 6) 6 (1.2)

Ohio 21 (1.9) 33 (1.6) 22 (2.0) 19 (1.9) 3 (0.9) 2 (0.6) 5 (1.0)
Oklahoma 16 (1.6) 37 (2.3) 28 (2.0) 16 (1.9) 2 (0.8) 1 (0.4) 3 (0.8)
Pennsylvania 19 (1.5) 35 (2.3) 23 (1.9) 20 (1.6) 2 (0.6) 1 (0.5) 3 (0.8)
Rhode Island 21 (3.2) 33 (2.5) 24 (2.2) 16 (2.2) 3 (0.9) 2 (0.8) 6 (1.1)
South Carolina 26 (1.9) 37 (2.4) 23 (2.0) 11 (1.4) 1 (0.4) 1 (0.5) 2 (0.5)
Tennessee 26 (2.1) 36 (2.1) 21 (1.9) 14 (1.6) 2 (0.6) 1 (0.4i 3 (0.7)

Texas 24 (1.9) 31 (2.4) 28 (2.0) 13 (1.6) 2 (0.6) 2 (0.8) 4 (1.0)
Utah 21 (1.5) 36 (2.0) 23 (1.6) 16 (1.3) 3 (0.6) 1 (0.3) 4 (0.8)
Virginia 18 (1.4) 33 /2.1 1 25 (2.0) 19 (1.9) 2 (0.7) 2 (0.6) 4 (0.9)
West Virginia 22 (1.7) 38 (2.1) 25 (1.6) 13 (1.3) 2 (0.6) 0 (0.3) 2 (0.71

Wisconsin 16 (2.3) 32 (2.3) 27 (2.6) 19 (2.4) 3 (0.9) 3 (0.7) 6 (1.0)
Wyoming 15 (1.5) 29 (2.0) 31 (2.1) 19 (1.9) 3 (0.7) 2 (0.7) 5 (3.9)
TERRITORIES
Guam 49 (3.1) 33 (2.8) 12 (1.9) 5 (1.5) 0 (0.3) 0 (0.3) 1 (0.4)
Virgin Islands 61 (2.3) 27 (2.9) 10 (2.1) 1 (0.6) 0 (0.0) 0 (0.0) 0 (0.0)

l'he standard errors of the estimated percentages appear in parentheses. It can be said with 95 percent certainty that for each population of interest,
the value for the whole population is within plus or minus two standard errors of the estimate for the sample. In comparing two estimates, onemust
use the standard error of the difference (see Appendix for details). Percentages may not total 100 percent due to rounding error.

SOURCE: National Assessment of Educational Progress (NAEP), 1992 Mathematics Assessment.
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Grade 8 Question: Radio Stations

The Task

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.

Radio station KMAT in Math City is 200 miles from radio station KGEO in
Geometry City. Highway 7, a straight road, connects the two cities.

KMAT broadcasts can be received up to 150 miles in all directions from the
station and :(GEO broadcasts can be received up to 125 miles in all directions.
Radio waves travel from each radio station through the air, as represented below.

Wave
Radio 0--L-r-.
Station

On the next page, draw a diagram that shows the following.

Highway 7
The location of the two radio stations
The part of Highway 7 where both radio stations can be received

Be sure to label the distances along the highway and the length in miles of
the part of the highway where both stations can be received.



Possible Solution

200 MI LES

c50 Ev),,MIL
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There is a 75-mile part of Highway 7 that is within both
broadcast areas. It starts 75 miles outside Math City and
ends 150 miles outside Math City.

Students need to assimilate and translate semantic
information in order to draw a diagram that graphically
depicts the location of the radio stations and Highway 7
accurately in terms of given boundary conditions. A graphical
approach to this task should enable students to determine
the length of the overlapping portion of Highway 7, along
which both radio stations can be received. Any satisfactory
response must clearly illustrate an overlapping region,
whereas, in addition, any extended response must clearly
identify the overlap and correctly determine its length to be
75 miles.

National Results, Scoring Guide, and Sample Responses

National Percent
for Each Category* Rating and Performance Category

0 No Response

The standard errors of the estimated percentages appear in parentheses.
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National Percent
for Each Category Rating and Performance Category

45 (1.6) 1 Incorrect -- The work is completely incorrect or
irrelevant, or the response states, "I don't know."

This INCORRECT response
does not relate the
information given in the
problem in a manner that
conveys either a meaningful
problem solving approach or
an adequate solution.

1.4.SinwiLyi dip skiate
/ 'rot recitv

22 (1.2) 2 Minimal -- Diagram with only cities, Highway 7,
and 200 miles labeled; or a diagram that shows
some, but not all, of the given distances: 125,
150, or 200 miles. Minimal responses do not
recognize that the common broadcast area is a
length along the highway.

This MINIMAL response
correctly depicts two
pieces of information
(radio stations KMAT
and KGEO are 200 miles
apart arid station KGEO
can broadcast 125 miles)
and shows rudimentary
understanding. It does
not show the common
broadcast area as a length
along the highway.
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National Percent
for Each Category Rating and Performance Category

13 (0.9) 3 Partial -- Diagram with cities. Highway 7, and
200 miles labeled and identification of
common broadcast area as a length along (or
not on) the highway. Two or more of the radio
wave distances 250, 125, . and 75 are
insufficiently labeled.

This is PARTIAL response
indicates considerable
understanding of the task
relative to the given
irtformation. The diagram
shows the radio stations to
be 200 miles apart and that
KAL4T can broadcast 150
miles. Additionally, the
diagram shows a part of the
highway (from A to B) along
which both radio stations
can be heard. However, the
response does not show the
broadcast range of station
KGEO and does not indicate
the length of the common
broadcast area.

eft\it C4r1 IDotA L ,,eaed
ke.-tvJeett

4 (0.5) 4 Satisfactory -- Diagram with cities, Highway 7, 200
miles, and all radio wave distances labeled and
identification of common broadcast area on Highway 7
as a length. At the same time, omits or incorrectly
computes length of the highway along which both radio
stations can be received.

This SATISFACTORY diagram
shows a good understanding
of the problem. Although
the student correctly
labeled the common area
along Highway 7 where
the two stations could
be heard, the length in
miles of this region
was not indicated.

;DO .4.

tit)
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National Percent
for Each Category Rating and Performance Category

1 (0.3) 5 Extended -- An accurate, well-labeled diagram
(as described in the score 4 category) clearly
indicating that the portion of Highway 7 along
which both radio stations can be received is 75
miles in length.

This is a solid EXTEIVDED
response. The diagram
is accurate and well
labeled. Additionally,
below the diagram a
statement correctly
concludes that the length
of the part of Highway 7
along which both radio
stations can be heard is
75 miles.

SK6itts1t1ft
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Performance Highlights: Radio Stations

An important aspect of mathematical power is the need to use logic and
diagrams to make sense of a situation and to communicate this reasoning.
However, as the results in TABLE 2.9 indicate, many students have yet to
recognize that diagrams can be effective analytical and communications tools.
Even though a variety of diagrams or explanations could be used to help explain
the intersection of the broadcast areas of the two radio stations and no particular
approach was preferred, only 5 percent of the eighth graders were F' e to read
and interpret the question and translate this information to develo a labelled

model that represented the situation.

TABLE 2.9 National Results for Demographic Subgroups for the Extended-Response
Task, "Radio Stations"

Grade 8

No Response Incorrect Minimal Partial Satisfactory Extended
Satisfactory

or Better

Nation 16 (1.1) 45 (1.6) 22 (1.2) 13 (0.9) 4 (0.5) 1 (0.1) 5 (0.6)

Northeast 15 (1.7) 42 (3.5) 22 (2.0) 15 (2.5) 5 (1.2) 1 (0.4) 6 (1.1)

Southeast 18 (2.1) 50 (2.8) 17 (1.7) 12 (1.4) 3 (0.8) 0 (0.3) -I (0.8)

Central 12 (2.2) 43 (2.0) 26 (2.8) 14 (2.4) 5 (1.1) I (0.2) 6 (13)

West 17 (2.5) 43 (3.5) 23 (2.5) 10 (1.2) 4 (1.1) 2 (0.9) 6 (1.4)

White 1 I (1.2) 40 (2.0) 26 (1.6) 16 (1.2) 5 (0.8) 2 (0.4) 7 (0.9)

Black 32 (4.1) 55 (4.2) 8 (2.1) 4 (1.6) I (0.6) (1 (0.0) 1 (0.6)

Hispanic 26 (2.5) 58 (2.9) 11 (2.))) 4 (1.1) I (0.6) 0 0).0) I (0.6)

Male 17 (1.2) 46 (2.1) 19 (1.8) 11 (1.1) 4 (0.7) 1 (0.3) 4 (0.8)

Female 14 (1.7) 41 (2.0) 24 (1.7) 12 (1.3) 4 (0.8) 2 (0.5) 6 ((.0)

Advantaged Urban 4 (1.7) 32 (3.2) 30 (1.3) 24 (3.1) 7 (1.8) 3 (1.0) 10 (1.5)

Disadvantaged Urban 38 (4.6) 49 (4.7) 7 (1.7) 4 (1.0) 2 (1.5) 0 0E0) 2 (1.5)

Extreme Rural 15 (4.9) 39 (7.3) 30 (5.6) 14 (4.8) 2 (1.0) 0 01.5) 2 (1.2)

Other 15 (1.5) 47 (2.2) 21 (1.4) 12 (0.9) 4 (0.7) I (0.4) 5 (0.8)

Public 17 (1.2) 45 (1.8) 21 (1.4) 12 (1.1) 4 (0.6) 1 (0.1) 5 (0.7)

Catholic and Other Private 8 (1.6) 42 (2.7) 25 (2.1) 18 (2.2) 6 (1.3) I (0.4) 7 (1.4)

The standard errors of the estnnated percentages appear in parentheses. It can be said with about 95 percent cenainty that for each population
of interest, the value for the whole population is within plus or minus two standard emirs of the estunate for the sample. In comparing two
estimates, one must use the standard error of the difference (see Appendix for details). When the proportion of students is either 0 percent or
100 percent, the standard enor is inestimable. However, percentages 99.5 percent and greater were rounded to lop percent and percentages 0.5

percent or less were rounded to 0 percent. Per:enrages may not total 100 percent due to rounding error.

SOURCE: National Assessment of Educational Progress (NAEP), 1992 Mathematics Assessment
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Students with incorrect responses provided no evidence that they were
able to make sense of the problem, often copying a piece of information from the
problem or submitting a meaningless drawing (or both). Forty-five percent of the
eighth graders nationally provided such responses and another 16 percent did not
answer the question at all. Although this meant the majority appeared to be
essentially at a loss as to the nature of this task, about one-third did seem to have
some understanding of the information presented in relation to the task required.
Approximately 22 percent received minimal credit and another 13 percent
received partial credit, the difficulty with these responses being an incomplete
approach, at best understandable only by those familiar with the problem. These
sketchy solutions appeared in spite of directions explicitly telling students what
to diagram and to be sure to label the distances and the part of the highway
where both stations can be received.

Across the categories of students by region, race/ethnicity, gender, type
of community, and type of school, a majority of only one subgroup provided at
least minimal responses: advantaged urban students. From 32 percent
(advantaged urban) to 58 percent (Hispanic) of the students by subgroup
provided meaningless information.

As shown in TABLE 2.10, the percentages of success for public-school
eighth graders in the jurisdictions participating in the Trial State Assessment
Progiam were similar to those for the nation. However, in two states, Iowa and
Minnesota, at least 10 percent of the students were estimated to have provided
satisfactory or better diagrams. For five states, Iowa, Minnesota, Nebraska, New
Hampshire, and North Dakota, the majority of the students were estimated to
have provided minimal or better responses.

130



TABLE 2.10 Percentages for Responses to Extended-Response Question, "Radio Stations"

PUBLIC
SCHOOLS

Grade 8 - 1992

No Response Incorrect Minimal Partial Satisfactory Extended
Satisfactory or

Better

NATION 17 (1.2) 45 (1.8) 21 (1.4) 12 (1.1) 4 (0.6) 1 (0.3) 5 (0.7)

Northeast 17 (2.0) 40 (4.2) 22 (2.6) 16 (3.1) 4 (1.5) 1 (0.5) 5 (1.6)

Southeast 19 (2.4) 52 (2.7) 15 (1.8) 11 (1.4) 2 (0.7) 0 (0.3) 3 (0.7)

Central 14 (2.6) 43 (2.5) 25 (3.3) 13 (2.9) 4 (1.3) 1 (0.2) 5 (1.4)

West 17 (2.8) 44 (4.0) 23 (2.7) 9 (1.4) 4 (1.2) 3 (1.0) 7 (1.5)

STATES
Alabama 22 (2.0) 53 (2.4) 14 (1.5) 8 (1.1) 2 (0.6) 1 (0.4) 3 (0.8)

Arizona 16 (1.7) 48 (2.3) 20 (1.8) 13 (1.6) 2 (0.7) 1 (0.4) 3 (0.9)

Arkansas 13 (1.8) 57 (2.6) 18 (1.8) 8 (1.2) 2 (0.6) 1 (0.3) 3 (0.7)

California 19 (1.7) 44 (2.3) 19 (2.1) 13 (2.1) 3 (0.9) 1 (0.5) 4 (1.1)

Colorado 11 (1.2) 43 (2.0) 23 (1.6) 16 (1.7) 5 (0.9) 2 (0.6) 7 (1.1)

Connecticut 10 (1.2) 44 (2.3) 23 (2.0) 16 (1.7) 6 (1.0) 2 (0.4) 7 (1.2)

Delaware 16 (2.0) 51 (2.4) 17 (1.5) 12 (1.8) 3 (0.9) 1 (0.5) 4 (1.0)

Dist. Columbia 30 (2.1) 57 (2.3) 8 (1.0) 3 (1.1) 1 (0.5) 1 (0.5) 2 (0.7)

Florida 22 (1.8) 46 (2.2) 19 (1.9) 10 (1.3) 3 (0.9) 1 (0.3) 4 (0.9)

Georgia 19 (1.7) 49 (2.1) 19 (1.6) 7 (1.1) 4 (0.9) 1 (0.5) 5 (0.9)

Hawaii 23 (1.8) 47 (2.3) 15 (1.6) 11 (1.3) 3 (0.8) 1 (0.4) 3 (0.8)

Idaho 11 (1.1) 46 (2.2) 21 (2.0) 15 (1.2) 5 (1.0) 2 (0.6) 7 (1.2)

Indiana 7 (1.1) 48 (2.6) 25 (2.1) 15 (1.9) 3 (0.7) 1 (0.6) 5 (1.0)

Iowa 6 (0.9) 35 (1.8) 28 (1.9) 21 (2.0) 6 (0.9) 4 (1.1) 10 (1.2)

Kentucky 13 (1.4) 52 (2.3) 22 (1.7) 10 (1.1) 2 (0.5) 1 (0.4) 3 (0.6)

Louisiana 24 (2.2) 54 (2.1) 15 (1.4) 6 (1.0) 1 (0.4) 0 (0.2) 1 (0.51

Maine 7 (0.9) 46 (2.1) 21 (1.9) 18 (1.8) 6 (0.9) 2 (0.6) 8 (1.1)

Maryland 15 (1.7) 48 (2.1) 20 (1,8) 13 (1.6) 3 (0.9) 1 (0.5) 5 (1.1)

Massachusetts 12 (1.2) 45 (2.8) 22 (2.4) 14 (1.9) 5 (0.9) 2 (0.7) 7 (1.0)

Michigan 15 (1.6) 46 (1.9) 21 (1.9) 12 (1.1) 5 (0.9) 2 (0.6) 7 (1.1)

Minnesota 6 (1.11 41 (2.3) 20 (1.9) 21 (2.4) 7 (1.0) 4 (1.0) 11 (1.6)

Mississippi 20 (1.9) 57 (2.21 14 (1.7) 6 (1.2) 2 (0.6) 0 (0.2) 2 (0.6)

Missouri 10 (1.2) 47 (2.11 23 (1.9) 12 (1.6) 5 (0.9) 2 (0.7) 8 (1.2)

Nebraska 6 (1.4) 44 (2.8) 23 (2.0) 20 (3.0) 6 (1.0) 1 (0.6) 7 (1.1)

New Hampshire 8 (1.1) 4:2 (2.1) 24 (1.8) 18 (1.5) 5 (1.01 3 (0.9) 8 (1.3)

New Jersey 12 (1.61 46 (2.3) 22 (2.0) 14 (1.8) 5 (0.9) 1 (0.5) 6 (1.0)

New Mexico 17 (1.71 51 (2.21 19 (1.6) 11 (1.4) 3 (0.7) 1 (0.3) 3 (0.8)

New York 15 (2.1) 44 (2.4) 22 (1.6) 11 (1.5) 5 (0.9) 2 (0.7) 7 (1.2)

North Carolina 12 (1.4) 54 (2.2) 21 (1.8) 10 (1.5) 2 (0.5) 1 (0.4) 3 (0.7)

North Dakota 6 (1.2) 43 (2.5) 25 (2.0) 18 (1.8) 5 (0.9) 3 (1.2) 8 (1.5)

Ohio 12 11.31 47 (2.1) 25 (2.1) 12 (1.8) 5 (1.0) 0 (0.2) 5 (1.0)

Oklahoma 10 (1.4) 46 (2.0) 23 (1,6) 16 (1.7) 3 (0.8) 2 (0.8) 5 (1.1)

Pennsylvania 12 (1.2) 4.4 (2.1) 22 (1.7) 14 (1.4) 6 (1.1) 3 (0.7) 8 (1.5)

Rhode Island 10 (1.11 49 (3.5) 25 (2.9) 12 (1.6) 2 (0.8) 2 (0.6) 5 (1.0)

South Carolina 12 11.41 55 (2.1) 21 (1.7) 10 (1.2) 2 (0.6) 1 (0.4) 3 (0.6)

Tennessee 16 (1.5) 51 (2.4) 22 (1.7) 10 (1.6) 1 (0.5) 0 (0.2) 2 (0.6)

Texas 16 (1.9) 45 (2.2) 21 (1.5) 12 (1.4) 3 (0.7) 3 (1.1) 5 (1.3)

Utah 10 (1.4) 46 (2.5) 20 (1,7) 16 (1.5) 7 (1.2) 2 (0.4) 8 (1.3)

Virginia 13 (1.5) 48 (2.5) 22 (1.7) 12 (1.4) 4 (0.8) 1 (0.5) 5 (1.0)

West Virginia 13 (1.51 53 (2.4) 21 (1.7) 10 (1.2) 3 (0.6) 0 (0.3) 3 (0.6)

Wisconsin 9 (1.9) 43 (1.8) 23 (1.8) 18 (1.9) 4 (1.0) 4 (1.0) 8 (1.2)

Wyoming 8 (1.2) 45 (2.4) 22 (1.7) 18 (1.6) 6 (0.9) 3 (0.7) 8 (1.1)

TERRITORIES
Guam 45 (2.4) 40 (2.4) 10 (1.9) 3 (1.0) 2 (0.8) 1 (0.5) 3 (0.8)

Virgin Islands 47 (3.4) 47 (3.3) 4 (1.1) 1 (0.7) 0 (0.3) 0 (0.0) 0 (0.3)

Fhe standard errors of the estimated percentages appear in parentheses. It can be said with 95 percent certainty that for each population of interest,
the value for the whole population is within plus or minus two standard errors of the estimate for the sample. In comparing two estimates, one must
use the standard error of the difference (see Appendix for details). Percentages may not total 100 percent due to rounding error.

SOURCE: National Assessment of Educational Progress (NAEP), 1992 Mathematics Assessment.
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Grade 8 Question: Marcy's Dot Pattern

The Task

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.

A pattern of dots is shown below. At each step, more dots are added to the
pattern. The number of dots added at each step is more than the number
added in the previous step. The pattern continues infinitely.

(1st step) (2nd step) (3rd step)

e

2 Dots 6 Dots 12 Dots

Marcy has to determine the number of dots in the 20th step, but she does
not want to draw all 20 pictures and then count the dots.

Explain or show how she could do this and give the answer that Marcy
should get for the number of dots.

Did you use the calculator on this question?

Yes No

Possible Solution

The explanation should include one of the following ideas
with no false statements:

a) For each successive step, the number of rows and
the number of columns is increasing by 1, forming a
pattern. For example, the first step shows a pattern of
dots that consists of one row by two columns, the
second step shows a pattern of dots that consists of
two rows by three columns, the third step three rows
by four columns, and so on. Continuing in this
pattern, the twentieth step would have 20 x 21, or 420,
dots.
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Possible Solution (continued)

b) Look at successive differences between consecutive
steps. The differences 4, 6, 8, 10, form a pattern.
There are 19 differences forming the pattern 4, 6, 8,
10, ... 38, 40, and this sum is equal to (9 x 44) + 22,
or 418. However, 2 must be added for the first step,
yielding a response of 420.

The solution to this task requires students to analyze several
steps in a pattern of dots in order to conjecture about a
general rule for determining the number of dots for any
particular step in the pattern. Additionally, students are
required to use their rule to find the number of dots at a
particular step in an extension cf the pattern where it no
longer is convenient to draw all of the intermediate dot
figures. One approach is to think of the steps in the pattern
as consisting of dots in rows and columns and to realize that
the number of dots in the nth step can be expressed as

= n(n+1) for n= 1,2,3 ... and thus
= 20(20 +1) = (20)21 = 420.

Other approaches are possible and students could use
arithmetic or algebraic concepts to explain their reasoning.
Although a few students did write an algebraic equation to
express a rule for the general term in a recursive relationship,
it was neither expected nor necessary for students to do so.



National Results, Scoring Guide, and Sample Responses

National Percent
for Each Category*

16 (1.0)

Rating and Performance Category

0 No Response

63 (1.3) 1 Incorrect -- The work is completely incorrect Or
irrelevant, or the response states. "I don't know."

It is difficult to
discern an explanation

for this INCORRECT
response. One possi-
bility is that the
student apportioned
the total of 20 dots
in the three steps
shown into two 2 x 5
sets.

National Percent
for Each Category
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Rating and Performance Category

10 (0.7) 2 Minimal -- An attempt to generalize the pattern
on a superficial level or to draw all 20 pictures
in the pattern (with a clear understanding of
the pattern).

This MINIMAL response
illustrates a student's
attempt to display the

first 12 steps in the
pattern. There is some
understanding of the
number of total dots
in each entry but no
attempt is made to
explain the pattern
in terms of rows
and columns.
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The standard errors of the estimated percentages appear in parentheses.
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National Percent
for Each Category* Rating and Performance Category

6 (0.7) 3 Partial -- The response has communicated a
partially correct generalization of the pattern.

This PARTIAL response
does begin to formulate
an explanation of the
total number of dots

for an entry. However,
the last sentence
incorrectly uses the
term "multiply" in an
attempt to discuss the
20th step. At this
point, the explanation
falters.

National Percent
for Each Category

L- al.0.44J
atiliCbQ) &AA-)

caLL ci_sskA)

i,Aso >44-af && 64A
cu9kA, )zb 444tr tiettrz,

;t4) 7 'a'r4.Km
ati0-

Cil,m.4th-ttt, Tu. 04124

63-Yv _Ac> id,at
cyr914 .44J-64.kU.

49to 6)1t et4t,d, ett A.44a.jZ

7-kZ .5fe)z5Cev,

Rating and Performance Category

1 (0.2) 4 Satisfactory -- The response contains a completely
correct generalization of the pattern but does not
include -- or incorrectly states -- the number of dots
(420) in the 20th step.

This SATISFACTORY response
provides steficient evidence
of how to generate the
various steps in the pattern
by multiplying the number of
rows times the number of
columns. However, the
student does not determine
the number of dots in the
20th step.
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National Percent
for Each Category Rating and Performance Categom

5 (0.6) 5 Extended -- This response contains a
completely correct generalization of the
pattern and specifies that there are 420 dots in
the 20th step.

This is a strong EXTENDED
response. The student
clearly related the number
of dots in a step to an
appropriate multiplica-
tion rule. This student
then moues directlyfrom
stcp three to step 20 and
determines the correct
number of dots for
that step.
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Performance HighIghts: Marcy's Dot Pattern

Because only about half the eighth graders are enrolled in prealgebra (28
percent) or algebra (20 percent)," it was expected that this multistep prealgebra
question would be difficult for students, given its challenging requirements. First,
students needed to identify a pattern in the dots that continues indefinitely.
Second, they needed to develop and communicate a generalization to describe
any term in the pattern. Finally, they had to apply their generalization to the 20th
term in the pattern.

Because the answer could have been given as an algebraic expression for
the nth term of an equation, this question was designed to provide the eighth
graders enrolled in prealgebra and algebra an opportunity to demonstrate their
understanding, while stiil having several numbers and operations based solutions
available for all students. A satisfactory or better response, however, did need
to state an accurate recursion rule or provide some computational information
with an explanation.

As shown by the results presented in TABLE 2.11, most of the eighth
graders fell short of detecting and communicating a pattern in the dots.
Nationally, 16 percent did not respond and 63 percent provided irrelevant or
inaccurate information about the dot pattern. Of the students who were able to
detect the pattern, most were not able to complete the step of generalizing to a
rule that could be used to find the dots in any term. Ten percent were able to
demonstrate their understanding of the pattern by working some number of the
terms beyond those given and another 6 percent tried to provide a generalization.
Only 6 percent of the students provided satisfactory or better responses. The 1
percent of the students providing satisfactory rather than extended responses
provided a generalization but failed to apply it to the 20th term. The remaining
5 percent worked the problem in full.

In general, the results were relatively consistent across demographic
subgroups. However, 13 percent of the advantaged urban students provided
satisfactory or better responses compared to 1 percent of the disadvantaged urban

students. Also, 13 percent of the private-school eighth graders provided
L-1isfactory or better responses compared to 5 percent of the public-school
students.

" Data Compendium for NAIP 1992 Mathematics Assessment of the Nation and the States (Washington, DC:
National Center for Education Statistics, I943).
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TABLE 2.11 National Results for Demographic Subgroups for the Extended-Response
Task, "Marcy's Dot Pattern"

Grade 8

No Response Incorrect Minimal Partial Satisfactory Extended
Satisfactory

or Better

Nation 16 (1.0) 63 (1.3) 10 (0.7) 6 (0.7) 1 (0.2) 5 (0.6) 6 (0.7)

Northeast 18 (3.2) 61 (3.2) 10 (1.9) 4 (0.7) 2 (0.5) 6 (1.8) X (1.6)

Southeast 20 (2.0) 64 (2.2) 9 (1.5) 3 (0.7) 1 (0.4) 4 (1.1) 4 (1.3)
Central 10 (1.5) 65 (2.1) 10 (1.4) 8 (1.4) 1 (0.4) 6 (1.1) 7 (1.4)

West 16 (2.0) 62 (2.8) 10 (1.1) 7 (1.8) 0 (0.2) 4 (1.1) 4 (1.1)

White 12 (1.1) 63 (1.5) 11 (0.8) 7 (0.8) 1 (0.2) 6 (0.8) 8 (0.9)

Black 24 (2.9) 67 (2.9) 6 (1.6) 2 (0.9) 0 (0.0) 1 (0.5) 1 (0.5)

Hispanic 28 (2.8) 61 (3.1) 7 (2.0) 3 (1.2) 0 (0.0) 1 (0.5) 1 (0.5)

Male 19 (1.5) 63 (2.2) 8 ((.0) 5 (0.9) 1 (0.2) 5 (0.9) 5 (0.9)

Female 13 (1.2) 63 (1.6) 12 (1.1) 6 (1.0) 1 (0.3) 5 (0.8) 6 (0.9)

Advantaged Urban 8 (2.9) 62 (5.1) 10 (1.9) 6 (1.6) 1 (0.6) 11 (2.5) 13 (2.6)

Disadvantaged Urban 32 (3.9) 59 (4.7) 4 (1.3) 4 (1.9) 1 (0.6) 1 (0.5) 1 (0.7)

Extreme Rural 16 (2.9) 69 (3.6) 8 (2.3) 2 (1.1) 1 (0.7) 4 (2.0) 5 (2.3)

Other 15 (1.3) 62 ((.5) 11 (0.9) 6 (0.9) 1 (0.2) 4 (0.7) 5 (0.7)

Public 16 (1.2) 64 (1.4) 9 (0.8) 6 (0.7) 1 (0.2) 4 (0.6) 5 (0.6)

Catholic and Other Private 11 (1.7) 56 (2.7) 12 (1.6) 7 (1.2) 2 (0.9) 10 (2.2) 13 (2.0)

The standard errors of the estimated percentages appear in parentheses. It can be said with about 95 percent certainty that for each population
of interest, the value for the whole population is within plus or minus two standard errors of the estimate for the sample. In co ',paring two
estimates, one must use the standard error of the difference (see Appendix for details). When the proportion of students is either 0 percent or
100 percent, the standard error is inestimable. However, percentages 99.5 percent and greater were rounded to 100 percent and percentages 0.5
percent or less were rounded to 0 percent. Percentages may not total 100 percent due to rounding error.

SOURCE: National Assessment of Educational Progress (NAEP), 1992 Mathematics Assessment

The results for participating states and jurisdictions, shown in TABLE 2.12,
mirror those for the nation. The reasoning and analysis required of students to
conjecture, describe, and use a general approach for extending the pattern of dots
proved to be a considerable challenge for most students. In general, 80 to 90
percent of the eighth graders attempted this task, but about 60 to 70 percent of
them could not find or articulate the pattern in the dots. However,
Connecticut, Maine, Minnesota, New Jersey, and Wisconsin, an estimated 30
percent or more of the students identified a pattern, receiving minimal credit or
better for their responses. In four states, an estimated 10 percent or more of the
eighth graders provided responses judged satisfactory or better Connecticut,
Maine, New Jersey, and Wisconsin.
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TABLE 2.12 I Percentages for Responses to Extended-Response Question, "Marcy's Dot Pattern"

PUBLIC
SCHOOLS

Grade 8 - 1992

No Response Incorrect Minimal Partia! Satisfactory Extended
Satisfactory or

Better

NATION 16 (1.2) 64 (1.4) 9 (0.8) 6 (0.7) 1 (0.2) 4 (0.6) 5 (0.6)

Northeast 18 (3.9) 62 (3.8) 9 (1.9) 4 (1.0) 1 (0.5) 6 (1.6) 7 (1.8)

Southeast 22 (2.2) 63 (2.3) 9 (1.5) 3 (0.7) 1 (0.6) 2 (0.9) 3 (1.1)

Central 10 (1.3) 66 (2.3) 9 (1.6) 8 (1.5) 1 (0.4) 6 (1.2) 7 (1.4)

West 17 (2.2) 63 (2.8) 10 (1.3) 7 (1.9) 0 (0.3) 3 (1.1) 4 (1.1)

STATES
Alabama 15 (1.5) 70 (2.2) 8 (1.2) 4 (0.8) 0 (0.2) 3 (0.7) 3 (0.7)

Arizona 17 (1.4) 62 (2.3) 9 (1.2) 6 (1.1) 1 (0.5) 4 (0.9) 6 (1.1)

Arkansas 14 (1.8). 70 (2.3) 9 (1.5) 3 (0.9) 2 (0.4) 3 (0.7) 4 (0.9)

California 20 (1.6) 56 (2.5) 11 (1.6) 6 (1.0) 1 (0.5) 5 (0.9) 6 (1.1)

Colorado 12 (1.4) 61 (1.8) 13 (1.1) 8 (1.1) 2 (0.6) 5 (0.8)- 6 (1.1)

Connecticut 11 (1.3) 58 (2.0) 12 (1.5) 9 (1.0) 2 (0.7) 8 (1.0) 10 (1.3)

Delaware 17 (2.2) 63 (2.5) 10 (1.4) 5 (1.0) 1 (0.4) 4 (1.1) 5 (1.1)

Dist. Columbia 24 (2.3) 64 (2.4) 6 (1.4) 2 (0.8) 1 (0.5) 4 (0.9) 5 (0.9)

Florida 19 (1.81 64 (2.5) 8 (1.4) 4 (1.0) 1 (0.3) 4 (0.7) 5 (0.9)

Georgia 17 (1.7) 65 (2.1) 10 (1.4) 3 (0.7) 1 (0.5) 4 (0.9) 5 (0.9)

Hawaii 24 (1.7) 56 (2.2) 11 (1.5) 6 (0.9) 2 (0.6) 3 (0.7) 4 (0.9)

Idaho 13 (1.5) 63 (1.81 9 (1.5) 9 (1.3) 1 (0.4) 5 (1.1) 6 (1.3)

Indiana 12 (1.1) 65 (2.1) 1 I (1.6) 6 (0.9) 1 (0.5) 5 (0.9) 6 (1.0)

Iowa 6 (0.8) 67 (2.2) 11 (1.6) 8 (1.0) 3 (0.6) 6 (0.9) 8 (1.1)

Kentucky 10 (1.4) 68 (1.9) 11 (1.1) 5 (0.8) 1 (0.4) 4 (1.0) 5 (1.1)

Louisiana 18 (1.8) 66 (2.3) 9 (1.4) 3 (0.9) 1 (0.5) 1 (0.5) 3 (0.8)

Maine 9 (1.1) 60 (2.4) 15 (1.7) 6 (1.4) 2 (0.7) 7 (1.3) 10 (1.5)

Maryland 15 (2.01 61 (2.4) 9 (1.2) 6 (1.1) 3 (0.9) 6 (1.1) 9 (1.4)

Massachusetts 14 (1.5) 57 (2.4) 13 (1.6) 7 (1.3) 2 (0.7) 7 (1.1) 9 (1.4)

Michigan 14 (1.6) 64 (2.0) 10 (1.3) 5 (0.9) 2 (0.5) 5 (1.2) 7 (1.1)

Minnesota 7 (1.0) 60 (2.01 15 (1.6) 10 (1.2) 2 (0.5) 7 (1.1) 9 (1.2)

Mississippi 17 (2.1) 70 (2.21 7 (1.0) 3 (0.6) 1 (0.5) 2 (0.7) 3 (0.9)

Missouri 11 (1.5) 64 12.21 11 (1.5) 6 (1.1) 1 (0.4) 7 (1.2) 8 (1.2)

Nebraska 9 (1.1) 64 (2.2) 12 (1.6) 6 (1.5) 2 (0.6) 7 (1.4) 9 (1.4)

New Hampshire 12 (1.5) 59 (2.3) 12 (1.5) 9 (1.3) 2 (0.6) 7 (1.1) 9 (1.2)

New Jersey 12 (1.6) 58 (2.5) 14 (1.6) 7 (1.3) 2 (0.8) 7 (1.3) 10 (1.6)

New Mexico 15 (1.5) 64 (2.1) 11 (1.5) 5 (1.1) 1 (0.4) 3 (0.7) 4 (0.8)

New York 16 (1.7) 61 (2.1) 11 (1.7) 7 (1.4) 1 (0.4) 4 (1.0) 5 (1.0)

North Carolina 14 (1.6) 66 (1.7) 9 (1.2) 5 (1.0) 1 (0.4) 5 (0.9) 6 (0.9)

North Dakota 8 (1.3) 66 (2.8) 12 (1.6) 7 (1.4) 2 (0.5) 5 (1.0) 7 (1.1)

Ohio 14 11.41 60 (2.6) 14 (2.2) 5 (0.8) 1 (0.5) 5 (1.1) 6 (1.1)

Oklahoma 11 (1.4) 67 (2.7) 11 (1.8) 4 (1.0) 1 (0.3) 5 (1.3) 6 (1.3)

Pennsylvania 12 (1.5) 63 (2.21 12 (1.4) 6 (1.0) 1 (0.5) 6 (1.1) 7 (1.3)

Rhode Island 13 (1.5) 62 (2.3) 11 (2.0) 7 (1.6) 2 (0.6) 5 (1.1) 7 (1.2)

South Carolina 12 (1.41 68 (1.9) 9 (1.3) 6 (1.0) 1 (0.4) 5 (0.8) 5 (1.0)

Tennessee 15 (1.4) 66 (2.2) 11 (1.9) 4 (0.8) 0 (0.3) 3 (0.7) 3 (0.8)

Texas 16 (1.6) 61 (2.4) 11 (1.4) 7 (1.2) 1 (0.4) 4 (0.9) 6 (1.0)

Utah 12 (1.5) 65 (1.8) 9 (1.1) 8 (1.2) 2 (0.6) 5 (0.8) 6 (1.0)

Virginia 14 (1.51 62 (1.9) 12 (1.5) 6 (0.9) 2 (0.5) 5 (0.9) 7 (1.1)

West Virginia 16 (1.61 68 (2.1) 8 (1.0) 4 (0.8) 1 (0.4) 3 (0.7) 4 (0.8)

Wisconsin 9 (1.5) 58 (2.4) 14 (1.7) 7 (1.2) 4 (1.6) 7 (1.2) 11 (2.0)

Wyoming 11 (1.4) 62 (2.1) 13 (1.5) 7 (1.1) 1 (0.5) 6 (1.1) 7 (1.1)

TERRITORIES
Guam 33 (2.8) 52 (2.8) 7 (1.5) 6 (1.4) 2 (0.8) 0 (0.3) 2 (0.8)

Virgin Islands 48 (2.6) 49 (2.8) 3 (1.0) 0 (0.3) 0 (0.0) 0 (0.0) 0 (0.0)

fhe standard errors of the estimated percentages appear in parentheses. It can be said with 95 percent certaintythat for each population of interest,
the value for the whole population is within plus or minus two standard errors of the estimate for the sample. In comparing two estimates, one must
use the standard error of thc difference (see Appendix for details). Percentages may not total 100 percent due to rounding error.

SOURCF: National Assessment of Educational Progress (NAEP), 1992 Mathematics Assessment.

1992 NAEP TRIAL STATE ASSESSMENT

BEST COPY AVAILABLE
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Extended-Response Questions: Grade 12

High-school seniors were administered six extended-response tasks as part
of NAEP's 1992 national assessment. (Again, the Trial State Assessment Program
was administered at grades 4 and 8, but not at grade 12.) The three tasks
released to the public are discussed in this section.

The "Effective Tax Rates" question asks students to work with a definition
concerning a tax rate. Students could have approached the problem using either
numbers and operations or algebra and functions to represent and model a
situation involving variables. The first part of the problem, requiring application
of the understanding of an effective tax rate of 5 percent, should be accessible to
most high-school seniors. However, the second part determining whether or
not the tax rate could be 6 percent -- requires an understanding of the conditions
under which an equation has no real solution or some understanding of the
concept of limit. Students were provided with a scientific calculator for this
question.

In "Patterns of Squares," students were asked to use elementary algebraic
concepts as well as basic numbers facts to explain why a statement is always true
about the relationship among the squares of positive integers that end in the digit
5. That is, explain why, when positive integers ending in the digit 5 are squared,
the resulting integer always ends in 25. Twelfth graders also were provided with
a scientific calculator to use in answering this question.

The question about "Graphing the Path of an Object" required students to
apply geometric and algebraic concepts usually encountered in college

preparatory mathematics courses. More specifically, students needed working
familiarity with the Pythagorean relationship, the rectangular coordinate system,
the concept of slope, and graphic models. They were asked to graph the path of
an object and answer questions based on their graph.
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Grade 12 Question: Effective Tax Rates

The Task

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.

One plan for a state income tax requires those persons with income of
$10,000 or less to pay no tax and those persons with income greater than
$10,000 to pay a tax of 6 percent only on the part of their income that
exceeds $10,000.

A person's effective tax rate is defined as the percent of total income that
is paid in tax.

Based on this definition, could any person's effective tax rate be 5 percent?
Could it be 6 percent? Explain your answer. Include examples if necessary
to justify your conclusions.

Did you use the calculator on this question?

Yes No

Possible Solution

a) Yes, it can be 5%: Let x equal the number of dollars of
income.

0.06(x 10,000) = 0.05x
0.06x 600 = 0.05x
0.01x= 600
x = 60,000

If the income is $60,000 then the effective tax rate is 5
percent.



Possible Solution (continued)

b) No, it cannot be 6 %.

Let x equal the number of dollars of income.

0.06 = 0.06(x 10,000)
0.06x = 0.06x 600
0 = -600; This is a false statement, therefore there is no
amount of income for which the effective tax rate is 6 percent;

OR, for an income of x dollars, where x is greater than
$10,000, the amount of tax equals 0.06(x $10.000).

The effective tax rate is:
0.06 (x 10,000) 0.06x 600 600

As x becomes very large, the effective tax rate approaches
0.06 but theoretically never becomes 6 percent;

600 600
OR, is always a positive number, so 0.06 is

x x
always less than 0.06.

Thus, the effective tax rate is less than 6 percent.
Students need to understand that in order for a person to pay
any state tax, his or her income must exceed $10,000. Thus,
an appropriate strategy for this problem would be to repre-
sent the amount of a person's taxable income in a meaningfill
way with the use of an expression such as (x 10,000), where
x is the number of dollars of income and x is greater than
10,000. Students then can determine by either arithmetic or
algebraic methods that there is a unique income, $60,000, for
which the effective tax rate is 5 percent.

In attempting to determine whether there is an income for
which the effective tax rate is 6 percent, it is necessary for
students to extend their reasoning skills to consider either
implicitly or explicitly a limiting process or to understand the
conditions for which an equation has no real solutions.
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National Results, Scoring Guide, and Sample Responses
National Percent
for Each Category*

20 (1.2)

Rating and Performance Category

0 No Response

66 (1.4) 1 Incorrect -- The work is completely incorrect or
irrelevant, or the response states, "I don't know."

This INCORRECT response
does reiterate some
given information
but does not display
any evidence cf an
approach that might
be used to determine
the possibility of
either a 5 or 6
percent effective
tax rate.
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The standard errors of the estimated percentages appear In parentheses.
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National Percent
for Each Category Rating and Performance Category

9 (0.9) 2 Minimal -- Student shows some evidence of working
with the 5% or 6% and the $10,000 appropriately.

This ISIINJMAL response
shows that the student
understands that only
income over $10,000
is taxed. This is
illustrated by the
example involving $20,000.
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National Percent
for Each Category Rating and Performance Category

2 (0.4) 3 Partial -- There is evidence of some correct
work; i.e.. an example of a specific effective tax
rate or a relevant equation is displayed.

This PARTIAL response
contains a correct
illustration of an
effective tax rate of
5.4%, which would occur

for an income of $100,000.
The discussion about an
effective twc rate of 6%
is inaccurate.
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National Percent
For Each Category Rating and Performance Category

2 (0.5) 4 Satisfactory -- Student correctly shows that the
effective tax rate can be 5% OR shows that an effective
tax rate of 6% is not possible -- but not both.

This SATISFACTORY response
shows that the amount of
income for which the
effective rate is 5%
must be $60,000. 1.-P-1t s 66400-e
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National Percent
for Each Category Rating and Performance Category

1 (0.4) 5 Extended -- The work for both the 5% and 6%
effective tax rate cases is clearly and
accurately shown.

This EXTENDED response
provides all the work
necessary to show that
there exists an income
for which the effective
tax rate is 5%. In a
similarly efficient
manner, the student
demonstrates that
there exists no amount
of income for which the
effective tax rate is 6%.
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Performance Highlights: Effective Tax Rates

TABLE 2,13 contains the national results for the Effective Tax Rates
question. One-fifth of the high-school seniors left their papers blank. Nearly two-
thirds (66 percent) did not demonstrate understanding of the initial premise of the
question -- that only income in excess of $10,000 would be taxed. In most cases,
these students simply reiterated some information from the problem situation
without making any progress toward answering either of the questions.

TABLE 2.13 National Results for Demographic Subgroups for the Extended-Response
Task, "Effective Tax Rates"

Grade 12

No Response Incorrect Minimal Partial Satisfactory Extended
Satisfactory

or Better

Nation 20 (1.2) 66 (1.4) 9 (0.9) 2 (0.4) 2 (0.5) 1 (0.4) 1 (0.7 1

Northeast 21 (2.5) 62 (3.0) 9 (1.9) 2 (0.7) 4 ((.7) 1 (0.5) 5 ( 1.8 )

Southeast 23 (2.: 68 (2.7) 7 (1.5) 2 (0.6) 1 (0.4) 0 (0.1) I (0.41

Central 15 (2.2) 69 (2.5) 9 (1.4) 2 (0.6) 2 (0.8) 2 ((.2) 4 ( 1.7 1

West 22 (2.8) 62 (3.4) 10 ((.9) 3 (0.9) 2 (0.9) 1 (0.5) 1 (1.2)

White 17 (1.3) 66 (1.6) 10 (1.1) 3 (0.5) 1 (0.6) 2 (0.5) 4 (0.(J)

Black 31 (3.3) 60 (3.7) 1 (0.8) 1 (0.5) 2 (1.7 1 0 0).0) 2 (1.7)
Hispanic 32 (4.7) 63 (6.4) 5 (2.7) 0 (0.3) 0 (0.0) 0 (0.4) 4 (0.4)

Male 21 (1.9) 67 (2.0) 7 (1.0) 2 (0.4) 2 0).6) 1 ((1.4) 3 (RN)

Female 20 (1.4) 64 (1.7) 10 (1.2) 2 (0.6) 2 (0.8)
1 ((1.7) 4 ((.1)

Advantaged Urban 11 (2.0) 64 (3.1) 11 (2.4) 3 ((.0) 5 (1.9) 4 ((.2) 9 (2.1 )

Disadvantaged Urban 30 (4.0) 65 (4.3) 3 (1.4) 0 (0.4) 1 (0.8) 0 (03) I ((1.8)

Extreme Rural 16 (2.2) 68 (2.9) 12 (2.8) 1 ((.0) 0 (03) 0 (0.4) I (0.4)

Other 21 (1.6) 65 ((.9) 8 (1.(1) 2 (0.5) 2 (0.6) 1 (0.5) 1 (0.9)

Public 21 (1.3) 66 (1.6) 9 (1.)) 2 (0.4) 2 (0.5) 1 01.4) 2 10.6)

Catholic and Other Private 14 (2.1) 61 (2.6) 10 (2.6) 3 (1.(1) 6 (1.8) 1 (1.1) 9 (2.1 )

I he standard errors of the estimated percentages appear in parentheses. It can be said with about 95 percent certainty it for each population
f interest, the value for the whole population is within plus or minus two standard errors of the estimate for the sample. In comparing two

estimates, one must use the standard error of the difference (see Appendix for details). When the proportion of student is either 0 percent or
100percent, the standard error is inestimable. Ilowever, percentages 99.5 percent and greater were rounded to 100 perc,mt and percentages 0.5
percent or less were rounded to 0 percent. Percentages may not total 100 percent due to rounding error.

SOURCE: National Assessment of Educational Progress (NAEP), 1992 Mathematics Assessment
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Nine percent of the twelfth-grade students showed an initial grasp of the
foundation of the question, taxation of income above $10,000, but went no further.
Two percent received partial credit for accurately computing a tax rate of an
income above $10,000, even though the rate was not 5 percent. Most students
who produced responses judged to be at the minimal or partial level used
arithmetic to show some understanding oi the problem situation.

The 2 percent providing satisfactory responses found the income with an
effective tax rate of 5 percent, but did not solve the second part of the question.
Only 1 percent of the students at grade 12 provided explanations for both parts
of the question. Almost all students who gave satisfactory or better responses
used algebraic approaches together with the idea of a limit.

By and large, these low levels of performance held across subgroups.
However, 9 percent of the advantaged urban students as well as of the private-

school students provided satisfactory or better responses to this task.
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Grade 12 Question: Patterns of Squares

The Task

This question requires you to show ur work and explain your reasoning.
You may use drawings, words, and numl...:rs 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.

152 = 225
252 = 625
352 = 1225

The examples above suggest the following statement.

When a positive integer that ends in the digit 5 is squared, the
resulting integer ends in 25.

Explain why this statement is always true. (Hint: (10n + 5)1

Did you use the calculator on this question?

Yes No



Possible Solution

For n a positive integer:
(10n + 5)2 = 100n2+ 100n + 25 = 100 (n2 + n) + 25

Since n is a positive integer it follows that n2, n2 + n, and 100 (n2 + n) are
positive integers. The integer 100 (n2 + n) is a multiple of 100 and thus
ends in 00, i.e., its unit and tens digits are both 0. Therefore, when 25 is
added to 100 (n2 + n) the sum will end in 25, i.e., the tens and unit digits
are 2 and 5, respectively.

When asked to square an expression such as (a + b) many students will
incorrectly state that (a +1)) 2 = a2 + b2. This significant misconception
usually occurs because students fail to recognize that (a + b)2 = a2 + ba +
ab + b2. Therefore, when the multiplication of (a + b) times (a + b) is carried
out and like terms are collected, the resulting product is a2 + 2ab + b2.
Thus, it is the middle term, 2ab, that is often overlooked, even by some
good students. This principle and resulting algorithm are central to
showing that when a positive integer that ends with a units digit of 5 is
squared, the resulting product is an integer that ends in 25. Additionally,
it is necessary for students to demonstrate a clear understanding of place
value and powers of 10 in order to fully justify their explanations.
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National Results, Scoring Guide, and Sample Responses

National Percent
for Each Category*

17 (1.4)

Rating and Performance Category

0 No Response

64 (1.7) 1 Incorrect -- The work is completely incorrect or
irrelevant, or the response states, "I don't know."

This INCORRECT response
fails to demonstrate any
meaningful work and
contains several errors that
convey a misunderstanding of
important algebraic concepts
that are beiAg assessed.

-F 7e griscver 4v,
-rke eicuci4/.0-A e44,5

,rAe 11(a elSO)Cr LA) 11/

411.069 ht

The standard errors of the estimated percentages appear In parentheses
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National Percent
for Each Category* Rating and Performance Category

16 (1.2) 2 Minimal -- Student provides additional
numerical examples only or states
(10n + 5)2 = 10On2 + 25 only.

This AllNEWAL response
gives an additional
numerical example not
provided in the question
that indicates some
understanding of the problem.
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National Percent
for Each Category Rating and Performance Category

1 (0.3) 3 Partial -- Student states
(10n + 5)2 = 1.00n2 + 25. and provides
a rtfLially correct explanation.

This PARTIAL response
shows the relationship
between a multiple of
100 and the addition of
25. However, this
response also contains the
misconception that
flOn + 5)2 100n2 + 25.

1 (0.2) 4 Satisfactory -- Student states that (10n + 5)2= 1.00n2 +
100n + 25 and mentions zero(s). The explanation ties
25 to a multiple of 10 or 100.

This SATISFACTORY response
correctly shows that
(IOn + 5)2 100n2 + 100n + 25
and also gives a rather weak
statement that relates a
multiple of 100 and the
addition of 25.

4.011 +5-)ta A.bOnt t j/SOA + 2.

4.00 +felts any t_.P.Acy-

foe& two CA 1. 4y sreciai Aida

eted, fk vroket



National Percent
for Each Category Rating and Performance Category

1 (0.4) 5 Extended -- Student displays a solution that is
mathematically accurate and provides a clear
and complete explanation.

This EXTENDED response
correctly expands
a On + 512 and gives an
explanation that for any
number n the expansion will
have Os in the last two
digits and thus when 25
is added the resulting
integer will end in 25.

otu = oo

(:0r alwj AltivA

(31) P)2 0 AI Will eft.)

00 vA ;

s resviis
c)) 2.5 4. D .

re. Irer

2 .5
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Performance Highlights: Patterns of Squares

As indicated by the results in TABLE 2.14, twelfth-grade students had
great difficulty with this problem. Seventeen percent did not even attempt a
solution, and 64 percent provided bits of information or unrelated mathematics
(usually incorrect). Sixteen percent of the students showed a minimal grasp of
the issue, by providing a different numerical example such as 45 x 45 = 2,025.
Some of the other minimal responses incorrectly stated that (10n + 5)2 equals
100n2 + 25. The few responses (1 percent) given partial credit were based on the
same misconception about the formula, but also contained an explanation related
to the idea of adding 25 to a multiple of 100.

TABLE 2.14 National Results for Demographic Subgroups for the Extended-Response
Task, "Patterns of Squares"

Grade 12

No Response Incorrect Minimal Partial Satisfactory Extended
Satisfactory

or Better

Nation 17 (1.4) 64 (1.7) 16 (1.2) 1 (0.3) 1 (0.2) 1 (0.4) 2 (0.4)

Northeast 19 (2.0) 57 (2.7) 20 (2.5) 0 (0.3) 0 (0.4) 4 (1.1) 4 (1.4)

Southeast 20 (3.7) 64 (4.1) 14 (2.4) 1 (0.3) 1 (0.3) 1 (0.5) 1 (0.6)

Central 13 (1.9) 69 (2.0) 15 (2.0) 1 (0.6) 1 (0.6) 1 (0.4) 2 (0.7)

West 17 (2.9) 64 (4.0) 15 (2.6) 4 (1.0) 0 (0.3) 0 (0.3) 1 (0.6)

White 12 (1.4) 67 (1.9) 17 (1.4) 2 (0.4) 1 (0.3) 2 (0.5) 3 (0.6)

Black 36 (5.)) 56 (5.5) 7 (1.8) 1 (0.3) 0 (0.0) 0 (0.0) 0 (0.0)

Hispank 25 (4.4) 56 (5.2) 17 (4.4) 2 (1.7) 0 (0.0) 0 (0.0) 0 (0.0)

Male 19 (2.0) 62 (2.3) 15 (1.4) 2 ((1.5) 0 (0.2) 2 (0.7) 2 ((1.7)

Female 15 (1.6) 65 (2.2) 17 (1.7) 1 (0.5) 1 0.3) 1 (0.4) 2 (0.5)

Advantaged Urban 8 (2.1) 64 (3.4) 19 (3.2) 3 (1.5) 2 (0.7) 4 (1.9) 6 (2.1)

Disadvantaged Urban 28 (4.9) 57 (5.1) 14 (2.4) 1 (0.5) 0 (0.0) 0 (0.0) (1(0;0)

Extreme Rural 17 (4.5) 70 (5.9) 12 (3.3) 1 (1.1) 0 (0.0) 0 (0.0) 0 (0.0)

Other 17 ((.5) 63 (1.9) 17 (1.8) 1 (0.4) 1 (0.3) 1 (0.4) 2 (0.5)

Public 17 (1.5) 64 (1.9) 15 (1.4) 1 (0.4) 1 (0.2) 1 (0.4) 2 (0.4)

Catholic and Other Private 14 (2.2) 59 (3.2) 21 (2.4) 2 (0.7) 2 (0.8) 2 (0.8) 4 (1.1)

The standard errors of the estimated percentages appear in parentheses. It can be said with about 95 percent certainty that for each population
of interest, the value for the whole population is within plus or minus two standard errors of the estimate for the sample. In comparing two
estimates, one must use the standatd error of the difference (see Appendix for details). When the proportion of students is either 0 percent or
100 percent, the standard error is inestimable. However, percentages 99.5 percent and greater were rounded to 1(8) percent and percentages 0.5

percent or less were rounded to 0 percent. Percentages may not total 100 percent due to rounding error.

S(11..RCE: National Assessment of Educational Progress (NAEP), 1992 Mathematics Assessment
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One percent of the responses were judged to be satisfactory and another
1 percent were judged to be extended. This means that an estimated 2 percent
of the students accurately conveyed the idea that (10n + 5)2 = 100n2 + 100n + 25,
with only half of them also giving an adequate explanation that related the
addition of 25 to a multiple of 100, thereby earning an extended rating. Given
that all students do not study algebra, some confusion with the formula may be
understandable. Yet, the concepts underlying the question are rooted in a basic
understanding of place value combined with multiplication of zeros and fives.
It does seem that with some thought, more students would have received partial
credit.

Performance across subgroups was quite consistent on this task, because
so few students in any group seemed to grasp the idea underlying the question.

Even for the advantaged urban students, only 9 percent provided responses
judged as partial or better.
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Grade 12 Question: Graphing Path of Object

The Task

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.

r

3
;

2 'r

1 --'-

A.
Start 1 2 3 4

The darkened segments in the figure above show the path of an object that
starts at point A and moves to point C at a constant rate of I unit per
second. The object's distance from point A (or from point C) is the
shortest distance between the ob;ect and the point.

Please answer the questions on page 9 that refer to this graph.

In the space below, complete the following steps.

a) Sketch the graph of the distance of the object from point A over the 7-second period.

b) Then sketch the graph of the distance of the object from point C over the same
period.

2

7

6

5

4

3

2

1

0 1 2 3 4 5 6 7

Time (seconds)

c) On your graph, label point P at the point where the distance of the object from
point A is equal to the distance of the object from point C.

d) Between which two consecutive seconds is the object equidistant from
points A and C ?
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Possible Solution

a) and b)

distance
from

point A

distance
from

1 2 3 4 5 6 7 point C
Time (seconds)

d) Between 3 and 4 seconds.

c)

P (31

Seconds

,
31)

8 8

Distance from
.Dint A

Distance from
Point C

0 0 5

1, 1 Nii-8- .. 4.2
2 2 Nii- ., 3.6

3 3 415 --. 3.2
4 4 3

5 NTT = 4.1 2

6 NT) 4.5 1

7 5 0

Students need to realize that the graph of the distance of the object from
point A is linear only during the first four seconds. At the end of the fifth
second it is critical for students to observe that the distance of the object
from point A is equal to the length of the hypotenuse of a right triangle with

sides of length 4 and 1 and that distance is equal to ,/ 42 + 12 = NO by the
Pythagorean relationship. In a like manner, at the end of the sixth and
seventh seconds the distance the object is from point A is equal to
v42 22 20 = 2 V-5". and 1/42 + 32 = \r23 = 5, respectively. When the seven
resulting (time, distance) ordered pairs are plotted on the axes provided and
the graph of the distance of the object from point A is sketched, students
should have drawn a non-linear path. The non-linearity may be observed
from the change in slope of the path that occurs between the points (4,4)
and (5,4.1) and thereafter. The path of the distance of the object from point
C, on the other hand, is non-linear for the first four seconds and linear
during the final three seconds. Another facet of this task is for students to
understand that the distance of the object from point A is equal to the
distance of the object from point C at the point where the two curves
intersect, which occurs between the third and fourth seconds.
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National Results, Scoring Guide, and Sample Responses

National Percent
for Each Category*

9 (0.8)

Rating and Performance Categ9ry

0 No Response

68 (1.3) 1 Incorrect -- The work is completely incorrect or
irrelevant or the response states, "I don't know."

This INCORRECT response
indicates some relevance
to the task but the work
is insufficient to warrant
recognition even at the
minimal level.

6

5

a)

DI shwa, 64'
Att

1 2 3 4 5 6 7

Time (seconds!

#.0i

18 (1.4) 2 Minimal At least two points are plotted
correctly on at least one of the two distance vs.
time graphs.

This MINIMAL response
shows an incomplete
graph of the distance
of the object from
Point C. The portion
of the graph shown does
contain three correct/y
plotted points.

7

6

tit' 5
4

1

a)

C.

1 2 3 4 5 6
Time (seconds)

?o'vNt C. ?

The standard errnrs of the estimated percentages appear In parentheses.
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National Percent
for Each Category Rating and Performance Category

4 (0.8) 3 Partial -- Portions of one or both graphs are
correct; point P is not located or is located
incorrectly and the time when the object is
equidistant from points A and C is incorrect or
missing.

This PARTIAL response
correctly shows the
graph of the distance
of the object from
Point A, including the
change in slope at
the point (4,4)
that indicates the
path is nonlinear.

7

6

5

4
.C.2 3

2

1

1 2 3 4 5 6 7

Time (seconds)

A

0 (0.2) 4 Satisfactory -- Both graphs are non-linear but the slope
of one graph does not change at the appropriate point.
Point P is located correctly but the time when the
object is equidistant from points A and C is incorrect
or missing.

This SATISFACTORY response
would have been at the
extended level except that
the slope of the graph of
the distance of the object
from point C does not change
at the point (4,3) but rather
at the point (3,4). The fact
that the curvature of this
graph is inaccurate would
not have deducted from the
student's score.

0

7

6

5

4

3

2

1

0 1 2 3 4 5 6 7

Time (seconds)

ci) c1/4m8
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National Percent
for Each Category Rating and Performance Category

1 (0.2) 5 Extended -- Both graphs are accurately
sketched and show change in slope at the
points (4,4) and (4,3). Graphs must be non-
linmr but curvature (concavity) need not be
.axact. Point P is located at the intersection of
the two graphs between the 3rd and 4th
seconds.

This EXTENDED response
clearly shows the
graphs of the distance
of the object from
Points A and C are
nonlinear curves
with the change in the
slopes of the curves
changing at points (4,4)
and (4,3), respectively.
Additionally, the student
has located point P at the
intersection of the two
graphs and indicated that
the object is equidistant

from points A and C between
the third and fourth seconds.

7

6

5

4
3

2

1

pic

0

ci)
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Performance Highlights: Graphing Path of Object

One of the most interesting things about the Graphing Path of Object
question was the relatively high rate of response. The data presented in TABLE
2.15 show that 91 percent of the twelfth graders tackled this question. However,
about two-thirds of the students (68 percent) provided graphs that bore little or
no resemblance to the information g4ven in the problem. These findings agree

with results from a related constructed-response question administered at grade
12 as part of the California Assessment Program (CAP), which also required
graphing and application of the Pythagorean relationship. As stated in the CAP
report, "although students have been given opportunities to translate from verbal

situations to equations and arithmetic algorithms, they have not had enough
experience in proceeding from verbal instructions to geometric figures."'

TABLE 2.15 National Results for Demographic Subgroups for the Extended-Response
Task, "Graphing Path of Object"

Grade 12

No Response incorrect Minimal Partial Satisfactory Extended
Satisfactory

or Better

Nation 9 (0.8) 68 (1.3) 18 (1.4) 4 (0.8) 0 (0,2) 1 (0.2) 1 (0.3)

Northeast 8 (2.0) 63 (2.8) 20 (1.6) 7 (2.3) 1 (0.3) 1 (0.4) 1 (0.6)

Southeast 10 (1.1) 71 (1.1) 17 (2.9) 1 (0.5) 0 (0.1) 1 (0.4) 1 (0.4,

Central 7 (1.6) 67 (1.7) 20 (2.3) 5 (1.1) 1 (0.5) 1 (0.5) 2 (0.7)

West 10 (1.4) 69 (2.31 15 (2.0) 5 (1.7) 0 (0.3) I (0.5) I (0.41

White 8 (0.9) 66 (1.4) 19 (1.7) 5 (1.1) 1 (0.2) 1 (0.3) 2 (0.4)

Black 12 (2.2) 74 (3.1) 13 (2.6) I (0.7) 0 (0.0) 0 (0.0) 0 (0.0)

Hispanic 13 (2.9) 70 (4.2) 16 (3.5) 1 (0.9) 0 (0.0) 0 (0.0) 0 (0.0)

Male 9 (1.2) 64 (1.9) 20 (1.5) 5 (1.)1 1 (0.3) 1 (0.4) 2 (0.5)

Female X 11.21 71 (2.))) 16 (1.9) 4 (0.8) 0 (0.21 1 (0.3) 1 (0.3)

Advantaged Urban 3 (1.6) 61 (5.2) 24 (4.2) 8 (2.5) 1 (0.41 1 (0.7) 2 (0.8)

Disadvantaged Urban 20 (2.9) 65 (3.7) 12 (2.2) 4 (1.6) 0 (0.0) 0 (0.0) 0 (0.0)

Extreme Rural 8 (2.7) 68 (4.6) 21 (3.61 1 (1.3) 0 (0.0) 0 (0.4) 0 ((1.4)

Other 8 (0.9) 69 (1.4) 17 (1.7) 4 (1,0) 1 (0.3) 1 (0.3) 2 (0.4)

Public 10 (0.9) 69 (1.4) 17 (1.2) 4 (0.9) (1(0.1) 1 ((1.3) 1 (0.3)

Catholic and Other Private 4 (1.1) 60 (4.2) 27 (5.2) 7 (1.6) 2 (1.0) I (0.3) 3 (1.0)

"lhe standard errors of the estimated percentages appear in parentheses. It can be said with about 95 percent certainty that for each population

of interest, the value for the whole population is within plus or minus two standard errors of the estimate for the sample. In comparing two

estimates, one must Use the standard error of the difference (see Appendix for details ). When the proportion of students is either (1 percent or

10)) percent, the standard error is inestimable. However, percentages 99.5 percent and greater were rounded to ((X) percent and percentages 0.5

percent or less were rounded to 0 percent. Percentages may not total 100 percent due to rounding error.

SOURCE: National Assessment of Educational Progress (NAEP). 1992 Mathematics Assessment

"A QueNtion of ThinAing: ,4 First Look at Students' Performance on (Ten-Ended Questions in Mathematics
(Sacramento, CA: California State Department of Education, 1989).
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Eighteen percent of the students received a minimal rating, by correctly
plotting at least two or three points on the linear portion of one of the time-
distance graphs. Four percent of the students were given partial credit for
plotting portions of both graphs correctly. Only a very few students, about 1
percent, demonstrated understanding of the Pythagorean relationship in

determining the object's shortest distance from either point A or point C. Nearly
all students who correctly applied this relationship sketched both graphs
correctly, located point P, and determined the time at which the object was
equidistant from points A and C. Thus, most students who understood the
demands of the task provided extended responsc.,.s. A very few omitted some
piece of the necessary information and received a satisfactory rating.

That only a small percentage of students was able to complete this
problem successfully also corresponds to the CAP findings for the question
requiring graphing and application of the Pythagorean relationship. As explained
in its report, "students' descriptions and diagrams revealed a series of ways they
went astray: only 1.5 percent successfully completed the entire problem."

The few performance differences across subgroups were noted for this
question at the minimal and partial levels. For example, nearly one-third of
advantaged urban students plotted some part, but not all of the information,
compared to 16 percent of the disadvantaged urban students. Percentages of
satisfactory or better responses were uniformly low across the various subgroups,
from 0 to 3 percent.
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Summary

The results in this chapter highlight students' difficulties in communicating
mathematics ideas and concepts. For some questions, as many as one-fifth of the
students left their papers blank, providing no response at all. Often, the majority
of students did not provide evidence that they had a grasp of the concepts that
needed to be explained, or in some instances that they even understood the
question being asked. From approximately one-third to two-thirds of the students
provided incorrect responses to the extended questions. Some of this
phenomenon could result from students simply not taking enough time to read
and understand the question. Or perhaps, students had difficulty in even reading
the questions. If students cannot read well, it would influence their ability to do
these kinds of mathematics problems.

Some portion of che students did demonstrate understanding of the tasks,
but needed more practice in providing complete explanations. In fact; most
students who did seem to understand the questions had difficulty explaining their
work. Although the percentages of students providing satisfactory or better
responses tended to be small, it is encouraging that some students -- from 1 to 16
oercent provided extended responses to each one of the tasks.
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CHAPTER THREE

Summarizing Performance on the Constructed-Response Tasks

In general, there appears to be overwhelming support for assessments that
directly address important student learning and foster exemplary teaching
practices. In addition to The NCTM Standards and Mathematical Sciences
Education Board publications such as Measuring Up, various national reports,
including Raising Standards for American Education by the National Council on
Education Standards and Testing and Testing in American Schools: Asking the Right

Questions by the Office of Technology Assessment, recommend such approaches.
However, the concerted push toward more instructionally relevant assessment
instmments has meant movement away from multiple-choice formats with clearly
understood measurement properties to more complicated performance assessment
situations. Thus, as information becomes available about various implementations
of performance-oriented assessments it is interesting to share the lessons
learned.'

Difficulty by Question Type and for Subpopulations

TABLES 3.1 and 3.2 summarize performance at grade 4 for the nation and
the states on tl-le five extended-response questions included in the 1992
assessment. Across the tasks, three of which were presented in their entirety in
Chapter Two, national performance ranged from 10 to 2.3 percent of the fourth
graders providing responses judged as satisfactory or better. On average, 16
percent provided responses judged as satisfactory or better. Across the states,
average performance varied from 7 to 22 percent satisfactory or better responses.
Seven states had an estimated one-fifth or more of their students provide
satisfactory or better responses, on average, including Connecticut, Iowa, Maine,
Minnesota, New Hampshire, North Dakota, and Wisconsin.

NAEP shared the re,.ulk of its pilot qudy in collecting the nation's writing portfolio in Exploring New
Methods for Collecting Students' School-based Writing available from the Government Printing Office.
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TABLE 3.1 National Percentages of Satisfactory or Better Responses to
Extended-Response Questions

Grade 4

Pizza
Comparison

Laura Use
Calculator

Graphs of
Pockets

Compare
Geometric
Figures*

Number
Patterns

(Photo Album)*

Average
Percentage
Satisfactory

or Better

Nation 23 (1.3) 20 (1.5) 10 (0.9) 10 (0.8) 8 (1.1) 16 (0.6)

Northeast 29 (4.3) 25 (3.9) 12 (2.5) 14 (1.6) 25 (3.0) 21 (1.7)

Southeast 20 (2.4) 15 (2.8) 9 (23) 10 (1.3) 12 (1.4) 13 (1.3)

Central 21 (2.2) 23 (3.4) 9 (1.7) 8 (1.0) 20 (2.4) 17 (1.0)

West 23 (2.1) 18 (2.3) 10 (1.2) 9 (2.1) 16 (2.2) 15 (1.1)

White 28 (...7) 24 (2.2) 13 (1.3) 12 (1.1) 22 (1.4) 20 (0.8)

Black 9 (2.1) 5 (1.8) I (0.4) 5 (1.3) 4 (1.2) 5 (0.7)

hispanic 12 (2.8) 11 (2.2) 2 (1.0) 2 (1.0) 8 (2.0) 7 (1.0)

Male 26 (2.0) 22 (1.8) 11 (1.5) 8 (1.2) 14 (1.4) 16 (0.8)

Female 21 (1.4) 18 (2.0) 9 (1.2) 12 (1.3) 22 (1.9) 17 (0.8)

Advantaged Urban 35 (3.6) 32 (4.8) 16 (3.4) 18 (3.4) 28 (4.3) 26 (2.4)

Disadvantaged Urban 14 (3.5) 4 (1.5) 2 (0.9) 4 (1.0) 2 (1.0) 5 (1.)))

Extreme Rural 18 (3.7) 20 (6.3) 10 (2.3) 5 (2.5) 15 (II) 14 (1.9)

Other 23 (1.6) 20 (1.7) 10 (1.2) 10 (0.9) 19 (1.4) 17 (0.7)

Public 23 (1.5) 19 (1.6) 10 (1.0) 10 (0.9) 18 (1.3) 16 (0.7)

Catholic and Other Private 23 (2.7) 28 (2.6) 12 (2.0) 12 (1.8) 20 (2.1) 19 (1.I)

*Secure questions, unreleased.

The standard errors of the estimated percentages appear in parentheses. It can he said with about 95 percent certainty for each population of
interest, the value for the whole population is within plus or minus two standard errors of the estimate for the sample. In comparing two estimateN,
one must use the standard error of the difference (see Appendix for details).

SOURCE: National Assessment of Educational Progress (NAEPL 1992 Mathematics Assessment
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TABLE 3.2 Percentage of Satisfactory or Better Responses to Extended-Response Questions, Grade 4

PUBLIC
SCHOOLS

Grade 4 - 1992

Pizza Comparison
Laura's Calculator

Correction Graphs of Pockets

Compare
Geometric
Figures"

Number Patterns'
(Photo Album)

Average Percent
Satisfactory or

Better

NATION 23 (1.5) 19 (1.6) 10 (1.0) 10 (0.9) 18 (1.3) 16 (0.7)

Northeast 29 (5.1) 24 (4.3) 12 (2.5) 13 (2.2) 26 (3.5) 21 (2.0)

Southeast 20 (2.7) 13 (3.4) 8 (2.4) 10 (1.5) 12 (1.3) 13 (1.6)

Central 23 (2.8) 23 (3.7) 8 (2.1) 8 (1.1) 19 (3.0) 16 (1.3)

West 23 (2.1) 16 (2.2) 10 (1.4) 9 (2.1) 16 (2.3) 15 (1.2)

STATES
Alabama 16 (1.7) 16 (1.9) 5 (0.9) 6 (0.9) 14 (1.3) 11 (0.8)

Arizona 19 (1.6) 15 (1.2) 7 (1.0) 9 (1.41 17 (1.3) 13 (0.7)

Arkansas 20 (1.71 10 (1.3) 7 (1.1) 4 (0.7) 13 (1.7) 11 (0.7)

California 14 (1.9) 18 (1.8) 6 (1.2) 6 (1.1) 11 (1.5) 11 (0.7)

Colorado 21 (1.5) 23 (1.7) 8 (1.2) 10 (1.0) 18 (1.6) 16 (0.7)

Connecticut 27 (1.9) 30 (2.4) 12 (1.6) 14 (1.7) 23 (1.6) 22 (1.0)

Delaware 21 (1.5) 20 (1.6) 7 (1.1) 11 (1.3) 17 (1.7) 15 (0.8)

Dist. Columbia 12 (1.6) 9 (1.0) 3 (0.8) 4 (1.1) 8 (1.6) 7 (0.7)

Florida 17 (1.4) 16 (1.6) 6 (1.2) 9 (1.2) 14 (1.8) 12 (0.8)

Georgia 25 (1.7) 16 (1.5) 8 (1.2) 8 (1.0) 19 (1.4) 15 (0.7)

Hawaii 17 (1.8) 20 (1.9) 7 (1.1) 7 (1.1) 12 (1.4) 12 (0.9)

Idaho 23 (2.0) 25 (1.9) 7 (1.0) 9 (1.3) 16 (1.3) 16 (0.8)

Indiana 24 (2.3) 21 (1.7) 6 (1.1) 8 (1.3) 18 (1.8) 15 (0.9)

Iowa 29 (1.6) 28 (2.2) 12 i1.3) 16 (1.9) 26 (1.9) 22 (1.0)

Kentucky 21 (2.0) 18 (1.7) 6 (1.2) 8 (1.5) 17 (1.5) 14 (0.9)

Louisiana 14 (1.5) 9 (1.5) 5 (0.8) 5 (1.0) 10 (1.6) 8 (0.7)

Maine 30 (2.3) 31 (2.9) 13 (1.6) 12 (1.7) 26 (2.4) 22 (1.0)

Maryland 21 (1.6) 23 (1.8) 9 (1.2) 13 (1.7) 20 (1.8) 17 (0.9)

Massachusetts 22 (2.3) 27 (2.5) 10 (1.6) 14 (1.3) 20 (1.8) 19 (1.1)

Michigan 21 (1.8) 22 (2.3) 10 (1.2) 7 (1.3) 19 (2.0) 16 (1.0)

Minnesota 27 (2.0) 26 (2.3) 11 (1.4) 9 (1.4) 24 (1.9) 20 (0.9)

Mississippi 11 (1.3) 10 (1.3) 4 (0.8) 7 (1.0) 8 (1.1) 8 (0.7)

Missouri 26 (2.1) 23 (2.0) 9 (1.3) 9 (1.4) 20 (1.8) 17 (0.9)

Nebraska 26 (2.5) 23 (1.9) 9 (1.1) 12 (1.7) 20 (1.8) 18 (0.9)

New Hampshire 28 (2.2) 29 (2.0) 9 (1.5) 14 (1.7) 26 (2.2) 21 (1.0)

New Jersey 22 (1.71 27 (2.0) 10 (1.5) 9 (1.1) 23 (2.3) 18 (0.8)

New Mexico 17 (1.4) 18 (2.7) 4 (1.0) 9 (2.2) 14 (2.1) 12 (0.9i

New York 16 (1.7) 20 (1.8) 9 (1.5) 9 (1.5) 18 (1.9) 15 (1.0)

North Carolina 19 (1.51 16 (1.7) 6 (0.9) 9 (1.3) 15 (1.5) 13 (0.7)

North Dakota 30 (2.0) 24 (1.7) 10 (1.1) 11 (1.5) 22 (2.0) 20 (0.8)

Ohio 24 (1.8) 23 (1.5) 9 (1.4) 11 (1.4) 19 (1.6) 17 (0.8)

Oklahoma 23 (1.8) 21 (1.8) 7 (1.0) 9 (1.1) 20 (1.7) 16 (0.7)

Pennsylvania 24 (1.7) 23 (1.6) 11 (1.7) 15 (1.4) 22 (1.7) 19 (0.9)

Rhode Island 22 (2.1) 18 (1.7) 7 (1.4) 12 (1.5) 18 (1.7) 16 (1.0)

South Carolina 17 (1.6) 13 (1.4) 6 (0.8) 8 (1.1) 13 (1.4) 11 (0.7)

Tennessee 23 (2.1) 16 (2.2) 6 (1.1) 8 (1.0) 13 (1.4) 13 (0.8)

Texas 17 0.91 21 (2.0) 11 (1.51 9 (1.21 14 (1.3) 15 (0.8)

Utah 23 (1.8) 21 (1.7) 6 (1.0) 10 (1.2) 19 (1.7) 16 (0.8)

Virginia 24 (1.6) 23 (1.9) 8 (1.6) 12 (1.41 19 (1.7) 17 (1.0)

West Virginia 19 (1.71 17 (1.7) 5 (1.0) 8 (1.1i 14 (1.5) 13 (0.7)

Wisccnsin 25 (1.7) 29 (2.2) 11 (1.31 13 (1.31 24 (1.6) 20 (0.9)

Wyoming 25 (1.9) 24 (1.9) 11 (1.2) 10 (1.4) 21 (1.51 18 (0.8)

TERRITORY
Guam 7 (1.4) 8 (1.5) 3 (0.7) 5 (1.0) 10 (1.2) 7 (0.5)

*Secure question, unreleased. The standard errors of the estimated percentages appear in parentheses. It can be said with 95 percent certainty tha
for ea.:11 population of interest, The value for the whole population is within plus or minus two standard errors of the estimate for the sample. In
comparing two estimates, one must use the standard error of the difference (see Appendix for details).

SOURCE: National Assessment of Educational Progress (NAEP), 1992 Mathematics Assessment.
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TABLES 3.3 and 3.4 summarize performance at grade 8 for the nation and
the states on the six extended-response questions included in the 1992 assessment.
(Three of these tasks are found in Chapter Two.) National performance ranged
from 4 to 13 percent of the students providing satisfactory or better responses,
with an average of 8 percent. Across the states, average performance varied from
0 to 13 percent satisfactory or better.

TABLE 3.3 National Percentages of Satisfactory or Better Responses to Extended-
Response Questions

Grade 8

Treena's
Budget

Radio
Stations

Marcy's
Dot

Pattern

Probability
(Leroy's
Coins)*

Geometric
Shapes

(Hallway)*

Number
Patterns
(Tiles)*

Average Percent
Satisfactory or

Better

Nation 4 (0.5) 5 (0.6) 6 (0.7) 13 (1.1) 7 (0.7) 13 (1.11 8 (0.5)

Northeast 4 (1.0) 6 (1.1) 8 (1.6) 17 ;3.9) 8 (1.9) 16 (1.5) 10 (1.4)

Southeast 3 (0.8) 3 (0.8) 4 (1.3) 10 (1.2) 6 (1.1) 10 (1.8) 6 (0.6)

Central 6 (1.1) 6 (1.3) 7 ((.4) 12 (2.0) 8 (1.5) 14 (1.9) 9 (0.8)

%irst 3 (0.9) 6 (1.4) 4 (1.1) 14 (1.6) 7 (1.2) 14 (2.6) 8 (0.9)

White 5 (0.6) 7 (0.9) 8 (0.9) 16 (1.5) 9 (1.0) 16 (1.3) I() (0.6)

Black 0 (0.5) 1 (0.6) 1 (0.5) 1 (0.5) 1 (0.9) 6 (1.7) 2 (0.3)

Hispanic 1 (0.6) 1 (0.6) 1 (0.5) 6 ((.9) 4 (1.3) 6 (1.6) 3 (0.5)

Male 2 (0.5) 4 (0.8) 5 (0.9) 12 (1.3) 7 (1.1) 10 (1.2) 7 (0.5)

Female 6 (0.8) 6 (1.0) 6 (0.9) 14 (1.7) 8 (1.0) 17 (1.8) 10 (0.7)

Advantaged Urban 7 (2.7) 10 (1.5) 13 (2.6) 28 (5.5) 16 (2.8) 20 (4.5) 16 (2.1)

Disadvantaged Urban 2 (1.1) 2 (1.5) 1 (0.7) 3 (1.2) 3 (1.2) 6 (2.4) 3 (0.8)

Extreme Rural 4 (1.8) 2 (1.2) 5 (2.3) 8 (2.1) 5 (1.8) 12 (2.6) 6 (1.0)

Other 4 (0.6) 5 (0.8) 5 (0.7) 12 (1.0) 7 (0.8) 14 (1.2) 8 (0.5)

Public 4 (0.5) 5 (0.7) 5 (0.6) 13 (1.2) 7 (0.8) 13 (1.1) 8 (0.5)

Catholic and Other Private 4 (1.0) 7 (1.4) 13 (2.0) 17 (2.3) 12 (1.9) 13 (1.9) 11 (1.0)

*Secure question, unreleased.

The standard errors of the estimated percentages appear in parentheses. It can bc said with about 95 percent certainty for each population of interest, the
value for the whole population is within plus or minus two standard errors of the estimate for the sample. In comparing two estimates, one must use the

standard error of the difference (see Appendix for details).

SOURCE: National Assessment of Educational Progress (NAM)), 1992 Mathematics Assessment

170



TABLE 3.4 I Percentage of Satisfactory or Better Responses to Extended-Response Questions, Grade 8

Grade 8 - 1992

PUBLIC
SCHOOLS

Treena's
Budget Radio Stations

Marcy's Dot
Pattern

Probability'
(Coins)

Geometric
Shapes"
(Hallway)

Number
Patterns'

(Tiles)

Average
Percent

Satisfactory or
Better

NATION 4 (0.5) 5 (0.7) 5 (0.6) 13 (1.2) 7 (0.8) 13 (1.1) 8 (0.5)
Northeast 5 (1.3) 5 (1.6) 7 (1.8) 18 (4.3) 7 (2.3) 16 (2.1) 10 (1.7)

Southeast 3 (0.9) 3 (0.7) 3 (1.1) 10 (1.5) 5 (1.2) 10 (1.7) 6 (0.7)

Central 6 (1.2) 5 (1.4) 7 (1.4) 11 (2.2) 8 (1.7) 13 (2.0) 8 (0.9)

West 3 (1.0) 7 (1.5) 4 (1.1) 14 (1.7) 6 (1.2) 14 (2.7) 8 (0.9)

STATES
Alabama 2 (0.7) 3 (0.8) 3 (0.7) 5 (1.0) 4 (0.8) 9 (1.5) 4 (0.5)
Arizona 4 (0.9) 3 (0.9) 6 (1.1) 11 (1.2) 7 (1.2) 11 (1.5) 7 (0.7)
Arkansas 2 (0.6) 3 (0.7) 4 (0.9) 8 (1.1) 4 (0.7) 9 (1.1) 5 (0.4)
California 3 (0.8) 4 (1.1) 6 (1.1) 12 (1.8) 5 (0.9) 12 (1.4) 7 (0.8)

Colorado 7 (0.9) 7 (1.1) 6 (1.1) 18 (2.1) 10 (1.2) 16 (1.7) 11 (0.6)

Connecticut 7 (1.01 7 (1.2) 10 (1.3) 17 (1.7) 11 (1.2) 14 (1.1) 11 (0.6)

Delaware 4 (1.4) 4 (1.0) 5 (1.1) 9 (1.2) 5 (1.2) 10 (1.2) 6 (0.4)
Dist. Columbia 1 (0.7) 2 (0.7) 5 (0.9) 2 (0.4) 2 (0.9) 6 (1.0) 3 (0.4)
Florida 4 (0.9) 4 (0.9) 5 (0.9) 10 (1.2) 4 (0.8) 9 (1.4) 6 (0.4)

Georgia 2 (0.6) 5 (0.9) 5 (0.9) 10 (1.1) 4 (1.0) 9 (1.7) 6 (0.5)

Hawaii 1 (0.5) 3 (0.8) 4 (C.9) 4 (1.3) 4 (0.7) 8 (1.3) 5 (0.4)
Idaho 4 (0.7) 7 (1.2) 6 (1.3) 9 (1.1) 10 (1.3) 14 (1.5) 8 (0.6)

Indiana 3 (0.8) 5 (1.0) 6 (1.0) 15 (1.8) 9 (1.1) 15 (1.7) 9 (0.7)

Iowa 8 (1.1) 10 (1.2) 8 (1.1) 21 (2.0) 16 (1.5) 16 (1.7) 13 (0.8)

Kentucky 4 (0.9) 3 (0.6) 5 (1.1) 12 (1.5) 7 (1.3) 11 (1.4) 7 (0.5)

Louisiana 1 (0.5) 1 (0.5) 3 (0.8) 4 (1.0) 2 (0.7) 7 (1.2) 3 (0.5)

Maine 5 (1.1) 8 (1.1) 10 (1.5) 18 (1.4) 10 (1.5) 16 (1.6) 11 (0.7)

Maryland 4 (0.9) 5 (1.1) 9 (1.4) 15 (1.2) 8 (1.1) 18 (1.7) 10 (0.7)

Massachusetts 5 (1.0) 7 (1.0) 9 (1.4) 17 (1.8) 11 (1.3) 18 (1.9) 11 (0.7)

Michigan 4 (0.9) 7 (1.1) 7 (1.1) 14 (1.8) 8 (1.2) 14 (1.4) 9 (0.7)

Minnesota 6 (1.4) 11 (1.6) 9 (1.2) 21 (1.6) 15 (1.51 12 (1.6) 13 (0.7)

Mississippi 1 (0.5) 2 (0.6) 3 (0.9) 7 (1.1) 2 (0.6) 7 (1.2) 4 (0.5)

Missouri 4 (0.71 8 (1.2) 8 (1.2) 13 (1.4) 8 (1.3) 14 (1.6) 9 (0.7)

Nebraska 5 (0.9) 7 (1.1) 9 (1.4) 19 (2.0) 10 (1.6) 14 (1.5) 11 (0.7)

New Hampshire 5 (0.8) 8 (1.3) 9 (1.2) 19 (1.9) 11 (1.6) 15 (1.4) 11 (0.6)

New Jersey 5 (1.31 6 (1.0) 10 (1.6) 15 (1.3) 11 (1.5) 16 (1.6) 10 (0.8)

New Mexico 1 (0.5) 3 (0.8) 4 (0.8) 8 (1.1) 5 (1.0) 9 (1.2) 5 (0.4)

New York 4 (1.0) 7 (1.2) 5 (1.0) 16 (1.9) 9 (1.3) 13 (1.9) 9 (0.7)

North Carolina 3 10.81 3 (0.7) 6 (0.9) 10 (1.3) 6 (1.0) 9 (1.5) 6 (0.5)

North Dakota 6 (1.2) 8 (1.51 7 (1.1) 19 (2.2) 14 (1.6) 18 (1.8) 12 (0.8)

Ohio 5 (1.0) 5 (1.0) 6 (1.1) 14 (1.7) 8 (1.2) 17 (2.4) 9 (0.7)

Oklahoma 3 (0.8) 5 (1.1) 6 (1.3) 12 (1.4) 7 (1.6) 11 (1.5) 7 (0.6)

Pennsylvania 3 (0.81 8 (1.5) 7 (1.3) 15 (1.4) '1 (1.8) 16 (1.8) 10 (0.9)

Rhode Island 6 (1.1) 5 (1.0) 7 (1.2) 10 (1.6) 5 (0.9) 14 (2.0) 8 (0.6)

South Carolina 2 (0.5) 3 10.6) 5 (1.0) 12 (1.4) 6 (1.2) 10 (1.5) 7 (0.5)

Tennessee 3 (0.7) 2 (0.6) 3 (0.8) 8 (1.2) 5 (1.0) 10 (1.5) 5 (0.5)

Texas 4 11.0) 5 (1.3) 6 (1.0) 11 (1.6) 8 (1.6) 10 (1.5) 8 (0.7)

Utah 4 (0.81 8 (1.3) 6 (1.0) 14 (1.4) 9 (1.21 13 (1.6) 9 (0.5)

Virginia 4 (0.9) 5 (1.0) 7 (1.1) 15 (1.7) 9 (1.5) 12 (1.3) 9 (0.6)

West Virginia 2 (0.7) 3 (0.6) 4 (0.8) 10 (1.4) 3 (0.7) 9 (1.1) 5 (0.41

Wisconsin 6 (1.0) 8 (1.2) 11 (2.0) 18 (1.9) 10 (1.3) 15 (1.6) 11 (0.9)

Wyoming 5 (0.9) 8 (1.1) 7 (1.1) 15 (1.7) 10 (1.2) 8 (1.3) 9 (0.5)

TERRITORIES
Guam 1 (0.4) 3 (0.8) 2 (0.8) 4 (1.5) 2 (0.8) 4 (1.1) 3 (0.5)

Virgin Islands 0 (0.0) 0 (0.3) 0 (0.0) 0 (0.0) 0 (0.3) 0 (0.0) 0 (0.1)

*Secure question, unreleased. The standard errors of the estimated percentages appear in parentheses. It can be said Nsith 95 percent certainty tha
for each population of interest, the value for the whole population is within plus or minus two standard errors of the estimate for the sample. In
comparing two estimates, one must use the standard error of the difference (see Appendix for details).

SOt Rd. National Assessment of Educational Progress (NAEP), 1992 Mathematics Assessment.

1992 TRIM STATE ASSESSNIENT
.1 '

PAGE 171



As shown in TABLE 3.5 summarizing twelfth graders' performance t-u the

nation, the percentages of satisfactory or better responses ranged from 1 to 28
percent. On average, 9 percent of the high-school seniors provided responses
judged as satisfactory or better.

TABLE 3.5 National Percentages of Satisfactory or Better Responses to
Extended-Response Questions

Grade 12

Effective
Tax Rates

Patterns of
Squares

(ending in 5)
Graphing

Path of Object
Bicycle Trip

Graph*
Center

of Disk*

Extend
Pattern
of Tiles*

Average Percent
Satisfactory or

Better

Nation 3 (0.7) 2 (0.4) 1 (0.3) 28 (1.5) 12 (1.0) 5 (0.6) 9 (0.4)

Northeast 5 (1.8) 4 (1.4) 1 (0.6) 31 (2.4) 11 (2.6) 4 (1.0) 10 (0.8)

Southeast 1 (0.4) 1 (0-6) 1 (0.4) 20 (2.3) 12 (1.6) 4 (0.6) 7 (0.6)

Central 4 (1.7) 2 (0.7) 2 (0.7) 31 (4.0) 14 (1.6) 7 (1.1) 10 (0.9)

Vt est 1 (1.2) I (0.6) 1 (0.4) 28 (2.7) 10 k 2.2) 6 (1.6) 8 (0.7)

White 4 (0.9) 3 (0.6) 2 (0.4) 32 (1.9) 14 (1.2) 6 (0.7) 10 (0.5)

Black 2 (1.7) 0 (0.0) 0 (0.0) 14 (2.6) 5 (2.3) 1 (0.8) 4 (0.7)

Hispanic 4 (0.4) 0 (0.0) 0 (0.0) 14 (2.7) 6 (2.2) 2 (1.6) 4 (0.6)

.."--
:).1ale 3 (0.8) 2 (0.7) 2 (0.5) 26 (1.9) 11 (1.3) 6 (1.1) 8 (0.5)

Female 4 (1.1) 2 (0.5) 1 (0.3) 30 (2.4) 13 (1.6) 5 (0.8) 9 (0.5)

Advantaged Urban 9 (2.1) 6 (2.1) 2 (0.8) 38 (3.3) 14 (2.1) 8 (2.0) 13 (1.1)

Dkadvantaged White 1 (0.8) 0 (0.0) 0 (0.0) 18 (2.7) 7 (2.2) 2 (0.7) 5 (0.7)

Extreme Rural 1 (0.4) 0 (0.0) 0 (0.4) 19 (3.9) 16 (2.4) 5 (1.3) 7 (0.8)

Other 3 (0.9) 2 (0.5) 2 (0.4) 29 (1.8) 12 (1.4) 6 (0.8) 9 (0.5)

Public 2 (0.6) 2 (0.4) I (0.3) 2s (1.7) 12 (1.3) 5 (0.7) 8 (0.4)

Catholic and
Other Private 9 (2.1) 4 (1.1) 3 (1.0) 42 (2.5) 10 (2.1) 9 (2.1) 13 (1.0)

*Secure question, unreleased

The standard errors of the estimated percentages appear in parentheses. It can be said with about 95 percent certainty for each population of interest, the value 1 the

whole population is within plus or mmus two standard errors of the estimate for the sample. In comparing two estimates, one must use the standard error of the
difference (see Appendix for details). When the proportion of students ;.; either 0 percent of 1(X) percent, the standard error is inestimable. However, percentages 99.5
percent and greater were roundel to 100 peraint and percentages 0.5 or less were rounded to 0 percent.

S. RCE: National Assessment of Educational Progress (NAEP), 1992 Mathematics Assessment

Across the three grades assessed, it is clear that students had great
difficulty with these tasks. Because the generally low levels of performance
preclude much variation, differences in performance among subgroups did not
tend to be large. However, White students- did outperform their Black and
Hispanic counterparts at all three grades assessed. Also, students attending
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schools in advantaged urban communities had higher percentages of success than

students attending schools in disadvantaged urban communities.

TABLES 3.6 and 3.7 present corresponding summary analyses for the

nation and states on the regular constructed-response questions (see Chapter One

for examples of questions). Average performance on this type of short-response

question was considerably higher than on the extended tasks. The average

percentage correct by grade level was 42 percent for grade 4, 53 percent for grade

8, and 40 percent for grade 12. However, there was a range in performance

across subgroups. For example, at grade 4, 47 percent of the White students, on

average, provided correct responses to these types of questions, compared to 24

percent of the Black students, and 31 percent of Hispanic students. The

differences between the two minority groups, as well as their differences with the

majority group, were statistically significant.

Across the participating states and territories, the average percenlage

correct ranged from 27 to 51 percent at grade 4 and from 30 to 63 percent at

grade 8.

TABLE 3.6 Average Percentage Correct for Regular Constructed-Response Questions

Grade 4

Overall

Numbers &
(}perations Measurement Geometry

Data Analysis,
Statistics, and

Probability
Algebra and

Functions

Nation 42 (0.5) 46 (0.5) 38 (0.7) 36 (0.7) 45 (0.6) 4 : (0.8)

Northeast 45 (1.4) 50 (1.1) 41 (2.0) 38 (2.1) 49 ((.6) 48 (2.3)

Southeast 36 ((.2) 40 (1.3) 33 ((.5) 31 ( LI) 19 ((.?) 15 (1.9)

Central 45 (1.0) 48 (0.8) 42 (1.8) 38 (1.2) 48 ((.0) 46 ((.5)

West 42 (1.0) 46 (0.9) 16 (1.2) 37 (1.3) 41 (1.4) 42 (1.9)

White 47 (0.6) 50 (0.6) 43 (0.9) 41 (0.9) 51 (0.8) 49 (1.11

Black 24 (0.8) 32 (1.0) 20 (1.2) 18 (1.0) 24 (1.3) 22 (1.1)

Hispanic 31 (0.7) 35 (0.7) 28 (1.3) 26 (1.1) 32 (1.2) 27 (1.4)

Male 43 (0.5) 46 (0.5) 38 (0.9) 38 (0.7) 45 (0.7) 41 (1.1)

Female 41 (R7) 46 (0.7) 38 (1.)') 35 (0.8) 44 (0.8) 42 (1.0)

Advantaged Urban 54 (1.3) 56 (1.3) 51 (2.3) 45 (1.7) 59 (1.8) 56 (2.1)

Disadvantaged Urban 26 (1.4) 34 (1.6) 19 (1.8) 20 (1.4) 26 (1.8) 22 (2.4)

Extreme Rural 40 (2.6) 45 (2.4) 38 (3.6) 34 (2.9) 42 (2.9) 18 11.51

Other 42 (0.6) 46 (0.6) 38 (0.8) 37 (0(8) 45 (0.8) 44 1(.9)

Public 41 (0.6) 45 (0.6) 37 (0(8) 35 (0 7) 44 (0.7) 42 01.9)

Catholic and Other Private 47 (0.9) 50 (0.9) 44 (1.1) 41 (1.4) 50 ((2) 48 (1.8)

The standard ffror: of ilk' Vstiniated pi.rcentages appear in parentheses. It can he said with about 95 percent certainty for eaith populaoon M interest. the %aloe tor die

whole population is within plus or minus tw.. standard errors of the estimate for the sample. In comparing two estimates, One t use the standard error 01 the

difference (see Appendix for details).

SOURCE: National Assessment of Educational Progress (NAFP), 1992 Mathematics Assessment
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TABLE 3.6 Average Percentage Correct for Regular Constructed-Response Questions (Continued)

Grade 8

Overall
Numbers and
Operations Measurement Geometry

Data Analysis,
Statistics, and

Probability
Algebra and
Functions

Nation 53 (0.5) 60 (0.6) 44 (0.6) 58 (0.6) 46 (0.5) 55 01.9)

Northeast 54 (1.5) 60 ((.6) 45 ((.5) 60 ((.5) 48 ((.6) 54 .1.0)
Southeast 49 (0.8) 56 ((.0) 4(1 (1.1) 53 (1.1) 42 (0.8) 51 (1.2)
Central 57 (1.1) 64 (1.4) 47 (1.1) 63 (1.2) 50 (1.1) 61 (1.5)
West 51 ((.0) 59 (1.0) 44 ((.4) 58 (1.2) 46 (0.8) 54 (1.6)

White 59 (0.6) 65 (0.6) 49 (0.7) 64 (0.7) 51 (((.5) 61 (1.0)
Black 36 (0.9) 44 (1.3) 27 (1.1) 39 (1.6) 31 ((.1) 17 (1.5)
Hispanic 42 ((1.7) 48 ((.2) 35 (1.1) 46 ((.2) 14 (1.2) 39 (1.3)

Male 53 (0.7) 59 (0.9) 45 0(.8) 58 (0.8) 46 (0.6) 5411.0)
Female 54 (o.5f 61 (0.6) 41 (0.5) 59 10.6) 46 (0.7) 56 OA

Advantaged I. :ban 64 (1.81 70 (1.9) 54 (1.6) 71 ((.6) 59 (2,0) 66 11.41
Disadvantaged Urban 37 (1.5) 45 (1.81 30 (1.4) 40 (2.5) 11 (1.4) 17 (2.5)
Extreme Rural 53 (2.8) 62 (2.5) 43 (2.6) 56 (4.1) 46 (2.5) 57 11.0)
Other 54 (0.6) 60 (0.7) 44 0).8) 59 (0.8) 46 (((.5) 55 (0.9)

Public 52 (0.5) 59 (0.6) 43 01.6) 58 (0.6) 45 (0.5) 54 ((.0)
Catholic and Other Private 60 (1.3) 66 ((.3) 49 (1.2) 65 (1.6) 54 (1.4) 6(1(1.7)

Grade 12

Overt!!
Numbers and
Operations Measurement Geometry

Data Analysis,
Statistics, and

Probability
Algebra and

Functions

Nation 40 (0.5) 49 (0.6) 26 (0.7) 40 ((1.6) 47 (0.6) l< 0(.7)

Northeast 42 (0.9) 51 (1.0) 27 (1.0) 41 (1.(1) 48 (1.1) 17 (1.3)
Southeast 36 (0.8) 47 (1.21 20 0(.7) 14 (0.91 41 (1.0) 10 (1.0)
Central 41 (1.2) 52 (1.4) 27 (1.3) 43 (1.0) 49 (1.1) 19 ((.8)
%Vest 40 (1.0) 48 (1.1) 27 (1.81 40 (1.3) 47 (0.8) 14 (1.4)

Whi 1e 44 (0.6) 52 (0.7) 29 (0.8) 43 (0.7) 51 (0.7) 19 (48)
Black 26 (0.9) 38 (1.3) 11 (0.6) 21 (1.2) 14 (1.3) 2() 0.1)
Hispanic 32 (0.9) 41 (1.6) 19 (1.2) 13 (1.4) 18 (1.5)

Male 41 (0.7) 49 (0.8) 27 (0.9) 42 (0.8) 48 (0.8) 16 0491
Female 40 (0.6) 50 (0.8) 24 (0.7) 18 (0.8) 47 01.6) 14 01.0)

Adr antaged I. rban 4' ((.8) 56 (2.0) 16 (2.2) 48 (2.1) 55 (2.0) 45 (2.1)
Disadvantaged Urban 30 (1.1) 18 (1.21 16 (1.4) 29 ((.4) 17 (1.51 22.144)
Extreme Rural 37 (1.5) 48 ((.3) 23 (2.3) 16 (1.6) 44 ((.6) 1)) (1.71
Other 41 (0.6) 50 0(.7) 2 !-) (0.7) 40 (0.7) 48 01.7) 16 (0.)()

Public (9 0).6) 48 (0.7) 24 (1.8) 19 (0.7) 46 0(.7) 14 (0.9)
(:atholic ar.d O(her ('rivate 48 (1.5) 56 (1.4) 11 (1.7) 46 (1.7) 54 (1.8) 45 (1.8)

174



TABLE 3.7 Average Percentage Correct for Regular Constructed-Response Questions

PUBLIC
SCHOOLS

Grade 4 - 1992

Overall
Numbers and
Operations Measurement Geometry

Data Analysis,
Statistics, and

Probability
Algebra and

Functions

NATION 41 (0.6) 45 (0.6) 37 (0.8) 35 (0.7) 44 (0.7) 42 (0.9)

Northeast 45 (1.5) 49 (1.2) 41 (2.1) 37 (2.3) 48 (1.8) 48 (2.5)

Southeast 36 (1.4) 39 (1.5) 32 (1.5) 30 (1.3) 38 (2.1) 34 (2.1)

Central 44 (1.2) 48 (1.1) 41 (2.0) 37 (1.2) 47 (1.2) 45 (1.8)

West 41 (1.1) 45 (1.0) 35 (1.2) 36 (1.3) 43 (1.5) 41 (2.0)

STATES
Alabama 34 (1.0) 38 (1.0) 31 (1.1) 28 (0.9) 38 (1.2) 32 (1.5)

Arizona 40 (0.6) 43 (0.7) 35 (0.9) 36 (0.7) 42 (1.1) 41 (1.0)

Arkansas 36 (0.61 40 (0.6) 31 (0.9) 29 (0.8) 40 (1.0) 33 (1.0)

California 37 (0.9) 41 (0.9) 32 (1.1) 33 (1.2) 37 (1.4) 39 (1.2)

Colorado 44 (0.7) 46 (0.7) 40 (1.0) 40 (0.9) 47 (1.0) 45 (1.1)

Connecticut 48 (0.8) 50 (0.8) 44 (0.9) 43 (1.0) 52 (1.2) 48 (1.4)

Delaware 40 (0.6) 45 (0.8) 36 (0.7) 34 (0.7) 44 (1.0) 40 (1.0)

Dist. Columbia 27 (0.3) 35 (0.5) 20 (0.7) 23 (0.6) 25 (0.7) 25 (0.8)

Florida 39 (1.1) 42 (1.0) 35 (1.5) 32 (1.1) 43 (1.4) 40 (1.6)

Georgia 39 (0.9) 43 (0.9) 34 (1.1) 32 (0.9) 44 (1.2) 39 (1.6)

Hawaii 40 (0.7) 44 (0.8) 33 (0.9) 36 (0.9) 41 (0.9) 38 (1.0)

Idaho 43 (0.6) 45 (0.7) 41 (0.9) 40 (0.7) 45 (1.0) 45 (1.3)

Indiana 42 (0.7) 46 (0.8) 39 (0.9) 36 (1.0) 47 (1.1) 43 (1.2)

iowa 49 (0.7) 52 (0.8) 45 (0.8) 42 (0.8) 55 (1.0) 51 (1.3)

Kentucky 38 (0.6) 43 (0.7) 33 (0.8) 31 (0.8) 43 (1.1) 38 (1.2)

Louisiana 33 (0.8) 38 (0.8) 29 (1.1) 27 (0.8) 34 (1.2) 30 (1.3)

Maine 51 (0.7) 51 (0.8) 45 (1.2) 49 (0.8) 55 (1.3) 53 (1.1)

Maryland 42 (0.7) 46 (0.8) 36 (0.8) 36 (0.8) 47 (1.2) 42 (1.0)

Massachusetts 47 (0.9) 50 (1.0) 42 (1.0) 42 (0.9) 51 (1.4) 46 (1.4)

Michigan 42 (1.1) 45 (1.0) 40 (1.3) 38 (1.2) 45 (1.4) 42 (1.6)

Minnesota 48 (0.7) 51 (0.7) 45 (1.0) 43 (0.9) 53 (1.2) 49 (1.2)

Mississippi 30 (0.6) 37 (0.7) 27 (0.8) 22 (0.7) 30 (0.9) 26 (1.0)

Missouri 44 (0.8) 47 (0.7) 40 (1.2) 37 (0.9) 49 (1.2) 44 (1.1)

Nebraska 46 (0.9) 49 (0.8) 42 (1.3) 42 (0,9) 50 (1.3) 46 (1.4)

New Hampshire 49 (0.9) 51 (0.8) 45 (1.1) 45 (1.3) 54 (1.2) 53 (1.3)

New Jersey 47 (1.0) 50 (1.0) 43 (1.2) 39 (1.1) 50 (1.3) 19 (1.4)

New Mexico 39 (1.0) 42 (0.9) 33 (1.2) 35 (1.5) 42 (1.2) 36 (1.6)

New York 42 (0.8) 46 (0.7) 36 (1.2) 33 (1.0) (1.2) 41 (1.2)

North Carolina 38 (0.7) 42 (0.7) 32 (0.8) 31 (0.9)
,47
41 (0.9) 38 (1.1)

North Dakota 48 (0.61 50 (0.6) 45 (1.0) 41 (0.9) 55 (0.9) 48 (1.1)

Ohio 42 (0.8) 45 (0.8) 38 (1.1) 35 (1.0) 46 (1.1) 42 (1.1)

Oklahoma 42 (0.8) 46 (0.8) 37 (0.9) 34 (1.1) 47 (1.2) 42 (1.1)

Pennsylvania 45 (0.9) 49 (0.8) 42 (1.2) 37 (1.0) 50 (1.3) 45 (1.2)

Rhode Islano 39 (0.9) 43 (0.9) 35 (1.1) 33 (1.2) 41 (1.2) 38 (1.4)

South Carolina 37 (0.8) 41 (0.6) 33 (1.1) 31 (0.9) 39 (1.1) 35 (1.3)

Tennessee 36 (0.8) 41 (0.8) 31 (1.0) 28 (0.8) 39 (1.3) 36 (1.2)

Texas 40 (0.9) 44 (0.9) 37 (1.1) 34 (1.0) 45 (1.3) 40 (1.4)

Utah 44 (0.7) 47 (0.7) 41 (1.1) 40 (0.9) 46 (1.0) 46 .1.2)

Virginia 43 (0.9) 46 (0.8) 37 (1.2) 37 (1.2) 49 (1.2) 43 (1.3)

West Virginia 39 (0.6) 42 (0.7) 36 (0.9) 33 (0.8) 42 (1.0) 39 (1.1)

Wisconsin 48 (0.81 50 (0.8) 43 (1.1) 41 (1.0) 55 (1.0) 50 (1.3)

Wyoming 46 (0.6) 49 (0.6) 41 (0.9) 41 (0.8) 50 (1.0) 47 (1.1)

TERRITORY
Guam 27 (0.5) 33 (0.5) 20 (0.6) 26 (0.7) 26 (0.7) 25 (1.1)

The standard errors of the estimated percentages appear in parentheses. It can be said with 95 percent certainty that for each population of interest,
the value for the whole population is within plus or minus two standard errors of the estimate for the sample. In comparing two estimates, one must
use the standard error of the difference (see Appendix for details).

SOURCE: National Assessment of Educational Progress (NAEP), 1992 Mathematics Assessment.
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TABLE 3.7 I Average Percentage Correct for Regular Constructed-Response Questions (continued)

PUBLIC
SCHOOLS

Grade 8 - 1992

Overall
Numbers and
Operations Measurement Geometry

Data Analysis,
Statistics, and

Probability
Algebra and

Functions

NATION 52 (0.5) 59 (0.6) 43 (0.6) 57 (0.6) 45 (0.5) 54 (1.0)
Northeast 53 (1.8) 59 (1.9) 44 (1.4) 59 (1.8) 47 (1.9) 52 (3.6)
Southeast 48 (0.7) 55 (0.9) 40 (1.2) 51 (1.0) 40 (0.6) 50 (1.4)
Central 57 (1.2) 64 (1.7) 46 (1.2) 62 (1.3) 49 (1.2) 60 (1.7)
West 52 (1.1) 58 (1.1) 44 (1.4) 58 (1.2) 46 (0.9) 54 (1.6)
STATES
Alabama 46 (0.9) 53 (0.9) 38 (1.0) 50 (1.1) 40 (0.8) 46 (1.2)
Arizona 53 (0.7) 59 (0.8) 45 (0.8) 59 (0.9) 45 (0.7) 54 (0.9)
Arkansas 48 (0.7) 55 (0.9) 40 (0.6) 53 (1.1) 41 (0.8) 48 (1.0)
CaIifornia 51 (0.9) 56 (1.1) 44 (0.9) 59 (1.1) 43 (1.0) 52 (1.2)
Colorado 58 (0.6) 63 (0.8) 49 (0.7) 64 (0.8) 50 (0.6) 60 (0.8)
Connecticut 58 (0.7) 64 (0.8) 50 (0.7) 64 (0.8) 50 (0.8) 58 (1.1)

Delaware 53 (0.6) 59 (0.9) 43 (0.7) 58 (0.9) 46 (0.8) 54 (1.0)
Dist. Columbia 37 (0.5) 44 (0.8) 29 (0.8) 39 (1.0) 31 (0.7) 37 (0.8)
Florida 51 (0.8) 57 (0.8) 42 (0.9) 55 (1.0) 44 (0.9) 53 (1.1)
Georgia 49 (0.7) 56 (0.8) 40 (0.8) 54 (1.0) 44 (0.9) 50 (1.1)
Hawaii 50 (0.5) 56 (0.7) 42 (0.7) 58 (0.8) 39 (0.7) 48 (1.0)
Idaho 59 (0.5) 65 (0.6) 50 (0.8) 67 (0.7) 50 (0.6) 62 (0.8)

Indiana 56 (0.6) 62 (0.8) 47 (0.8) 63 (0.8) 49 (0.7) 56 (0.8)
Iowa 63 (0.61 69 (0.8) 54 (0.6) 68 (0.8) 55 (0.6) 65 (0.9)
Kentucky 51 (0.6) 58 (0.7) 42 (0.7) .56 (0.8) 45 (0.9) 52 (1.1)
Louisiana 44 (0.9) 51 (1.1) 36 (0.9) 48 (1.2) 38 (1.0) 46 (1.0)
Maine 62 (0.5) 66 (0.7) 53 (0.6) 69 (0.8) 54 (0.8) 63 (0.8)
Maryland 53 (0.7) 58 (0.8) 43 (0.7) 59 (1.1) 47 (0.8) 55 (1.1)

Massachusetts 58 (0.6) 65 (0.9) 48 (0.7) 64 (0.9; 50 (0.7) 61 (1.0)
Michigan 55 (0.8) 61 (0.8) 46 (0.9) 60 (1.1) 48 (0.8) 57 (1.0)
Minnesota 63 (0.5) 68 (0.6) 55 (0.8) 69 (0.71 54 (0.7) 65 (1.0)
Mississippi 42 (0.7) 52 (0.9) 34 (0.8) 45 (0.9) 37 (0.9) 41 (1.1)
Missouri 57 (0.7) 62 (0.81 48 (0.8) 64 (0.9) 50 (0.9) 59 (1.0)
Nebraska 60 (0.61 65 (0.8) 51 (0.8) 67 (0.9) 51 (0.7) 62 (1.1)

New Hampshire 61 (0.5) 66 (0.7) 52 (0.8) 68 (0.7) 53 (0.7) 63 (0.8)
New Jersey 57 (0.8) 64 (0.9) 48 (0.9) 61 (1.0) 50 (0.9) 57 (1.2)
New Mexico 50 (0.6) 56 (0.7) 42 (0.7) 57 (0.8) 42 (0.71 50 (1.1)
New York 54 (1.1) 61 (1.21 46 (1.1) 60 (1.4) 47 (1.2) 55 (1.6)
North Carolina 50 (0.6) 55 (0.7) 41 (0.8) 55 (0.9) 44 10.71 50 (0.9)
North Dakota 63 (0.7) 69 (0.8) 54 (0.7) 70 (0.9) 55 (0.8) 67 (1.2)

Ohio 55 (0.8) 62 (0.9) 45 (0.9) 60 (1.1) 48 (0.8) 57 (1.3)
Oklahoma 55 (0.6) 62 (0.9) 45 (0.6) 60 (0.7) 48 (0.8) 57 (1.01
Pennsylvania 57 (0.8) 63 (1.0) 49 (0.8) 63 (1.0) 49 (1.0) 60 (1.3)
Rhode Island 54 (0.4) 60 (0.6) 45 (0.5) 59 (0.7) 47 (0.7) 56 (1.5)
South Carolina 50 (0.6) 56 (0.8) 42 (0.7) 56 (0.8) 43 (0.6) 49 (0.9)
Tennessee 50 (0.8) 57 (1.0) 41 (0.9) 54 (1.0) 44 (0.8) 49 (1.1)

Texas 52 (0.7) 57 (0.8) 44 (0.8) 59 (0.9) 46 (0.8) 54 (1.1)
Utah 59 (0.5) 64 (0.7) 49 (0.6) 66 (0.7) 51 (0.6) 62 (0.8)
Virginia 55 (0.7) 62 (0.9) 45 (0.9) 60 (0.9) 47 (0.7) 56 (1.0)
West Virginia 50 (0.6) 56 (0.8) 42 (0.7) 55 (0.9) 43 (0.6) 51 (1.0)
Wisconsin 60 (0.8) 66 (1.0) 51 (0.7) 66 (0.8) 53 (1.0) 63 (1.4)
Wyoming 59 (0.5) 64 (0.6) 50 (0.5) 66 (0.6) 51 (0.6) 61 (1.0)
TERRITORIES
Guam 33 (0.6) 42 (0.8) 32 (0.8) 46 (1.1) 29 (0.8) 37 (0.9)
Virgin Islands 30 (0.4) 37 (0.7) 24 (0.6) 34 (0.8) 24 (0.7) 27 (0.8)

r
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The results of parallel analyses for the multiple-choice questions are found

in TABLES 3.8 and 3.9. These results are similar to those for the regular
constructed-response questions, although average performance for the nation was

even higher, especially at grades 4 and 12.

TABLE 3.8 Average Percentage Correct for Multiple-Choice Questions

;rade 4

Overall
Numbers and

Operations Measurement Geometry

Data Analysis,
Statistics, and

Probability
Algebra and

Functions

Nation 50 (0.4) 51 (0.5) 50 (0.5) 53 (0.4) 46 (0.5) 42 (0.5)

Northeast 52 (1.1) 54 (L I ) 52 (1.1) 55 (1.3) 47 (1.5) 46 (1.1)

Southeast 46 (0.8) 46 (0.9) 46 (0.9) 50 (1.0) 43 (1.1) 38 (1.3)

Central 51 (1.0) 52 (1.0) 53 (1.2) 55 (1.0) 48 (1.3) 43 (1.2)

West 49 (0.8) 50 (1.0) 50 (0.9) 53 (0.6) 46 (1.0) 42 (0.9)

White 53 (0.5) 54 (0.5) 55 (0.5) 56 (0.5) 50 (0.7) 44 (0.6)

Mack 18 (0.6) 39 (0.8) 36 (0.8) 41 (0.9) 32 (1.0) 31 (LI)

Hispanic 42 (0.7) 43 (0.9) 41 (0.9) 47 (1.0) 37 (1.4) 36 (1.0)

Male 50 (0.5) 51 (0.51 53 (0 6) 54 (0.6) 47 (0.8) 42 (0.7)

Female 48 (0.5) 50 (0.6) 48 (0.6) 52 (0.6) 44 (0.8) 41 (0.8)

Advantaged Urban 59 (1.4) 61 (1.6) 60 (1.5) 55 (1.0) 56 (1.9) 51 (1.6)

Disadvantaged Urban 38 (1.2) 40 (1.3) 36 (1.3) 50 (1.0) 33 (0.9) 32 (1.6)

Extreme Rural 48 (1.7) 49 (1.8) 49 (2.1) 55 (1.3) 46 (1.8) 40 (1.5)

Other 50 (0.5) 5(1 (0.5) 51 (0.5) 53 (0.6) 46 (0.6) 42 (0.7)

Public 49 (0.5) 50 (0.5) 5(1 (0.5) 53 (0.5) 45 (0.6) 41 (0.6)

Catholic and Other Private 53 ((t.8) 55 ((.9) 54 (0.9) 54 (0.9) 50 (1.0) 45 (1.1)

(Table 3.8 continued on the next page

The standard errors of the estimated percentages appear in parentheses. It can be said with about 95 percent certainty for each population of interest, the value for the

whole population is within plus or minus two standard errors of the estimate for the sample. In comparing two estimates, one must use the standard error of the

difference (see Appendix for details).

SOURCE: National Assessment of Educational Progress (NAEP), 1992 Mathematics Assessment
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Table 3.8 Average Percentage Correct for Multiple-Choice Questions (continued)

Grade 8

Overall
Numbers and
Operations Measurement Geometry

Data Analysis,
Statistics, and

Probability
Algebra and
Functions

Nation 56 (0.4) 64 (0.5) 57 (0.5) 49 (0.5) 51 (0.6) 51 (0.5)

Northeast 57 (1.3) 65 (1.1) 57 (1.2). 50 (1.5) 52 (1.7) 52 (1.5)

Southeast 53 (0.7) 61 (0.8) 51 (0.9) 46 (0.6) 47 (1.1) 48 (0.9)

Central 59 (0.8) 68 (0.8) 60 (1.3) 51 (0.9) 5'A (0.9) 53 (1.4)

West 56 (1.0) 64 (1.1) 58 (1.2) 49 (1.0) 51 (1.4) 51 (1.1)

White 60 (0.5) 69 (0.5) 62 (0.6) 5?. (0.5) 55 (0.7) 55 (0.7)

Black 42 (0.6) 51 (0.7) 41 (0.8) 36 (0.8) 36 (1.0) 38 (0.8)

Hispanic 46 (0.7) 54 (0.9) 48 (0.8) 41 (0.7) 39 (0.9) 41 (1.0)

Male 56 (0.6) 64 (0.6) 58 (0.7) 49 (0.7) 51 (0.8) 50 (0.8)

Female 56 (0.5) 64 01.5) 56 (0.6) 48 (0.6) 51 (0.6) 52 (0.7)

Advantaged Urban 65 (1.9) 73 (L7) 64 (1.6) 58 (2.0) 60 (2.5) 63 (2.3)

Disadvantaged Urban 43 (1.2) 50 (1.4) 42 (1.5) 38 (1.1) 35 ((.6) 38 (1.4)

Extreme Rural 56 (2.3) 65 (2.2) 57 (2.3) 49 (2.1) 52 (3.0) 50 (2.3)

Other 56 (0.5) 64 (0.6) 58 (0.6) 49 (0.5) 51 (0.7) 51 (0.7)

Public 56 (0.5) 64 (0.51 56 (0.5) 48 (0.5) 50 (0.7) 50 (0.6)

Catholic and Other Private 62 (1.1) 70 (1.1) 62 (1.1) 54 (1.1) 56 (1.0) 58 (1.6)

Grade 12

Overall
Numbers and
Operations Mea.surement Geometry

Data Analysis,
Statistics, and

Probability
Algebra and
Functions

Nation 56 (0.4) 64 (0.4) 60(0.5) 57 (0.6) 54 (0.4) 48 (0.5)

Northeast 58 (0.6) 65 (0.6) 61 (0.8) 59 (0.9) 55 (0.8) 51 (0.9)

Southeast 54 (0.6) 63 (0.7) 55 (0.7) 54 (1.1) 52 (0.8) 45 (0.8)

Central 58 (0.9) 65 (0.8) 63 (1.2) 59 (1.0) 56 (0.7) 50 (1.2)

West 56 (0.8) 64 (0.7) 60 ((.2) 57 (1.2) 55 (0.9) 47 (1.1)

White 59 (0.4) 67 (0.4) 61 (0.6) 60 (0.5) 57 (0.5) 50 (0.6) '

Black 46 (0.9) 54 (0.8) 48 (1.2) 45 (1.2) 43 (1.1) 39 (1.1)

Hispanic 49 (1.0) 56 (1.0) 51 (0.9) 48 (1.9) 50 (1.3) 40 (1.3)

Male 58 (0.5) 65 (0.5) 62 (0.7) 59 (0.8) 56 (0.6) 49 (0.7)

Female 55 (0.5) 63 (0.5) 58 (0.7) 55 (0.7) 53 (0.5) 48 (0.6)

Advantaged Urban 65 (1.1) 72 (0.8) 69 (1.5) 68 (1.8) 61 (1.0) 59 (1.4)

Disadvantaged Urban 48 (1.2) 56 (1.1) 50 (1.6) 49 (1.6) 48 (1.3) 40 (1.2)

Extreme Rural 53 (1.2) 62 (0.9) 57 (1.9) 53 (1.2) 53 (1.4) 44 (1.5)

Other 57 (0.4:, 64 (0.4) AA) ((1.6) 57 (0.7) 54 (0.6) 48 (0.6)

Public 56 (0.5) 63 (0.4) 59 (0.6) 56 (0.6) 54 (0.5) 47 (0.6)

Catholic and Other Private 63 (1.2) 69 (1.0) 67 (1.5) 65 (1.6) 59 (1.2) 56 (1.3)
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TABLE 3.9 Average Percentage Correct for Multiple-Choice Questions

PUBLIC
SCHOOLS

Grade 4 - 1992

Overall
Numbers and
Operations Measurement Geometry

Data Analysis,
Statistics,and

Probability
Algebra and

Functions

NATION 49 (0.5) 50 (0.5) 50 (0.5) 53 (0.5) 45 (0.6) 41 (0.6)

Northeast 52 (1.1) 54 (1.2) 51 (1.2) 54 (1.4) 46 (1.6) 45 (1.2)

Southeast 45 (0.9) 46 (1.0) 46 (1.0) 49 (1.1) 42 (1.2) 37 (1.4)

Central 51 (1.2) 52 (1.1) 52 (1.5) 55 (1.2) 47 (1.5) 42 (1.2)

West 49 (0.8) 50 (1.1) 50 (1.0) 53 (0.6) 45 (1.0) 41 (0.9)

STATES
Alabama 45 (0.7) 47 (0.8) 45 (0.8) 48 (0.7) 41 (0.9) 38 (0.9)

Arizona 47 (0.5) 49 (0.6) 48 (0.5) 50 (0.7) 42 (0.7) 41 (0.7)

Arkansas 46 (0.4) 47 (0.5) 47 (0.5) 50 (0.7) 40 (0.8) 38 (0.5)

California 45 (0.7) 47 (0.7) 46 (0.8) 49 (0.7) 40 (1.0) 38 (0.9)

Colorado 50 (0.5) 51 (0.5) 51 (0.7) 56 (0.6) 45 (0.8) 41 (0.6'

Connecticut 53 (0.6) 55 (0.6) 53 (0.7) 55 (0.7) 48 (1.0) 48 (0.8)

Delaware 49 (0.4) 51 (0.4) 49 (0.6) 52 (0.6) 45 (0.8) 42 (0.8)

Dist. Columbia 39 (0.3) 39 (0.4) 37 (0.5) 45 (0.5) 35 (0.7) 34 (0.6)

Florida 47 (0.7) 48 (0.7) 49 (0.9) 50 (0.7) 43 (0.8) 40 (0.9)

Georgia 49 (0.7) 49 (0.8) 49 (0.7) 53 (0.7) 46 (1.0) 43 (0.8)

Hawaii 48 (0.6) 49 (0.6) 48 (0.7) 51 (0.7) 42 (1.0) 42 (0.7)

Idaho 50 (0.5) 51 (0.5) 52 (0.6) 54 (0.8) 44 (0.8) 41 (0.6)

Indiana 50 (0.5) 51 (0.6) 53 (0.6) 53 (0.7) 46 (0.8) 42 (0.6)

Iowa 54 (0.6) 56 (0.6) 56 (0.8) 56 (0.7) 49 (0.8) 46 (0.8)

Kentucky 48 (0.5) 49 (0.6) 49 (0.6) 50 (0.6) 43 (0.8) 41 (0.6)

Louisiana 43 (0.6) 45 (0.6) 43 (0.8) 46 (0.8) 39 (0.7) 38 (0.7)

Maine 56 (0.6) 56 (0.6) 58 (0.8) 58 (0.8) 53 (0.9) 48 (0.7)

Maryland 49 (0.6) 50 (0.6) 49 (0.8) 53 (0.7) 44 (0.9) 41 (0.7)

Massachusetts 53 (0.6) 54 (0.7) 54 (0.8) 55 (0.8) 49 (1.0) 46 (0.9)

Michigan 50 (0.8) 51 (0.8) 52 (0.9) 54 (0.8) 45 (0.8) 43 (0.9)

Minnesota 54 (0.4) 56 (0.5) 56 (0.6) 57 (0.7) 49 (0.7) 46 (0.6)

Mississippi 42 (0.5) 44 (0.6) 42 (0.6) 47 (0.5) 37 (0.9) 35 (0.7)

Missouri 51 (0.6) 52 (0.6) 52 (0.8) 55 (0.7) 46 (0.8) 43 (0.7)

Nebraska 53 (0.7) 54 (0.7) 54 (0.8) 56 (0.8) 47 (0.8) 44 (1.0)

New Hampshire 54 (0.7) 55 (0.7) 56 (0.8) 57 (0.8) 49 (0.9) 45 (1.0)

New Jersey 54 (0.7) 56 (0.7) 54 (1.0) 56 (0.7) 49 (1.0) 47 (0.7)

New Mexico 46 (0.7) 47 (0.8) 47 (0.9) 51 (0.8) 41 (0.9) 39 (1.1)

New York 50 (0.5) 51 (0.6) 49 (0.7) 53 (0.6) 50 (0.8) 42 (0.8)

North Carolina 47 (0.5) 48 (0.6) 47 (0.6) 51 (0.6) 43 (0.8) 40 (0.6)

North Dakota 54 (0.6) 55 (0.6) 56 (0.7) 56 (0.8) 49 (0.8) 46 (0.8)

Ohio 49 (0.6) 51 (0.6) 49 (0.8) 53 (0.7) 44 (0.9) 42 (0.8)

Oklahoma 50 (0.5) 51 (0.6) 51 (0.7) 52 (0.7) 45 (0.9) 43 (0.7)

Pennsylvania 52 (0.7) 54 (0.7) 54 (0.9) 54 (0.8) 47 (0.8) 45 (0.9)

Rhode Island 48 (0.7) 50 (0.7) 49 (0.8) 50 (0.7) 42 (0.9) 41 (0.8)

South Carolina 47 (0.6) 48 (0.6) 48 (0.7) 51 (0.7) 42 (0.8) 39 (0.8)

Tennessee 46 (0.6) 48 (0.6) 45 (0.7) 50 (0.7) 42 (1.0) 39 (0.6)

Texas 50 (0.6) 51 (0.6) 50 (0.7) 54 (0.8) 42 (0.9) 44 (0.8)

Utah 52 (0.5) 53 (0.6) 54 (0.6) 55 (0.7) 48 (0.8) 44 (0.8)

Virginia 50 (0.6) 52 (0.7) 51 (0.7) 54 (0.6) 47 (1.0) 42 (0.9)

West Virginia 48 (0.5) 48 (0.6) 50 (0.6) 51 (0.6) 42 (0.7) 39 (0.8)

Wisconsin 54 (0.6) 56 (0.7) 57 (0.7) 56 (0.7) 49 (0.8) 46 (0.7)

Wyoming 52 (0.5) 53 (0.5) 53 (0.6) 55 (0.6) 46 (0.7) 43 (0.7)

TERRITORY
Guam 39 (0.3) 40 (0.4) 38 (0.6) 45 (0.7) 34 (0.8) 35 (0.7)

The standard errors of the estimated percentages appear in parentheses. It can be said with 95 percent certainty that for each population of interest,
the value for the whole population is within plus or minus two standard errors of the estimate for the sample. In comparing t vo estimates, one must
use the standard error of the difference (see Appendix for details).

SOURCE: National Assessment of Educational Progress (NAEP), 1992 Mathematics Assessment.
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TABLE 3.9 Average Percentage Correct for Multiple-Choice Questions (continued)

PUBLIC
SCHOOLS

Grade 8 - 1902

Overall
Numbers and
Operations Measurement Geometry

Data Analysis,
Statistics, and

Probability
Algebra and

Functions

NATION 56 (0.5) 64 (0.5) 57 (0.5) 46 (0.5) 50 (0.7) 50 (0.6)
Northeast 56 (1.4) 63 (1.2) 57 (1.4) 50 (1.5) 51 (2.0) 52 (1.5)
Southeast 52 (0.7) 60 (0.8) 52 (0.8) 44 (0.5) 46 (1.0) 46 (0.9)
Central 59 (1.0) 67 (1.0) 60 (1.2) 51 (1.0) 53 (1.1) 53 (1.7)
West 56 (1.1) 64 (1.2) 57 (1.2) 48 (1.0) 50 (1.5) 51 (1.2)
STATES
Alabama 51 (0.7) 59 (0.7) 51 (0.7) 42 (0.7) 44 (0.9) 46 (0.8)
Arizona 56 (0.5) 64 (0.6) 57 (0.6) 48 (0.6) 50 (0.6) 50 (0.7)
Arkansas 52 (0.5) 61 (0.6) 52 (0.7) 45 (0.6) 46 (0.6) 46 (0.7)
California 54 (0.8) 62 (0.8) 55 (0.8) 48 (0.9) 47 (1.0) 49 (0.9)
Colorado 58 (0.5) 66 (0.5) 60 (0.7) 52 (0.6) 54 (0.7) 53 (0.6)
Cc nnecticut 60 (0.5) 68 (0.6) 61 (0.6) 52 (0.6) 54 (0.6) 54 (0.7)

Delaware 54 (0.5) 63 (0.6) 55 (0.8) 47 (0.6) 49 (0.7) 49 (0.7)
Dist. Columbia 44 (0.4) 52 (0.4) 43 (0.7) 39 (0.7) 35 (0.7) 40 (0.4)
Florida 53 (0.7) 61 (0.8) 53 (0.7) 46 (0.7) 48 (0.9) 48 (0.8)
Georgia 54 (0.5) 62 (0.6) 53 (0.7) 46 (0.6) 47 (0.7) 48 (0.7)
Hawaii 52 (0.5) 60 (0.6) 53 (0.5) 47 (0.6) 44 (0.6) 48 (0.7)
Idaho 60 (0.4) 68 (0.5) 61 (0.6) 53 (0.5) 54 (0.5) 55 (0.6)

Indiana 58 (0.5) 65 (0.6) 59 (0.6) 51 (0.7) 53 (0.6) 52 (0.7)
Iowa 64 (0.6) 72 (0.6) 66 (0.6) 57 (0.7) 59 (0.6) 58 (0.7)
Kentucky 54 (0.5) 62 (0.6) 55 (0.6) 47 (0.5) 49 (0.7) 49 (0.7)
Louisiana 49 (0.7) 58 (0.8) 49 (0.8) 42 (0.8) 43 (0.9) 44 (0.8)
Maine 61 (0.5) 69 (0.6) 63 (0.8) 54 (0.5) 58 (0.6) 54 (0.7)
Mary Idnd 56 (0.6) 64 (0.7) 56 (0.7) 49 (0.7) 52 (0.8) 51 (0.9)

Massachusetts 59 (0.5) 68 (0.6) 59 (0.5) 51 (0.7) 54 (0.7) 54 (0.7)
Michigan 57 (0.6) 65 (0.6) 57 (0.7) 50 (0.8) 51 (0.7) 52 (0.9)
Minnesota 64 (0.5) 71 (0.5) 64 (0.6) 57 (0.5) 59 (0.7) 59 (0.7)
Mississippi 48 (0.5) 58 (0.5) 48 (0.6) 39 (0.6) 42 (0.7) 43 (0.6)
Missouri 58 (0.6) 66 (0.6) 59 (0.6) 52 (0.7) 53 (0.8) 52 (0.7)
Nebraska 62 (0.6) 69 (3.6) 62 (0.6) 55 (0.8) 56 (0.7) 56 (0.8)

New Hampshire 61 (0.5) 69 (0.5) 62 (0.6) 54 (0.7) 56 (0.6) 54 (0.7)
New Jersey 59 (0.7) 68 (0.7) 58 (0.9) 52 (0.8) 52 (0.9) 55 (0.9)
New Mexico 53 (0.5) 61 (0.6) 54 (0.6) 46 (0.6) 47 (0.5) 47 (0.6)
New York 57 (0.9) 65 (0.9) 56 (0.8) 50 (1.1) 53 (1.1) 52 (1.0)
North Carolina 53 (0.6) 61 (0.6) 52 (0.7) 46 (0.6) 47 (0.7) 48 (0 7)
North Dakota 64 (0.5) 73 (0.5) 65 (0.7) 57 (0.7) 60 (0.7) 58 (0.7)

Ohio 57 (0.7) 65 (0.7) 58 (1.0) 49 (0.7) 52 (0.7) 51 (0.8)
Oklahoma 56 (0.51 64 (0.6) 58 (0.7) 48 (0.7) 51 (0.7) 52 (0.6)
Pennsylvania 58 (0.7) 66 (0.8) 59 (0.7) 51 (0.8) 53 (0.8) 53 (0.7)
Rhode Island 56 (0.4) 64 (0.5) 56 (0.7) 48 (0.6) 50 (0.7) 50 (0.61
South Carolina 54 (0.4) 62 (0.5) 54 (0.6) 48 (0.6) 47 (0.6) 49 (0.6)
Tennessee 53 (0.7) 62 (0.7) 53 (0.7) 45 (0.7) 48 (0.8) 47 (0.9)

Texas 56 (0.6) 63 (0.7) 55 (0.7) 50 (0.7) 50 (0.8) 52 (0.7)
Utah 60 (0.4) 67 (0.5) 61 (0.4) 52 (0.6) 56 (0.6) 54 (0.7)
Virginia 57 (0.6) 60 (0.6) 57 (0.7) 49 (0.7) 51 (0.71 52 (0.7)
West Virginia 52 (0.5) 60 (0.6) 54 (0.6) 45 (0.6) 47 (0.6) 46 (0.7)
Wisconsin 62 (0.7) 70 (0.7) 63 (0.7) 55 (0.7) 57 (0.9) 56 (0.8)
Wyoming 60 (0.5) 68 (0.6) 61 (0.5) 54 (0.6) 54 (0.6) 53 (0.6)
TERRITORIES
Guam 44 (0.5) 52 (0.6) 44 (0.7) 40 (0.7) 34 (0.7) 41 (0.61
Virgin Islands 38 (0.3) 46 (0.5) 39 (0.6) 33 (0.5) 29 (0.6) 34 (0.6)
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The Information Provided by Constructed-Response Tasks

Chapters One and Two of this report provide evidence of the rich source
of information provided by more complex problem-solving tasks and the
additional perspectives about students' achievement that can be gained.
However, assessment results are often presented in aggregate form and the
question arises about the precision of summary measures based on constructed-
response tasks. More complex assessment tasks need longer assessment time, but
many organizations and entities responsible for assessment are constrained by
situations related to student burden levels and resources. Therefore, can
assessments containing fewer, but potentially richer, questions be as precise as
longer tests made up of multiple-choice questions?

The primary way that NAEP summarizes student performance is on
proficiency scales (ranging from 0 to 500) based on methods and concepts
associated with item response theory (IRT). Although these results are not
contained in this report, the scaling procedure forms the foundation of all the
other NAEP reports about the 1992 mathematics assessment. All the questions
in the assessment, including the constructed-response questions described herein,
were used to develop the NAEP mathematics scales. For the extended-response
questions, NAEP uses special partial-credit scaling techniques. Additionally, for
grade 8, separate IRT-based measures of precision were calculated for the
extended-response, regular constructed-response, and multiple-choice questions
(see Procedural Appendix for further details). Each of these measures was then
standardized so that results were expressed on a per-item basis, and comparisons

were made between the various question types.'
The information functions, which show the per-item precision of

measurement for varying degrees of mathematics proficiency, are shown in
FIGURE 3.1. The information an item contributes to a test at a given proficiency
level is given by the square of the ratio of the slope of the item characteristic
curve at that point, to the standard error of measurement of observed scores at
that proficiency level. The more highly discriminating an item, the more
information it gives, and the more it contributes to shrinking the uncertainty of
estimating proficiency from the observed responses. The maximum amount of

1" John Mazzeo, Kentaro Yamamoto, and Edward Ku lick, "Extended Constructed-Kesponse Items in the I992
NAFP: Psychometrically tipeaking Were They Worth the l'rice?" l'aper presented at the 1943 annual meeting of the
National Council on Measurement in Education, Atlanta, GA.
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information from the short constructed-response questions was obtained for
students at about proficiency level 250.17 For the multiple-choice items, the
greatest amount of per-item information was obtained for students with
proficiency levels near 285. For the extended-response questions, the greatest
amount of per-item information was obtained for students with prof4ciencies of
about 330. At the modal values, short constructed-response questions provided
about 10 percent more information per question than did multiple-choice items.
Extended-response questions provided about 3.5 times as much information as
did the short constructed-response questions. Thus, at the proficiency levels
where the question types measure most effectively, the extended-response tasks
did provide substantially more information than their simpler, dichotomously
scored counterparts.

Figure 3.1
Grade 8 Mathematics Per Item Information Funcfions

q

co _
a

Multiple-Choice
Short Constructed Response
Extended Constructed Response

\S

100 150 200 250

Typical Proficiency
Unidimensionol Scale

300 350 400

'7 Figure 3.1 contains a plot of the average information per item (on the y-axis) ' y proficiency level (on the x-axis)
for the Grade 8 Mathematics multiple-choice, short constructed-response, and extended-response iterns based on
unidimensional item parameters. The scale of the proficiency variable on the x-axis is centered on 250 and runs from
about 100 to 400. The center of the scale roughly corresponds to the grade 8 mean score on the NAEl' proficiency
scale and each scale unit roughly corresponds to the standard deviation of grade 8 proficiency scores on the NAI-
scale. However, somewhat different IRT scaling procedures were used for the analyses reported here than were used
to produce the NAFT scales. Thus, the scales in Figure 3.1 are not directly comparable to the NAEP reported
profidency scale.
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The expected per-item information for a randomly chosen eighth-grade
student was .424 for the extended-response questions, .320 for the regular
constructed-response questions, and .243 for the multiple-choice questions. rile
extended-response questions did not, however, provide better measurement
across the entire range of proficiency. For proficiency values below 250, the
extended-response tasks provided about the same information per item as the
multiple-choice items. Both the multiple-choice and extended-response items
provided somewhat less information than the short constructed-response items.
Where extended-response tasks did show a marked superiority over the
dichotomously scored items in terms of information provided was at the higher
proficiency levels. The extended-response tasks provided considerably more
information per-item than their binary counterparts above proficiency 300.

That the multiple-choice items provided less information than the short
constructed-response questions for proficiency values below 250 may not be
surprising given that the former are susceptible to guessing. The most plausible
explanation for the surprisingly low amount of information provided by the
extended-response tasks at low proficiency levels is the rather substantial level of
difficulty exhibited by these items.

To briefly summarize, Figure 3.1 demonstrates the potential gain in
information in IRT scaling that can be realized with extended-response tasks. In
the proficiency range where they were effective, the extended-response tasks
provided considerably more information than their simpler binary counterparts.
At the modes of their respective information functions, the extended-response
tasks provided about as much information as 4 multiple-choice items or 3 regular
constructed-response questions. Ho wever, it is equally clear that the extended-
response tasks were extremely difficult for students. For students in the lower
half of the grade 8 proficiency distributions, the extended-response tasks provided
little more in the way of information than multiple-choice items and less
information than short constructed-response items. As a result, the expected per-
task information for the extended-response tasks was not dramatically higher than
the levels provided by the multiple-choice and short constructed-response items.
However, as st,dents become more familiar with performance tasks and activities
as part of their school instructional programs, their performance probably will
improve on these more complex assessment tasks.

183

1 5



Interaction Between Question Type and Curriculum and
Instruction

As part of the 1992 mathematics assessment, NAEP collected a great deal
of background information from students and their teachers. For example,
teachers of fourth- and eighth-grade students who participated in the assessment
were asked about the instructional emphasis placed on reasoning and
communicating. The national results to these questions by performance on the
three different question types are presented in TABLE 3.10. At grade 8, degree
of emphasis on reasoning was related to performance regardless of question type.
Some apparent evidence of this tendency can also be seen at grade 4, although the
differences are not statistically significant. The results for emphasizing
communication showed less clear relationships, although a pattern of non-
statistically significant improved performance can be seen for the extended-
response questions. The state-by-state results presented in TABLES 3.11
(extended-response), 3.12 (regular constructed-response), and 3.13 (multiple-
choice) tend to mirror the national findings, although there are variations among
the participants.
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TABLE 3.10 National Average Percentages by Teachers Reports on the Instructional
Emphasis Placed on Reasoning and Communicating

Grades 4 and 8

Developing Reasoning Ability to
Solve Unique Problems

Learning How to Communicate
Ideas In Mathematics Effectively

Heavy Moderate Little or Heavy Moderate Little or
Emphasis Emphasis No Emphasis Emphasis Emrhasis No Emphasis

GRADE 4

Satisfactory
or Better on
Extended-Response 17 (1.0) 16 (0.9) 14 (2.5) 17 (1.6) 16 (0.9) 15 (1.7)

Correct on Regular
Constructed-Response 43 (1.0) 41 (0.8) 40 (1.8) 41 (13) 41 (0.7) 42 (1.2)

Correct on
Multiple-Choke 50 (0.8) 49 (0.6) 48 ((.6) 49 (1.0) 49 (0.5) 50 (1.1)

GRADE 8

Satisfactory
on Better on
Extended-Response 10 (0.8) 7 ((1.6) 2 (0.9) I0 (0.9) li ((1.7) 6 (1.4)

Correct on Regular
Constructed-Response 57 (0.8) 52 (0.8) 44 (2.3) 56 (0.9) 51 (0.8) 53 (2.1)

Corred on
Ntultiple-Choice 60 (0.71 54 (0.7) 47 (1.7) 59 (0.7) 56 (0.6) 56 (1.6)

The standard errors ol the estimated percentages appear in imrentheses. It can lw said with al-mut 95 percent certaiiity for each population of
inter?st, the value for the whole population is within plus or minus Iwo standard errors of the estimate for the sample. In comparing two estimates,
one must use thc standard error of the difference (see Appendix for details).

SOURCE: National Assessment of Educational Progress INAliP), 1992 Mathematics Assessment
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TABLE 3.11 Average Percentage Satisfactory or Better Responses to Extended-Response Qimstions by
Teacher's Reports on the Instructional Emphasis Placed on Reasoning and Communicating

PUBLIC
SCHOOLS

Grade 4 -110a2

Developing Reasoning Ability to Solve Unique Problems Learning How to Communicate Ideas

Heavy Emphasis
Moderate
Emphasis

Little or No
Emphasis Heavy Emphasis

Moderate
Emphasis

Little or No
Emphasis

NATION 16 (1.2) 16 (1.1) 13 (2.6) 16 (1.7) 16 (1.0) 15 (2.0)

Northeast 21 (2.3) 18 (2.3) 13 (6.0) 22 (2.4) 19 (2.8) 10 (4.8)

Southeast 13 (2.7) 13 (2.4) 4 (1.4) 12 (3.2) 13 (2.4) 7 (3.2)

Central 15 (2.1) 19 (2.6) 18 (4.7) 15 (4.2) 19 (1.8) 16 (2.2)

West 17 (2.1) 14 (1.5) 16 (6.6) 18 (3.6) 13 (1.6) 19 (3.0)

STATES
Alabama 12 (1.3) 11 (1.2) 9 (3.3) 11 (1 ?) 12 (1.3) 11 (2.5)

Arizona 15 (0.9) 12 (1.1) 15 (2.4) 14 (1.1) 13 (1.1) 15 (2.6)

Arkansas 11 (1.1) 11 (0.8) 11 (2.9) 9 (1.3) 11 (0.7) 12 (2.2)

California 13 (1.0) 11 (1.1) 4 (2.2) 12 (1.3) 11 (0.9) 10 (2.9)

Colorado 16 (1.0) 16 (1.3) 17 (4.5) 17 (1.1) 15 (1.2) 17 (2.5)

Connecticut 25 (1.5) 20 (1.5) 13 (5.6) 24 (1.7) 23 (1.5) 17 (2.4)

Delaware 16 (1.1) 14 (1.3) 14 (2.0) 18 (1.0) 13 (1.3) 15 (2.0)

Dist. Columbia 9 (1.2) 5 (1.0) 4 (2.6) 8 (1.0) 7 (1.4) 3 (1.8)

Florida 14 (1.2) 10 (1.1) 7 (2.6) 13 (1.1) 12 (1.2) 8 (2.4)

Georgia 17 (1.2) 13 (1.2) 14 (4.1) 15 (1.1) 15 (1.3) 14 (3.5)

Hawaii 14 (1.4) 11 (1.2) 15 (3.4) 13 (1.6) 13 (1.2) 10 (2.3)

Idaho 16 (1.2) 16 (1.3) 15 (4.2) 17 (1.6) 15 (1.1) 16 (1.8)

Indiana 18 (1.5) 14 (1.4) 10 (2.2) 14 (1.5) 16 (1.6) 16 (2.4)

Iowa 25 (1.3) 22 (1.5) 16 (4.2) 22 (1.9) 24 (1.2) 20 (2.4)

Kentucky 15 (1.2) 13 (1.5) 8 (3.0) 15 (1.3) 14 (1.5) 13 (2.9)

Louisiana 9 (0.9) 7 (1.1) 6 (1.7) 9 (1.0) 8 (1.1) 4 (2.5)

Maine 23 (1.8) 22 (1.6) 13 (5.0) 23 (2.0) 23 (1.7) 18 (2.4)

Maryland 18 (1.4) 16 (1.7) 16 (7.9) 17 (1.4) 19 (1.3) 19 (4.3)

Massachusetts 19 (1.8) 19 (1.4) 12 (2.9) 21 (2.2) 18 (1.6) 16 (1.8)

Michigan 15 (1.1) 17 (1.6) 11 (6.6) 15 (1.6) 17 (1.3) 11 (2.3)

Minnesota 20 (1.1) 19 (1.6) 19 (3.5) 18 (1.7) 20 (1.3) 22 (2.8)

Mississippi 8 (1.1) 7 (1.0) 6 (3.0) 6 (0.9) 9 (1.1) 8 (2.7)

Missouri 19 (1.4) 17 (1.3) 16 (2.5) 18 (1.6) 18 (1.3) 18 (2.3)

Nebraska 19 (1.5) 18 (1.3) 15 (5.2) 17 (1.6) 20 (1.4) 15 (2.4)

New Hampshire 23 (1.4) 20 (1.4) 19 (7.6) 25 (2.0) 19 (1.4) 19 (2.6)

New Jersey 20 (1.4) 17 (1.7) 15 (3.4) 20 (1.3) 18 (1.7) 14 (3.3)

New Mexico 14 (1.6) 11 (1.1) 11 (2.7) 12 (1.7) 13 (1.1) 10 (2.7)

New York 14 (1.3) 15 (1.5) 17 (4.6) 14 (1.6) 14 (1.4) 21 (2.7)

North Carolina 14 (1.0) 13 (1.2) 9 (2.3) 13 (1.4) 13 (0.9) 15 (2.4)

North Dakota 22 (1.5) 20 (1.1) 10 (3.4) 21 (1.8) 20 (1.1) 18 (2.8)

Ohio 19 (1.2) 16 (1.4) 9 (2.6) 18 (1.5) 17 (1.2) 10 (2.3)

Oklahoma 16 (1.1) 16 (1.3) 11 (3.0) 16 (1.4) 16 (1.3) 15 (2.5)

Pennsylvania 21 (1.3) 18 (1.4) 11 (3.5) 21 (1.6) 18 (1.2) 16 (3.2)

Rhode Island 17 (1.6) 14 (1.5) 14 (3.5) 15 (2.1) 16 (1.6) 14 (2.0)

South Carolina 12 (0.8) 11 (1.1) 9 (2.8) 13 (1.0) 10 (0.9) 10 (2.5)

Tennessee 14 (1.3) 13 (1.1) 10 (2.6) 13 (1.1) 14 (1.0) 13 (2.4)

Texas 17 (1.3) 13 (1.3) 17 (6.4) 16 (1.2) 16 (1.6) 8 (2.1)

Utah . 16 (1.1) 16 (1.2) 13 (1.9) 17 (1.4) 15 (1.1) 17 (1.4)

Virginia 19 (1.6) 16 (1.5) 15 (2.7) 15 (1.4) 20 (1.7) 15 (2.2)

West Virginia 14 (1.2) 11 (0.9) 11 (2.3) 13 (1.3) 11 (0.9) 13 (1.7)

Wisconsin 23 (1.6) 18 (1.6) 20 (4.0) 23 (1.7) 19 (1.3) 21 (2.5)

Wyoming 19 (1.1) 18 (1.2) 10 (2.6) 20 (1.6) 18 (1.3) 16 (1.8)

TERRITORY
Guam 6 (0.8) 8 (0.9) 4 (1.1) 7 (0.7) 6 (0.9) 7 (1.4)

The standard errors of the estimated percentages appear in parentheses. It can bc said with 95 percent certainty that for each population of interest,
the value for the whole population is within plus or minus two standard errors of the estimate for the sample. In comparing two estimates, one must
use the standard error of the difference (see ikppendix for details).

SOURCE: National Assessment of Educational Progress (NAEP), 1992 Mathematics Assessment.
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TABLE 3.11 Average Percentage Satisfactory or Better Responses to Extended-Response Questions by
Teacher's Reports on the Instructional Emphasis Placed on Reasoning and Communk2ting
(continued)

PUBLIC
SCHOOLS

Grade 8 - 1992

Developing Reasoning Ability to Solve Unique Problems Learning How to Communicate Ideas

Heavy Emphasis
[-Moderate

Emphasis
Little or No
Emphasis Heavy Emphasis

Moderate
Emphasis

Little or No
Emphasis

NATION 13 (0.8) 10 (0.8) 8 (1.8) 13 (0.9) 11 (0.8) 10 (1.6)
Northeast 17 (1.9) 13 (2.6) 3 (1.9) 18 (2.2) 12 (1.81 19 (5.5)
Southeast 11 (1.3) 9 (1.1) 9 (2.1) 10 (1.3) 11 (1.3) 8 (3.9)
Central 11 (1.2) 10 (1.7) 9 (2.9) 9 (1.1) 11 (2.2) 11 (1.8)
West 13 (1.6) 8 (1.2) 11 (4.3) 13 (1.6) 10 (1.2) 5 (1.6)
STATES
Alabama 9 (0.9) 6 (0.7) 4 (1.6) 8 (0.9) 6 (0.8) 3 (1.1)
Arizona 12 (1.1) 7 (0.9) 7 (2.2) 11 (1.31 9 (1.3) 7 (1.2)
Arkansas 10 (1.0) 8 (0.7) 6 (1.3) 8 (0.8) 8 (0.8) 9 (1.4)
California 13 (1.3) 11 (0.9) 10 (2.1) 12 (1.9) 13 (0.9) 9 (1.5)
Colorado 15 (0.8) 10 (1 1) 9 (2.6) 14 (1.0) 12 (0.9) 8 (1.4)
Connecticut 16 (1.1) 13 (1.1) 10 (2.0) 15 (1.2) 14 (1.11 11 (1.6)

Delaware 10 (0.9) 9 (1.0) 8 (2.3) 9 (0.91 10 (1.0) 9 (2.5)
Dist. Columbia 13 (1.1) 16 (3.0) 9 (3.1) 12 (1.2) 17 (1.9) 11(14.2)

Florida 11 (0.8) 10 (0.8) 8 (1.7) 11 (0.9) 10 (0.9) 9 (1.7)
Georgia 11 (1.0) 8 (0.8) 7 (1.6) 10 (0.9) 9 (0.7) 6 (1.6)
Hawaii 11 (1.0) 8 (0.8) 7 (1.3) 11 (1.1) 8 (0.7) 7 (1.2)
Idaho 13 (1.1) 9 (0.8) 9 (3.5) 12 (1.0) 11 (1.1) 9 (1.7)

Indiana 14 (1.0) 8 (0.9) 10 (2.4) 13 (1.3) 10 (0.9) 9 (1.8)
Iowa 17 (1.2) 13 (0.9) 7 (1.5) 15 (1.1) 15 (1.1) 13 (2.8)
Kentucky 12 (1.0) 7 (0.8) 4 (1.3) 12 (1.0) 7 (0.7) 5 (1.0)
Louisiana 8 (0.9) 8 (0.8) 5 (1.3) 9 (0.8) 7 (0.7) 7 (1.8)
Maine 15 (1.2) 10 (1.1) 5 (1.4) 17 (1.6) 10 (0.9) 8 (2.7)
Maryland 17 (1.3) 9 (1.0) 9 (2.2) 16 (1.5) 10 11.01 12 (2.3)

Massachusetts 16 (1.3) 11 (1.2) 8 (1.6) 15 (1.3) 12 (1.2) 7 (1.3)
Michigan 15 (1.1) 10 (1.1) 5 (2.9) 14 (1.2) 11 (0.9) 11 (2.7)
Minnesota 17 (1.21 12 (1.1) 8 (2.4) 18 (1.5) 12 (1.1) '2 (1.7)
Mississippi 9 (0.9) 7 (1.1) 6 (1.5) 8 (0.9) 7 (1.1) 7 (1.7)
Missouri 13 (1.3) 9 (0.8) 7 (1.8) 12 (1.4) 10 (0.8) 8 (1.3)
Nebraska 15 (1.2) 11 (0.9) 5 (2.0) 14 (1.4) 12 (1.0) 10 (1.2)

New Hampshire 15 (1.1) 12 (1.1) 12 (4.0) 15 (1.3) 12 (0.91 12 (2.5)
New Jersey 15 (1.0) 11 (1.2) 7 (2.6) 16 (1.1) 11 (1.1) 8 (2.8)
New Mexico 10 (0.8) 7 (0.7) 6 (1.3) 10 (0.8) 8 (0.7) 6 (1.3)
New York 14 (1.3) 12 (1.1) 6 (3.0) 15 (1.0) 12 (1.0) 10 (1.5)
North Carolina 11 (0.9) 7 (0.8) 9 (2.5) 10 (0.9) 8 (0.8) 9 (2.1)
North Dakota 16 (1.3) 11 (1.2) 13 (2.8) 14 (1.5) 13 (1.1) 13 (2.4)

Ohio 14 (1.3) 10 (1.1) 8 (1.9) 14 (1.4) 11 (1.0) 10 (1.5)
Oklahoma 11 (1.1) 9 (1.1) 8 (1.0) 10 11.2) 9 (1.2) 10 (1.7)
Pennsylvania 15 (1.3) 8 (1.2) 12 (2.6) 14 (1.3) 11 (1.2) 11 (2.9)
Rhode Island 14 (1.0) 8 (0.9) 7 (1.3) 14 (1.1) 8 (0.9) 9 (1.5)
South Carolina 11 (0.9) 8 (0.8) 7 (1.9) 10 (0.9) 9 (1.0) 7 (2.1)
Tennessee 9 (0.91 7 (0.7) 3 (0.9) 8 (0.8) 7 (0.6) 5 (1.8)

Texas 13 (1.1) 11 (1.2) 7 (1.7) 13 (1.1) 11 (1.3) 10 (1.6)
Utah 14 (1.1) 10 (0.9) 11 (2.4) 15 (1.5) 10 (0.9) 12 (1.5)
Virginia 14 (1.0) 10 (0.8) 10 (1.4) 14 (1.1) 11 (0.7) 9 (2.1)
West Virginia 9 (0.7) 7 (0.6) 6 (1.2) 9 (1.0) 8 (0.7) 5 (1.0)
Wisconsin 15 (1.3) 11 (1.4) 9 (1.8) 15 (1.9) 12 (1.2) 11 (3.5)
Wyoming 13 (1.2) 9 (0.8) 6 (1.2) 13 (1.4) 9 (0.9) 8 (1.2)
TERRITORIES
Guam 13 (1.6) 11 (1.1) 21 (2.3) 14 (1.5) 11 (1.2) 15 (1.5)
Virgin Islands 13 (1.0) 17 (1.3) 30(30.2) 14 (0.9) 15 (1.8) 14 (2.5)
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TABLE 3.12 Overall Average Percentage Correct for Regular Constructed-Response Questions by
Teacher's Reports on the Instructional Emphasis Placed on Reasoning and Communicating

PUBLIC
SCHOOLS

Grade 4 - 1992

Developing Reasoning Ability to Solve Unique Problems Learning How to Communicate Ideas

Heavy Emphasis
Moderate
Emphasis

Little or No
Emphasis Heavy Emphasis

Moderate
Emphasis

1 Little or No
Emphasis

NATION 43 (1.1) 40 (1.0) 39 (2.2) 42 (1.5) 40 (0.8) 41 (1.5)

Northeast 46 (2.3) 40 (2.5) 40 (4.5) 46 (2.4) 43 (2.3) 32 (3.1)

Southei, st 36 (2.4) 34 (2.3) 31 (4.3) 36 (3.5) 34 (1.6) 35 (2.5)

Central 45 (2.1) 44 (1.4) 46 (1.9) 45 (2.4) 45 (1.5) 46 (1.9)

West 44 (2.5) 40 (1.3) 37 (9.7) 46 (2.9) 39 (1.0) 41 (2.8)

STATES
Alabama 35 (1.4) 33 (1.3) 33 (2.8) 34 (1.3) 35 (1.5) 34 (2.6)

Arizona 41 (0.9) 40 (1.0) 40 (2.2) 40 (1.1) 40 (0.9) 41 (2.3)

Arkansas 37 (1.2) 36 (0.7) 30 (2.7) 36 (1.6) 36 (0.7) 35 (2.0)

California 37 (1.3) 37 (1.2) 29 (2.1) 38 (1.5) 37 (1.1) 28 (2.3)

Colorado 45 (1.0) 43 (1.0) 43 (4.0) 46 (1.1) 43 (1.1) 43 (2.1)

Connecticut 51 (1.1) 45 (1.2) 36 (6.6) 50 (1.4) 49 (1.0) 41 (2.1)

Delaware 44 (1.0) 39 (0.7) 37 (1.6) 43 (0.8) 39 (1.0) 38 (1.2)

Dist. Columbia 29 (0.5) 25 (0.6) 25 (1.3) 29 (0.6) 25 (0.6) 27 (1.1)

Florida 41 (0.8) 36 (1.2) 33 (2.7) 39 (1.1) 39 (1.1) 35 (2.9)

Georgia 41 (1.4) 37 (1.5) 36 (4.2) 40 (1.3) 39 (1.3) 35 (2.6)

Hawaii 43 (1.3) 38 (1.0) 35 (2.7) 41 (1.3) 40 (1.0) 36 (1.9)

Idaho 44 (1.0) 43 (0.9) 43 (3.0) 45 (1.2) 44 (0.8) 39 (1.6)

Indiana 44 (1.4) 42 (0.8) 39 (2.8) 42 (1.7) 43 (1.0) 41 (1.5)

Iowa 50 (0.9) 49 (0.9) 43 (2.7) 49 (1.3) 50 (0.9) 49 (1.7)

Kentucky 39 (0.8) 37 (1.2) 37 (5.7) 38 (1.0) 38 (1.1) 40 (3.6)

Louisiana 34 (1.0) 32 (1.4) 27 (2.4) 33 (1.2) 33 (1.2) 29 (2.7)

Maine 52 (1.1) 50 (1.0) 45 (2.7) 52 (1.4) 51 (0.9) 48 (1.7)

Maryland 44 (1.4) 41 (1.5) 32 (4.6) 42 (1.2) 44 (1.3) 41 (3.6)

Massachusetts 49 (1.3) 47 (1.4) 37 (2.7) 48 (1.9) 48 (1.3) 44 (2.7)

Michigan 42 (1.4) 45 (1.5) 34 (5.4) 41 (1.9) 45 (1.3) 37 (2.0)

Minnesota 50 (1.1) 47 (1.4) 42 (2.4) 49 (1.5) 47 (1.1) 50 (1.5)

Mississippi 29 (1.1) 31 (1.0) 25 (1.8) 28 (1.0) 31 (1.1) 31 (2.6)

Missouri 46 (1.3) 43 (1.2) 41 (2.3) 45 (1.6) 45 (1.2) 41 (1.6)

Nebraska 48 (1.3) 46 (1.2) 44 (3.4) 49 (1.7) 47 (1.0) 42 (2.4)

New Hampshire 52 (1.2) 48 (1.2) 44 (2.0) 53 (1.5) 49 (1.1) 47 (2.1)

New Jersey 49 (1.4) 44 (1.3) 42 (2.6) 49 (1.5) 45 (1.4) 43 (2.9)

New Mexico 42 (1.5) 37 (0.9) 37 (3.1) 40 (1.5) 38 (1.2) 37 (2.1)

New York 42 (1.2) 41 (1.2) 43 (4.7) 41 (1.3) 42 (1.2) 42 (2.4)

North Carolina 39 (0.9) 37 (1.1) 36 (3.0) 38 (1.0) 38 (0.9) 41 (1.9)

North Dakota 49 (1.0) 48 (0.9) 43 (1.7) 47 (1.1) 48 (0.8) 48 (2.1)

Ohio 44 (1.0) 40 (1.2) 30 (3.4) 43 (1.4) 41 (1.1) 38 (2.3)

01,lahoma 42 11.11 42 (1.0) 44 (2.0) 42 (1.0) 42 (1.1) 41 (1.7)

Pennsylvania 48 (1.21 43 (1.4) 39 (3.0) 48 (1.4) 44 (1.2) 41 (3.2)

Rhode Island 41 (1.9) 38 (1.0) 36 (3.1) 38 (2.2) 40 (1.4) 38 (2.0)

South Carolina 38 (1.0) 37 (1.2) 33 (4.2) 38 (1.1) 36 (1.1) 37 (2.4)

Tennessee 37 (1.5) 36 (0.9) 28 (1.9) 36 (1.4) 36 (1.0) 33 (1.9)

Texas 42 (1.0) 39 (1.8) 36 (3.3) 42 (1.4) 40 (1.3) 33 (3.1)

Utah 46 (1.0) 44 (1.0) 39 (2.4) 48 (1.3) 43 (0.9) 41 (1.7)

Virginia 45 (1.4) 40 (1.4) 43 (3.4) 42 (1.3) 44 (1.3) 42 (2.6)

West Virginia 40 (1.2) 39 (1.0) 33 (2.2) 39 (1.3) 38 (0.8) 39 (1.9)

Wisconsin 50 (0.9) 46 (1.1) 42 (3.2) 49 (1.1) 48 (1.1) 47 (1.7)

Wyoming 47 (0.9) 45 (0.7) 38 (2.0) 47 (1.3) 45 (0.8) 47 (1.4)

TERRITORY
Guam 28 (0.8) 29 (0.6) 21 (1.3) 31 (0.7) 25 (0.7) 27 (1.0)

Me standard errors of the estimated percentages appear in parentheses. It can be said with 95 percent certainty that for each population of interest,
the value for the whole population is within plus or minus two standard errors of the estimate for the sample. In comparing two estimates, one must
use the standard error of the difference (see Appendix for details).

SOURCE: National Assessment of Educational Progress (NAEP), 1992 Mathematics Assessment.
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TABLE 3.12 Overall Average Percentage Correct for Regular Constructed Response Questions by
Teacher's Reports on the Instructional Emphasis Placed on Reasoning and Communicating
(continued)

PUBLIC
SCHOOLS

Grade 8 - 1992

Developing Reasoning Ability to Solve Unique Problems Learning How to Communicate Ideas

Heavy Emphasis
Moderate
Emphasis

Little or No
Emphasis Heavy Emphasis

Moderate
Emphasis

Little or No
Emphasis

NATION 56 (0.9) 51 (0.8) 43 (2.5) 55 (1.0) 52 (0.8) 52 (2.4)

Northeast 55 (2.1) 51 (3.4) 53 (4.0) 57 (2.8) 52 (2.1) 47 (5.8)

Southeast 52 (1.4) 48 (1.1) 4-4 (4.3) 51 (1.6) 49 (1.3) 48 (5.8)

Central 62 (2.1) 57 (1.4) 46 (5.5) 60 (1.7) 57 (1.8) 59 (4.4)

West 57 (1.3) 50 (1.1) 34 (4.1) 55 (1.4) 52 (1.4) 43 (5.0)

STATES
Alabama 49 (1.9) 45 (1.1) 38 (2.8) 48 (1.7) 45 (1.3) 40 (2.7)

Agnzona 56 (0.8) 51 (1 1) 41 (2.6) 55 (1.0) 54 (1.1) 46 (2.3)

Arkansas 54 (1.4) 47 (1.0) 42 (2.2) 51 (1.4) 48 (1.1) 44 (1.5)

California 56 (1.2) 49 (1.2) 40 (4.4) 54 (1.3) 52 (1.2) 46 (2.3)

Colorado 61 (0.7) 55 (1.1) 51 (2.7) 59 (1.2) 57 (0.9) 56 (1.7)

Connecticut 62 (1.2) 56 (1.1) 48 (3.1) 61 (1.1) 57 (1.3) 50 (2.8)

Delaware 56 (0.8) 51 (0.9) 42 (2.1) 55 (1.0) 52 (0.8) 49 (1.7)

Dist. Columbia 37 (0.8) 39 (1.3) 33 (2.4) 36 (0.8) 39 (1.2) 22 (2.3)

Florida 55 (1.0) 48 (1.2) 39 (2.2) 54 (1.1) 48 (1.0) 46 (2.4)

Georgia 52 (1.1) 46 (1.3) 42 (2.0) 50 (1.0) 48 (1.4) 45 (2.0)

Hawaii 58 (0.9) 48 (0.8) 39 (1.0) 57 (0.9) 48 (0.7) 41 (1.1)

Idaho 62 (0.8) 57 (0.7) 54 (3.7) 60 (0.8) 60 (0.8) 56 (1.0)

Indiana 61 (0.9) 53 (1.1) 47 (2.6) 60 (1.1) 55 (1.0) 52 (2.1)

Iowa 66 (0.9) 61 (1.1) 56 (2.0) 64 (1.0) 62 (0.8) 60 (3.0)

Kentucky 56 (1.1) 49 (1.1) 37 (2.4) 56 (1,2) 50 (1.0) 46 (2.6)

Louisiana 48 (1.7) 42 (1.0) 38 (2.8) 46 (1.6) 44 (1.2) 43 (2.7)

Maine 65 (1.0) 59 (0.9) 56 (2.5) 65 (1.1) 61 (0.6) 54 (1.9)

Maryland 59 (1.3) 49 (1.3) 44 (2.5) 56 (1.4) 52 (1.3) 50 (4.0)

Massachusetts 63 (0.9) 54 (1.3) 48 (2.1) 62 (1.4) 56 (1.2) 52 (2.3)

Michigan 56 (1.5) 54 (1.3) 49 (3.9) 55 (1.6) 56 (1.2) 56 (2.5)

Minnesota 66 (0.8) 60 (0.8) 51 (3.5) 65 (1.1) 61 (0.9) 60 (0.9)

Mississippi 44 (1.1) 41 (1.3) 38 (2.4) 43 (1.0) 42 (1.4) 41 (3.7)

Missouri 62 (1.0) 54 (0.9) 53 (2.0) 60 (1.2) 56 (0.9) 56 (1.5)

Nebraska 64 (1.0) 58 (0.8) 55 (3.6) 62 (1.0) 60 (0.9) 59 (1.9)

New Hampshire 64 (0.9) 59 (0.8) 57 (3.7) 64 (0.8) 60 (0.8) 54 (1.9)

New Jersey 58 (1.2) 55 (1.7) 48 (3.3) 58 (1.3) 56 (1.3) 56 (3.6)

New Mexico 55 (1.0) 48 (0.9) 44 (1.4) 54 (0.8) 49 (1.0) 46 (1.3)

New York 59 (1.6) 52 (1.6) 40 (3.0) 58 (1.7) 52 (1.7) 53 (3.4)

North Carolina 54 (1.0) 46 (1.1) 45 (2.7) 52 (1.2) 47 (1.0) 51 (1.7)

North Dakota 64 (0.7) 63 (1.0) 59 (3.7) 64 (0.9) 63 (0.8) 63 (2.5)

Ohio 59 (1.3) 55 (1.1) 48 (3.2) 59 (1.7) 54 (1.2) 55 (2.0)

Oklahoma 60 (1.3) 53 (0.9) 47 (1.6) 57 (1.2) 55 (0.9) 50 (2.1)

Pennsylvania 60 (1.1) 54 (1.0) 52 (3.6) 59 (1.2) 55 (1.1) 53 (3.7)

Rhode Island 57 (0.5) 51 (0.8) 44 (1.9) 56 (0.6) 52 (0.7) 50 (1.9)

South Carolina 54 (1.0) 47 (0.9) 41 (3.0) 51 (1.0) 49 (1.1) 49 (4.0)

Tennessee 53 (1.1) 47 (1.0) 44 (3.4) 51 (1.2) 49 (0.9) 45 (.,.1)

Texas 56 (1.0) 50 (1.4) 40 (2.5) 54 (1.3) 53 (1.1) 44 (2.1)

Utah 62 (0.8) 57 (1.1) 53 (1.8) 61 (1.0) 58 (1.0) 55 (1.4)

Virginia 59 (1.2) 52 (1.2) 44 (1.9) 58 (1.4) 53 (1.1) 45 (2.6)

West Virginia 55 (1.0) 47 (1.1) 40 (1.6) 55 (1.2) 48 (0.9) 45 (1.7)

Wisconsin 63 (1.0) 59 (0.9) 51 (3.1) 63 (1.5) 60 (0.8) 56 (2.9)

Wyoming 62 (0.8) 58 (0.8) 53 (1.3) 63 (0.7) 57 (0.7) 57 (1.4)

TERRITORIES
Guam 46 (1.1) 35 (1.1) 29 (1.5) 43 (0.9) 39 (1.1) 27 (1.3)

Virgin Islands
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TABLE 3.13 Overall Average Percentage Correct for Multiple-Choice Questions by Teacher's Reports on
the Instructional Emphasis Placed on Reasoning and Communicating

Grade 4 - 1992

Developing Reasoning Ability to Solve Unique Problems Learning How to Communicate Ideas

PUBLIC
SCHOOLS Heavy Emphasis

Moderate
Emphasis

Little or No
Emphasis Heavy Emphasis

Moderate
Emphasis

Little or No
Emphasis

NATION 49 (0.8) 48 (0.7) 48 (2.0) 49 (1.1) 48 (0.6) 49 (1.3)
Northeast 53 (1.6) 47 (1.8) 43 (4.4) 53 (1.9) 50 (1.5) 38 (1.5)
Southeast 45 (1.2) 44 (1.4) 42 (3.0) 44 (1.9) 44 (1.3) 46 (2.4)
Central 51 (1.8) 51 (1.4) 53 (2.6) 51 (2.0) 51 (1.5) 52 (1.6)
West 49 (2.0) 49 (1.0) 48 (4.3) 51 (2.4) 48 (0.8) 49 (2.6)
STATES
Alabama 46 (0.9) 44 (1.0) 44 (2.8) 45 (0.9) 46 (1.2) 45 (2.2)
Anzona 48 (0.6) 47 (0.7) 46 (1.9) 48 (0.8) 47 (0.7) 47 (1.6)
Arkansas 46 (0.7) 47 (0.5) 43 (1.8) 46 (1.1) 47 (0.5) 45 (1.4)
California 46 (0.9) 46 (0.9) 39 (2.2) 46 (1.1) 46 (0.8) 40 (1.8)
Colorado 51 (0.71 49 (0.6) 50 (3.7) 51 (0.8) 49 (0.8) 49 (1.9)
Connecticut 56 (0.8) 52 (0.9) 42 (4.31 54 (1.0) 54 (0.8) 50 (1.8)

Delaware 53 (0.5) 47 (0.6) 47 (1.3) 52 (0.5) 48 (0.9) 47 (1.2)
Dist. Columbia 39 (0.5) 37 (0.5) 39 (2.0) 39 (0.5) 37 (0.6) 37 (1.0)
Florida 49 (0.7) 46 (0.8) 45 (1.9) 48 (0.8) 48 (0.8) 45 (2.1)
Georgia 50 (0.9) 47 (1.2) 47 (2.4) 49 (1.0) 49 (0.9) 44 (1.9)
Hawaii 50 (1.0) 46 (0.7) 44 (2.0) 49 (1.1) 48 (0.7) 44 (1.1)
Idaho 51 (0.7) 49 (0.6) 49 (1.7) 51 (0.8) 50 (0.6) 47 (1.2)

Indiana 51 (1.01 49 (0.6) 46 (2.0) 50 (1.2) 50 (0.8) 49 (1.2)
Iowa 55 (0.7) 54 (0.7) 49 (2.1) 54 (1.0) 55 (0.7) 52 (0.8)
Kentucky 48 (0.71 47 (0.8) 45 (2.9) 47 (0.7) 48 (0.8) 47 (2.4)
Louisiana 44 (0.7) 43 (1.1) 40 (1.2) 42 (0.8) 44 (0.9) 40 (1.4)
Maine 57 (0.8) 54 (0.9) 53 (2.2) 57 (1.1) 55 (0.7) 55 (1.5)
Maryland 50 (1.0) 49 (1.1) 41 (3.6) 48 (1.0) 51 (1.0) 48 (2.5)

Massachusetts 54 (0.9) 53 (1.0) 47 (2.4) 54 (1.3) 53 (0.9) 51 (1.8)
Michigan 50 (1.0) 51 (1.21 46 (3.2) 49 (1.3) 52 (1.0) 46 (1.5)
Minnesota 55 (0.81 54 (0.8) 50 (2.0) 54 (1.1) 54 (0.6) 56 (1.4)
Mississippi 42 (0.8) 43 (0.7) 38 (2.0) 41 (0.8) 43 (0.8) 44 (2.7)
Missouri 52 (1.0) 50 (0.9) 48 (1.8) 50 (1.1) 52 (0.9) 50 (1.3)
Nebraska 54 (0.8) 52 (0.9) 49 (2.2) 54 (1.2) 53 (0.9) 52 (2.0)

New Hampshire 56 (0.9) 53 (0.9) 51 (1.3) 56 (1.1) 53 (0.8) 53 (1.9)
New Jersey 56 (1.01 52 (1.01 49 (1.5) 55 (1.0) 53 (1.1) 50 (2.6)
New Mexico 48 (1.1) 45 (0.7) 43 (1.3) 47 (0.8) 46 (1.0) 45 (1.2)
New York 50 (0.9) 49 (0.8) 52 (3.1) 49 (1.0) 50 (0.7) 50 (1.5)
North Carolina 48 (0.6) 47 (0.9) 46 (2.2) 47 (0.8) 47 (0.71 48 (1.4)
North Dakota 55 (0.8) 54 (0.9) 49 (1.7) 54 (0.9) 54 (0.9) 54 (1.1)

Ohio 51 (0.8) 48 (0 9) 42 (2.2) 50 (1 0) 49 (0.8) 47 (1.9)
Oklahoma 50 (0.81 49 (0.8) 50 (2.2) 49 (0.9) 50 (0.7) 49 (1.3)
Rennsylvania 54 (1.0) 51 (1.0) 48 (2.41 54 (1.1) 51 (0.9) 49 (2.0)
Rhode Island 49 (1.2) 47 (0.8) 45 (2.6) 48 (1.5) 49 (1.0) 47 (1.4)
South Carolina 47 (0.7) 46 (0.9) 46 (3.7) 48 (0.7) 46 (0.9) 47 (1.6)
Tennessee 46 (1.0) 46 (0.7) 43 (1.5) 45 (1.0) 46 (0.8) 46 (1.3)

Texas 51 (0.71 49 (1.0) 50 (2.9) 51 (1.0) 50 (0.9) 46 (1.7)
Utah 54 (J.7) 51 (0.6) 48 (2.2) 55 (0.9) 51 (0.6) 50 (1.3)
Virginia 51 (1.1) 49 (1.0) 48 (2.3) 49 (0.9) 51 (1.0) 49 (1.4)
West Virginia 48 (1.0) 47 (0.7) 44 (1.7) 48 (1.1) 47 (0.6) 47 (13)
Wisconsin 56 (0.8) 53 (0.9) 49 (2.6) 55 (1.0) 54 (0.7) 55 (1.5)
Wyoming 52 (0.8) 51 (0.5) 48 (2.0) 52 (0.9) 51 (0.7) 53 (0.9)
TERRITORY
Guam 40 (0.6) 40 (0.4) 35 (0.8) 41 (0.5) 38 (0.5) 38 (0.8)

The standard errors of the estimated percentages appear in parentheses. It can be said with 95 percent certainty that for each population of interest,
the value for the whole population is within plus or minus two standard errors of the estimate for the sample. In comparing two estimates, onemust
use the standard error of the difference (see Appendix for details).

SOURCE: National Assessment of Educational Progress (NAPP), 1992 Mathematics Assessment.
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TABLE 3.13 Overall Average Percentage Correct for Multiple-Choice Questions by 'Teacher's Reports on
the Instructional Emphasis Placed on Reasoning and Communicating (continued)

PUBLIC
SCHOOLS

Grade 8 - 1902

Developing Reasoning Ability to Solve Unique Problems Learning How to Communicate ideas

Heavy Emphasis
Moderate
Emphasis

Little or No
Emphasis Heavy Emphasis

Moderate
Emphasis

Little or No
Emphasis

NATION 60 (0.7) 54 (0.7) 46 (1.7) 58 (0.8) 55 (0.6) 55 (1.8)

Northeast 59 (1.5) 54 (2.9) 50 (3,4) 60 (2,1) 55 (1,5) 50 (4.7)

Southeast 57 (1,5) 51 (1.2) 49 (2.6) 56 (1.7) 53 (0.5) 51 (4.0)

Central 64 (1.2) 58 (1.3) 45 (4.11) 62 (1.2) 58 (1.8) 60 (2.9)

West 60 (1.2) 53 (1.0) 42 (3.3) 58 (1,3) 56 (1.3) 48 (1.9)

STATES
Alabama 54 (1.3) 49 (1.0) 42 (1.4) 52 (1.1) 50 (1.1) 46 (2.1)

Arizona 59 (0.7) 53 (1.0) 45 (1.7) 58 (0.9) 55 (0.7) 49 (1.7)

Arkansas 57 (1.0) 51 (0.7) 46 (1.5) 55 (1.1) 51 (0.8) 48 (1.2)

California 58 (1.2) 52 (1.1) 46 (2.4) 56 (1.2) 55 (1,1) 49 (1.4)

Colorado 61 (0.7) 56 (0.9) 53 (1.9) 59 (1.0) 58 (0.8) 57 (1.2)

Connecticut 63 (1.0) 58 (1.1) 51 (2.3) 62 (1.1) 59 (1.1) 54 (2.31

Delaware 58 (0.7) 52 (0,7) 45 (1.9) 56 (0.8) 55 (0.6) 48 (1.6)

Dist. Columbia 44 (0.5) 45 (1,1) 41 (1.5) 44 (0,6) 45 (0.9) 33 (9.1)

Florida 58 (0,7) 51 (1.0) 43 (2.0) 56 (0.9) 52 (0.8) 51 (2.3)

Georgia 56 (0.9) 50 (0.9) 47 (1.8) 55 (0.7) 52 (1A) 49 (1.4)

Hawaii 59 (0.7) 51 (0.6) 43 (1.0) 58 (0.6) 51 (0.6) 47 (1.0)

Idaho 63 (0.7) 58 (0.6) 54 (2.6) 61 (0.6) 61 (0.7) 57 (1.1)

Indiana 62 10.91 55 (0.9) 50 (2.5) 61 (1,1) 57 (0.8) 54 (1.9)

Iowa 67 (0.8) 62 (0.9) 57 (2.3) 66 (0.9) 63 (0.8) 61 (2.9)

Kentvcky 58 (0.9) 52 (0.7) 44 (1.7) 58 (1.0) 52 (0.7) 49 (1.9)

Louisiana 52 (1.3i 48 (0.8) 46 (2.1) 50 (1.1) 49 (0.9) 48 (1.9)

Maine 65 (0.9) 58 (0.8) 55 (2.4) 65 (1.1) 60 (0.7) 55 (2.0)

Maryland 61 (1.2) 53 (1.0) 49 (1.9) 59 (1.2) 55 (1.1) 54 (3.1)

Massachusetts 63 (0.9) 56 (1.0) 49 (1.7) 62 (1,1) 57 (0.9) 53 (1.7)

Michigan 58 (1.2) 55 (1.1) 54 (3.3) 57 (1.3) 57 (1.1) 57 (1.8)

Minnesota 68 (0.8) 61 (0.8) 53 (2.7) 67 (1.1) 63 (0.8) 60 (1.0)

Mississippi 50 (0.9) 47 (1.0) 44 (1.6) 49 (0,8) 47 (0.9) 47 (1.9)

Missouri 62 (1.0) 56 (0.7) 54 (2.0) 61 (1.1) 57 (0.7) 57 (1.3)

Nebraska 65 (0.9) 60 (0.9) 55 (2.7) 64 (0.9) 61 (0,7) 61 (1.8)

New Hampshire 64 (0.8) 59 (0,8) 55 (3.2) 64 (0.7) 60 (0.8) 55 (1.7)

New Jersey 61 (1.0) 57 (1.3) 53 (1.2) 60 (1,1) 58 (1.0) 58 (2.4)

New Mexico 57 (0.8) 51 (0.7) 45 (1.3) 56 (0.6) 52 (0.8) 48 (1.0)

New York 61 (1.2) 55 (1,3) 45 (2.4) 59 (1.5) 55 (1.4) 55 (2.4)

North Carolina 56 (0.9) 49 (0.9) 49 (2.2) 55 (1.0) 51 (0.8) 51 (1.7)

North Dakota 66 (0.7) 64 (0,8) 62 (2.9) 65 (0.9) 64 (0.5) 65 (2.0)

Ohio 61 (1,0) 57 (1,1) 51 (2,7) 60 (1.6) 56 (1.1) 56 (1,5)

Oklahoma 61 (1.0) 55 (0,7) 51 (1.3) 58 (1.0) 57 (0,8) 52 (1,7)

Pennsylvania 61 (1.0) 55 (0.9) 52 (2.4) 60 (1.1) 57 (1.0) 53 (3.0)

Rhode Island 60 (0.5) 51 (0.6) 48 (2.4) 57 (0,6) 55 (0.6) 52 (1.4)

South Carolina 58 (0.9) 51 (0.9) 47 (1.7) 55 (0.8) 53 (1.0) 52 (2.6)

Tennessee 57 (1.0) 51 (0.8) 47 (2.8) 55 (1.0) 52 (0.7) 50 (3.1)

Texas 59 (1.0) 53 (1.1) 47 (2.0) 58 (1.1) 55 (1.0) 51 (1.7)

Utah 62 (0.6) 58 (0.9) 54 (2.0) 62 (0.8) 59 (0.8) 57 (1.5)

Virginia 62 (0.9) 54 (1.1) 49 (1.5) 60 (1.2) 55 (0.9) 50 (1 7)

West Virginia 56 (0.9) 50 (0.9) 46 (1.3) 56 (0.9) 51 (0.8) 48 (1.3)

Wisconsin 64 (1.0) 60 (1,0) 55 (1.9) 64 (1.2) 62 (0.7) 57 (2.2)

Wyoming 63 (0.7) 59 (0.7) 53 (1.1) 64 (0.8) 58 (0.7) 58 (1.5)

TERRITORIES
Guam 52 (0.9) 41 (0.6) 39 (1.1) 49 (0.7) 45 (0.9) 35 (0.9)

Virgin Islands
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TABLE 3,14 contains the results for a similar analysis for the twelfth
graders, which looked at the relationship between their reports of high-school
mathematics course-taking and performance by question type. In general, the
data reveal a relationship between course-taking and performance for each
question type -- the more advanced the course, the higher the students'
performance. The data also illustrate the relative difficulty of the three question
types. For each level of course work, students' performance improved
significantly from their performance on the extended-response questions to their
performance on the regular constructed-response questions to their performance
on the multiple-choice questions. However, note that even the high-school
seniors who reported having studied calculus had difficulty with the extended-
response questions. Certainly, these students as well as their classmates in
precalculus classes had the mathematical background to have studied the
knowledge and procedures required to solve the problems included in the
assessment.

TABLE 3.14 Average Percentages of Successful Responses for Different Question Types
by Courses 'I'aken in Mathematics

Grade 12

CRADE 12
'sot

Studied Prealgebra
FirstYear
Algebra

Second-Year
Algebra Precalculus ( 'alculus

Satisfactory or
Better on
Extended-Response 4(1.11 IAN) 7((1.7) 8(0.6) 11(1.1) 21(I.9)

Correct ou Regular
Constructed-Response 22(1.11 26(1.21 11(1.0) 44(0.7) 54(( 1.91 6111.7)

Correct on
Multiple-Choice lii0.11 44 (0.9) 50(0.5) 6001,5) 691(01 7411.41

Ihe standard errors of the estimated percentages appeal in pmentheses It can be said with about 95 percent certainty for eadi impulation of
interest, the value for the whole population is within plus or minus two standard errors of die estimate for the sample. In comparing two estimates,
one must use the standard error of the difference (see Appendix for details).

ti( 1URCE: National Assessment of Educational Prorress (NA1:P), 1992 Mathematics Assessment
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Summary

As shown in TABLE 3.15, summarizing student performance by type of
question, students had great difficulty with the extended-response tasks compared
to the regular constructed-response and multiple-choice questions. Also,

performance was somewhat lower on the regular constructed-response questions
than on the multiple-choice questions.

TABLE 3.15 Summary of Average Percentage Correct by Type of Questions

Grade 4 Grade 8 Grade 12

Regular Regular Regular
Extended- Constructed- Multiple- Extended- Constructed- ;v1ultiple- Extended- Constructed- Multiple-

Response Response Choice Response Response Choice Response Response Choice

Nation 16 (0.6) 42 (0.5) 50 (0.4) 8 (0.5) 53 (0.5) 56 (0.4) 9 (0.4) 40 (0.5) 56 (0.4)

Northeast 21 (1.7) 45 (1.4) 52 (LI) 10 (1.4) 54 (1.5) 57 (1.3) 10 (0.8) 42 (0.9) 58 0(6)

Southeast 13 (1.3) 36 (1.2) 46 (0.8) 6 (0.6) 49 (0.8) '53 (0.7) 7 (0.6) 16 (0.8) 54 (0.6)

Central 17 (1.0) 45 (1.0) 51 (1.0) 9 (0.8) 57 (1.1) 59 (0.8) 10 (0.9) 41 (1.2) 58 (0.9)

west 15 (1.1) 42 (1.0) 49 (0.8) 8 (0.9) 53 (1.0) 56 (1.0) 8 (0.7) 40 (1.0) 56 (0.8)

White 20 (0.8) 47 (0.6) 53 (0.5) 10 (0.6) 59 (0.6) 60 (0.5) 10 (0.5) 44 (0.6) 59 (0.4)

Black 5 (0.7) 24 (0.8) 18 (0.6) 2 (0.3) 36 (0.9) 42 (0.6) 4 (0.7) 26 ((1.9) 46 (0.9)

Hispanic 7 (1.0) 31 (0.7) 42 (0.7) 3 01.5) 42 (0.7) 46 (0.7) 4 (0.6) 12 (0.9) 49 (1.0)

Male 16 ((1.8) 41 (0.5) 50 (0.5) 7 (0.5) 53 (0.7) 56 (0.6) 8 (0.5) 41 (0.7) 58 (0.5)

Female 17 (0.8) 41 (0.7) 48 (0.5) 10 (0.7) 54 (0.5) 56 (0.5) 9 (0.5) 40 a6) 55 (0.5)

Advantaged 26 (2.4) 54 (1.3) 59 (1.4) 16 (2.1) 64 (1.8) 6:1 (1.9) 13 (1.1) 49 (1.8) 65 (1.1)

Urban
Disadvantaged 5 (1.0) 26 (1.4) 38 (1.2) 3 (0.8) 17 (1.5) 43 (1.2) 5 (0.7) 30 (1.1) 48 (1.2)

Urban
Extreme Rural 14 (1.9) 40 (2.6) 48 (1.7) 6 (1.0) 53 (2.8) 56 (2.() 7 (0.8) 37 ((.5) 51 (1.2)

Other 17 (0.7) 42 (0.6) 50 (0.51 8 (0.5) 54 (0.6) 56 (0.5) 9 (0.5) 41 (0.6) 57 (0,4)

Public 16 (0.7) 41 (0.6) 49 (0.5) 8 (0.5) 52 (0.5) 56 (0.5) 8 (0.4) 39 (0.6) 56 (0.5)

Catholic and 19 (1.1) 47 (0.9) 53 (0.8) 11 (1.0) 60 (1.3) 62 (1.1) 13 (1.0) 48 (1.5) 63 ((.2)

Other Private

*Data for Extended-Response questions are for the average percentages of satisfactory or better responses.

The standard errors of the estimated percentages appear in parentheses. It can be said with about 95 percent certainty for each population of interest, the value for the

whole population is within plus or minus two standard errors of the estimate for thc sample. In comparing two estimates, one must use the standard error of the

difference (see Appendix for details).

SOURCE: National Assessment of Educational Progress (NAEP) 1992 Mathematics Assessment
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In general, the absolute differences in average performance among
subgroups were larger for the regular constructed-response and multiple-choice
questions than for the extended-response questions. For example, the difference
in average performance favoring White twelfth graders compared to Black twelfth
graders was 18 percentage points for regular constructed-response questions, 13
percentage points for multiple-choice questions, and 6 percentage points for
extended-response questions. However, the relative difficulty of the various
question types detracts from the ability to make such comparisons meaningful.
The extended-response questions were so difficult that large differences among
subgroups could not be found. That is, because no subgroup performed very
well, this floor effect placed a low boundary on the differences that could possibly
occur. Also, in comparing results for multiple-choice questions as opposed to
constructed-response formats, the fact that students can guess on multiple-choice
questions becomes a consideration. At present, there is no good way to take
these various factors into account in making comparisons across question types.
Nevertheless, differences among some subgroups were consistent across the three
types of questions. Even on the extended-response questions, White students had
better performance, on average, than did Black and Hispanic students. Also,
performance gaps were observed between students attending schools in
advantaged urban communities and those in disadvantaged urban communities
as well as between those attending private schools and those attending public
schools.

Research using the data from grade 8 indicates that the difficulty of the
extended-response questions also affects their contribution to summary
performance scales developed through item response theory (IRT) methods. For
the more proficient students, these types of tasks provide more information than
either multiple-choice or regular constructed-response questions. For the less
proficient students, however, the regular constructed-response questions provided
the most information. Still, overall, the extended-response questions provided the
most information of the three types of questions. As students spend more
classroom time in performance-based problem-solving situations, performance
should improve on more involved assessment tasks.

Instructional emphasis on reasoning as well as students having taken
advanced course work is related to higher performance regardless of the type of
assessment question. In closing, however, it can be noted that even for those
twelfth-grade students who reported having taken calculus, the average
percentage of satisfactory or better responses provided for the extended-response
questions was just 23 percent.
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PROCEDURAL APPENDIX

Overview of Procedures Used in NAEP's 1992 Mathematics
Assessment

The Assessment Framework

As described earlier in the report, the framework underlying NAEP's 1992
mathematics assessment was initially developed for the 1990 assessment and
subsequently approved for use in both assessments by the National Assessment
Governing Board. It was developed through a consensus process managed by the
Council of Chief State School Officers, and the items were developed through a
similarly broad-based process managed by Educational Testing Service. The

development of the mathematics assessments, including the Trial State

Assessment Program, benefited from the involvement of hundreds of

representatives from State Education Agencies who attended numerous
NETWORK meetings; served on committees; reviewed the framework, objectives,
and questions; and in general, provided important suggestions on all aspects of
the program.

The mathematics assessment framework is a five-by-three matrix
specifying five content areas Numbers and Operations; Measurement;
Geometry; Data Analysis, Statistics, and Probability; and Algebra and Functions,
plus three process or ability areas. These include Conceptual Understanding,
Procedural Knowledge, and Problem Solving.' TABLES A.1 and A.2 show the
approximate percentage distribution of questions for the entire assessment by
content area, mathematical ability, and grade.

A4athernatics ()Wave,. 1990 Accessment (Princeton, NJ: Nathmal Assessment of Educational Progress,
Educational Testing Service, Ip88).



TABLE A.1 Target and Actual Percentage Distribution of Questions by Grade and
Content Area

Content Area

Grade 4 Grade 8 Grade 12

Target Actual
1

Target I Actual Target Actual

Numbers and Operations 45

20

15

10

10

41

19

17

13

10

30 32

15 18

20 20

15 IS

20 16

25

15

20

15

20

25

16

IN

16

25

Measurement

(leometly

Data Analysis, Statistics, and Probability

Algebra and Funcdon

Actual percentages are based on the regular constructed-response and n ultiple-choice questions, and do not exclude the
extended-response questions (please see the TABLE 1 in the Introduction to this report).

TABLE A.2 Target and Actual Percentage Distribution of Questions by Crade
and Mathematical Ability

Grade 4 Grade 8 Grade 12

Mathematical Ability Target Actual Targi Actual Target Actual

Conceptual Understanding 40 40 40 37 40 39

Procedural Knowledge 30 20 30 24 30 29

Problem Solving 30 40 30 39 30 32

Actual percentages are based on the classificmtions agreed upon by NAEP's 1992 Item Development Committee. t is

recognized that making discrete classifications is difficult for these categories and that independent efforts to classify NAEP
questions have led to different results." The Mathematics Framework for the 1994 assessment is based on an integrated
approach, whereby these mathematical abilities are considered within the context of reasoning, connections, and
communications, so that questions can include aspects of both mathematical abilities and mathematical power.'8

The Assessment Design

Each student received a booklet containing a set of general background
questions, a set of subject-specific background questions, three 15-minute
segments, or blocks, of cognitive items, and a set of questions about his or her
motivation and familiarity with the assessment material. The same booklets were
used in both the national and Trial State Assessments. At each grade level, the
mathematics assessment included 16 different blocks of multiple-choice and
constructed-response content questions. Students received different blocks of

1' Assessing Student Achievement in the States. The First Report of the National Academy of Education Panel
on the Evaluation of the NAEI' Trial State Assessment: 1990 Trial State Assessment (Stanford, CA: National
Academy of Education, 1992).

18 1994 National Assessment of Educational Progresc: Mathematics iramework (Washington, DC: National
Assessment Governing Board, U.S. Government Printing Office, 1993).
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cognitive items in their booklets according to a careful plan. The 1992 assessment
was based on 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 items to booklets and each pair of blocks
appears together in at least one booklet. 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.

Thirteen of the 16 blocks were assembled in accordance with this design,
whereby the 13 blocks were presented in 26 booklets. Each block appeared in
exactly six booklets, and each block appeared with every other block in at least
one booklet. Students at grades 4 and 8 were given calculators to use with three
of the 13 blocks and were trained in their use prior to the assessment. Students
at grade 12 were given calculators to use with four of the 13 blocks. At the fourth
grade, students were provided with four-function calculators and at grades 8 and
12, they were provided with scientific calculators. For another block, fourth-grade
students were provided with a ruler, and eighth- and twelfth-grade students with
a protractor/ruler. For still another block, at all three grades, students were given
geometric shapes (manipulatives) to provide a concrete basis for determining their
answers. For the national assessment, the three remaining blocks at each grade
used a paced-audiotape format to measure students' estimation skills and to move
students through some experimental materials.

As part of the 1992 mathematics assessments, including the Trial State
Assessment Program, questionnaires were given to the mathematics teachers of
the fourth- and eighth-grade sadents participating in the assessment and to the
principal or other administrator in each participating school. An expert panel
developed guidelines for the school and teacher questionnaires focusing on five
educational areas: instructional content, instructional practices and experiences,
teacher characteristics, school conditions and contexts, and conditions beyond
school (i.e., home support, out-of-school activities, and attitudes).19

Because the sampling for the teacher questionnaires 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 or territory. 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 3choo1 questionnaire is being reported.
Using the student as the unit of analysis makes it possible to describe the
instruction received by representative samples of students. Although this

1"Nlational Assessment of Educational Progress, 1992 Policy Information Framework (Princeton, NJ: National
Assessment of Educational Progress, Educational Testing Service, 1992).



approach may provide a different perspective from that obtained by simply
collecting information from teachers or schools, it is consistent with NAEP's goal
of providing information about the educational context and performance of
students.

National Sampling

Sampling and data collection activities for 1992 NAEP assessments were

conducted by Westat, Inc. In 1992, the assessment was conducted from January
through March, with some make-up sessions in early April.

As with all NAEP national assessments, the results for the national
samples were based on a stratified, three-stage sampling plan. The first stage
included defining geographic primary sampling units (PSUs), which are typically
groups of contiguous counties, but sometimes a single county; classifying the

PSUs into strata defined by region and community type; and randomly selecting
PSUs. For each grade, the second stage included listing, classifying, and
randomly selecting schools, both public and private, within each PSU selected at
the first stage. The third stage involved randomly selecting students within a
school for participation. Some students who were selected (about 7 to 8 percent)
were excluded because of limited English proficiency or severe disability.

TABLE A.3 presents the student and school sample sizes and the
cooperation and response rates for the national assessment.

TABLE A.3 1992 Student and School Sample Sizes

Number of
Partkipating

Schools

Percent of Schools

Participating
Numbe, of

Students
Percent of Student

Completion

th-ade

527 86 8,738 934

8 406 84 9,432 89

12 304 81 8,499 81

Total 1,237 26,669

Although sampled schools that refused to participate were occasionally
replaced, school cooperation rates were computed based on the schools originally
selected for participation in the assessments. The rates, which are based on
schools sampled for all subjects assessed in 1992 (reading, writing, and
mathematics) are also the best estimates for the mathematics assessment. The
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student completion rates represent the percentage of students assessed of those
invited to be assessed in mathematics, including those assessed in follow-up
sessions, when necessary. The BIB-spiraled portion of the assessment (13 blocks,
26 booklets) was administered to 7,176 students at grade 4; 7,663 students at
grade 8; and 6,973 students at grade 12. The remaining students participated in
the estimation study. Of the participating schools, 944 were public schools, and
638 were Catholic and other private schools.

Many of the results presented in this report are for individual questions,
rather than summarized across all questions. In particular, the results are for
problem-solving tasks contained in the BIB-spiral portion of the assessment. In
accordance with this design, each block -- and therefore each question -- was
administered to a nationally representative sample of approximately 1,500 to 1,700
students at each of the three grades assessed.

Trial State Assessment Sampling

For the 44 jurisdictions participating in the 1992 Trial State Assessment
Program, the basic design for each grade was to select a sample of 100 public
schools from each state, with a sample of 30 students drawn from each school.
In the eighth grade, up to three sessions (90 students) were selected from large
schools to better represent this school type. For states with small numbers of
schools, and no or very few small schools, all schools were included in the sample
with certainty. In the lourth grade, all the eligible fourth-grade schools in the
District of Columbia, Delaware, and Guam were taken into the sample with
certainty. In the eighth grade, all the eligible schools were taken from the District
of Columbia, Delaware, Hawaii, Rhode Island, Guam, and the Virgin Islands.

In states where sample of schools was drawn, schools were stratified by
urbanicity, minority strata (which varied by state and urbanicity level), and
median income. Special procedures were used for small schools and for
identifying and including new schools in the sampling frame for each jurisdiction.
To minimize the potential for nonresponse bias, substitutes for nonparticipating
schools were selected on a one-by-one basis to be similar to the original school in
terms of urbanicity, percent Black enrollment, percent Hispanic enrollment,
median household income, and total fourth- or eighth-grade enrollment.
Furthermore, the substitute school was selected from the same district whenever
possible.

In Guam and the Virgin Islands, all grade eligible students were targeted
for inclusion in the assessment.' In the remaining jurisdictions, a systematic
equal probability sample of the desired number of students (usually 30, but

In the Virgin klands half the fourth grader. were assigned to the mathematics assessment and half to
reading. In Guam, students participated in both asses.-ments.
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sometimes more) was drawn from each school, typically yielding a sample size
in excess of 2,500 students at each grade for each participating state and territory.
Representative samples of approximately 600 to 700 students at each grade in
each participating state and territory responded to each question or task. The
state assessments were conducted during February.

Participation Rates for States and Territories

Summary information about school and student participation rates for each
state (including the District of Columbia) and territory is contained in TABLE A.4,

which also contains comparable information for the national and regional
subsamples used in this report as a basis for comparison to states and territories.
More specifically, these results are based only on students attending public
schools (not private schools). The guidelines for receiving notations about
participation are presented below. Consistent with NCES statistical standards,'
weighted data have been used to calculate all participation rates. A discussion
of the variation in participation rates is found in the Technical Report of the 7992
Trial State Assessment in Mathematics.

Since 1989, state representatives, the National Assessment Governing
Board (NAGB), several committees of external advisors to the National
Assessment of Educational Progress (NAEP), and the National Center for
Education Statistics (NCES) have engaged in numerous discussions about the
procedures for reporting the NAEP Trial State Assessment results. As part of
these discussions, it was recognized that sample participation rates across the
states and territories have to be uniformly high to permit fair and valid
comparisons. Unless the overall participation rate is high for a state or territory,
there is a risk that the assessment results for that jurisdiction are subject to
appreciable nonresponse bias. Moreover, even if the overall participation rate is
high, there may be significant nonresponse bias if the nonparticipation that does
occur is heavily concentrated among certain classes of schools or students.
Therefore, NCES established four guidelines for school and student participation

in the 1990 Trial State Assessment Program.
For the 1992 Trial State Assessment, NCES decided to continue to use

those four guidelines, two relating to school participation and two relating to
student participation. The guidelines are based on the standards for sample
surveys that are set forth in the NCES Statistical Standards (1992). Three of the
guidelines for the 1992 program are identical to those used in 1990, while one
guideline for school participation has been modified.

NCES Statistical Standards, NCES 92-021 (Wikhington DC: National Center for Education Statistics, U.S.
Department of Education, 1992).
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The following notations concerning school and student participation rates
in the Trial State Assessment Program were established to address four significant
ways in which nonresponse bias could be introduced into the jurisdiction sample
estimates. The four conditions that will result in a state or territory receiving a
notation in the 1992 reports are presented below. Note that in order to receive
no notations, a state or territory must satisfy all the guidelines at both grade 4
and grade 8.

A jurisdiction will receive a notation if:

1. Both the state's weighted participation rate for the initial
sample of schools was below 85 percent AND the weighted
school participation rate after substitution was below 90 percent;
OR the weighted school participation rate of the initial sample
of schools was below 70 percent (regardless of the participation
rate after substitution).

Discussion: For states or territories that did not use substitute schools, the
participation rates are based on participating schools from the original sample.
In these situations, the NCES standards specify weighted school participation
rates of at least 85 percent to guard against potential bias due to school
nonresponse. Thus, the first part of the notation that refers to the weighted
school participation rate for the initial sample of schools is in direct accordance
with NCES standards.

To help ensure adequate sample representation for each jurisdiction
participating in the 1992 Trial State Assessment Program, NAEP provided
substitutes for nonparticipating sc'loo',s. When possible, a substitute school was
provided for each initially selected school that declined participation before
November 15, 1991. For states or territories that used substitute schools, the
assessment results will be based on the student data from all participating schools
from both the original sample and the list of substitutes (unless both an initial
school and its substitute eventually participated, in which case only the data from
the initial school will be used).

The NCES standards do not explicitly address the use of substitute schools
to replace initially selected schools that decide not to participate in the
assessment. However, considerable technical consideration was given to this
issue. Even though the characteristics of the substitute schools were matched as
closely as possible to the characteristics of the initially selected schools,
substitution does not entirely eliminate bias due to the nonparticipation of
initially selected schools. Thus, for the weighted school participation rates
including substitute schools, the guideline was set at 90 percent.

Finally, if the jurisdiction's school participation rate for the initial sample
of schools is below 70 percent, even if the rate after substitution exceeds 90
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percent, there is a substantial possibility that, in aggregate, the substitute schools
are not sufficiently similar to the schools that they replaced to assure that there
is negligible bias in the assessment results. The last part of the notation takes this
into consideration.

A jurisdiction will receive a notation if:

2. The nonparticipating schools included a class of schools with
similar characteristics, which together accounted for more than
five percent of the state's total fourth- or eighth-grade weighted
sample of public schools. The classes of schools from each of
which a state needed minimum school participation levels were
determined by urbanicity, minority enrollment, and median
household income of the area in which the school is located.

Discussion: The NCES standards specify that attention shOuld be given
to the representativeness of the sample coverage. Thus, if some important
segment of the jurisdiction's population is not adequately represented, it is of
concern, regardless of the overall participation rate.

This notation addresses the fact that, if nonparticipating schools are
concentrated within a particular class of schools, the potential for substantial bias
remains, even if the overall level of school participation appears to be satisfactory.
Nonresponse adjustment cells have been formed within each jurisdiction, and the
schools within each cell are similar with respect to minority enrollment,
urbanicity, and /or median household income, as appropriate for each jurisdiction.

If more than five percent (weighted) of the sampled schools (after
substitution) are nonparticipants from a single adjustment cell, then the potential
for nonresponse bias is too great. This guideline is based on the NCES standard
for stratum-specific school nonresponse rates.

A jurisdiction will receive a notation if:

3. The weighted student response rate within participating
schools was below 85 percent.

Discussion: This guideline follows the NCES standard of 85 percent for
overall student participation rates. The weighted student participation rate is
based on all eligible students from initially selected or substitute schools who
participated in the assessment in either an initial session or a make-up session.
If the rate falls below 85 percent, then the potential for bias due to students'
nonresponse is too great.

202



A jurisdiction will receive a notation if:

4. The nonresponding students within participating schools
included a class of students with similar charaderistics, who
together comprised more than five percent of the state's
weighted assessable student sample. Student groups from which
a state needed minimum levels of participation were determined
by age of student and type of assessment session (unmonitored
or monitored), as well as school tubanicity, minority enrollment,
and median household income of the area in which the school is
located.

Discussion: This notation addresses the fact that if nonparticipating
students are concentrated within a particular class of students, the potential for
substantial bias remains, even if the overall student participation level appears to
be satisfactory. Student nonresponse adjustment cells have been formed using the
school-level nonresponse adjustment cells, together with the student's age and the
nature of the assessment session (unmonitored or monitored). If more than five
percent (weighted) of the invited students who do not participate in the
assessment are from a single adjustment cell, then the potential for nonresponse
bias is too great. This guideline is based on the NCES standard for stratum-
specific student nonresponse rates.

Although the first and third guidelines about school and student
participation rates were considered most salient in summarizing overall
participation rates as presented in TABLE A.5, it should be noted that several
participating entities also failed to meet the conditions for participation across
classes of schools with similar characteristics specified under guideline 2. Those
receiving notations for guideline 2 included Delaware, Maine, Nebraska, New
Hampshire, New Jersey, New York, and Guam at grade 4. Maine, New Jersey,
and New York did not satisfy guideline 2 at grade 8. All participants met or
exceeded guideline 4 about minimum participation rates for classes of students
with similar characteristics.

The results of further study of participation rates for entities that failed to
meet the guidelines are presented in the Technical Report of the 1992 Trial State
Assessment in Mathematics. Evidence of significant nonresponse bias was not
detected. However, the participation rate data are presented so that readers of
the report can accurately assess the quality of the data being presented.



TABLE A.4 Summary of School and Student Participation

Grade 4 - 1892

PUBLIC
SCHOOLS

Weighted
Percentage

School
Participation

Before
Substitution

Weighted
Percentage

School
Participation

After Substitution
Notation Number

1

Weighted
Percentage

Student
Participation After

Make-ups
Notation Number

3
Weighted Overall

Rate

NATION 86 86 94 81

Northeast 82 82 94 78

Southeast 94 94 93 88

Central 92 92 94 87

West 79 79 94 75

STATES
Alabama 75 97 95 93

Arizona 100 100 95 95
Arkansas 90 99 96 95
California 91 97 94 91

Colorado 100 100 95 95
Connecticut 99 99 96 95

Delaware 92 92 95 87
Dist. Columbia 99 99 93 92
Florida 100 100 95 95

Georgia 100 100 95 95
Hawaii 100 100 95 95
Idaho 8 97 97 94

Indiana 76 91 96 87

Iowa 100 100 96 96

Kentucky 93 96 96 92

Louisiana 100 100 95 95
Maine 57 71

. 95 68

Maryland 99 99 96 95

Massachusetts 87 97 95 92

Michigan 83 90 94 84

Minnesota 82 94 95 89
Mississippi 98 100 97 97

Missouri 89 97 96 93
Nebraska 80 87 .. 96 83

New Hampshire 69 80 96 77

New Jersey 76 82 96 79

New Mexico 75 90 95 86

New York 78 83 96 80
North Carolina 95 99 95 94
North Dakota 73 90 96 87

Ohio 79 91 95 87

Oklahoma 86 98 84 83
Pennsylvania 84 95 96 91

Rhode Island 83 96 95 91

South Carolina 98 99 97 96
Tennessee 92 93 96 89

Texas 93 98 96 94

Utah 99 99 96 95

Virginia 99 99 95 94

West Virginia 100 100 96 96
Wisconsin 100 100 96 96
Wyoming 97 97 96 93

TERRITORY
Guam 94 94 95 89

See explanations of the notations and guidelines about sample representativeness. Weighted percentages for the nation and region are based on
schools sampled for all subject areas assessed in 1992 (mathematics, reading, and writing). However, boased on the national sampling design, the
rates shown also are the best estimates for the mathematics assessment. Notation Number I = Both the state's weighted participation rate for the
initial sample of schools was below 85% AND the weighted school participation rate after substitution was below -90%; OR the weighted school
participation rate of the initial sample of schools was below 70% (regardless of the participation rate after substitution.) Notation number 3 = The
weighted student response rate within participating schools was below 85 percent.

SOURCE: National Assessment of Educational Progress (NAEP), 1992 Mathematics Assessment.
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TABLE A.4 Summary of School and Student Participation (continued)

PUBLIC
SCHOOLS

Grade 8 - 1992

Weighted
Percentage

School Partictpa-
tion Before
Substitution

Weighted
Percentage

School Partitipa-
tion After

Substitution
Notation Number

1

Weighted
Percentage

Student Participa-
tion After
Make-ups

Notation Number
3

Weighted Overall
Rate

NATION 88 89 89 79

Northeast 92 92 89 82

Southeast 94 94 90 85

Central 86 87 89 78

West 82 84 88 74

STATES
Alabama 66 92

i,,, 95 88

Arizona 99 99 93 92

Arkansas 89 97 94 91

California 93 98 92 90

Colorado 100 100 93 93

Connecticut 99 99 94 93

Delaw.re 100 100 92 92

Dist. Columbia 100 100 85 85

Florida 100 100 91 91

Georgia 99 99 93 92

Hawaii 100 100 90 90

Idaho 85 91 95 86

Indiana 79 94 94 88

Iowa 99 99 95 94

Kentucky 96 99 96 94

Louisiana 100 100 92 92

Mame 62 84 "' 93 78

Maryland 89 91 92 84

Massachusetts 83 95 94 89

Michigan 78 94 94 88

Minnesota 81 92 94 87

Mississippi 99 100 95 95

Missouri 92 99 95 94

Nebraska 75 85 411. 96 81

New Hampshire 80 92 94 86

New Jersey 69 78 94 73

New Mexico 77 94 93 87

New York 81 83 .i. 92 77

North Caronna 94 98 94 92

North Dakota 78 97 96 93

Ohio 77 90 93 83

Oklahoma 82 98 80
... 79

Pennsylvania 81 94 94 89

Rhode Island 85 100 93 92

South Carolina 94 97 94 91

Tennessee 87 91 94 86

Texas 95 99 94 93

Utah 100 100 94 94

Virginia 97 97 94 92

West Virginia 100 100 94 94

Wi3consin 100 100 94 94

Wyoming 99 99 95 94

TERRITORIES
Guam 100 100 90 90

Virgin Islands 100 100 92 92

0
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Excluded Students

It is NAEP's intent to assess all selected students. Therefore, all selected
students v, 0 are capable of participating in the assessment should be assessed.
However, some students sampled for participation in NAEP are excluded from
the sample according to carefully defined criteria. Specifically, some of the
students identified as having Limited English Proficiency (LEP) or having an
Individualized Education Plan (IEP) may be incapable of participating
meaningfully in the assessment. These students are identified as follows:

LEP students may be excluded if:

The student is a native speaker of a language other
than English; AND

He or she has been enrolled in an English-speaking
school for less than two years; AND

The student is judged to be incapable of taking part
in the assessment.

IEP students may be excluded if:

The student is mainstreamed less than 50 percent of
the time in academic subjects and is judged to be
incapable of taking part in the assessment, OR

The IEP team has determined that the student is
incapable of taking part meaningfully in the
assessment.

When there is doubt, the student is included in the assessment.

For each student excluded from the assessment, including those in the
1992 Trial State Assessment Programs, school personnel complete a questionnaire
about the characteristics of that student and the reason for exclusion.
Approximately 7 to 8 percent of the students nationally were excluded from the
assessment. Across the participating states and territories, the percentages ranged
from 2 to 12 percent at grade 4 and from 2 to 10 percent at grade 8.
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Data Collection

As with all NAEP assessments, data collection for the 1992 assessment was

conducted by a trained field staff. For the national assessment, this was
accomplished by Westat staff. However, in keeping with the legislative
requirements of the Trial State Assessment Program, the state mathematics

assessments involving approximately 111,000 fourth graders and 109,000 eighth

graders in about 9,000 schools were conducted by personnel from each of the

participating states. NAEP's responsibilities included select,..:g the sample of

schools and students for each participating state, developing administration

procedures and manuals, training the personnel who wk u'id conduct the
assessments, and conducting an extensive quality assurance program.

Each participating state and territory was asked to appoint a State

Coordinator to be the liaison between NAEP and participating schools. The State

Coordinator was asked to gain cooperation of the selected schools, assist in

scheduling, provide information necessary for sampling, and notify personnel

about training. At the local school level, the administrators, usually school or
district staff, were responsible for attending training, identifying excluded

students, distributing school and teacher questionnaires, notifying sampled

students and their teachers, administering the assessment session, completing the

necessary paperwork, and preparing the materials for shipment.
Westat staff trained assessment administrators within the states in three

and one-half hour sessions that included a videotape and practice exercises to

provide uniformity in procedures. Aimost 10,000 persons who were to be
assessment administrators were trained in about 500 training sessions around the

nation.
To provide quality control across states, a randomly selected 50 percent

of the state assessment sessions were monitored by approximately 400 quality

control monitors, who were also trained Westat staff. The identity of the schools

to be monitored was not revealed to state, district, or school personnel until

shortly before the assessment was to commence. The analysis of the results for

the unmonitored schools as compared to the monitored schools yielded no

systematic differences that would suggest different procedures were used. See

the Technical Report of the 1992 Trial State Assessment in Mathematics for details and

results of this analysis.



Scoring

Materials from the 1992 assessment, including the Trial State Assessment
Program, were shipped to National Computer Systems in Iowa City for
processing. Receipt and quality control were managed through a sophisticated
bar-coding and tracking system. After all appropriate materials were received
from a school, they were forwarded to the professional scoring area, where the
responses to the open-ended items were evaluated by trained staff using
guidelines prepared by NAEP. Each open-ended question had a unique scoring
guide that defined the criteria to be msed in evaluating students' responses. Of
the regular constructed-response items, most were scored right/wrong, but some
included several different categories of correct and incorrect responses. The
extended constructed-response questions were evaluated on a scale of 1 to 5,
permitting degrees of partial credit to be given (see Figure 2.1).

For the national mathematics assessment and the Trial State Assessment
Program approximately 4 million student responses were scored, including a 20
percent reliability sample. The scoring reliability sample sizes per question for
each grade were approximately 600 for the nation and 6,700 for the states. The
overall percentage of agreement between readers for both the national and Trial
State Assessment reliability samples at each of the three grades assessed was 94
percent. In general, scoring reliabilities for the regular constructed-response
questions (discussed in Chapter One) rarely dropped below 90 percent and often
approached 98 to 99 percent exact agreement. However, as shown below in
TABLE A.5, maintaining high degrees of scorer reliabilities was more difficult for
the extended-response tasks discussed in Chapter Two, because the diverse nature
of the longer responses and their general lack of clarity made categorization
across the five scoring levels a complex task.
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TABLE A.5 Percentages of Exact Agreement for Scoring Reliability Samples for
Scoring Reliability Samples for Extended-Response Taskst

Grade 4 Extended Tasks Nation State Overall

Pizza Companson 83 82 82

Graphs of Pockets 77 77 77

Laura's Calculator Correction 90 90 90

Compare Geometric Figures* 74 73 73

Number Patterns (Photo Album)* 89 90 89

Grade 8 - Extended Tasks

Treena's Budget 82 82 82

Marcy's Dot Pattern 86 81 81

Radio Statiom 83 79 80

Probability (Leroy's Coins)* 87 85 85

Geometric Shapes (Hallway)* 85 84 84

Number Patterns (Tiles)* 73 69 70

Grade 12 - Extended Tasks

Effective Tax Rates 91

Patterns of Squares (ending in 5) 92

Graphing Path of Object 86

Bicycle Trip G raph* 73

Center of Disk* 89

Extend Pattern of Tiles* 74

t Based on no response plus 5 categories as described in Chapter Two.
* Unreleased, secure task.

Data Analysis and IRT Scaling

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 probability of selection for each student
as a result of the sampling design, adjusted for nonresponse. Through
poststratification, the weighting assured that the representation of certain
subpopulations corresponded to figures from the U.S. Census and the Current
Population Survey.22

Analyses were then conducted to determine the percentages of students
who gave various responses to each cognitive and background question. In

determining the percentages of students who gave the various responses to the
NAEP cognitive items, a distinction was made between missing responses at the
end of each block (i.e., missing responses subsequent to the last item the student

22 For additional information about the use of weighting procedures in NAEP, see Eugene C. Johnson,
"Considerations and Techniques for the Analysis of NAEP Data" in Journal of Educational Statistics (December
1989).
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answered) and missing responses prior to the last observed response. Missing
responses before the last observed response were considered intentional
omissions. Missing responses at the end of the block were considered "not-
reached," and treated as if they had not been presented to the student. In

calculating percentages for each item, only students classified as having been
presented the item were included in the denominator of the statistic.

It is standard practice at ETS to treat all nonrespondents to the last item
as if they had not reached the item. For multiple-choice and standard
constructed-response items, the use of such a convention most often produces a
reasonable pattern of results in that the proportion reaching the last item is not
dramatically smaller than the proportion reaching the next-to-last item. However,
for the blocks that ended with extended-response tasks, use of the standard ETS
convention resulted in an extremely large drop in the proportion of students
attempting the final item. A drop of such magnitude seemed somewhat
implausible. Therefore, for blocks ending with an extended-response task,
students who answered the next-to-last item but did not respond to the extended-
response task were classified as having intentionally omitted the last item.

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 and territories. IRT models the probability of answering an item
correctly as a mathematical function of proficiency or skill. The main purpose of
IRT analysis is to provide a common scale on which performance can be
compared across groups, such as those defined by grades, and subgroups, such
as those defined by race/ethnicity or gender. Because of the BIB-spiraling design
used by NAEP, students do not receive enough questions about a specific topic
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 characteristics, such as subgroup means and percentages
of students at or above a certain proficiency 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 response. 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 items so that proficiency could be precisely estimated.23

For the 1992 assessment, a scale ranging from 0 to 500 was created to
report performance for each content area. (Numbers and Operations;
Measurement; Geometry; Data Analysis, Statistics, and Probability; Algebra and
Functions) and for the estimation skill area. The scales summarize examinee
performance across all three question types used in the assessment (multiple-
choice, regular constructed-response, and extended-response). In producing the
scales, three distinct IRT models were used. Multiple-choice items were scaled
using the three-parameter logistic (3PL) model; regular constructed-response
questions were scaled using the two-parameter logistic (2PL) model; and the
extended-response tasks were scaled using a generalized partial-credit (GPC)
model (Muraki, 1992).' Each scale was based on the distribution of student
performance across all three grades assessed in the 1990 national assessment
(grades 4, 8, and 12) and had a mean of 250 and a standard deviation of 50. A
composite scale was created as an overall measure of students' mathematics
proficiency. The composite scale was a weighted average of the five content-area
scales, where the weight for each content area was proportional to the relative
importance assigned to the content area in the specifications developed by the
Mathematics Objectives Panel as shown previously in TABLE A.1. As described
earlier, 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.

3 For theoretical justification of the procedure ,. employed, see Robert J. Mislevy, "Randomization-Based
Inferences About Latent Variable,. from Complex Samples," Psychornetrikn, 56(2), 177-196, 1988).

For computatienal details, see Focusing the New Design: NAFP 1988 Technical Report (Princeton, NI.
Educathmal Testing Service, Na onal Assessment of Education Progress, 1990) and the 1990 NAIT Technical
Report.

Muraki, E., "A Generalized Partial Credit Model: Application of an EM algorithm", Applied Psychologual

Measurement, 16(2), 159-176, 1992.
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Per-Item Information Analyses Using IRT

The per-item information analyses presented in Chapter Three were taken
from Mazzeo, Yamamoto, & Ku lick (1993) and details on the methods used are
contained therein. The following contains a brief synopsis of the methods used
for the per-item information analyses.

An often used IRT-based indicator of the measurement precision of an
item is the so-called item information function (Lord and Novick, 1968).' For
the 2PL and 3PL models, the item information function is defined as:

PI
2

go).
J p n

P41

(1)

where P, is the conventional logistic IRT model (2PL or 3PL), Q, is (1-P,), and P',
is the first derivative with respect to (if (the proficiency scale). As shown in
Donoghue (1992),26 the information function for item j under the GPC model is
given by:

mi

J(0) = D2a2[E k2Pi (0) (E /CPfk
(2)

where Pik is the item category characteristic curve for the le score category and
a, is a slope parameter for item j. Under the IRT assumptions of local
independence, the totai information function for any group of n items is the sun:
of the item information functions:

23 John Mazzeo, Kentaro Yamamoto, and Edward Kulick, "Extended Constructed-Response Items in the 1992
NAEP: Psychometrically Speaking Were They Worth the Price?" Paper presented at the 1993 annual meeting
of the National Council on Measurement in Education, Atlanta, GA.

F.M. Lord and M.R. Novick, Statistical Theories of Mental Test Scores (Reading, MA: Addison-Wesley
Publishing Co., 1968).

'John R. Donoghue, An Empirical Examination of the IRT Information in Polytomously Scored Reading Items. ETS
Research Report (No. 93-12), (Princeton, NJ: Educational Testing Service, 1992).
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Pon = E /(e)
.1=1

(3)

In order to obtain per-item information, it is natural to consider dividing (3) by

the number of items:

Poo) (4)

The information function defined in (4) provides a local model-based
measure of per-item information at each level of 0. It is also useful to have an

overall summary measure of per-item information. One summary measure,
referred to by Donoghue as expected inforMation, can be obtained by integrating

1(0) with respect to a distribution of 0 (f(0)):

E(1)= fel(0)/(0)d0. (5)

A discrete approximation to f(0) was used to calculate expected per-item
information. A set of Q equally spaced 0 values were selected (denoted as (Xci,

q=1,2,...,Q} and a corresponding set of estimates of f(;) were obtained (denoted

as {wq, q=1,2,...,QD. E(I) was then approximated by:

E(1) E Wqr09 (6)

E(I) can be thought of as the average per-item information for a group of
examinees with 0 distribution given by f(0). As such, it reflects not only the
measurement qualities of the items in question but how well they are targeted to

the proficiency distribution for the group whose proficiencies they are designed

to measure. In the current study, E(I) was calculated with an approximation to

normal proficiency distribution.
Using the grade 8 data from the 1992 NAEP mathematics assessment, a

single IRT-calibration was carried out for the full item pool. Three separate

estimates of per-item information functions were obtained, using these
unidimensional item parameter estimates, one for the set of multiple-choice items,

one for the set of regular constructed-response items, and one for the extended-
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response items. Using a discrete approximation to f(0)=N(0,1), where the IN were
obtained at 41 equally spaced 0 values from -4 to 4 (the (XqI values), and using
the estimated unidimensional item parameters, separate estimates of the expected
per-item information were also obtained for the multiple-choice, short
constructed-response, and extended-response item sets.

The purpose of producing a common unidimensional scale is to allow
direct comparisons of information for the three item types that are not
complicated by possible differences in metrics associated with different scales.
However, the results suggest that the different mathematics item types might be
measuring slightly different aspects of the achievement domain. Calibrating the
collection of items together on a unidimensional scale will produce a sort of
composite of these different aspects. However, because of the large differences
in numbers of items, the composite scale may be somewhat dominated by the
item types with larger numbers, in particular the multiple-choice items.
Consequently, if lesser amounts of information are provided by the smaller scales,
in particular the extended-response scales, this may be partly an artifact of their
measuring a slightly different dimension.

In order to check on the sensitivity of results to unidimensional
assumptions, per-item information was also obtained based on the separate item-
type calibrations from the unidimensional calibration. Analogous information
functions were also obtained using the item parameter estimates obtained by
carrying out separate IRT calibrations for the multiple-choice, short constructed-
response, and extended-response items. In addition, expected per-item
information was calculated using the separate set of item parameters generated
for each item type. While the item parameter estimates from these separate IRT
calibrations are not strictly on the same scale, they are on scales that have been
standardized to have the same mean and standard deviation (i.e., 0 and 1,
respectively) for the common population of examinees administered the
assessment. Hence, comparison of the results for the separate item type scales
with the results for the unidimensional scales provides a heuristic reasonableness
check on the results of the unidimensional analysis. No substantive differences
were found between these two sets of analyses. Hence, the results of the analyses
using the unidimensional parameters (transformed to the 0 to 500 NAEP reporting
scale) are reported in Chapter rhree.
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Linking the Trial State Results to the National Results

Although the assessment booklets used in the Trial State Assessment
Program were identical to those used in the national assessment, the various
differences between the national and trial state assessments, including those in
administration procedures, required that careful and complex equating procedures
based on a special design be used to create an appropriate basis for comparison
between the national and state results.

Two separate sets of IRT-based scales (one set based on data from the Trial

State Assessment and one set based on national assessment data) were established
for the 1992 assessment. The scales from the Trial State Assessment were linked

to those from the national assessment through a linking function determined by

comparing the results for the aggregate of students assessed in the Trial State

Assessment (except those in Guam and the Virgin Islands) with the results for

students in the State Aggregate Comparison subsample of the national
assessment. This subsample is representative of the population of all grade-
eligible public-school students within the aggregate of the 41 participating states
and the District of Columbia who were assessed as part of the national

assessment.
The linking was accomplished for each subscale by matching the mean

and standard deviation of the subscale proficiencies across all students in the Trial

State Assessment (excluding Guam and the Virgin Islands) to the corresponding

subscale mean and standard deviation across all students in the State Aggregate

Comparison subsample.

NAEP Reporting Groups

This report contains results for the nation, participating states, and groups
of students within the nation defined by shared characteristics. The definitions

for subgroups as defined by region, race/ethnicity, gender, size and type of

community, and type of school follow.



Region. The United States has been divided into four regions: Northeast,
Southeast, Central, and West. States in each region are shown on the following
map.

RacelEthnicity. Results are presented for students of different racial/ethnic
groups based on the students' self-identification of race/ethnicity according to the
following mutually exclusive categories: White, Black, Hispanic, Asian/Pacific
Islander, and American Indian (including Alaskan Native). Based on statistically
determined criteria, at least 62 students in a particular subpopulation must
participate in order for the results for that subpopulation to be considered
reliable. However, the data fox. all students, regardless of whether their
racial/ethnic group was reported separately, were included in computing the
overall national or state level results.

Gender. Results are reported separately for males and females. Gender
was reported by the student.

Type of Community. Results are provided for four mutually exclusive
community types -- advantaged urban, disadvantaged urban, extreme rural, and
other as described below. According to information about parents' occupation
obtained from the Principal's Questionnaire completed by each sampled school,
indices are developed such that for each assessment approximately the 10 percent
of the most extreme advantaged urban, disadvantaged urban, and rural schools
are classified into the first three categories. The remaining approximately 70
percent of the schools are classified into the "other" category.

Advantaged Urban: Students in this group reside in metropolitan
statistical areas and attend schools where a high proportion of the students'
parents are in professional or managerial positions.

Disadvantaged Urban: Students in this group reside in metropolitan
statistical areas and attend schools where a high proportion of the students'
parents are on welfare or are not regularly employed.
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Extreme Rural: Students in this group do not reside in metropolitan
statistical areas. They attend schools in areas with a population below 10,000
where many of the students' parents are farmers or farm workers.

Other: Students in the "Othee category attend schools in areas other than
those defined as advantaged urban, disadvantaged urban, or extreme rural.

Type of School. For the nation, results are presented separately for public-
school students and for private-school students, both those attending Catholic
schools and other types of private schools combined.

The percentages of students in the national reporting groups are presented
in TABLE A.6. Although in this report, state results are not presented separately
for subpopulations of students because the question by question sample sizes
would be very small, TABLE A.7 contains the characteristics of students by
race/ethnicity and type of community. This provides further context in making
state-to-nation and state-to-state comparisons.
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TABLE A.6 Percentages of Students in Reporting Groups for the Nation

Grade 4 Grade 8 Grade 12

Northeast 21 (0.9) 22 (0.8) 24 (0.6)
Southeast 24 (0.9) 25 (0.7) 24 (0.6)
Central 27 (0.5) 25 (0.6) 25 (0.6)
West 28 (0.7) 28 (0.7) 27 (0.9)

White 70 (0.2) 70 (0.2) 71 (0.6)
Black 16 (0.1) 16 (0.1) 15 (0.4)
Hispanic 10 (0.2) 10 (0.2) 10 (0.5)

Male 50 (0.6) 51 (0.6) 49 (0.8)
Female 5n (0.6) 49 (0.6) 51 (0.8)

Advantaged Urban 12 (1.8) 10 (1.8) 12 (2.1)
Disadvantaged Urban 9 (1.4) 9 (1.3) 10 (1.4)
Extreme Rural 12 (2.2) 9 (2.6) 12 (1.6)
Other 66 (3.0) 72 (3.1) 66 (3.0)

Public 87 (1.0) 89 (0.9) 87 (1.2)
Catholic and Other Private 13 (1.0) 11 (0.9) 13 (1.2)

l'he standard erros of the estimated percentages appear in parentheses. It can be said with 95 percent certainty that for each
population of interest, the value for the whole population is within plus or minus two standard errors of the estimated for
the sample. In comparing two estimates, one must use the standard error of the difference (see Appendix for details).
Percentages may not total 100 percent due to rounding error. For the racial/ethnic classifications, small percentages of
students reported other categories.

A.'

*, 37

218



TABLE A.7 Characteristics of NAEP Students by Race/Ethnicity and by Type of Community

Grade 4 - 1992

Percentage of Students by Race/Ethnicity Percentage of Students by Type of Community

PUBLIC
SCHOOLS White Black Hispanic

Asian / Pacific
Islander

American
Indian

Advantaged
Urban

Disadvantaged
Urban Estreme Rural Other

NATION 69 (0.4) 17 (0.4) 10 (0.2) 3 (0.3) 2 (0.2) 9 (1.8) 10 (1.5) 13 (2.4) 67 (3.2)
Northeast 71 (2.9) 17 (2.7) 8 (1.2) 2 (0.7) 1 (0.3) 20 (5.5) 16 (5.5) 4 (1.2) 60 (8.0)
Southeast 61 (2.5) 30 (2.6) 6 (1.0) 1 (0.3) 1 (0.3) 5 (3.0) 13 (3.5) 19 (6.9) 63 (7.6)
Central 80 (1.8) 12 (1.7) 6 (0.8) 1 (0.2) 1 (0.3) 5 (2.1) 9 (1.9) 16 (3.4) 70 (4.1)
West 64 (1.7) 10 (1.7) 17 (1.6) 5 (1.0) 2 (0.3) 8 (3.7) 5 (1.3) 13 (4.7) 74 (5.7)
STATES
Alabama 61 (2.5) 32 (2.3) 4 (0.6) 1 (0.2) 2 11.0) 11 (3.1) 13 (3.2) 14 (4.0) 62 (5.6)
Arizona 56 (2.1) 4 (0.7) 29 (1.5) 1 (0.2) 10 (1.7) 13 (3.9) 10 (3.0) 8 (3.3) 69 (5.5)
Arkansas 69 (1.5) 21 (1.4) 6 (0.6) 1 (0.2) 3 (0.4) 1 (1.2) 6 (1.5) 25 (4.1) 68 (4.7)
California 45 (2.0) 6 (0.7) 35 (1.71 11 (1.1) 3 (0.5) 12 (2.5) 23 (3.7) 1 (0.3) 65 (4.6)
Colorado 68 (1.5) 5 (1.01 22 (1.3) 3 (0.3) 3 (0.3) 18 (3.2) 13 (2.9) 13 (2.7) 57 (5.0)
Connecticut 73 (1.4) 10 (1.1) 13 (1.1) 2 (0.4) 1 (0.2) 19 (4.2) 15 (3.0) 0 (0.0) 66 (5.0)

Delaware 66 (1.1) 23 (0.9) 8 (0.4) 1 (0.2) 2 (0.4) 10 (0.2) 8 (0.2) 24 (0.1) 58 (0.3)
Dist. Columbia 5 (0.4) 82 (0.6) 10 (0.4) 1 (0.2) 2 10.31 20 (0.3) 60 (0.4) 0 (0.0) 20 (0.3)
Florida 58 (2.2) 21 (2.0) 17 (1.3) 2 (0.4) 2 (0.31 18 (4.4) 21 (3.9) 4 (1.3) 57 (4.5)
Georgia 56 (2.2) 35 (2.1) 6 (0.6) 1 (0.21 1 (0.3) 10 (3.4) 15 (4.6) 12 (3.6) 63 (6.2)
Hawaii 21 (1.6) 4 (0.6) 11 (0.7) 61 (2.1) 2 (0.3) 12 (3.6) 9 (1.8) 5 (1.9) 75 (4.3)
Idaho 84 (1.2) 1 (0.2) 11 (1.0) 1 (0.2) 3 (0.3) 9 (2.6) 1 (0.9) 33 (4.9) 56 (5.5)

Indiana 82 (1.5) 10 (1.3) 5 (0.6) 1 (0.2) 1 (0.3) 8 (2.7) 10 (2.8) 15 (3.3) 68 (4.9)
Iowa 90 (0.9) 2 (0.5) 5 (0.5) 1 (0.3) 2 (0.3) 7 (2.9) 6 (2.5) 41 (3.5) 46 (4.2)
Kentucky 85 (1.6) 9 (1.3) 4 (0.6) 1 (0.2) 2 (0.3) 6 (2.7) 11 (2.7) 24 (4.2) 60 (4.8)
Louisiana 50 (2.0) 43 (2.0) 5 (0.6) 2 (0.7) 1 (0.3) 5 (2.3) 18 (2.5) 11 (2.7) 65 (3.9)
Maine 91 (0.7) 1 (0.1) 5 (0.6) 1 (0.2) 3 (0.5) 2 (1.6) 2 11.3) 19 (4.7) 77 (4.9)
Maryland 59 (1.7) 30 (1.4) 6 (0.6) 4 (0.5) 2 (0.2) 20 (3.6) 16 (4.0) 5 (2.1) 59 (4.9)

Massachusetts 79 (1.6) 7 (0.8) 8 (0.8) 4 (0.7) 2 (0.2) 16 (3.4) 14 (2.7) 1 (0.9) 68 (4.2)
Michigan 73 (1.8) 13 (1.7) 9 (0.9) 2 (0.3) 3 (0.4) 10 (3.0) 15 (3.7) 10 (3.6) 65 (5.1)
Minnesota 85 (1.3) 3 (0.5) 7 (0.8) 2 (0.4) 2 (0.3) 12 (3.9) 3 (2.2) 29 (3.8) 56 (5.4)
Mississippi 40 (2.0) 52 (2.1) 6 (0.9) 1 (0.2) 1 (0.2) 1 (1.11 6 (1.9) 11 (2.3) 82 (3.2)
Missouri 77 (1.7) 14 (1.7) 6 (0.51 1 (0.21 2 (0.4) 9 (3.0) 11 (2.9) 26 (3.9) 53 (5.3)
Nebraska 84 (1.3) 6 (0.7) 7 (0.9) 1 (0.2) 2 (0.3) 8 (2.7) 6 (1.4) 26 (3.9) 59 (4.8)

New Hampshire 89 (1.2) 1 (0.2) 5 (0.6) 1 (0.2) 3 (0.3) 8 (3.5) 1 (1.3) 4 (1.8) 86 (4.0)
New Jersey 66 (2.2) 14 (1.2) 14 (1.5) 5 (0.8) 1 (0.3) 30 (4.3) 17 (3.3) 1 (1.0) 53 (5.0)
New Mexico 44 (2.4) 4 (0.5) 47 (2.0) 1 (0.3) 4 (1.3) 11 (5.7) 9 (2.9) 4 (2.01 77 (6.1)
New York 59 (2.2) 13 (1.6) 22 (1.7) 4 (0.8) 2 (0.4) 15 (3.7) 24 (3.71 2 (1.61 58 (4.7)
North Carolina 62 (1.7) 29 (1.3) 6 (0.7) 1 (0.2) 3 (0.9) 5 (1.6) 4 (1.9) 19 (4.0) 71 (4.6)
North Dakota 91 (1.0) 0 (0.2) 4 (0.6) 1 (0.2) 4 (0.81 11 (3.1) 2 (1.4) 43 (3.6) 44 (4.3)

Ohio 79 (1.5) 11 (1.2) 6 (0.5) 1 (0.3) 2 (0.4) 10 (2.6) 18 (2.6) 17 (3.9) 55 (4.8)
Oklahoma 73 (1.5) 9 (1.2) 7 (0.8) 1 (0.21 10 (0.8) 9 (3.1) 10 (2.6) 21 (3.6) 60 (4.61
Pennsylvania 77 (1.6) 12 (1.6) 7 (0.8) 2 (0.4) 1 (0.3) 15 (4.9) 17 (3.4) 14 (3.8) 54 (5.6)
Rhode Island 78 (2.1) 6 (1.0) 11 (1.1) 3 (0.4) 2 (0.3) 12 (4.0) 24 (4.9) 0 (0.0) 64 (5.7)
South Carolina 55 (1.7) 37 (1.8) 6 (0.8) 1 (0.21 1 (0.3) 6 (2.2) 6 (1.5) 13 (3.1) 74 (4.0)
Tennessee 69 (2.1) 23 (1.9) 5 (0.8) 1 (0.4) 1 (0.2) 6 (2.7) 13 (3.6) 10 (2.8) 71 (4.6)

Texas 49 (1.8) 14 (1.8) 34 (2.3) 2 (0.4) 1 (0.2) 10 (3.2) 21 (4.8) 13 (3.3) 56 (6.3)
Utah 86 (1.0) 1 (0.2) 10 (0.8) 2 (0.3) 2 (0.3) 20 (3.6) 3 (1.7) 7 (2.6) 70 (4.4)
Virginia 67 (1.4) 23 (1.3) 5 (0.6) 3 (0.4) 1 (0.3) 13 (3.1) 14 (3.1) 13 (2.7) 59 (4.7)
West Virgir 1 90 (0.9) 3 (0.4) 5 (0.8) 1 (0.2) 2 (0.2) 2 (1.4) 8 (2.51 16 (3.6) 75 (4.6)
Wisconsin 81 (1.4) 6 (1.0) 7 (0.7) 2 (0.5) 3 (1.1) 9 (2.6) 7 (2.4) 26 (5.0) 58 (5.3)
Wyominy 82 (1.4) 1 (0.2) 11 (0.9) 1 (0.2) 5 (1.2) 7 (2.1) 4 (1.8) 20 (3.4) 69 (4.5)
TERRITORY
Guam 12 (0.7) 4 (0.4) 20 (0.8) 62 (1.0) 2 (0.4) 0 (0.0) 0 (0.0) 19 (0.1) 81 (0.1)

The standard errors of the estimated percentages appear in parentheses. It can be said with 95 percent certainty that for each population of interest,
the value for the whole population is within plus or minus two standard errors of the estimate for the sample. in comparing two estimates, onemust
use the standard error of the difference (as described in this Appendix). Percentages may not total 100 percent due to rounding error.

SOURCE: National Assessment of Educational Progress (NAEP), 1992 Mathematics Assessment.
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TABI F A.7 Characteristics of MEP Students by Race/Ethnicity and by Type of Community (continued)

PUBLIC
SCHOOLS

Grade 9 - 1992

Percentage of Students by Race/Ethnicity Percentage of Students by Type of Community

White Black Hispanic

Asian / Pacific
Islander

American
Indian

Advantaged
Urban

Disadvantaged

Urban Extreme Rural Other

NATION 69 (0.4) 16 (0.2) 10 (0.3) 2 (0.2) 1 (0.2) 8 (2.2) 9 (1.5) 10 (2.8) 72 (3.5)

Northeast 67 (2.6) 19 (1,5) 10 (1.7; 2 (0.5) 1 (0.3) 12 (6.5) 12 (3.7) 7 (4.8) 69 (8.2)

Southeast 68 (1.8) 27 (1,F 4 (0.7) 1 (0.3) 1 (0.2) 5 (3.5) 9 (2.5) 16 (7.2) 69 (7.9)

Central 79 (2.0) 13 (1,f, 5 (0.8) 2 (0.5) 1 (0.4) 8 (2.4) 9 (3.0) 9 (6.0) 74 (6.9)

West 63 (1.51 8 (1.3; 21 (1.7) 5 (0.8) 2 (0.7) 7 (4.0) 9 (3.2) 8 (4.0) 76 (5.3)

STATES
Alabama 61 (2.3) 32 12.11 4 (0.6) 1 (0.2) 2 (0.4) 4 (2.4) 16 (3.5) 15 (3.2) 65 (4.7)

Arizona 60 (2.1) 4 (0.51 28 (1.6) 2 (0.3) 6 (1.3) 15 (5.3) 14 (3.1) 7 (2.2) 64 (5.8)

Ar I, ansas 72 (1.4) 22 (1.3) 4 (0.4) 1 (0.2) 1 (0.2) 2 (1.4) 5 (1.9) 16 (3.9) 76 (4.4)

California 44 (1.8) 7 (1.1) 36 (1.7) 11 (1.0) 1 (0.2) 8 (3.2) 19 (3.2) 3 (1.9) 71 (5.1)

Colorado 74 (1.2) 4 (0.6) 18 (1.1) 2 (0.3) 2 (0.3) 18 (3.5) 10 (2.3) 13 (2.9) 60 (4.9)

Connecticut 72 (1.6) 12 (1.1) 12 (0,9) 3 (0.4) 0 (0.1) 10 (3.5) 17 (3.3) 0 (0.0) 72 (4.4)

Delaware 65 (0.9) 25 (1.1 ) 6 (0.6) 2 (0.3) 2 (0.3) 0 (0.0) 0 (0.0) 11 (0.1) 89 (0,1)

Dist. Columbia 3 (0.2) 85 (0.8) 10 10.71 1 (0.2) 1 (0.3) 7 (0.3) 67 (0.4) 0 (0.0) 25 (0.4)

Florida 56 12 1) 23 (2.0) 18 12.0) 2 (0.3) 1 (0.2) 7 (2.9) 17 (3.5) 6 (2.1) 69 (4.9)

Georgia 59 12.1) 35 (1.9) 4 (0.5) 2 (0.3) 0 (0.1) 6 (1.9) 10 (2.91 9 (2.2) 74 (4.0)

Hawaii 17 (0.9; 3 (0.3) 11 (0.7) 66 (1.1) 1 (0.2) 5 (0.1) 16 (0.4) 1 (0.0) 78 (0.4)

Idaho 88 (0.71 1 (0.2) 8 (0.6) 1 (0.2) 3 (0.4) 4 (2.2) 5 (2.4) 29 (4.3) 62 (5.0)

Indiana 85 ?1.31 8 11.11 4 (0.6) 1 (0.2) 1 (0.2) 5 (2.3) 11 (2.4) 13 (2.6) 71 (4.3)

Iowa 92 10.71 2 (0.4) ..; (0.4) 1 (0.2) 1 (0.2) 4 (2.3) 3 (1.0) 44 (5.4) 49 (5.7)

Kentucl, y 87 (1.0) 9 11.01 3 (0.41 1 (0.2) 1 (0.2) 3 (1.1) 12 (3.3) 15 (3.7) 70 (5.1)

Louisiana 54 (1.7) 39 (1.5) 5 (0.51 2 (0.4) 1 (0.2) 2 (1.6) 19 (3.2) 7 (3.0) 72 (4.3)

Maine 94 10.51 0 (0.1) 2 10.31 1 (0.21 3 (0.4) 1 (1.5) 2 11.6) 19 (4.1) 78 (4.5)

Maryland 60 (1.8) 29 (1.8) 6 (0.6) 3 (0.5) 1 (0.2) 21 (3.8) 13 (3.5) 3 (2.6) 63 (5.6)

Massacrio,etts 83 11.11 5 (1.01 8 (1.5) 2 (0.4) 1 (0.2) 7 (2.3) 23 (3.5) 1 (1.3) 69 (4.3)

Michigan 73 (1.6) 18 (1.9) 5 (0.81 1 (0.3) 2 (0.3) 7 (3.0) 19 (3.1) 14 (3.8) 60 (5.2)

Minnesota 91 11.01 2 (0.3) 3 (0.5) 2 10.3) 1 (0.4) 7 (3.6) 0 (0.0) 20 (4.2) 72 (5.2)

Mississippi 49 11.91 44 (1.8) 6 10.61 0 (0.1) 1 (0.2) 3 (1.8) 6 (2.7) 12 (3.1) 79 (4.61

Missouri 82 11.51 12 (1.41 3 (0.3) 1 (0.2) 2 (0.3) 7 (2.8) 12 (2.4) 13 (3.6) 68 (4.8)

Nebrasl. a 87 (1.1) 5 (0.9) 6 10.7) 1 (0.2) 2 (0.4) 0 (0.0) 6 (0.9) 28 (4.3) 66 (4.5)

New Hampshire 91 (1.6) 1 (0.2) 3 10.31 1 (0.2) 1 (0.2) 4 (1.6) 0 (0.0) 5 (2.3) 92 (2.8)

New Jeisey 61 (2.51 17 (2.41 14 (1.5) 6 (0.7) 1 (0.2) 8 (2.8) 24 (3.3) 3 (2.3) 64 (4.7)

New Mexico 44 (1.51 2 (0.4) 49 (1.4) 1 (0.3) 4 (0.7) 5 (0.2) 6 (2.6) 6 ;2.81 84 (3.8)

New Yort. 61 (2.71 17 (2.2) 14 12.01 4 (0.6) 1 (0.3) 11 (3.3) 16 (5.1) 10 (3.5) 63 (6.7)

Not th Carolina 68 (1.41 27 (1.3) 3 (0.3) 1 (0.2) 2 (0.4) 3 (1.0) 5 (2.2) 12 (3.8) 80 (4.3)

North Daf ota 93 10.81 0 (0.1) 3 (0.3) 1 (0.2) 3 (0.7) 8 (1.8) 0 (0.0) 39 (4.1) 53 (3.91

Oh lin 80 11.9) 14 11.71 4 10.51 1 (0.2) 2 (0.3) 6 (2.7) 17 (3.2) 21 (5.5) 56 (6.3)

01, iahoma 75 (1.6) 8 11.11 6 (0.6) 2 (0.3) 10 (1.0) 2 (1.8) 5 (2.5) 19 (4.1) 74 (5.1)

Pennsylvania 83 (1.4) 11 (1.61 3 (0.7) 1 (0.3) 1 (0.3) 4 (2.1) 15 (3.51 13 (3.7) 68 (5.0)

Rhode Island 81 (0.71 6 10.6) 8 (0.4) 3 (0.4) 2 (0.3) 7 (0.1) 12 (0.1) 0 (0.0) 81 (0.1)

South Carolina 58 (1.51 35 (1.31 6 (0.6) 1 (0.21 1 (0.2) 3 (1.7) 6 (2.2) 4 (1.8) 87 (3.3)

Tennessee 75 12.01 21 (2.1) 3 (0.31 0 (0.1) 1 (0.2) 5 (3.3) 7 (2.6) 6 (2.4) 82 (4.0)

Texas 48 11.91 12 (1.6) 36 (2.0) 3 (0.4) 1 (0.3) 10 (2.9) 18 (3.9) 6 (2.6) 67 (5.5)

Utah 90 (0.9) 1 10.21 7 (0.6) 2 (0.3) 2 (0.2) 13 (2.4) 5 (2 2) 10 (2.4) 72 (3.9)

Virginia 69 (1.9) 22 (1.6) 5 (0.6) 4 (0.5) 1 (0.2) 9 (2.4) 13 (3.0) 14 (4.3) 63 (5.4)

West Virginia 91 (0.91 4 10.81 3 (0.3) 0 (0.1) 2 (0.3) 1 (0.9) 10 (1.9) 13 (3.4) 76 (3.7)

Wisconsin 86 11.71 7 (1.2) 4 (0.8) 1 (0.21 2 (0.6) 11 (5.5) 5 (1.7) 25 (5.4) 59 (6.4)

Wyoming 86 (1.7) 1 (0.21 9 (0.6) 1 (0,2) 4 (1.6) 0 (0.0) 10 (2.6) 13 (2.9) 76 (3.8)

TERRITORIES
Guarn 5 (0.5) 1 (0.3) 15 (0.9) 76 (1.1) 1 (0.1) 0 (0.0) 0 (0.0) 11 (0.2) 89 (0.2)

Virgin Islands 1 (0.4) 77 (1.1) 21 (0.9) 0 (0.1) 0 (0.2) 0 (0.0) 0 (0.0) 27 (0.2) 73 (0.2)
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Estimating Variability

Because the statistics presented in this report are estimates of group and
subgroup performance based on samples of students, rather than the values that
could be calculated if every student in the nation answered every question, it is
important to have measures of the degree of uncertainty of the estimates. Two
components of uncertainty are accounted for in the variability of statistics based

on proficiency: the uncertainty due to sampling only a relatively small number
of students and the uncertainty due to sampling only a relatively small number
of mathematics questions. The variability of estimates of percentages of students
having certain background characteristics or answering a certain cognitive
question correctly is accounted for by the first component alone.

In addition to providing estimates of percentages of students and their
proficiency, this report also provides information about the uncertainty of ach

statistic. Because NAEP uses complex sampling procedures, conventional
formulas for estimating sampling variability that assume simple random sampling
are inappropriate and NAEP uses a jackknife replication procedure to estimate
standard errors. The jackknife standard error provides a reasonable measure of
uncertainty for any information about students that can be observed without

error, but each student typically responds to so few items within any content area

that the proficiency measurement for any single student would be imprecise. In

this case, using plausible values technology makes it possible to describe the
performance of groups and subgroups of students, but the underlying imprecision
that makes this step necessary adds an additional component of variability to
statistics based on NAEP proficiencies.'

The reader is reminded that, like those from all surveys, NAEP results are
also subject to other kinds of errors including the effects of necessarily imperfect

adjustment for student and school nonresponse and other largely unknowable

effects associated with the particular instrumentation and data collection methods

used. Nonsampling errors can be attributed to a number of sources: inability to

obtain complete information about all selected students in all selected schools in

the sample (some students or schools refused to participate, or students

participated but answered only certain items); ambiguous definitions; differences

in interpreting questions; inability or unwillingness to give correct information;

mistakes in recording, coding, or scoring data; and other errors of collecting,
processing, sampling, and estimating missing data. The extent of nonsampling

errors is difficult to estimate. By their nature, the impacts of such e,Jor cannot

be reflected in the data-based estimates of uncertainty provided in NAEP reports.

For further detail\ we Eugene C. Johm.tm, Cotr-aderahon,-, and Technique,. tor the Analyw. ot NAEI'

Data" in of Iducatimuil Statiqics (December MY).
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Drawing Inferences from the Results

The use of confidence intervals, based on the standard errors, provides a
way to make inferences about the population means and proportions in a manner
that reflects the uncertainty associated with the sample estimates. An estimated
sample mean proficiency ± 2 standard errors represents a 95 percent confidence
interval for the corresponding population quantity. This means that with
approximately 95 percent certainty, the average performance of the entire
population of interest is within ± 2 standard errors of the Sample mean.

As an example, suppose that the average mathematics proficiency of
students in a particular group was 256, with a standard error of 1.2. A 95 percent
confidence interval for the population quantity would be as follows:

Mean ± 2 standard errors = 256 ± 2 (1.2) = 256 ± 2.4 =

256 - 2.4 and 256 + 2.4 = 253.6, 258.4
Thus, one can conclude with 95 percent certainty that the average

proficiency for the entire population of students in that group is between 253.6
and 258.4.

Similar confidence intervals can be constructed for percentages, provided
that the percentages are not extremely large (greater than 90) or extremely small
(less than 10). For extreme percentages, confidence intervals constructed in the
above mannei may not be appropriate. However, procedures for obtaining
accurate confidence intervals are quite complicated. Thus, comparisons involving
extreme percentages should be interpreted with this in mind.

To determine whether there is a real difference between the mean
proficiency (or proportion 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 proficiency means or proportions 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, summing these squared standard errors, and then taking
the square root of this sum.

Similar to the manner in which the standard error for an individual group
mean or proportion is used, the standard error of the difference can be used to
help determine whether differences between groups in the population are real.
The difference between the mean proficiency or proportion 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 a real difference between groups in the population. If the
interval does not contain zero, the difference between groups is statistically
significant (different) at the .05 level.
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The procedures described in this section, and the certainty 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. When one considers sets of confidence intervals, like those for the
average proficiency of all participating states and territories, 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. If one wants to hold

the certainty level for a specific set of comparisons at a particular level (e.g., .95),
adjustments (called multiple-comparisons procedures) need to be made.

The standard errors for means and proportions reported by NA EP are
statistics and subject to a certain degree of uncertainty. In certain cases, 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 errors may be quite large. Throughout
this report, estimates of standard errors subject to a large degree of uncertainty
are designated by the symbol "!". In such cases, the standard errors -- and any
confidence intervals or significance tests involving these standard errors -- should

be interpreted cautiously.
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