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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 mid-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
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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 FINDINGS

. 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.

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

o 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.




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 lowa City, lowa, 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.

Nationally 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 and 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."
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INTRODUCTION

‘The Curriculum and Evaluation Standards for School Mathematics developed
by the National Council of Teachers of Mathematics (NCTM)' 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 or 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 curriculum 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 Cvaluation Standards for School Mathematics
(Reston, VA: National Council of Teachers of Mathematics, 1989).

The National Council on Education Standards and Testing, Raising Standards for American Education
(Washington, DC: US. 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 manipulatives 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 Sciences Education Board, Measuring Up: Prototypes for Mathematics Assessment (Washington,
DC: National Academy Press, 1993).

* Mathematical Sciences Education Board, Measuring Up: Prototypes for Mathematics Assessment (Washington,
DC: National Academy Press, 1993).




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 .ind 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.

* Mathematics Objectives, 1990 Assessment (Princeton, NJ: National Assessment of Educational Progress,
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.




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.

* ok %k

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.

!
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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 prinuiples; 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.

10
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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 NAEP's
mathematics framework resulting from this effort, Educational Testing Service
(ETS) designed new mazerials 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.*

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 fo 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 Cducational Progress:  Mathematics Assessment Tramework  (Washington, DC:
National Assessment Governing Board, U.S. Government Printing Office, 1993).
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Aruitoxt provided by Eic:

TABLE |

Num! -r of Regular Constructed-Response, Muitiple-Chcice, and Extended-Responset Questions

Data
Analysts,
Numbers Statistics, Algebra
and and and
Overall Operatlons Measurement Geometry Probability Funetiuns

Grade 4
Regular Constructed-Kesponse 54 20 8 12 9 5
Muttiple-Cholce 96 41 21 14 10 {U
Total: Regular and Multiple-Choice 150 61 29 26 19 IS
Extended-Response 5
Total: Constructed-Response 59
Grade 8
Regujar Constructed-Responze 60 N 12 15 11 7
Multiple-Cholce 117 41 19 20 ) 21
Total: Regular and Muitiple-Cholce 177 56 31 s 27 28
Extended-Response 6
Total: Constructed-Response 66
Grade 12
Regular Constructed-Response ht) 15 10 10 12 i1
Muitiple-Cholce His 28 18 21 16 a2
Total: Regular and Multiple-Cholee 173 43 28 31 28 43
Extended-Response 6
Total: Constructed-Response 64

t The 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.  The multiple-choice questions used
conjuniction with the paced audiotape to measuare estimation are not included in this table. There were 20 estimation yuestions at grade 4, and

22 at prades 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 questicis, nationally for various demographic groups and for the
states. Unless otherwise 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 grace¢ :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 be at the Proficient
Achievement Level or beyond, where students should exhibit evidence of solid
ncademic 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 Asscssment 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:

‘Indiana
L lowa '
© Kentucky

*The Virgin Islands participated in the testing portion of The 1992 Trial State Assessment Program. However,
in accordance with the legislation providing for participants to review and give permission for release of their
results, the Virgin [slands 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




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
quali’ 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 i
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.

15
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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”
constructed-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
assessment.

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 lowa City, lowa, using rubrics that
had been developed by the NAEP Mathematics Test Development Committee and

17
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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 fol:owing 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 NAEP 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

Overall Percent Corrcct*
Grade 4 -- 22 (1.4)
Jill needs to earn $45.00 for 2 class trip. She earns §2.00 each aay on Grade 8 -- 59 (1.3)
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: _&__uu_n._b:.s__—_

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

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.*
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 both 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.

*The <ample sizes responding to individual questions were approximately 1,600 students per grade for the
nation and 630 students per grade for the states. These sample sizes are in contrast to the total sample sizes of
approximately 9,000 <tudents per grade for the nation and 2,500 students per state that form the bawes of the
aggregated results across questions provided in most NAEDP reports. The aggregated data permit reporting for
more student subgroups than is possible for individual questions.

* Ina V.6. Mullis, John A. Dossey, Eugene H. Owen, and Gary W Phillips, NAEP 1992 Mathematics Report
Card for the Nation and the States (Washington, DC: National Center for Education Statistics, U.S. Government
Printing Office, 1993).
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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(L.5)
Southeast 16 (3.0) 7737 7 (1.9)
Central 22 (2.4) 70 (2.4) 7.0)
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 1) 77 3.1 10 2.1)
Male 21 (1D 69 (1.8) 10 (1.3)
Female 23 (2.0 71 2.1D 6 (1.1)
Advantaged Urban 343D 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 (1L.7) 71(1.8) 6 (0.9)
Public 22 (1.6) 70 (1.7) 8 (1.0)
Cathollc and Other Private 23 (2.4 70 2.7) 717

Grade 8

Correct Incorrect No Response

Nation 59 (1.3) 38 (1.2) 404)

Northeast 59 27 18 (2.0 4 (0.9)

Southeast 5327 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 (32) 46 (3.3) 4 (0.9)

Male 56 (1.6) 40 (1.6) 4(0.8)

Female 62 (1.7 3517 307

Advantaged Urban 67 (5.2) 32(4.3) 105

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)

Pubiic 58 (1.4) 38 (1.3) 4 (0.5)

Catholic and Other Private 66 (2.9) 3227 2(0.7)

The standard errors of the estimated percentages appear in parentheses. [t can be said with about 95
percent certainty that for each population of interest, the value for the whole population i+ wathin 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 Asscessment
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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 resuits 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 stucents) 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 - 1982
SCHOOLS Correct I incorrect J No Response
NATIOK 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)
Anizona 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)
Hawan 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)
lowa 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}
Massachusetls 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 Caroling 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, onc must
usc the standard error of the difference (see Appendix for details). Percentages may not total 100 percent due to rounding error.

SOURCE: Nauonal Assessment of Educational 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)

Grade 8 - 1992

Q 792 NAEP TRIAL STATE ASSESSMENT

ERIC

Aruitoxt provided by Eic:

PUBLIC
SCHOOLS Correct T Incorrect [ No Response
NATION 58 (1.4) 39 (1.3) 4 (0.5)
Northeast 58 (2.7) 38 {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
Alabarna 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)
Cotorado 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) 48 (2.6) 5(0.9)
Florida 57 (2.4) 38 (2.4) 5 (1.1)
Georgla 58 (2.1} 39 (2.2) 3 (0.8}
Hawail 55(2.2) 39 (2.2) 7 (1.0)
Idaho 68 (1.9) 29 (2.0) 31(0.7)
Indtana 61 (2.0) 37 (1.8) 2 (0.5)
lowa 71 (2.3) 28 (2.1) 1 (0.5)
Kentucky 61(1.9) 36 (2.0} 2 (0.7
Lourstana 54 (2.3) 43 (2.1) 3(0.7)
Maine 69 (2.4) 30 (2.3) 1(0.4)
Marylang 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) 31{0.7)
North Caroiina 581(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 (0.8)
Rhode Island 61 (1.8} 36 (1.8) 3 (0.9)
South Carolina 61 (2.0) 38 (2.0} 1 (0.5)
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 (0.6)
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

Overall Percent Correct*
On the grid below, draw a rectangle with an area of 12 square units. Grade 4 - 42 (1.4)
Grade 8 ~- 66 (1.5)

! ! [ i !
[ P11 ‘ l
SR
P
|
| i
' | (ﬂ/)e of 74{6
| | /of;/‘//c
| . T dq;we/S)
! T i |
L1 L] | I

i ] =1 square unit

*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 12 (1.h 50 (1.4 7 (0.8}
Northeast 5029 41 2. 82N
Southeast WERH 54 Q.0) 8 (L)
Central 45 (3.0) 50(3.5) 6 (1.8)
West 9 QN 53.(1.9) 8 (L7
White 19 (1.9) 46 (1.8) 5(0.8)
Black 22 (2.6 64 (2.4) 15 (2.5)
Hispanic 0 2.4) S8 27N 1220
Male 43 (2.0) 49 (2.1) 9(1.2)
Female 12 2.0) 52(.9 6 (1.0
Advantaged Urban 54 (3.8 42 (3.3; 4 (1.6)
Disadvantaged Urban 24 3.6 56 (3.R) 20 (4.5
Extreme Rural 39 (4.8) 54 (47 6 (2.4
Other 44 (1.8) 50 (1.7 6 (0.9)
Pubtic¢ 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 (L3 3 (0.5
Northeast 64 (4.7 34 (4.2) 2 (0.
Southeast 64 (2.6 3 (L8) 3 (L)
Central 69 (2.3) 292.2) 2(0%
West 69 (2.7) 28 (2.4) 3 (0.8)
White 72 (1.9) 26 (1.8) RGR))
Black 46 (.5) 48 (3.2) 6 11.9)
Hispanic 56 (3.4) 8 (2.9 6 (1.8)
Male 67 (2.1) 30(1.Y) 3(0.8)
Female 66 (1.4) 32 (1.5) 2 (0.5)
Advantaged Urban 74 (4.0 24 (10) 21
-Disadvantaged Urban 51 ¢4 44 (4.9) 514
Extreme Rural 61 (3.6) 37 3.5) 2.(0.%)
Other 68 (L.7) 30 (1.5) 3 (0.6)
Public 66 (1.6) 2(LS) 3{0.6)
Catholic and Other Private 72 (2.5 26 (2.6) 2 (0.6)

The standard errors of the estimated percentages appear 1n parentheses, 1t can be said with about 95 percent cenainty that
for cach population of interest, the value for the whole population 1s within plus or minus two standard eirors of the
estimate for the sample. In comparing two estimates, one must use the standard error of the difference (sce 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 14 Percentage of Correct Responses to Regular Constructed-Response Question, “Draw a
Rectangle on the Grid”

PUBLIC i Grade 4 - 1992

SCHOOLS Correct J incorrect I No Response
NATICK 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) 8 (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) 58 (2.6) 8 (1.2}
Arizona 37 (1.7) 57 (1.7} 701.1)
Arkansas 35(2.1) 58 (22) 6 (1.0}
Canfornia 338 (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 (2.0} 14 (1.3)
Florida i 41 (2.8) 52 (2.8) 7(1.1)
Georgta . 40 (2.4) 54 (2.0) 610.9)
Hawan 47 (2.4) 48 (2.3) 5(1.0)
Idaho 45 (2.2) 49 (2.3) 7{1.2)
indiana 48 (2.5) 48 (2.3) 5(0.8)
lowa 50(2.3) 46 {2.0) 4{0.8)
Kentucky 38{2.5) 56 {2.3) 5(0.8)
Louistana 33 (21) 58 (2.2) 9(1.4)
Maine 52 (2.4) 46 (2.3) 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(08)
Mississippt 28 (1.9) 60 (2.1} 11 (1.7)
Missouri 41(2.3) 56 (2.3) 310.8)
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 (2.3) 7{1.2)
New Mexico 36 (2.6) 58 (2.7) 7 11.4)
New York 40(2.2) 53 (2.5) 8 (1.2)
North Carolina 38 (2.1) 55 (2.3) 709
North Dalkota 43 (2.8) 54 (2.5) 4 (0.9)
Ohio 49 (2.7) 46 (2.6) 5(1.0)
Ot lahoma 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) g (1.21
South Carolina 38(2.2) 54 (2.1) 711.0)
Tennessee 37 (2.1) 53 (2.2) 10 (1.1)
Texas 47 (2.9) 48 (2.6} 5(1.0
Utan 49 (2.3) 46 (2.31 5(1.00
Virgiria 401(2.3) 55 (2.2) 5(1.1)
West irginia 38 (2.2) 57 (2.2) 5(1.0)
Wisco sin 45 (2.0) 51 {2.1) 51(0.8)
Wyom g 46 (2.2) 50 (2.4) 4(0.9
TERRI" JRY

Guar 24 (2.1) 61 (2.4} 15 (1.7)

The standard errors of the estimated percentages appear in parentheses. It can be said with 95 percent certanty that for cach population of interest,
the value for the whole population 1s within plus or minus two standard errors of the esimate for the sample. Ih comparing two eslimates, onc must
use the standard error of the difference (see Appendix for details). Percentages may not total 100 percent due lo rounding error.

SOURCHE: National Assessment of Educational Progress {NAEP), 1992 Mathematies Assessment.
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TABLLE 1.4

Percentage of Correct Responses to Regular Constructed-Response Question, “Draw a

Rectangle on the Grid” (continued)

PUBLIC Grade 6 - 1992
SCHOOLS Correct Incorrect T 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.€ 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)
Georgta 65 (1.6) 33(1.7) 2 (0.7}
Hawall 62 (2.3) 33 (2.1) 5 (1.0}
Idaho 67 (1.8) 31 (1.8) 2 (0.5)
Indrana 67 (2.5) 36 (2.7) 2 (0.7)
towa 78 (2.0} 21 (1.9) 1 {0.4)
Kentucky 61 (1.8) 36 (1.7) 3 (0.8}
Louis:ana 57 (2.2) 38 (2.0) 5 (0.8)
Maine 72 (1.9) 27 (1.9) 1(0.5)
Maryland 61 {2.5) 35 (2.4) 4(0.8)
Massachusetts 63 (2.5) 34 (2.5) 3(1Y)
Michigan 66 (2.3) 31 (2.2) 3(0.9)
Minnescia 76 (1.7) 22 (1.6) 1 (0.5)
MissIssIpp 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 (1.9) 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 Yort. 65 (2.6) 32 (2.4) 3(1.1)
North Carolina 63 (2.6) 34 (2.4) 32.7)
North Dakota 68 (2.2) 31 (2.3) 1(0.2)
Ohio 66 (2.1) 32 (2.0) 2 (0.6)
OFlahoma 65 (2.0) 35 (2.1) 1(0.4)
Pennsylvania 67 (2.3) 30 {2.2) 31(0.8)
Rhode Island 63 (1.9) 35 (2.0) 210.5)
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 (0.7}
Utah 71 (2.0) 28 {1.9) 1(0.4)
Virginia 65 (2.0) 33 (2.0) 2 (0.5)
West Virginia 53 (2.1) 38 (2.2) 2 (0.6}
wisconsin 67 {3.3) 31 (2.7) 2 {0.9)
Wyoming 69 (1.7 28 (1.7) 2 (0.5)
TERRITORIES
Guam 49 (3.0) 38 (3.4) 12 (2.0)
Virgin fslands 38 (2.7) 46 (2.9) 16 (1.7)
Y
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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.

*
QOverall Percent Correct
Grade 4 -- 24 (1.5°
Grade 8 -- 59 (1.3)

y stands for one First Second
yellow marble. Marble Marble
b stands for one v b

blue marble.

Y Y
b | b

° |

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

. »

“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.

" Data Compendium for the NAFP 1992 Mathematics Assessment of the Nation and the States (Washington, D
National Center for Education Statistics, U.S. (overnment Printing Office, 1993).
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TABLE 1.5 Nationa! Results for Demographic Subgroups for the
Regular Constructed-Response Task, "Sampling the Yellow and
Blue Marbles"

Grade 4
Correct Incorrect No Response
Natlan 24 (L1.9) 64 (1.6) 12 (L.1)
Northeast 31 33) 60 (2.8) 9(2.1)
Southeast 17 (2.3) 68 (3.4 14 (2.6)
Central 30 2.7 59 (2.8) 12 (1.1}
West 19 3.9 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 (37 7(2.6)
Disadvantaged Urban 11 (3.0) 65 (4.6) 24 (4.8)
Extreme Rural 21 (3.7 65 (4.7) 14 3.0y
Other 22 (L&) 66 (1.7) 11 (1.1)
Public 24 (1.6) 64 (1.7) 12 (L1}
Catholic and Other Private 23 2.9) 64 (3.4) 13 2.1
Grade 8
Correct Incorrect No Response
Nation 59 (1.3) 30 (LD 11 (0.7)
Northeast 59 (3.2) 30 (2.9) 11 (1.4)
Southeast S32N 34 (2.9) 13 (1.OY
Central 66 (2.6) 26 (2.1) 8 (1.7)
West S8 (2.1 29 (1.3) 13 (1.6)
White 68 (1.7 23 (1.2) 9 (1.0)
Black 33 (4.0 49 (4.1) 18 (2.0
Hispanic 3R Q2.7 42 (3.5) . 2002.8)
Male 59 (1.6) 27 (1.5) 14 (1.H
Female 59 (1.9) 32.(1.9) 9(1.1)
Advantaged Urban 75 (3.1 2229 3L
Disadvantaged Urban RGN D 22..0
Extreme Rural 65 (4.2} 30 (3.6) 4 (1.5)
Other 59 (1.4 29 (1.3) 12 (0.Y)
Public S8 (LD 30 (1.3) 12 (0.8}
Cathollc and Other Private 67 2.8) 26 (2.6) 8(1.9)

“Ihe 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 poputation 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: Nacenal 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 Bluc Marbles”
PUBLIC Grade 4 - 1892
SCHOOLS Correct l Incorrect } No Response
NATION 24 (1.8) 64 (1.7) 12 {(1.1)
Northeast 32 (3.7) 60 (3.4) 8 (2.2)
Southeast 17 (2.8) 68 (3.4) 15 (2.5)
Central 31 (2.89) 57 (3.3) 12 (1.5)
West 18 (3.5) 63 (3.5) 13 {2.2)
STATES
Alabama 17 (1.8) 72 (2.0) 11 (1.4)
Arizona 18 (1.7) 67 (1.8) 13 (1.3)
Arkansas 17 (1.8) 69 {1.8) 14 (1.4)
Calfornia 18 (2.0} 70 (2.4) 12 (1.7)
Colorario 31 (2.5) 58 (2.3) 11 (1.3)
Connecticut 34 (2.3) 57 (2.5) g8 (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 18 (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) 8 (1.4)
lowa 32 (1.8) 60 {2.0) 8 {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) 8(1.5)
Maryland 30 (1.7) 61 (4.9) 10 (1.1)
Massachusetts 32 (2.6) 57 (2.6) 11 (1.5)
Michigan 21 (2.1) 69 (2.1) 10 (1.4)
Minnesota 31 (2.2) 58 (2.2) 10 {(1.6)
Mississippl 10 {1.4) 73 (1.8) 17 (1.6)
Missoun 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 (2.4) 11(1.3)
New Mexico 18 (1.8) 67 (2.1) 14 {1.8)
New York 25 (2.4) 64 (2.7) 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) 8(1.2)
Oklahoma 23 (1.9) 68 (2.0) 8 (1.3)
Pennsylvania 27 (2.0) 62 (1.9 1(1.3)
Rhode Istand 21 (2.1) 62 (2.3) 16 (1.6)
South Carolina 16 (1.5) 70 (2.1y 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) 8 (1.2)
West Virginia 16 (1.6) 711(2.1) 14 (1.4)
wisconsin 34 (2.6) 58 (2.6) 8 (1.2)
Wyoming 29 (1.9) 58 (2.2} 13 (1.4)
TERRITORY
Guam 6 (1.0) : 84 (2.0) 11 (1.7)

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 1s 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.

1 43
]: lk\l‘c 1992 NAEP TRIAL STATE ASSESSMENT PAGE 30




TABLE 1.6

Percentage of Correct Responses to Regular Constructed-Response Question, “Sampling the
Yellow and Blue Marbles” (continued)

Grade 8 - 1892

O
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Aruitoxt provided by Eic:

PUBLIC

SCHOOLS Correct I 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}
Arkansas 50 (2.4) 36 (2.0) 14 (1.6)
California 55 (2.3) 30 (2.3) 15 (1.9}
Colorado 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)
Hawau 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)
lowa 75(1.8) 21 (1.5} 3(0.7)
Kentucky 56 (2.4) 33 {2.2) 11 (1.3)
lLouisiana 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 (*.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)
Mississipp: 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) 25 {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 (1.6)
North Carolina 58 (2.2) 33 (2.2) 9 (1.3)
North Dakota 71(2.1) 26 (2.0) 3(0.8)
dhio 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)
Rhodae Island 63 (2.2) 26 (2.0) 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 (21) 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 (2.0) 10 (1.4)
Wisconsin 70(2.4) 25 (2.2) 6 (1.2)
Wyoming 69 (1.8) 25 (1.7} 5(0.9i
TERRITORIES
Guam 28 (2.2} 40 (2.4} 31 {2.0}
Virgin Istands 22 (2.3) 34 (2.5) 44 {2.3)
l' ,.
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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 (33) 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 twn other dots where Overall Percent Correct ¥
the first number 1s equal to the second number. Grade 4 — 38 (1.6)

Grade 8 - 75 (1.3}

A

: &

P |
g ’ b (One of He
% 2 /uf/'é/e

—

answers )

©
v

2 3
First Number

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

At grade 4, the stare-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(L3) 10 (1L.OY
Northeast 36 (2.4) 55 (3.2) 10 (1.9)
Southeast 3329 55 2.0 12 2.4)
Central 45 (4.4) 46 (3.6) 9 (2.1)
West 39 (2.5) 50 (1.6) 11 (1.3)
White 47 (2.2) 45 (1.8) 8 (1.1)
Black 13 2.1) 70 3.1 17 2.6)
Hispanie 15 (2.2 68 (3.0 1723
Male 40 2.0) 48 (1.8) 12 (1.3)
Female 38 (2.4) 54 2.1) 8 (L1.1)
Advantaged Urban 5529) 42 3.3) 3(12)
Disadvantaged Urban 13 (3.5) 62 (4.2) 20 (4.2)
Extreme Rural 35 (4.6) 52 (3.3 14 A4
Other 39 (1.9) S1(1.8) 10 (L.1)
Public 38 (1.8 51 (LS) I (N
Cathelic and Other Private 42 (2.1) S1@.1) 7 (1.5)
Grade 8
Correct Incorrect No Response
Nation 75 (1L.3) 21 (1LY 4 (0.6)
Northeast 72 3.8) 24 (2.9 4 (1.4
Southeast 75 (2.9) ARV 3 (1.
Central 81 2. 16 (2.1) 1 (0.8)
West 73 2.1) 22 (2.5 6 (1.5)
White 81 (1.5) 16 (1.4) (0.7
Black 59 3.8) 36 (3.6) 6 (1.9)
Hispanic 58 (2.9) 3729 5(1.5)
Male 76 (1.9) 20(1L.N 5 (0L.Y)
Female 75 (1.5) 22 (1.5 3 (0.6)
Advantaged Urban 30 (4.9) 15 (4.0 4(1.5)
Disadvantaged Urban 60 (3.2 3627 5.
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 (L. 4 (0.6)
Catholic and Other Private 78 (2.3) 20 (2.2) 30.9)

‘The standard erors of the estimated percentages appear in parentheses. [t can be said with about 95 percent certainty that
for each population of interest, the value for the whole population 1s within plus or minus two standard emors of the
estimate for the sample. In comiparing two estimate:., one must use the standard ervor 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”

PUBLIC Grade 4 - 1982

SCHOOLS Correct 1 Incorrect I No Response
NATION 38 (1.8) 51 (1.5) 11(1.1)
Northeast 36 (2.5) 55 (3.7) 8 (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 45 (2.1) 48 (2.1) 7(1.0)
Connecticut 42 (1.9) 51 (1.8) 7(1.2)
Delaware 34 (2.5) 57 (2.1} 8 (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)
Hawau 2912.1) 60 (2.2) 11 (1.5)
Idaho 37 (2.6) 54 (2.3) 8 (1.2)
Indiana 37 (2.1} 56 (2.3) 7(1.3)
lowa 46 (2.0) 47 (1.9) 7011
Kentucky 3012.3) 61 (2.3) 8 (1.31
Louisiana 24 (2.0) 64 (2.2) 12 (1.3)
Matne 46 (2.5) 48 (2.4) 5(1.0)
Maryland 38 (1.7) 55 (1.9) 8 (1.2)
Massachusetts 3g9(2.2) 52 (2.6) 8(1.3)
Michigan 33 (2.3) 60 (2.5) 8 (1.1)
Minnesota 45(2.1) 46 (2.2) s (1.
Mississippt 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 Hampshtre 47 (2.4) 45 (2.4) 8(1.4)
New Jersey 50 (2.6) 45 (2.5) 5(1.5)
New Mexico 31(2.9) 58 (3.1) 11 (1.4)
New York 39 (2.3) 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 33(2.4) 56 (2.4} 5(1.1)
Pennsylvania 40(2.1) 53 (1.9) 7(1.2)
Rhode istand 32 (2.5) 58 (2.3) 10 (1.4)
South Carotina 31(1.8) . 60(1.9) 8 (1.0)
Tennessee 28 (2.1) 62 (2.1) 10 (1.4)
Texas 34 (2.0) 58 (1.9 8 (1.2)
Utah 38 (2.1 53 (2.0) 8 (1.1)
Virginia 36 (2.4) 58 (2.2) 6 (0.9)
West Virginia 33 (2.0} 57 (2.1) 8 (1.1)
Wisconsin 52 (2.2) 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 esumated percentages appear in parentheses. It can be said with 95 percent certainty that for ‘each population of interest,
the value for the whole population 1s within plus or minus two standard errors of the estmate for the sample. In comparing two estimates, one must
use the standard error of the difference (sec Appendix for details). Percentages may not total 100 percent due to rounding error.

SOURCH: National Assessment of Fducational Progress (NALP), 1992 Mathematics Assessment,

BEST COPY AVAILABLE
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TABLE 1.8

Percentage of Correct Responses to Regular Constructed-Response Question, “Find Points

on a Grid” (continued)

RIC

Aruitoxt provided by Eic:

PUBLIC Grade B - 1882
SCHOOLS Correct Incorrect No Response
NATION 75 (1.4) 21 (1.4) 4 (0.6)
Northeast 71 (4.7) 25 (35) 4(1.7)
Southeast 75 (3.1) 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 (2.2) 20 {2.2) 3(0.8)
Dist. Cotumbia 50 (2.4) 43 (2.4) 7 (1.1)
Florida 75 (2.0) 19 (2.1) 6 (1.0)
Georgia 71 (2.1} 26 (1.8) 3 (0.6}
Hawani 65 (2.3} 29 (2.3) 5 (0.8)
idaho 85 (1.4) 13 (1.4) 2 (0.6)
Indiana 81 (1.7) 16 (1.5) 2 (0.8)
lowa 88 (1.4) 12 (1.4) 0 (0.3}
Kentucky 74 (1.6) 25 (1.5) 2 (0.6}
Loursiana 65 (2.2) 30 (2.0) 5(1.0)
Maine 85 (1.6) 14 (1.5) 1(0.4)
Maryland 72 (2.0) 24 (1.8) 4 (0.8)
Massachusetts 82 (1.6) 16 (1.5) 2 (0.8)
Michigan 77 (2.1 19 (1.8) 4 (0.8)
Minnesota 84 (1.2) 14 (1.3) 2 (0.6)
MissISsSIppI 60 (2.3) 36 (2.2) 4 (0.6}
Missourt 83 (1.7) 14 (1.6) 3 {0.8)
Nebraska 88 (1.7) 10 (1.4) 2 (0.6)
New Hampshire 85 (1.5) 14 (1.5} 1(0.3)
New Jersey 79 (2.0) 20 {2.0) 1 (0.5)
New Mexico 75 (2.2) 21 (2.0) 4 (0.7)
New York 76 {2.8) 20 (2.4) 4 (1.0
North Carolina 72 (1.8) 24 (1.6) 4 (0.7)
North Dakota 86 {1.9) 13 (1.9) 1 (0.4)
Ohto 80 (2.0) 17 (1.9) 3(0.7)
Oklahoma 82 (1.9) 1€ (1.9) 2 (0.7)
Pennsylvania 80 (2.1) 19 (1.9) 1(0.5)
Rhede Island 80 (1.9) 16 (1.8) 4 (0.8)
South Carolina 69 (1.9} 28 (1.9) 3 (0.8)
Tennessee 72 (2.0) 25 (1.9) 3(0.7)
Texas 77 (1.9) 19 (1.6) 3 (0.8)
Utah 86 (1.4) 13 (1.4) 2 (0.5)
Virginia 76 (1.9) 22 (1.8 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 {1.8) 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 Overall Percent Correct
shaded part shows the shape of the cut. Under each figure, write the Grade 8 - 48 (1.3)
name of the shape of the cut.

Answer: Qr_cle____ Answer:gd’%li Answcr:M__

*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=nr‘h.) 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, i5 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 lit'le conception of the effects that such visual
representations can have on th possible interpretations of the data.

EXAMPLE 6: Data Analysis, Statistics, and Probability

THE UNITED STATES
IS PRODUCING MORE TRASH .
Overall Percent Correct
Grade 8 -- 8 (0.8)

200} 160 Million Tons

100 80 Million Tons ]

|l

1966 1980 (0']8 0)[ %(

The pictograph shown above is misleading. Explain

answer:_Doth_the width and ﬁze_ he e /offiéfc

of Hhe 1450 Can _have been doubted. o
Only Hhe hé_ldh‘l’ should hsve been answ §)

doubled.  ~

Millions of Tons of Trash

*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

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

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.

Shapes Clut from Cylinders

Misleading Pictograph of Trash Cans

No No

Correct Incorrect Response Correct Incorrect 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 (1.1Y 14 (2.4) 78 (3.0) 8 (1.9
Southeast 46 (2.9 46 (2.0) 82.2) 6 (0.9) 90 (1.O) 509
Central 5325 42 (2.5) 5(0.9) 10 (1L.8) 87 (2.4 3(L3
West 48 (1.9) 44 (2.3) 8 (1.6) 6(L5) 87 (2.2) 723
White 52 (1.6) 42 (1.7 5(0.9) 10 (1.0) 84 (1.4) 6 (1.0)
Black 41 (4.0) 48 (3.1) 11 (2.7 4(1.5) 90 (2.5) 6(2.2)
Hispanic 18 (3.3 51 (33 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.(L.5) 42 (1.4 5(0.9) 7 (0.9) 87 (1.7) 6 (1.3
Advantaged Urban 54 (2.9) 42 A9 3(1.5) 12 2.3) 84 (2.8) 4(1.3)
Disadvantaged Urban 543 St .3) 14 (2.8) 2(09) 89 (2.1) 10 (2.2)
Extreme Rural 50 (5.2) 45 (5.0) 5.0 5 2.4 91 (2.3} 4 (1.7
Other 49 (1.6) 44 (1.4) 709 9 (1. 85 (1.4) 6 (L1
Pubiic 48 (1.5) 45 (L4 7 (0.9) 8 (0.9 86 (1.2) 6 (0.9)
Catholic and Other Private 50 (2.5) 46 (2.5) 4 (1.0) 12 (L7 831 (2.2) Sl

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

O
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The standard erors of the estimated percentages appear in parentheses, It can be said. with about 95 percent certainty that
for each population of mterest, the value for the whole population 1s 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
deiails), Percentages may not total 100 percent due to rounding crror.




TABLE 1.10 Percentages of Correct Responses to Regular Constructed-Response Questions, “Shapes Cut
from Cylinders” and “Mislcading Pictograph of Trash Cans”
Grade 8 - 1692
PUBLIC Shapes Cut from Cylinders Misieading Pictographs of Trash Cans
SCHOOLS Correct I Incorrect l No Response Correct l 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)
Centra! 52 {3.1) 41 (2.9) 5(1.1) 8 (2.2) 88 (2.7) 3(1.4)
West 48 (1.9) 44 (2.5 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) 8(1.3) 7 (1.2) 88 (1.5) 6 (1.3)
Colorado 50 (2.3) 43 (2.2) 7 (1.0) 8 (1.1) 86 (1.2) 5(14)
Connecticut 52 (2.0) 44 (2.2) 4(07) 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)
Fiorida 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) 80 (1.5) 3(0.7)
Hawail 48 (1.9) 41 (2.1) 11 (1.4) 6 (1.2) 87 (1.7) 7(1.2)
ldaho 50 (2.1) 44 (2.0) 6 (1.0 1 (1.4) 85 (1.5) 4 (0.8)
inciana 55 (2.2) 40 (2.1} 5(0.9) 8 (1.2) 89 (1.4) 4 (1.0)
lowa 54 (2.3) 43 (2.1) 3(0.7) 13 (1.5} 83 (1.5) 3(0.8)
Kentucky 45 (2.2) 49 (2.4) 6(1.1) 8 (1.4) 88 (1.6) 4 (1.0)
Louisiana 40 (2.5) 51 (2.3) 8 (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)
taryland 48 (2.8) 46 (2.6 6 10.9) 11 (1.5) 86 (1.8) 3(09)
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(09)
MiSSISSIppI 34 (2.2) 56 (1.9) 10 (1.5) 4 (0.9) 92 (1.0) 3(1.0)
Missour 56 (2.2} 38 {2.0) 5 (1.0) 12 (1.8) 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 1 (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) 8 (1.2} 86 (1.4) 5(11)
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 (1.8) 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 (1.8) 4 (1.0
South Carolina 46 (2.0) 48 (2.1) 6 (0.9) 6 (1.0) 83 {1.4) 4 (1.0)
Tennessee 48 (1.8) 46 (1.8) 6 (0.9) 8 (1.2) 82 (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 (1.4)
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) 85 (1.6) 4 (1.5)
Virgin Isiands 40 (3.1) 45 (3.0) 15 (2.1) 1(0.9) 83 (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 1s 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 (sce Appendix for details). Percentages may not total 100 percent due to rounding errot.

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 [J to make the number sentence 54 < 3 x O 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[0 Overall Percent Correct *

Grade 8 - 49 (1.6)

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

Answer: | q’\ 2-0

(One of the

/o 5'5"[/& dvu‘we/:)

*The standard errots 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 19 (1.6) 41 (1.4 10 (0.8}
Northeast 48 (5.4) 44 (49 8 (LD
Southeast 43 3D 46 (2.6) [ 2.
Central 56 (2.9) 6 2.7 Y (L.
West 50 2.3y 38 (1.8) 12 (1.3
White 57 (1.0 36 (1.8) 8 (0L8)
Black 30 (3.6) 56 (3.1 12 (2.8)
Hispanic 2532 AR (K 222N
Male 49 2.0y 41 (1.8) 11 {12y
Female 502.0) 41 (L.8) 9 (Lo
Advantaged Urban 63 (5.4) ELRCN $(1.6)
Disadvantaged Urban 26 (4.3 S5 (4 19 (2.6
Extreme Rural SS LS 17 4 8 (2.0
Other 49 (1.6} 41 (1.4 10 (0.9)
Public 48 (1.7 42 (L6) 10 (0.9)
Catholic and Other Private 56 (3.2) 36 (2.6) 8 (L8)

The standard errors of the estimated pereentages‘appear in parentheses. It can be said with about 95 pereent certainty that
for cach population of interest, the value for the whole poputation is within plus or munus two sandard errors of the
estimate for the sample. In comparing fwo 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 Assessmient
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TABLE 1.12

Percentage of Correct Responses to Regular Constructed-Response Question, “Two Numbers

Make Number Sentence Truc”

PUBLIC Grade 8 - 1892

SCHOOLS Correct I Incorrect No Response
NATION 48 (1.7) 42 (1.6) 10 (0.9}
Northeast 46 (8.1) 46 (5.6) 8 (1.6)
Southeast 42 (3.1) 47 (2.8) 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 (2.4; 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)
Hawail 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)
lowa 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 L (2.4) 38 (2.3) 11 (1.4)
Minnesota 63 (2.4) 31 (2.0) 6 (1.1)
MississIpp! 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) 38 (2.3) 7 (1.0
New Jersey 55 (2.5) 38 (2.4) 6 (1.0)
New Mex:co 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)
Morth 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)
Pennsyivania 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 (18) 8 (1.4)
Wyoming 53 (1.9) 41 (1.9) 7 (1.0)
TERRITORIES

Guam 28 12,1) 50 (2.8) 22 (2.3)
Virgin 1slands 22 (2.2) 37 (2.6) 41 (3.0)

The standard errors of the esumated percentages appear in parentheses. It can be said with 95 percent certainty that for each population of interest,
the value for the whole population 1s within plus or minus two standard errors of the estimate for the sample. In comparing two estimates, one must
usc the standard error of the difference (see Appendix for details). Percentages may not total 100 percent due to rounding error.

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

BEST COPY AVAILABLE
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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

%
Overall Percent Correct
Grade 12 - 29 (1.6}

In the figure above, point Q 1s fixed and point P starts at 4 and moves
left along the x-ax1s. As P moves left along the x-axis toward O, the area
of £POQ changes.

Use the information given to complete the table below to show how

the area of & POQ changes as P goes from the position shown to the
ongin O.

x - coordinate | Arca of

of P APOQ
4 1%
3 )
2 6
1 3
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 (2.3} 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.h
White 33 (LY) 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 (L8
Female 28 (2.1 36 (2.3) 36 (2.4)
Advantaged Urban ST(5.8) 30 (4.1 19 (3.8)
Disadvantaged Urban 1524 42 (37 43 (4.1
Extreme Rural 19 (3.8) 37 (3.8) 44 (5.5)
Other 28 (2. 38 (2.2) 34 (L9)
Public 27 (1.8) 37 (1.9 3617
Catholic and Other Private 42 (3.H) 37 (32) 21 (2.6)

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 1s within plus or minus two standard errors of the
estimate for the sample. [n companng 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 asurements 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)

QOverall 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)

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

What 1s the length in centimeters of one of the longer sides of the
rectangle?

Answer: 8 Cev\f’{ wmeé +€V' S

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

Answer: \ o Ce '\+'|.M€+€f.i

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




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) 729
Southeast 47 (2.2) 49 2.1) 4(1.2)
Central 56 (4.5) 40 (4.2) 3(1.0)
West 52 (1.9) 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 3(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 - 53 (1.5) 44 (7.9) 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.)

Grade 8

Measure Longer Side
Correct Incorrect No Response
Nation 71 (1.9 26 (1.3) 3 (0.5)
Northeast 73 (3.3) 24 (3.0 3 (09)
Southeast 63 (3.2) 35 (2.5) 2 (1.o)
Central 77 2.7 20 (2.1) 3 (1Y)
West 70 (3.5) 26 (3.1) 4 (0.8)
White 78 (1.6) 19 (1.4) 2(05)
Black 42 (4.1) 51 (3.6) 6 (1.7)
Hispanic 57 3.9 38 (4.1) 5(L3)
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) 11 (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)
47
e
s

O

ERIC

Aruitoxt provided by Eic:




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 (L.1) 7 (0.7)
Northeast 66 (3.2) 27.2) 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 5433 11 2.1
Hispanic 51 (42) 40 (3.3) 9 (2.1
Male 56 (2.1 36 (1.9) 8 (1.0)
Female 65 (1.9 . 30(1.8) 5(0.9)
Advantaged Urban 78 3.3) 20 (3.0 2 (1.2y
Disadvantaged Urban 27 (3.5) 56 (3.5) 17 3.0y
Extreme Rural 61 (7.2) 38 (6.8) 2(1.3)
Other 62 (1.6) 3L 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
Correct Incorrect No Response
Nation 79 (1.1) 18 (1.1) : 3(0.5)
Northeast 83 (2.3) 14 (2.2) 2 (0.7
Southeast 76 (2.2) 21 (1.9 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) 33349 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 (L.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 24 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)

The standard emors of the estimated percentages appear in parentheses. 1t can be said with about 95 percent certainty that
for each population of interest, the value for the whale population 1s 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 cither 0 percent of 100 percent, the standard erfor is inestimable. However,
percentages 99.5 percent and greater were rounded to 100 percent and percentages 0.5 percent or less were rounded o 0
percent.  Percentages may not total 10X 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 Measurc Centimeters”
Grade 4 - 1962
PUBLIC Measure Longer Side
SCHOOLS Correct incorrect No Response
NATION 50 (1.8) 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) g (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 (C.9)
Catifornia 45 (2.1) 46 (2.1) 8 (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 (2.0) 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)
Hawaun 48 (2.1) 47 (1.9) 5(1.0)
Idaho 57 (2.2) 38 (2.2) 4 (0.7)
Indiana 50 (2.6) 48 (2.4) : 2 (0.6)
lowa 59 (1.8) 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)
Maryiand 498 (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 {1.8) 5(0.7)
Missour! 56 (2.4) 41 (24) 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 (2.8) 5 (1.3)
North Carotina 44 (1.8) 49 (1.8) 6 (1.1)
North Dakota 61 (2.3) 37 (2.2) 2 (0.7)
Ohio 51 (2.3) 45 (2.1) 4 (0.9)
Oklahoma 49 (2.2} 48 (2.2) 2 (0.7}
Pennsylvania 53 (2.6) 44 (2.6) 3 (0.8)
Rhode island 46 {2.5) 47 (2.3) 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) 48 (2.4) 2 (0.6)
Utah 58 (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 58 (2.6) 38 (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 percent certainty that for each population of interest,

the value for the whole pop

ulation is within plus or minus two standard errors of tho estimate for the sample. 1n comparing two estimates, one Must

use the standard error of the difference (sec 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)
Grade 8 - 1992
PUBLIC Measure Longer Side
SCHcoOLS Correct J 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) 18 (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}
Georgla 65 (2.6) 33(2.4) 2 (0.6)
Hawati 71 (2.0} 26 (1.8) 3 (0.6)
ldaho 80 (1.9) 18 (1.7) 2 (0.6}
indiana 76 (1.9) 23 (1.8) 1(0.3)
lowa 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(0.71
Michigan 74 (1.7) 24 (1.8) 2 (0.5)
Minnesota 83 (1.9) 16 (1.9) 1(0.5)
Mississippl 51 (2.0} 47 (2.0} 3(0.7)
Missour: 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 (0.8)
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 (2.1) 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 {0.6)
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 (0.6)
Wisconsin 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 (2.0) 15 (2.1}
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TABLE .15 Percentages of Correct Responses to Regular Constructed-Response Questions "Using Ruler
to Measure Centimeters” (continued)
Grade 4 - 1992
PUBLIC Measure Diagnoal
SCHOOLS Correct J 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) 5114)
Central 67 (2.9) 28 (3.2) 5(1.5)
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) 33 (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 10.8)
Detaware 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
Georgra 52 (2.3) 44 (22) 4 (0.9}
Hawall 56 {2.4) 39 (2.1) 6 (1.2)
jdaho 62 (1.9) 33 (1.7 5 (0.9)
indiana 61 (2.1) 37 (2.0 2 (0.7)
lowa 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 (0.8}
Maine 65 (2.3) 32 (25) 3 (1.0)
Maryland 57 (1.9) 39 {1.9) 4 (1.1
Massachusetts 64 (2.4) 32 (2.1) 3(1.2)
Michigan 62 (2.3) 34 (2.2) 4 (0.9}
Minnesota 66 (2.0) 30 (1.9) 4 (0.7)
Mississippi 43 (2.2) 52 (2.1) 51(0.8)
Missouri 65 (1.9) 32 (2.0) 3 (0.8}
Nebraska 86 (2.7) 32 (2.7) 2 (0.5
New Hampshire 68 (2.1) 27 (1.8) 510.8)
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) 31(0.8;
Pennsylvania 64 (1.9) 33 (1.8) 310.7)
Rhode Island 55 (2.0) 37 (2.1) 8 (1.5)
South Carolina 531(2.2) 44 (2.1) 4 (0.8}
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} 410.8)
Virginia 59 (2.5) 38 (2.4) 3(1.0)
West Virginia 57 (2.1) 40 (2.1} 310.7)
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

1992 NAEP TRIAL STATE ASSESSMENT

to Measure Centimeters” (continued)
Grade 8 - 1892
PUBLIC Measure Uiagnoal
SCHOOLS Correct ] {ncorrect No Response
NATION 77 (1.2) 18 (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) 2(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)
Deiaware 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)
Hawau 78 (1.7) 18 (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)
lowa 88 (1.5) 11 (1.3) 1 (0.4)
Kentucky 81 (1.7) 17 (1.6) 2 (0.5)
Louisiana 74 (21) 22 (2.2) 4 (0.7)
Maine 87 (1.5) 12 (1.4) 1 (0.5)
Maryland 76 (1.7} 18 (1.8) 4 (1,0
Massachusetts 85 (1.6) 12 (1.3) 3 (0.9)
Michigan 78 (1.7) 18 (1.6) 2 (0.5)
Minnesota 87 (1.2) 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 Hampshire 80 (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) 18 (1.7) 2 (0.4)
North Darota 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 (2.0} 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
2T
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The following geometry question involving the use of a ruler required
students to draw a rectangle 2 inches wide by 32 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 + % inches in width and 3% + %
inches in length. To evaluate the students’ responses, a template vas 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 3l inches long. *
2 Overall Percent Correct

Grade 4 ~ 18 (0.9)
Grade 8 -- 58 (1.3)

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

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
\ation 18 (0.9) 68 (1.7) 13 (0.9}
Northeast 16 (2.3) 76 (3.0) 82
Southeast 17 (1.4 71 Q.4 2(10)
Central 20(2.2) 69 (2.7) 11 (L.7)
West 20(1.7) 61 (1.6) 19 (1.5)
White 223 67 (1.5) 11 (1.
Black 6 (L4 73 (3.3) 21 (3
Hispanic 1T (1.8) 70 (3.0) 1927
Male 18 (1.9) 64 (1.7) 18 (1.3)
Female 18 (1.6) 74 (1.8) 8 (1.1
Advantaged Urban 27 3.0 a4 () 924
Disadvantaged Urban &8 (1.9 65 (4.8) 2747
Extreme Rural 2] (6.) 68 (6.0) 11 Q.0
Other I8 (1.2) 70 (1.6) 12 (1.
Public 17(1.1 69 (1.4) 14 (1
Catholic and Other Private 29 (2.5 62 (2.9) 91(1.8)
Grade 8
Correct Incorrect No Response
Nation S8 (1.3) 38 (1.2) 4(0.5)
Northeast 63 (3.0 QN 3 (1.
Southeast 29 4 (2.6 4(1.5)
Central 65 (2.6 34 2.6) 1 (0.6)
West S4.2.0) 40 (1.6) S(1.0)
White 68 (1.5) 30 (1.9 2 (0.3
Black 28 A4 65 (4.1) 7.3
Hispanic 372 S5 8 (2.0
Male Y (2.0 36 (1.9) S(1Y)
FFemale S8 (1.8) 40 (1.8) 2 0.6)
Advantaged Urban 71 Q2.7 29 (2.7 0 (0.0
Disadvantaged Urban M2y S22 R(2.h
Extreme Rural 56 (8.9 42 (5.6) 2(Lh
Other 60 (1.6) 37 (1.5) 4 (0.
Public ST(L.4) Y (1LY 4 (116)
Catholic and Other Private 67 (2.5) 31 (2.6) 2(0.7)
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The standard errors of the estimated percentages appear in parentheses. It can be said with ahout 95 percent certamty that
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 15 either 0 pereent or 100 percent, the standard error is inestimable. However,
percentages §9.5 percent and greater were rounded to 100 percent and percentages 0.5 percent or fess were ounded to 0
percent.  Percentages may not total 100 percent due to rounding error.

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




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 Percentage of Correct Responses to Regular Constructed-Response Question, ”Using Ruler
to Draw a Rectanglc”

PUBLIC Gradc 4 - 1992

SCHOCLS Correct L Incorrect I No Response
NATION 17 (1.1) 69 (1.4) 14 (1.0)
Northeast 14 (1.9j 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)
Anzona 20 {1.8) 66 (2.1) 15 (1.6)
Arvansas 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)
Detaware 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)
Hawan 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)
fowa 28 (1.8) 84 (1.9) 8 (1.1)
Kentucky 18 (1.5) 73 (1.7) 11 (1.2)
Louisiana 16 (1.6) 72 (1.7) 12 (1.3)
Maine 31 (2.5) 66 (2.5) 4 (0.8}
Maryland 21 (1.4) 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)
MisSSISSIppI 12 (1.4} 74 (1.9) 14 (1.7)
Missour 21 (1.6} 71 (1.7) 8 (1.1)
Nebraska 28 (2.6) 65 (2.4) 7 (1.0
New Hampshire 27 {2.1) 84 (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 Yort 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 (2.9 12 (1.7)
Ot lahoma 15 (1.7) 78 (1.9) 7(1.1)
Pennsylvania 22 (1.7) 67 (2.1) 11 (1.3)
Rhode istand 18 (2.1) 70 (2.4) 12 (1.6)
South Carolina 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)
Virgima 22 (2.1) 69 (2.1) 9 (1.1)
Wwest Virginia 17 (1.8; 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)

1he standard crrors of the esumated percentages appear in parentheses. It can be said with 95 percent certainty that for each population of interest,
the value for the whole population 1s within plus or minus two standard errors of the estimate for the sample. In comparing two estimates, one must
a<e the standard error of the difference (see Appendix for details). Percentages may not total 100 percent due to rounding error.

SOLU RCE. Natonal Assessment of Educational Progress (NAEP), 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)

1992 NAEP TRIAL STATE ASSESSMENT

PUBLIC Grade 8 - 1892
SCHOOLS Cotrect Incorrect No Response
NATION 57 (1.4) 39 (1.3) 4 (0.6)
Northeast 62 (3.6) 34 {3.2) 4(1.2)
Soutneast 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(08)
Calitornia 61 (2.4) 35 (2.0) 4 (1.0)
Colicrado 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)
Dtst. Columbia 35 (2.7} 53 (2.5) 12 (1.8)
Florida 56 (2.4) 40 (2.5) 4 (0.9)
Georgla 49 (2.3) 47 (2.4) 3(0.8)
Hawan 60 (2.4) 36 (2.6) 3(0.8)
idaho 69 (1.9) 29 (1.9) 2 (05)
Indiana 66 (2.3) 32 (2.2) 2 (0.5)
lowa 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)
Matne 73 (1.8) 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 (0.8)
Minnesota 73 (2.1} 26 (1.9) 1(0.4)
MissiIssIppl 40 (1.8) 55 (2.1) 5(1.1)
Missoun 66 (2.1) 32 (2.2) 2 (0.5)
Nebraska 73 (1.7) 25 (1.7) 2 (0.8)
New Hampshire 71(1.9) 27 (1.7} 2 (0.7)
New Jersey 58 (2.5) 39 (2.8) 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 (2.3) 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 (1.9) 28 (1.8) 1 (0.5)
Virginia 81 (2.3) 38 (2.2) 2 {0.5)
West Virginia 56 {1.8) 40 (1.8) 4 (0.8)
Wisconsin 72 (2.2) 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) 1 (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.

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

(One of The
fo;:/'é/c

ansuers

*The standard errors of the estimated percentages appear 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 this 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 Resuits 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(L.5)
Southeast 30 (L.5) 61 (1.9) 9 (1.5)
Central 43 (3.2) 50 (2.9) 8 (0.9)
Waest 45 (2.0) 48 (2.2) 7(1.2)
White 47 (L1 48 (1.7) 5 (0.6}
Black 1527 63 (3.6) 18 3.0y
Hispanic 37 @34 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 (1.1 7 (0.7)
Public 39 (1.4) 53 (1.4) 8 (0.7)
Catholic and Other Private 48 (3.1) 42 2.9) 4 (1.1)
Grade 8
Correct Incorrect No Response
Nation 67 (1.5) 32 (1.7) 2 (0.5)
Northeast 6% (2.9) 30 2.9) 0 (0.3)
Southeast 59 (2.2) 38 3.1) 3 (L.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 24)
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 (L.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 percentages appear in parentheses. It can be said with about 95 percent certainty that
for cach 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 (sce 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 Asses<ment 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 - 1952
SCHOOLS Correct [ Incorrect l 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)
Hawail 38 (2.5) 53 (2.4) 8 (1.3)
Idaho 45 (2.0 46 (2.1) 8 (1.3)
Indiana 39 (2.4) 54 (2.4) 7(1.2)
lowa 49 (2.3) 45 (2.2) 5(1.0)
Kentucky 35 (2.0) 58 (2.0) 7 (1.0)
Louisiana 33 (2.9) 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)
Mississipp! 27 (2.1) 62 (2.1) 11 (1.5)
Missourl 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)
Ohic 43 (2.3) 50 (2.2) 7 (0.9)
Oktahoma 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 Carotina 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 percentizes 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 119

Percentage of Correct Responses to Regular Constructed-Response Question, “Using Ruler

to Draw a Squarc” (continued)

PUBLIC Grade 8 - 1992
SCHOOLS Correct l Incorrect No Response
NATION 66 (1.7) 32 (1.9) 2 (C.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 (2.4) 1(0.7}
Wwest 67 (4.8) 31 (5.0) 2 (0.6)
STATES
Alabama 81 (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 (0.8)
California 70 (2.3) 28 (2.2) 2 (0.8)
Colorado 79 (1.6) 19 (1.5) 1 (0.4)
Connecticut 74 (2.3) 25 (2.3) 1(0.4)
Detaware 88 (2.5) 31 (2.5} 1 (0.6)
Dist. Columbia 48 (2.6) 47 (2.5) 5(1.0)
Flonda 63 (2.3) 36 (2.3) 1(0.4)
Georgla 63 (2.1) 36 (2.1) 2 (0.4)
Hawau 71 (2.3) 27 (2.2) 2 (0.6)
Idaho 78 (1.8) 21 (1.9) 1(0.3)
fndiana 73(2.2) 26 (2.2) 1 (0.4)
lowa 78 (1.8} 22 (1.8) 0 (0.3)
Kentucky 70 (2.0) 29 (1.9) 2 {0.6)
Louistana 56 (2.3} 43 (2.3) 1(0.3)
Maine 78 12.2) 21 (2.2} 1 (0.4)
Maryland 70 (2.3) 29 (2.3 11(0.4)
Massachusetts 73 (2.1 26 (2.1} 1 (C.3)
Michigan 69 (2.3) 30 (2.3) 2 (0.5)
Minnesota 77 (2.00 22 (2.1) 1 (0.4)
Mississipp! 53 (2.1) 46 (2.2) 1 (0.4)
Missouri 71 (1.8) 28 (1.7} 1 (0.4)
Nebrasha 78 (2.0) 21 {2.0) 1(0.5)
New Hampshire 81 (1.9) 19 (1.8) 0 (0.3)
New gersey 71121 28 (1.9) 1 (0.5)
New Mexico 73 (2.2 25 (2.2) 1(0.5)
New York 64 (2.6) 35(2.7) 2 (0.8)
North Carolina 64 (2.1) 35 (2.1) 2 (C.4)
North Dat ota 78 (2.3) 22 (2.3) 0 (0.0)
Ohio 73 (2.3 26 (2.2) 1 (0.6)
Oklahoma 73 (1.9 26 (2.0) 1 (0.5)
Pennsylvania 73121 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 (2.4} 35 (2.3) 1 (0.5)
Texas 66 (2.2} 32 (2.1) 2 (0.6)
Utah 80 (1.7) 19 (1.6) 1(0.3)
Virginia 69 (2.1} 30 (2.1) 1 (0.5}
West Virginia 71 (1.8} 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)
Ll B ig ;
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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 127° 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 130°. 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

Overall Percent Correct ¥
Grade 8 - 35 (1.9)

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

127°

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) 5511 10 (LO)
Northeast 41 (6.2) 50 (4.8) 9 2.4)
Southeast 28 (3.2) 61 (3.2) 1 @D
Central 40 37N 54 (3.9) 6 (1.8)
West 3229 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 3.3y
Male 7 Q2.8 55 (2.5) 8 (1.2)
Female 313 (1.8) 56 (1.7) 11 (L)
Advantaged Urban 42 (41 53 (3.4 5.
Disadvantaged Urban 17 5.1) 66 (5.5) 17 (4.0)
Extreme Rural 3459 57 (5.0) 9 (3.5)
QOther 36 (2.3) 54 (1.9) 10 (1.4)
Public 3520 56 (1.8) 10 (L)
Catholic and Other Private 83 5327 9 (1.3)

The standard errors of the cstimated percentages appear in parentheses. It can be said with about 95 percent certainty that
for each population of interest, the value for the whole populations within  plus or minus two standard errors of the
estimate for the semple. In comparing two estimates, one must usc 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 Grade 8 - 1992

SCHOOLS Correct l Incorrect I No Response
NATION 35 (2.1) 56 (1.8) 10 (1.1)
Northeast 42 (6.9} 50 (5.5) 9(24)
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 28 (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. Columtna 20 (2.7) 57 (3.0) 23 (2.7)
Florida 29 (2.3) 58 (2.5) 12 (1.7)
Georgia 25 (2.4) 65 (2.3) 10 (1.5}
Hawau 31 (2.6) 53 (2.6) 16 {2.0
Idaho 43 (2.5) 48 (2.3) 9 (1.1}
Indtana 42 (2.5) 51 (2.4) 6 (1.0)
lowa 53 (2.2) 45 (2.1} 2 (06)
Kentucky 32 (2.0) 58 (1.8) 8 (1.5}
Louwrsiana 22 (2.2) 69 (2.4) 10 (1.4)
Maine 42 (2.5) 51 (2.8) 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)
Okiahoma 26 (2.7) 68 (2.5 6 (1.2)
Pennsyivania 41 (2.3) 52 (2.3) 6 (1.0}
Rhode Island 29 (2.8) 62 (3.0} 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 (1.8)
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 (2.3) 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 estimaie for the sample. Incomparing 1w esuimates, one must
use the standard error of the difference (sce 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

*
Overall Percent Correct

R~
@ Grade 4 -- 45 (1.4)
ol 1

Cheeseburger Hot Dog Yogurt Cookie
393 Calories 298 Calories 214 Calories 119 Calories

Which two of the items above would provide a total of about 600 calories?

Answer: C"\ esse Lur‘qlﬂf

Ya gotrd- (One of the possible

Did you use the calculator on this question?

- @nswers )

EXAMPLE 14: Numbers and Operations

George buys two calculators that cost $3.29 each. If there is no tax, how Overall Percent Correct
much change will he receive from a $10 bill?

Grade 4 -~ 21 (14)
Answer: $ 3 42—

Did you use the calculator on this question?

“No

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

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

No No
Correct Incorrect Response Correct Incorrect Response
Nation 45 (1.4) 50 (1.5) 507 21 (L9 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 3933 56 3.7 5(.1) 17 (2.4) 79 (2.5) 4 (1.6)
Central 50 2.1y 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 24 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) 923 82 (3.6) 9 (2.8)
Hispanic 33(3.5) 60 (3.6) s(1.7) 13 2.3 86 (2.3) 1 (0.5)
Male 44 (2.0) 52 (20) 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(l.D 26 (3.3) 74 (3.4) 1©07)
Disadvaniaged Urban 32 (4.6) 62 (4.8) 6 (2.5) 12 3.4) 82 (4.6) 6(2.7)
Extreme Rural 42 3N 50 (4.8) ?(3.3) 22 3.7 76 (3.2) 2(1.49)
Other 46 (1.8) 49 (1.8) 5(0.9) 20 (1.6) 77 (1.8) 3(0.7)
Public 45 (1.6) 5¢(1.7) 50.8) 20 (1.6) 77 (1.8) 3(0.5)
Catholic and Other Private 49 (3.6) 45 3.7 6 (1.4) 2339 75 (3.0 3D

The standard eriors 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). Percentages may not total 100 percent duce 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”
Grade 4 - 1892
PUBLIC : Estimate Calories Change from Buying Two Calculators
SCHOOLS Correct I Incorrect J No Response Correct J_ Incorrect —l No Fesponse
NATION 45 (1.8) 50 (1.7) 5(0.8) 20 (1.8) 77 (1.8) 3(05)
Northeast 45 (4.3) 48 (4.2) 7(2.7) 26 (3.9) 73 (4.0) 1(0.8)
Southeast 40 (3.7) 56 (4.0) 5(1.0) 18 (2.6) 79 (2.6) 2 (1.1)
Centrai 50 (2.9) 47 (2.9) 3(0.9) 19 (3.6) 80 (4.5) 2 (1.0)
West 45 (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(07)
Arkansas 36 (2.0) 58 (2.1) 4 (0.9) 15 (4.7) 82 (1.7) 3(08)
California 37 (2.5) 57 (2.5) 6 (1.0) 17 (2.0) 79 (1.9) 4 (0.9)
Colorado 47 (2.2) 48 (2.2) 4 (1.0) 20 (1.9) 79 (1.9) 1(04)
Connecticut 49 (2.0) 45 (2.1) 5 (1.0) 23 (2.3) 76 (2.4) 1(05)
Delaware 45 (2.9) 49 (2.7) 6(1.1) 22 (2.2) 78 (2.1; 0(03)
Dist. Columbia 28 (2.0) 84 (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 (13) 2 (0.7}
Georgla 44 (2.2) 53 (2.2) 3(08) 16 (1.8) 83 (2.1) 1(0.8)
Hawail 46 (2.3) 49 (2.4) 6 (1.0) 21 (1.8) 76 (2.0) 2 (08)
idaho 46 (1.8) 49 (1.8) 5(0.7) 19 (1.8) 80 (1.9) 0(0.3)
Indiana 48 (2.4) 48 {2.3) 2 (0.6) 16 (1.4) 82 (1.5) 1(0.8)
lowa 51 (2.4) 45 (2.4) 4 {06) 26 (2.1) 74 (20 U 0.2}
Kentucky 41 (2.0) 56 (2.0) 3(07) 24 (1.9 75 (1.9) 1{0.3)
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) 2 (68) 24 (1.7) 75 (1.6} 0 (0.4)
Maryland 48 (2.2) 48 (2.3) 5 (1.0) 21 (2.0) 77 (2.0) 2(07)
Massachusetts 49 {2.3) 42 (2.5) 8 (1.4) 24 (2.3 75 (2.3) 2(0.7)
Michigan 44 (1.9) 54 (1.8) 3(07) 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)
MissISSipp! 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(07) 21 (1.5) 77 (1.5) 1(0.6)
Mebraska 50 (2.4) 46 (2.3) 4 (1.1) 24 (2.2) 75 (2.0) 1(0.5)
New Hampshire 52 (2.5) 43 (24) 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 44 (2.7) 57 (2.8) 2 (07) 15 (2.0) 84 (2.1) 2 (0.6)
New York 45 (2.2) 50 (2.6) 6 (1.0) 17 (1.7) 80 {1.9) 3(0.7)
North Carolina 36 (1.8) 60 (1.8) 4 (038) 18 (1.8) 79 (1.8) 3 (08)
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(08) 20 (2.0) 78 (2.1) 1 (0.5}
Oklahoma 47 (2.3) 48 (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 (2.9) 4 (0.9) 19 (1.8) 80 (1.8) 1 (0.5)
Tennessee 40 (2.3) 55 (2.2) 5 (1.0) 16 (1.8) . 82(1.6) 2 (06)
Texas 41 (2.1) 54 {2.3) 4{08) 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) 4(07) 22 (1.6) 77 (1.5) 2 (0.5)
West Virginia 339 (2.5) 56 (2.3) 5 (0.8) 15 (1.4) 84 (1.5) 1 (0.4)
Wisconsin 55 (2.2) 42 (20) 3(07) 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 '09)
TERRITORY
Guam 23 (2.5) 67 (2.7) 7 (1.3) 10 (1.5) 84 (1.9) 6 (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 inerest,
the value for the whole population is within plils ot 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' Wational 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 studznts 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 getiing the correct units digit, to examine the
related sentence 1896 + 8 = 23 [1.

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

. Overall Percent Correct *
In the multiplication problem below, write the missing number in the box. Gr.de 4 - 58 {1.3)
23
x 8
1,896
Did you use the calculator .. :his question?
Yes No

* fha standard errors of the estimated percentages appear in parenthescs.
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EXAMPLE 16: Algebra and Functions

*
E{_o_clu_c_g QOverall Percent Correct

Grade 4 -~ 27 (1.5)

[&3
X

o B

x X
[CRIS
x X X
[CESFCEN)
X X X %
[CESFCET)
1O ]
QO -
oo B

If the pattern shown continues, could 375 be one of the products in this

Jattern?
Yes

Explain why or why not.

Baccu(s& 375 /s not divisible A/Y 2.

Did you use the calculator on this question?

Yes No

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

The subgroup and state results presented in TABLES 1.21 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.

71




O

ERIC

Aruitoxt provided by Eic:

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
No ] No

Clorrect Incorrect Response Correct Incorrect Response
Nation 58 (1.3) 33 (1.2) 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 5143.5 42 (3.1 74 20 (3.6) 67 3.7 12 (L3
Central 62 (2.4) 3223 6 (1.8) 27 (1.9) 60 (1.7) 13 (1.4)
West 56 (2.5) 3242.4) 12 (L.7) 23 (2.2) 61 (2.6) 16 (2.2)
White 63 (1.8) 30 (1.6) 7(1.0 30 (2.0 5820 (L
Black 4233 4232 16 (2.6) 13 (2.4) 65 (3.1 22 (R.2)
Hispanic 51 2% 37 (2.8) 12 (2.6) 16 (2.9) 70 (4.2) 13 2.4
Male 57 (1.1 35 (1.6) 3(L.1) 28 (1.9) 56 (2.0) 17 (LT
Female 60 (1.7) 30(L7 9(1.2) 26 (1.9) 64 (2.2) 10 (1.4
Advantaged Urban 70 (3.5) 2530 5(1.5) 43 (3.7 50 (43 7@2.3)
Disadvantaged Urban 53 (44 15 (4.2) 120 725 70 (3.8) 23 (4.2)
Extreme Rural 54 (5.5) 7 (4 927N 26 (5.8) 67 (5.2) 7 (2.6)
Other 58 (1.6) 33 (1.6) 9 (1.1 26 (1.7 59 (1.9) 4L
Public 58 (1.5) 32(14 9 (1.0) 26 (1.6) 60 (1L 14411
Catholic and f>:her Private 59 (2. 3429 7.2 35 (.6) 56 (4.4) 9 (2.

The standard errors of the estimated percentages appear i parensheses. It can be sud with about 05 percent certamty that
for each population of interest, the value for the whole population i within plus or nunus two standard errors of the
estimate for the sample. In comparning two estimates, one must use the standard error of the difference (see Appendix for
details). Percontages may not tutal 100 percent due to rounding error.

SOURCE: National Assessment of Educational 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”

Grade 4 - 1882
PUBLIC Missing Number in Box Extend Pattern
SCHOOLS Correct l Incorrect f No Response Correct I Incorrect l No Response
NATION 58 (1.5) 32 (1.4) 9 (1.0) 26 (1.6) 60 (1.7) 14 (1.1)
Northeast 87 (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 (1.8)
Central 62 (2.8) 31 (2.8) 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) g9(1.1) 21 (1.6) 68 (2.0) 11 (1.7)
Arkansas 53 (2.3) 40 (2.0) 7(1.1) 20 (1.8) 66 (2.3) 14 (1.7)
California 54 (2.6) 36 (2.4) 10 (1.3) 23 (2.5) 85 (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 (1.3) 23 (2.1) 67 (2.2) 11(1.8)
ldaho 58 (1.8) 35 (1.8) 8 (1.2) 26 (2.5) 65 (2.2) 8 (1.4)
Indiana 57 (2.5) 37 (2.5) 6 (0.9) 23 (1.9} 71 (2.4) 6 (1.3)
lowa 60 (1.8) 36 (1.7) 4 (D.9) 35 (2.2) 58 (2.3) 7(1.0j
Kentucky 58 (2.3) 35 (2.1) 7(1.1) 22 (2.4) 70 (2.6) 9 (1.4)
Loursiana 58 (2.3) 34 (2.1) 7(1.0) 15 (1.6) 72 (2.1) 12 {(1.8)
Maine 81 (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 (13) 35 (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 €2 (2.1) 31 (1.9) 6(1.1) 33 (2.6) 58 (2.9) 9 (1.4)
MissISstppi 53 (2.4) 38 (2.4) 9(1.2) 14 (1.7 73 (2.2) 13 (1.7)
Missour! 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) 8 (1.5) 33(2.9) 57 {2.9) 10 (1.7)
New Jersey 85 (2.4) 28 (1.9) 7(12) 36 (2.8) 58 (3.1) 7(13)
New Mexico 82 (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) 86 (2.3) 12 (1.4)
North Dakota 81 (1.7) 35 (1.7) 4(09) 33 (2.4) 80 (2.4) 6 (1.3)
Ohio 60 (2.0) 35 (1.9) 5(0.9) 23 (2.2) 69 (2.4) 8 (1.1}
Oklahoma 61 (2.3) 32 (2.0) 7(1.3) 21 i1.6) 71 (1.7} 7(1.2)
Pennsylvania 63 (2.0j 33 (2.0) 4(0.8) 26 (2.1) 86 (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 (1.8)
Texas 63 (1.8} 32 (1.8) 4 (0.8) 25 (2.5) 62 (2.9) 413(1.8)
Utah 60 (1.7) 34 (1.7) 6 (1.0} 29 (2.5) 60 (2.7) 10 (1.5)
Virginia 81 (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) 331{2.4) 81 (2.3) 6 (1.2)
Wyoming 61 (2.1) 33(1.9) 6 (0.9) 26 (2.2) 66 (2.3) 7(1.3)
TERRITORY
Guam 49 (2.5) 43 (2.7) 9 (1.4) 15 (2.1) 85 (2.9) 20 (2.3)

The standard errors of the esimated percentages appear in parentheses. It can be said with 95 percent certainty that for each population of interest,
the value for the whole population 1s 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.

SOLRCFE: 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
tweifth graders provided a correct response to this item.
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EXAMPLE 17: Numbers and Operations

*
Overall Percent Correct

Raymond must buy enough paper to print 28 copies of a report that Grade 8 -- 52 (14)
contains 64 sheets of paper. Paper is only available in packages of Grade 12 -- 72 (1.4)
500 sheets. How many whole packages of paper will he need to buy

to do the printing?

Answer: L“

Dud you use the calculator on this question?

O

EXAMPLE 18: Measurement

Overall Percent Correct

*

B C Grade 8 -- 10 (0.9}
~ | l Grade 12 - 23 (1.6)
A E D

The area of rectangle BCDE shown above is 60 square inches. If the
length of AE 1s 10 inches and the length of ED is 15 inches, what
is the area of trapezoid ABCD, in square inches ?

Answer: g o

Did you use the calculator on this question?

oo W

*The standard e: ors of the estimated percentages appear in parentheses.
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The subgroup results for "Raymond’s Report" 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
No o

(lorrect Incorrect Response Correct Incorrect Response
Nation 52 (1.4) 46 (1.4) 3(0.4) 10 (0.9) 81 (L.3) 9(0.8)
Northeast 58 (3.5) 38 3.5) 4(0.7) 9(1.4) 80 (1L.7) 1 (LS)
Southeast 42 (2.9) 54 (3.1 4 (LD 9 (1.9) 82 (2.8) 9 (1.3)
Central 61 (3.3) 39 (349 0(0.2) 10 (1.9) 84 2.1 5 (0.8)
West 48 (1L.Y) 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(L.Y 84 (3.8) 14 (3.3)
Hispanic 30 3.7 65 (3.8) 5(1.4) 3(1.3) 88 (2.3) 9 (1.95
Male ST @23 46 (2.4) 3 (0.6) 10 (1.4) 79 2.0 iz (1.
Female 52(1.9) 45 (1.9) 2 (0.5 9(1.2) 84 (1.3) 7 (0.9
Advantaged Urban 66 (5.3) 453 0 (0.0 19 (3.8) 70 4.0y 11 4.9)
Disadvantaged Urban 25 (4.5) 68 (4.8) 6 (1.7 4 (LY 82 (2.8) 4 3.0
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 (1.09) 82 (1.4 9 (0.9)
Catholic and Other Private 62 (3.2) 3532 3(0.6) 12 (2.0) 78 (2.5) 9 (1.6)

Grade 12
Raymond’s Report Ar-a of Trapezoid
No No

Correct Incorrect Response Correct Incorrect Response
Nation 72 (1.9 25 (1.4) 2 (0.5) 23 (1.6) 67 (1.6) 10 (0.9)
Northeast 75 (2.2) 232.3) 2(0.9) 26 (2.8) 64 (3.4) 10 (1.6)
Southeast 68 (2.8) 28 (2.7) 3L 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) 293N 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 3.0y 12 (2.6)
Hispanic 62 (5.0) 34 (6.2) 4(2.4) 14 (2.3) 30 (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.Y9) 8 (L.9) 1 (0.3 2224 68 (2.2) 9 (1.3
Advantaged Urban 79 (3.6) VANEN) 0(0.2) 46 (4.8) 50 (4.6) 4 (1.4
Disadvantaged Urban 62 (3.4 33 (3.8) S 102D 927 11 (23
Extreme Rural 73 (3.8) 25 (3.9 2(1.0) 25(4.0) 68 (2.7) 8§(2.4)
Other 3I(LS) 25 (1.6) 210.6) 21 (1.6) 68 (1.9 11 (1.
Public 72 (1.5) 26 (1.5) 2.(0.5) 21 (1) 70 (1.8) 10 (0.9)
Catholic and Other Private 9 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 cas be said with about 95 percent certainty that
for cach population of interest, the value for the whole populatinn is vithin plus or minus two standard errors of the
estimate for the sample. In comparing two estimates, onc must use the standard crror of the difference (see Appendix for
details). When the propertion of students is either 0 percent of 100 percent, the standard error 1s 1nestimable.  However,
percentages 99.5 percent and greater were rounded to 100 percent and percentages 0.5 percent or less ere rounded to 0
pereent.  Percentages may not total 100 percent due to rounding error.

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




TABLE 1.27 Percentages of Correct Responses to Regular Constructed-Response Questions with
Calculator Available, “Raymond’s Report” and “Area Trapezoid”
Grade & - 1882

PUBLIC Raymond’s Report Area of Trapezoid

SCHOOLS Correct [ incorrect L No Response Correct —I Incorrect No Response
NATION 50 (1.5) 47 (1.5) 3(0.5) 8 (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) 8 (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) 48 (1.7) 4 (1.4) 8 (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)
Anzona 53 (2.2) 44 (2.2) 3(0.7) 8 (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)
Calformia 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) 8 (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} 80 (1.3) 4 (0.8)
Hawan 48 (2.1) 48 (2.1) 4 (0.8) 8 (1.2) 79 (1.9) 13 (1.5)
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) 8 (1.3) 84 (1.6) 7(1.1)
lowa 71 (2.2) 28 (2.3) 2 (0.5) 13 {1.5) 82 (1.5) 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} 80 (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 (2.2} 4 (1.0 8 (1.5} 81 (2.0) 10 (1.4}
Massachusetts 58 (2.6} 39 (2.5) 31(0.8) 8 (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 (1.7) 78 (1.9) 7 (1.0)
MiSSISSIpp! 35 (2.1) 61 (2.2) 4(0.9) 3(0.7) 89 (1.1) 8(1.0)
Missour) 53 (1.9) 46 (1.9) 1(0.5) (1.2} 85 (1.6) 7(1.2)
Nebraska 58 (2.3) 41 (2.3) 2 (0.6) 12 (1.5) 83 (1.8) 4(0.8)
New Hampshire 63 (2.1) 36 (2.1) 1(0.5) 13 (1.5) 78 (1.9) 8 (1.3}
New Jersey 58 (3.2) 37 (3.1) 3(1.0) 8(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) 71.2)
New York 55 (2.4) 43 (2.4) 2(0.8) 12 (1.7) 84 {1.8) 4(09)
North Carolina 48 (1.9} 50 (1.8} 2(0.6) 5 (0.8} 80 (1.2) 6 (0.8)
Morth Dakota 67 (2.0 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 (1.0
Oklahoma 52 (2.5 38 (2.5) 2 (0.5 8 (1.2} 85 (1.4) 6(12;
Pennsylvania 56 (2.5) 4% (2.8} 2(0.7) 10 (1.3 84 (1.9) 7(14)
Rhode Isiand 54 (2.2) 45 {2.0) 210.6) 6 (1.0) 88 (1.4) 6 (0.8)
South Carolina 44 (2.5) 54 (2.4) 3(0.7) 8 (1.1) 86 (1.4) 6 (0.9)
Tenressee 44 (2.4} 52 (2.4) 410.7) 5 (1.0 88 (1.4) 7(1.0)
Texas 5112.3) 45 (2.2) 410.7) 8(1.2) 83 (1.6) 8(1.2)
Utah 61 (1.8) 38 (1.8) 1(0.4) 10 (1.3) 83 (1.4) 7010
Virginia 57 12.1) 42 (2.0) 2 (0.6) 8 (1.1) 86 (1.3) 6(1.1)
west Virginia 52 (2.2} 46 (2.1) 2 (0.5) 5(0.8) 88 (1.3) 8(1.1)
WISconsin 65 {1.7) 34 (1.5) 1 (0.4) 11 (1.3) 83 (1.3 6(0.9)
Wy Oning 61{2.2) 37 (2.3} 2 (0.8) 8 (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(1.7)
Virgin Islands 18 (1.8) 68 (2.2} 14 (2.0 1(0.5) 82 (2.1) 17 (2.2

The standard errors of the estimaled percentages appear in parentheses. It can be said with 95 percent certainty that for cach populauon of interest,
the value for the whole population 1s within plus or minus two standard errors of the estimate for the sample. In comparing two e¢stimates, one must
use th standard error of the difference (see Appendix for details). Percentages may not total 100 percent due to rounding crror.

SOU RCH National Assessment of I-ducational Progress (NALP), 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 incorract 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 1%: Numbers and Operations

*»
Overall Percent Correct

Video Store A Video Store B Grade 12 - 5 (0.7)
$2.65 per tape for one night $3.00 per tape for 2 nights
$1.50 charge for each I credit if tape returned

additional night after one night
Every 10th tape free Every 10 credits = one free rental

for one night

The Peterson family rents 30 videotapes yearly, of wwhich 23 ave 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 Total Cost
o Vs
v F52.05

B |¥94.00

Did you use the calculator on this question?

EXAMPLE 20;: Measurement

*
Overall Percent Correct

Grade 12 ~ 8 (1.0)

—7 —

To the nearest whole number, what is the area of the parallelogram above!?

1578

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 Constructed-Response Tasks, "Video Rental Costs"
and "Area of Parallelogram"

Grade 12
Video Rental Caosts Area of Parallelogram
No No

Correct Incorrect Response Correct Incorrect Response
Nation 5{0.7) 92 (0.9) 3(0.5) 8 (1.0) 30 (1. 12(1.1)
Northeast 842.5) Y0 (1) 207D 9 Q7 78 (4.4 13 (2.3)
Southeast 611 92 (1.6) 31D 4 (0.6) 86 (2.0) 10 (2.0
Central 4(1.0) 96 (1.1) 1 (0.3) 10 2.0y 79 (2.1 11 @2n
Woest 4 (1.4 90 (1.9) 6 (1.3) 8(2.h) 77 2.3 4(2.2)
White 6 (0.9) Y2 (1.0Y 2 (0.5) 9 (1.3 0 (1.7 1.
Black 2.2y 94 (2.2) 4 (1.5 1(0.5) 85 (2.6) 15 2.0
Hispanic 0(0.0) 92 (4.5) 845 2. 77 (4.3) 21 (4.5)
Male 6 (0.9) G0 (1.4 4 (L) S (1.4 81 (L7 11¢1.2)
Female Sl 94 (1.5 2 (11.6) 71.2) 79 (2.1) 14 (1L8)
Advantaged Urban 8 (34 89 (4.0) (LT 14 (2.9 74 3.4 11 (1.8}
Disadvantaged Urban 624 &8 (4.1) 7 2.1 1(0.5) 85 (2.7 1442.5)
Extreme Rural 5(1.3) 93 (1.9 2(1.0 6(2.2) K2 (+.2y 12 (4.4
Other 509 93 (1.1 2(0.7) 8 (1.5 80 (L9 12 (14
Public 5(0.7) 92 (0LY) 2 (0.S) 7 (0.8) 81 (1.2) 13(1.2)
Catholic and Other Private 722 91 (2.3) 2 (1. 15 (4.2) 75 (5.3) 10 (1.7)

The standard errors of the esttmated percentages appear m parentheses. [t can be said with about 95 pereent cenamty that
for cach population of mterest, the value for the whole population 1s within plus or minus two standard errors of the
estimate for the sample. In companing two cstimates, one must use the standard error of the difference (see Appendix for
details). When the proportion of students 1s either ¢ pereent or 100 percent, the standard errer 15 estmable.  However,
percentages 99.5 percent and greater were rounded 1o 100 percent and percentages or less were ,ounded to 0 pereent.
Percemtages may total 100 percent due to rounding error.

SOURCE:. National Assessment of Educational Progress (NAEP), 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% - 7(3.5) + 5.7, or 30.2.
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EXAMPLE 21: Data Analysis, Statistics, and Probability
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40 50 60 70 80 90 10
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?

Ge) o

EXAMPLE 22: Algebra anc Functions

Qverall Percent Correct *
Grade 12 - 39 (1.6)

i f(x) = 4x* — 75 + 5.7, what s the value of f(3.5)?

Answer: _ 30' 2“

Did you use the calculator on this question?

Yes No

*The standard errors of the estimated percentages appear in parentheses.
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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 "F(3.5)"

Grade 12
Graph Pulse Rates F(3.5)
No No

Correct Incorrect Response Correct Incorrect Response
Nation 9 (L.O) 77 (1.3) 14 (i.0) 39 (L6) 40 (1.5) 224
Northeast 10 2.1) 74 (2.5) 16 (1.8) 40 (2.5) 35 2.2) 2429
Southeast 5(1.D 79 (2.4) 17 2.4y 3l (2.6) 46 (3.4 2330
Central 10 (1.7 80 (1.7 10 (1.4) 45 4. 37 3.2 1824
West 9(2.9 77 2.7 14 (1.8) 39 (2.6} 40 3.0y 21 Q4
White 11(1.3) 75 (1.5) 14 (L1 43 (1.8) 36 (LY 21 (1.6)
Black 0(0.0) 86 (2.9) 14 2.9) 234N S5(4.9) 22335
Hispanic 1 (0.6) 83 (3.3) 16 (3.2 255D 44 (9.0 (5
Male 11 (1.6) 75 (1.8) 14 (1.3 37 2.1 40 2.1 23 (LY
Female 6 (1.0) 80 (1.9) 14 (1.7) 41 2.0) 39 (L.7) 20 (1.9
Advantaged Urban 19 (4.4) 69 (4.7) 12 1.6} 58 (5.3) 26 (3.0) 16 (4.3
Disadvantaget Urban 1(0.8) & (3N 15 (2.8) 25 3.7 50 4.h 25 (3.4
Extreme Rural 8(2.3) 77 (2.4) 16 (3.2) 28 (6.0) S1 (5. 21 (4.0
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 (LD 40 (1.7) 22 (Lo)
Catholic and Other Private 1527 74 (3.1 10 (LD N (3.0) KR NN 17 (1.9

The standard errors of the estimated percentages appear in parentheses. It can be said with abont 95 percent certainty that
for cach population of interest, the value for the whole population is within plus or minus twe 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 stadard erfor is inestimable. However
percentages 99.5 pereent and greater were rounded to 100 percent and percentages 0.5 percent of less were rounded to 0
percent.  Percentages may not total 100 percent due to roundiig error.

SOURCE: N-tional Assessment of Educational 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 recngnize that
triangle OAB is a right triangle and that since the regular hexagon is composed

83

<
op]




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 qf
length 12. If point O is the center of the base and the length of OB is 15,
what is the degree measure of angie OAB to the nearest whole number?

[2]
Answer: 5 /

Did you use the calculator on this question?

No

*The standard crrors 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 (0.5) 84 (1.0) 10 (0.8)
Northeast 8(1.3) 80 (2.0) 12 (1.7)
Southeast 3(0.8) 89 (2.2} 8 (1.7
(entral 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 1 (.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 (23) 76 (3.2) 10 (2.7
Disadvantaged Urban 2(1.y 86 3.1) 12 (2.6)
Extreme Rural 3 (L. 88 (3.7) 9 (3.8)
Other 7 (0.8) 84 (1.3) 9 (1.0)
Public 6 (0.7 85 (L.1) 10 (0.9)
Catholic and Other Private 15 (D) 79 2.4) 8 (1.2

The standard errors of the estimated percentages appear in parentheses. It can be said with about Y5 percent certainty that
for each population of interest, the value for the whole population is within plus or minus two standard emors of the
estimate for the sample. In comparing two estimates, one must use the starlard error of the difference (see Appendix for
details). Percentages may total 100 percent due to rounding crror.

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 stuaents 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,

1 Mathematical Sciences Education Board, For Good Measure (Washington, DC: National Academy I'reas
1991).

12 1994 National Assessment of Educational Progress: Mathematics Assessmient Tramework (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 stiucture 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 constricted-response
questions required students to demonstrate their level of mathematical
understanding within a givern 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.




FIGURE 2.1 NAEP Mathematics Scoring Category Classifications for
Extended Constructed-Response Questions

G

There is no response

The work is completely incorrect or irrelevant. Or the response states, "1
don't know."

The response demonstrates a minimal understanding of the problem poscd
but does not suggest a reasonable approach.  Although there may or may not
be some correet mathematical work, the response is incomplete, contains
major mathematical crrors, or reveals serious flaws in reasoning. Examples
are absent.

(5]
It

The response contains evidence of a conceptual understanding of the problem
in that a reasonable approach is indicated. However. on the whole, the
responsc is not well developed.  Although there may be scrious mathematical
errors or tlaws in the reasoning, the response does contain some correct

“ mathematucs. Examples provided are inappropriate.

4 = Su “3}‘;_1(?(0_ The response demonstrates a clear understanding of the problen: and
provides an acceptable approach. The response also is generally well
developed and coherent but contains minor weaknesses in the development,
Examples provided are not fully developed.

The response demonstrates a complete understanding of the problem, is
correct., and the methods of solution are appropriate and fully developed.
Responses scored § are logically sound, clearly written, and do < ot contain
any significant mathematical errors. Examples are 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 are
assigned values 14, 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.

José ate ?]_ of a pizza

1

Ella atc ) of another pizza.

Jose said that he ate more pizza than Ella, but EHa said they both ate
thehsame amount. Use words and pictures to show that José 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 meansin terms
of relative sizes of pizzas.
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‘National Results, Scoring Guide, and Sample Responses

National Percent

for Each Category* Rating and Performance Category
7 (0.8) o No Resapense
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
Sractional part of a

whole, but states 1/2 ~
is always equal to 1/2, 652 S

Ella's half




National Percent
for Each Category Rating and Pexformance Category
2 (0.5) 3 Partial -- Student makes statements such as "Jose's

pizza has bigger pleces” that begin to demonstrate an
awareness of the idea of relative size.

This PARTIAL response
daoes give un indication
that Jose's pizza

v\~
%
S

may be larger. ' : ¢
49 q
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. "L .L
] a
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National Percent
for Each Catego

16 (1.2)

This strong EXTENDED
response provides
drawings of two dif'
Jerent-sized pizzas,
euch divided into
halves and labelled
appropriately. The
student also has
written a clear and
accurate description
of the situation.

Rating and Performance Category

5 Extended -- Student explains and/or
demonstrates & clear understanding of
fractional part and relative size.

:)-oSe/ COv\d be ('.\g‘fd"
e couse’ his Pizza wuld e
‘Regec +han Ellas,

Juses ‘p'fz.za.
. E@l 7
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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 José, Ella, or both ate
half a pizza.

TABLE 2.1 National Results for Demographic Subgroups for the Extended-Response
Question, "Pizza Comparison”

Grade 4
Satisfactory

No Response | Incorrect Minimal Partial | Satisfactory Extended or Better
Nation 7 (0.%) 4941 1% (1. 2(0.5) 8 (0.8) 16 (1.2) 23 (L3
Northeast 7020 42 (4.6 19 (3.2) 31(1.2) 8 (2.%) 21 (3.5 29 (4.3)
Southeast 6(1.1) 55¢4.2) 17 2.0 2 (0.6) 6(1.2) 14 2.0 20 (2.4
Central 7.7 49 (2.8) 18 (LT 3(1.3) 8 (2.0 15 (2.6 23 (2.2)
Woest S (1.6) S027 18 (2.0) 2(0L8) 9(1.1) 14 (2.0) 23
White : 6 (0.9 420 20 (1.3) 2 (0.6) 9(1.2) 19 (1.5) XL
Black 11 Q.7 65 (A5) 13 (2.3) 2(1.0y 6(1.9) 3Ly 92.1)
Hispanic 7 (1.9y 64 (3.6) 16 (3.1} 1 (0.5) S (2.3 12 (2.8)
Male 9.2 48 (2.4 15 (1.3) 2 (0LS) 8(1.3) 17 (2.0) 26 (2.0)
Female S (0.0 S112.2) 0(L7) 3 (0.8) 7 (1.0 14 (1.2) 21 (1.4)
Advanfaged Urban 3(1.3) 41 (4.1 16 2.7) 4 (1.6) 10 (2.6) 26 (4.0) 25 (6)
Disadvantaged Urban 3(2.2) 68 (5.3) 160 (2.3) 0 (0.3) 10 (3.5) 4 (1.6) 1435
Extreme Rural 72.%) 35 (4.6) 17 (2.4) 2(1.2) 3 (1.5) 14 (3.5) 18 (3.7)
Other 8 (1.1 47 (2.2) 20 (LYY 2(0.7) 8 (0.9 16 (1.6) 23.(1.6)
Public 8 (0. 4919 1% (1.3) 2 ((0L6) 8 (0Y) 15 (1.3) 23(L.5)
Catholic and Other Private (1) 51.3.0) 18 (2.3; $(1.1) 5(1.4) 18 (2.3) 222N

The standard errors of the estimated percentages appear i parenthieses. It can be sard with about 95 percent certainty that
for cach population of interest, the value for the whole population iy within plus or minus two standard errors of the
estimate for the sample. In comparing two estimates, one must use the standard emor of the difference (see Appendix for
details). Percentages may not total 100 pereent due to rounding error.

SOURCE: National Assessmient of Lducational Progress (NAEP), 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 and 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 parailel 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, lowa, 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 Question, “Pizza Comparision”

Grade 4 - 1992

PUBLIC ) ] Satisfactory or
SCHOOLS No Response Incorrect Minimal Partial Satisfactory Extended 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)
Wwest 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 (0.8) 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(14) 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)
Hawan 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)
lowa 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)
Maine 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)
Missour! 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 (1.8) 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 (1.8)
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(06) 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 (11) 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, 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.

@ 1992 NAEP TRIAL STATE ASSESSMENT 1; i PAGE 98

ERIC :

Aruitoxt provided by Eic:




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 your
work.

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
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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 ,
¢, 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} o 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 C [ Lar MJ SGF A /[ oler
could not be cleared. .




Nationzl Percent
for Each Category

9 (0.8)

This is a MINIMAL
response in which the
student was able to
obtain a O on the
calculator display
without the use of the
on/c, ¢, or ce keys on
the calculator.

10(1.1)

This is a PARTIAL
response, in which
the student realizes
a 1 must be added to
the 2, but makes a
place value error.

Rating and Performance Category

2

Minimal -- Student's response involves
attaining a display of G 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
ariitmetic operations in this problem seiting.

Sustract the wowoer de
made a wistake on, and
she’\l 05& e nanber
Q and i¥s cleaw,

Partial -- Student’s response begins to connect
place value and arithmetic operations as both
being necessary to change 8275 to 8376
without clearing the calculator. Errors in
arithmetic and/or understanding are evident.

She cold G&A L.

Qe could odd A

and sUbhvack \.,

* The standard errors of the estimated percentages appear in parentheses.
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National Percent
for Each Category

13(1.2)

This SATISFACTORY response
shows one clear method

that corrects the place

value mistake without
clearing the calculator.

7 {0.9)

This EXTENDED response
shows two different
ways to correct the

place value mistake
without the need to

clear the calculator.

Rating and Performance Category

4 Satisfactory -- Student's response describes only one

correct way to change 8275 to 8375.

3,275
+ o0
® 375

3 1S
- 100

- 100
g 219

B Extended -- Student's response describes two
correct ways to change 82756 to 8375.

She could
crc)é OO more.

i\C she Subfrqc'fecl
|00 she could
add 00,
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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 Kxtended-Response
Question "Laura’s Calculator Correction"

Grade 4
Satisfactory

No Response Incorrect Minimal Partial Satisfactory Extended or Better
Nation 17 (1.3 44 (1.6) 9 (0.8) 10 (L1 13 (1.2) 7 (0.9} 20 (1.5)
Northeast 1927 AN 1229 925 14 (2.0) 12 Q.0) 25 3.9}
Southeast 200(3.3) 48 (2.9) 9 (1.6) g (1.0 10 (2.2) 5.7 15 (2.8)
Central 12(2.2) 47 4.5 6(1.1) 11 (1L8) 17 3.9 6 (1.3) 23 (3.4)
West 18 (2.0) 44 (1Y) 9(1.2) 12 (2.8) 12 (1.7 6 (1.6) 18 (2.3)
White 15(1.4) 4120 10 (1.H 10 (1.3) 16 (1.8) 9 (L. 242.2)
Black 28 (31 50 (4.2) 6(1.3) 1227 $(1.7 1G5 5(1.8)
Hispanic 20 (2.7 56 (2.5 611y 7(1.8) 8 (L.6) LD 11 2.2y
Male 19 2.0) 42 (1.%) 9 (1.0) S(1.h 13 (1.6) 8 (1.3), 22 (1.8)
Female 15 (1.4 46 (2.2) PXINY! 12 (1.6) 13 (1.5) 5 18 (2.0)
Advantaged Urban 12 2.1 34 (4.3 10(2.5) 12(2.7 21 (R.0) 112N 32 (4.8)
Disadvantaged Urban 3239 SO (3.3) 6(2.1) 8(2.6) $(1.5) 0 (0.0 4(1.5)
Extreme Rural 22(4.9) 42 (8.0 112D 6 (1.5) 16 (6.7) 3(1.Y) 201(6.1)
Other 15(1.3) 45 (1.5) 9 (0.9) 11 (15) 12(L.3) 8 (1.1} 20 (1.7)
Public 18 (L4 A5 (L.7) 9(1.0) 10 (1Y) 12 (1.4) 6 (1.0) 19 (1.6)
Catholic and Other Private 14(1.5) 2N 9 (.Y 10 (1.6) 18 (2.6) 10 (1.4) 28 (2.6)

The standard crrors of the estimated percentages appear m parentheses. It can be sid with about 95 pereent vertainty that for each population
of mterest, the value for the whole population is within plus or mnus two standard errors of the estimate for the sample. In companng two
estimiates, one must use the standard error of the difference (see Appendix for detarls). When the proportion of students s cither €0 pereent or
100 pereent, the standard errot 1s inestimable. However, pereentages 99.5 percent and greater were rounded to 100 pereent and pereentages or
less were rounded to O pereent. Percentages may not total 100 percent due to rounding error.

SOURCE: Natonal Assessment of Educational Progress (NAFP), 1992, Mathematics Assessmient
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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 responises. Nine states had an estimated
one-fourth or more of their students’ responses rated as satisfactory or better,
including Connecticut, Idaho, lowa, Maine, Massachusetts, Minnesota, New
Hampshire, New Jersey, and Wisconsin.
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TABLE 2.4

Percentages for Responses to Extended-Responsc Question, “Laura’s Calculator Correction”

Grade 4 - 1692
puBLIC Satisfactory or
SCHOOLS No Response Incorrect Minimal Partial Satisfactory Extended Better
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) g (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 (2.8) 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 1 (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 (1.9) 20 (1.8)
Dist. Columbia 25 (1.8) 55 (2.3) 8 (1.5) 4 (0.9) 6 (0.9} 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 (1.0) 8 (1.1) 10 (1.2) 5 (0.8) 16 (1.5)
Hawaun 16 (1.9) 44 (2.4) 14 (1.5) 7(1.0) 12 (1.8) 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)
lowa 9 (1.3) 44 (2.4) 1 (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) 2 (1.5)
Maine 14 (1.9) 37 (3.0) 7(1.4) 1 (1.7) 18 (2.4) 13 {1.9) 31 (2.9)
Maryland 17 (1.9) 45 (2.0) 9 (1.3) 7 (0.9} 14 {1.3) 8 (1.2) 23 (1.8)
Massachusetts 15 (1.6} 42 (2.8) 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 (1.6) 46 (2.4) 8(1.4) 8 (1.4) 15 (1.5) 11 (1.4) 26 (2.3)
MississIppI 16 (1.6) 59 (2.0} 9 (1.3) 6 (0.8) 8 (1.3) 2 (0.6) 10 (1.3)
Missourt 15 (1.5) 45 (2.2) 10 (1.2) 7(1.2) 14 (1.5) 9 (1.5) 23 (2.0)
Nebraska 15 (2.1) 44 (2.0) 1 (1.4) 7 (1.0 15 (1.8) 8 (1.3) 23 (1.9}
New Hampshire 13 {1.1) 38 (2.2) 9 (1.3) 11 (1.5 19 (2.0} 10 (1.1) 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 (1.0 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) g (1.3) 15 (1.4) 9 (1.1} 24 (1.7)
Ohio 11 (1.3) 50 (2.0) 8(1.1) 8 (1.1) 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 (1.8)
Pennsylvania 1 (1.4) 46 (1.9) 12 (1.5) 8 (1.1) 15 {1.3) 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 (1.5) 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 (2.6) 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 esumated 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 (NAEP), 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 Tuesday most of the
students in the class said they had pockets in the clothes they were

wearing.
A
10
9
8
g 7
% 618
& s|g %
° 4
2 38
E?&&E
0| 2222322882222 2
£ =1 Student
BIO C108288
9 912 2 8 2
8 g|% % R %
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0228228 oj2 2 2 8
2 =1 Student 2 =1 Student
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The Task (continued)

Whach of 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.

107

o 120
ERIC

Aruitoxt provided by Eic:




Possible Solution

Graph B, because it had 20 students and most of the
students have clothies 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 neea to understand the information provided in the
queslion in order to study and determine which graphical
representation most accurately depicts the given data and
why the other graphs are inappropriate. The essentiai 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 distribution 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 not 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 seleet and
explain why the other graphs are inappropriate.
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National Results, Scoring Guide, and Sample Responses

National Percent
for Each Category*

6 (0.7)

46 (1.4)

This is an INCORRECT
response. The student
may have picked

Graph C because of its
rectangular shape. This
is inappropriate because
it does not use any of
the information given
about the number of
students in the class or
that most students had
clothes with pockets.

23 (1.2)

This i{s 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.

Rating and Perforraance Category

o No Response

1 Incoxrect -- The work is completely incorrect or
irrelevent, or the response states, "I don't know."

C

because —k\.\ty ofe
all ecvuo‘\

e 0Gause 'Phe.)/ Gre not’

ol

2 Minimal -- Student chooses Graph B with 10

explanation or the student chooses Graph A or
Graph C with an explanation that shows some
understanding.

A~

< M—WAM
20 sbrudente

O b M%}M
s thans 20 ahwdonty,

* The standard crrors of the estimated percentages appear in parentheses.
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National Percent

for Each Category Rating and Performance Category
15 {0.8) 3 Partial -- Student chooses Graph Bbut 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.

This is a PARTIAL (B

response. The student

did select the most
appropriate graph, B, W % M

but did not give a

complete explanation . Lﬁﬂl ,‘ ‘J
of why neither Graph A /{"‘J)ﬂb

nor Graph C was the

best choice. WI .

\DM'IMMW

didol £ ot 4 rhistas

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 13

also provided a complete

explanation by indicating

there were 20 people and

most of them had pockets. '2-0
However, the student did % M L 2. 0{

not provide any information

about why Graphs A and C %&f
were inappropriate. W

ERIC

Aruitoxt provided by Eic:




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
raorrect solution.

This is an EXTENDED %
response. The student
selects Graph B and

gives a clear and
accurate explanation. & quu % W’
In like_fashion, the

student conveys correct Q M ) w a

and concise reasons for

not choosing either _%L xcx(.d‘ M 'ﬂ\ljf Muﬂ’

Graph A or Graph C.

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"

(GGrade 4
Satisfactory

No Response | Incorrect Minimat Partial Satisfactory | Extended 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) 423N 272N 13 (2.2 10 (2.1) 2(0.8) 12 (2.5)
Southeast 6 (1.4 5229 19 (1.8) 14 (1.3) St 4 (1.4 9(2.3)
Centrat 6 (1.6) 46 (3.1 23D 18 (1.7 5(1.2) 4(1.2) 9(1.7)
West 6 (1.2) 45 (2.2) 24 (L8) 1S (1.4 8 (1.3) 2(1.0) 10 (1.2)
White 5(0.8) 2047 21 (1.5) 17 (1.1) 9 (L. 4 (0.8) 13 (1.3
Rlack 6 (1.5) 67 (2.5) 19 (2.1) 7.7 0 (0.3) 1 (0.2 1 (0.4)
Hispanic 13 (2.8) SO @3 23 (3.6) 1 (L9 2(0.9) 0(0.3) 2 (L.
Male 6 (1.0) 47 2.1) 23 (1.6) 12 (1.2) 7 (1.2) 4 (0.Y) 11 (L.5)
Female S (0.8) 45 2. 22 (L.8) 18 (1.4) 7(1.2) 2 (0.6) 9 (1.2)
Advantaged Urban 30 41 (3.5 22 (2.0) 18 (3.0) 1127 51D 16 (3.4)
Disadvantaged Urban 9 (2.0 S8 (4D 20 (3.0 10 2.1) 2(0.8) 1 (0.5) 2 (0.9)
Extreme Rural 7(2.6) 46 (5.9) 23 (L) 14 (2.4) 8 (1.8) 2 (L) 10 (2.3)
Other 6 (0.8) 46 (2.0) 23 (1.6) IS .n 7 {10y 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 41D 48 (2.4 20 (1.9) 16 (2.0 7(1.5) 4.(1.6) 12 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 vaiue 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 of
100 pereent, the stamdard error is inestimable. However, percentage: 99.5 perernt and greater were rounded to 100 percent and percentages 0.5
percent of less were rounded to O pereent. Percentages may not total 100 pereent due to rounding error.

SOURCE: National Assessment of Educational Progress (NALEP), 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 demcgraphic 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”

Grade 4 - 1992
PUBLIC . i Satisfactory or
SCHOOLS No Response Incorrect Minimal Partial Satisfactory Extended 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(16) 39 (4.0) 29 (2.9) 12 (2.3) 11 (21) 2 (0.2) 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)
Cotorado 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)
Hawail 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)
lowa 3(07) 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)
Maryiand 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 (0.2) 9 (1.1)
New Hampshire 3(0.8) 48 (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 (1.9) 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 (06) 52 (2.2) 24 (1.5) 15 (1.5) 3 (0.6) 3 (0.6) 6 (0.9)
North Dakota 4(14) 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)
Rnhode 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)
Virgimia 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) 1 (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 cerlainty 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 (sce 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 15 important that you show a]l 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 airor $125

by train. At the camp she must choose between a week of individual
instruction at 360 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 everyday
consumer sense to determine Treena'’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). Instruclion costs are eitlicr
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 Resuits, Scoring Guide, and Sample Responses

National Percent

for Each Category* Rating and Performance Category
22 (1.2) o 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 : ! ) eve W\*"““S otnes

appears to be somewhat

on task but the work Y o,"\a
shown does not warrant .\1(\2(\ SC,V\O\ 0\6\“@
credit even at the D
minimal level. L‘Q\) UJ“\\ %L'\' 2%0.
* The standard crrors of the estimated pereentages appear in parentheses.
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National Percent
for Each Category

22 (1.2)

This MINIMAL response
does illustrate one valid
budget option, but does
not show any supporting
calculations.

15 (1.0)

This PARTIAL response
illustrates one acceptable
budget alternative

(group and train) and

the corroborating
computational work.

Rating and Performance Category

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).

She could "t"“k-Ke +\"2 Frain

Yo coanp hove  individua

'\F\'ST(\) Tion and ead’ ev!.rbaab
acd ot e ouT of tnory.

Partial -- The student a) indicates one or more correct
options; additional supporting work beyond the
minimai level must be present, but the work may
contain some computational errors; orb) demonstrates
correct mathematics for one or two options, but does
not indicate the options that are supported by his or
her mathematics.

Yran axr B \‘\bﬁ“
80 ("OU?
qo 25 Yar

K7 130

AY0 3 ~5™
AN

S

|10 would she
o\l spend

She (Sus)ﬁ' Yook Hne
c\,\eo,ees‘\‘ onlS oF \ner
chos eed

~\ow S‘f\e Was
Moy \eFt oder
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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 clear and complete.

This SATISFACTORY response
illustrates two appropriate

budget options (both z
indiﬁ?d:zl:nd train and \}s ¥ q;o ¥ 315. $ &60

group and plane) as well as

the correct supporting calculations.. # /@@ > # 8 Q:O

@ # 1000 pnriets
B200 phe o

Qa&t §n Sobe
O

a Fraw andtorfod.

28 F315 + 3802920
/(O60% >$"g@

g%e ﬁvﬂ% a
s B
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National Percent
for Each Category

2 (0.4)

This outstanding EXTENDED
response provides the
correct calculations in

terms of the excess dollars
that remain from the $1,000
schoiarship, for the three
acceptable budget options.

Rating and Performance Category

5 Extended -- The correct sclution indicates what the
three poasible options are and includes supporting

work for each option.

\' | 000
= 339
B6S

— L¥O

DS
- 2\ S

o
~
1L%0
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Pexrformance 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 providing 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
Satisfactory
No Response | Incorrect Minimal Partial Satisfactory Extended or Better
Natlon 22(1.2) 17 (1.6) 2L 1500 2(0.3) 204 4(0.5)
Northeast 23 (A.0) 3737 212D 14 2.y 2 (0.4) 2(1.0) 4 (1.0)
Southeast 23.(1L.) 43 (3.0) 22 (2.3 10 (1.7) 2 (0.6) I (0.5) 3 (00.%)
Central 17 (2. 4 Y 25 (2.06) 18 (1.6) 4 (0.8) 2(1L.2) 6(1.1)
West 26 (2.9) RN PO 212 17 (2.5) 207 1 (0.7) 3(09)
White 18 (L.5) qah PANEN [8(12) T (0.4 2 (0.6) 5 ((0L6)
Rlack 30 (2.9) 50 (L4 1% (2.1 7.7 0 (0.5) 0 (0.0) 0 (0.5)
Hispanic 6 (3.3) 40 (3.0) 19 2.7 5(1.3) 1 (0.4 0 (0.4 I (0.6)
Male 28 (1.%) 8 (2.1 19 (1.5) 12(Lh 1 (0.4) 1 (.4 2(0.5)
Female 16 (1.3) 36 (1.9 26 (1.7) 17 (1.8) 3(0.6) 2(0.8) 6 (0.8)
Advantaged Urban 10 (3.2) ERNER)) RN 15 (.0 3R 4 (1.6) 727
Disadvantaged Urban 42 (3.3) RUNCHE 10 (2.5) S0 2.1 O 0.0 201
Extreme Rural 24 (5.3) 30 (5. 23 (A9 19 (41) 2(1.3) 3 (1.7} 4 (1.8)
Other 21 (1L I8 (2.0 225 15 (1.4) 2(0.5) 2(0.5) 4 (0L.6)
Public 23 (1.4 A7 (1Y) 21 (LY 4L 2(0.4) 2(0L5) 4 (0.5)
Catholic and Other Private 14 2.3 527 3024 la (2.2 2(0.8) 207y 4 (L)

The standard errors of the estimated percentages appear in parentheses. It can be said with about 95 pereent certainty that for cach population
of interest, the vatue for the whole papulation is within plus or minus twa standard errors of the estimate for the sample. In comparnng two
estimates, one must use the standard error of the difference (see Appendix for detals). When the proportion of students is etther 0 pereent or
100 pereent, the standard error is inestimable.  However, percentages 99.5 percent and greater were rounded to 100 pereent and pereentages 0.5
percent or less were rounded to O percent, Percentages niay 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 muitiple 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, lowa, 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 lowa.
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TABLE 2.8 | Pecrcentages for Responses to Extended-Response Question, “I'reena’s Budget”

Grade 8 - 1882
PUBLIC i Satisfactory or
SCHOOLS No Response Incorrect Minimal Partial Satisfactory Extended 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(0.5) 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) 311.0)
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 (0.9)
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) 01(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 (0.9)
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)
Georgla 24 {1.8) 36 (2.0 25 (1.9) 13 (1.5) 2 (0.5) 010.2) 2 (U.6)
Hawai 34 (2.0) 36 (2.0) 16 (1.8) 13 (1.4) 1(C.4) 0(0.3) 1 (0.5)
ldaho 19 (1.5) 37 (1.9) 23 (1.7) 17 (2.0) 31(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)
lowa 11 (1.1) 28 (2.2) 30 (2.1) 22 (1.9) 4 (0.7) 4 (0.8) 8 (1.1)
Kentucky 19 (1.8) 32 (1.8) 27 (1.8) 18 (1.4) 21{0.7) 1(0.4) 4 {0.9)
Louisiana 35 (2.3) 36 (2.0) 19 (1.9) 8 (1.2 1(04) 0(0.2) 1(05)
Maine 17 (1.8) 29 (2.0) 29 (2.3) 20 (1.6) 31{0.9) 2 (0.6} S5(1.h
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) 307 2 (086) 5 11.0
Michigan 21 (1.7) 34 (2.3) 25 (1.8) 16 (1.8) 2(0.7) 110.5) 4 (0.9)
Minnesota 13 (1.5) 34 (2.1) 27 (2.7) 19 (1.7) 4(0.9) 3{0.9) 6 (1.4)
Mississipp! 29 (2.2) ‘ 39 (1.9) 23 (1.9) 8 (1.1) 1(0.4) 140.3} 110.5)
Missouri 20 (1.8) 37 (2.0) 23 (1.8) 16 (1.7) 2 (0.6) 2 (0.3} 4 (0.7}
Nebraska 17 (1.7) 30 (2.1) 29 (1.9) 20 (1.6) 4 ({0.8) 1.,0.4) 5 (0.9}
New Hampshire 18 (1.3) 31 (2.1) 26 (1.7) 20 (2.1 31(0.7) 105 5(0.8)
New Jersey 21 (2.2) 33 (3.1) 24 (2.0) 17 (1.6) 3(0.9 2(0.7} 5(1.3)
New Mexico 22(1.7) 37 (2.0) 26 (2.0) 13 (1.4) 1(0.5) 0 (0.%) 1 (0.5}
New York 23 (1.9) 36 (2.4) 21 (1.9} 15 (1.6) 2 (0.7} 2 {06} 4 (1.0
North Carolina 24 (2.1) 35 (2.0) 25 (1.7) 14 (1.4) 2 (0.6} 1(0.3) 3(0.8)
North Dakora 14 (1.4) 32 (2.4) 29 (2.1) 16 (1.6) 4(0.9) 206 6(1.2)
Ohio 21 (1.9} 33 (1.6) 22 (2.0) 19 (1.9) 3(0.9) 2 10.6) 5(1.0)
Oklahoma 16 (1.6) 37 (2.3) 28 (2.0} 16 (1.9) 2 (0.8) 110.4) 310.8)
Pennsylvania 18 (1.5) 35 (2.3} 23 (1.9) 2C (1.6) 2 (0.6) 11(0.5) 30.8)
Rhode island 21 (3.2} 33 (2.5) 24 (2.2) 16 (2.2) 3{0.9 2 (0.8 611.1)
South Carolina 26 (1.9) 37 (2.4) 23 (2.0) 1 (1.4) 110.4) 110.5) 2 (0.5)
Tennessee 26 (2.1) 36 (2.1) 21 (1.9) 14 (1.6) 2 (0.6) 1(0.4) 31(0.7)
Texas 24 (1.9) 31 (2.4) 28 (2.0} 13 (1.6) 2 (0.6) 2(08) 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) 3312.1) 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) 20.7)
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(0.9)
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)

The standard errors of the estimated percentages appear in parentheses. 1t can be said with 95 percent certainty that for cach population of interest,
the value for the whole population is within plus or minus two standard crrors of the esimate for the sample. In comparing two esumates, 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.

156
O

E MC’ NAEP TRIAL STATE ASSESSMENT PAGE 123




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 :{GEQ broadcasts can be received up to 125 miles in all directions.
Radio waves travel from each radio station through the air, as represented below.

_____

AY
Radio _/i// , N
Station '\

On the next page, draw a diagram that shows the following.

e Highway 7
o The location of the two radio stations
o 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.
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Possible Solution

200 MAILES
e

r N

_ - s
i‘iou_gs‘;,/ (/ \ / ‘2,:,“\,?}

£
KMAT \ s } Koo
Mu.es (Gcsz"/

\f)l) ' ])

MeuwAay 1

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 exiended 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

16 (1.1) 0] No Response

* The standard crrors 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."

u\skut/rl 4~/ 0 fAJlD S‘\‘\q{’

This INCORRECT response Vaahwas / o¥abie rccuw

does not relate the
information given in the
problem in a manner that \A.t.
conveys either a meaningful Y‘S
problem solving approach or

an adequate solution. ?
- ack

\«\%\Ma/
)

2(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,
1RO, or 200 miles. Minimal responses do not
recognize that the common broadcast area isa
length along the highway.

correctly depicts two
pieces of information
(radio stations KMAT
and XGEO are 200 miles
apart and station KGEO
can broadcast 125 miles)
and shows rudimentary
understanding. It does
not show the common
broadcast area as a length
along the highway.

This MINIMAL response }[\ma_'(—
[
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National Percent
for Each Category

13 (0.9)

This is PARTIAL response
indicates considerable
understanding of the task
relative to the given
information. The diagram
shows the radio stations to
be 200 miles apast and that
KMAT 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.

4 (0.56)

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.

Rating and Performance Category

3 Partial -- Diagram with cities, Highway 7, and
200 miles labeled and identification of
comnion 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.

A 1es
s o

aves,
(N\‘*\Tgo (’A\u

| KGEO

41\9. cgn bo"% R L\ead
\xTween A §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.

Hzt\w"i?z p00 ",
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National Percent

for Each Category Rating and Performance Category
1 (0.3) B 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 76
miles in length.

This is a solid EXTENDED
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.

A,Awd 7 290 piles
LT oD mide OAshus
K s T2,
art 7 bl
ot ot

aived

rado

r

s G be

75
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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 #* e to read
and interpret the question and translate this information to develo, a labelled
model that represented the situation.

TABLE 29 National Results for Demographic Subgroups for the Extended-Response
Task, "Radio Stations"

Grade 8
Satisfactory

No Response | Incorrect Minimal Partial Satisfactory Extended or Better
Nation 16 (1.1) 45 (1.6) 22(L.2) 13 (0.9) 4 (0.5) 1 (0.3) 5 (0.6)
Northeast 15(1.7 42 (A.5) 22 2. 15 (2.5) S(1.2) 1 (0.4) 6 (1.1
Southeast 18 (2.1) 50 (2.8) 17 (1.7) 12 (1.4 1(0.8) 003y 1 ((1L.8)
Central 122.2) 43 2.0y 26 (2.8) 14 (2.4 S (1.3 1 ((0.2) 6 (1.3
West 17 2.5) 43 (3.5) 23(2.5) 10 (1.2) (1.1 2. (0.Y) 6 (1.9
White 11 (1.2) 40 (2.0) 26 (1.6) 16 (1.2) 5 (0.8) 2(0.4) 7 (09)
Black 2@h 55 (4.2) 8 (2.1) 4 (1.6) 1 (0.6} 0 (0.0 1 (0.6)
Hispanic 26 (2.5) 58 2.9 11 (2.0 4(1.%) 1 (0.6} 0 (0.0 1 ¢0.6)
Male 17 (1L.) 46 (2.1) 19 (1.8) 13 (1.3 4(0.7) 1 (0.3 4 (0L8)
Female 14 (L 43 (2.0 24 (1D 12 (1.%) 4 (0.8) 2059 6 (1)
Advantaged Urban 4(1.7) 22 30 (R.3) 243 7(1.8) (1.0 10 (1.5)
Disadvantaged Urban 18 (4.6) 49 (4.7) 7(1.7) 1(1L.M) 2(1.5) 0 (0.0 2(L5)
Extreme Rural 15 (4.9) 39 (1.3) 30 (5.6) 14 (4.8) 2(1.0) 0 (0.5) 2(L)y
Other 15 (L.5) 47 (2.2) 21 (L 12 (0.9) 4(0.7) I (0.4 5 (0.8)
Public 17 (1.2) 45 (1.8) 21 (L4 12 (1.1 4 ((1.6) 1 (0.3 S (07
Catholic and Other Private 8(1.6) 4227 252 18 (2.2) 6 (1.3) 1 (0 FASEY

The standard errors of the estimated percentages appear in parenthieses. 1t can be said with about 95 percent certainty that for each population
of nterest, the value for the whole population is within plus or mmus two standard errors of the estimate for the sample. In companng two
estimates, one must use the standard eror of the difference (see Appendix for details). When the proportion of students is either O percent or
100 percent, the standard enor is inestimable, However, percentages Y9.5 percent and greater were rounded to 100 pereent 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 Mathemativs 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
Program were similar to those for the nation. However, in two states, lowa and
Minnesota, at least 10 percent of the students were estimated to have provided
satisfactory or better diagrams. For five states, lowa, Minnesota, Nebraska, New
Hampshire, and North Dakota, the majority of the students were estimated to
have provided minimal or better responses.

130

145




TABLE 2.10 | Percentages for Responses to Extended-Response Question, “Radio Stations”

Grade 8 - 1982
PUBLIC ] . Satisfactory or
SCHOOLS Ro Response Incorrect Minimat Partial Satisfactory Extended Better
NATION 17 (1.2) 45 (1.8) 21 (1.4) 12 (1.1) 4 (0.8) 1(0.3) 5(0.7)
Northeast 17 (2.0) 40 (4.2) 22 (2.8) 16 (3.1) 4(1.5) 1 (0.5) 5(1.8)
Southeast 19 (2.4} 52 (2.7) 15 (1.8) 1 (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
Atabama 22 (2.0} 53 (2.4) 14 (1.5) 8 (1.1) 2 (0.8) 1(0.4) 3(0.8)
Arizona 18 (1.7) 48 (2.3) 20 (1.8) 13 (1.8) 2 (0.7) 1(0.4) 3(0.9)
Arkansas 13 (1.8) 57 (2.8) 18 (1.8) 8 (1.2) 2 (0.8) 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 (1.8) 16 (1.7) 5(0.9) 2 (0.8) 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(05) 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) 489 (2.1) 19 (1.8) 7(1.1) 4 (0.9) 1(0.5) 5 (0.9)
Hawall 23 (1.8) 47 (2.3) 15 (1.8) 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 (0.8) 7(1.2)
Indiana 7(1.1) 48 (2.6) 25 (2.1) 15 (1.9) 3(0.7) 1(0.8) 5 (1.0)
lowa 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
Matne 7 (0.9) 46 (2.1) 21 (1.9) 18 (1.8) 6 (0.9) 2 (0.8) 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) 456 (1.9) 21 (1.9) 12 (1.1) 5(0.9) 2 (0.8) 7(1.1)
Minnesota 6 (1.1) 41 (2.3) 20 (1.9) 21 (2.4) 7 (1.0) 4 (1.0 11 (1.8)
MississIppl 20 (1.9 57 (2.2) 14 (1.7) 6 (1.2) 2 (0.6) 0(0.2) 2 (0.8)
Missourt 10 (1.2) 47 (2.1) 23 (1.9) 12 (1.8) 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(0.8) 7(1.1)
New Hampshire 8 (1.1) 42 (2.1) 24 (1.8) 18 (1.5) 5(1.0) 3(0.9) 8 (1.3)
New Jersey 12 (1.6) 465 (2.3} 22 (2.0) 14 {1.8) 5(0.9) 1(0.5) 6 (1.0)
New Mexico 17 (1.7) 51 (2.2) 19 (1.6) 11 (1.4) 3(0.7) 1(0.3) 3(08)
New York 15(2.1) 44 (2.4) 22 (1.8) 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(07
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 (1.3) 47 (2.1) 25 (2.1) 12 (1.8) 5(1.0) 0(C.2) 5 (1.0)
QOkiahoma 10 {1.4) 46 (2.0) 23 (1.8) 16 (1.7) 3(0.8) 2 (0.8) 5(1.1)
Pennsylvania 12 (1.2) 44 (2.1) 22 (1.7) 14 (1.4) 8 (1.1) 3(0.7) 8 (1.5)
Rhode Island 10 (1.1) 49 (3.5) 25 (2.9) 12 (1.8) 2 (0.8) 2 (0.8) 5 (1.0)
South Carolina 12 (1.4) 55 (2.1) 21 (1.7) 10 (1.2) 2 (0.6} 1(0.4) 3 (0.8)
Tennessee 16 (1.5) 51 (2.4) 22 (1.7) 10 (1.8) 1 (0.5) 0(0.2) 2 (0.8)
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(1.5) 53 (2.4) 21 (1.7) 10 (1.2) 3 (0.8) 0(0.3) 3(0.6)
Wisconsin 8 (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 (1.8) 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 (34) 47 (3.3) 4 (1.1) 1(0.7) 0 (0.3) 0 (0.0) 0(0.3)

“The standard errors of the estimated percentages appear in parentheses. It can be said with 95 percent certainty thal for each population of interest,
the value for the whole population 1s 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 (sce Appendix for details). Percentages may not total 100 percent due to rounding error.

SOURCE: National Assessment of Fducational 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)
o o 0 o
¢« o e o e
o0 e o o e o o o

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 20x 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

x, = n(n+1) for n= 1,2.3 ... and thus

v, = 20020 +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.
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National Results, Scoring Guide, and Sample Responses

National Percent
for Each Category*

16 (1.0}

63 (1.3)

It is difficult to
discern an explanation
Sor this INCORRECT
response. One possi-
bility is that the
student apportioned
the total of 20 dots

in the three steps
shown intotwo 2 x 5
sets.

National Percent
for Each Category

10 {0.7)

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.

Rating and Performance Category

0 No Response

1 Incorrect -- The work 1s completely incorrect or
irrelevant, or the response states, "I don't know."

(et sleg) Ked § +<.e‘)

oo 40 se b e
*s o3 @ ¢ s
\Odots 10 dets

Rating and Performance Category

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).

30

20 B2 > s¢
«‘—i T L - = S
brery e 3"~

Ve 131 165,

“ 10
Py, xR Pt 4% 2
10 v ) 52 %%

(shsip) (0hiaap) (NP (1ske

* The standard crrors of the estimated percentages appear in parentheses.
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National Percent
for Each Category*

6 (0.7)

This PARTIAL response
does begin to formulate
an explanation of the
total number of dots
Sfor an entry. However,
the last sentence
incorrectly uses the
term "multiply" in an
atteinpt to discuss the
20th step. At this
point, the explanation
Salters.

National Percent
for Each Category

1(0.2)

This SATISFACTORY response
provides sufficient 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.

Rating and Performance Category

3 Partial -- The response has communicated a
partially correct generalization of the pattern.

Wi s CL
;&Miw\xm@fg.ﬂﬁ“J
S

Rating and Performance Category

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.
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National Percent
for Each Category*

b (0.6)

This is a strong EXTENDED
response. The student
clearly related the number
of dots in a step to an
appropriate multiplica-
tion rufe. This student
then moves directly from
step three to step 20 and
determines the correct
number of dots for

that step.

Rating and Performance Category

5]

Extended -- This response contains a
completely correct generalization of the
pattern and specifies that there are 420 dots in
the 20th step.
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Performance High.ights: 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 desighed 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
s..isfactory or better responses compared to 5 percent of the public-school
students.

Y Data Compendium for the NATP 1992 Mathematics Assessment of the Nation and the States (Washington, DC:
National Center for Education Statistics, [993),
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TABLE 2.11 National Results for Demographic Subgroups for the Extended-Response
Task, "Marcy’s Dot Pattern”

Grade 8
Satisfactory
No Response | Incorrect Minimal Partial Satisfactory Extended 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) 6l (3.2) 10 (1.9) 4(0.7 2 (0.5) 6 (1.8) 8 (1.6)
Southeast 200 ¢2.0) 64 (2.2) 9 (1.5) 207 I (0.4) $¢(1.1 4 (1.3
Central 10 (1.5) 65 (2.1) 10 (1.4) 8 (1.4) 1(0.4) 61(1.1) 7 (1.4)
West 16 (2.0) 62 (2.8) 10 (L.1) 7(1.8) 0(0.2) 4(1.hH 4(1.H)
White 12(1.DH) 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) S (L.O) 5(0.9) 1(0.2) 5 0.9y 509
Female 13 (1.2) 63 (1.6) 121D 6 (1.0) 103 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(L1) 1(0.7) 4 (2.0) 5(2.3)
Other 15 (1.3) 62 (1.5) 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 (1D 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 cach population
of interest, the value for the whole population is within plus or minus two standard ervors of the estimate for the sample. In co spanng two
estimates, one must use the standard ervor of the difference (see Appendix for details). When the proportion of students is either O percent or
100 percent, the standard ervor is inestimable. However, percentages 99.5 percent and greater were rounded to 100 percent and percentages 0.5
percent or less were rounded to O percent. Percentages may not total 100 percent due to rounding error.

SOURCE: Nauonal 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, i~
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 | Percentages for Responses to Extended-Response Question, “Marcy’s Dot Pattern”

Grade 8 - 1892
PUBLIC Satisfactory or
SCHOOLS No Response Incorrect Minimal Partia! ' Satisfactory Extended 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(0.87 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 (1.8) 64 (2.5) 8 (1.4) 4 (1.0) 1(0.3) 4 (0.7) 5(0.9)
Georgia 17 (4.7) 65 (2.1) 10 (1.4) 3(0.7) 1(0.5) 4 (0.9) 5 (0.9)
Hawan 24 (1.7) 56 (2.2) 11 (1.5) 6 (0.9) 2 (0.6) 3(0.7) 4 (0.9)
!daho 13 (1.5) 63 (1.8) 9 (1.5) 9 (1.3} 1(0.4) 5(1.1) 6 (1.3)
Indiana 12 (1.1) 65 (2.1) 11 (1.8) 6 (0.9) 1(0.5) 5 (0.9) 6 (1.0)
lowa 6 (0.8) 67 (2.2) 11 (1.8) 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)
Loutsiana 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 (2.0} 61 (2.4) 9(1.2) 6 (1.1) 3 (0.9) 6 (1.1) 9(14)
Massachusetts 14 (1.5) 57 (2.4) 13 (1.6} 7(1.3) 2 (0.7) 7011 9(14)
Michigan 14 (1.6) B4 (2.0) 10 (1.3) 5 (0.9) 2 (0.5) 5(1.2) 7(1.1)
Minnesota 7{1.0) 60 {2.0) 15 (1.8) 10 (1.2} 2 (0.5) 7(1.1) $(1.2)
Mississippi 17 (2.1) 70 (2.2) 7 (1.0} 3 (0.6) 1(0.5) 2 (0.7) 3(0.9)
Missouri 11 (1.5) 64 (2.2) 11 (1.5) 6 (1.1) 1(04) 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(11.1) 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)
Ohie 14 (1.4) 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 (2.2) 12 (1.4 6 (1.0) 1(05) 6 (1.1) 7(13)
Rhode Island 13 (1.5} 62 (2.3) 11 (2.0} 7(1.8) 2 (0.8) 5(1.1) 7(1.2)
South Carolina 12 (1.4) 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(038)
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 (1.5} 62 (1.9) 12 (1.5) 6 (0.9) 2 (0.5) 5 (0.9} 7(11)
West Virginia 16 (1.6) 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 (2.8) 49 (2.8) 3(1.0) 0(0.3) 0 (0.0) 0 (0.0) 0(0.0)

‘The standard errors of the eslimated percentages appear in parentheses. It can be said with 95 percent certainty that for each population of interest,
the value for the whole population 1s within plus or rinus two standard errors of the esmate for the sample. In comparing two estimales, one must
use the standard error of the difference (sce Appendix for details). Percentages may not total 100 percent due to rounding error.

SOURCE: Nauonal Assessment of Educational Progress (NAEP), 1992 Mathematcs Assessment.
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Extended-Response Questions: Grade 12

High-school seniors were ad ministered 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 1s 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? Explamn 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.
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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 (¢ - 10,000) _ 0.06x - 600 _ 0.06 - 600

X X X

As x becomes very large, the effective tax rate approaches
0.06 but theoretically never becomes 6 percent,;

OR, @ is always a positive number, so 0.06 - _(loﬁ 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 slate 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 meaningfuil
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)

66 (1.4)

This INCORRECT response
does reiterate some
given information
but does not display
any evidence ¢f an
approach that might
be used to determine
the possibility of
eithera 5o0r 6
percent effective

tax rate.

Rating and Performance Category

o No Response

1 Incorrect -- The work is completely incorrect or
irrelevant, or the response states, "I don't know."

4 o

. 4
\ncome 10,000 o s =)

vo tak

&L&em
mlo,ooo
prrom's 2igedie 1oy
Y. canndt- be Q-M

* The standard errors of the estimated percentages appear In parenthesces.
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National Percent
for Each Category

9 (0.9)

This MINIMAL response
shows that the student
understands that only
income over $10,000

is taxed. This is
illustrated by the

example involving $20,000.

Rating and Performance Category

2

Minimal -- Student shows some evidence of working
with the 5% or 6% and the $10,000 appropriately.

- Yeé, + covld be §7 ¢ they
made énmﬁl« MoNeY 4o ylay 5%
oi— HNL\.\’ -I-u‘\‘tt( %/erv.

~ \/gs,‘l'f’ Louch e G‘:‘, For the

SAMe veasm 4S glve

';“: bioﬂ MQJQ mmove +haa $10,oooi (100(
pay TAY on what 1§ ey 10,000

'c-or CXAM()]QJ }‘P yov que Qo,ooo,

fou would iy F600 on the
extm ¢ 10,000 Yow made,
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National Percent
for Each Category

2 (0.4)

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 tax rate of 6%
is inaccurate.

Rating and Performance Category

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.

5/0,, 000 — tax frec

- <$/OO: 000 % 08* $5: °°°> -)
Evc\cedm Ta X

|p0,000=[0,000= qo, 000 X.06 =
5400

.53400 s what ‘?, Og 100,000

f-qoo
— ., = 51%

/00000

I+ your Salary is /00,000 s
possi!:l{ o be +axed S% oﬁaour

toted inwme , n o the Lt

10,000 15 ¢ free
57 tax

lnwme = 2007000 X 605)-’-/0,000 =>
Effechie Tox rate

190,000 x (.06) = /Iy 400 =
youxes (aid

©% Is Possib{._
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National Percent
For Each Category

2 (0.5)

This SATISFACTORY response
shows that the amount of
income for which the
effective rate is 5%

must be $60,000.

Rating and Performance Category

4 Satisfactory -- Student correctly shows that the
cifective tax rate can be 5% OR shows that an effective
tax rate of 6% is not possible -- but not both.

[et's say Sneome =
560, 632
— 1057
So, 630
ﬂf)( = .OC@M}" 3,600
éolomxz glma
x=.052]52 ",
ke
24

:L_—;ZJM/;;QMIT’-
ﬂﬁ_ be 6%
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National Percent

for Each Category Rating and Performance Category
1(0.4) ] 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 YE S
for which the effective

tax rate is 5%. Ina

similarly efficient

manner, the student 6 q‘ ﬁ $ l0|m No +ﬂ7(

demonstrates that
there exists no amount
of income for which the

effective tax rate is 6%. > $ i Ol m 6‘70 )4\
o, | OVer $15,000
X= %‘outfﬁo‘_o_oo
.06 (x) = .05 (15000 +x)
.0bx = S0 +.05x

.0l X = S00
X = $0, 000

SEMLRL WU fa Ancome
% (50,000 uruld Ase

oy A ofy 5%

NO e (w)z ot (00 +X)
(o 0k X = 68O +. 0% x
O * o0

\DO‘\" possible s have ©%

W—h&,&m
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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
Satisfactory
No Response | Incorrect Minimal Partial | Satisfactory Extended ar Better
Nation 20 (1.2) 66 (1.4) 9 (0.9) 2 (0.4 MEURS 1 (0.4) 3 (0.7
Northeast 21 (2.5) 62 (3.0) 9 (1.9) 20,7y 4 (1.7 1 (0.5) S
Southeast 23 2.2 68 (2.7) 7 (1.5) 2 (0.6) 1 ((04) 0 (0.1) 1 (0.4)
Central 15 (2.2) 69 (2.5) 9 (1.4) 2 (0.6) 2(0.8) 2(1.2) $(1.7)
West 22 (2.8) 62 3.4 10 (1.9) 30,9 2(0.9) 1 (0.5) (1.2
White 17 (1.3) 66 (1.6) 10 (1.1 3(0.5) 1 (0.6) 2(0.5) 4 (0.9)
Btack @y 66 (3.7) 1 (0.8) 1 (0.5) 2(L7) 0 (0.0) 2L
Hispanic 24N 63 (6.4) 5.7 0 (0.3) 0 ((L0O) 0 (0.4 4 (0.4
Male 21¢1.9) 67 (2.0) 7 (1.0) 204 2(0.6) 1 (0.4) 2 (0.K)
Female 20 (1.4 64 (L7 10 (1.2) 2 (0.6) 2(0.8) 1 ((L7) 4 (1.1
Advantaged Urban 11 (2.0) 64 (3.1) 13 2.4 3(1.0) 5(1.9) 4(1.2y 9Q2.n
Disadvantaged Urban 30 (4.0) 65 (4.3) (L 0 (0.4) 1 (0.8) 0. 1 (0.8)
Extreme Rural 16 (2.2 68 (2.9) 12 (2.%) 3 (1.0) 0 (0.3) 0 (0.4) 1 (0.4
Other 21 (1.6) 65 (1.9) 8 (l.O0) 2.5 2 (0.6) 1 (0.5) A (0.Y9)
Public 21 (L3 606 (1.6) 9 (1.0 204 2(05) 1 (0.4) 20.6)
Cathelic and Other Private 14(2.1 63 (2.6) 10 2.6 (1.0 6(1.8) (L 9.1

The standard errors of the estimated percentages appear in parentheses, It can be said with about 95 percent certainty it for cach population
of witerest, the value for the whole population is within plus or minus two standard errors of the estimate for the sample.  [n comparing two
esitmates, one must use the standard error of the difference (see Appendix for details). When the proportion of students s erther O percent or
100 percent, the standard error is inestimable. However, percentages 99.5 percent and greater were rounded to 100 pereent 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 ot 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 v ur work and explain your reasoning.
You may use drawings, words, and numt..rs in your explanation Your answer
should be clear enough so ¢hat another person could read it and understand
your thinking. It is important that you show all your work.

152 = 225
25t = 625
351 = 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} = @ )

Did you use the calculator on this question?

> Yes > No

ERIC

Aruitoxt provided by Eic:




Possible Solution

For n a positive integer:
(10n + 5)? = 100n%+ 100n + 25 = 100 (n* + n) + 25

Since n is a positive integer it follows that n?, n® + n, and 100 (n* + n) are
positive integers. The integer 100 (n* + 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 (n? + 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 + b) 2 = a® + b®. This significant misconcepticn
usually occurs because students fail to recognize that (a + b)* = a® + 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 a* + 2ab + b*.
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

Natlonal Percent

for Each Category* Rating and Performance Category
17 (1.4) o 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

o 2
convey a misunderstanding of (/© /O + 5- ) = (/5:\ ) = 995—
important algebraic concepts

e Lf the qnswer From
The Egua-)%r\ ends m 5
{Ae,\ the qnswer will
slway hbe 35

* The standard crrors 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)* = 100n* + 25 only.

This MINIMAL response
gives an additional

provided in the question Qn% Q@s Tk m%@r
understanding of the problem. LS s _(; " \\
O\\V\DO?S% hawe 25 at the
ond oF Hhe BNSWLr
btcau/.l& b{) \Vg‘;‘: 225
BX15= 929 T 2ndo
o D 20 X Qﬂ
Jope 2D iw the

argdr
ok B 0365
=&
’;E MNw Yo %gi Al
2% “he onde G Ladh
NS WEN
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National Percent

for Each Category Rating and Performance Category
1 (0.3) 3 Partial -- Student states

This PARTIAL response
shows the relationship
between a multiple of

100 and the addition of
25. However, this
response also contains the
misconception that

(10n + 5 = 100n° + 25.

1(0.2)

This SATISFACTORY response
correctly shows that

(10n + 5 = 100n* + 100n + 25
and also gives a rather weak
statement that relates a
multiple of 100 and the
addition of 25.

(10n + B)* = 100n® + 25, and provides
a reTiially correct explanation.

Q)ecg,usl. he seouan OQ'S B
NS and tha Square ot 10n
vs always erbug\ “o

N squared thods 100

el
2
Q\on‘\— )= x

Wnzd—= 1‘0(”\]1‘ CD

| o0
Az 4% (i) < 100 = 1600
s eg ~/

100 + s ¢ IG?___E

Satisfactory -- Student states that (10n + 5)* = 100n* +
100n + 25 and mentions zero(s). The explanation ties
25 to & muitiple of 10 or 100.

( 40n eS)* = 4005% + 100n + 15
L66 hmes any number of 4

Jeves o e»y spased wi feh
oy\lj Ne 25 c&n Fl.//
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National Percent
for Each Category

1(0.4)

This EXTENDED response
correctly expands

(10n + 5F 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.

Rating and Performance Category

5 Extended -- Student displays a solution that is

mathematically accurate and provides a clear
and complete explanation.

SRR )"z 100N 100 445

bea M,
|| &nd
\ﬁOd Mvtf‘

r W A/UM
/O’O/J + /OUN u.u

W — 00, whigh
0dd 0S5 do. This resvl/fs
l:-J the Ny mber L”J"\a

25.
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Performance Highlights: Patterns of Squares

As indicated by the results in TABLE 2.14, tweifth-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)* equals
100n? + 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
Satisfactory
No Response | Incorrect Minimal | Partial | Satisfactory | Extended or Better
Nation 17 (1.4 64 (1.7) 16 (1.2) 10.3) 1(0.2) 1 (0.4) 2(0.9)
Northeast 19 (2.0) s7Q2N 20025 003 0 (0.4) 4(1.3) 3 (L4
Southeast 2003 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} 152.0) 1(0.6) i (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 1I2(1.4) 67 (1.9) 17 (1.4 204 1 (0.3) 2(0.5) 3 (0.6}
Black 36 (5.1 56 (5.5) 7.8 1(0.3) 0 (0.0) 0 (0.0) 0 (0.0)
Hispanic 25 (4.9 56 (5.2) 17 (4.4 2(1.7N 0 (0.0) 0 (0.0) O 0.0y
Male 19 (2.9 62 (2.%) 1514 2(0LS) 0 70.2) 2 (0.7) 207
Female 15 (1.6) 65 (2.2) 17 (1.7 1(0.5) 1.13) 1 ¢{0.4) 2 (0.5)
Advantaged Urban g (2.D 64 (3.4) 19 (3.2) 2(1.5) 207 4 (1.9) 6 (2.1)
Disadvantaged Urban 28 (1Y) 57 (5.1 1429 1 (0.5) 0 (0.0) 0 (0.0 0 (0:0)
Extreme Rural 17 (4.5 70 (5.9} 12 (3.3) 1 (1.1) 0 (0.0) 0 (0.0) 0 (0.m
Other {7(1.5 63 (1.9) 17 (L) 1 {0.4) 1 (0.3) 1 (0.4 2 (0.5)
Public 17 (1.5} 64 (LYY 15(Ld 1 (0.4 1 (0.2) 1 (0.9 2109
(‘atholic and Other Private 14 (2.2) 59 (3.2) 21 24 2(0.7) 2 (0.8) 2(0L8) 4.1

The standard efrors of the estimated pereentages appear in parentheses. It can be saxd with about 95 percent certamty 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 preportion of students is etther 0 percent or
100 percent, the standard errar is inestimable. However, percentages 99.5 percent and greater were rounded to 100 pereent and pereentages 0.5
percent o less were rounded to 0 percent. Percentages may not total 100 pereent due to rounding error.

SOURCE: National Assessment of Educational Progress (NAEP), 1992 Mathematics A ssessment
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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)* = 100n? + 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.

[t St it i S

1
1 t 1 lc ]

B A
E |\End

3 I TR
1 i
1 1 1

2 R R
| '
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:
1

._.
[
w
N

Start
The darkened segments in the figure above show the path of an object that
starts at point A4 and moves topoint C at a constant rate of 1 unit per
second. The object’s distance from point A (or from point C) is the
shortest distance between the object 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.

Distance

— R WA OO

0 1 23 4567
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 1s the object equidistant from
points A and C?
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Possible Solution

a) and b) c)
1 1
- (o} o)
7 8, 8
6 . Distance from | Distance {rom
dlétoance Seconds|  paint A Point C
5 -~ from 0 0 5
A N < pointA L. 1 ViE - a2
g, I~ 2 2 V13 = 3.6
A 3 3 Vio = 3.2
2 4 4 3
1 distance 5 V17 = 4.1 z
from 6 V20 = 4.5 1
00 1 2 3 4 5 6 7  pointC 7 5 2
Time (seconds)

d)  Between 3 and 4 seconds.

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 cbserve 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 y4? + 1> = /17 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

4% + 2% = /20 = 245 and y4* + 3¢ = /25 = 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* Rating and Performance Category
9 (0.8) 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 7
indicates some relevarice 6 ]
to the task but the work | B )\smt‘- Ul
is insyfficient to warrant v 5 | I[ ob 1S o
recognition even at the e 4 ) 4,(‘,@;]-0'
minimal level. s 1\ | , F"7 ks
VL “
) .Ig K\
1 | AN -~ o) Digtose For
7| | W pone b e
1 2 3 4 5 6 7 semds,
Time [seconds!
d
\ \ ~wd 2
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 correctly
plotted points.

Distance

—_ WA v N

& 1 23 456 7€
Time {seconds)

&) ?O'\fxt c+¥?

* The standard errors of the estimated pereentages appear in parentheses.
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National Percent
for Each Cetegory

4 (0.8)

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.

0 (0.2)

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.

Rating and Performance Category

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.

Distance

[ o= VL I <N & L B o N N |

0123 456 7
Time (seconds)

d)

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.

Distance

— D W s NN

R
4

0 1 23 456 7
Time (seconds)

d) & and ¢
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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-
‘inear but curvature (concavity) need not be
<xact. 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
rnonlinear 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 0 1 2 3 4 5 6 79“ c
Jrom points A and C between .

the third and fourth seconds. Time [seconds)

Distance
(SR > TN eV RN N ¥ ) B o NN |

d) 2 ad o




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 given 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
Satisfactory

No Response | Incorrect Minimal Partial | Satisfactory | Extended or Better
Nation 9 (0.8) 68 (1.3) 18 (1.9 4 (0.8) 0.2 1(0.2) 1 (0.3)
Northeast 8 (2.0 63 (2.8 20 (2.6) 723 1(0.3) 1 (0.9 1 (0.6)
Southeast 10 (1Y) 713D 17 2.9 1 (0.5) 0 (0.1) 1 (0.4) 1 (0.4,
Central 7(1.6) 67 (1L 202.3) 5(L.D) 1 (0.5) 1(0.5) 2(0.7)
West 10 (1.4 69 (2.3 15 (2.0 S5(17 0 (0.3) 1 (0.5) 1 (0.4
White 8 (0.9) 66 (1.4 19 (1.7) S (L) 1(0.2) 1 (0.3) 204
Black 1222 74 (3% 13 (2.6) 17 0 (0.0) 0 (0.0) 0 (.M
Hispanic 1229 70 (4.2) 16 (3.5 1 (0.9) 0 (0.0) 0 (0.0 0 (0.0)
Male 9(1.2) 64 (1) 20(LSy S(LDh 1 (0.3) 1 (0.4) 2(0.5)
Female 8(1.2) 71 2.0 16 (1.9) 4 (0.8) 0.2y 1 (0.3) 1 (0.3)
Advantaged Urban (Lo 61 (5.2) 24 (42) 8 (2.5 1 (0.4 1 (0.7) 2 (0.8)
Disadvantaged Urban 20¢2.9) 65 (A7) 1222 4 (1.6) 0 (0.0) 0 (0.0) 0 (0
Extreme Rural LA RS 68 (4.6) 21 (.6) 3(L3) 0 (0.0) 0 (0.4) 0 (0.4)
Other 8(0.) 6Y (1. 17 (LT 4 (1.O) 1(0.3) 1 (0.3) 2 (0.4)
Public 10 (0.Y) 69 (1.4 17 (LD 4 (0.Y) 0 .1) 1(0.3) 1 (0.3)
Catholic and Other Private 4 (11 60 (4.2) 27 (8.2) 7 (1.6) 2 (1.0) 1 (0.3) 310

“The standard errors of the estimated percentages appear in parentheses, [t can he said with about 95 percent certainty that for each populatton
of mterest, the value for the whole population is within plus or minus two standard errors of the estimate for the sample. In companng two
eslimates. one must use the standard error of the difference (see Appendix for details ). When the proportion of students is either O 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 pereent. Percentages may not total 100 percent due to rounding ermor.

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

YA Question of Thinking: A First Look at Students” Derformance on Open-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 responses. 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 O 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. 1f students carnot read well, it would influence their ability to do
these kinds of mathematics probiems.
‘ 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 smalii, it is encouraging that some students -- from 1 to 16
percent -- 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
instruments 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 the 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 23 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 betier responses, on average, including Connecticut, lowa, Maine,
Minnesota, New Hampshire, North Dakota, and Wisconsin.

* NAED <hared the results of its pilot study in collecting the nation’s writing portfolio in Lxploring New
Methods for Collecting Students’ School-based Writing avaiiable 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
Average
Compare Number Percentage
Pizza Laura Use | Graphs of | Geometric Patterns Satisfactory

Comparison | Calculator Pockets Figures* (Photo Album)* or Better

Nation 23 (1.3 20 (1.5) 10 (0.9) 10 (0.8) 8 (1.Iy 16 (0.6}
Northeast 29 (4.3) 25 (3.9 12 (2.5) 14 (1.6) 25 .0 21(L7)
Southeast 20 2.4 I5(2.8) 9 (2.3) 10 (1.3) 12 (1.4) 13(1.3)
Central 23 (2.2 2239 9(1.7) 8 (1.0) 20 2.4 17 (1.0)
West 232 18 (2.3) 10 (1.2) 9 2.1 . 16(2.2) 15 (1.1)
White 28 (.. 24 (2.2) 12 (LY 12 (L1) 22 (1.4 20 (0.8)
Black 9 (2.1) S (1.8} 1 (0.4) S(1.3) 4 (1.2} 5(0.7)
Haopanic 12 (2.8) 11 (22) 2(1.0) 2{1.Oy R (2.0) 7(1.0)
Male 26 (2.0) 22 (1.8) 11 (1.5) 8 (1.2) 14 (1.4 16 (0.8)
IFemale 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 (2.4) 18 2D 28 (4.3) 26 (2.4
Disadvantaged Urban 14 (3.5) 4 (1.5) 2.(0.9) 4¢1.0) 2 (L. 5 (14)
Extreme Rural 18 AN 20 6.3 10 (2.3) 525 153.0 14 (1.9)
Other 23 (1.6) 20 (1.7) 10 (1.2) 10 (0.9) 19 (L.4) 17 (0.7
Public 23 (1.5) 19 (1.6) 10 (1.0Y 10 (0.9} 18 (1.3) 16 (0.7)
Catholic and Other Private 230n 28 (2.6) 12 (2.0 12 (1.8) 20 2.1 19 (1.1)

*Secure questions, 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 for the whole population is within plus or minus two standard crrors of the estimate for the sample. In comparmg 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 3.2

Percentage of Satisfactory or Better Responses to Extended-Response Questions, Grade 4

Grade 4 - 1982

PUBLIC , Compare Average Percent
Laura’s Calculator Geometric Number Patterns* Satisfactory or

SCHOOLS Pizza Comparison Correction Graphs of Pockets Figures* {Photo Album) 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 (1.2) 13 (1.6)
Central 23 (2.8) 23 (3.7) 8 (2.1) 8 (1.1) 18 (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 (1.4) 17 (1.3) 13 (0.7)
Arkansas 20 (1.7) 10 {1.3} 7(1.1) 4 (0.7) 13 (1.7) 11 (0.7)
Calfornia 14 (1.9) 18 (1.8) 6 (1.2) 6 (1.1) 11 (15) 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) 18 (1.4) 15 (0.7)
Hawall 17 (1.8) 20 (1.9) 7 (1.1) 7{1.1) 12 (1.4) 12 (0.9)
Idaho 23 (2.0} 251(1.9) 7 (1.0} 9(1.3) 16 (1.3) 16 (0.8)
Indiana 24 (2.3) 21 (1.7) 6 (1.9) 8 (1.3) 18 (1.8) 15 (0.9)
lowa 29 (1.6) 28 (2.2) 12 {1.3) 16 (1.9) 26 (1.9) 22 (1.0)
Kentucky 21 (2.0) 18 (1.7) 8 (1.2) 8 (1.5) 17 (15) 14 (0.9)
Loutsiana 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) 12 (1.6) 42 (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)
MissiIssippl 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 (1.7) 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 (0.9}
New York 16 (1.7) 20 (1.8) 9 (1.5) 9(1.5) 18 (1.9) 15 (1.0)
North Carolina 19 (1.5} 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) 1% {(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 (1.9) 21 {2.0) 11 (1.5) 9(1.2) 14 (1.3) 15 (0.8)
Utah 23 (1.8} 21 (1.7) 6 (1.0) 10 (1.2) 18 (1.7) 16 (0.8)
Virginia 24 (1.6) 23 (1.9 8 {1.6) 12 (1.4) 18 (1.7) 17 (1.0)
West Virginia 18 (1.7) 17 (1.7} 5(1.0) 8 (1.1 14 (1.5) 13 (0.7)
Wiscensin 25 (1.7} 29 (2.2) 11 (1.3} 13 {1.3) 24 (1.6} 20 (0.9)
Wyoming 25 (1.9) 24 (1.9) 11 (1.2) 10 (1.4) 21 (1.5) 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.

1 The standard errors of the estimated percentages appear 1n p
for each population of nterest, the value for the whole population is with
comparing two csimates, one must use the standard error of the difference (sce Appendix for details).

in plus or minus

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
Marcy’s Probability Geometric Number Average Percent
Treena's Radio Dot (Leroy’s Shapes Patterns Satisfactory or

Budget Stations Pattern Coins)* (Hallway)* (Tiles)* Better
Nation 4 (0.5 5(0.6) 6 (0.7) 12 (L.1) 710.7) 13 (L1} 8 (0.5)
Northeast 4(1.0) 6 (L) 8 (1.6) 17 (3.9) (1.9 16 (1.5) 10 (1.-H
Southeast 3 (0.8) 3(0.8) 4 (1.3) 10 (1.2) 6 (1.1) 10 (1.%) 6 (0.6)
Central 6 (1.1) 6(1.3) 7(1.4) 12 (2.0 8 (1.5) 14 (1.9) 9 (1.¥)
West 3(0.9) 6 (1.4) 4 (L.1) 14 (1.6) 7.2 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) 10 (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 (1.9) 4(1.3) 6 (1.6) 2(0.5)
Male 2 (0.5) 4(0.8) 50.9) 12 (1.3) 7 (1.1) 10 (1.2) 7 (0.5
Female 6 (0.8) 5 (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(LD 2(L5) 1.7 3(1.2) 112 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)
Otner 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 (L.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) 1 (1.0)

*Secure question, unreleased.

The standard errors of the estimated percentages appear in parentheses. It can be said with about 95 percent centainty 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 34 | Percentage of Satisfactory or Better Responses to Extended-Response Questions, Grade 8

Grade 8 - 1892
i Average

Geometric Number Percent
PUBLIC Treena’s . Marcy‘s Dot Probability* Shapes* Patterns* Satisfactory or
SCHOOLS Budget Radio Stations Pattern (Coins) (Hallway) (Tiles) 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(1.9) 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 (0.8)
Connecticut 7(1.00 7(1.2) 10 (1.3) 17 (1.7) 11 (1.2) 14 (1.1) 11 (0.8)
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)
Georgla 2 (0.6) 5(0.9) 5(0.9) 10 (1.1) 4 (1.0) 9 (1.7) 6 (0.5)
Hawa 1(0.5) 3(0.8) 4 (C.9) 2 (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)
lowa 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(06) 5(1.1) 12 (1.5) 7(1.3) 11 (1.4} 7 (0.5)
Louistana 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) 3{14) 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 (1.5) 12 (1.6) 13 (0.7)
MIssISSIppt 1(0.5) 2 (0.6) 3(0.9) 7(1.1) 2 (0.6) 7 11.2) 4 (0.5)
Missour! 4 (0.7 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 (1.8) 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 (0.8)
New Jersey 5{1.3) 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 (04)
New York 4 (1.0 7(1.2) 5(1.0) 16 (1.9) 9(1.3) 13 (1.9) 9 (0.7)
Nerth Carolina 31{0.8) 3(0.7) 6 (0.9) 10 (1.3) 6 (1.0) 9(1.5) 6 (0.5)
North Dakota 6 (1.2) 8 (1.5) 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(038) 501.1) 6(1.3) 12 (1.4) 7 (1.6) 11 (1.5) 7 (0.6}
Pennsytvania 3(0.8) 8(15) 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(06) 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 (1.0) 5(1.3) 6 (1.0) 11 {(1.8) 8 (1.6) 10 (1.5) 8 (0.7)
Utah 4(0.8) 8(1.3) 6 (1.0) 14 (1.4) 9(1.2) 13 (1.6} 9 (0.5}
Virgima 4 (0.9 5(1.0) 7(1.1 15 (1.7) 9(1.5) 12 (1.3) 9 (0.6)
West Virginia 21(0.7) 3(0.6) 4(0.8) 10 (1.4) 3(0.7) 9(1.1) 5(0.4)
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(04) 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. 1t can be said with 95 percent certainty that
for each popuiation of nterest, the value for the whole population is within plus or minus two standard esrors of the estimate for the sample. In
comparing two ostimates, one must use the standard error of the difference (see Appendix for details).

SOL RCE: “ational Assessment of FEducational Progress (NAFP), 1992 Mathematics Assessment.
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As shown in TABLE 3.5 summarizing twelfth graders’ performance tu. 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 Respenses to
Extended-Response Questions

Grade 12
Patterns of Extend Average Percent
Effective Squares Graphing Bicycle Trip Center Pattern Satisfactory or
Tax Rates (ending in 5) Path of Object Graph* of Disk* of Tiles* Better
Nation 1(0.7) 2(04) 1(0.3) 28 (1.5) 12 (1.0y 5 (0.6) 9 (0.4)
Northeast 5(1.8) 4(1.4) 1 (0.6) 3 2H 11 (2.6) 4(1.0) 10 (0.8)
Southeast b 0.4 1 (0.6) 1 (0.4) 201(2.3) 12 (1.6} 4 (0.6) 7(0.6)
(entral 1(1.7) 2(0.7) 2(0.7) RINERU] 14 (1.6} 7.1 10 (0.9}
W est 3(1.2) 1 (0.6) 1 (0.4) 28 (2.7) 10 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 PRSI 0 (0.0) 0 (0.0) 14 (2.6) 5(2.3) 1 (0.8) 4(0.7)
Hispanic 4 (0.9 0 0.0y 0 (0.0) 14 27 6(2.2) 2 (1.6} 4 (0.6)
Male 3 ((1.8) 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.%) 14 2.1 8 (2.0) 13 (1.1)
Disadvantaged White 1 (0.8) 0 (0.0) 0 (0.0 18 (2.7) 7 (2.2) 2(0.7) 5(0.7)
Extreme Rural I (0.4 0 (0.0) 004 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 (0.} 25 (L7 12 (1.3) 5(0.7) 8 (0.4)
Catholic and
QOther Private 9 (2.1) 4 (1.1 3 (10) 42 (2.5 10 (2.1) 9 (2.1Y 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 cach population of interest. the value for the
whole population 1 within plus or munus two standard errors of the estimate for the sample. In comparing two estimates, onc must use the standard error of the
difference (see Appendix for details). When the proportion of students ;5 either O percent of 100 percent, the standard error is inestimable. However, percentages 9%.5

percent and greater were rounde § to 100 percent and percentages 0.5 or less were rounded to 0 percent.

SOURCE: Nattonal Assessment of Educational Progress (NALZP), 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 statisticaliy significant.

Across the participating states and territories, the average percentage
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
Data Analysis.
Numbers & Statistics, and Algebra and
(Overall Qperations Measurement Geometry Probability I‘'unctions
Nation 42 (0.5 46 (0.5) 18(0.7) 16 (0.7) 45 (0.6) 13 (0.8)
Northeast 15 (1.4 S0 (LD 41 (2.0 38 (2.1) 19 (1.6) B
Southeast 16 (1) 0013 33(LS) (LD 9 (1.7 3S (1.9
Central 45 (1.0 48 (0.8) 42 (1.8) 38 (1.2) 48 (1.0) 46(1.5)
West 1210 16 (0.9} 6 (1.2) 17 (1.3) 43 (1.4 12419
White 47 (0.6) 50 (0.6) 4309 41 (0.9) 51(0.8) 9 (L))
Black 24 (0.8) 32 (1.0 20(1.2) 18 (1.0) 24 (L3 22 (1%
Hispanic 11 (0. 3507 28 (1.3) 26 (1.1) 2L 27 (L
Male 43 (0.5) 46 (0.5) 38 (0.9) 38 (0.1 45 (0.7 43(1.1
Female 41 (07 46 (0.7) 38 (L 5(0.% 44 (0.8) 42010
Advantaged Urban 5413 56 (1.3) 5123 45 (1. 59 (1.8) 3621
Disadvantaged Urban 26 (1.H) 33 (l1.6) 19 (1.8) 20 (1.4 26 (L&) 2224
Extreme Rural 40 (2.6} 45 (2.4 38 (3.6) 34 (2‘)) 42 2.W RSy
Other 42 (0.6) 46 (0.6) 38 (08) 37 (0.8) 45 (0.8} 44 (09)
Public 41 (0.6) 45 (0.6) 37 (0.8) 507 4407 42 (1
('atholic and Other Private 47 (0.9) S0.(0.9) 44 (L] 41 S0 (17 41L&

The standard errors of e estinated percentages appear i parentheses. It can be sard wath about 95 percent certainty for cach populagan of nterest. the vadue tor the
whole population 1s within plus or minus twe andard errors of the estimate for the sample. In comparing two estimates, one mi Uine the standard error ol the
difference (see Appendix for details).

SOURCE: Nattonal Assessment of Educational Progress (NALP), 1992 Mathematics Assessment
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TABLE 3.6 Average Percentage Correct for Regular Constructed-Response Questions (Continued)

Grade 8
Data Analysis,
Numbers and Statistics, and Algebra and
Overall Operations Measurement Geometry Probability Functions
Nation 53(0.5) 60 (0.6) 44 10.6) SR (0.6) 46 (0.5) S5 (0.
Northeast 54(1.%) 60 (1.6) 45 (1.5) 60 (1.5) 4% (1.6) 54 .30
Southeast 49 (0.8) 56 (1.0y 40 (1.1) S3(L.D 42 (0.8) STl
Central 57(LD) 61 (1.4) 47 (L.1) 63 (1.2) 50D 61 (1.5
Wost 53 (L) 59 (1.O) 44 (1.4 S8 (LY 46 (0.8) Sl
White 59 (0.6) 65 (0.6) 49 (0.7) 64 (0.7) ST0LS)y al (1.0
Black 36 (0.9) 44 (1.3 27 (1.1 39 (L) (L 37 (1.5
Hispanic 42 (0.7) 48 (1.2) S (L1 46 (1.2) (LY (L3
Male 5307 59 (0.9) 45 (0.8) SR (0.8 46 {0.6) Sl
Female S4(0.5) 61 «.6) 41 (0.5) SO (0.6) 46 (0.7 S6 (1.0
Advantaged Urban 64 (1.8) 70 (1.9) 54.(1L6) 71 (L& 39 Q2. 66 (3.4
Disadvantaged Urban 37 (LS) 45 (1L.¥) 30 (L4H 40 (2.5) (LD RER N
Extreme Rural 53 (2.¥) 62 (2.5 42 (2.6) 56 (4.1 46 (2.5) 57 (3.0
Other S4.(0.6) 60 (0.7) 44 ((0.8) 59 (0.8) 46 ((1.5) S50y
Public 32 (0.5) 59 (0.6) 43 (0.€) 58 ((1.6) 45 (0.5) S4 Ly
Clatholic and Other Private 60 (1.3) 66 (1.3) 49 (1.2) 65 (1.6) St 60 (1.7)

Grade 12

Data Analysis,

Numbers and Statistics, and Algebra and
Overall Operations Measurement Geometry Probability Functions
“ation 40 (0.5) 49 (0.6) 26 (0L7) 40 (0.6) 47 (0.6) 350
Northeast 42 (0.9) 51 (1.0) 27 (1. 41 (L0 48 (1.3 7 (LY
Southeast 36 (0.8) 47 (1.2) 201 (0.7) 14 (0.9) 43 (1. 20 (1.0
Central 41 (1.2) S2(1.4) 27 (1.3) 43 (1.0y 49 (1LY Y (1.%)
West 40 (1.0) 48 (1.1) 27 (1.§) 40 (1.3) 47 (0.%) EERERES)
Whiie 41 (0.6) 5240.7) 29 (0.8 4307y 51 (0T Wy (0.%)
Black 26 (0.,9) 38 (1.3 11 (0.6) 23 (L. (L3 2001
Hispanic 32 (0.9) 41 (1.6) 19 (1.2) 13 (L. WA(LS 24 (1.
NVale 41 (0.7) 49 (0.8) 27 (0.9) 42 (0.%) 4% (0.%) a0y
Female 40 (0.6) S0 (0.8) 24 (0.7 18 ((0L8) 47 (0.6) L (0.9
Advantaged Urban 47 (1.8) 56 (2.0 36 (2.2) 4821 552 45027
Disadvantaged Urban 36 (1D W (1.2) 16 (1.4 29 (14 37 (1.5) 2201H
Eatreme Rurat 37 (1.5) 4% (L3) 23 (2.3 6 (1.6) 44 (1.6} W7
Other 41 (0.6} S50.(0.7) 2507 40 ((L.7) 4% (0.7y 16 (0.%)
Public Y (0.6} 4807 240.8) 9 (0.7 46 (0.7) Yy
Catholic ar.d Other Private 48 (1.5) 56 (L4 V(LD 46 (1.7) S4(1L8) 45 (1.8
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TABLE 3.7 | Average Percentage Correct for Regular Constructed-Response Questions

Grade 4 - 1982
Data Anal

pusLiC Numbers and Statislicg,)_':;\sd Algebra and
SCHOOLS Overall Operations Measurement Geometry Probability unctions
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) 4z (1.1) 41 (1.0)
Arkansas 36 (0.6} 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)
Hawail 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)
MissiSsipp 30 (0.6) 37 (0.7) 27 (0.8) 22 {0.7) 30 (0.9) 26 (1.0)
Missour! 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) 47 (1.2) 41 (1.2)
North Carotina 38 (0.7) 42 (0.7) 32 {0.8) 31 (0.9) 41 (0.9) 38 (1.1)
North Dakota 48 (0.6} 50 (0.6) 45 (1.0) 41 (0.9) 55 (0.9) 48 (1.1)
onio 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 islany 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 Virgina 39 (0.6) 42 (0.7) 36 (0.9) 33 (0.8) 42 (1.0) 39 (1.1)
Wisconsin 48 (0.8) 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 pius or minus two standard errors of the esimate for the sample. In comparing two eslimates, one must
use the standard error of the difference (sce Appendix for details).

SOURCE: Natonal Assessment of Educational Progress (NAEP), 1992 Mathematics Assessment.
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TABLE 3.7 | Average Percentage Correct for Regular Constructed-Response Questions (continued)

Grade 8 - 1892
Data Analysis
PUBLIC Numbers and Staaiaislt\ics,yasnd Algebra and
SCHOOLS Overall Operations Measurement Geometry Probability unctions
NATION 52 (0.5) 59 (0.8) 43 (0.6) 57 (0.8) 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) 48 (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 486 (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 (0.8) 53 (1.1) 41 (0.8) 48 (1.0)
Cailfornia 51 (0.9} 56 (1.1) 44 (0.9) 58 {1.1) 43 (1.0) 52 (1.2)
Colorado 58 (0.6} 63 (0.8) 48 (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) 58 (0.9) 43 (0.7) 58 (0.9) 46 (0.8) 54 (1.0)
Dist. Columbia 37 (0.5) 44 (0.8) 28 (0.8) 38 (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)
Hawail 50 (0.5) 56 (0.7) 42 (0.7) 58 (0.8) 38 (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 (0.5 62 (0.8) 47 (0.8) 63 (0.8) 48 (0.7) 56 (0.8}
lowa 63 (0.6) 69 (0.8) 54 (0.8) 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}
Loutsiana 44 {0.9) 51 (1.1) 36 10.9) 48 (1.2) 38 (1.0) 46 (1.0)
Maine 62 (0.5) 66 (0.7) 53 (0.8) 69 (0.8) 54 (0.8) 63 (0.8)
Maryland 53 (0.7) 58 (0.8) 43 (0.7) 58 (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) 48 (0.9) 60 (1.1) 48 (0.8) 57 (1.0)
Minnesota 63 (0.5) 68 (0.6) 55 (0.8) 69 (0.7) 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 (0.8) 48 (0.8) 64 (0.9) 50 (0.9) 58 (1.0)
Nebraska 60 (0.8) 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 1(0.9) 57 (1.2)
New Mexico 50 (0.6) 56 (0.7) 42 (0.7) 57 (0.8) 42 (0.7) 50 (1.1)
New York 54 (1.1) 61 {1.2) 46 (1.1) 60 (1.4) 47 {1.2) 55 (1.6)
North Carolina 50 (0.8) 55 (0.7) 41 (0.8) 55 (0.9) 44 (0.7) 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)
O¥klahoma 55 (0.6) 62 (0.9) 45 (0.8) 60 (0.7) 48 (0.8) 57 (1.0)
Pennsylvania 57 (0.8) 63 (1.0) 43 (0.8) 63 (1.0) 48 (1.0) 60 {1.3)
Rhode Island 54 (0.4) 60 (0.6) 45 (0.5} 58 (0.7) 47 (0.7) 56 (1.5)
South Carolina 50 (0.6) 56 (0.8) 42 (0.7) 56 (0.8) 43 (0.8) 48 (0.8)
Tennessee 50 (0.8) 57 (1.0) 41 (0.9) 34 (1.0) 44 (0.8) 48 (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 (0.8) 66 (0.7) 51 12.8) 62 {0.8)
Virginia 55(0.7) 62 (0.9} 45(0.9) €0 (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 58 (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) 28 (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)
1 (' ,’.x
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The results of parallel analyses for the multiple-choice questions are found
in TABLES 3.8 and 39. 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

(Grade 4
l Data Analysis,
Numbers and Statistics, and Algebra and
Overall Operations Measurement Geometry I Probability Functions
Nation 50 (0.4 51¢0.5) 50 (0.5) 53 (0.4) 46 (0.5) 42 (0.5)
Northeast 52(L.h 54 (LD 52 (L.1) 55 (1.3) 47 (1.5) 46 (1.1)
Southeast 46 (0.8) 46 (0.9) 46 ((1.9) 50 (1.0 43 (LD 38 (1.3)
Central 51 (1. S2(1.0) 53(1.2) 55 (1L.0) 48 (1.3) 43 (1.2)
West 49 (0.8) 50 (1L.OY 50 (0.9 5% (0.6) 46 (1.0) 42 (0.9)

‘ White 53 (0.5) 54 (0.5) 55(0.5) 56 (0.5) 50 (0.7) 34 (0.6)
Black 3% (0.6) 19 (0.8) 36 (0.8) 43 (0.9} 32 (1.0 At (LD
Hispanic 42 (0.7 42(0.9) 41 (0.9} 47 (1.0y 37 (1.4) 36 (1.0)
Mate 5040.5) 51 (0.5) 53(06) 54 (0.6 47 (0.8) 4207y
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.O) 56 (1.9) 51 (1.6)
Disadvantaged Urban 28 (1.2) J0 (1.3) 36 (1.3) 50 (1.O) 3309 32(1.6)
Extreme Rural 18 (1.7 49 (1.8) 49 (2.1 55 (1.3 46 (1.8) 40 (1.5)
Other 50 (0.5) 50 (0.5) S1(0.5) 53 (0.6) 46 (0.6) 42 (0.7
Public 49 (0.5) 50 (0.5) 50 (0.5) 53 (0.5) 45 (0.6) 41 (0.6)
Catholic and Other Private 53 ((L8) 55 (0.9) 54 (0.9) 54 (0.9 50 (1.) 45 (1.D

(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 centainty for each population of interest, the value for the
whole population 1s within plus or mmus two standard errors of the estimate for the sample. [n comparing two estimates, one must use the standard error of the
difference (see Appendix for details).

SOURCE: National Assessment of Educational Progress (NAEDP), 1992 Mathematics Assessment
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Table 3.8 Average Percentage Correct for Multiple-Choice Questions (continued)

Grade §
Data Analysis,
Numbers and Statistics, and Alzebra and
Overall Operations Measurement Geometry Probability Functions
Nation 56 (0.4) 64 (0.5) 57 (0.5 49 (0.5) 51 (0.6) 51 (0.5)
Northeast S7(1.3) 65 (1.1) ST (LY S0 (1.5) S2(1L.7 52 (1.5
Southeast S3(0.1 61 (0.8) 53 (0.9) 46 (0.6) 47 (1.1 48 (0.9)
Central 59 (0.8) 68 (0.8} 60 (1.3} 51.(0.9) 53 (1LY) S3 (LD
West 56 (1.0) 64 (L1 S8 (LY 49 (1.0y St S1A(LLD
White 60 (0.5) 69 (0.5) 62 (0.6) 52 (0.5) S50 S50
Black 42 (0.6) 51007 41 (0.8) 36 (0.8) 36 (1.0 38 (0.8)
Hispanic 46 (0.7 54.(0.9) 48 (0L8) 41 (0.7 39 {0.9) 41 (1.O)
Male 56 (0.6) 64 (0.6) 58 (0.7) 49 (0.7) S1(0.8) 50 (0.8)
Female 56 (0.5) 64 (0.5) 56 (0.6) 48 (0.6) 51 (0.6) §2(0.7
Advantaged Urban 65 (1.9 N 64 (1.6) S8 (2.9 60 (2.5) 63 (2.3)
Disadvantaged Urban 43(1.)) S0 (L9 42 (1.5 38 (1.1 35 (1.6) 8 (1L
Extreme Rural 56 (2.3) 65 (2.2) 57 (2% 49 2.1 523 S0 (2.3)
Other 56 (0L5) 64 (0.6} 5% (0.6) 49 {0.5) 51.(0.7)y SE (LT
Public 56 (Q.5) 64 (0.5) 56 (0.5) 48 (0.5) S0 (0L7) S0 (0.6)
Catholic and Other Private 62 (1.1 70 (L) 62 (1.1 S 56 (1.0) S8 (1.6)
Grade 12
Data Analysis,
\umbers and Statistics, and Algebra and
Overall Operations Measurement Geometry Probability Functions
Nation 56 (0.4) 64 (0.4 6:d (0.5) 57 (0.6) 54 (0. 48 (0.5)
Northeast 58 (0.6) 65 (0.6) 61 (0.8) 59 (0.9) S5(0.%) 51 (0.9)
Southeast 54 (0.6) 63 (0.7) 35(0.7) S4(1L.D) 52 (1L8) 45 (0.8)
Central 58 (0.9) 65 (0.8) 63 (1.2) 59 (1.0) 56 (0.7) S0 (1.2)
West 56 (0.8) 64 (0.7) 60 (1.2) 57 (1.2) 55 (0.9) 47 (1.1)
White 59 (0.4) 67 (0.4; 63 (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.D 3I9(LD
Hispanic 49 (1.0) 56 (1L.oy S1 0.9y 48 (1.9) 50 (1.3 40 (LY
Male 58 (0.5) 65 (0.5) 62 (0.7) 59 (0.8) 56 (0.6) 19 (0.7)
Female §5(0.5) 63 ((1L.5) 58107 S50 53 (0.5) 48 (0.6}
Advantaged Urban 65 (1.1 72 (0.8) 69 (1.5) 68 (1.8) 61 (1LY 59 (1.9
Disadvantaged Urban 48 (1.2) 56 (1.1) 50 (1.6) 49 (1.6) 48 (1LY 40 (1.2)
Extreme Rural ST 62 (0.9) ST(LY) S3(LY) 53 (1L 44 (L.5)
Other 57 (0.4 64 (L4 ) (0LO) 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) SOLY 56 (1.3
178
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TABLE 3.9 | Average Percentage Correct for Multiple-Choice Questions

Grade 4 - 1902
Data Analysis

PUBLIC Numbers and Statistics,yand Algebra and
SCHOOLS Overall Operations Measurement Geometry Probability unctions
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 (0.8}
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 (0.8)
Indiana 50 (0.5) 51 (0.6) 53 (0.6) 53 (0.7) 46 (0.8) 42°(0.6)
lowa 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
Loulsiana 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)
Mississipp 42 (0.5) 44 (0.6) 42 (0.8) 47 (0.5) 37 (0.9) 35 (0.7)
Missourt 51 (0.6) 52 (0.6) 2 (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 (1.9) 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 Istand 48 (0.7) 5G (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 (C.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) 511{0.7) 54 (0.6) 47 (1.0) 42 {0.9)
West Virgima 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 (0.8) 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.

use the standard error of the difference (see Appendix for details).

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

Q 2 NAEP TRIAL STATE ASSESSMENT ' 'S
ERIC 1

Aruitoxt provided by Eic:

In comparing i ¥o estimates, one must

PAGE 179




E

TABLE 3.9

Average Percentage Correct for Multiple-Choice Questions (continued)

Q

Grade 8 - 1892
Data Analysis,
PuBLiC Numbers and Statistics_,yand Algebra and
SCHOOLS Overall Operations Measurement Geonietry Probability unctioits
NATION 56 (0.5) 64 (0.5) 57 (0.5) 48 (0.5) 50 (0.7) 50 (0.8)
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) 87 (1.0) 60 (1.2) 51 (1.0) 53 (1.1) 53 (1.7}
West 56 (1.1) 684 (1.2) 57 (1.2) 48 (1.0) 50 (1.5) 51 (1.2)
STATES
Alabama 51 (0.7) 58 (0.7) 51 (0.7) 42 (0.7) 44 (0.9) 45 (0.8)
Arizona 56 (0.5) 64 (0.6) 57 (0.8) 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 (0.8)
Ccnnecticut 60 (0.5) 68 (0.8) 61 (0.8) 52 (0.6) 54 (0.8) 54 (0.7)
Delaware 54 (0.5) 63 (0.8) 55 (0.8) 47 (0.6) 49 (0.7) 49 (0.7}
Dist. Columbia 44 (0.4) 52 (0.4) 42 10.7) 38 (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)
Georgta 54 (0.5) 62 (0.6) 53 (0.7) 46 (0.6) 47 (0.7) 48 (0.7)
Hawall 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)
Inchana 58 (0.5) 65 (0.6) 59 (0.8) 51 (0.7) 53 (0.8) 52 (0.7)
lowa 64 {0.6) 72 (0.6) 66 (0.6) 57 (0.7) 58 (0.6) 58 (0.7)
Kentucky 54 (0.5) 62 (0.6) 55 (0.6) 47 (0.5) 48 (0.7) 49 (0.7)
Louisiana 49 (0.7) 58 (0.8) 48 (0.8) 42 (0.8) 43 (0.9) 44 (0.8)
Maine 81 (0.5) 69 (0.6) 63 (0.8) 54 (0.5) 58 (0.8) 54 (0.7)
Maryland 56 (0.6) 64 (0.7) 56 (0.7) 48(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) 38 (0.8) 42 (0.7) 43 (0.8)
Missouri 58 (0.6) 66 (0.8) 59 (0.6) 52 (0.7) 53 (0.8) 52 {0.7)
Nebraska 62 (0.6) 69 {1.6) 62 (0.6) 55 (0.8) 56 (0.7) 56 (0.8)
New Hampshire 61 (0.5) 69 (0.5) 62 {Q.6) 54 (0.7) 56 (D.6) 54 (C.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 (0.8) 54 (0.8) 46 (0.6) 47 {0.5) 47 (0.6}
New York 57 (0.9) 65 (0.9) 56 (0.8) 50 (1.9) 53(1.1) 52 (1.0}
North Carolina 53 (0.6) 61 (0.6) 52 (0.7) 46 (0.6) 47 (0.7) 48 (07)
North Dakota 64 (C.5) 73 (0.5) 85 {0.7) 57 (0.7) 60 (0.7) 58 (0.7)
Ohio 57 (0.7) 65 (0.7) 58 (1.0) 48 (0.7) 52 (0.7) 51 (0.8)
Oklahoma 56 (0.5} 64 (0.6) 58 (0.7) 48 (0.7) 51(0.7) 52 (G.6)
Pennsylvania 58 (0.7) 66 (0.8) 58 (9.7) 51 (0.8) 53(0.8) 53 (0.7)
Rhode Island 56 {0.4) 64 (0.5) 56 (0.7) 48 (0.6) 5010.7) 50 (0.6}
South Carolina 54 (0.4) 62 (0.5) 54 (0.6) 48 (0.6) 47 (0.6) 49 (0.8)
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(90.8) 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) 6G (0.6) 57 (0.7; 49 (0.7) 31 (0.7) 52 {0.7)
West Virginia 52 (0.5) 60 (0.6) 54 (0.6) 45 (C.6) 47 (0.8) 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 (9.6)
TERRITORIES
Guam 44 (0.5) 52 (0.6) 44 (0.7) 40 (0.7) 34 (0.7) 4110.6)
Virgin Islands 38 {0.3) 46 {0.5) 3¢ (0.6) 33 (0.5) 29 (0.6) 34 {0.6)
'2 NAEP TRIAL STATE ASSESSMENT e PAGE 180
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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 resouices. 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

" John Mazzeo, Kentaro Yamamoto, and Fdward Kulick. "Fxtended Constructed-Response Items in the 1992
NAED: Psychometrically Speaking Were They Worth the Price?” Paper presented at the 1993 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 250.7 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 proficiencies 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 Functions

— 7/ N\
............. Multiple-Choice /’ ‘\
Shont Constructed Response U \
7] ===—=— Extended Constructed Response ,/ \\
/ \
4 A
// \\
/ \
’ Y
’ A
/ \
L4

~— /

100 150 200 250 300 350 400

Typical Proficiency
Unidimensional Scale

' 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 items 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 «core on the NAED proficiency
scale and each scale unit roughly corresponds to the standard deviation of grade 8 proficiency scores on the NAEY
scale. However, somewhat different IRT scaling procedures were used for the analyses reported here than were used
to produce the NAED scales, Thus, the scales in Figure 3.1 are not directly comparable to the NAED reported
proficiency 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. The
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. However, 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 famifiar with performance tasks and activities
as part of their school instructional programs, their performance probably will
improve on these more complex assessment tasks.
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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 Learning How to Communicate
Solve Unique Problems Ideas in Mathematics Effectively
Heavy Maderate Little or Heavy Muoderate Little or
Emphasis Emphasis No Emphasis Emphasis Ewmy hasls No Emphasis

GRADE 4
Satisfactory
or Retter on
Extended-Response 17 (1.y 16 (01.9) 14 (2.5) 17 (1.6) 16 (LY 15(1.h
Correct an Regular
Constructed-Response 3 (1.;y 41 (L) 40 (L&) 43 (1.3 41 (0.7 42(1.2)
Correct an
Multipie-Cheoice 50 (0.8) 49 (0.6) 48 (L) 49 (1. 49 (0.5) S0.(1.h
GRADE 8
Satisfactory
on Better on
Extended-Response 10 (0L8) 7 (0.6) 2.0 10 (0,9) 8 (0.7 6 (14
Correct on Regular
Constructed-Response 57 (0.8} 52.(0.%) 4 (2.3 56 (LYY 53 (0L.R) 22D
Correct on
Multiple- Choice 60 (0.7 S4(0L7) 47 (1.7) 59 (0.7) 56 (0.6) 56 (1.6)

The standard crrors of the estimated percentages appear w parentheses. 1t can be said with about 95 percent certainty for cach population of
mterest, the value for the whole population 1s withm plus or minus two standard errors of the estimate for the saple. Incomparing two estimates,
one must use the standard error of the difference (see Appendix for details).

SOURCE: National Assessment of Educational Progress (NALEP), 1992 Mathematies Assessment
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TABLE 3.11 Average Percentage Satisfactory or Better Responscs to Extended-Response Questions by
Teacher’s Reports on the Instructional Emphasis Placed on Reasoning and Communicating
Grade 4 - 1992
Developing Reasoning Ability to Solve Unique Probiems Leaming How to Communicate ldeas
PUBLIC Moderate Littie or No Moderate Litlle or No
SCHOOLS Heavy Emphasis Emphasis Emphasis Heavy Emphasis Emphasis 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)
Wwest 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) 1012 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 1 (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 (5.8) 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)
Hawais 14 (1.4) 11 (1.2) 15 (3.4) 12 (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)
lowa 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 (14) 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) 14 (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}
MissIssIpp! 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 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 3.11 Average Percentage Satisfactory or Better Responses to Extended-Response Questions by
Teacher’s Reports on the Instructional Emphasis Placed on Reasoning and Communicating
(continued)
Grade 8 - 1692
Developing Reasoning Ability to Solve Unique Probiems Learning How to Communicate |deas
PUBLIC Moderate Little or No Moderate Little or No
SCHOOLS Heavy Emphasis Emphasis Emphasis Heavy Emphasis Emphasis Emphasis
NATION 13 (0.8) 10 (0.8) 8 (1.8) 13 (0.9) 11 {0.8) 10 (16)
Northeast 17 (1.9) 13 (2.6) 3 (1.9) 18 (2.2) 12 (1.8} 19 (5.5)
Southeast 1 (1.3) 9 (1.1) 9 (2.1) 10 (1.3} 1 (1.3) 8 (3.9)
Central 1 (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 (1.8)
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 (1.3) 9 (1.3} 7 (12)
Arkansas 10 (1.0) 8 (0.7) 6 (1.3) 8 (0.8) 8 (0.8) 9 (1.4)
Catifornia 13 (1.3) 11 (0.9) 10 (2.1) 12 (1.9) 13 (0.9) 9 (15)
Colorado 15 (0.8) 10 (11) 9 (2.6) 14 (1.0) 12 (0.9) 8 (1.4)
Connecticut 18 (1.1) 13 (1.1) 10 (2.0) 15 (1.2) 14 (1.1) 1 (1.3)
Delaware 10 (0.9) 9 (1.0) 8 (2.3) 9 (0.9) 10 (1.0) 9 (2.5)
Dist. Coiumbia 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)
Hawau 1 (1.0) 8 (0.8) 7 (1.3) 1 (1.1) 8 (0.7) 7 (1.2)
Idaho 13 {1.1) 9 (0.8) 9 (3.5) 12 (1.0) 1 (1.1) 9 (1.7)
Indiana 14 (1.0) 8 (0.9) 10 (2.4) 13 (1.3) 10 (0.9) 9 (1.8)
lowa 17 (1.2) 13 (0.9) 7 (1.5) 15 (1.1) 15 (1.1) 12 (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 (1.0) 12 (2.3)
Massachusetts 16 (1.3) 1 {(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) 1 (2.7)
Minnesota 17 (1.2) 12 (1.1) 8 (2.4) 18 (1.5) 12 (1.1} ‘2 (1.7)
Mississipp! 9 (0.9) 7 (1.1) 6 (1.5) 8 (0.9) 701 7 (1.7)
Missour! 13 (1.3) 9 (0.8) 7 (1.8) 12 (1.4) 10 (0.8) 8 (1.3)
Nebraska 15 (1.2) 1 (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 (0.9} 12 (2.5)
New Jersey 15 (1.0) 1 (1.2} 7 (2.8) 16 (1.1) 1 (5.1) 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) 1 (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 1 (1.1) 9 (1.1) 8 (1.0 10 (1.2) 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 (15)
South Carolina 11 (0.9) 8 (0.8) 7 (1.9) 10 (0.9) 9 (1.0) 7 (2.1)
Tennessee 9 (0.9) 7 (0.7) 3 (0.9) 8 (0.8) 7 (0.6) 5 (1.8)
Texas 13 (1.1) 1 (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) 1M (1.1 21 (2.3) 14 (1.,5) 1 (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)
fa)
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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
Grade 4 - 1992
Developing Reasoning Ability to Solve Unique Problems Learning How to Communicate ldeas
PUBLIC Moderate Little or No Moderate Little or No
SCHOOLS Heavy Emphasis Emphasis Emphasts Heavy Emphasis Emphasis Emphasis
NATION 43 (1.1) 40 (1.0) 39 (2.2) 42 (1.5) 40 (0.8) 41 (1.5)
Northeas! 46 (2.3) 40 (2.5) 40 (4.5) 46 (2.4) 43 (2.3) 32 (3.1)
Southee st 36 (2.4) 34 (2.3) 21 (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)
Corinecticut 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 (0.8) 27 (1.1)
Flonda 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)
Hawan 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 (15)
lowa 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)
Mississipp 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)
Oklahoma 42 (1.1) 42 (1.0) 44 (2.0) 42 (1.0) 42 (1.1) 41(1.7)
Pennsylvania 48 (1.2) 43 (14) 38 (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 (2.8)
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)

‘T'he standard crrors of the estimated percentages appear in parentheses. It can be said with 95 percent certain
the value for the whole population is within plus or minus two standard errors of the estimate for the sample.
use the standard error of the difference {sec Appendix for details).

SOURCE: Nationa) Assessment of Educational Progress (NAEP), 1992 Mathematics Assessment.
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TABLE 3.12 Overall Average Percentage Correct for Regular Constructesd Response Questions by
Teacher’s Reports on the Instructional Emphasis Placed on Reasoning and Communicating
(continued)
Grade B - 1992
Developing Reasoning Ability to Solve Unique Problems Learning How to Communicate |deas
PUBLIC Moderate Little or No Moderate Little or No
SCHOOLS HKeavy Emphasis . Emphasis Emphasis Heavy Emphasis Emphasis 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) 44 (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)
Arizona 56 (0.8) 51 (11) 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)
Hawau 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 (4.1) 55 (1.0) 52 (2.1)
lowa 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)
Missourt 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) 58 (1.7) 54 (1.2) 55 (2.0)
Oklahoma 60 (1.3) 53 (0.9) 47 (18) 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 (0.8) 52 (0.7) 50 (1.9)
South Carotina 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 (L. 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 (2.8)
West Virginia 55 (1.0) 47 (1.1) 40 (1.6) 55 (1.2) 48 (0.9) 45 (1.7)
Wwisconsin 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 (15) 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 - 1892
Developing Reasoning Ability to Solve Unique Problems Learning How to Communicate Ideas
FUBLIC Moderate Little or No Moderate Litile or No
SCHOOLS Heavy Emphasis Emphasis Emphasis Heavy Emphasis Emphasis Emphasis
NATION 49 (0.8) 48 (0.7) 48 (2.0) 49 (1.1) 48 (0.€) 48 (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 (1.8)
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)
Arizona 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 {0.7) 49 (0.8) 50 (3.7) £1(0.8) 49 (0.8) 49 (1.9)
Connecticut 56 (0.8) 52 (0.9) 42 (4.3) 54 (1.0) 54 (0.8} 50 (1.8)
Delaware 53 (C.5) 47 (0.8) 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 48 (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) 48 (0.9) 44 (1.9)
Hawall 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)
Inchana 51 (1.0) 49 (0.6) 46 (2.0) 50 (1.2) 50 (0.8) 49 (1.2)
lowa 55 (0.7) 54 (0.7) 49 (2.1) 54 (1.0) 55 (0.7) 52 (0.8)
Kentucky 48 (0.7) 47 (0.8) 45 (2.9) 47 (0.7) 48 (0.8) 47 (2.4)
Lousiana 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 (1.2) 46 (3.2) 49 (1.3) 52 (1.0) 46 (1.5)
Minnesota 55 (0.8) 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)
Missoun 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 (1.8)
New Jersey 56 (1.0) 52 (1.0} 49 (1.5) 55 {(1.0) 53 (1.1) 50 (2.6)
New Mex:ico 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 (0.7) 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 {0.8) 49 (0.8) 50 (2.2) 49 (0.9) 50 (0.7) 49 (1.3)
Pennsylvania 54 (1.0) 51 (1.0} 48 (2.4) 54 (1.1) 51 (0.9) 49 (2.0)
Rhode Isiand 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 (0.7) 49 (1.0) 50 (2.9} 51 (1.0) 50 (0.9) 46 (1.7)
utah 54 (3.7) 51 (0.86) 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 (0.8) 47 (1.3)
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. 1t can be said with 95 percent certainty that for each population of interest,
the value for the whole population 1s 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 (NAFP), 1992 Mathematics Assessment.
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TABLE 3.13

Overall Average Percentage Correct for Multiple-Choice Questions by Teachesr’s Reports on

the Instructional Emphasis Placed on Reasoning and Communicating (continued)

Grade B - 1892
Developing Reasoning Abllity to Solve Unique Problems Learning How to Communicate Ideas
PUBLIC Moderate Little or No Moderate Litiie or No
SCHOOLS Heavy Emphasis Emphasis Emphasis Heavy Emphasis Emphasis 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 84 (1.2) 58 (1.3) 45 (4.0) 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 (2.3)
Delaware 58 {0.7) 52 (0.7) 45 (1.9) 56 (0.8) 55 (0.6) 48 (1.6)
Dist. Columbra 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 (1.1) 49 (1.4)
Hawan 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 (0.8) 61 (0.7) 57 (1.1)
Indiana 62 (0.9 55 (0.9) 50 (2.5) 61 (1.1) 57 (0.8) 54 (1.9)
lowa 67 (0.8) 62 (0.9) 57 (2.3) 66 (0.9) 63 {0.8) 61 (2.9)
Kentucky 58 {0.9) 52 (0.7) 44 (1.7) 58 (1.0) 52 (0.7) 49 (1.9)
Loutstana 52 (1.3) 48 (0.8) 46 (2.1) 50 (1.1) 48 (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) 58 (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) 87 (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)
Missour! 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 (1.4) 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 (0.8) 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)
Tennesses 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) 43 (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 ot high-school
mathematics course-taking and performance by (uestion 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 dala also illustrate the relative difficulty of the three question
types. For each levei 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 Taken in Mathematics

Grade 12

Not First-Year Second-Year

GRADE 12 Studied Prealgebra Alpebra Algebra Precalculus Calenlus
Natlsfactory or
Better on
Extended-Response H1D HOX) 70T ’{0.6) 1LY 2319
Correet on Regultar
Constructed-Response 2N 26(1.2y 3.0 140.7) 54(0.9) 61017
Correct on
Mutltipte-Cholee LD 44 0.y S0(0.8) 6(0.5) aY(0,7) 7414

The standard errors of the estimated percentages appear w patentheses It can be saud with about 95 percent certamty for each population of
wterest, the value for the whole population is sithin plus or minus (wo standard errars of the estimate for the sample. In companng two estimites,
ane must tse the standard error of the difference (see Appendix for detals),

SOURCHE: National Assessment of Educational Propress (NAERY, 1992 Mathematios 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 ¢ Grade 8 Grade 12
Regular Regular Regular .
Extended- | Constructed- Multiple- Extended- | Constructed- Multiple- Extended- | Constructed- Multiple-
Response Response Choice Response Response Choice Response Response Choice
Nation 16 (0.6) 42 (0.5) S0 (0.4) 8 (0.5) 53 (0.5) 56 (0.4) 9 (04) 40 (0.5) 56 (0.4)
Northeast 211D 45 (14 S2(LD 10 (1.4) 54.(1.5) 57(LY 10 (0.8) 42 (0.9) S8 (0.6)
Southeast 13 (1.3) 36 (1.2) 16 (0.8) 6 (0.6) 49 (0.8) 53(0.7) 7 (0.6) 26 (0.8) 54 (0.6)
Central 17 (1.0) 45 (LY 51 (Lo 9 (0.8) 57 (1.1) 59 (LK) 100 (0.0) 33 (1.2) 58 (0.9)
West 1S(LD) 42 (L) 49 (0.8) 8 (0.9) 53 (LO) 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) 34 (0.6) 59 (0.
Black 5(0.7) 24 (0.8) IR (.6} 2(0.3) 36 (0.9) 42 (0.6) 407 26 (0LY) 46 (0.9)
Hispanic 7(1.0) 31 (0.7 42 (0.7) 3(0.5) 42 (0.7 46 (0.7) 4 (0.6) 32 (0. 49 (1.Y
Male 16 (0.8) 43 (0.5) 50.(0.5) 7 (0.5) 53 (0L 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 (0.6 55 (0.5)
Advantaged 26 (2.4 5413 59 (1.4 16 (2.1) 64 (1.8) 63 (1Y) 13 (1.1 49 (1.8) 65 (1L
Urban
Disadvantaged S (1.0 26 (1L4) I8 (LD 3(0.8) 37 (1.5) 43 (1.2) 5.7 30D 48 (1.2)
Urhan
Extreme Rural 14 (1.9 40 (2.6) 48 (1L.T) 6 (1.y 532.8) 56 (2. 7 (0.8) 7 (1L.5) 53 (1.2
Other 17 (0. 42 (0.6) 50 (0.5) 8 (0.5) 54 (0.6) 56 (0.5) 9(0.5) 41 (0.6) §7 (0.
Public 16 (0.7) 41 (0.6) 39 (0.5) 8 (0.5) 52 (0.5) 56 (0.5) B (0.4 39 (0.6) 56 (0.5)
Cathollc and 19 (1.1 47 (0.9 53 (0.8) I (LO) 60 (1.3) 62 (1. 13 (1.O) 48 (1.5) 63 (1.2)
Other Private

*Data for Fxtended-Response questions are for the average pereentages of satisfactory or batter responses.
The standard errors of the estimated percentages appear in parentheses. It can be said with about 95 percent cetainty for cach population of interest, the value {or the
whole population 15 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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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 Jescribed 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.

 Mathematics Objectives, 1930 Assessment (Princeton, NJ: National Assessment of Educational Progress,
Educational Testing Service, 1988).
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TABLE A.l Target and Actual Percentage Distribution of Questions by Grade and
Content Area

Grade 4 Grade 8 Grade 12
Content Area ) Target Actual Target l Actual | Target Actuyl
Numbers and Operations 45 41 30 32 25 25
Measurement 20 19 15 18 15 1o
Geometry 15 17 20 20 20 1%
Data Analysis, Statistics, and Probability 10 13 15 15 15 16
Algebra and Funciion 10 10 20 16 20 25

Actual percentages are based on the regular constructed-response and multiple-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

irade 4 Grade 8 Grade 12
Mathematical Ability Target Actual Target Actual Target Actual
Conceptual Understanding 40 40 40 a7 40 39
Procedural Knowledge a0 20 30 24 30 29
Problem So'ving 30 J0 30 29 20) 12

Actual percentages are based on the classifications agreed upon by NAEP's 1992 ltem Development Committee. |t is
recogmzed 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, wherehy these mathematical abilities are considered within the context of reasoning, connections, and
communications, so that questions can include aspects of hoth mathematical abilities and mathematical power.'®

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

7 Assessing Student Achicvement in the States. The First Report of the National Academy of Education Panel
on the Evaluation of the NAEDP Trial State Assessment: 1990 Trial State Assessment (Stanford, CA: National
Academy of Education, 1992).

¥ 1994 National Assessment of Uducational Progress:  Mathematics Framework (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 stadents 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)."

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 school 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

“National Assessment of Educational Progress, 1992 Policy Information Framework (Princeton, NJ: National
Assessment of Fducational Progress, Educational Testing Service, 1992).
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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 A3 1992 Student and School Sample Sizes

Number of
Participating Percent of Schools Numbe’ of Percent of Student
Schools Participating Students Completion

Grade

4 527 86 8,738 93

8 406 84 9,432 89

12 04 31 8.499 81
Tatal 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

198




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 .ourth 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 enroliment.
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 Islands half the fourth graders were assigned to the mathematics assessment and half to
reading. In Guam, students participated in both assessments.
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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 1992
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.

N NCES Statistical Standards, NCES 92-021 (Was<hington 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 substifution was below 90 percent;
OR the weighted school participation rate of the initial sample
of schools was below 70 percent (regardiess 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 sc0o'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 sirailar 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 enroliment, 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

g

h&;




A jurisdiction will receive a notation if:

4. The nonresponding students within participating schools
included a class of students with similar chara<teristics, who
together comprised more than five percent of the state’s
weighted assessable student sample. Studentgroups 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 urbanicity, minority enroliment,
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 A4 | Summary of School and Student Participation

Grade 4 - 1992
Weighted
Perceritage Weighted Welghted
School Percentage Percentage
Participation School tuden
PUBLIC Before Participation Notation Number | Participation After | Notation Number | Welghted Overall
SCHOOLS Substitution After Substitution 1 Make-ups 3 Rate
NATION 86 86 94 81
Northeast 82 82 94 78
Southsast 94 94 83 88
Central 92 92 84 87
West 79 78 24 75
STATES
Alabama 75 97 95 93
Arizona 100 100 85 85
Arkansas 90 9g 96 85
California 91 97 94 91
Colorado 100 100 95 95
Connecticut 83 99 96 95
Delaware 92 92 95 87
Dist. Cotumbia 99 99 93 92
Florida 100 100 85 85
Georgia 100 100 a5 95
Hawail 100 100 95 85
Idaho 8 a7 97 94
Indiana 76 91 86 87
lowa 100 100 96 86
Kentucky 93 96 96 92
Louistana 100 100 95 85
Maine 57 71 ree a5 68
Maryland 99 [£1¢] 96 85
Massachusetlts 87 97 a5 92
Michigan 83 Q0 84 84
Minnesota 82 94 95 89
Mississippi 98 100 97 a7
Missouri 89 97 96 93
Nebraska 80 87 b 96 83
New Hampshire | 69 80 ere 96 77
New Jersey 76 82 e 96 79
New Mexico 75 90 95 86
New York 78 83 rer a6 80
North Carolina 95 99 a5 94
North Dakota 73 80 96 87
Ohio 79 91 95 87
Oklahoma 86 98 84 e 83
Pennsylvaria 84 95 96 91
Rhode {sland 83 96 a5 91
South Carolina 98 a9 a7 96
Tennessee a2 93 96 89
Texas 93 98 96 84
Utah 99 as 96 85
Virginia 99 99 95 94
West Virginia 100 100 96 86
wisconsin 100 100 96 96
Wyoming 97 97 96 93
TERRITORY
Guam 84 94 a5 89

Sce explanations of the notations and guidelines about sample representativeness. Weighted percentages for the nation and region are based on
schools sampled for all subjoct arcas assessed in 1992 (mathematics, reading, and writing). However, based on the national sampling design, the
rates shown also are the best estimates for the mathematics assessment. Notation Number 1 = Both the state’s weighted participation rate for the
intial sample of schools was below 85% AND the weighted school participalion rate after substitution was below 90%; OR the weighted school
participation rate of the imtial sample of schools was below 70% Sregard]ess 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 A4

Summary of School and Student Participation (continucd)

Grade 8 - 1992 ]
Weighted Weighted Weighted
Percentage PercentaPe Percentage
School Participa- | Schoot Participa- Student Participa- .
PUBLIC tion Before tion After Notation Number tion After Notation Number | Weighted Overall
SCHOOLS Substitution Substitution 1 Make-ups 3 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 o g5 88
Arizona 99 99 93 92
Arkansas 89 97 o4 91
California 93 c8 92 90
Colorado 100 100 a3 93
connecticut 99 99 94 93
Delaw:.re 100 100 92 92
Dist. Columbia 100 100 85 85
Flonda 100 100 91 91
Georgia 99 99 93 92
Hawait 100 100 90 90
ldaho 85 91 95 86
Indiana 79 94 94 88
lowa 99 99 g5 94
Kentucky 96 98 96 94
Louisiana 100 100 92 92
Maine 62 84 L 93 78
Maryland 89 g1 92 84
Massachusetts 83 85 94 89
Michigan 78 94 94 88
Minnesota 81 92 94 87
Mississ:ppl 39 100 95 95
Missouri 92 99 g5 94
Nebraska 7 85 e 96 81
New Hampshire 80 92 94 86
New Jersey 69 78 e 94 73
New Mexico 77 94 93 87
New York 81 33 T 92 77
North Carolina 94 98 94 92
North Dakota 78 97 96 93
Ohto 77 90 93 83
Oklahoma 82 98 80 e 79
Pennsylvania 81 94 94 89
Rhode Island 85 100 93 92
South Carolina 94 97 94 91
Tennessee 87 91 94 86
Texas 85 99 94 93
Utah 100 100 94 94
Virginta 97 97 94 92
West Virginia 100 100 94 94
Wisconsin 100 100 94 94
wyoming 99 93 95 94
TERRITORIES
Guam 100 100 90 90
Virgin Islands 100 100 92 92
0o
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Excluded Students

Itis NAEDP's intent to assess all selected students. Therefore, all selected
students v. o 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.

[EP 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.

206




Data Collection

As with all NAEP assessments, data collection for the 1392 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: -z the sample of
schools and students for each participating state, developing . * administration
procedures and manuals, training the personnel who wouid 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
stucients 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 éxercises 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.

A,
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Scoring

Materials from the 1992 assessment, including the Trial State Assessment
Program, were shipped to National Computer Systems in lowa 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 used 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 samiples 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 71 77 77
laura's Calculator Correction vo 90 90
Compare Geometric Figures* 74 7 73
Number Pattems (Photo Album)* 89 90 89

Grade 8 - Extended Tasks

Treena's Budget &2 82 82
Marcy's Dot Pattem &6 81 81
Radio Stations &3 79 80
Probability (Leroy's Coms)* 87 85 §s
Geometric Shapes (Hallway)* 8S 84 84
Number Pattems (Tiles)* 73 69 70

Grade 12 - Extended Tasks

Effective Tax Rates 91
Pattems of Squares (ending in 5} 92
Graphing Path of Object 86
Bicycle Trip Graph* 7
Center of Disk* 89
Extend Pattem of Tiles* 74

+ 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.?

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 (. Johnson,

"Considerations and Technigques 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.

>
N
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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.®

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 tnree 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.

2 For theoretical justification of the procedures employed, see Robert J. Mistevy, "Randomization-Based
Inforences About Latent Variables from Complex Samples,” Psychometrika, 56(2), 177-196, 1988).

For computatienal details, see Focuang te New Design:  NAED 1988 Technical Report (Princeton, NJ-
Educational Testing Service, Na' onal Assessment of Education Progress, 1990) and the 1990 NALP Techneal
Report.

3 Muraki, E., "A Generalized Partial Credit Model: Application of an EM algorithm”. Applied Psychological
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, & Kulick (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:

Pl 2
11(3)=_f._. (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 © (the proficiency scale). As shown in

Donoghue (1992),” the information function for item j under the GPC model is
given by:

my ™
1(8) = DY k%P, (0) - (3 kP,(0))"] @)
k=0 =0

where Py is the item category characteristic curve for the k" score category and
a; is a slope parameter for item j. Under the IRT assumptions of local
independence, the tota: information function for any group of n items is the sun:
of the item information functions:

* John Mazzeo, Kentaro Yamamoto, and Edward Kulick, “Extended Constructed-Response Jtems in the 1992
NAEI": Psychometrically Speaking Were They Worth the Price?” Paper presented at the 1993 annual meeting
of the National Council on Measurement in Education, Atlanta, GA.

FM. Lord and M.R. Novick, Statistical Theories of Mental Test Scores (Reading, MA:  Addison-Wedley
Publishing Co., 1968).

*John R. Donoghue, An Empirical Examination of the IRT Information in Polytomously Scored Reading ltems. ETS
Research Report (No. 93-12), (Princeton, NJ: Educational Testing Service, 1992).
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1) = }njlj(e) 3)
=1

In order to obtain per-item information, it is natural to consider dividing (3) by
the number of items:

1) = !ﬂ@ 4)
n

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(8) with respect to a distribution of 6 (f(6)):

E()= f J@)e)de. (5)

A discrete approximation to f(8) was used to calculate expected per-item
information. A set of Q equally spaced 6 values were selected (denoted as {X,,
q=1.2,...Q} and a corresponding set of estimates of f(X;) were obtained (denoted
as {wy, q=1,2,...,Q). E(I) was then approximated by:

Q
E() = Y. wiX) (6)

¢=1

E(I) can be thought of as the average per-item information for a group of
examinees with 8 distribution given by f(6). 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(8)=N(0,1), where the w, were
obtained at 41 equally spaced 6 values from -4 to 4 (the {X,} 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 Three.

N
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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

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.
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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.

NORTHEAST

"CENTRAL

\n[IES'T

SOUTHEAST

Race/Ethnicity. 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 for all students, regardless of whether their
racial/ethnic group was reported separately, were included in computing the
overall national or state level resulits.

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 "Other" 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 A6  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)
Woest 28 (0.7) 28 (0.7 27 (0.9)
White 70 (0.2) 70 (0.2) 71 (0.6)
Black 16 (O.1) 16 (0.1) 15 (0.4}
Hispanlc 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@n
Disadvantaged Uirban 9(Ld 9 (1.3) 10 (1.4)
Extreme Rural 1222y 9 (2.6) 12 (1.6)
Other 66 (3.0) 72 3.1) 66 (3.0)
Public 87 (1.0Y 89 (0.9) 87 (1.2)
Catholic and Other Private 13 (1.0) 11 (0.9) 13 (1.2)

The standard eiros 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 crrors of the estimated for
the sample. In comparing two estimates, onc must usc the standard error of the difference (see Appendix for details).
Percentages may oot total 100 percent due to rounding error.  For the racial/ethnic classifications, small percentages of

students reported other categories,




TABLE A7 | 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 Asian / Pacific American Advantaged | Disadvantaged

SCHOOLS White Black Hispanic {stander Indian Urban Urban Extrems 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) 198 (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 (1.8) 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 (1.0} 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 (1.7} 11 (1.1) 3 (0.5) 12 (2.5) 23 (3.7) 1(0.3) 65 (4.6)
Colorado 68 (1.5) 5 (1.0} 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 (0.8) 10 (0.4) 1(0.2) 2 (0.3} 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 (0.3} 18 (4.4) 21 (3.9} 4 (1.3) 57 (4.5)
Georgia 56 (2.2) 35 (2.1) 6 (0.8) 1(0.2} 1(0.3) 40 (3.4) 15 (4.8) 12 (3.6) 63 (6.2)
Hawan 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)
lowa 20 (0.9) 2 (0.5) 5(0.5) 1 (0.3} 2 {0.3) 7129 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(0.8) 2 (0.7) 1(0.3) 5(2.3) 18 (2.5) 11 (2.7) 65 (3.9)
Matne 91 (0.7) 1(0.1) 5 (0.6) 1 (0.2} 3 (0.5) 2 (1.6) 2 (1.3) 19 (4.7) 77 (4.9)
Maryland 58 (1.7) 30 (1.4) 6 (0.6) 4 (0,5) 2 (0.2) 20 (3.8) 16 (4.0) 5(2.1) 58 (4.9)
Massachuseftts 79 (1.6) 7 (0.8) 8 (0.8) 4 (0.7) 2 (0.2) 16 (3.4) 14 (2.7) 1(0.8) 68 (4.2)
Michigan 73 (1.8) 13 (1.7) 2140.9) 2 (0.3) 31(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)
MississIppl 40 (2.0) 52 (2.1) 6 (0.9) 1(0.2) 1(0.2) 1(1.1) 6 (1.9) 11 {2.3) 82 (3.2)
Missouri 77 (1.7} 14 (1.7) 6 (0.5} 1(0.2) 2 (0.4) g (3.0 11 (2.9 26 (3.9} 53 (5.3)
Nebraska 84 (1.3) 6 (0.7) 7 (0.9) 11(0.2) 2 {0.3) 8 (2.7} 6 (1.4) 26 (3.9) 59 (4.8)
New Hampshire 88 (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) 2 (2.9) 4 (2,0 77 (6.1)
New York 59 (2.2) 13 (1.6) 22 (1.7) 4 (0.8) 2 (0.4) 15 (3.7) 24 (3.7) 2 (1.6) 58 (4.7)
North Carolina 62 (1.7) 28 (1.3) 6 (0.7) 1(0.2) 31(0.9) 5 (1.8) 4(1.9) 19 (4.0) 71 (4.6)
North Dakota 21 (1.0) 0(0.2) 4 (0.6) 11(0.2) 4 (0.8} 11 (3.1) 2 (1.4) 43 (3.6) 44 (4.3)
Ohio 78 (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) g (1.2) 7 (0.8) 1(0.2) 10 (0.8) 9 (3.1) 10 (2.6) 21 (3.8) 60 (4.6)
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(0.2) 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 20 (0.9) 3(0.4) 5(0.8) 1(0.2) 2 (0.2) 2 (1.4) 8 (2.5) 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)
Wyoming, 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 esumated percentages appear in parentheses. It can be said with 95 percent certainty that for each population of interest,
the value for the whole population 1s within plus or minus two standard errors of the estimate for the sample, In comparing two estimates, one must
usc 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 L AT

Characteristics of NAEP Students by Race/Ethnicity and by Type of Community (continued)

Grade 8 - 1992
Percentage of Students by Race/Ethnicity Percentage of Students by Type of Commuhity
PUBLIC Asian / Pacific Amarican Advantaged | Disadvantagad
SCHOOLS Whits Black Hispanic Islandsr Indian Urban Urban Extrems Rural Othsr
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) 16 (1.7} 2 (0.5) 1 (0.3) 12 (6.5) 12 (3.7) 7 (4.8) 69 (8.2)
Snutheast 68 (1.8) 27 (1.8 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.¢ 5(0.8) 2 (0.5) 1 (0.4) 8 (2.4) 9 (3.0) 9 (6.0) 74 (6.9)
Wast 63 (1.5) 8 (1.3; 211{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 (2.1) 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 (0.5} 28 (1.6} 2 (0.3) 6 {1.3) 15 (5.3) 14 (3.1} 7(2.2) 64 (5.8)
Arkansas 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)
Colerado 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, Cotumitna 310.2) 85 (0.8} 10 (0.7) 1(0.2) 1 (0.3) 7 {0.3) 67 (0.4) 0 (0.0) 25 (0.4)
Florida 56 (2 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 (2.1) 35 (1.9} 4 (0.5) 2 (0.3) 0(0.1) 6 (1.9) 10 (2.9} 9(2.2) 74 (4.0)
Hawan 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 (0.7} 1{0.2) 8 (0.6} 1(0.2) 3(0.4) 4 (2.2) 512.4) 29 (4.3) 62 (5.0)
Indiana 85 (1.3) 8 (1.1) 4 (0.8) 1(0.2) 1{0.2) 5(2.3) 11 (2.4) 13 (2.6) 71 (4.3)
lowa 92 (0.7) 2 (0.4) < (0.4) 1(0.2) 1(0.2) 4 (2.3) 3(1.0) 44 (5.4) 49 (5.7)
Kentucky 87 (1.0} 9 (1.01 3(0.4) 1(0.2) 1(0.2) 3(1.1) 12 (3.3) 15 (3.7) 70 (5.1)
Leuisiana 54 (1.7} 39 (1.5) 5(0.5) 2 (0.4) 1(0.2) 2 (1.6) 19 (3.2) 7 (3.0) 72 (4.3)
Maire 94 (0.5) 0(0.1) 2 (0.3} 1(0.2) 3(0.4) 1(1.5) 2 (1.6} 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) €3 (5.6)
Massacnu-etts 83 (1.1 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(0.8) 1(0.3) 2 (0.3) 7 (3.0) 19 (3.1) 14 (3.8) 60 (5.2)
Minnesota 91 1.0} 2 {0.3) 3(0.51 21(0.3) 1(0.4) 7 (3.6) 0(0.0) 20 (4.2) 72 (5.2)
Mississippl 49 (1.9} 44 (1.8) 6 (0.6} 0(0.1) 1(0.2) 3(1.8) 6 (2.7) 12 (3.1} 79 (4.6)
Missour! 82 (1.5) 12 (1.4) 3 (0.3} 1(0.2) 2 (0.3) 7 (2.8) 12 (2.4) 13 (3.6) 68 (4.8)
Nebrasta 87 (1.1) 5(0.9) 6 (0.7) 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(0.3) 1(0.2) 1(0.2) 4 (1.6) 0(0.0) 5(2.3) 92 (2.8)
New Jersey 61 (2.5} 17 (2.4) 14 (1.5) 6 (0.7) 1(0.2) 8 (2.8) 24 (3.3) 3(2.3) 64 (4.7)
New Mexico 44 (1.5) 2 (0.4) 49 {1.4) 1(0.3) 4 (0.7) 5(0.2) 6 (2.6) 6 .2.8) 84 (3.8)
New Yorl 61 (2.7) 17 {2.2) 14 (2.0} 4 (0.6) 1(0.3) 11 (3.3) 16 (5.1) 16 (3.5) 63 (6.7)
North Carolina 68 {1.4) 27 (1.3) 31(0.3) 1(0.2) 2 (0.4) 3(1.0) 5(2.2) 12 (3.8) 80 (4.3)
North Dat ota 93 10.8) 01(0.M) 3(0.3) 1(0.2) 3(0.7) 8 (1.8) 0 (0.0} 39 (4.1) 53 (3.9)
oo 80 (1.9} 14 (1.7) 4 (0.5) 1{0.2) 2 (0.3) 6 (2.7} 17 (3.2) 21 (5.5) 56 (6.3)
Ot lahoma 75 {1.6) 8 (1.1 6 (0.6} 2{0.3) 10 (1.0} 211.8) 5(2.5) 19 (4.1) 74 (56.1)
Pennsylvama 83 (1.4) 11 (1.6) 31(0.7} 1(0.3) 1(0.3) 4 (2.1 15 (3.5) 13 (3.7) 68 (5.0)
Rhode Island 81 (0.7) 6 (0.6) 8 (0.4) 3 (0.4} 2 (0.3) 7 (0.1} 12 (0.1) 0 (0.0) €1 (0.1)
South Carolina 58 (1.5} 35(1.3) 6 (0.6} 110.2) 1{0.2) 3(1.7) 6 (2.2) 4 (1.8) 87 (3.3)
Tennessee 75 (2.0} 21 (2.1 3 (0.3} 0:0.1}) 1(0.2) 5(3.3) 7 (2.6) 6 (2.4) 82 (4.0)
Texas 48 (1.9) 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(0.2) 7 (0.6) 2 (0.3) 2(0.2) 13 (2.4) 5(22) 10 (2.4} 72 (3.9)
Virgirua 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 (0.9) 4 (0.8) 3(0.3) 0(0.1) 2 (0.3) 1(0.9) 10 (1.9) 13 {3.4) 76 (3.7)
Wisconsin 86 (1.7} 7(1.2) 4 (0.8) 1(0.2) 2 (0.6) 11 (5.5) 5(1.7) 25 (5.4) 59 (6.4)
Wyoining 86 (1.7) 1(0.2) 9 (0.6} 1(0.2) 4 (1.6) 0{0.0) 10 (2.6) 13 (2.9) 76 (3.8)
TERRITORIES
Guam 5(0.5) 1(0.3) 15 (0.91 76 (1.1) 1 (0.1) 0 (0.0) 0(0.0) 11 (0.2) 89 (0.2)
Virgin Isiands 1(0.4) 77 (1.1) 21 (0.9) 01(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 «bout the uncertainty of vach
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 error cannot
be reflected in the data-based estimates of uncertainty provided in NAEP reports.

“ Eor further details, sec Eugene G. Johnson, “Considerations and Techniques for the Analysis of NAED
Data” in Joi.=nal of I'ducational Statistics (December T989).
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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 * 24 =

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 manner 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
samiple. 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, s‘umming 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. [f 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 NAEP 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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