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The National Assessment of Educational Progress

(NAEP), alsc known as "The Nation's Report Card," is a
congressionally mandated survey of educational achievement of
American students in a variety of curriculum areas and of changes in
that achievement across time. Part 1 of this report consists of the
results of NAEP's 19890 naticnal mathematics assessment of nationally
representative samples of more than 26,000 students in grades 4, 8,

and 12 in more than 1,300 schools.

Part 2 consists of the results of

NAEP's 1990 "Trial State Assessment Program," a voluntary
eighth~grade mathematics assessment administered to representative
samples of 2,500 public school students at grade 8 in about & 100
schools in each of the 40 participating states and jurisdictaions.
This 1is the first time NAEP has provided results by state. The report

is organized as follows:
scope of the assessment;

respectively;

(1) executive summary; (2) NAEP history;
(4) results for grade 4, 8, 12,

(3)

(5) results of the Trial State Assessment Program.

Appendices include: contextual and background factors; participation
rates; procedures; anchoring processes; and tabular data. Overall
mathematics performance in the aation at each of the three grade

levels tested was characterized as follows:

FOURTH GRADE: 72 percent

demonstrated the ability to consistently solve third grade level
problems (e.g., addition and subtraction with whole numbers); 11
percent demonstrated a grasp of fifth grade level problens (e.g.,



multiplication). No fourth graders indicated an understanding of
fractions, decimals, percents, or simple algebra. ETGHTH GRADE: S8
percent demonstrated a grasp of third grade level problems; 67
percent consistently understood fifth grade content; only 14 percent
showed successful performance with seventh grads material (fractions,
decimals, percents, simple algebra); no eightb graders showed the
breadth of understanding necessary to begin the study of relatively
advanced mathematics. TWELFTH GRADE: All high school seniors
demonstrated success with third-grade materials; 81 percent showed
mastery of fifth-grade material; 46 percant demonstrated a consistent
grasp of seventh grade material (decimels, percents, fractions,
simple algebra); 5 percent showed an understanding of geometry and
algebra. Many students appear to be graduating from high school with
little of the mARthematics understanding required by the fastest
growing occupations or for collece work. ApproxXimately half of
graduating twelfth graders appe~r to have an understanding of
mathematics that does not exte:d much beyond simple problem solving
with whole numbers. The Trial State Assessment Program showed great
variation in student achievement within each state, to the extent
that the variation within states tended to exceed the variation in
average performance acrofs states. The higher performing states
{e.g., North Dakota, Moutana, Iowa, Nebraska, Minnesota, Wisconsin)
appear to have fewer vrban areas, fewer disadvantaged students, and
fewer minority students. (JJK/WTB)
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What is The Nation's Report Card?

THE NATION'S REPORT CARD, the National Assessment of Educational Progress (NAEP), is the only nationally representative and
continuing assessment of what America’s students know and can do in various subject aress. Since 1969, assessments have been conducted
periodically in reading, mather.atics, science, writing, history/geography, and other fields. By making objective information on siudent
performance available to poiscymakers at the national, state, and local leveis, NAEP is an integral part of our nation's evalustion of the
condition and progress of education. Only information related to academic achievement is collected under this program. NAEP guarantees
the privacy of individual studenis and their families.

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

In 1988, Congress created the National Ausessment Govemning Board (NAGB) to formulate policy guidelines for NAEP., The board is
responsible for selecting the subject areas to be assessed, which may include adding to those specified by Congress; 1dentifying appropriaic
achievement goals for each age and grade; developing assessment objectives; developing test specifications; designing the assesssment
methodology; developing guidelines and standards for data ana. ysis and for reposting and disseminating results; developing standards and
procedures for interstate, regional, and national comparisons; improving the form and use of the National Assessment; and ensuring that all
ilems selected for use in the National Assessment are free from racial, cultural, gender, or regional bias.
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Executive Summary
(O

The State of Mathematics Achievement
NAEP's 1990 Assessment of the Nation and the Trial Assessment of the States

INTRODUCTION

The mathematical skills of our nation’s children are generally insufficient to
cope with either on-the-job demands for problem solving or college
expectations for mathematical literacy.! Because of the emergence of the
importance of mathematics to so many areas of education, citizenship, and
careers, business and industry spend billions in training, colleges and
universities devote large amounts of resources to remediation, and still the
United States is having difficulty maintaining its competitive edge in the global
marketplace.?

Not only are students generally ill equipped to cope confidently with the
mathematical demands of today’s society, such as the graphs that permeate the
media and the regulations and procedures that underlie credit cards, discounts,
taxation, insurance, and benefit plans, further, relatively small numbers of
students persevere in the study of higher mathematics. Approximately half the
students leave the mathematics pipeline each year.? For example, of the nearly
10 million secondary school students who study mathematics each year, fewer
than 800 eventually receive doctorates in the mathematical sciences, and this
number has been declining since the 1970s.

A number of publications addressing this national problem have been
issued, including the landmark effort of the mathematics teachers to set

‘Everybody Counts: A Report so the Nation on the Future of Maskematics Education, Lynn Steen, edior (Washingtoa,
DC: Natioaal Rescarch Couacil, Nailonal Academy Press, 1989).

*The Business Roundiable Participation Guide: A Primer for Business on Education (New York, NY: Natioosl
Alliance of Busincss, 1990).

SMoving Beyond Mytks: Revisclizing Undergraduase Mathematics (Washington, DC:  National Research Council,
Nations! Academy Press, 1991).
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standards for the mathematics curriculum and for teaching mathematics.*

These efforts and others recommend ways of teaching and learning that rely on
the application of mathematics to relevant everyday problems and situations,
that foster students’ thinking skills, and that push them to use their minds to
solve problems in unfamiliar and new settings and discover altercative
solutions. These initiatives also describe the benefits provided by calculators
and computers to relieve the tedium of hand calculations, to provide a basis for
more complex problem-solving situations, and to engage students in
mathematics learning.

Finally, the large gaps in achievement and interest in mathematics between
Asian/Pacific Islander and White students and their Black and dispanic
counterparts, and to some extent between male and female students, have been
widely documented.” There has also been considerable research showing that
the differences in mathematics achievement by minority and female students
ma: be linked to differences in motivation.® Teachers’ and parents’
expectations, school and home climate, and content and delivery of instruction
may tend to seriously impede the number of minorities and females who pursue
mathematics studies with sufficient interest, motivation, and preparation.
Moreover, parents may often accept and even expect that their children will
perform poorly in mathematics, because the parents "could never do math
either.”

*‘Curriculum and Ewaluation Siandards for School Mathematics (Reston, VA: National Council of Teachers of
Mathematics, 1989).

Professional Siuandards for Teaching Mathematics (Reston, VA: National Council of Teachers of Mathematics, 1991).

SEverybody Counts: A Report 10 the Natiom on the Future of Mathemaiics Education, Lynn Stees, editor (Washington,
DC: National Research Council, National Academy Press, 1989).

*Florenta Dukes McKenzie, “Education Strategies for the "90s® in The Siate of Black America (New York, NY: The
Nations! Urban League, Inc., 1991).

Elizabeth Fennema, “Justice, Equity, and Mathematics Education” in Mothemarics and Gender, Elizabeth Fennema and
Gilah C. Ledes, editors (New York, NY: Teacher College Press, 1990).
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THE NATIONAL EDUCATION GOALS

In 1990, the President and the governors adopted six ambitious education goals
to be met by the year 2000. Two explicitly mention mathematics education:

» American students will leave grades four, eight, and twelve having
demonstrated competency in challenging subject matter including
English, mathematics, science, history, and geography; and every
school in America will ensure that all students leamn to use their minds
well, so they may be prepared for responsible citizenship, further
learning, and productive employment in our modern economy.

» U.S. students will be first in the world in science and mathematics
achievement.

The remaining four goals address improving children’s readiness for school
learning, increasing the high-school graduation rate, adult literacy, and freeing
the schools from drugs and violence.

THE 1990 NAEP MATHEMATICS ASSESSMENT

For more than 20 years, the National Assessment of Educational Progress
(NAEP) hss been monitoring the educational achievement of American students
and changes in that achievement across time. However, as part of the 1990
mathematics assessment of fourth, eighth, and twelfth graders, a new dimension
was added to NAEP whereby states (including the District of Columbia) and
territories could, on a voluntary basis, participate in the mathematics
assessment of eighth graders. The assessment was designed to provide state-
level data comparable to results for the nation and other participating states and
territories, The Trial State Assessment Program provides information about
mathematics achievement as well as programs and practices in mathematics
instruction,
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This summary describes the results of NAEP’s assessment of fourth,
eighth, and twelfth graders nationwide, as well as for the 40 participants in the
1990 Trial State Assessment Program in eighth-grade mathematics.’

The Trial State Assessment participants include:

Alabama Iowa Ohio
Arizona Kentucky Oklahoma
Arkansas Louisiana Oregon
California Maryland Pennsylvania
Colorado Michigan Rhode Island
Connecticut Minnesota Texas
Delaware Montana Virginia

District of Columbia Nebraska West Virginia
Florida New Hampshire Wisconsin
Georgia New Jersey Wyoming
Hawaii New Mexico

Idaho New York
Llinois North Carolina Guam
North Dakota Virgin Islands

The mathematics achievement results for the nation and the participating
states and territories are supported by extensive contextual information
collected from the students, their teachers, and the administrators in their
schools. Together, these data provide the richest source of information ever
assembled sbout mathematics education in our country.

Developing and implementing the 1990 Trial State Assessment Program
was a considerable undertaking involving participation and teamwork from the
federal government, the states, the schools, the students, mathematics educators,
and measurement and assessment experts. Every effort was made to ensure the

"For detaiiod results and an explanation of procedures see the full report, Ina V.S. Mulls, John A. Dossey, Eugene H.
Owes, and Gary W. Phillips, The Stase of Mathemsatics Ackievemens: NAEP's 1990 Assessment of the Nation and the Trial
Assessment of the Staies (Washington, DC: National Center for Education Statistics, 1993).
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reliability and credibility of the results, including a congressionally mandated
independent evaluation.®

The assessment was based on a framework and questions developed
through a process of successive reviews by mathematics educators,
measurement specialists, state representatives, and other interested parties. The
materials were given to representative samples of students across the country--
including 26,000 students in 1,300 private and public schools nationally and, in
addition, to approximately 2,500 students in about 100 public schools in each
of the 40 participating states and territories.

The NAEP data ar» designed to provide a detailed portrait that can be used
in examining where the nation is in relation to its overarching goals for
mathematics education and how far mathematics educators have moved toward
meeting their standards. The results can also be used by each state to determine
in a general sense what its students know and can do in mathematics and how
this compares to the nation and other states. The data also permit an analysis
of the distribution of achievement, resources, and practices among demographic
subgroups in the nation and the states. This information can be used to
monitor students’ progress in achieving what has been recommended for reform
in school mathematics, to explore issues of equity in opportunity to learn
mathematics, and to examine both school and home contexts for educational
support.

The components -- social, economic, instructional, and political -- that
contribute to effective mathematics learning are massive in number. Yet
information related to many of these factors has been collected, and the results
provide extensive material for analysis by all concerned with improving
mathematics education in our nation. The NAEP data do not suggest a "quick
fix" for improving mathematics education; in fact, the assessment was not
designed to determine causal relationships. The results do show, however,
quite clearly and in some detail that mathematics education in our nation and in
our states is far from the vision described in the recommendations for reform
of what mathematics education could be. The findings further underscore the
large differences in achievement and instructional contexts among some
segments of our population, particularly Biack and Hispanic students and

*Panal on the Evaluation of the NAEP Trial State Asscasment Project, April 1991 Inierim Report on ihe Evaluation
of the 1990 Trial Suste Assessment (Palo Alto, CA: National Academy of Education, 1991).
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students attending schools in our disadvantaged urban areas, as compared to
Asian/Pacific Islander and White students and those attending schools in
advantaged urban communities.

_ OVERALL MATHEMATICS PERFORMANCE IN THE NATION

TABLE 1 presents the average mathematics proficiency for nationally
representative samples of fourth, eighth, and twelfth graders, as well as the
percentages of students performing at or above four anchor levels on the 0 to
500 NAEP mathematics proficiency scale.

TABLE 1 Overall Mathematics Proficiency

n: Grade ¢ I Gndeli Grade 12 u
Average Proficieacy 216(0.7) 265(1.0) 295(1.))
Levd Description P of ator Abo
200 Simple Additive Reasoning and Probleme Solving 72 (1.1) 98 (0.4) 100 (0.0)

with Whole Numbers
250 Simple Multiplicative Reasoning and Two-Step 11 (0.6) 67 (1.1) 91 (0.6)
Problem Solving
300 Ressoning and Probless Solving Involving 0 (0.0) 14 (1.1) 46 (1.4)
Fractions, Decimals, Percests, Elementary
i Geometry, and Simple Algebra
l 3se Reasoalag and Problem Solving Involving 0 (0.0) 0{0.9) 5 (06)
Geometry, Algebra, and Beginning Statistics and
Probability
— e —————— ]

The standard errors of the estimated percentages and proficiencies appear in parentheses. It can be ssid
with 95 percent certainty that for each populstion of interest, the estimate for the whole population is
wihain plus or minus two standard esrors of the value for the sampk. When the proportion of students is
either O peccent or 100 percent, the standard error is inestimable. Although no fourth-grade students
schjoved at v above Level 300, & few eighth graders (0.3 percont) did perform at or above Level 350.
However, pes entages less than 0.5 perccai are rounded 1o 0 percent.

To summarize the levels on the NAEP scale, a panel of 19 distinguished
mathematics educators analyzed the assessment questions to provide the anchor
descriptions. Based on their collective experience with mathematics curriculum
and classrooms, the panel further characterized Level 200 as material typically
covered by the third grade, Level 250 as material generally covered by the fifth
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grade, Level 300 material as content introduced by the seventh grade, and
Level 350 as content generally covered in high-school mathematics courses in
preparation for the study of advanced mathematics.

Fourth Grade. Approximately 72 percent of the fourth graders
demonstrated the ability to consistently solve simple addition and subtraction
problems with whole numbers--material typically covered by the third grade.
However, 11 percent demonstrated a grasp of multiplication and two-step
problems--material oftsn included in the fifth grade. No fourth graders
attained Level 300 on the NAEP scale, which would have indicated a
consistent grasp of fractions, decimals, percents, and simple algebra. This
finding is understandable, considering the composition of the current
curriculum in this country.

Eighth Grade. Virtually all the eighth graders (98 percent) demonstrated a
grasp of the third-grade material typified by Leve! 200--adding and subtracting
with whole numbers. Two-thirds showed that their mathematics understanding
included consistent success with multiplication and division of whole numbers,
or problems involving more than one step (typically fifth-grade content). Only
14 percent consistently demonstrated successful performance with problems
involving fractions, decimals, percents, and simple algebra--topics generally
introduced by the seventh grade. No eighth graders showed the breadth of
understanding necessary to begin the study of relatively advanced mathematics
(Level 350).

Twelfth Grade. All the high-school seniors demonstrated success with the
third-grade material. However, 91 percent showed mastery of the fifth-grade
content, indicating that not all students are graduating from high school with a
grasp of how to apply the four basic arithmetic operations to solve simple
problems with whole numbers. Fewer than half the high-schoo! seniors (46
percent) demonstrated a consistent grasp of decimals, percents, fractions, and
simple algebra, and only 5 percent showed an understanding of geometry and
algebra that suggested preparedness for the study of relatively advanced
mathematics.

These figures show that many students appear to be graduating from high
school with little of the mathematics understanding required by the fastest
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growing occupations or for college work.” Approximately half the twelfth
graders graduating from today’s schools appear to have an understanding of
mathematics that does not extend much beyond simple problem solving with
whole numbers.

PERFORMANCE IN THE MATHEMATICS CONTENT AREAS
FOR THE NA.{ION

The national assessment was designed to measure mathematics proficiency in
six content areas, including numbers and operations; estimation; measurement;
geometry; data analysis, statistics, and probability; and algebra and
functions.” FIGURE 1 shows that twelfth graders had approximately the
same average proficiency in each of these areas, but there were some
differences at grades 4 and 8.

At grade 4, students’ performance was relatively lower in numbers and
operations and estimation and relatively higher in measurement. At grade 8,
average proficiency was slightly higher in numbers and operations and
estimation than in the other content areas. These findings fit with the current
school mathematics curriculum, which emphasizes arithmetic knowledge in the
earlier years of schooling. In each content area, twelfth graders performed
more similarly to eighth graders than eighth graders did to fourth graders,
suggesting that as presently configured, the mathematics curriculum facilitates
more learning in the lower grades.

*Workforce 2000: Work and Warkers Jor the 215t Century (Indianapolis, IN: Hudson lnstitute, 1987).
Moving Beyond Myths: Revitalizing Undergraduate Mathemasics (Washington, DC: National Research Council, 1991).

“in cresting the overall scale, the content scales were weightsd as specified in Mathemarics Objedtives, 1990
Assessment. These were numbers and operations—45 percent at grade 4, 30 percent at grade 8, and 25 percent at grade 12;
measurement--20 percent at grade 4 and 15 percent at grades 8 and 12; goometry--15 percent ai grade 4 and 20 percent at
srades 8 aod 12; dats analysis, statistics, snd probebility-10 percent at grade 4 and 15 percent at grades 8 and 12; and
aigebrs and functions--10 percent at grade 4, 20 percent at grade 8, und 25 percent at grade 12, In sddition, the estimation
scale was constructed based on materisls in s special paced-sudiotape study administered oaly 10 national ssmpies at all
three grades.
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FIGURE 1

Average Proficiency in Mathematics Content Areas
at Grades 4, 8, and 12

e o ©
- 828§ $ 888 8§ 8 - 8§ 8§ § 8888 8
Y # e o
NUMBERS GEOMETRY [ s
mn o » 217 (0.8) 262 (1.0) 206 (1.3
4 1
OPERATIONS 213 (0.8) 269 (1.0) 294 (1.0) - s
DATA ANALYSIS,
4 8 12 “Am' 8 12
ESTIMATION T AND PROBABILITY
203 (1.4) 270 {(0.8) 283 (08) 266 (1.3) 205 (1)
4 8 12
MEASUREMENT ] ALGEBRA
222 (0.8) 281 (1.2) 204 (1.1} mn . 8 .2
Fu“cnous 2186 (O 264 (1.0) 27 (V1)
it S // i o I
o o © )
o8 8§ R 3 88 8 § 8 -8 8 g 3 888§ 8

The standard errors of the estimated proficiencies appear in parentheses. It can be said with 85 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.

Although questions requiring students to construct their responses were
included for all content areas covered by the assessment, a special study of
some open-ended questions was conducted for national samples of students.
Among these items, one which was given at all three grades follows. It
demonstrates the difficulty students had in applying basic mathematics skills.
Thirty-seven percent of the fourth graders, 66 percent of the eighth graders, and
77 percent of the high-school seniors accnrately determined the cost of ihe
meal from the menu.
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LUNCH MENU

Soups—Made by Our Chef Daily

Onion Soup . ... e e .80
Soupoftheday......................... ... ... ... ... ..., .70
Grilled Sandwiches

Beefburgers, cooked toorder; ............ ... ... ... ..., 2.15

174 1b of the finest beef available, seasoned
to perfection, and served on a lightly buttered bun

Beefburgerwith Fries . ............ .. ... ... ... ... . ... ..... 2.70
GrilledCheese. .. ............... it i 1.50
Griled HamandCheese . ................................. 2.50
Cold Sandwiches

Sliced Turkey. ....... ... ... ... 2.30
Turkey Salad . .......... ... ... ... 1.75
ChickenSalad.............. ... ... .. ... . .. 1.75
TunaFishSalad......... ... ... .. ... ... . ........... 1.90
Beverages

B L .65
Cola ... 60
MilK . . 50
Desserts

Ice Cream (vanilla, chocolate, strawberry).................... 1.10
Pie checkerboard). .......... ... ... ... ... .. . ... ... 1.75

According to the menu above, what is the cost of the following order?
Soupoftheday.....................

Beefburger with Fries. ... ............
Cola........oo i
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When the mathematics became at all complicated, performance fell off
dramatically, even for twelfth graders. For example, high-school seniors had
considerable difficulty with the following set of questions.

/| Q--y =2x-5

a. On the axes above, draw a line parallel to y = 2x — 5 that goes
through the origin O.

b. On the line below, write an equation of the new line.

Equation: }l = X

Only 32 percent of the high-school seniors drew the new parallel line on
the graph, when a correct response essentially required the ability to find the
origin O on the graph, the ability to find the existing line on the graph, and an
understanding of the term "parallel." Sixteen percent of the twelfth graders
answered both parts of this question correctly. Three percent of the students
provided the equation of the new line but did not draw it correctly.
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MATHEMATICS PERFORMANCE BY DEMOGRAPHIC
SUBGROUPS

Much of the concern about low mathematics achievement is centered on the
particularly low achievement of Black and Hispanic students, and many
recommendations for reform address this situation. The NAE? results by
demographic subgroup enumerated below substantiate the concern that the goal
of mathematics for all students is not being met, particularly for Black and
Hispanic students and for students attending schools in our inner cities.

» In general, Asian/Pacific Islander and White s._<.ats demonstrated the
highest average mathematics achievement overall and in each of the
separate mathematics content areas. Between the two groups, Asian/Pacific
snander students tended to outperform White students. Hispanic and Black
students showed much lower average proficiency overall and in the content
areas, but Hispanic students tended to perform better than the Black
students did. The achievement gaps between Asian/Pacific Islander and
Black students were large. For example, 70 percent of the Asian/Pacific
Islander twelfth graders demonstrated a grasp of fractions, decimals,
percents, and simple algebra (Level 300), compared to only 16 percent of
the Black twelfth graders.

» At grades 4 and 8, there seemed to be few gender differences, except males
had higher average proficiency in measurement and estimation. However,
at grade 12, males showed an advantage in every content area except
algebra and functions. The gender differences in overall performance were
most noticeable at the higher anchor levels on the scale.

» Consistently, those students attending schools in advantaged urban
communities had the highest average proficiency and those in
disadvantaged urban schools the lowest average proficiency. Those
students in extreme rural schools or schools in other community types
performed somewhere in between the two urban groups.

» Studonts in the Southeast had the lowest average achievement overall and
in each of the content areas. At grade 12, for example, 16 to 23 percent
fewer students in the Southeast attained Level 300 than did students in the
other regions of the country,

» At grale 12, students in academic school programs and with plans to attend
a four-year college after high school had substantially higher average
mathematics achievement than students in general or vocational/technical
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programs or those planning to enter the work force upon high-school
graduation. Yet the average proficiency of students in academic programs
was barely above Level 300 (material typically introduced by the seventh

grade).

As shown in TABLE 2, when average proficiency by school was
calculated, 10 percent of the high school seniors in the top one-third of the
schools demonstrated breadth of mathematical understanding (Level 350).
Even :n the higher-performing schools, relatively few twelfth graders appear to
be prepared for the study of relativcly advanced mathematics.

TABLE 2 Average Proficieacy and Percentage of Students at or Above Four Anchor
Levels on the NAEP Mathematics Scale for the Top One-Third of the
Schools ad the Bottom One-Third of the Schools

—_— — ————
Percentage of Students at or Above
Percent of Average
Students Proficiency Level Level Level Level
200 pL) 300 aso
Geade 4 Fr
Top One-Third Schools 3426) 232 (0.8) 90 (1.1) 2(1.9) 0 (0.0) 0 (0.0)
Bottom One-Third Schools 29(2.4) 198 (3.2) 46 (2.0) 3 (0.6) 0 (0.0) 0 (0.0)
Grade 8 “
Top One-Third Schools 29 (3.8) 284 (1.3) 100(62) 88(13) 29(23)  1(03)
Bottom One-Third Schools 33 (2.8) ‘ : 94(1.3) 4(1.8) 4 (0.5) 0 (0.0)
Grade 12
Top One-Third Schools 35(3.9) 312(1.09) 100(0.0) 97(06) 66(15) 10(1.1)
L Bottoms Opne-Third Schools 25 (2.9) 273 (1.1) 10002 77(1.7) 18(1.2) 1(03)

The standard errors of the estimated percentages and proficiencies appear in parentheses. It can be said with 95
percent certainty that for each population of interess, the value for the whole population is within plus or minus two
standard errors of the estimate for the sample. When the proportion of students is cither O percent or 100 percent,
the standard error is inestimable.

In the lower-performing schools, fewer than half the fourth graders
demonstrated a systematic grasp of addition with whole nuubers (Level 200),
and less than half of the eighth grader showed consistent success in two-step
problem solving with whole numbers (Level 250). Only 18 percent of the
graduating seniors demonstrated understanding of fractions, decimals, percents,
and simple algebra (Level 300). Two-thirds of the Black students and nearly
half the Hispanic students at all three grades attended lower-performing
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schools, as did about half tc two-thirds of the students attending schools in
disadvantaged urban communities.

HOME SUPPORT FOR SCHOOL

Parents are children’s first teachers and should remain instrumental to their
children’s educational success." Whether their children are in public or
private schools, parents can support learning in many ways, including
monitoring homework, turning off the television in favor of reading or other
literacy-related activities, and making sure that students are attending school.
The NAEP data, however, suggest that sizable proportions of students are in
home situations that are less than ideal for fostering school learning.

» Students in homes with resource materials such as newspapers,
magazines, and books had higher average mathematics proficiency, as
did students who read more pages each day for school and homework.
Those students with access to fewer resource materials and who did
less daily reading for school had lower average proficiency.

» Similarly, students who did homework on 3 daily basis tended to have
higher proficiency than those who did not do homework, particularly at
grades 8 and 12.

» The impact of parents’ level of education was once again reinforced by
NAEP mathematics results. Students with well-educated parents had
significantly higher achievement than did students with less well-
educated parents.

» Fourth and eighth graders attending Catholic schools and other private
schools had higher proficiency u:an did students attending public
schools, but at grade 12, the differsnce was greatly reduced.

YiCamegie Council on Adolescent Development, Turning Poinis: Preparing American Youth for the 2151 Century (New
Yok, NY: Camegie Corporation of New York, 1989),

James P. Comer, "Home, School, and Academic Leamning” in Access 1o Knowledge: An Agenda For Our Nation's
Schools, Jobn T. Goodlad and Pamela Keating, editors (New York, NY: College Entrance Examination Board, 1990).

The Harvard Education Letter, "Parenis and Schools” (Cambridge, MA:  Huvard University Press,
November/December 1988).
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» Students with both parents in the home had higher mathematics
achievement, but only about three-fourths of the students at all three
grades reported having both parents in the home.

» Eighth and twelfth graders who attended school regularly also
performed better on the mathematics assessment. Yet 22 percent of the
cighth graders and one-third of the twelfth graders had missed three or
more days of school in the month preceding the assessment.

» Finally, there was a negative association between mathematics
proficiency and amount of television watched cach day. At all three
grades, students who reported watching six hours or more of television
per day had substantially lower average mathematics proficiency than
their classinates who watched less television. One-fourth of the
students at grade 4 reported watching six or more hours of television
each day.

MATHEMATICS PERFORMANCE AT GRADE 8
IN THE STATES

FIGURE 2 provides a method for making appropriate comparisons in average
overall mathematics proficiency across the states (including the District
Columbia) and territories participating in NAEP’s 1990 Trial State Assessment
Program. The states are listed by overall average mathematics proficiency.
However, the information presented in FIGURE 2, which uses appropriate tests
of statistical significance to determine when average proficiency between states
differs, shows that it would be quite misleading to assign numerical rankings (1
to 40) to these results. As can be seen, the pattern for most states is one of
having lower average proficiency than some states, the same average
proficiency as some states, and higher average proficiency than some states.

To find out how any one state performed in comparison to the other states, find
the state’s name in the left column in FIGURE 2 and then read across the
figure.

Essentially, North Dakota, Montana, lowa, Nebraska, Minnesota, and
Wisconsin bad similar overall average mathematics proficiency for public-
school eighth graders, although Montana had higher average proficiency than
did Minnesota and Wisconsin. Because the overall average proficiency from
state to state tended to be very similar, and the degree of the measurement
error was slightly different from state to state, this type of overlapping
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FIGURE 2

Comparisons of Overall Mathematics Proficiency
Based on Appropriate Tests of Statistical Significance
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Note: Readin'q ;uéhm, from feft to right, this chart shows whether the average For any given stats;
proficiancy o state or territory is lower than, the sama as, or higher than v i :
ihat of othér participants i gvm%rﬂm average pmfency statistically significantly higher

*Significance detarmined by an application of the Bonfarroni procedure bases [ No statistically significant differsnce from comparison state.
on 780 comparisons by comparing the difference betwoen the two means IR Overall average proficiency statistically significantly lower
with four times the square root of the sum of the squarad standard errors. than comparison state,




prevailed across the assessment results. For example, performance in New
Hampshire, Wyoming, Idaho, and Oregon, did not differ from that in Nebraska,
Minnesota, and Wisconsin.

However, there was considerable difference between overall average
mathematics proficiency in the higher-performing states and overall average
mathematics proficiency in the lower-performing states. An examination of
contextual background data from the NAEP assessment and other sources
suggests that the higher-performing states tended to have had fewer students in
large-city schools, fewer students in free-lunch programs, smaller percentages
of Black and Hispanic students, smaller percentages of students watching six
hours or more of television each day, and larger percentages of students with
both parents in the home. Higher-performing states also tended to be less
densely populated in general. The lower-performing states tended to be in the
Southeast. The District of Columbia and the two participating territories
(Guam and the Virgin Islands) were also among the lower-performing
participants. The Virgin Islands participated in the 1990 Trial State
Assessment Program despite losing five weeks of school prior to the
mathematics assessment as a result of Hurricane Hugo.

TABLE 3, which presents state-level results in alphabetical order, provides
the overall average proficiency for each state and territory and the percentage
of students performing at or above each anchor level on the NAEP scale.
TABLE 3 also provides national and regional results for a subset of the grade 8
national data that provides a better basis for making state-to-nation
comparisons.’* Thus, these national and regional results differ from those
presented previously. When considering results for the nation and its regions,
it is best to use the data already presented. When comparing state results to
the nation or a region, it is best to use the accompanying results in the tables.

1"Whereas the results for cighth graders presented for the 1990 national assessment are based on the full NAEP samples,
including eighth graders in both public and private schouls who were assessed during January o mid-May, thoss used for
national comparisons in the Trial State Assessment Program involve only eighth graders sttending public schools who were
sssessed during s shoster January to mid-March time period (also a nationslly representative sample). The 1990 Trial State
Assesament Program was conducted during the month of February, and only public school students were assessed.
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TABLE 3 |  Overall Average Mathematics Proficiency and Anchor Level Results

Percentage of Students at or Adbove Four Anchor Levels on the NAEP
Mathematics Scaie
GRADE 8 Average
PUBLIC SCHOOLS Proficiency Level 200 Leve! 250 Level 300 Level 350
NATION 261 (1.4) 97 {0.7) 84 (1.8) 12(1.2) 0(0.2)
Northeast 269 (3.4) 83 (0.6) 72 (4.8) 16{2.7) 0{0.5)
Southeast 253 (2.7} 84 {2.2) 52 (3.2 8{1.8) 0 (0.0
Central 285 {2.6) 88 (0.9) 70 (3.2) 12 {2.5) 0(0.2)
Wast 261 (2.6) 87 (1.0) 83 (2.8) 12 (2.4) 0{0.4)
STATES
Alsbama 252 {1.2) 96 {0.7) 52 (1.7) 7{0.7) G{0.4)
Arizons 250 (1.2) 28 (0.3) 1 {(1.9) 10 (1.0) 0{0.1)
Arikansas 258 (0.9) 7 (0.5) §7{1.8) 7(0.0 0(0.0)
California 258 {1.3) 85 {0.9) 56 {1.8) 11 (4.0} 0(0.1)
Colorado 267 (1.0) 89 (0.3) 72 (1.5) 14 (0.9) 0(0.0)
Connecticut 270 {1.1) 98 (0.4) 72 (1.4} 18(1.0) 0(0.1)
Delaware 281 (0.7) 97 (0.5) 60 {1.2) 13(0.9) 0(0.2)
District of Columbia 231 (0.7) 88 {0.8) 23 (1.0) 2 {0.5) 0{0.1)
Florida 255 (1.2) 96 (0.7) 54 {1.7) 10{1.0) 0(0.0)
Georgia 258 {1.3) 98 (0.5) 50 {1.8) 12 {1.1) 0 (0.1)
Hawail 251 {0.6) 93 (0.6) 49 {1.0) 10{0.8) 0{02)
idaho 212 (o.M 400 (0.2) 79 {1.0) 15(0.9) 0.1
Hinois 260 (1.7) 96 (0.8) 84 (2.1) 12{(1.1) 0{0.1)
indiana 267 (1.1) 90 (0.4) 71 (1.5} 14 (1.2) 0(0.1)
lowa 278 (1.0} 100 (0.4) 84 (1.3) 21 (1.4) 0 (0.2)
Kentucky 256 (1.4) 98 (0.5) 57 {(1.7) 8 {0.8) 0 (0.0
{ouisiana 246 (1.2) 84 (0.8) 43 (1.8) 4 {0.6) 0 (0.0)
Maryiand 260 (1.4) 96 (0.5) 61 (1.8) 14 (1.2) 0(0.1)
Michigan 2684 (1.1) $8 {0.3) 67 {1.5) 13{1.0) 0 (0.1}
Minnasota 276 {(0.9) 90 (0.3) 82 (1.0 20 {1.1) 0(0.1)
Montana 280 (0.8) 100 (0.4) 83 {0.8) 23 (1.4) 00.1)
Nebraska 278 (0.9) 0 {0.3) 81 {1.2) 21(1.2) 0(0.2)
New Hampshira 273 (0.8) 100 {0.2) 79(1.2) 17 (1.4) 0({0.2)
New Jersey 289 (1.0) 90 {0.4) 72{1.5) 19 (1.3) 0({02)
New Mexico 258 (0.8) 88 (0.5) 56 (1.3) 8{0.8) 0 (0.0
New York 261 {(1.3) 98 (0.8) 62 (1.9) 13{1.0) 0(0.1)
North Carolina 250 (1.0 94 (0.6) 48 {1.4) 7{0.7} 0 (0.0)
North Dakota 28% (1.2) 100 (0.2) 88 {1.4) 24{1.7) 0 (0.4)
Ohio 264 {1.0) 98 (0.3) 67 (1.3) 12(0.9) 0 {0.0)
Okishoma 263 {1.2) 0 (0.4) 87 (1.7) 10{1.0) € (0.0}
Oregon 274 (1.0} 0 (G.2) 76 (1.4} 18 (4.0) 0 (0.1}
Pannsyivania 206 {1.8) 98 {0.4) 86 (2.1) 15(1.2) 0{0.1)
Rhode Isiand 260 {0.5) #8 (0.5) 84 (0.8} 12 (0.8} 0{0.)
Taxas 258 {1.3) 97 {0.8) 58 {1.8) 10 (0.8} 0{0.1)
Virginia 264 (1.5) 88 (0.4) 84 (1.8) 15(1.8) 1{0.4}
West Virginia 258 {0.9) 98 (0.4) 56 (1.4) 7 {0.8) 0(0.0)
wisconsin 274 (1.3) 89 (0.3) 80 {1.4) 20 (1.4) 0{0.2)
Wyoming 272 {0.6) 100 {0.1) 80 (1.0) 15(0.7) 0 (0.4}
TERRITORIES
Guam 23 (0.8) 81 {1.0) 28 {0.8) 3{04) o01)
Virgin islands 218 (0.5) 78 {1.5) 11 (0.8) 0 (0.2) 0 (0.0)

The standard errors of the estimated percentages and proficiencies appear in parentheses. It can be said with 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. When u;engmporucn of students is either 0 percent or 100 percent, the standard error is inestimahle. However,
centages 99.5 percent greater were rounded 10 100 percent and percentages less than 0.5 percent were rounded to 0 percent.
escriptions of mathematics proficiency at the four anchor levels are found in Chapter One.
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More than 90 percent of the students across the states and sometimes all
(or nearly all) reached Level 200, except in the District of Columbia and the
two territories. Thus, most eighth graders attending public schools in the
participating states demonstrated a grasp of additive reasoning with whole
numbers typical of materials generally covered by the third grade. Conversely,
very few eighth-grade students attending public schools, if any, reached Level
350 across all the states and territories participating in the Trial State
Assessment Program.

The large variability in performance within each state or territory and the
differences in achievement across participating entities are illuminated by the
differing percentages of students who performed at or above Levels 250 and
300. For example, in the District of Columbia, Guam, and the Virgin Islands,
the percentages of public-school eighth graders attaining Level 250 or above
ranged from 11 to 28 percent and for the participating states, the percentage of
students attaining Level 250 ranged fror: 43 percent in Louisiana to 88 percent
in North Dakota and Montana. Thus, while most of the students in some states
demonstrated a grasp of mathematics that included multiplicative reasoning and
two-step problem-solving with whole numbers, in other states and territories,
far fewer eighth graders had reached this level of understanding. Similarly, the
percentages of eighth graders attending public schools performing at or above
Level 300 ranged from O to 24 percent, showing that in some states and
territories, very few eighth graders demonstrated a grasp of decimals, fractions,
percents, and simple algebra. However, in North Dakota (24 percent) and
Montana (23 percent) almost one-fourth of the eighth graders demonstrated this
understanding

TABLE 4 summarizes the average proficiency in each of the five
mathematics content areas for each of the states. North Dakota, lowa, and
Montana were the higher performing states in numbers and operations,
although Nebraska, Minnesota, and Wisconsin did not have lower average
proficiency than lowa or Montana. North Dakota, Montana, lowa, Nebraska,
Wisconsin, New Hampshire, and Minnesota all had similar average proficiency
in measurement, although Montana had higher average proficiency than did
Minnesota. Also, a number of other states had average proficiency that did not
differ from average proficiency in lowa, Nebraska, Wisconsin, New Hampshire,
and Minnesota. Although this type of overlapping prevailed across the average
proficiency results for the content areas, Montana, North Dakota, and lowa had
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higher average proficiency in geometry than many other participating states and
territories. North Dakota, Montana, lowa, and Minnesota generally had higher
average proficiency in data analysis, statistics, and probability. In algebra and
functions, Montana, North Dakota, lowa, Minnesota, and Nebraska were the
higher-performing states.
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TABLE 4 |  Average Proficiency in Mathematics Content Arexs

Data Analysis,
GRADE 8 Numbers and Statistics, and Algebra and
PUBLIC SCNOOLS Operations Measuremant Geometry Probability Functions
NATION 266 (1.4) 258 (1.7) 259 {1 .4) 262 (1.8) 260 {1.3)
Northeast 271 {3.1) 268 (4.7) 268 {3.6) 273 (3.6) 267 (3.4)
Southeast 259 (2.9) 246 (3.8) 249 (2.6) 250 (3.3) 254 (2.7)
Central 270 (2.7) 263 (3.4) 262 (3.1 265 (3.2) 263 (2.1)
West 264 (2.6) 258 (3.0) 260 (2.6) 262 (3.6) 259 (2.4)
STATES
Alabama 250 {1.2) 247 {1.4) 248 {1.2) 251 (1.8) 251 (1.4)
Arizons 264 {1.2) 257 (1.4) 258 {1.9) 258 {1.4) 258 (1.3)
Arkansas 202 {(098) 253 {1.2) 253 {1.0) 254 (1.2) 253 {1.1)
California . 250 {1.2) 252 (1.5) 255 (1.3} 254 (\.7) 256 (1.3)
Colorado 268 {1.0) 265 (1.3) 265 {1.1) 268 (".1) 266 (1.1)
Connecticut 273 (1.0) 269 (1.5) 266 {1.4) 272 (1.4} 268 (1.2)
Delaware 265 (0.8) 258 {1.0) 256 (0.7) 261 (1.9) 260 (1.0)
District of Columbia 238 (0.8} 221 (1.0) 228 (0.9) 222 (1.1) 235 (1.1)
Florida 260 (1.2) 251 (1.4) 251 (1.3) 255 (1.5) 255 (1.3)
Georgia 263 {1.2) 252 (1.5) 258 {1.9) 200 (1.5) 257 (1.5)
Hawall 258 (0.9) 249 (0.8) 252 (0.7) 242 (1.0) 249 (0.8)
idaho 274 (08} 270 (1.0) 269 {0.8) 274 (0.9) 269 (0.9)
Hiinois 265 (1.7) 256 (2.0) 258 (1.7) 262 (2.0) 200 (1.7}
indlana 271 (12) 263 {1.3) 284 {1.1) 269 {1.4) 285(1.2)
iowa 283 (1.0) 277 {(1.5) 275 (1.3) 281 {1.2) 274 (1.1)
Kentucky 261 (1.2) 253 (1.5) 253 {(1.2) 257 (1.3) 256 (1.1)
Louisiana 253 (1.1) 241 (1.5) 242 {1.3) 243 (1.6) 245 (1.3)
Maryland 264 (1.4) 258 {1.7) 256 (1.4) 260 (1.5) 263 (1.6)
Michigan 268 (1.2) 260 (1.3) 262 (1.0) 264 (1.4) 264 (1.2)
Minnasota 279 (1.0) 272 (1.4) 273 (1.1) 278 (0.9) 274 (0.9)
Montana 282 {1.0) 279 (1.4) 280 (0.8) 282 (0.8) 278 (0.9}
Nebraska 279 (1.0) 274 {1.4) 213 {1.1) 279 (1.0) 273 (1.0)
New Hampshire 278 (1.0) 2712 (1.3) 272 (1.9) 278 (0.9) 271 (1.0)
New Jorsey 274 (1.4) 267 (1.4) 298 (1.1) 270 (1.3) 288 (1.4)
New Mexico 258 (0.8) 253 (0.8) 257 (0.9) 253 (1.1) 258 (1.0)
New York 263 (1.3) 255 (1.6) 259 (1.4) 263 (1.7) 260 (1.2)
North Carolina 255 (1.0) 241 (1.1) 249 {1.0) 247 (1.3) 251 (1.0)
North Dakota 286 (1.9) 280 {1.9) 278 (1.3) 286 (1.5) 275(1.1)
Ohio 268 {1.0) 259 (1.2) 260 (1.1) 266 (1.2) 262 (1.0}
Oklahoma 268 {1.2) 258 (1.5) 250 (1.4) 264 (1.8) 262 (1.2)
Oregon 273 (1.0) 268 (1.3) 270 (0.8} 274 (1.3) 270(1.4)
Pannsyivania 270 (1.5} 265 (2.0) 263 (1.7) 268 (1.8) 265 (1.8}
Rhode istand 264 (0.8) 256 {0.8) 256 {0.8) 258 {0.6) 261 (0.8)
Texas 262 (1.2) 253 (1.4) 258 (1.4) 256 (1.7) 258 (1.5)
Virginia 268 (1.4) 259 (1.8) 261 (1.5) 264 (1.8) 265 (1.6)
West Virginia 260 (0.9) 252 (1.3) 254 {0.8) 256 (1.2) 254 (1.0)
Wisconsin 278 {1.2) 273 {(1.7) 272 (1.3) 277 (1.4) 271 (1.3)
Wyoming 275 (0.7) 270 (0.8) 270 (0.8) 274 (0.7) 270(0.7)
TERRITORIES
Guam 238 (0.7) 227 (0.9) 238 (0.8) 213 (0.8) 230 (0.7)
Virgin istands 227 (0.8) 214 {1.3) 222 (0.8) §86 {1.2) 248 {0.8)

The standard errors of the estimated proficiencies appear in parentheses. 1t can be said with 95 percent cerlainty thai for each
population of interest, the value for the vthole population is within glus or minus two standard errors of the estimate for the
sample. Descriptions of the content area scales are found in Chapter .
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In general, for both overall mathematics proficiency and for average
proficiency in the content areas, the performance by demographic subgroups
within each state reflected the achievement gaps described for the nation.
However, there was tremendous variation from state to state in composition of
the population of public school eighth graders by racial/ethnic subgroup, type
of community, level of parents’ education, the amount of reading resurce
materials in the homes, absenteeism, and even television-viewing habits,

CURRICULAR EMPHASES IN CONTENT AREAS
AT GRADES 4 AND 8 IN THE NATION

To collect information about students’ curriculum in the content areas covered
by the 1990 NAEP assessment at grades 4 and 8, students’ teachers were asked
to estimate the degree of instructional emphasis they placed on each of the
various content areas for which mathematics educ*~rs recommend a broad and
balanced approach.”” These results are summarized in TABLE 5. In addition,
eighth and twelfth graders were asked about their course taking in mathematics.

YCurriculum and Evalustion Standards for School Mathematics (Reston, VA: National Council of Texchers of
Mathematics, 1989).
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TABLE 5 Summary of Teachers’ Reports on the Instructionsl Emphasis Placed
on Each of Five Content Areas

e
—

Heavy Emphasis Moderate Emphasis Little or No Emphasle

s221) 21304 BRI 2Aa6(3) 2821 AL
S1(27) 264(13) 3S(24) 270018 14(13) W27

18(20) 221(23) 67(23) 244(1.0) 15(20) 22Q4)
170.7)  264(13) S0(26) 260(1.6) 325 274 (29)

8(11) 214(33) $3(26 219(.1) 39 (26)  218(19)
2722) 26320 H(25) W2(16) B(24  2650.6)

11 (1.3) - 29 (25) - 59 (2.4) -
14(.7) 271 (30) 3022  269(3.0)  56(2.8) 266 (1.8)

104 21262 1517 21520) 87 218008
S0(21) 2B B 256(21) 17(18)  246(25)

-—

*At grade 4, for data analysis, statistics, and probability and for algebra and functions, the question was phrased

t0 cover oaly introductory roncepts. (~) Because of too few questions in that area, 00 proficiency scale was
developed at grade 4 for data analysis, statistics, and probability. The standard eors of the estimated percentages
and proficiencies appeas in parcntheses. It can be said with 95 percent certainty that for each population of interest,
the value for the whole population is within plus o minus two standard errors of the estimate for the sample.
Population percentages may not total 100 peroent due to rounding

According to their teachers, the greatest percentage of fourth graders (42
percent) were receiving heavy instructional emphasis in numbers and
operations. Less than one-fifth were receiving heavy emphasis in any other
mathematics content area. However, two-thirds were receiving moderate
instructional emphasis in the area of measurement and the majority were
receiving moderate emphasis in geometry.

Eighty-four percent of the fourth-grade students were receiving little or no
instructional emphasis in introductory concepts pertinent to algebra and
functions. The average proficiency of the fourth graders did not tend to differ
by the instructional emphases provided in the content areas, except in
measurement, where those students whose teachers provided a moderate degree
of emphasis had higher proficiency than either the students whose teachers

provided heavy emphasis or little or no emphasis.
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At grade 8, the teachers reported a less balanced approach in their
instructional emphases across the mathematics curriculum. Half the students
were receiving heavy emphasis in numbers and operations and half were
receiving heavy emphasis in algebra. About one-fourth were receiving heavy
instructional emphasis in geometry and relatively few were receiving heavy
instructional emphasis in the other two content areas.

This pattern reflects tracking eighth graders into at least three different
courses--eighth-grade mathematics, pre-algebra, and algebra. The percentages
of students in these courses and their proficiency are presented in TABLE 6.

TABLE 6 Average Proficiency in Algebra and Functions by Algebra Course Taking: Grade 8

— —

Eighth-Grade Mathematics Pre-Algelea Algebra

Percent of Average Percent of Avesage Percent of Average
Students Profidency Students Proficiency Students Proficiency

58(1.5) 255 (1.0) 22 (13) 274 (1.5) 16 (1.0) 297 (2.2)
55 (1.8) 261 (1.2) 2 (1.7) 279 (1.3) 18 (1.3) 301 22) ||
68 (2.8) 235 (1.8) 21 (2.1) 255 (3.2) 7(13) 265 (6.1)
69 (2.3) 243(1.7) 17 (1.8) 263 (2.3) 10 (13) 274 (4.5)

35 (6.8) 263 (4.6) 24 (5.3) 281 (7.8) 38 (5.3) 310 (4.9)

48(52) 271 (4.6) 25 (4.9) 287 (2.4) 26 (2.5) 306 (7.0)

64 (3.5) 243 (2.6) 17 (2.4) 260 (5.7) 15 (2.0) 285 (3.7)
62 (7.6) 253 (3.1) 21 (42) 270 (4.7) 13 (4.9) 291 (3.4)
9 (1.7 254 (1.4) 23 (1.6) 274 (2.9) 15 (1.1) 297 (2.4)
60 (1.6) 253 (1.1) 21 (1.4) 274 (1.4) 15 (1.0) 298 (2.4)
47(42) 270 (2.0) 27 (28) 277 (2.5) 23 (2.8) 294 (3.8)
59 (1.5) 255 (1.1) 21 (13) 276 (1.6) 16 (1.1) 300 (2.4)
58 (1.8) 254 (1.2) 23 (1.5) 273 (1.6) 16 (1.2) 294 (2.4)
59 (3.7) 259 (2.1) 18 (27) 279 (3.2) 18 (2.1) 299 (4.0)
57 (33) 244 (2.5) 29 (3.8) 271 23) 12(1.9) 294 (3.5)
59 (2.5) 260 (1.7) 2 2.1) 276 (1.7) 15 (1.8) 296 (3.6)
58 (2.6) 255 (2.3) 19 (1.9) 273 (22) 19 (2.3) 299 (4.4)
7% (2.7) 241 (1.7 18 (2.5) 267 (3.8) 3(0.7) 269 (8.3)
66 (2.2) 250 (1.3) 21 (2.2) 267 (2.0) 9 (1.0) 281 (32)
58 (2.0) 261 (1.2) 24 (1.3) 277 (1.6) 15 (1.3) 298 (2.0)

48 (1.9) 263 (1.5) 24 (1.6 280 (1.5) 25 (1.5) 303 (2.4)

The standard crmors of the estimated percentages and proficiencies appear in parentheses. It can be sakd with 95 percent certainty

that for cach population of interest, the value for the whole population is within plus or minus two standasd errors of the estimate

for the sampie. Percentages mav not total 100 percent because a few atudents reporied taking other mathematics courses. Haterpret
with caution--the nature of the sample does not allow accurate determination of the variability of the results for this population subgroup.
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More than half of the students reported taking eighth-grade mathematics,
22 percent pre-algebra, and 16 percent algebra. However, 38 percent of the
Asian/Pacific Islander eighth graders and approximately one-fourth of the
students attending schools in advantaged urban areas, those in private schools,
and those with at least one parent who had graduated from college were taking
algebra. In contrast, two-thirds of the Black eighth graders were in eighth-
grade mathematics classes, as were two-thirds of the Hispanic students. This
was also true for students whose parents had at most a high-school education
and for those eighth graders attending schools in disadvantaged urban areas.

Because students tend to be assigned to eighth-grade mathematics courses
based on their previous achievement, it follows that the mathematics
proficiency of students in pre-algebra and algebra courses was higher than that
of students in eighth-grade mathematics classes. It may also help explain why,
as was shown in TABLE §, the students receiving heavy emphasis in numbers
and operations tended to have lower average proficiency than those receiving
less emphasis. The students with higher proficiency tend to have been assigned
to pre-algebra and algebra courses and were receiving heavy instructional
emphasis in algebra.

CURRICULAR EMPHASES IN CONTENT AREAS
AT GRADE 8 IN THE STATES

TABLE 7 presents the course-taking results for eighth graders attending public
schools across the states. In each participating state, higher average
mathematics proficiency was associated with each successively higher level
mathematics course. However, this relationship did not necessarily hold across
states. For example, the District of Columbia had the largest percentage of
public-school eighth graders taking algebra (32 percent), but its average
mathematics proficiency was among the lowest of the participating states and
territories. North Dakota, on the other hand, had one of the lowest percentages
of eighth graders taking algebra (8 percent), but its overall average proficiency
was one of the highest.

Teachers’ reports about the percentages of students receiving heavy
instructional emphasis across the states in the five mathematics content areas
are presented in TABLE 8. The instructional emphasis reported by teachers in
the states mirtored the course-taking results, with students receiving the most
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instructional emphasis in either numbers and operations or algebra and
funciions. In 15 states, the majority of the eighth graders attending public
schools were receiving heavy emphasis in numbers and operations. Only in
Colorado, Wisconsin, New Hampshire, Minnesota, Maryland, and Oregon were
less than 40 percent of the students receiving heavy emphasis in numbers and
operations.

With the exception of Georgia and the Virgin Islands, less than one-third of
the eighth graders in any participating state were receiving heavy instructional
emphasis in the area of measurement. Compared to the emphasis placed on
numbers and operations, the eighth graders in public schools across the states
also were receiving much less emphasis in geometry, although this tended to
differ considerably from state to state. For example, in New York, 40 percent
of the eighth graders attending public schools were receiving heavy emphasis
in geometry, compared to 20 percent or fewer of the students in 22 of the other
participating states. Few states were giving much emphasis to eighth-graders’
learning in data analysis, statistics, and probability. In 17 states, 10 percent or
fewer of the students were given heavy instructional emphasis in this area.

In 16 states, the majority of the eighth graders attending public schools
were receiving heavy emphasis in algebra and functions. In all the
participating states except Hawaii, at least one-third of the students received
heavy instructional emphasis in algebra and functions. However, across the
states, considerable percentages of eighth graders, from 8 to 36 percent, were
receiving little or no emphasis in algebra and functions.
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TABLE 7 | Students’ Reports on Their Current Mathematics Course

Eighth-Grade Mathematics Pre-Algebra Algebra
GRADE 8 Percont of Average Percent of Average Parcent of Average
PUBLIC SCHOOLS Students Proficlency Students Proficiency Students Proficiency
RATION 62 (2.1) 251 (1.4) 19 (1.8) 272 (24) 15 (1.2) 206 (2.4)
Northeast 63 (5.8) 259 (2.9) 18 (3.9) 278 (B.7)! 18 (3.3) 207 (3.6)
Southaast 84 (3.7) 241 (3.4) 23 (4.4) 269 (4.5) 11 (2.2 296 (4.8)!
Central 58 (4.8) 255 (3.1) 22 (4.3) 278 (3.4) 15 (2.8) 288 (5.4)
West 83 {2.7) 252 (2.4) 15 (2.7) 2686 (3.6) 17 (1.8) 299 (4.5)
STATES \ .
" Alabema 08 (2.5) M3 (18) 20 (1.9 268 {2.1) 11(1.2) 207 (3.0)
ATZONS s 48 (1.5) 248 (1.9) 28 {(1.8) 208 {1.8) 18 (1.9) 209 (24)
Arkansas 72(22) 248 (1.0) 18 (1.9) 270 (2.9) 10 (1.4) 289 (2.4)
. California 58(1.9) 242 (1.1) 21 (14) 272 (2.2) 18 (1.0) 293 (2.0)
Colorado 48 (2.5) 255 (1.4) 32 {2.1) 270 (4.2) 18 (1.1) 285 (2.0)
Connecticut 50 {1.9) 251 {1.3) 30 (1.8) 280 (1.0) 17 {1.0) 308 (1.1)
Delaware 48 (1.2) 243 {0.7) 25 (1.2 264 (1.3) 24 (0.9) 205 (1.7)
District of Columbia 57 (1.0) 217 (0.8) 10 (0.6) 241 (1.7) 32 (0.9) 253 (1.4)
Florida 63 {1.8) 242 (1.4) 18(1.2) 271 (1.8) 14 (1.0) 298 (1.8)
- GOOIpia 57 (2.8) 244 {5.1) 28 (1.9) 27 {1.8) 14 {(1.3) 00 {24)
Hawsi! 81 (1.0) 257 (0.8) 24 (0.9) 273 (1.3) 10(0.8) 208 (2.2
aaho 47 (1.9) 264 (0.7} 32 (1.2) 271 (1.4) 13 (1.1) 01 {1.2)
Hiinols 63 (2.4) 251 (1.7) 18 (2.0 268 (3.7) 18(1.3) 290 (2.8)
‘indiana 08 (2.9) 258 (1.1) 18 {18) 262 (22) 43 (1.1) 086 (2.4)
‘lowa 60 (2.8) 272 (1.1) 19 (2.7) 237 (2.1) 10 {(1.0) 311 (2.4)
Kentucky 87 (2.2) 247 {(1.9) 18 (1.7) 270 (1.9} 12 (1.2) 289 (2.2)
Louisiana 53 (2.8) 238 {1.5) 34 (2.8) 251 (2.3) 12 (1.1) 265 (4.2)
Maryland 38 (2.0) 237 (1.4) 32 (1.4) 261 (1.6) 27 (1.5) 291.(1.7)
Michigan 59 (2.8) 253 (14) 24 (2.1} 272 (1.5) 14 {1.4) 300 (2.1)
Minnesots 54 (3.0) 208 (1.3) 25 {24) 281 (1.4) 17 (1.4) 3093 (1.8)
Montana _ 50(24) = 278 {1.0) 28 (1.9) 281 (1.4) 12 (1.5) 200 (3.9)
Nebraska 08 (2.5) 211 (12) 20 (2.1 277 (1.4) 11 (1.0) 307 (2.0)
New Hampshire §5{1.3) 262 (1.0) 28 (1.0) 280 (1.0) 14 (0.9) 308 (1.9)
New Jersey 55 (2.2) 255 (1.2) 24 (2.9) 275 (2.0) 18{1.1) ' 306(14)
New Mexico 62 (1.2) 247 (0.7) 23 (1.4) 265 (1.5) 11 {0.6) 288 {1.9)
New York 73 (1.8) 252 (14) 8(1.2) 273 (2.7} 13 (1.1) 201 (2.7)
North Carolina 58 (1.8) 234 (1.1) 22 (1.4) 262 (1.4) 17 (1.3) 200 (1.3)
North Dakots 73 (2.0) 277 (1.4) 17 (1.9) 289 (2.4) 8 {1.0) 307 {4.4)
Ohio 63 (2.2) 254 (1.2) 20 (2.0} 270 (1.9} 18 (1.1) 300 (1.5)
Oidahoma §3(2.7) 254 {1.5) 0 (2.7) 267 (4.8) 13(1.1) 200 (2.8)
Oragon 43 {(1.5) 254 {1.2) 30 (1.2) 278 (1.4) 20 (4.1) 05 (1.5)
Pannsyivania 48 2.5) 248 {1.8) 24 (2.2} 275 (1.5) 25 (1.6) 206 (1.4)
Rhode isians 52(1.9) 243 (0.7) 25 {0.8) 272 (0.9) 18 (0.9) 298 (1.7}
Texss 72 (2.0) 249 (1.4) 14 {1.5) 274 (2.8) 12 (4.0 208 (4.8)
Virginia 48 (2.0) 244 (1.5) 35 (1.8) 271 (1.5) 16 {1.0) 305 (2.4)
West Virginta 83 (2.0) 244 (1.2) 19 (1.8) 267 (1.3) 18 (1.2) 291 (1.8)
Wisconsin 88 (2.5) 268 (1.4) 17 (1.8) 284 (2.3) 13 (1.3) 307 (1.9)
Wyoming 48 (1.0) 266 (0.9) 31 (0.9) 270 {1.1) 18 (0.8) 303 (1.2)
TERRITORES :
Guam 77 (1.0) 225 (0.8) 12 {0.7) 255 (2.1) 7(0.6) 280 (4.1)
Virgin Istends 83 {0.7) 218 (0.8) 3 (05) *ee (4re) 8 {0.8) 240 {4.3)

The standard errors of the estimated percentages and proficiencies appear in parentheses. It can be said with 95 percent certainty
that for each g:pulm‘on of interest, the value for the whole population is within plus or minus two standard errors of the estimate
for the sample. The:meenugeqmaynotaddto 100 percent because a small number of students reported taking other
mathematics courses. *#*Sample size insufficient to permit reliabie estimate. There were fewer than 62 students. ! Interpret with
caution - the nature of the sample does not allow accurate determination of the variability of this estimatad statistic.
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TABLE 8 Teachers” Reports on Placing Heavy Instructional Emphasis on Specific Content
Areas
Data Analysis,
Numbers and Statistics, and Aigebra and
Operations Measurement Gaometry Probability Rmnclions
GRADE 8 Percant of | Average [ Percant of | Average |Parcent of | Average |Percent of | Average |{Percant ol | Average
PUBLIC SCHOOLS Students |Preficiency] Students {Preficlency| Students [Preficlency] Students |Preficlancy] Students | Preficiency
NATION 48 (3.8) 260 (1.8) 17 (3.0) 250 (5.8) 25 {3.8) 260 (3.2) 14 {2.2) 269 (4.3) 45 (3.8) 275 {2.5)
Northaast 41 (6.9) 268 (2.8) 32(11.5) 257(11.7) 46{11.9) 264 (6.1} 12 (6.1) ** (***) §2(11.5) 273 (8.6)
Southeast 58 (7.3) 25R (3.1) 13 (6.8) 242 {7.6) 22 (7.0) 253 (7.5} 19 {5.8) 274 (5.8) 42 (6.0) 277 (5.6}
Central 54 (7.2) £64 (4.3) 17 (5.7) 247(12.5) 26 (7.0) .81 (7.9)! 12 (2.5) 262 (7.5) 50 (7.6) 273 (3.6)
West 42 (7..) 257 (3.6) 11 (2.8) 251 (7.7} 24 {6.3) 260 (2.8)} 14 (3.,7) 264{10.6)) 43 (5.6) 277 (5.2)
STATES
Alabama S§8 (3.0) 254 {1.8) 24 (33) 244 (3.7) 26 {3.0) 251 (2.6) 11 {1.8) 242 (5.6) 4% (3.0} 208 {(1.8)
Arizons 52 {3.3) 258 {1.9) 10 {1.8) 250 (4.5) 14 (1.8) 200 {3.7) 7 {1.3) 252 (3.9) 51 (2.8) 271 (2.0)
Arkansas 00 {3.3) 259 (1.2) 17 (2.7) 248 (3.4) 18 {25} 256 (2.7) € (2.3) 259 (5.1} &3 (2.8) 273 (2.1)
California 40 (3.1) 251 (1.7) 21 (2.5) M8 (2.7) 25 {S.1) 250 (2.7) 17 (A7) 283 (50) 48 (24) 273 {2.4)
Colorado 37 (3.0) 262 {1.7) 7 (1.2) 259 (4.5) 20 (3.1) 268 {2.4) 14 (2.0) 271 (2.8) 51 {35) 2716 (1.7)
Conneacticut 41 (3.4) 266 (1.9) 28 {3.3) 263 (3.8) 27 {2.8) 288 {2.5) 16 (3.2) 279 (3.3) 48 (2.8) 287 (1.6)
Delaware 43 (1.5) 255 (1.3) 20 {1.1) 251 {2.2) 17 (0.8) 256 (1.9) 17 (0.7) 274 (2.0) 38 (1.1) 285 (1.5)
District of Columbia | 47 (0.9) 231 (1.4) 25 (0.8) 217 (1.8) 25 {0.9) 229 (1.8) 31 {0.B) 220 (1.7) 46 (1.0) 251 (1.4)
Florida 56 (2.4) 253 (1.6) 19 (2.3) 240 {2.9) 18 (2.4) 255 (2.7) 16 (2.0) 255 (3.1) 42 (2.2) 279 {2.0)
Georgla 57 (2.7) 255 (4.8) 33 (2.8) 242 {2.2) 0 (2.8) 255 {25) 24 (2.8} 258 (3.0) 47 (2.2) 272 {2.0)
Hawat! 48 {1.0) 248 (1.2) 15 (0.8) 239 (2.5) 17 {0.7) 284 (1.7) © (0.8} 250 (3.2) 290 {(0.8) 283 (1.4)
Kaho 48 {1.8} 271 (1.1) 10 (1.1) 208 (2.5) 14 (O.7) 200 (22) @ (0.8) 273 (3.9) S8 (1.5) 281 (09)
tliinols 44 (4.3) 257 (2.7) 17 (3.4) 235 (Q.0) 20 (4.0) 258 {3.8) 14 (3.0) 253 (6.3} 55 (35) 272 (2)
fnciana 55 (2.68) 208 (1.9) 9 (1.9) 255 (4.2) 1S (2.4) 203 (2.8) 4 {1.3) 282 {5.0)! 45 (2.0) 28¢ (1.9)
lowa 48 {4.1) 278 (1.7) 14 (2.8) 272 (4.7) 25 (3.5) 282 (2.8) 4 (1.7 293 (8.5) 49 (4.4) 284 (2.1)
Kentucky 58 (3.8) 255 (1.5) 19 (3.0) 257 (3.4) 25 (3.4) 255 (2.5) 15 (2.7) 262 {2.9) 46 (2.9) 272 (1.8)
Louistana 57 {4.4) 248 {1.5) 13 (2.3) 232 (5.2) 14 (24) 238 (4.1) 11 (2.2) 243 (7.4) 58 (2.7) 252 (1.6)
Maryiand 35 (2.6) 249 {1.9) 21 {2.8) 237 (3.9) 22 {2.5) 254 (3.1) 14 (2.0) 257 (4.5) 51 {2.4) 283 {27
Michigan 44 (3.7) 259 (2.3) 12 (2.2) 247 (4.8) 20 {2.8) 281 (3.0) 10 (2.1) 258 (7.4})i 47 (3.0) 277 (2.2)
Minnascta 36 (3.3} 275 {1.8) 12 (2.2) 206 (4.1) 19 (3.0) 270 (2.5) 8 {(1.8) 287 (3.3) S0 {3.2) 285 (1.5)
Montana 40 {2.8) 280 (2.0) 9 (1.0) 277 {5.7) 31 {2.5) 288 (1.5) 13 (2.3) 287 (3.0) 58 (3.0) 281 (1.5)
Nebraska 41 (3.0) 277 (1.4) 12 {(2.3) 278 (3.2) 19 (2.8) 279 (1.8) 8 (1.5) 287 (3.3} 51 (3.5) 282 (1.9)
New Hampshira 35 (1.8) 285 (1.9) 15 (D.9) 2681 (2.0) 27 (1.4) 272 (2.2} 16 {0.8) 200 (3.8) 47 {1.9) 284 (1.8)
New Jarsay S0 {3.4) 263 {1.5) 24 (3.1) 255 (3.2) 37 (3.2) 264 (1.7) 14 (1.8) 263 (3.7) 55 {2.8) 230 (2.0}
New Mexico 54 {1.2) 254 {1.0} 16 {1.1) 245 {3.1) 25 (1.1} 256 {2.0) 14 (0.9) 255 (3.3) 53 (1.2} 267 (1.4}
New York 44 (3,7) 255 (2.2) 13 (2.3) 258 (4¢.9) 40 {3.0) 265 (2.7) 24 (2.8) 272 (3.8) 49 (3.0} 274 (2.0)
North Carolina 49 (2.7) 246 (1.4) 17 (2.3) 228 (32) 17 {2.4) 254 (2.5) 13 (2.2) 251 (4.0) 44 (2.6) 273 {1.8)
North Dakota 49 (3.2) 283 (1.9) 13 (2.6) 277 (5.0)' 23 {3.0) 280 {1.8) 9 (2.6) 286 (3.7)! 56 (3.4) 281 (1.2)
Ohio 48 (3.7) 261 (4.8) 17 (2.8) 243 (4.2} 23 (3.1) 26¢ (2.7) 13 {2.3) 270 {4.4) 50 {3.0) 277 (4.8)
Oiishoms 58 (3.8) 283 (1.4) 11 (2.5) 258 (35)1 17 (2.8) 262 (2.4) S (1.8) 264 (8.7)] 55 (3.4) 270 (1.8)
Ovegon 34 {3.0) 267 (2.3) 13 (2.2) 285 (4.7) 19 {2.1) 271 (28) 17 (i.%) 287 (A7) 43 (2.7) 289 {1.5)
Pannsyivania 47 (3.0) 200 (1.7) 15 (2.2) 252 (3.7) 17 (2.7) 250 (2.8) © (1.1) 206 (3.5) 48 (2.8) 283 {1.9)
Rhode sland 82 (1.0) 252 (0.7} 13 (0.5) 250 (2.8) 17 (O.7) 281 {2.1) 10 {0.5) 274 (2.8} 43 (1.0} 288 (1.9)
Toxas 81 (3.5) 257 {1.7) 29 (3.7) 248 (3.0) 37 {3.0) 257 (2.4) 20 (2.5) 250 {4.4) 52 {2.8) 284 (1.9)
Virginia 46 (2.4) 258 (1.8) 12 (2.0) 245 (3.9) 18 (2.1) 266 (3.5) 10 (1.8) 270 (5.0} 52 (2.3) 282 (2.3)
Wast Virginia 48 (3.7) 255 (1.5) 13 {2.4) 241 (3.6) 14°(2.6) 252 {25) & (2.0) 259 (3.7)i 41 (2.6) 275 (1.7)
Wisconsin 37 (3.4) 272 (1.9) 11 (2.5) 264 {4.3)} 17 {2.7) 278 (2.9) & {5.8) 284 (3.7) 48 (3.7) 284 {2.2)
Wyoming 42 (1.2) 274 (0.8) 7 (0.4) 288 (3.7) 15 (0O.8) 274 (1.5) © (0.7) 278 (2.56) 4B (1.3) 282 (1.3)
TERRITORIES
Guam 55 (0.8) 231 (1.0) 24 {(0.7) 233 (2.0) 22 (0.8) 253 (1.6) 12 (0.8) 248 (3.4) 37 (0.8) 255 (1.1)
Virgin islands §3 (1.4) 227 (1.4) 35 (0.7) 24€ (1.8) 11 (D2) 218 (5.8) 11 {D4) 197 (2.8) 47 (0.8) 227 (1.0)

The standard errors of the estimated percenupes and proficiencies appear in parentheses. It can be said with 95 percent certainty
that for each population of interest, the value for the whcle population is within plus or minus two errors of the estimate
for the sample. ***Sample size insufficient 10 permit reliable estimate. There were fewer than 62 students. ! Interpret with caution
- the nature of the sample does not allow accurate determination of the variability of this estimated statisiic.
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CURRICULAR EMPHASIS IN SKILL AREAS AT GRADES 4 AND
8 IN THE NATION AND AT GRADE 8 IN THE STATES

Because the recommendations for mathematics education reform stress altering
curricular and instructional emphases to help students learn to reason, to think
productively, and to communicate ‘n mathematical situations, NAEP asked
teachers of fourth and eighth graders participating in the assessment to indicate
the degree of emphasis they placed on four skill areas -- learning mathematics
facts and concepts, learning procedures needed to solve problems, developing
reasoning ability to solve problems in unique or unfamiliar situations, and
learning how to communicate ideas in mathematics effectively. The results for
grades 4 and 8 for the national samples of students in public and private
schools are presented in TABLE 9.

TABLE 9 Teachers’ Reports of Mathematics Skills Emphasized

ﬂ= Heavy Emphasls Moderate Emphash Liitle or No Emphasls
Percent of Average Percent of Average Percent of Avarage
“ Students | Proficiency | Students | Proficiency | Students | Proficleacy
Learning Facts and Concepts
Grade 4 91 (1.4) 217 (0.7) 8 (13) 218 (2.9) 0(0.2) R
Grade 8 57 (3.0) 266 (1.8) 6 (43) 265 (1.6) 7(1.1) 274 (5.3)
Lesrning Skills and Procedures
Grade 4 85 (1.4) 218 (0.8) 15 (1.4) 215 (1.9) 0.1 -
Grade 8 68 (2.8) 266 (1.6) 29027 266 (1.7) 3 (0.8) 270 (5.3)
Developing Reasoaing and Analytic
Abilky
Grade 4 41 (23) 217(1.2) 49 (2.3) 217 (1.1) 11 (1.6) 218 (1.9)
Grade 8 28 (4.0) 274 (2.1) 202N 263 (1.4) 14 (1.4) 253 (2.5)
Learaing How to Communicate
1deas Effectively
Grade 4 36 (3.0) 216 (1.3) 45 (2.7 218 (1.3) 19 (2.3) 219 (1.9)
Grade 8 37 (2.9) 269 (2.5) 45 (2.9) 266 (1.5) 17 (1.7 261 (1.7

The standard errors of the estimated percentages and proficiencies 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 emors of the estimate for the samplo.
When the proportion of students is 0 percent, the standard error is inestimable. However, in the table, percentages less than 0.5 percent were
rounded to 0 percent.
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At both grades 4 and 8, students across the nation were receiving much
more emphasis on leamning facts and concepts and leaming procedures than
they were on learning to reason or to communicate in mathematics.
Considerable percentages of fourth and eighth graders were receiving heavy
emphasis on both learning facts and concepts and leaming procedures. These
emphases appeared to exist across classrooms, regardless of students’ ability
levels.

In contrast, teachers at both grades reported providing fewer than half their
students with heavy instructional emphasis on developing reasoning and
analytic abilily. Further, they reported that more students in high-ability
classes received emphasis in this area than did those in other classes. For
example, 69 percent of the eighth graders in high-ability classes as compared to
28 percent in low-ability classes, received heavy emphasis on reasoning and
analytic ability. According to teachers’ own reports, 30 percent of the eighth
graders in low-ability classes were receiving little or no emphasis in reasoning
strategies.

At both grades, teachers reported that approximately one-third of their
students were receiving heavy emphasis in mathematics communication, and
that about one-fifth were receiving little or no emphasis. Although there
seemed to be little difference in the degree of this emphasis according to class
ability level at grade 4, more eighth graders in high-ability classes than in low-
ability classes received emphasis in how to communicate mathematically.

The results for the eighth-grade students attending public schools across the
states are shown in TABLE 10 for teachers’ reporting a high degree of
emphasis in each skill area. In all the participating states except the District of
Columbia, teachers of eighth graders attending public schools reported that
more students were receiving emphasis in facts and procedures skills than in
reasoning and communication, although the pattern was less clear-cut in
California, Colorado, Maryland, and Oregor. In only California, Colorado, the
District of Columbia, Georgia, and Maryland were even half the eighth graders
receiving heavy instructional emphasis in how to apply their reasoning to solve
new problems. Across the states for public-school students at grade 8, even
less emphasis tended 1o be placed on the ability to communicate mathematics
ideas effectively than on developing the reasoning ability necessary to apply
mathematics to unfamiliar and unique situations.

PAGE 30

ba |
—



TABLE 10 Teachers’ Reports on Placing Heavy Instructional Emphasis on Specific
Mathematics Skills and Abilities
Learning Skills and Developing Reasoning Learning How to
Leamning Mathematics | Procedures Nesded to | Abllity fo Soive Unique | Communicate ideas in
Facis and Concepts Solve Problems Problems Mathematics ENectively
ORADE 8 Percert of | Average | Percentof | Average | Percentof | Average | Percemt of | Average
PUBLIC SCHOOLS Students | Proficiency | Students | Proficlency | Students |Proficlency | Students | Proficiency
NATION 55 (42) 264 (21) 67 (3.8) 264 (1.9) 45 (34) 269 (2.7) 37 (38) 284 (31)
Northeast §7(12.8) 268 (B5) 69(13.7) 269 (4.8)1  47(10.7) 272 (80§ 25 (8.7)  258(15.2)
Southsast 69 (8.4) 260 (28) 74 {8.2) 258 (2.8) 49 (8.8) 285 (5.1) 47 (8.0) 258 (4.3)
Central 41(7.7) 263(54) 55(6.2) 264 (39) 20(47) 273 (58) 23 (8.1) 284 (1.8)
West 53 (5.7) 265 (43) 65 (54) 265 (3.7) 54 (8.0) 270 (44) 48 (58) 271 (5.0)
STATES | c o
Alsbema 00 (¢2) 253(18) 70(3.2) 254 (4.5) 48 (A7) 258 (18) 43 {38) W7 L20)
Arizona 56(30) 258 (18) €0[27) . 28017 43(27) 067 (24) 38 20)  M(28)
Arkansas 61(35) 256(12) O5(37) 256(13) IS (A1) MW7) 31 {34) NI Q4).
California S4{28) 257 (18) 61 (34) 258 (1.8) SO (28) 208 (23) 41 (34) (284 (25)
Colorado 52 (32) 265 (1.8) B4 (31) 267 (1.8) 50(31) 273 (15) 45(29) 272 (15)
Connecticut 53 (33) 270 (1.8) 81 (3.2) 272 {15) 47 (3.4) 282 (1.8) 4% (31) 279 {(1T)
Delaware 60 (1.8) 263 (1.1) 61 (1.7) 285 (1.1) 47 (1.5) 273 (1.3) 37 (14) 275 (.1}
District of Columbia | 62 (1.4) 232 (09) 88 (0.9) 233 (1.0) €5(1.1) 238 (1.0) 63 (1.0) 238 (1.0)
Florida 62 (34) 257 (1.8) B8 (2.6) 258 (1.8) 46 (26) 267 (2.0) 43 (3.1) 262 (2.0)
Georgia 05(28) 255(15) 72(25) 258(18) S0(24) 205(19) S8 W (18)
Hawail 60 {09) 252 (00)  O8(1.0) 253 (08) 42 {08) 264 (13) 94 (1.0) 964 (1.3)
daho 50{14) 271(09) O65{23) 278 (10) MW (1.5) O (1.9) 4% {21) A7 (12}
filinols 61 (40) 261 (25) G0 (38) 281 (23) 48(39) 271 (1.9) IS W5 (33)
thdlana 65(38) 285(1.7) OGD(33) 288(18) A5(34) 28¢ 7) 98537 U6 (28)
lowa 56 (42) 278 (18) 64 (40) 279 (1.5) 38 (42) 284 (2.0) 28 (3.8) 285 (25)
Kentucky 72 (35) 256 (1.5) 89 (3.3) 256 (1.5) 44 (34) 265 (1.8) 44 (3.7) 262 (2.4)
Louisiana 64 (3.7) 244 (1.6) 68 (3.8) 245 {1.8) 38 {(3.9) 251 (1.9) 40 (4.3) 248 (24)
Maryland 55 (2.8) 260 (1.8) 64 (2.7) 261 (1.8) 53 (2.8) 271 (23) 48 (32) 268 (22)
Michigan 58 (34) 285 (1.8) 64 (34) 266 (1.8) 43 (38) 271 (24) 35(32) 270 (2.8)
Minnesota 47(33) 278 (1.8) 6G2(37) 277 (13) 9B [33) 283 {59) 29 (34) 282 {23)
Montans 52(28) 200(12) S8(25) 280{12) 45(28) 284 {(12) S3{20) 286 (18)
Nebraska 5T (23) 278(14) 62(32) 219(12) 9W(31) 283 (14) 31 (29) 282 {13)
New Hampshire 53 (18) 274 {14) 62(1.8) 213 ¢ 45(18) 282 (13) ST (1.7) 281 (14)
New Jarsey 70 (30) 270(18) T2(28) 209(15) 49 (35} 278 (22) 49 (38) 278 (22)
New Mexico 61 {1.1) 256 (1.1} 70 (1.0} 256 (0.9} 48 {1.5) 282 (1.2) 40 (1.4) 263 {1.4)
Naw York 58 (3.8) 264 (2.1) 83 (3.6) 260 (2.1) 41 {3.0) 271 (2.4) 37 (3.5} 264 (2.6)
North Caroiina 59 (3.4) 250 {1.5) 65 (3.4) 251 (1.3) 48 (3.2} 282 (1.7} 44 (3.9) 258 (1.7}
North Dakota 49 (37) 283 (24) B4 (2.6) 284 (1.5) 33 (2.8) 288 (1.8) 25 (28) 285 (19)
Ohlo 50 (34) 285 (1.9) 67 (3.5) 266 (1.4) 42 (38) 273 (23) 36 (4.0) 271 (23)
Oiishoma 66 (37) 283 (1.3) 68(35) 2685(13) 41{34) 270(18) 40(40) 280 (1.7)
Oregon 52 (3.2) 272 (17) 56(3.3) 2T2{1.8) 49(32) 281 (17) 36 (28 279 (22)
Pennsyivania 85 (34) 270(1.9) T75{22) 267 (1.8) 48 (38) 275 (25) 43(38) 275 (28)
Rhode isiand §9 (12) 280 (Q8) 65 (1.0) 200 (0.8) 48 (1.3) 274 (14} 37 (13) 208 (1.2)
Texas 81 (34) 256 (1.8) 68 (34) 258 (1.7) 45{391) 281 (22) 42 (31) 257 (28)
Virginia 64 (2.0) 265 (1.7) 75 {26) 2863 (1.5) 4B (25) 275 (2.4) 46 (28) 271 (24)
West Virginia 62 (2.9) 256 (12) 69 (3.3) 257 (1.2) 44 (35) 285 (1.9) 38 (3.1) 263 (22)
Wisconsin 53 (4.1) 273 (1.8) 63 (36) 274 (1.9) 38 (28) 283 (1.7) 24 (30) 282 (29)
Wyoming 48 (1.9) 273 (08) 61 {1.8) 272 (08) 37 (1.2) 280 (1.4) 37 (1.49) 279 (1.0)
TERRITORIES
Guam 42 (08) 230 (1.0) 37 (08) 241 {12) 15(07) 258 (28) 19 (04) 243 (1.8)
virgin islands 43 (08) 214 (09) S5(08) 217 (07} S0 (07) 221 (08) 36 (08) 221 (1.0)

The standard errors of the estimated pereenufes and proficiencies appear in theses. 1t 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. ! Interpret with caution - the nature of the sample does not allow accurate determination of the variability of this
estimated statistic.
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STUDENT COURSE TAKING AT GRADE 12 IN THE NATION

The twelfth graders were asked about their course taking in algebra, calculus,
geometry, and statistics/probability in grades 9 through 12. The results showed
a substantial increase in average proficiency with each course taken in the
sequence from no algebra, pre-algebra, Algebra 1, Algebra 11, Algebra 11l/pre-
calculus, and calcuius. However, as shown in TABLE 11, which provides the
percentages of students taking these courses by demographic subgroup, students
in subgroups with lower average mathematics proficiency showed considerable
aitrition in the course-taking pipeline.

In general, few high-school seniors had taken Algebra Ill/pre-calculus, and
even fewer reported going on to calculus. However, nearly one-fourth of the
Asian/Pacific Islander twelfth graders had taken Algebra lll/pre-calculus or
both Algebra IIl/pre-calculus and calculus, as well as 18 percent of the students
attending schools in advantaged urban communities, 18 percent of the students
in the Northeast, 19 percent of those having at least one parent who had
graduated from college, and 19 percent of those in academic high-school
programs. In contrast, 6 percent of the Black twelfth graders and 8 percent of
the Hispanic twelfth graders had taken Algebra 1li/pre-calculus courses.
Similarly, very few students whose parents were less well-educated had taken
Algebra Ill/pre-calculus, and virtually none of the students in general or
vocational/technical high school programs reported taking these more advanced
courses. On the other hand, for Algebra 1Il/pre-calculus and calculus, there
were no gender differences in either course taking or average proficiency.

Regarding other high-school mathematics courses, there was also a strong
relationship between students’ geometry proficiency and whether they had
studied geometry and trigonometry. However, 28 percent of the high-school
seniors had not studied a year of geometry, 55 percent bad studied geometry
but not trigonometry, and only 17 percent had additional course work in
trigonometry. For geometry, course-taking patterns by subgroup tended to
parallel those for algebra, except fewer females were likely to go on to
trigonometry. Only about 12 percent of the high-school students reported even
a semester of course work in statistics and probability. In statistics and
probability, there were few differences in course-taking patterns by subgroup,
except students in the Northeast were more likely to have taken a semester of
course work than students in the other three regions of the country.
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TABLE 11 Algebra and Calculus Course Taking: Grade 12

et P e :——_——xmm‘ b e — —

Have Not Oaly Taken Ouly Takea Taken Algebra Taken Algebra Il Taken
Studied Algebra Pre-Algebra Algebaa 1 11 but sot or Pre-Calculns Calculus
beyond but not Calcuhus
Percent of Percamt of Percent of Percent of Perceat of Percent of
Studeats Students Students Students Students Students
Nation A (y)) 8 (0.9) 27 (1.0) 4119 9 (0.9 4 (0.4)
White 8 (0.8) 8 (0.6) 26 (1.2) 4522 10 (0.8) 4(0.4)
Black 10 (1.3) 9(1.2) 34 (20) 41 (2.2) 5 (1.0) 1 (0.4)
Hispanic 14 (19) 12 (1.5) 30 (2.1) 36 (2.5) 5 (1.0) 3(0.8)
Aslan/Pacific Islander 5{(13) 8 (A.8) 23 (3.8) 41 (47 17 (3.6) 7(3.2)
Advaataged Urben ! 4(12) 8 (1.6) 22 (2.4) 48 (22) 12 {(1.9) 6(1.8)
Disadvantaged Urban 9 (1.6) 10 (1.8) 34 (3.4) 39 (2.5) 5(1.0) 3(0.9)
Extreme Rural ! 13 (29) 8 (2.6) 25 (2.5) 45 (3.4) 7(23) 2(0.8)
Other 807 8 (0.6) 27(1.2) k) 10 (0.9) 4(0.4)
Public Schools 9 (0.8) 9 {0.6) 28 (1)) 42 (1.9) 8 (0.8) 3(0.¢
Private Schools 2 (0.7 4(1.1) 23(21) 50 (2.9) 16 (1.9) 5(1.1)
Made 10 (0.9) 8 (0.6) 27(1.1) 41 (1.4) 9 (0.8) 4(0.5)
Female 7 (©.7) 92(0.7) 8 (1.4 45 (1.9 9 (0.7 3009
Northeast 811 6 0.7 27 (23) 41 (34) 12 (1.5) 6 (1.0)
Southeast 10 (1.6) 6 (0.7 26 (2.2) 49 (2.8) 7012) 2(0.3)
Central - 9(1.8) 11 (1.0) 29 (1.9 39 (1.9) 9(1.4) 3(0.5
West 7(0.9) 10(1.3) 27 (L7 44 (2.0) 8(1.3) 307
Did Not Finlsh H.S. 20 (21) 14 (1.9) 34 (23) 28 (3.1) 3(1.0) 1(0.2)
Gradusted H.S. 13 (1.5) 11(1.2) 3207 37 (21) 6 (0.7 1(03)
Some Ed. ARer H.S. 6(0.8) 9(1.1) 27 (1.7) 46 (2.0) 9 (1.0) 3(0.5)
Graduated College 5.7 5 (U.o) 24 (1.3) 48 (1.6) 13 (1.0) 607 |
Acsdemic 2(0.3) 3{(0.4) 22 (1.4) 54 (1.7) 14 (0.9) 5(0.6)
Genmeral 16 (1.5) 15 (1.3) 35(1.6) 30 (1.3) 36 1(0.3) 1

Vocational/Techaical 23@2) 16 {2.1) 39 (3.2) 19 (2.3) 1(0.4) 003

Courses tsken were dafined as thoae subjects studied for at least one year. The standard errors of the estimated perce . . 28 and proficiencies appear in
parentheses. It can be said with 95 percent certainty that for each population of intorest, the value for the whole population is within plus or minus two
standard errors of the estimate for the sample. Population percentages may not total 100 percent due to rounding. {Interpeet with caution--the nature of
the sampie does not allow accurste determination of the varisbility of the resuits for these population subgroups.

SUMMARY OF MATHEMATICS CURRICULUM AND COURSE
TAKING ACROSS THE GRADES

In summary, the curriculum results--reported largely by teachers--depict a
curriculum in which less than half the fourth graders were receiving heavy
instructional emphasis in any of the five content areas. The most emphasis was
in numbers and operations, followed by measurement, geometry, and data
analysis (primarily reading graphs and tables). Few were introduced to the
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concepts underlying algebra. Almost all of the fourth graders were given
heavy instructional emphasis in learning facts and concepts, and substantial
proportions were given heavy emphasis in learning procedures. Much smaller
percentages were given heavy instructional emphasis in reasoning and
communicating in mathematics, although the emphasis in skill areas did not
differ across the ability levels of students’ classes.

At grade 8, students reported being in one of three courses, with more than
half in eighth-grade mathematics and the remainder in pre-algebra or algebra
courses. This data agreed with teachers’ reports, which indicated that
approximately half the students were receiving heavy instructional emphasis in
numbers and operations and the other half were receiving heavy emphasis in
algebra. Eighth graders were still being given much more instructional
emphasis in facts and procedures than they were in mathematics reasoning and
communicaiion, and teachers reported differing amounts of emphases in these
areas by the ability level of the class. Substantial percentages of eighth-graders
in low-ability classes were being given no instructional emphasis in these areas
highlighted in the research as necessary for effective mathematics teaching.
Although there were variations, the curricular patterns shown for eighth graders
across the nation attending public and private schcols prevailed across the
participating states for eighth-grade students attending public schools.

Ninc percent of the high-school seniors reported never having taken
algebra, and 43 percent reported persevering only through Algebra II before
discontinuing their algebra coursework. Only 13 percent reported taking
Algebra IIlpre-calculus, and only 4 percent of these also taking calculus. The
majority (55 percent) had taken geometry, but only 12 percent had studied even
a semester of statistics.

Course-taking patterns, beginning with the differentiation of students in the
eighth grade, were quite distinct by demographic subgroup, with
proportionately more Asian/Pacific Islander students, those in advantaged urban
schools, and those with more well-educated parents tending to continue in the
mathematics pipeline. Black and Hispanic students, those attending schools in
disadvantaged urban communities, and those with less well-educated parents
displayed a disproportionately high rate of attrition. There appeared to be few
gender differences in course-taking patterns.
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MATHEMATICS INSTRUCTION AT GRADES 4 AND 8 IN THE
NATION AND AT GRADE 8 IN THE STATES

Teachers reported that most students were working problems textbooks or
worksheets on a daily basis and that more innovative activities were used less
frequently. Small-group work and use of mathematics tools, such as geometric
shapes and rulers were not widespread, nor was the use of calculators -- even
by the cighth grade, where arithmetic should be well in hand.

Most students were never asked to write reports or do mathematics
projects, and hardly any regularly used a computer in mathematics class.

These findings provide considerable contrast with the recommendations for
revitalizing mathematics instruction described by educators and researchers.'
According to their recommendations, effective mathematics instruction would
include helping all students learn to think mathematically through group and
individual projects that stress the application of mathematics, and incorporate
the use of calculators and computers to engage students and facilitate their
effrris with more complex problems and solutions.

ABILITY GROUPING FOR MATHEMATICS INSTRUCTION

» Although fourth graders were not typically grouped by ability as a
matter of school policy, their teachers reported that more than half were
in classes with students of similar ability, most probably as a result of
external factors such as the socioeconomic standing of the community.
At grade 8, more than two-thirds of the students were grouped as a

matter of policy, since students were placed into differential
mathematics curricula.

» In almost all participaiing states, with the exception of Montana,
Nebraska, North Dakota, and the Virgin Isiands, at least half of the
eighth graders attending public schools were assigned to mathematics

“Curriculum ond Evaiuation Standards for Sckool Mathematics (Reston, VA: National Council of Teachers of
Msthematics, 1991).

Professional Sundards for Teaching Mathematics (Reston, VA: National Council of Teachers of Mathamatics, 1991),

Reshaping School Masthematics: A Philosopky and Framework for Curriculum (Washington, DC:  Mathematical
Sciences Education Board and National Research Council, National Academy Press, 1990),

Everybody Counts: A Report io the Nation on the Future of Mashematics Education, Lynn Steen, editor (Washington,
DC: National Rescarch Council, National Academy Press, 1989).
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classes by some form of ability grouping. Connecticut, Hawaii,
Maryland, Oregon, Rhode Island, and Guam grouped more than 85
percent of their eighth graders by ability.

» At grade 12, 58 percent of the students reported being enrolled in an
academic high-school program, 34 percent in a general program, and 8
percent in a vocational/technical program. For those high-school seniors
in an academic high-school program, less than three-fourths reported
taking Algebra II.

INSTRUCTIONAL MATERIALS

» Teachers reported asking most students to work problems from
textbooks on a daily basis (64 percent of the fourth graders and 71
percent of the eighth graders) and asking many students to work
problems from worksheets at least several times a week (62 percent of
the fourth graders and 38 percent of the eighth graders). The use of
worksheets in eighth-grade classiooms was much more prevalent for
low-ability than high-ability classes.

» Teachers reported that approximately half or more of the students
worked in small groups at least once a week (63 percent of the fourth
graders and 49 percent of the eighth graders), but students tended to
report less small-group work -- 33 percent of the fourth graders and 28
percent of the eighth graders reported working in small groups on a
weekly basis. Only 34 percent of the twelfth graders taking
mathematics reported working in small groups at least once a week.

» Teachers reported using mathematics tools such as geometric shapes or
rulers with approximately half the fourth graders and 28 percent of the
eighth graders on a weekly basis. Here students were in better
agreement with their teachers, with 43 percent of the fourth graders, 30
percent of the eighth graders, and 27 percent of the twelfth graders who
were taking mathematics reporting that they used such tools on a
weekly basis.

» In contrast to the heavy reliance on textbooks and worksheets, 70
percent of the eighth graders and twelfth graders who were taking
mathematics reported that they never wrote reports or did mathematics
projects. Teachers were less willing to report total absence of these
activities but did report that 43 percent of the eighth graders were never
asked to engage in these activities in mathematics class.
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» The pattern of substantial reliance on texibooks and worksheets and
limited use of some of the more innovative strategies recommended in
the mathematics-reform literature also tended to prevail across the states
participating in NAEP’s 1990 Trial State Assessment.

TESTING IN MATHEMATICS CLASSES

» Teachers reported that 48 percent of the fourth graders and 60 percent
of the eighth graders were given teacher-generated tests about once a
week or even more frequently. They also reported occasional use of
state- or district-mandated tests and administering other published tests.

» Fifty-two percent of the fourth graders, 71 percent of the eighth graders,
and 70 percent of the twelfth graders taking mathematics reported being
tested about once a week or even more frequently.

» Mathematics instruction in the participating states also appeared to be
characterized by considerable testing. For example, in Alabama,
Louisiana, New Hampshire, and Rhode Island, teachers reported
administering teacher-generated tests to more than two-thirds of their
eighth-grade students about once a week. In general, those students
tested the most frequently tended to have lower average proficiency.

RESOURCES IN MATHEMATICS CLASSES

» According to their teachers, only 13 percent of the fourth-grade students
and 19 percent of the eighth-grade students were in classrooms with all
the necessary resources. Thirty-eight percent of the fourth graders and
28 percent of the eighth graders were in classrooms where teachers
reported receiving only some or none of the necessary resources. For
schools in disadvantaged urban communities, these figures were 48
percent and 40 percent, respectively, for fourth and eighth graders.

» In no single state participating in the 1990 Trial State Assessment
Program, were more than one-third of the public-school eighth graders
in classrooms where teachers reported receiving all the necessary
resources. The students in the most poorly supplied classroonis tended
to have lower average proficiency than their counterparts in classrooms
where teachers reported receiving more resources.
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CALCULATORS AND COMPUTERS IN MATHEMATICS
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C7.ASSROOMS

According to their teachers, only 3 percent of the fourth graders and 19
percent of the eighth graders were permitted unrestricted use of
calculators in mathematics class.

For all but three state participanis (the District of Columbia, Oregon,
and Wyoming), fewer than one-third of the eighth graders attending
public schools were permitted unrestricted use of calculators. In every
participating Southeastern staie, fewer than 15 percent of the students
were permitted unrestricted use of calculators although states from other
regions also reported similar policies. Within the states, the data
consistently showed that eighth graders who were permitted use of
calculators had higher average mathematics proficiency.

Calculator use appears relatively infrequent in fourth-grade classrooms.
According to their teachers, only 6 percent of the fourth graders were
asked to use a calculator several times a week and 47 percent were
never asked to do so. Sixty-two percent of the fourth graders reported
never using a calculator for mathematics.

At grade 8, teachers reported that 30 percent of the students used a
calculator at least several times a week, while 22 percent never did.
Thirty-nine percent of the eighth graders reported never using a
calculator in mathematics class, as did 14 percent of the twelfth graders
taking mathematics.

Across the states, calculator use varied dramatically for eighth graders
attending public schools. At the high end of the continuum were Iowa,
Minnesota, Montana, Nebraska, North Dakota, Oregon, Wisconsin, and
Wyoming, with the majority of both teachers and students reporting
frequent calculator use. Students in these states also performed
relatively well. The low-use states appeared to be concentrated in the
Southeast, with another cluster in the Northeast.

Although more than half of the fourth graders demonstrated some
degree of success in using the four-function calculator provided for use
with portions of the assessment, the eighth and twelfth graders had more
difficulty with the scientific calculator that they were provided. Forty-
four percent of the eighth graders and 30 percent of the twelfth graders
demonstrated knowledge of both when and how to use a calculator.
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» Except in the two territorics, student success in calculator usage did not
vary much across states—from 40 percent in the high-performance group
in Hawaii to 56 percent in North Dakota,

» Computer use in mathe™atics classes was even more infrequent than
calculator use. Most  hers reported that computers were difficult to
access. However, in contrast to results for calculators, computers
sesmed to be used more frequently in the fourth grade than in the
higher grades. Teachers reported that 49 percent of the fourth graders
used a computer in mathematics class at least once 3 week, although
they also reported that 26 percent never did. At grade 8, teachers
reported that only 18 percent of the students used a computer at least
once a week and that the majority (52 percent) never did.

» From students’ perspective, S0 percent of the fourth graders, 69 percent
of the eighth graders, and 66 percent of the twelfth graders taking
mathematics reported never using a computer in mathematics class.

» For the states participating in the Trial State Assessment Program,
teachers reported low availability of computers in public-school eighth-
grade mathematics classrooms. The majority of the eighth graders
never used a computer in mathematics class in many of the states.

STUDENTS’ MATHEMATICS TEACHERS

» Students’ mathematics teachers appeared to be experienced, revorting 14
years average teaching experience in mathematics at both grades 4 and 8.

» Four-fifths of the fourth graders were taught mathematics by White
teachers and by female teachers. At grade 8, 91 percent were taught by
White teachers, but only about half were taught by female teachers (58
percent).

» Sixty-four percent of the fourth graders were taught Ly teachers with the
highest certification, although 83 percent were taught by teachers
certified in education rather than mathematics. Sixty-five percent of the
eighth graders were taught by teachers with the highest certification; 78
percent were taught by teachers certified in raathematics.

» Sixty-four percent of the fourth graders were taught mathematics by
teachers with a bachelor’s degree and 36 percent by teachers with a

master’s or specialist’s degree. At grade 8, 55 percent of the students
were taught by teachers with a bachelor's degree, 44 percent by teachers
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with a master’s or specialist’s degree, and 1 percent by teachers with a
doctorate or professional degree.

The vast majority of fourth graders (83 percent) were taught by teachers
who had majored in education. In contrast, 39 percent of the eighth
graders had teachers who were mathematics majors, 38 percent had
teachers who were education majors, and 23 percent had mathematics
teachers with some other major.

Fourth graders had teachers who reporied limited course work in
mathematics. For example, 41 percent reported no course work in
number systems and numeration, 62 percent no course work in
geometry, 82 percent no course work in advanced algebra, and 53
percent no course work in probability and statistics.

The teachers of eighth graders reported more course WOrk, but still
about one-fifth reported no course work in number systems and
numeration or in geometry. Thirty percent reported no course work in
advanced algebra, and 15 percent reported no course work in probability
and statistics.

Teachers of 31 percent of the fourth graders and 13 percent of the
eighth graders reported no time spent on in-service education in
mathematics or the teaching of mathematics during the last year before
the assessment.

Across the states participating in the Trial Assessment Program, there
was tremendous variation in teachers’ preparation and training, although
the patterns tended to be similar to those for eighth graders nationally.
Within states, there was a tendency for the better-performing students to
have teachers with more depth and breadth of course work in
mathematics, as well as more in-service education in mathematics.

STUDENTS’ PERCEPTICNS OF MATHEMATICS

»
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In general, most students at all three grades had positive perceptions of
mathematics, and positive perceptions were related to higher
mathematics proficiency. Although two-thirds of the fourth graders
agreed that they liked mathematics, only slightly more than half of the
eighth or twelfth graders did.

Sixty-two percent of ihe fourth graders, 63 percent of the eighth
graders, and 57 percent of the twelfth graders either agreed or strongly
agreed that they were good in mathematics. However, nearly one-fifth
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of the students at all three grades were either neutral or agreed that
"Mathematics is more for boys than for girls.”

» The vast majority at all three grades strongly agreed or agreed that
mathematics was useful in solving everyday problems and that
mathematics is used by almost all people in their jobs.

» In general, public-school eighth graders across the individual states
followed the national pattern and reported positive perceptions of
mathematics. Within each state, a higher degree of positive agreement
was associated with higher proficiency, but this relationship did not hold
across states, because more students in some of the lower-performing
states and fewer students in some of the higher-performing states
reported positive attitudes.

In summary, school mathematics across the nation at grades 4, 8, and 12,
and in the public schools in the states at grade 8 appeared to be characterized
by classrooms grouped by ability, where students were working on problems
from textbooks and worksheets with considerable regularity. Many students
also appeared to be tested on a weekly basis.

Teachers reported that resources were in short supply and that computers
were difficult to access. Both teachers and students agreed that small-group
work, use of mathematics teaching tools, and use of calculators were not
widespread, and that students were rarely asked to write reports or do
mathematics projects.

Considering the recommendations for reform suggesting pervasive changes
in the delivery of mathematics instruction, this portrait suggests a challenge in
moving mathematics instruction into alignment with current expectations, let
alone expectations for the year 2000.
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Foreword
A

HISTORY OF NAEP AND THE TRIAL STATE ASSESSMENT
PROGRAM

The National Assessment of Educational Progress (NAEP) is a congressionally
mandated survey of the educational achievement of American students and of
changes in that achievement across time. For more than 20 years, NAEP has
been monitoring the educational progress of the nation, collecting information
on student attainment in a variety of curriculum areas. To provide a context
for the achievement results, NAEP also collects demographic, curricular, and
instructional background information from students, teachers, and school
administrators.

Also known as The Nation’s Report Card, NAEP has successfully collected
cducational information and produced hundreds of reports, with the philosophy
of providing accurate and useful results to educators and policymakers, while
placing as little data collection burden as possible on students and those
directly responsible for their instruction. Most recently, NAEP has been
assessing nationally representative samples of fourth-, eighth-, and twelfth-
grade students in reading, mathematics, science, writing, U.S. history, and
geography.

This report contains the results of the 1990 national mathematics
assessment of nationally representative samples of students in grades 4, 8, and
12. It also, for the first time in the history of NAEP, contains state-level
results. Based on materials from the eighth-grade mathematics assessment
administered to repiesentative samples of students in each participating state,
these results are available for public-school students at grade 8 in the 40 states
and jurisdictions that participated in NAEP’s 1990 Trial State Assessment
Program.
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These participants include:

Alabama Jowa Ohio
Arizona Kentucky Oklahoma
Arkansas Louisiana Oregon
California Maryland Pennsylvania
Colorado Michigan Rhode Island
Connecticut Minnesota Texas
Delaware Montana Virginia
District of Columbia Nebraska West Virginia
Florida New Hampshire Wisconsin
Georgia New Jersey Wyoming
Hawaii New Mexico
Idaho New York
Illinois North Carolina Guam
Indiana North Dakota Virgin Islands
p—— e # —_—

In 1987, a national study group was convened by the Secretary of
Education to suggest improvements in how the United States assesses what
students across the country know and can do.”® Noting that "nearly all
important decisions in education are made at the state and local levels, and
accountabi.ity for performance is vested at those levels," the study group
recommended more help from NAEP in monitoring each state’s educational
status and progress on the road to reform.

In the spring of 1988, Congress added a new dimension to NAEP by
authorizing, on a trial basis, voluntary participation in state-level assessments in
1990 and 1992. Designed to provide results that can be compared across the
nation and participating states, the trial state assessments include eighth-grade
mathematics in 1990 and 1992 as well as fourth-grade mathematics and reading
in 1992.

In authorizing the legislation for the NAEP Trial State Assessment
Program, Congress called for an independent evaluation of the feasibility and
validity of the assessments and the fairness and accuracy of the data they

15) gmas Alexander and H. Thomas James, The Nation’s Report Card (Cambridge, MA: National Academy of
Education, 1987).
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produce. Thus, the various steps included in NAEP’s 1990 Trial State
Assessment Program have been evaluated by an independent panel appointed
by the National Academy of Education.'

THE SCOPE OF NAEP’S 1990 MATHEMATICS ASSESSMENT

Because the advent of the Trial State Assessment Program siznaled a new era
for NAEP, great care was taken to solicit widespread involvement and advice
about the development and conduct of the 1990 mathematics assessment. As a
result many new materials, including most of the assessment questions, were
created and many new procedures were designed. The mathematics objectives
framework underlying the assessment 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
(NCES) and the National Science Foundation."” Although influenced by
previous NAEP objectives and especially by the Curriculum and Evaluation
Standards for School Mathematics, developed by the National Council of
Teachers of Mathematics,'® this project involved widespread participation and
review, including an objectives committee of mathematics educators; a steering
committee with 18 members representing policymakers, practitioners, and
citizens at large; distribution to the mathematics supervisors in the education
agencies of all 50 states for review by state committees; reviews by
mathematics scholars and NCES staff; and endorsement by the National
Assessment Governing Board (NAGB).

NAEP’s 1990 mathematics assessment of fourth, eighth, and twelfth
graders included a broad range of questions that required students to use
scientific calculators, provide responses using protractor/rulers, and solve
problems in a constructed-response format. These questions asked students to
generate short responses; sketch, measure, and identify geometric figures;
represent algebraic equations graphically; or give brief explanations to support

“Panel on the Evaluation of the NAEP Trial State Assessment Project, April 1991 Inserim Report on the Evaluation
of the NAEP Trial State Assessmens (Palo Alto, CA: National Academy of Education, 1991),

"Mathematics Objectives, 1990 Assessmens (Princeton, NJ:  National Assessment of Educational Progress,
Educational Testing Service, 1988).

“Curriculum and Evaluation Siandards for School Mathematics (Reston VA: National Council of Teachers of
Mathematics, 1989).
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solutions to problems. To supplement the achievement results, students,
teachers, and school administrators were asked to complete questionnaires
about their background and instruction in mathematics.

For the 1990 Trial State Assessment, the eighth-grade portion of this
assessment, including the questionnaires, was replicated in each participating
state. In addition, for the nation at all three grades, NAEP conducted a special
study of students’ estimation skills and problem-solving skills using a tape
recording that paced students through the booklets of test questions.

The mathematics questions and background questionnaires were developed
by staff and consultants at Educational Testing Service (ETS) with the
guidance of an Item Development Committee comprised of distinguished
mathematics educators and a Background Questionnaire Committee composed
of educators and policy analysts. In accordance with the ETS Standards for
Quality and Fairness, the materials were reviewed internally and by the
development committees for clarity and grade-level appropriateness, importance
and accuracy of mathematics content, measurement considerations, and
potential sensitivity or bias to any subpopulation.” They were further
reviewed by the National Center for Education Statistics, the National
Assessment Governing Board, and the Office of Management and Budget. All
materials used in the Trial State Assessments also were reviewed by state
agency personnel (both mathematics and testing experts).

As with all NAEP assessments, the schools and students participating in the
1990 mathematics assessments were selected through rigorous stratified random
sampling procedures designed to yield reliable results. Nearly 26,000 fourth,
eighth, and twelfth graders in 1,300 public and private schools across the
country participated in the national assessment, For each state participating in
the Trial State Assessment, approximately 2,500 eighth graders were sampled
from approximately 100 public schools. Thus, a total of more than 100,000
eighth graders attending approximately 4,000 public schools participated in the
Trial State Assessment.

All NAEP data are collected by trained administrators. Data for the
national assessment were collected by a ficld staff managed by Westat, Inc.
However, in accordance with the NAEP legislation, data collection for the Trial
State Assessment Program was the responsibility of each participating state.

WETS Standards for Quality and Fairness (Princeton, NJ: Educational Testing Service, 1987).
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Uniformity of procedures across states was achieved through training and
quality control monitoring by Westat, Inc. Westat staff trained about 4,000
statc administrators using a video presentation accompanied by a scripted
trainer’s guide and practice exercises. Quality control was provided by
monitoring half the sessions in each state on an unannounced basis.

The materials, including approximately two million open-ended responses,
were scored by National Computer Systems, and the results were analyzed by
Educational Testing Service. As would be expected, numerous quality control
steps were undertaken to ensure the accuracy of the results.

To increase understanding of the Trial State Assessment procedures and
provide for input from the states into the process on a regular basis, NCES and
its NAEP contractors established the Trial State Assessment NETWORK.
Through NETWORK meetings, state education personnel were funded to meet
regularly with staff members from NCES, the contractors, NAGB, and CCSSO
to review Trial State Assessment procedures.

ORIENTATION TO THIS REPORT

This report contains the richest set of data ever assembled about mathematics
achievement and education in the United States. It is presented in two major
sections. The first part contains results from the national mathematics
assessments of public- and private-school students in grades 4, 8, and 12, as
well as the results obtained from questionnaires completed by their teachers
and school administrators.

Part One of this report contains ten chapters. Chapters One through Five
present the mathematics proficiency results for the nation and a variety of
population subgroups. Chapters Six through Ten describe the questionnaire
results, including use of instructional materials, implementation of calculators
and computers, amount of instructional time and emphasis, students’
perceptions of mathematics, and the background and training of mathematics
teachers.

Part Two of this report contains similar information for eighth graders
attending public schools in each of the 40 states and jurisdictions that
participated in the 1990 Trial State Assessment. Part Two also provides
national and regional information for eighth graders, but there are some basic
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differences between the national results presented in Part One and Part Two
that should be kept in mind.

Whereas the national assessment at grades 4, 8, and 12 included
representative samples of students in both public and private schools, the Trial
State Assessment Program was conducted only in public schools. Also, while
the national assessment was conducted from January to mid-May, to minimize
disruptions and avoid conflicts with spring testing programs, the state
assessmeiits were conducted during February, To provide a more appropriate
basis for comparison, the national and regional data presented in Part Two of
this report represent only a subset of the grade 8 data presented in Fart One.
The results in Part Two are based only on the public-school students who
participated in the first half -- the January to mid-March portion - of the
national assessment. Because of this, the national and regional data in Part
Two will be different from that in Part One.

CONTEXT FOR THE REPORT

In September 1989, the President and governors met at the historic education
summit in Charlottesville, Virginia. One product of the summit was a set of
national education goals designed to better position our country for active
participation in the world’s affairs in the 21st century. These six goals focus
on ensuring that children start school ready to learn, raising high-school
graduation rates, increasing levels of educational achievement in challenging
subject matter, promoting mathematics and science achievement as well as
literacy and lifelong learning, and freeing schools of drugs and violence.
More specifically, one of the country’s education goals calls for children in
grades 4, 8, and 12 to demonstrate competency in challenging math.matics
subject matter, and another calls for the United States to be first in the world in
mathematics and science achievement by the year 2000.

This report contains a comprehensive source of information about
mathematics learning and instruction across the country and in the participating
states. It provides information useful in describing where we currently stand as
a nation in relation to our overarching educational goals for mathematics
achievement. This aspect of the 1990 mathematics assessment will be
enhanced later this fall when the National Assessment Governing Board
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releases the results of its project to set achievement levels, designating
advanced, proficient, and basic performance.

The results also provide information about the distribution of educational
practices and ‘utcomes across the nation and within each participating state and
territory. For example, there is data on the prevalence of various teaching
activities, and the relationships between particular instructional policies and
achievement can be used to examine the instructional contexts for particular
groups of students.

The information from the national assessment and the Trial State
Assessment Program can be used to confirin judgments, to challenge
assumptions, and to examine the degree and effectiveness of educational
reform. It cannot be assimilated in one sitting, nor does it provide easy
answers or the only information about the most promising routes to educational
improvement. The numerous tables, however, do provide much material for
analysis by those concerned about improving mathematics education in our
nation.
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PART I

NAEP’s 1990 National Mathematics Results
Grades 4, 8, and 12
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Chapter 1
L -

Overall Mathematics Proficiency for the Nation

BACKGROUND

The matrix underlying the mathematics assessment includes 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 ability levels include conceptual
understanding, procedural knowledge, and problem solving. In formulating the
definitions for these dimensions of mathematics proficiency, an effort was
made to encourage desirable curriculum development. To help create
objectives that would lead to improved instruction, those involved in describing
the categories in the matrix drew upon the draft of the Curriculum and
Evaluation Standards for School Mathematics developed by the National
Council of Teachers of Mathematics (NCTM).®

For the nation, students’ mathematics proficiency in the dimensions
described by the framework was measured using a variety of multiple-choice
and constructed-response questions, including some administered by a paced
audiotape. Also, students were provided with calculators, protractors, and
rulers for some of the questions.

The national assessment involved representative samples of more than
26,000 students at grades 4, 8, and 12 in approximately 1,300 schools across
the country. The assessment results were analyzed to determine the
percentages of students responding correctly to each question and were
summarized, using item response theory (IRT) scaling procedures, across the
sets of questions measuring each of the five content areas. The scaled results
for each of the five content areas across the three grade levels were combined
to create a composite mathematics proficiency scale, which provides a way to
compare overall achievement across grades and demographic subpopiilations

®Cuwrriculum and Evaluation Standards for School Maihematics (Reston, VA: Nationsl Council of Teachers of
Mathematics, 1959).
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and to relate performance to a variety of home, school, and instructional
factors.! Ranging from 0 to 500, NAEP’s overall mathematics proficiency
scale based on the five content areas was anchored at four levels -- 200, 250,
300, and 350 -- to provide descriptions of what students know and can do at
various points along the scale that differentiate them from students performing
at lower levels. In theory, NAEP could have defined proficiency levels above
350 or below 200; however, so few students in the assessment performed at the
extreme ends of the scale that it was not useful to do so.

LEVELS OF OVERALL MATHEMATICS PROFICIENCY
FOR THE NATION

TABLE 1.1 presents the average mathematics proficiency for fourth, eighth,
and twelfth graders and the percentages of students in each grade performiig at
or above the four anchor levels. The descriptions summarizing performance at
the four levels are found in FIGURE 1.1. To develop the descriptions, NAEP
used the assessment results to delineate sets of questions typical of what
students know and can do at the anchor intervals on the scale -- sets of items
that students at one level were more likely to answer correctly than were
students at the next lower level.”

The four sets of anchor items -- each containing 35 to SO questions -- were
studied by a panel of mathematics educators, who carefully considered and
articulated the types of knowledge, skills, and reasoning abilities demonstrated
by correct responses. As part of the anchoring process, the panelists also
discussed the relationship between the type of mathematics content at each
successive anchor level and the typical school mathematics curriculum as it
currently exists. Because the NAEP scale encompasses mathematics content
typically covered across the elementary and secondary school curricula, it
would be unlikely (but not impossible) for many fourth-grade students to have
performed in the higher range of the scale.

nore detailed information on the NAEP scaling procedures can be found in Appendix C, including the weightings
by content area used fo create the overall scale.

25 identifying anchor items, students at Level 200 were defined as those whose estimated proficiency was between
187.5 and 212.5. students at 250 were defined as those with cstimated proficiency between 237.5 and 2825, those at
300 had estimated proficiencies between 287.5 and 312.5, and those at 350 between 337.5 and 362.5.
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TABLE 1.1 Overall Average Proficiency and Percentage of Students at or
Above Four Anchor Levels on the NAEP Mathematics Scale at
Grades 4, 8, and 12

F Grade ¢4 Grade 8 Grade 12 1
“ Average Proficiency 2607  285(10) 295 (L)
| Ledt Description Percentage of Students at or Above
200  Simple Addiive Reasoning and Problem Solving with 2(1.1) 98 (U.9) 100 (0.0)
Whole Numbers
250  Simple Muitiplicative Reasonlng and Two-Step 11 (0.6) 67 (1.1) 91 {0.6)
Problem Solving
300 Ressoning and Problesn Solving Iavolving Fractions, 0 (0.0) 14 (1.1) 46 (1.4)
Decimals, Percents, Elemmtary Geometry and Simple
Algebra
350  Reasoning and Problesm Solving lavolving Geometry, 0 (0.0) 0(0.1) 5 {0.6)
Algebre, and Beginning Statistics and Probability

Thcmndmlenmoflbeaﬁmamdpe:cenngesmdpmﬂdendesappeulnpncnﬂwmnanbenﬂwim%
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. When the proportion of sudents is either O percent or 100 percent, the
standard error is inestimable. Although no fourth-grade students schicved at or above Level 300, a few cighth-grade
students (0.3 percent) did perform at or above Level 350. However, percentages less than 0.5 percent are rounded to
0 percent,

As would be expected, twelfth graders had higher average proficiency
than did eighth graders, who in turn performed better than fourth graders.
Eighth graders performed, on average, 50 points higher on the scale than did
fourth graders. The twelfth graders, however, on average, performed only 30
points higher on the scale than did the eighth graders.

The percentages of students at each grade attaining the four anchor levels
on the NAEP scale provide a way of interpreting what these differences in
average performance mean in terms of students’ understanding of
mathematics.

At grade 4, 72 percent of the students performed at Level 200,
demonstrating the ability to use additive reasoning with whole numbers.
Eleven percent of these students appeared to have extended their
understanding to include multiplicative reasoning with whole numbers (Level
250). Probably because material covered at Level 300 does not typically
occur in the curriculum until about the seventh grade, no fourth graders
reached this level, which indicates a consistent grasp of fractions, decimals,

percents, and simple algebra.
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Figure 1.1
Description of Mathematics Proficiency at Four Anchor Levels on the NAEP Scale

Level 200 -- Simple Additive Reasoning and Problem Solving with Whole Numbers

Students at this level have some degree of understanding of simple quantitative
relationships involvi.;; whole numbers. They can solve simple addition and subtraction
problems with and without regrouping. Using a calculator, they can extend these abilities to
multiplication and division problems. These students can identify solutions to one-step word
problems and select the greatest four-digit number from a list.

In measurement, these students can read a ruler as well as common weight and graduated
scales. They also can make volume comparisons based on visualization and determine the
value of coins. In rc--etry, these students can recognize simple figures. In data analysis,
they are able to reaw -‘::uple bar graphs. In the algebra dimension, these students can
recognize translations o« word problems to numerical sentences and extend simple pattern
sequences.

Level 250 -- Simple Multiplicative Reasoning and Two-Step Problem Solving

Students at this level have extended their understanding of quantitative reasoning with
whole numbers from additive to multiplicative settings. They can solve routine one-step
multiplication and division problems involving remainders and two-step addition and
subtraction problems involving money. Using a calculator, they can identify solutions to
other elementary two-step word problems. In these basic problem-solving situations, they can
identify missing or extraneous information and have some knowledge of when to use
computational estimation. They have a rudimentary understanding of such concepts as whole
number place value, "even," factor,” and "multiple.”

In measurement, these students can use a ruler to measure objects, convert units within a
system when the conversions require multiplication, and recognize a numerical expression
solving & measurement word problem. In geometry, they demonstrate an initial understanding
of basic terms and properties, such as parallelism and symmetry. In data analysis, they can
complete a bar graph, sketch a circle graph, and use information from graphs to solve simple
problems. They are beginning to understand the relationship between proportion and
probability. In algebra, they are beginning to deal informally with a variable through
numerical substitution in the evaluation of simple expressions.

PAGE 56

b1




Level 300 -- Reasoning and Problem-Solving Involving Fractions, Decimals, Percents,
Elementary Geometric Properties, and Simple Algebraic Manipulations

Stucents at this level are able to represent, interpret, and perform simpie operations with
fractions and decimal numbers. They are able to locate fractions and decimals on number
lines, simplify fractions, and recognize the equivalence between common fractions and
decimals, including pictorial representations. They can interpret the meaning of percents less
than and greater than 100 and apply the concepts of percentages to solve simple problems.
These students demonstrate some evidence of using mathematical notation to interpret
expressions, including those with exponents and negative integers.

In measurement, these students can find the perimeters and areas of rectangles, recognize
relationships among common units of measure, and use proportional relationships to solve
routine problems iavolving similar triangles and scale drawings. In geometry, they have some
mastery of the definitions and properties of geometric figures and solids.

In data analysis, these students can calculate averages; select and interpret data from
tabular displays, pictographs, and line graphs; compute relative frequency distributions; and
have a beginning understanding of sample bias. In algebra, they can graph points in the
Cartesian plane and perform simple algebraic manipulations such as simplifying an expression
by collecting like terms, identifying the solution to open linear sentences and inequalities by
substitution, and checking and graphing an interval representing a compou*4 inequality when
it is described in words. They can determine and apply a rule for simple functional relations
and extend a numerical pattern.

Level 350 -- Reasoning and Probiem Solving Invelving Geometric Relationships,
Algebraic Equations, and Beginning Statistics and Probability

Students at this level have extended their knowledge of number and algebraic
understanding to include some properties of exponents. They can recognize scientific notation
on a calculator and make the transition between scientific notation and decimal notation. In
measurement, they can apply their knowledge of arew. and perimeter of rectangles and
triangles to solve problems. They can find the circumferences of circles and the surface areas
of solid figures. In geometry, they can apply the Pythagorean theorem to solve problems
involving indirect measurement. These students also can apply their knowledge of the
properties of geometric figures to solve problems, such as determining the slope of a line.

In data analysis, these students can compute means from frequency tables and determine
the probability of a simple event In algebra, they can identify an equation describing a linear
relation provided in a table and solve literal equations and a system of two linear equations.
They are developing an understanding of linear functions and their graphs, as well as
functional notation, including the composition of functions. They can determine the nth term
of a sequence and give counter examples to disprove an algebraic generalization.
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Virtually all the eighth graders performed at or above Level 200, but only
two-thirds of these students performed at or above Level 250, indicating
success in using all four numerical opera‘ions with whole numbers. Fourteen
percent demonstrated some mathematical understanding beyond whole numbers,
but none in this group showed breadth in their understanding.

Most twelfth graders (91 percent) performed at or above Level 250,
indicating some facility in problem solving with whole numbers. However,
less than half (46 percent) demonstrated consistent success with problems
involving fractions, decimals, percents, and simple algebra. Only 5 percent
demonstrated a breadth of mathematical understanding that included problem
solving involving geometric rels ionships, algebraic equations, and elementary
statistics.

The subsequent sections of this chapter describe student performance at the
four anchor levels on the scale and present examples from the sets of items
used to describe performance at each level. Because some questions will be
used in future assessments to measure trends in performance across time, not
all of the anchor items can be included in this report. However, selected
examples are discussed in this section and the additional disclosed anchor items
are contained in Appendix D, which also provides more detailed information
about the anchoxing process. Questions appearing in this report are only
examples and are in no way intended to cover all that students ought to know
about mathematics.

LEVEL 200 ! 1990 !
Simple Additive Reasoning

and Problem Solving Percentage of Students at or Above
with Whole Numbers | Level 200
Grade 4 Grade 8 Grade 12 “

T2% 98% 100%
e

Seventy-two percent of the fourth-grade students performed at or above
Level 200, as did virtually all of the eighth and twelfth graders. As part of the
scale anchoring process, the panelists noted that the Leve! 200 questions
appeared to relate to mathematical experiences and content typically covered in
early elementary school, generally by the end of the third grade. Thus, it might
be expected that more than 72 percent of the fourth graders would have
attained this level of mathematics proficiency. Nevertheless, the average
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proficiency for fourth graders was 216 or somewhat above Level 200,
suggesting that their performance on the NAEP assessment was relatively
consistent with what is generally taught in schools.

It must be emphasized, however, that curriculum can vary dramatically
from school to school. Further, as discussed by the panelists, emphasized
throughout the literature recommending reforms in school mathematics, and
confirmed by the findings in this report, what is currently being taught in
mathematics classrooms tends to differ sharply from the vision of an ideal
curriculum for the primary grades.”

As described in FIGURE 1.1 and illustrated by the following examples,
performance at Level 200 is typified by a range of questions that suggest an
initial understanding of simple quantitative relationships. For discussion
purposes, the example items presented in this chapter and in the appendix are
accompanied by the results for students at the grade levels assessed, including
both the percentages of success for students performing at particular anchor
levels as well as the overall percentages of success for all the students,
regardless of their level of performance on the scale. The results at each
anchor level differ from the overall percentage of success for the total
population, and both differ from the percentages of students reaching particular
levels on the scale. For example, as shown in the first sample question, 79
percent of the fourth graders at Level 200 and 82 percent in the total
population of fourth graders were able to answer a subtraction problem with
regrouping.*

Additional questions at Level 200 suggested that students performing at or
above this level were able to solve simple one-step word problems like

BCurriculum and Evaluation Standards for School Matkematics (Reston, VA: National Council of Teachers of
Mathematics, 1991),

Professional Standards for Teacking Mathematics (Reston, VA: Natioas! Council of Teachers of
Mathematics, 1991),

Reshaping School Mathematics: A Philosophky and Framework for Curriculum (Washington, DC: Mathematics
Sclences Education Bosrd and National Rescarch Council, Nationa! Academy Press, 1990).

Everybody Counts: A Report to the Nation on the Future of Mathemaiics Education, Lyna Steeu, editor
(Washingtont, DC.  National Research Council, Nationa! Academy Press, 1989).

For example questions, (--) denotes no studeats at that grade at that anchor level. For the constructed-response
questions, varistions of the answers shown were also sccepted as corvect, Also, information about calculator use was
reportad separateiy and did not affect the scoring of i fividual questions (sce Chapter Seven).
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determining "how many stamps Joe had in all" and were able to read basic
measurements, as exemplified by the balance scale question. Similarly, these
students’ ability to make some volume comparisons is illustrated by the "balls
in the box" question, which was answered correctly by about two-thirds of the
students at Level 200 and 73 percent overall. Finally, many students at Level
200 also were able to recognize simple geometric figures, read simple bar
graphs, recognize translations of word problems in numerical sentences, and
extend simple pattern sequences.

Example: Level 200 Grade 4: 82% Correct Overall

200 250 300 330
% 97 100 -

2

37

Answer:

Example: Level 200 Grade 41 89% Correct Overall

Percent Correct for Anchor Levels
200 250 300 350
86 8 100 ~

Joe has 35 stamps in his collection. He buys 42 more. How many does he
have in all?

A 7
B 35
C 42
®
E §7
F Idon't know.
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Example: Level 200 Grade 4 30% Correct Overall

200 250 300 330
75 95 100 -

OO0O00O
OO000
OO0O00O

Write a multiplication sentence to find the number of circles.

3 x 5 - 15
Example: Level 200 Grade 4: 76% Correct Oversl
Percent Correct for Anchor Levels
200 250 300 350
61 % 93 -

The scale shown above measures weight in pounds. What is the total
weight of the oranges in the picture!

i
@ 22 pounds

B 3; pounds
C 5 pounds
D 10 pounds
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Example: Level 200 Grade 4 73% Correct Overali

200 250 300 380
& 91 100 -~
Tennis Colf Rubber
Balls Balls Balls
O © o
Tennis Golf Rubber
Balls Balls Balls

Linda had three large boxes all the same size and three different kinds of
balls as shown above. If she fills cach box with the kind of balls shown,
which box will have the fewest balls in it?

@The box with the tennis balls
B The box with the golf balls
C The Lox with the rubber balls

D Youcan'tell.

Example: Level 200 Grade 4 76% Correct Overall

Perceat Correct for Anchor Levels
200 250 300 350
91 100 -

~roo/NOJao

A pattern of shapes 1s to be repeated many times The figure above shows
onc completed pattern and the beginning of the next What shape comes
next?

® " A
c A D

D.d you use the calculator on this question!?

Yes @

PAGE 62

CV'\
- ?




Number of Baxes

Example: Level 200

BOXES OF FRUIT PICKED
AT FARAWAY FARMS

100
= -
_1 -‘H
801~ - . -
L ol B -
60} - ~
50— =
LR o ~
- -~
204 ~
o E -
0 1 . i
Mon Tues Wed Thurs Fri
Days Of The Week
Vo =]
Grape fruit
How many boxes of oranges were picked on Thursday?
A 55
B 60
C 70
@ 80
E 90

F ldon't know.

=
(4\

Grade 4 30% Correct Overall

200 250 300 380
E TR T

Gerade §: 89% Correct Overall

T

200 230 300 380
7% 8 9% 100
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LEVEL 250
Simple Multiplicative

Reasoning and Beginning
Two-Step Problem Solving

Students at Level 250 appeared to have extended their understanding of
quantitative reasoning from additive to multiplicative settings and were able to
solve some two-step problems. Eleven percent of the fourth graders, two-thirds
of the eighth graders, and 91 percent of the twelfth graders performed at or
above this level. At grade 8, the average proficiency -- 265 -- was somewhat
above this level.

However, at Level 250, expectations based on experiences with the existing
curriculum and student assessment performance begin to diverge. The anchor
panel participants viewed the material encompassed by the Level 250 anchor
items to be more typical of upper elementary-school curriculum than middle-
school curriculum--perhaps something akin to topics often covered by tie end
of the fifth grade. Thus, most of the eighth graders might have been expectec|
to have reasred Level 250.

Approxiinately three-fourths of the students at Level 250 answered the ii.s:
three example items shown in this section correctly, compared to only
approximaiciy one-third of the students at Level 200. Thus, students
performing at Level 250 appear to have had more success in solving problems
involving multiplication and money than did students performing at Level 200.
However, these three questions also exemplify that, even with this additional
understanding, students’ problem-solving skills at Level 250 were still confined
to elementary settings. Students at Level 250 also showed some growth in
measurement, geometry, data analysis, and algebra. For example, they went
beyond simply reading a ruler to using one to make measurements and beyond
reading graphs to completing them. One example item illustrates students’
ability to convert units of measure, and another, assessed their understanding of
the term parallel. In the second to last example, students were asked to use the
data in a table to sketch a circle graph. The final example measured informal
acquaintance with simple algebraic expressions.
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Example: Level 250 Grade 4: 56% Correct Overall

20 250 300 330
2 7B 100 -

Mr. Garcia bought 5 dozen eggs at $0.89 per dozen. What was the total
cost of the eggs?

A$ 4.05
(® s 445
C$589
D $10.68

Example: Level 250 Grac. 8: 77% Correct Overall

Kathleen is packing baseballs into buxes. Fach box holds 6 baseballs. She
has 24 balls. Which number sentence will help her find out how many
boxes she will need!?

Au -6=0
24—6=D
cu+6-0]
D2 x6-[]

E ldon't know.
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Example: Level 250 Grade ¢ 43% Correct Overall

20 250 3N 3N
3 % N2 -

$4.99 $1.29 $2.19

Chen bought one model plane, one tube of glue, and one can of paint. The
cost of each item is shown in the figure above. There was no sales tax.
How much change should he have gotten back from $10?
A §1.50

$1.53
C §1.63
D $1.73

Did you use the calculator on this question!?

Example: Level 250 Grade 4 32% Correct Oversll

Percept Corvect for Anchor Levels
200 250 300 380
10 6 100 -~

A measurement of 60 inches is equal to how ?
(12 inches = 1 foot) cq many feet?

Answer: 5

Did you use the calculator on this question?

o

PACE 66



Example: Level 250 Grade 4 49% Correct Overall

P $ for

200 250 300 380

34 73 100 -
Park St ‘
Maple S 2
Tyler St g

According to the map in the figure above, which strects appear to be
parallel to each other?

A Park and Main
B Tyler and Maple

@ Park and Tyler
D Main and Tyler

Example: Level 250 Grade 8: 73% Correct Overall

Pe t Correct for Anchor Levels

HAIR COLOR SURVEY 200 250 300 350

RESULTS 21 68 92 92
Color of | Percentage

Hair

Blond 17
Brown i)
Black 33
Totals 100

The table above shows the results of a survey of hair color. On the circle
below, make a circle graph to illustrate the data in the tabie. Label each
part of the circle graph with the correct hair color.

Black
Brown
Blend

Did you use the calculator on this question!

—
Yes {No) PAGE 67




Example: Level 250 Grade 8: 76% Correct Overall

Percent Correct for Anchor Levels
200 250 300 23S0
28 69 95 98

Whatis the valucof n + 5 when n = 31

o)

Answer:

LEVEL 300

Reasoning and Problem Selving
Invelving Fractions, Decimals, Percents,
Elementary Geometric Properties, and
Simple Algebraic Manipulations

Students performing at Level 300 showed knowledge of a broader range of
mathematical concepts and procedures. For example, they could operate with
rational numbers, find areas and perimeters, were developing some working
familiarity with geometric terms, and could perform simple manipulations
involving algebraic expressions.

However, some of these concepts, such as fractions, decimals, and
percents, are often introduced as early as the fourth or fifth grade. The
measurement and geometry concepts, and even the simple algebra concepts,
would be introduced for most students by the end of the middie-school
curriculum. The majority of the content covered by the anchor questions at
Level 300 would typically have been covered by the seventh grade. Yet only
14 percent of the eighth graders and less than half the high school seniors
performed at or above this level. The average proficiency at grade 12 -- 295 --
was slightly below Level 300.
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As illustrated by the following examples, the types of questions anchoring
performance at this level should be relatively straightforward for any high-
school graduate entering the work force or higher education. Further, the
results for the individual items are of interest since they reflect performance on
aspects of the middle-school curriculum. As previously indicated, only 14
percent of the eighth graders reached Level 300, indicating that they have a
solid grasp of the material, and each of the questions was answered correctly
by only about half the total population of students at grade 8. Twelfth graders
performed somewhat better on these items, with 63 to 75 percent overall
responding correctly. However, conversely, this also shows that approximately
one-third to one-fourth of the twelfth graders did not correctly answer questions
based on content found in the middle-school curriculum.,

Example: Level 300 Grade 8: 49% Correct Overall

Percent Correct for Anchor Levels
200 250 300 350
13 31 76 98

25 = spo + then p =

A 10
B 20 Grade 12: 63% Correst Overall
C3

0 Percent Correct for Anchor Levels
(D40 200 250 300 350
E $3 26 0 %4

0

ERIC
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Example: Level 300 Grade 8: 46% Correct Overall

200 250 300 380
18 35 6 100

Kate bought a book for $14.95, a record for $5.85, and a tape for $9.70_ 1f
the sales tax on these items is 6 percent and all 3 items are taxable, what
is the total amount she must pay for the 3 items, including tax?

(A s32.33
B $32.06
C $30.56
D $30.50
E $ 1.83

Did you use the calculator on this question?

E)  No

Example: Level 300 Grade 12: 63% Correct Overall

Percent Correct for Anchor Levels
200 250 300 3s0
-~ 33 6 95

“Five percent ot the labor force 1s now unemployed.”
The above sentence states that, on the average, the number of workers

now without employment is five out of how many workers?

10O

Answer. —_ ——

PAGE 70

9 v




Example: Level 300 Grade 8: $9% Correct Overali

Pa Co for v

200 250 300 230
17 4 8 9

In the model town that a class is building, a car 15 feet long is represented
by a scale model 3 inches long. It the same scale is used, a house 35 feet
high would be represented by a scale mmodel how many inches high?

45
A s
B 3
C 5
(® -
. 35
E3

Did you use the caleulator on this question?

Yes No
Example: Level 300 Grade 8: 60% Correct Overall
: Percent Correct for Anchor Levels
200 250 300 350
Z B M T N
¢

Which of the following shows the result of fhipping the above tnangle over Grade 12; 75% Overali

the line ¢ Percent Correct for Anchor Levels
E ; 200 2W0 300 350
A 3 B - & 7 95
5 .
{
‘ k ’
¢ ¢
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Example: Level 300 Grade §: 58% Correct Oversil

200 250 300 350
30 4 78 100

OROCNOXOXO,
@ @ @ Grade 12 71% Corvect Overall

Levels

200 300 350
The nine chips shown above are placed in a sack and then mixed up. 2§ % % 98

Madeline draws one chip from this sack. What is the probability that
Madeline draws a chip with an even rumber?

1
Ay

2
By

©5

ot
& D -

Example: Level 300 Grade 8: 47% Correct Overall
Percent 'or Anchor Levels
200 250 300 330
09 31 75 98

The cost to rent a motorbike is given by the following formula

Caost == (83 x number of hours) + §2

Fill in the table below.
Time in Hours | Cost in Dollars
i ]
4 14
f_‘ 17

Did you use the calculator on this question?

D)
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Example: Level 300 Grade §: 50% Correct Overall

or Anchor Lev

200 250 300 350
14 33 80 95

(2,5, (4,9, (6,13)

Which of the tollowing describes what to do to the first number in each
ordered pair shown above to obtain the corresponding second number?

A Add 3

B Subtract 3

C Multiply by 2

D Muluply by 2 and subtract |
@ Multiply by 2 and add |

Did vou use the calculator on this question!

Yes No
LEVEL 350 1990
Reasoning and Problem Solving
Involving Geometric Percentage of Students at or Above
Relationships, Algebraic : Level 350
Equations, and Grade 4 | GradeB8 | Grade 12
Beginning Statistics and
Probability 0% 0% o%

The few students attaining Level 350 -- 5 percent of the high-school
seniors and a handful (0.3 percent) of the eighth graders -- have progressed
beyond their classmates at Level 300 to demonstrate some understanding of
specialized mathematical content and the ability to apply fundamental concepts.
Yet the majority of this material would generally be covered in Algebra 1 and
geometry courses, if not before. While the NAEP results show that many high-
school students do not complete the sequence of courses, including geometry,
where this material is offered in more depth, they also show that most students
have taken some form of algebra -- sometirnes as early as the eighth grade (see
Chapter Three). Further, many of the Level 350 questions simply require more
complex application of the Level 300 material for cxample, using information
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about the relationship between area and perimeter or solving slightly more
complex pattern sequences and equations.

The results for each of the individual example items, which were
administered at grade 12 are informative. Each question was answered
correctly by fewer than half the high-school seniors. For several questions, the
percentage of correct responses was particularly low. The poor performance on
these questions illustrates why only 5 percent of the high-school senibrs
performed with consistent success on content covered at Level 350. Further,
approximately 10 to 14 percent of the students had already dropped out of
school before their senior year and did not participate in the assessment.

Example: Level 350 Grade 12: 30% Corvect Overall

Percent Correct for Anchor Levels

200 230 30 330
06 12 16 86

4152 IS

The figure above shows the display on a scientific calculator. The value of
the displayed number 1s between which of the following pairs of numbers!

A 004and 0.05

B 04and05

C 40and5.0

D 40.0and 50.0
(E) 400.0 and 500.0

Did you use the calculator on this question!?

Yes @

BThe Condirion of Education 1990: Volume I, Lawrencs T. Ogle and Nabeel Alsalan, editors (Washington, DC:
National Center for Education Statistics, U.S. Government Printing Office, 1990).
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Example: Level 350

Grade 12: 45% Carrect Overall

200 250 300 350
- 12 8 %

The perimeter of a square is 24 centimeters. What is the area of that

square?

@ 36 square cmy
B 48 squarccm
C 96 squarecm
D 576 square cm
E Idon't know.

Example: Level 350

Grade 12: 21% Correct Overall

Percent Correct for Anchor Levels
200 250 300 350
ae m 07 78

C D

|

10

G

F 9 E

In the figure sbove, ABDG is a parallelogram and CDEF is a rectangle.
If EF = 9 and CG = 10, what is AB to the nearest hundredth?

Answer; l3 : Lf 5

Did you use the calculator on this question?

No
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Example: Level 350

Grade 12;: 39% Correct Overall

200 350

H
200 250
-~ 06 35 86

What is the greatest number of squares with 9-inch sides that can be cut
from 1 rectangular piece of cloth 18 inches by 36 inches?

8

Answer: .

Example: Level 350

Grade 12: 44% Correct Overall

Percent Correct for Anchor Levels
200 250 300 350
- 13 4 81

It d = 110 and a = 20 inthe tormula d = (2t — 1), then ¢ =

15

A

Did you use the calculator on this question?

o

Yes
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Example: Level 350

It this pattern ot dot tigures is continued, how many dots will be i the

100¢th tigure?
A 100
B 10!
C 1yy

D 200

o

Explain how you tound your answer.

Answer: 22 & %Q“fmm/jé/ __,qu_?cm.gz
YA 2 EM_MM&

e’ of VA Ji gune., poiod. | dol o/
DJAL&; AL~ ")quzi’né‘jbm\é 4‘&% m
b/ o b 160 YA
(lmxozj 'f‘/ ;?QO/

Grade 8: 34% Correct Qverali

Percent Correct for Anchor Levels

&E?ﬁ&_&
19 853

Grade 12: €9% Correct Overall

Percent Correct for Anchor Levels

200 250 300 350
- 2 48 W

Grade 8: 18% Correct Overall

Percent Correct for Anchor Levels
200 250 0 350
01 048 28 74

Grade 12: 27% Coirect Oversil

Percent Correct for Anchor Levels

200 250 300 350
- B8 2

PAGE 77



Example: Level 350

Grade 12: 48% Correct Ovenal

Percent Correct for Anchoy Levels

200 250 300 350
~ 31 47 8

K(t)

X 9 10

What 1s the value ot gt
A2
o
C>s
D s
E 8
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PERCENTILES OF OVERALL MATHEMATICS PROFICJENCY
FOR THE NATION

As illustrated by the percentages of students at each grade reaching different
anchor levels on the mathematics proficiency scale, performance within each of
the three grades assessed varied tremendously. The percentile distributions
shown in TABLE 1.2 illustrate the extent of this variation. For example, the
range between the 5th and 95th percentile of performance within each grade
exceeded the range across the grades at any one percentile.

TABLE 1.2 Percentiles of Overall Mathematics Proficiency at Grades 4, 8, and 12

Average Proficiency
Grade Sth 101d 25th 50th 75th 90th 95th
Percentile Percentile Percentile Percentile Percentile Percentile Percentile
4 168 (1.1) 179 (1.4) 197 (1.2) 217 (0.8) 235 (0.6) 251 (0.9) 261 (0.9)
8 211 (1.7 223 (1.0) 242 (1.0) 266 (1.1, 288 (1.5) 307 (1.2) 317017
12 241 (1.5) 251 (1.0) 271 (1.2) 296 (1.3) 320 (1.2) 339 (1.3) 349 (1.4)

The standard errors of the estimated proficiencies 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.

The lowest performing 25 percent of the fourth graders had proficiencies
below 197 and therefore did not reach Level 200 (essentially material covered
in the primary grades). Without simple additive reasoning skills, these fourth
graders might be considered at risk for lack of success in mathematics as they
progress through school. In contrast, the top 5 percent of the fourth graders
had proficiency levels above 261, which compares favorably with the median
proficiency level for eighth graders -- 266.

The results for eighth graders also show a wide range of achievement.
With proficiencies below 242, the lowest performing 25 percent seemed to be
having difficulty with content presented in the elementary-school curriculum.
The top 10 percent had proficiencies above 307 (essentially Level 300), where
achievement appeared to be commensurate with topics generally introduced
around the seventh grade.

The range in achievement present at grades 4 and 8 was also evident at
grade 12. However, with a median performance of 296 (again, essentially
Level 300), half the twelfth graders did not demonstrate a grasp of mathematics
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that included fractions, decimals, percents, and simple algebra. The top 25
percent had proficiencies above 320, but this was just slightly above the top 5
percent of the eighth graders, who had proficiencies above 317. The bottom 10
percent of the high-school seniors had proficiencies below 251, which
compares to somewhere between the 75th and 90th percentiles of the fourth
graders and indicates that most of these low-performing twelfth graders have
not yet fully grasped whole number arithmetic. Again, only the top S percent
had proficiencies above 349 (virtually Level 350), indicating readiness for the
study of advanced mathematics.

SUMMARY

While 72 percent of the fourth graders seemed to have grasped additive
reasoning with whole numbers -- material typically covered by third grade --
only 67 percent of the eighth graders appeared to have mastered the
multiplicative arithmetic and two-step problem solving typically covered by the
fifth grade. Only 14 percent demonstrated success with materials more
generally covered in the middle-school curriculum, including fractions,
decimals, percents, and simple algebra. Further, less than half the high-school
seniors seemed to have mastered these topics. Only S percent of the high-
school seniors attained a level of performance characterized by algebra and
geometry--when most have had some coursework in these subjects--and the
problem is further exacerbated because these results do not account for the
percentage of students who drop out of school.

The data indicate that while fourth graders appeared relatively successful
with material covered at the third grade level, a gap emerged at grade 8, where
only two-thirds had a grasp of typical fifth-grade content. For the high-school
seniors, the gap widened. Less than half appeared to have a firm grasp of
seventh-grade content. Moreover, not only is students’ performance lagging
behind the current curriculum, but the currert curriculum is not considered
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sufficient for today’s needs, as highlighted in reports from business and
industry, and documented by international comparison studies.?

#National Alliance of Business, The Business Joundiable Participation Guide: A Primer for Business on
Education (New York, NY: National Alliance of Business, 1990).

Hudson Institute, Workforce 2000; Work and Workers for the 2ist Cenuury {Indianapolis, IN: 1987).

James W. Stigler, Shin-Ying Lec. and Harold W. Stevenson, Maihematical Knowledge of Japanese, Chinese, and
American School Children (Reston, VA: National Council of Teachers of Mathematics, 1990).

Archie E. Lapointe, Nancy A, Mead, and Gary W. Phillips. A World of Differences, An Inwernaiional Assessment
of Mathemalics and Science (Princeton, NJ; Educational Testing Service, 1989).

Curtis McKnight, et al,, The Underachieving Curriculum: Assessing U.S. School Maihematics from an

International Perspective, A National Report on the Second International Mathematics Siudy (Champaign, TL:
International Association for the Evaluation of Educational Achicvcmcni\snpcs Publishing Company, 1987).
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Chapter 2
1
Overall Mathematics Proficiency Results for

Population Subgroups

OVERVIEW

Numerous calls for reform in mathematics education echo the need to stress
mathematics for all students.”’ Yet assessment results consistently show

lower achievement for subpopulations of students who are less advantaged than
their classmates, including some minorities, females, and children from single-
parent families. The NAEF data cannot establish cause-and-effect relationships
between variables such as race/ethnicity or gender on one hand and academic
performance on the other; however, the results do provide information about
important social, economic, home, and school indicators of educational
achievement. Countless studies have found differences in mathematics
achievement to be systematically related to race/ethnicity, gender, and
socioeconomic background. Despite efforts to reduce these differences, the
resuits of the 1990 NAEP mathematics assessment suggest that substantial gaps
in achievement levels still pervade American classrooms.

It should be noted, bowever, that average proficiency results can mask large
variations in performance among students in any given grade or subpopulation.
Thus, for example, while White students tended to perform better than Hispanic
students on average, both groups of students included those with high
proficiency and those with low proficiency.®

PERFORMANCE BY RACE/ETENICITY

The mathematics proficiency results for students belonging to different
racial/ethnic groups are presented in TABLE 2.1.

PEverybedy Counts: A Repori to the Nation on the Fusure of Mathematics Education, Lynn Steen, editor
(Washington, DC: National Research Council, National Academy Press, 1989).

®See Appendix E for overal] proficiency by percentiles for population subgroups.
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TABLE 2.1 Average Proficiency and Percentage of Students at or Above Four Anchor Levels on the
NAEP Mathematics Scale by Race/Ethnicity

Perceatage of Students at or Above
Levdd Level Level Level
200 250 300 aso

70 (0.1) 8 (1.2 14 (09) 0(0.0) ¢ (0.0)
15 (01) 194 (1.3) 41 (2.1) 10.4) 0 (0.0) 0(0.0)
11 (0.1) 201 (1.4) 82 (2.5) 3 (3%, 0 (0.0) 0 (00)

2(03) 228 (2.8) 85 (33) 23 4.6) 9 (0.0) 0 ¢0.0)

2(03) 211 (2.9) 66 (5.1) 3@l 0 (0.0) 0 (.0)
71 {(0.2) 2n{1.2) 99 (0.3) TI(12) 18 (1.4) 0(.1)
18 (0.1) 241 (1.6) 92 (1.6) 36 (2.5) 3(0.8) 0 (0.0)
10 (0.1) 248 (1.6) 95 (1.1) 47 (3.2) 4(1.2) 0(0.0)

3 (09) 285 (4.1) 99 (1.1) 86 (3.1) 32(49) 2{21)

1 (0.4) 48 (3.4) 97 (5.0) 47 (8.5) 4(1.9) 0 (0.0
74 (0.4) 301 (1.2) 100 (0.9) 95 (0.6) 52 (1.6) 6 (0.6)
14 (0.3) 270 (1.3) 100 (0.0) 74 (2.0) 16 (1.6) 0(0.3)

8 (0Y) 278 2.4) 100 (0.5) ™ (29) 25(34) 1(0.5)

302 315(4.0) 100 (0.0)

1(0.3) 290 (5.4)

The standsrd emors of the estimated percentages and proficiencies appear in parentheses. It can bo said with 95 percent certainty that for
esch population of interest, the value for the whole population is within plus or minus two standard errors of the estimate for the sample.
When the proportion of students is either 0 psroent or 100 percent, the standard error is inestimable. However, percentages loss than 0.5
perosnt are rounded 10 0 percent, and some White eighth graders (0.2 percent) and some Black twelfth graders (0.2 percent) reached
Leve! 350. lInterpret with caution—-the nature of the sample does not allow sccumie determination of the variability of the results for

this subgroup.

Although the sample sizes for Asian/Pacific Islander and American Indian
students are quite small (as indicated by the small percentages of students in
those classifications), for the overall mathematics performance data, results are
provided for all five racial/ethnic groups analyzed separately by NAEP: White,
Black, Hispanic, Asian/Pacific Islander, and American Indian.”

An examination of the results for all three grades reveals a relatively
consistent pattern. Asian/Pacific Islander students exhibited the highest level of
performance, followed by White, American Indian, Hispanic, and Black
students, in descending order. This pattern tends to hold for both average
proficiency (with the exception of little difference between Asian/Pacific
Islander and White students at grade 4 and between American Indian and

#Definitions of the various NAEP population subgroup classificstions can be found in Appendix C.
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Hispanic students at grade 8) and for the percentages of students performing at
or above the anchor levels across the scale.

An interesting phenomenor, however, emerges at the highest anchor levels
achieved at each gsade. Much larger percentages of Asian/Pacific Islander
students than White students reached the highest levels. In turn, comparatively
more White students than American Indian, Hispanic, or Black students
reached these levels. Within each grade, there were also vast differences
between the highest and lowest average performance by racial/ethnic group.
These discrepancies were also reflected in the percentages of students attaining
verious anchor levels. For example, 86 percent of the Asian/Pacific Islander
eighth graders performed at or above Level 250, compared to 36 percent of the
Black eighth graders. Similarly, 70 percent of the Asian/Pacific Islander
twelfth graders performed at Level 300, compared to 16 percent of the Black
twelfth graders.

PERFORMANCE BY GENDER

TABLE 2.2 presents the mathematics proficiency results by gender for the
nation as a whole, and TABLE 2.3 presents results by gender for White, Black,
and Hispanic students. The performance patterns by gender for White, Black,
and Hispanic students generally match the gender results for the nation as a
whole. At grades 4 and 8, there was essentially no difference in performance
between males and females. However, a minor but persistent advantage for
males can be detected at the anchor levels. This advantage increased at grade
12, particularly at the higher end of the scale. This finding is consistent with
other research studies showing larger gender differences favoring males when
above-average performance is considered.® Additionally, the developing
gender gap during high school was particularly pronounced for Black and

%Gilah C. Ledes, "Gender Differences in Mathematics: An Overview" in Mathematics and Gender, Elizabeth
Feonema and Gilah C. Ledes, editors (New York, NY: Teachers Coliege Press, 1990),
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Hispanic twelfth graders, which coincides with disproportionately high attrition
rates for Black and Hispanic students in high school and college, and foi the
low enrollment of women in gra:luate mathematics.”

TABLE 2.2  Average Proficiency and Percentage of Students at or Above Four Anchor
Levels on the NAEP Mathematics Scale by Geander

Percentage of Students st or Above ﬂ

Pervest of Average — —

Students Proficiency Level Level Level Level

200 250 300 350

52 (0.6) 217 (0.8) 73 (13) 12 (0.8) 0 (0.0) 0 (0.0)

48 (0.6) 215 (0.8) 71 (33) 10 (0.7) 0(0.0) 0 (0.0)

50(0.7) 266 (1.3) 98 (0.5) 67(1.5) 16 (1.3) 002

50 (0.7) 264 (1.1) 98 (0.5) 68 (1.4) 13 (1.3) 0 (0.1

49 (0.7) 28 (1.3) 100 (0.0) 92(0.8) 48 (1.7) 6 (0.9

51 (0.7 293 (L.1) 100 {0.1) 8 (1.7 43 (1.5) 3 (04)

The standard errors of the estimated percentages and proficiencics appear in parentheses. It can be sald with 95 percent
certainty that for each population of interest, the valuo for the whole population is within plus or minus two standard
errors of the estimate for the sample. When the proportion of students is either O percent or 100 percent, the standard
ermor is inestimable. However, percentages less than 0.5 percent are rounded to 0 percent, and a few eighth-grade males
(0.3 percent) and foemales (0.1 percent) attained Level 350.

S Everybody Counts: A Report to the Nation on the Future of Mathemasics Education, Lynn Steen, editor
(Washington, DC: Nationa! Rescarch Council, National Acsdemy Press, 1989).

Moving Beyond Myths: Revitalizing Undergraduate Mathematics (Washington, DC: National Rescarch Council,
Nationsl Acsdemy Press, 1991).
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TABLE 2.3 Average Proficienry and Percentage of Students at or Above Four Anchor Levels on
the NAEP Mathematics Scale by Race/Ethnicity and Gender

i Percentago of Students at or Above
Percent of Average =
It Stadents Proficiency Leved Level Level Level
200 250 300 350
Grade 4 {
i White
Male 36 (0.5) 224 (1.0) 82 (1.6) 15 (1.1) 0 (0.0) 0 (0.0)
Female 34 (0.5) 222 (0.8) 81 (1.3) 13 (1.0) 0 (0.0) 0 (0.0)
Black
Male 70.2) 194 (1.7) 42 (2.9) 2 (0.6) 0 (0.0) 0 (0.0)
Female 8(0.2) 194 (1.6) 33 1{0.6) 0(0.0) 0 (0.0)
" Hispanic |
Male 6(0.2) 201 (1.8) $3(3.2) 4(12) 0 (0.0) 0 (0.0)
| Female 5(0.2) 199 (2.0) 50 (3.7 3(09) 0 (0.0) 0 (0.0)
Grade 8
White
Male 35 (0.6) 273 (1.5) 99 (0.4) 76 (1.5) 20 (1.7 0 (0.3)
“ Female 35{0.6) 271 (1.2) 9 (0.3) 78 (1.5) 16 (1.7} 0(0.1)
Black
Male 7(0.3) 242 (1.9) 93 (2.0) 37 (29) 3(1.6) 0 (0.0)
Female u 8(0.3) 240 (1.9) 91 (2.2) 35 (3.1) 2 (1.1) 0 (0.0)
Hispanlc
Male 5(0.2) 247 (1.9) 95 (1.3) 45 (4.0) 4 (1.6) 0 (0.0)
Female 5(0.2) 248 (1.8) 95 (1.3) 48 (3.6) 4(1.3) 0 (0.0)
[ Grade 12 ]
White
Male 36 (0.6) 303 (1.5) 100 (0.0) 95 (0.9) 54 (1.9) 8 (1.1)
Female u 38 (0.6) 299 (1.2) 100 (0.0) 94 (0.8) 50 (1.7) 4(0.5)
Biack
Male 7(0.3) 273 (1.7) 100 {0.0) 76 (2.6) 20 (2.4) 0.7
! Female 7(0.3) 268 (1.4) 100 (0.0) 72 (2.3) 13 (1.8) 0 (0.0)
Hispanic
Male 4(0.2) 282 (2.9) 100 (0.0) 84 (3.1 28 (3.6) 2(00.7)
Female 4(0.3) 274 (3.3) 99 (1.2) 74 (3.5) 22 (4.5) 1 (0.6)

The standard errors of the estimated percentages and proficiencies appear in parentheses. It can be said with 95 percent cenainty
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. When the proportion of students is either 0 percent or 100 percent, the standard error is inestimable. Percentages
may not tota 100 percent due to rounding. At grade 8, a few White males (0.3 percent) and White females (0.1 percent) attained
Level 350. At grade 12, a few Black males (0.4 percent) attained Level 350. However, percentages less than 0.5 percent are
rounded to 0 percent.
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PERFORMANCE BY TYPE OF COMMUNITY

NAEP information on the relationship between students’ mathematics
proficiency and the types of communities in which they attend school presents
an opportunity to monitor the link between socioeconomic circumstances and
educational performance. TABLE 2.4 shows the mathematics proficiency for
students attending school in three extreme community types -- advantaged
urban, disadvantaged urban, and extreme rural -- compared to students
attending schools in other types of communities.

TABLE 2.4 Average Proficiency and Percentage of Students at or Above Four Anchor Levels by

Type of Commaunity
H Percentage of Students at or Above I
i i Percent of Average Level Level Level Level
Students Proficlency 200 250 300 380
Grade 4 |
Advantaged Urban 12 (19) 231 (2.2) 89 (2.3) 23 (2.6) 0 (0.0) 0 (0.0)
Dissdvantaged Urban 9(12) 200 (2.7) 50 (4.2) 3(1.0) 0 (0.0) 0 (0.0)
“ Extresse Rural i1 (1.4) 218 (2.3) 78 (3.3) 9(23) 0 0.0 0 (0.0)
Other 68 2.7 215 (0.9) 71(1.5) 10 (0.7) 0 (0.0) 0 (0.0)
I Grade 8
Advantaged Urban ! 11 (22) 283 (4.0) 100 (0.9) 86 (3.0) 29 (6.8) 1(06)
Disadvantaged Urban 10 (1.8) 252 (2.5) 96 (0.9) 51 (3.7) 8 (1.1) 0(0.2)
Extreme Rural 1 (22) 261 (2.6) 98 (1.5) 62 (3.7) 11 (1.7 0 (0.0)
Other 68 (3.0) 265 (1.2) 98 (0.6) 69 (1.6) 13 (09) 6 (0.1)
Grade 12
{{ Advantaged Urban ! 9(2.2) 308 (3.2) 100 (0.0) 95 (1.9) 63 (4.3) 10 (1.8)
Disadvantaged Urbas 12 (2.8) 283 (4.4) 100 (0.5) 82 (4.2) 31 (4.6) 3(12)
Extreme Rural | 12 (3.1) 290 (3.2) 100 (0.0) 89 (1.9) 39 (4.1) 3(12)
Other 67 3.7 297 (1.1) 100 (0.0) 92 (0.8) 47 (1.3) 5 (0.7

The standard errors of the estimated percentages and proficiencics appear in parentheses. It can be s2id with 95 percent certainty that
for esch population of intzrest, the value for the whole population is within plus or minus two standand errors of the estimate for the
sample. When the proportion of \'udents is either 0 percent or 100 percent, the standard eror is inestimable. A few cighth-grade
students in disadvantajjed urban and other community types (0.1 and 0.2 percent, respectively) reached Level 350, although no
students in extreme rural communities attained that level. Percentages less than 0.5 percent, however, are rounded to 0 percent.
'nterpret with caution--the nature of the sampie does not allow accurate determination of the variability of the results for these

subgroups.
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As numerous « sucational studies showing a positive relationship between
socioeconomic status and achievement have suggested, students attending
schools in advantaged urban communities had the highest mathematics
proficiency, and those attending schools in disadvantaged urban communities
had the lowest mathematics proficiency. Those in extreme rural communities
tended to perform similarly to students in other types of communities, although
a pattern of slightly lower average achievement is noticeable at grade 12.

PERFORMANCE BY REGION

TABLE 2.5 presents the results for students from each of the four regions of
the country. As reflected in the average proficiency results for all three grades,
students in the Southeast tended to perform less well than did students in the
other regions, and this pattern held for the percentages of students performing
at or above anchor levels -- even at the lower scale levels. This pattern was
evident at grade 4, and persisted in grades 8 and 12. For example, 62 percent
of the fourth graders from the Southeast performed at or above Level 200,
compared to approximately three-quarters of the fourth graders in the other
three regions of the country. Eleven to 17 percent fewer eighth graders in the
Southeast attained Level 250 than did students in the other regions. For twelfth
graders, 16 to 23 percent fewer students in the Southeast attained Level 300
than did students in the other regions of the country.
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TABLE 2.5 Average Proficiency and Percentage of Students at or Above Four
Anchor Levels on the NAEP Mathematics Scale by Region

Percentage of Students at or Above

Percent of Avesage Level Levd Level Level

Studeats Proficiency 200 250 300 aso
22 (0.8) 219 (1.7) 76(23) 13 (13) 0 (0.0) 0 (0.0)
24 (0.8) 209 (1.6) 62 (2.6) 70D 0 (0.0) 0(0.0)
26 (0.6) 218 (13) 7617 10010 0 (0.0) 0 (0.0)
28 (0.6) 218 (1.8) 7425 13(14) 0 (0.0) 0(0.0)
21 (1.0) 270 (2.6) 904 7432 181 0(0.3)
24 (0.9) 256 (1.7) 96 (1.4)  57(26) 9 (1.1) 0(0.0)
| 07 269 (1.6) 99(06) 7(18  15(18) 0(0.2)
30 (0.7) 265 2.7 98 (0.6) 68 (26) 15 (2.4) 0(0.2)
24 {0.9) 302 (2.1) 100 (0.0) 93 (1.1) 54 (27 6(1.1)
21 (0.7) 284(22) 100(0.0) 84(1S)  31(3S) 2(0.4)
27 (0.5) 28(20) 100(0.1) 92(L1)  48(26) 5(12)
29 (0.8) 296 (2.2) 10002) (15 4T 5(13)

The standard errors of the estimated percentages and peoficiencies appear in parentheses. It can
be said with 95 porcent certainty that for each population of interest, the value for the whole
population is within plus or minus two standard errors of the estimats for the sample. Population
percontages may not total 100 percent duo to sounding. When the propostion of students is either
0 percent or 100 percent, the standard error is inestimable. Although no eighth-grade students in
the Southeas; attained Leve! 350, some did attain that level in the Northeast, Central, and Western
regions (0.4, 0.2, and 0.3 percent, respectively). However, percentages less than 0.5 percent are
rounded to 0 percent.

PERFORMANCE BY TYPE OF SCHOOL

In 1990, NAEP modified its national sampling design to provide separate
analyses for students attending private schools. Although the sample sizes are
small when private schools are subclassified further, the overall mathematics
results by type of school shown in TABLE 2.6 are presented separately for
students attending public schools, Catholic schools, and other (non-Catholic)
private schools. At grade 4, students attending other private schools
outperformed students in Catholic schools, who in turn performed better than
students attending public schools. At grade 8, the difference in average
proficiency between students attending Catholic schools and those attending
other private schools was negligible, although students in both those types of
private schools still outperformed students in public schools. At grade 12,
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there was no difference between mathematics proficiency in Catholic schools
and other private schools, and the difference between that level of performance
and average proficiency in public schools was greatly reduced.

TABLE 2.6 Average Proficiency and Percentage of Students at or Above Four
Anchor Levels on the NAEP Mathematics Scale by Type of School

Grade 4
Public Schools 88 (12) 214 09) (13) 1008 0(00)
Catholic Schosls 8 (1.1) 224 (2.0) 8(6) 1622 0(00)

2128 838 2e49 000

264 (1.2) 97(05)  66(13)  13(13) )
278 2.6) 100 (0.2) 84265 22Q34) 000D
27424) 100 (0.5) 80(38)  18Q29) 0 (0.0

295 (1.1) 10000.1) 90(07) 45(14) S8
302 (3.0) 10000.0) 96(12) 5445
301(3.1) 100 (0.0)

N e i Y v S—— e e e~ e ~

The standand errors of the estimatad percentages and proficiencies appear in parestheses. It can be said with
95 percent certainty that for each population of isterest, the value for the whole population is within plus or
minis two ¢ adard errors of the sstimate for the sampls. Whea the proportion of studeats is 0 percent, the
standard orvor is inestimable. Although percentages loss than (0.5 porcenat are roundod o O percent, a few
elghth-grads public-school students (0.2 percent) and Catholic-schoo! studoats (0.1 percent) reachod Level 350.
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PERFORMANCE BY PARENTS’ HIGHEST LEVEL OF
EDUCATION

In addition to collecting information about basic demographic characteristics,
NAEP asked students to provide data about a variety of home background
factors that can play a prominent role in influencing educational achievement.

TABLE 2.7 presents the 1990 mathematics assessment results by the
highest level of education reported for either parent. At all three grades,
students whose parents had some education beyond high school performed
better than those whose parents had no education beyond high school.
Similarly, those students with at least one parent graduating high school
outperformed students with neither parent completing high school. At grades 8
and 12, students whose parents graduated from college had the highest
mathematics proficiency. Although this pattern did not hold at grade 4, it
should be noted that 35 percent of the fourth graders reported that they did not
know the education level of either parent.
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TABLE 2.7 Average Proficiency and Perceatage of Students at or Above
Four Anchor Levels on the NAEP Mathematics Scale by
Parents’ Highest Level of Education

- Percentage of Students at or Above
Percent of Average
Studeats Proficency Level Level Level Level
200 250 %0 | 3o |
Grade 4 l |
Did Not Finish
High School i 5(0.3) 205 (2.0) 59 (3.6) (12 0(0.0) 0(0.0)
Graduated
High School 15 (0.7) 211 (1.2) 67(16) S(08) 00 0(0) n
Some Education i
After High School 8 (04) 227 (1.6) BS(16) 19(22) 0(00) 0(0.0)
Gradusated College 36 (1.0) 223 (0.9) (1) 17(.1) 000 0(00)
H Grade 8 ’j
Did Not Finlsh
High School 9 (0.6) 246 (1.4) 96 (16) 41(26) 3(1.2) 0(0.0)
Graduated
High Schoo! | 2509 256 (0.9) 9705 S7(1.)  6(10) 0(00)
| Some Education
After High School 18 (0.6) 270 (1.0) 99 (05) 77(18) 15(L1)  0(0.2) |
[ Graduated College 40 (1.5) 277 (1.5) 99 (04) B1(1S) 24(19) 0(0.2)
Grade 12
Did Not Finish
High School 8 (0.6) 272 (14) 100 (0.0) 77(2.0) 16 (23) 1(04)
Graduated |
High School 2 (1.0) 282(12)  100(0.) 85(15) 28(14) 1(0.4) |
Some Educstion
After High School 25 (0.8) 297 (0.9) 100(0.0) 93(08) 48(1.7) 3(06)
Gradusted College 41 (1.2) 308 (1.3) 100 0.0) 96(06) 61200 9.1

The standard errors of the estimated percentages and proficiencies appear in parentheses. 1t 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. When the proportion of students is 0
percent, the standard error is inestimable. The percentages for parents’ highest level of education do not
add to 100 percent because 35 percent of the fourth graders, 8 percent of the eighth graders, and 2 percent
of the twelifth graders responded * don't know.” The average proficiencies for these students were 210
(0.9), 243 (1.9). and 268 (3.5). respectively. A few eighth-grade students in the "some education after

high school™ and "gradusted college” classifications did atwin Level 350 (0.1 and 0.4 percent, respectively).
Howsver, percentages less than 0.5 percent are rounded to 0 percent.
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PERFORMANCE BY ADDITIONAL FACTORS RELATED
TO ACADEMIC EMPHASIS IN THE HOME

TABLE 2.8 presents average mathematics proficiency results according to a
number of home factors that have been related to academic achievement. At
all three grades, students who had access to a greater number of reading and
resource materials at home had higher average mathematics proficiency than
did students with access to fewer materials, as did those who reported reading
more pages each day for school and homework. Similarly, average
mathematics proficiency tended to be higher for eighth and twelfth graders who
reported doing homework on a daily basis. Students who reported that they
were absent three days or more in the month preceding the assessment had
lower proficiency than did their classmates with better attendance.
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TABLE 2.8 Average Mathematics Proficiency by Additional Factors Related to the Home

{;mm —_——
Grade 4
Perceat of Average
! Students Profidency
Types of Reading
Materials In
| the Home
| Zero o two types 29 (0.9) 206 (0.9) 19 (0.8) 247 (1.1) 14 (0.8) 280 (1.7)
Three types 36 (0.7) 216 (0.7) 30 (0.6) 61 (1.0) 26 (0.6) 21 (1.2)
Four types 35 (0.8) 24(1.0) s1(1.1) 275 (1.3) 60 (0.8) 301 (1Y)
Dally Amount of Time
Spest oa Homework
All Sublects
None assigned 21(1.4) 219 (1.5) 6 (0.5) 248 (2.1) 12 (09) 276 (1.5)
Did mot do K 4(03) 201 (2.3) 7 (0.5) 255 (2.0) 8 (0.9) 293 (1.8)
One-half bour or less 34(12) 218 (0.9) 19 (0.7) 258 (1.4) 21 (0.6) 28 (1.2)
I One hour 25 (0.7) 218 (1.2) 42 (0.9 267 (1.0) 3207 26 (1.3)
Two hours 17(0.7) 210(1.2) 18 (0.8) 2711 (1.7 18 (0.6) 300 {12)
More thaa two hours - » 8 (0.5) 267 (2.9) 10 (0.5) 304 (2.2)
{
‘ Dally Pages Read for
School asd Homework
All Subjlects
Five or fewer pages 24 (0.9) 206 (1.2) 34 (1.0) 258 (1.0) 33 (12) 285 (1.0)
Six to 10 pag » 2(0.7) 216 (1.0) 27 (0.7) 266 (1.2) 2 (0.7 20312
More thas 10 pages 54(1.2) 220 (0.7) 38(1.1) 272 (1.3) 43 (13) 305 (13)
Days of School
Missed Last Month
Noms - - 46 (0.9) 268 (1.4) 28 (0.9) 301(14)
One or two days - - 3207 269 (1.1) » 09 299 (1.2)
Three days or more - . 20.7 254 (1.0) 33 (1.0) 287 (12)
Pareats Living in u
| Home
Both parests 77(0.7) 219 (0.7 77 (0.6) 270 (1.1) 76 (0.7) 300 (1.1)
Single pareat 19 (0.6) 207 (1.0) 20 (0.7) 257 (1.1) 20 10.6) 288 (1.5)
| Neither parent 4 (0.3) 197 2.5) 3(.2) 240 2.7) 5(03) 283 2.5) u
Dally Hours of
Television Viewing
Zero (o one bour 19 (0.6) 218 (1.3) 14 (0.6) 273 2.2) 33 (1.0) 306 (1.2)
Two bours 19 (0.6) 23(1.1) 207 272 (1.3) 270N 299 (1.3)
Three Mours 18 (0.7) 222 (1.0) 23 (0.7 268 (1.1) 19 (0.6) 290 (1.3)
Four to Five bours 19 (0.5) 217 (1.0) 28 (0.7) 262 (1.2) 15 (0.6) 281 (1.3)
Six bours or more 25(1.1) 204 (1.1) 14 (0.7) 247(1) 5(03) 270 (1.8)
L

The standlard errors of the estimated percentsges and proficiencies 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. Populaton percentsges may not total 100 percent due to rounding. (--) Indicates question not asked st that grade.
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It may be particularly difficult for some single parents to provide both the
economic and educational support that foster higher educational achievement.
This difficulty is supported by NAEP’s mathematics proficiency results. At all
three grades, students living with both parents had higher average proficiency
than did students living with one parent, who in turn tended to have higher
proficiency than students living apart from both parents.

Finally, there is the issue of the large amount of time that students spend
watching television each day in contrast to the amount of time they could be
spending in more educationally beneficial activities. At all three grades,
students who reported watching six hours or more of television per day had
substantially lower average mathematics proficiency than did their classmates
who watched less television. Additionally, at grades 8 and 12, the less
television viewing, the higher the average mathematics proficiency. Even
though fourth graders who reported watching zero to one hour of television a
day had lower proficiency than those who reported two or three hours each
day, the general pattern still prevails.

PERFORMANCE BY TYPE OF HIGH-SCHOOL PROGRAM
AND PLANS AFTER HIGH SCHOOL

At grade 12, students’ high-school programs appeared to be directly related to
their average mathematics proficiency. As shown in TABLE 2.9, those
enrolled in academic programs had substantially higher average proficiency
than did those enrolled in either general or vocational/technical programs.
Further, those enrolled in general programs outperformed those enrolled in
vocational/technical programs.
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TABLE 2.9 Average Mathematics Proficiency at Grade 12 by High-School Program
and Plans After High School

Type of High-School Program Plaos After High School l
Ag_—. e EE——— C——
Percent of Average Percent of Average
i Students Profidency Students Proficlency
Academic 58 (1.3) 309 (1.1) Working 14 (0.7) 275 {1.3)
i o
General 34 (13) 278 (1.2) Two-Year College 24 (©.7) 280 (1.3,
“ Vocational/Technical 8 (0.6) 270 (1.7) Four-Year College 55(14) sy
Otber §(0.5) 280 (1.8)
L e e — e e

The standard errors of the cstimated percentages and proficiencies appear in parentheses. It can be said with
95 percent ceriainty that for each population of interest, the estimate for the whole population is within plus or
m:;‘omndudmnohhemfwmwnpk. Population percentages may not total 100 percent due to
Consistent with the findings for type of high-school program, high-school
seniors planning to attend a four-year college had considerably higher average
mathematics proficiency than those with other plans after graduation did. Yet
their average proficiency was only slightly above Level 300, which indicates a
grasp of material generally introduced by the seventh grade (decimals,
fractions, percents, and simple algebra). As a result of this low level of °
performance by the college bound, even despite some Algebra Il and calculus
course taking, many students enter college unready to begin standard college
mathematics courses. As a consequence of this lack of preparation and an
increase in the use of mathematics in other disciplines, college enrollments in
mathematics have increased dramatically since 1970, primarily in high-school
level algebra and geometry courses.*

The twelfth graders planning to enter the work force directly after
graduation had very low average mathematics proficiency mid-way between
Levels 250 and 300, showing competency with content typically covered from
grades five through seven. The mismatch between workplace needs and

BMoving Beyond Myths: Revitilizing Undergraduate Mathematics (Washington, DC: National Research Council,
National Academy Press, 1991)
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students’ capabilities is well documented in general and is of particular concern
for those students trying to enter the work force with limited skills.”

PERFORMANCE BY AVERAGE MATHEMATICS
PROFICIENCY OF STUDENTS’ SCHOOLS

To examine the relationship between level of school performance and level of
student performance, NAEP sorted schools by their students’ average
performance on the mathematics assessment, identifying the top one-third and
the bottom one-third of the schools. TABLE 2.10 shows the average
mathematics proficiency for students in the top and the bottom one-third of
schools.

TABLE 2.10 Average Proficlency and Percentage of Students at or Above Four Anchor
Levels on the NAEP Mathematics Scale for the Top One-Third of the
Schools and the Bottom One-Third of the Schools

Percentage of Students at or Above _]
Percent of Average T T
Students Proficlency Level Level Level Level
200 250 300 k1%
Grade 4
| Top One-Third Schools 34 (2.6) 232 (0.8) 90(1.1) 22014 000 0 (0.0)
Bottoms One-Third Schools 29 (24) 198 (1.2) 46 (2.0 3 (0.6) 0 (0.0) 0(0.0)
Grade 8
Top One-Third Schools 29 (3.8) 284 (13) 100(02) 88(13) 29(23) 1(03)
Bottom One-Third Schools 328 246 (1.3) 94(13) 44(18) 4(05) 0(0.0)
Grade 12
i
Top One-Third Schools 3539 31201.0) 100 (0.0) 97 (06) 66(15) 10 (1.1)
Bottom One-TNd Schools 25(29) 273(1.1) 100(02) 77(7 18(12) 1(0.3)

The standard errors of the estimated percentages and proficiencics appear in parentheses. It can be said with 95
pescent certainty that for each population of interest, the value for the whole population is .vithin plus or minus two
standard errors of the estimate for the sample. When the proportion of studentr * efther 0 percent or 100 percent,
the standard error is inestimable.

BNational Alliance of Business, The Businéss Roundiable Pariicipation Guide: A Primer Jor Business on
Education (New York, NY: 1950},

Workforce 2000: Work and Workers for the 2151 Century (Indianapoiis, IN: Hudson Institute, 1987).
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As would be expected from how the groups were formed, students in the
top one-third performing public and private schools had higher mathematics
proficiency than did those aitending the lower-performing schools. However,
the performance in the top one-third of the schools suggests that it is difficult
for schools to raise mathematics achievement to levels even commensuraie with
the existing curriculum, let alone to levels more reflective of today’s needs. In
these better-performing schools, only two-thirds of the high-school seniors
attained Level 300 (seventh-grade content), and only 10 percent reached Level
350.

Further, the results for students in the bottom one-third of schools were
considerably lower than those for students in the top one-third. Within each
grade, the disparity in average achievement between the students in the nation’s
better- and poorer-performing schools was of a magnitude similar to the
difference in average performance between cighth and twelfth graders. In fact,
cighth graders in the top one-third of the schools had higher average
proficiency than tvelfth graders in the bottom one-third of the schools.

Compared to 30 percent of the fourth graders in the top schools, fewer
than half the fourth graders in the bottom one-third of the schools attained
Level 200, indicating the majority of these students had difficulty with the
simplest mathematical concepts. Similarly, at grade 8, fewer than half the
students attending the bottom one-third of the schools appeared to have a firm
grasp of what knowledgeable mathematics educators characterized as typically
fifth-grade problem solving. Even at grade 12, only about three-fourths of the
students had attained this sparse amount of mathematics understanding. In
these low-performing schools, only 18 percent of the students in grade 12
reached an understanding of mathematics that included operating with decimals,
fractions, percents, and simple algebra -- content typically covered by the end
of the seventh grade.

TABLE 2.11 presents data about the percentages of students from
demographic subgroups in the higher- and lower-performing schools. As
would have been anticipated based on the average proficiency results for
students belonging to various population subgroups, about one-third to one-half
of the White and Asian/Pacific Islander students in all three grades attended
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schools in the top one-third of mathematics performance, as did students in the
Northeast and Central regions. Also, nearly half of the students with at least
one parent who graduated from college attended higher-performing schools, as
did the overwhelming majority of students from advantaged urban
communities.

In contrast, two-thirds of the Black students and nearly half of the
Hispanic students at all three grades attended lower-performing schools, as did
about half to two-thirds of the students attending schools in disadvantaged
urban communities. The large proportion of students in disadvantaged urban
communities attending lower-performing schools coincides with other studies
on the effect of poverty on learning.

MSheldoo Danzinges, Education, Earnings, and Poverly, Research Report No. 89-154, Population Studies Center,
Univensity of Michigan, 1989,

Floretta D. McKenzie, "Educstion Strategies for the 'S0s* in The State of Black America (New York, NY:
National Urban League, Inc., 1991).

Sheidon Daczinger and Jonathan Stem, The Causes and Consequences of Child Poveriy in the United Siates
(Florence, Ialy: UNICEF International Child, 1990).
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TABLE 2.11 Percentage of Students within Selected Demographic Subgro-ips in the Top One-Third of the
Schools and the Bottom One-Third of the Schools

Tr e —
Percestage of Students Percentage of Students TT’
by Race/Ethnicity by Type of Community
Asian/ Dis-
Pacific American Advantaged advantaged Extreme
White Black Hispanic Isisnder Indian Urban Urban Rursl Other
Grade 4
Top Ose-Third 42(3.2) 7(1.8) 20 (2.8) 36(4.9) 24 (4.5) 63(94) 10 (4.9) 21 (73) 34 (3.9
Bottom Owne-Thind 17 (2.8) 68 (4.6) 47 (3.8) 29 (4.8) 32 (4.3) 9(61) 66 (7.1) 11 (7.2) 30 (34)
“ Grade 8
Top One-Third 4 (4.9 13 (2.8) 14 (3.5) 43 (7.8) 22 (7.6) 80 (10.9) 7 (6.0) 12 (5.8) 27 (42)
Bottom One-Third 24 (3.1) 68 (4.6) 43 (6.2) 20 (5.6) 50 (20.8)! 7 (6.2) 68 (7.6) 41 (10.0) 31(21)
Grade 12
Top One-Third 40(46) 13(24) 23 (46) 46 (5.4) 23 (9.1)! 70 (8.2) 12 (6.5) 31 99 35@.1 u
Bottom One-Third 15 (3.1) 68 (4.0) 44 (7.4) 21(8.2) 26 (9. 14 (6.6) 56 (11.9) 31 (11.6) 2032

TABLE 2.11 continued

Percentage of Students Percentage of Students
by Region by Parents’ Education
| Did Not Finlsh | Gradusted | Some Education | Gradusted
Northeast Southeast [| Central Waest High School High School After High School College
Grade 4 ‘
Top One-Third 46 (6.0) 1039  43(54) 35(6.1) 15 (2.4) 27 (3.6) 35 (3.5) 44 (3.0)
Bottom One-Third 24 (3.5) 226 20 (33) 2949 37 (4.5) 31 (4.0) 25 (2.6) 23 (2.0)
Grade 8
Top One-Third 44 (9.9) 12(3.1) 40(72) 2401 12 (2.3) 20 (3.1) 29 (3.8) 42 (5.3)
Bottom One-Third 23 (8.1) 60 (5.5) 24 (56) 26(45) 54 (4.2) 41 (3.7) 30 (2.7) 22 (2.6)
Grade 12 |
Top One-Third 54 (6.9) 12(2.3)  36(11.2) 35 (62) 16 (2.7) 28 (4.0) 32 (4.1) 46 (4.6)
Bottom One-Third " 16 (5.1) 57(104) 10 (28) 23 (5.3) 50 (5.8) 32 (39) 24 (2.9) 16 (2.2)

The standard errors of the estimated percentsges and proficiencies 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. !Interpret with caution--the nature of
the sample does not sllow sccurate determination of the variability of this estimated mean proficiency.
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SUMMARY

The NAEP results for population subgroups create an educational achievement
tapestry of enormous complexity and variation. In reports such as Everybody
Counts, the major thrust is equality of opportunity in mathematics education for
all students.® However, the performance gaps were substantial between
higher- and lower-performing groups, with the former including Asian/Pacific
Islander and White students, those attending schools in advantaged urban areas,
those with well-educated parents, and those with stable home environments and
expectations to attend college. The latter groups included Black and Hispanic
students, those attending schools in disadvantaged urban areas, those whose
parents were poorly educated, children from homes without two parents, and
children who watched excessive amounts of television and were unlikely to
read for school or to complete their homework.

Of those high-sckool seniors from the best performing groups, including
Asian/Pacific Islanders, those attending schools in advantaged urban areas, and
those attending the top one-ihird of the schools as determined by overall
average mathematics proficiency, only 10 to 12 percent reached Level 330,
indicating a readiness for advanced mathematics study.

At the twelfth grade, fewer than one-fifth of the Black students or those
students with neither parent having graduated from high school reached Level
300 on the NAEP scale. The findings were similar for these students attending

SEverybody Counts: A Report o the Nation on the Future of Mathematics Education, Lynn Steen, editor
(Washingion, DC:  Nationa! Research Council, National Academy Press, 1989).
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schools in the bottom one-third of the nation in terms of mathematics
proficiency. Less than 20 percent of these high-school seniors, who appeared
to be concentrated in disadvantaged urban areas, demonstrated a grasp of
mathematical content typically covered by the seventh grade.*

*David H. Swinton, *The Economic Status of African Americans: Permanent Povesty and Inequality” in The Swase
of Black America (New York, NY: National Urban League, Inc., 1991),

Bill Honig, Last Chance For Our Children: How You Can Help Save Our Schools (Menlo Park, CA: Addison-
Wesley Publishing Compsany, 1985).

Results 2000: Progress in Meeting Urban Education Goals (Washington, DC: The Council of the Great City
Schools, 1990}

Duvid T. Ellwood, Poor Suppori (New York, NY: Basic Books, Inc., 1988),
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Chapter 3

.
Mathematics Proficiency by Content Area for thc Nation
and Subpopulations

BACKGROUND AND DESCRIPTION OF THE
MATHEMATICS CONTENT AREAS

In contrast to the previous chapters, which contain results on overall
mathematics achievement for the nation and subpopulations, this chapter
presents results separately for each of the content areas, In accordance with the
mathematics framework underlying the assessment, results are presented for the
following five content area scales: numbers and operations; measurement;
geometry; data analysis, statistics, and probability; and algebra and functions.
In addition, as a result of the special paced-audiotape portion of the assessment
conducted for the nation at grades 4, 8, and 12, results are presented for a sixth
content area scale, estimation.”” The estimation questions included a broad
array of situations, ranging from measurement, monetary value, and time
estimates to the results of various numerical operations. For these questions,
the pacing format made any direct calculations of answers difficult, The
information from the estimation study is intended to supplement that obtained
from the numbers and operations and the measurement questions administered
using the more traditional paper and pencil or calculator approaches. Brief
descriptions of the six content areas are presented in FIGURE 3.1.

o create each of the six content areas scales, the distribution for the population represented by all students in the
assessment was 3ot to have & mean of 250.5, with & standsrd deviation of 50,
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FIGURE 3.1
Description of Content Areas

— e ey
t

| Numbers and Operations ;
* |
This content area focuses on students’ understanding of numbers (whole numbers, fractions, decimals, ;
integers) and their application to real-world situstions, as well as computational and estimation situations. ;
Understanding numerical relationships as expressed in ratios, proportions, and percents is emphasized. |
Students’ abilities in estimation, mentsl computation, use of calculators, generalization of numerical patterns, |
: and verification of results are also included.

Estimation !

Estimation involving whole numbers, fractions, and decimals pervades most of the conteat areas in
mathematics. Presented using a paced-audiotape procedure, questions assess students’ abilitics to make
estimates appropriate to a wide variety of situations. Estimates take into consideration such factors as
knowing when to estimate and whether to overestimate or underestimate in a particular problem.

Mesasurement

This content area focuses on students’ ability to describe real-world objects using numbers. Students are
asked to identify attributes, select appropriate units, apply messurement 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, moaey, 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 i
§ dimensions and to communicate geometric ideas. In addition, students should be able to use informal i
[ reasoning to establish geometric relationships. !

! Data Analysis, Statistics, and Probability

| This content ares focuses on data representation and analysis across all disciplines and reflects the important

R and prevalence of these activities in our society. Statistical knowledge and the ability to interpret data are

k necessary skills in the contemporary world. Questions emphssize appropriste methods for gathering data,
the visual exploration of dsta, and the development and evaluation of arguments based on data analysis.

| Algebra and Functions

oo ————

This content area is broad in scope, covering algebraic and functional concepts in more informal, exploratory ¢
| ways for the eighth-grade Trial State Assessment. Proficiency in this concept area requires both !
manipulative facility and conceptual understanding; it involves the ability to use algebra as a means of :
representation and algebraic processing as a problem-solving tool. Functions are viewed not only in terms of |
| slgebraic formulas, but also in terms of verbal descriptions, tables of values, and graphs. )
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Although results are not reported separately for the mathematical abilities
dimension of the assessment framework, each content area included conceptual
understanding, procedural knowledge, and problem solving. These are briefly
described in FIGURE 3.2.%

FIGURE 3.2
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 principles; 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 or 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 10 meet specific needs in an efficient manner. It also encompasses the sbilities to read
and produce graphs and tables, execute geometric constructions, and perform noncomputasional 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 recognized and formulate problems; determine the
| sufficiency and consistency of data; use strategics, data, modeis and relevant mathematics; generate, extend,
and modify procedures; use reasoning (i.c., spatial, inductive, deductive, statistical, and proportional); and

i judge the reasonableness and correctness of solutions.

e v ——c— ———— e s e e b e e e = e~ vt | > e+ e e YA 2 L A e —8. " i\ m—p TV —— . 7 Ty

*Soe Appendix C for weighting of items acconding 0 the coatent area by mathematical ability frame-ork.
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AVERAGE PROFICIENCY IN MATHEMATICS
BY CONTENT AREAS

The average proficiency results for the six content areas are presented in
FIGURE 3.3, which summarizes the relative differences in performance at
grades 4, 8, and 12 for each area. Reflecting the curriculum in elementary
schools, the 1990 assessment contained too few questions at grade 4 about data
analysis, statistics, and probability to create a scale including performance at
that grade level.

The average proficiency results for the six content areas reveal several
patterns. For all six areas, average proficiency at grade 12 exceeded that at
grade 8, and for the five areas common to grades 4 and 8, average proficiency
at grade 8 exceeded that at grade 4. Performance in the three grades,
however, did differ from content area to content area.

At grade 4, students’ proficiency was relatively lower in estimation and
numbers and operations and highest in measurement. At grade 8, average
proficiency was relatively higher in numbers and operations and estimation.
These findings reflect the current school mathematics curriculum, which
emphasizes arithmetic knowledge and procedures in the earlier years of
schooling. At grade 12, proficiency was quite similar from content grea to
content area. However, in each content area, twelfth graders performed more
similarly to eighth graders than eighth graders did to fourth graders, suggesting
that as presently configured, the mathematics curriculum facilitates more
learning in the lower grades.

WDifferent scaling methods may lead 1o different-sized units at different points on the scales. Howeves, the results
h&ammhﬁmm&u&emwﬁw&mﬁummmmmmtm-mdwdnhu
have boen consistently used for all NAEP assessments. A
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FIGURE 3.3

Average Proficiency in Mathematics Content Areas
at Grades 4, 8, and 12

o 2 § § § 88 88 8 - 2 8§ § T 88 8 8 8
3/ : / # i
KUMBERS GEOMETRY
mn . . . 217 (0.8) 282 (1.0) 286 (1))
OPERATIONS W
213 (08) 260 (1.0) 204 (1.0
DATA ARALYSIS,
[ 8 12 m' 8 12
ESTIMATION ) AND PROBABILITY e
203 {(1.4) 2720 (0.8) 293 (0.9) 266 (1.3) 285 (1Y)
MEASUREMENT : oumeomm| ALGEBRA
222 (0.8) 261 (12) 24 (1Y) AND . o .
)
mumo"s 218 (0.7 264 (1.0) 97 (1.1)
I’ o e e of o o o aa o ol
o 8 § §3 88 8 8 8 - 8 § NE 888§ 8

The standard errors of the estimated proficiencies 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.
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AVERAGE PROFICIENCY IN MATHEMATICS
CONTENT AREAS BY RACE/ETHNICITY

Aversge content area proficiencies for White, Black, Hispanic, and
Asian/Pacific Islander students are shown in FIGURE 3.4. In general,
Asian/Pacific Islander and White siudents outperformed their Hispanic and
Black counterparts, although the magnitude of these differences shifted slightly
across content areas and from one grade to another. At grade 4, there were
few differences in average performance between Asian/Pacific Islander and
White students, although these two groups had higher average proficiencies
than did Hispanic and Black students across all five content areas. Hispanic
and Black fourth graders had similar proficiency levels in numbers and
operstions and in algebra and functions, but in the content areas of
measurement, geometry, and estimation, Hispanic students outperformed their
Black classmates.

At grade 8, Asian/Pacific Islander students’ average proficiency tended to
exceed that of White students, and White students maintained their advantage
compared to Black and Hispanic eighth graders. Hispanic eighth graders
generally had higher levels of performance than Black eighth graders did.
However, across the content areas, the performance of Asian/Pacific Islander
and White eighth graders tended to be comparable to that of Black and
Hispanic twelfth graders, with Asian/Pacific Islander eighth graders generally
having the highest proficiency levels, particularly in numbers and operations
and data analysis, statistics, and probability. At grade 12, as compared to
grade 8, increases in performance were similar across racial/ethnic groups, and
the relative standings of the groups remained much the same. Asian/Pacific
Islander students had the highest average proficiency in all but the estimation
and data analysis, statistics, and probability content areas, where their
performance did not differ from that of White students. Hispanic twelfth
graders showed evidence of outperforming Black twelfth graders, particularly in
the area of measurement.

PAGE 108

133

L
Vo

[C

Full Tt Provided by ERIC.

-2
-

»h

a®.



FIGURE 34

Average Proficiency in Mathematics Content Areas by Race/Ethnicity
at Grades 4, 8, and 12

o
o 8 § § g2 § 8 § 8 o 2 § §$ § 88 83 8 8
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The standard errors of the estimated proficiencies appear in parentheses. It can be said with 95 percent cerfainty 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.
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AVERAGE PROFICIENCY IN MATHEMATICS
CONTENT AREAS BY TYPE OF COMMUNITY

FIGURE 3.5 presents the average proficiencies for students attending schools in
advantaged urban, disadvantaged urban, and extreme niral communities as
compared to those attending schools in other types of communities. Across all
three grades and all six content areas, students attending scheols in advantaged
urban areas had the highest average proficiencies, and those attending schools
in disadvantaged urban areas had the lowest. At grade 4, there were substantial
differences between these two groups. The relative standings did not change
much at grades 8 or 12.

The average proficiencies of students attending schools in extreme rural
communities were quite similar 1w those of students in schuols in the other
community types, with both groups of students performing in between the
levels of students in advantaged and disadvantaged urban schools. This pattern
was evident at grade 4 and essentially held at grade 8, except in estimation,
where students from schools in communities classified as "other" had higher
achievement than students from extreme rural schools. At grade 12, there were
somewhat narrower achievement gaps between the community types, and the
students from "other" communities tended toward better performance than did
those from extreme rural communities.
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FIGURE 3.5

Average Proficiency in Mathematics Content Areas by Type of Community
at Grades 4, 8, and 12
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AVERAGE PROFICIENCY IN MATHEMATICS
CONTENT AREAS BY TYPE OF SCHOOL

Average proficiency levels across the content areas for students atteading
public, Catholic, and other (non-Catholic) private schools are shown in
FIGURE 3.6. Although some differences in performance were noted across the
content areas at grades 4 and 8, at the twelfth grade there was little difference
in average proficiency across the school types.

At grades 4 and 8, taere was little difference in achicvement beiween
students attending Catholic or other private schools; however, both groups
outperformed those attending public schools. At grade 12, Catholic- and other
private-school students had virtually identical proficiency levels across the
content areas, and public-school students’ performance was almost the same,
although some evidence of the comparatively lower performance pattern shown
by these students at the earlier grades can still be detected.
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FIGURE 3.6

Average Proficiency in Mathematics Content Areas by Type of School
at Grades 4, 8, and 12
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AVERAGE PROFICIENCY IN MATHEMATICS
CONTENT AREAS BY GENDER

As presented in FIGURE 3.7, the gender analysis of student achievement in the
mathematical content areas shows two consistent patterns. First, at all three
grades assessed, males tended to have higher average proficieacy levels than
did females in both estimation and measurement. Second, at grade 12, males
had higher levels of mathematical proficiency than females in every content
area except algebra and functions.

Because a number of studies show that males tend to achieve higher than
females do on measures of spatial skills, rescarchers have speculated that the
gender differences in mathematics achievement may be related in part to
differerices in spatial skills.® The NAEP results for estimation and
measurement seem to support this theory, although the gender differences were
less prevalent in geometry, where the performance of males as compared to
females was virtually identical, except at grade 12. In the area of estimation,
females lagged behind males at grade 4, performed similarly to males at grade
8, and then fell back behind again at grade 12. In measurement, females
started out behind males in the fourth grade, and the relative performance
standing between the genders did not appear to change at grades 8 and 12.

Males, however, tended to show comparatively more improvement from
grades 8 to 12 than females, resulting in their advantage by high-school
graduation in all areas except algebra. These findings also support a number of
studies indicating that at the end of secondary school, males have learned more
and different mathematics than have females.*

®Y indsay A. Tartre, "Spatial Skills, Gender, and Mati. .atics” in Mathowaiics and Gender, Elizabeth Fennema and
Gilah C. Loder, editors (New York, NY: Teachers College Press, 1990).

Elizsbeth Fennema, *Justics, Equity, and Mathematics Education® in Mathemarics and Gender, Elizabeth Fennema
and Gilah C. Leder, editors (New Youk, NY: Teachers College Press, 1990).

“Lindsay A. Tartre, "Spatial Skills, Gender, and Mathematics” in Mathematics and Gender, Elizabeth Fennema snd
Gilab C. Lader, sditors (New York, NY: Teachers College Press, 1990).
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Average Proficiency in Mathematics Content Areas by Gender

FIGURE 3.7

at Grades 4, 8, and 12
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AVERAGE PROFICIENCY IN MATHEMATICS
CONTENT AREAS BY REGION OF THE COUNTRY

FIGURE 3.8 summarizes proficiency levels across content areas for the four
geographic regions -- Northeast, Southeast, Central, and West. Most striking is
the relatively low performance of students in the Southeast, compared to
students in the other three regions in the country. In each content area,
Southeastern fourth graders had the lowest average proficiency. This relative
standing did not change at grades 8 and 12. Across all three grades, studeats
in the Northeast showed a general pattern of outperforming their counterparts
in the other three regions, especially in the area of estimation.

AVERAGE PROFICIENCY IN MATHEMATICS CONTENT
AREAS BY PARENTS’ HIGHEST EDUCATION LEVEL

The relationship between parents’ education and mathematics proficiency
across the content areas is shown in FIGURE 3.9. The strong, positive
relationship between well-educated parents and higher mathematics proficiency
was apparent across all content areas and appeared to be stronger at grades 8
and 12. However, approximately one-third of the fourth graders did not know
the education level of either parent.
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FIGURE 3.8

Average Proficiency in Mathematics Content Areas by Region
at Grades 4, 8, and 12
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interest, the value for the whole population is within plus or minus two standard errors of the estimate for the sampie.
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SUMMARY

Nationally, it appears that learning numbers and operations and estimation
skills is emphasized in the earlier years of schooling. For the other
mathematics content areas examined by NAEP -- measurement; geometry; data
analysis, statistics, and probability; and algebra and functions - the increases in
proficiency were somewhat more equivalent from grades 4 to 8 as compared to
grades 8 to 12. In general, at the twelfth grade, there appeared to be little
difference in performance across the six content areas.

The performance for subpopulations of students reflected the overall
patterns of mathematics achievement, with Asian/Pacific Islander and White
students having considerably higher average mathematical proficiency in 2ll
content areas than Black and Hispanic students did. The same was true of
students attending schools in advantaged urban areas as compared to those
attending schools in disadvantaged urban areas. Private-school students, both
those attending Catholic schools and other private schools, appeared to have an
advantage at the lower grades, but this dwindled for high-school seniors.

Males had higher proficiency levels than females did in estimation and
measurement across all three grades.. At the twelfth grade, they outperformed
females in every content area except algebra and functions. Students from the
Northeast appeared to have stronger estimation skills than those in other
regions, while students from the Southeast performed the most poorly in all
content areas. Across all six content areas, the more well educated the
students’ parents, the higher the average proficiency levels.
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Chapter 4
-
Course-Taking Patterns in the Mathematics Content Areas for
the Nation and Population Subgroups

INTRODUCTION

According to the Second international Mathematics Study (SIMS), the
percentage of U.S. students enrolled in advanced mathematics courses was at
best average in comparison to other countries. Because of the strong positive
relationship between course taking and achievement and because a large
proportion of our nation’s students -- as many as half each year during high
school -- drop out of the mathematics pipeline, it will be difficult to improve
the overall national profile of mathematics achievement without increasing
course enrollments.® Efforts for reform in this direction have led to increased
course-work requirements for high-school graduation in a number of states, yet
as the results in this chapter show, relatively few students in our country pursue
challenging mathematics course work in meeting these new requirements.

Eighth graders were asked about the type of mathematics they were taking,
and high-school students were asked about their course work in a number of
content areas, includiug algebra, geometry, trigonometry, calculus, and
statistics. The results of this inquiry are presented in this chapter, with
associated mathematics content proficiency levels for the students reporting
various amounts of course work. Twelfth graders were also asked about the
sum of their high-school mathematics course work from grades 9 through 12.
As shown in TABLE 4.1, these data provide an overview both of the well-
documented relationship between proficiency and course taking, as well as the
limited enrollments in high-school mathematics courses.

SCurtis McKnight, ot al., The Underachieving Curriculum: Assessing U.S. School Mathematics from an Iniernations!
Perspeciive, A Nalional Repors on she Second Internationsl Maikematics Study (Champaign, IL: Isternational Association
for the Evaluation of Educational Achievement, Stipes Publishing Company, 1987).

“Everybody Counts: A Report to the Nation ox the Future of Matkematics Education, Lynn Steen, editor (Washingtos,
DC: National Research Council, National Academy Press, 1939),
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TABLE 41 High-School Senjors’ Reports on the Number of Semesters of High-School Mathematics Conrses
Taken in Grades 9 through 12

T ] SistoSeves
Semastars Semeaters Semesters
Percent of Average Percest of Average Percent of Average
Stadeats | Preficency | Students | Proficieacy | Studeats | Profidency
Nation 18 (0.9) 269 (1.1) 18 (0.7) 284 (1.4) 25 (0.9) 300 (1.1) 320 (1.1)
White 17 (1.0) 2219 17 (0.7) 289 (1.59) 27(1.0) 303 (1.2) 40 (1.4) 33012
Black %6 (19) 256 (2.0) 8 (2.3) 266 (2.3) 20 (2.4) 279 (2.8) 26 (2.5) 296 (2.1)
Hispanic 24 (27) 260 (3.5) 23 (29) 276 (5.9) 23 (2.9) 288 (3.4) 31 (30) 304 (39)
Astan/Pacific Isiander 8 (20) 278 (8.0) 10 3.6) 304 (3.9) 15 (2.8) 315 (5.2) 67 (5.2) sy
Advaataged Urbaa ! 10 (2.2) 276 (5.0) 13(19) 292 (52) 28 (3.6) 309 (3.7) 48 (42) 330 22)
Disadv. Urban ! 217 262 (2.8) 18 (1.6) 275 (3.7 27 (25) 290 (5.7) 3531) 309 (3.6)
Extreme Rural ! 26 (3.3) 268 (3.5) 19 (1.9) 281 (23) 22 (2.4) 296 (2.9) 33 (4.1) 321 (3.6
| Other 17 (1.0) 269 (14) 19 (0.8) 285 (1.8) 35012 0102 (15 2003
Male 18 (1.3) M2 (18) 18 (0.9) 285 (1.6) 20 (1.0) 301 (1.6) 44 (1.5) 323 (1.4
Female 18 (1.0) 266 (1.1) 19 (1.0) 283 2.0) 30(13) 209(1.1) 34 (1.4) 317019
Northeast 15 (1.9) 271 3.0) 16 (1.3) 286 (4.0) 18 (1.7) 300 (2.3) 51 (26) 322 (1.7)
Southrast 25(18) 264 (1.7 R (1.6) 278 (2.8) 20 (1.9) ~30(1.9) 34 (23) o)
Ceatral 20 (2.0) 268 (2.0) 2001.2) 287 (2.8) 25 (21) 305 (23 351024) 23¢23)
West 13 (13) 272 (2.3) 16 (1.2) 284 (2.9) 519 300 (1.8) 36 (22) 230
Public Schools 19 (0.9) 268 (1.0) 19(0.7) 283 (1.4) 26 (1.0) 300(1.2) 37(13) 32113
Private Schools 11 (1.5) 273 (2.0) 14017 290 (3.0) 2 (2.6) 296 (1.9) 53 (3.1) 316 (2.4)
Did Net Finish HS. 34 (28) 261 (2.1) 26 2.7) 273 (3.1) 17 (2.0) 282 (2.8) 26 (3.1) 301 (4.1)
Graduated H.S, 27 (19) 263 (1.6) 23(12) 277 (23) 25 (1.4) 293 (1.8) 25 (1.6) 308 (2.5)
Some Ed. Afeer HS, 17 (1.2) 274 (22) 19 (1.4) 288 (2.0) 28 (1.5) 299 (1.4) 37 (1.5) 318 (1.3)
CGradaated Coliege 11 (1.0) 215Q1.D 14 (0.8) /222 26 (1.2) 306 (1.4) 49 (1.6) 32614
Academale 9 (0.6) 280 (2.3) 14 (O.7) 294 (2.0) 27(12) 306 (1.2) S0 (1.4) 325 (1.2)
General 30 (1.9) 264 (1.3) 24 (1.4) 274 (1.5) 23 (15) 290 (1.8) 22 (1.4) 303 (2.1)
Vocational/Technical 44 (2.5) 261 (2.4) 23 (3.3) 277 (5.0 21 (28) 283 (3.9) 13 23) 288 (4.7)

The standand errors of the estimated percentages and peoficiencics appear in parentheses, Tt can be said with 95 percent ceruinty that for sach population
dhmduvﬂuefaﬂsewhohpopuhﬁonhwiwaplmammmﬁmddumforthompk. Population perceatages may aot
total 100 percent due 0 rounding. lhmtwithmﬁon-—thcmmotﬁnnmpiedmnmnbwmmdcwmohhemhbﬂhydtismnn

for these subgroups.

Although NAEP data cannot be used to establish cause-and-effect
relationships, the direct relationship between amount of course work and
mathematics proficiency apparent for the nation and each subgroup may well
have its roots in two factors. First, the study of mathematics undoubtedly
influences achievement, particularly as the course work becomes more
sophisticated, covering concepts unlikely to be encountered in daily activities.
Second, better students elect to continue their mathematics study, while their
less able counterparts tend to pursue other course work.
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Because not enough students persevere in mathematics during their high
school years, industry, universities, and the armed forces are burdened by
extensive costs for remediation.* For example, when asked if they were
taking a mathematics class in the second half of their senior year, 42 percent of
the twelfth graders reported that they were not. Their average mathematics
proficiency was substantially below that of their counterparts enrolled in
mathematics course work (269 compared to 289).

Only 39 percent of the high-school seniors reported taking four years of
mathematics course work from grades 9 through 12, and the patterns by
subgroup reflect the proficiency results. Asian/Pacific Islander students
reporteri the most course work, with White students a distant second, and
Hispanic and Black students trailing behind. In a parallel vein, students
attending schools in advantaged urban areas reported more course work than
did those attending schools in disadvantaged urtan areas. Students in private
schools (Catholic and other private schools) reported more course work than
did those in public schools, although their average mathematics proficiency was
no higher and may have been somewhat lower than that of the public-school
students.®

Males reported more course work than did iemales, and students in the
Northeast reported more semesters of :nathematics classes than did students in
the other three regions of the country. Those students whose parents had
graduated from college reported the most course work, followed by those
whose parents had some education after high school. Students whose parents
had no education beyond high school or did not graduate from high school
reported the least course work. Finally, those students in academic high-school
programs reported taking more semesters of mathematics than did their
counterparts in general or vocational/technical programs.

“Everybady Counts: A Report io the Nation on the Future of Mathematics Education, LynnStcen.uﬁtor(Wuhjngmc.
DC: National Research Council, National Academy Press, 1989).

%mwmwmwummmmmﬁwdmm(imQ&olicsd!oohscwﬁelyﬁom
other privato schools) when the resuits are fusther analyzed by variables with several categorics.
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AVERAGE PROFICIENCY IN ALGEBRA AND FUNCTIONS
BY ALGEBRA COURSE TAKING

Despite considerations of tracking and the importance of a balanced curriculum,
the system of different mathematics study for various students in our countsy
begins early and is well established by middle school. As shown in TABLE
4.2, cighth graders typically take one of three ditferent types of courses --
cighth-grade mathematics, pre-algebra, or algebra. There is further evidence,
supported by the results in this report, that among those students taking cighth-
grade mathematics, the less able eighth graders are still in a curriculum
consisting primarily of grade-school arithmetic.*

“Curtis McKnight, et al., The Underackieving Curriculum: Assessing U.S. School Maihematics from an Insernational
Perspective, A National Report on the Second Insernational Matkemasics Study (Champaign, IL: Intemational! Association
for the Evaluation of Educational Achisvement, Stipes Publishing Company, 1987).
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TABLE 42 Average Overall Mathematics Proficiency by Algebra Course Taking:

Grade 8
Eighth-Grade Mathematics Pre-Algebra Algebrs
JLercent of Average Percest of Average Percest of Aversge
Studests Preficiency Studants Proficiency Students Proficieacy
Natiea 58 (1.5) 285 (1.0) 2(1.3) 274 (1.5) 16 (1.0) 297 (22)
i
| White 55 (1.8) 251 (1.2) 2 (1.7 219(13) 18 (1.3) 301 (22)
| Black 68 (2.8) 25 (1.8) 1 (1) 255 (3.2) 7(13) 265 (6.1)
| Hlspanic 69 (2.3) 243 (1.7) 17 (1.8) 263 (2.3) 10 (1.3) 274 (4.6)
* Aslen/Pacific Isiander 38 (6.8) 263 (4.5) 24 (53) 281 (7.8) 38 (33) 310 (49)
‘ Advaataged Urban ! 48 (52) 271 (4.6) 25 (4.4) 287 (2.6) 26 (2.5) 306 (7.0)
Disadvantaged Urbaa 64 (3.5) 243 (2.6) 17 (2.4) 260 (5.7) 15 (2.0) 285 (3.7)
; Extreme Rural & (7.6) 253 (3.1) 21 (4.2) 270 (4.7 13 (49) ¥1 34 |
| Other 59(1.7) 254 (1.4) 23 (1.6) 274 (2.4) 15 (1.1) 297 (24)
t Public Schools 60 (1.6) 253 (1.1) 21 (1.4) 274 (1.4) 15 (1.0) 28 (24)
i Privaie Scheols 47 (42) 270 (2.0) 27 (2.8) 273 (2.5) 23 (28) 294 (3.8)
] Male 59 (1.9) 255 (1.1) 21 (13) 276 (1.5) 16 (1.1) 300 (24)
‘ Female 58 (1.8) 254 (12) 23(1.5) 273 (1.6) 16 (12) 24 (24)
i Nerthoast HEN 192 1827  219032) 18(21) 299 (40)
| Sewthenst 57 (3.3) 244 (2.5) 29 (3.8) 271 (2.3) 12(19) 204 (3.5) ,
Central 59 (2.5) 260 (1.7) 22 (2.1) 276 (1.7) 15 (1.8) 296 (3.)
West 58 (2.6) 258 (2.3) 19 (1.9) 273 (2.2) 19 (23) 299 (4.4)
l Did Not Flaieh H. S. 74 (2.7) 241 (1.7) 18 (2.5) 267 (3.8) 3(0.7) 269 (83)
Graduated H. S, 66 (2.2) 250 (1.3) 21 (22) 267 (2.0) 9(1.0) 281 (32) l
l Some Educstion Afcr L& | 8 (20) 261 (1.2) 4018 21706 15(13) 298 (20)
| Graduated College 48 (19) 263 (1.5) 24 (1.6) 280 (1.5) 25 (1.5) 303 24) |

B ey ————e

e — e T — e A . S Lt e s e 1y e

The standard errors of the estimated percentages and proficiencies appear in parentheses. It can be sald with 98 percent certainty
that for sach population of interest, the value for the whole population is within plus or minus two standard errors of the estimase for

the sample. Percentages may not total 100 percent because a few students reported taking other mathematics courses. Interpret with
auﬁw—humdhumﬁo@mﬂbwmdu«m&ﬁmdwmwnqdwuaﬂufa%m&nm.

The results reveal that the eighth graders taking the more advanced courses
have higher levels of mathematics proficiency. Also, one finds a significantly
larger percentage of Asian/Pacific Islander students taking algebra, and a
substantially larger proportion of Black and Hispanic students in the eighth-
grade mathematics curriculum. This finding supports observations from other
studies documenting fewer Black and Hispanic students having the opportunity
to learn algebra in the eighth grade.” Similarly, fewer students in the

“MCWM&MUMM’MNUS Sa&ad”c&mﬂmﬁmulmt
Perspective, A Nationai Report on the Second Insernstiona] Mathemaiics Saidy (Champalgn, TL: Internstional Association
for the Evaluation of Educational Achievement, Stipes Publishing Company, 1987).
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Southeast than in the Northeast or West were enrolled in an algebra class at the
eighth-grade level. In cortrast, more students attending schools in advantaged
urban areas were taking algebra in the eighth grade, as were more students in
private schools and students whose parents had graduated from college.

TABLE 4.3 summarizes the relationship between proficiency in algebra and
functions and students’ course-taking patterns in the algebra to calculus
sequence in secondary school. Like the eighth-grade data, the twelfth-grade
data show that the higher the mathematics proficiency level, the more
mathematics taken in the sequence from no algebra, pre-algebra, Algebra 1,
Algebra II, Algebra 111, to calculus. The increase in average proficiency was
substantial with each successive course taken. However, substantial attrition,
most likely by poorer students, was also evident. The results indicate that
although most twelfth graders (all but 17 percent) have at least taken Algebra |
and more than half have taken Algebra II, very few have taken more advanced
algebra or calculus.
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TABLE 43 Average Proficiency in Algebra and Functions by Algebra and Calculus Course Taking: Grade 12

(Continues on the next page)
Ouly Takes Only Takm
Pre-Algebra Algebra |

Percant of Algebra Percent of Algebra

Students Profideacy Studeats Proficlency
251 (1.9) 8 (0.5) 265 (1.8) 27 (1.0) 286 (1.8)
255 (1.9) 8 (0.6) 268 (2.5) 26 (1.2) 291 (1.9)
239 33) 9{(1.2) 251 (4.9) 34 (2.0) 256 (2.2)
244 (6.4) 12 (1.5) 262 (40) 30 (21) 275 (4.7)
265 (11.7) 8 (3.8) 281 (14.6) 23 (3.8) 317 (6.3)
248 (7.9) 8 (1.6) 277 (49) 2 (2.4) 291 (4.1)
245 (59) 10 (1.8) 256 (4.9) 34 (3.4) 272 (4.1)
248 (23) 8 (2.6) 268 (4.38) 3 {29) 282 (3.3
253 (2.3) 8 (0.5) 265 (2.4) 27 (1.2) 289 (2.2)
251 (1.9) 9 (0.6) 265 (19) 28 (1.1) 285 (1.9)
255 (7.1) 4(11) 2%7 (4.7) 23 (2.1) 292 (3.1)
254 (2.5) 8 (0.6) 266 (3.6) 27(1.1) 285 (2.0)
248 (2.7) 9.7 264 (1.8) 28 (1.4) 286 (1.9)
25¢ (3.2) 6 (0.7 269 (3.5) 296 (4.4)
245 (2.8) 6 (0.7) 2356 (3.3)
254 (3.8) 11 (1.0) 269 (3.7
251 (4.7) 10 (1.3) 264 (26)
245 (3.6) 14 (1.9) 262 (3.5)
250 (2.2) 11 (1.2) 260 (2.6)
255 (4.0) 9 (1.1) 265 (27)
289 (3.7 5(0.5) 274 (3.6)
262 (5.4) 3(0.9) 280 (3.6)
250 (2.1) 15 (1.3) 262 (2.1)
248 (3.2) 16 (2.1) 258 (3.7)
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TABLE 4.3 (continued)

[ Taken Algebra I Taken Algebrs III or Pre-Calculus Takea
f
but Not beyond but Not Calculus Calculus
Percent of Algebra Percamt of Algebra Percent of Algsbra
Students Proficeacy Studeats Proficiency Studests Proficeacy
Natioa 43(.3) 309 (1.0) 9 (0.7 277 4 (0.4) 43 (2N
White S (19 313 (1.1) 10 (0.8) 330 (1.9) 4 (0.9) 346 (2.8)
‘ Black 41 (2.2) 280 (1.7 5{1.0) 310 (5.3) 1(C.4) 308 (19.8)
| Hispanlc 35 (25) 299 2.7 5 (1.0) 309 (7.2) 3(08) 320 (10.5)
Asian/Pacific 1slander 41 (4.7) 326 (39) 17 3.6) 334 (4.8) 7 €3.2) 48 (6.1)
Advantaged Urbea ! 4822 21 (32) 12 (1.9) 336 (3.0) 6 (1.6) 347 (18)
Disadvantaged Urbaa 39 (2.5) 304 (4.8) S (1.0) 324 (5.6) 309 338 (12.5)
Extremse Rural | 45 (3.4) 304 (5.1) 7 (23) 320 (5.2) 2 (0.8) 333 (89)
Otheer 43 (1.7 310 (1.0) 10 (0.9) 327 2.0) 4 (0.4) 343 (28)
Public Schools 42 (1.4) oy 8 (0.8) 328 (2.0) X (1)) 343 (2.9)
Private Schools 50 (2.9) 304 (2.0) 16 (1.9) 123 Q2.§) s(1.1) 339 (4.7)
Male 41 (1.5) . 310 (13) 9 (0.8) 331 (1.8) 4 (0.5) 340 (3.4)
Female 45 (1.4) 309 (1.1) 907D 324 (2.4) 3 (0.4) 346 (3.5)
Northeast 41 (3.4) 311 (19) 12 (1.5) 325019 6 (1.0) 340 (4.4)
Southeast 49 (2.8) 301 2.2) 7(12) 320 (4.4) 2(03) 326 (8.2)
Ceatral 39(1.9) 3IRY) 2(1.4) 3312 (3.8) 3 (.5) 347 (5.3)
West 44 (2.0) 311 (1.5 8(13) 131 (43) 3@ 350 (4.5)
Did Not Fiaiah H. S. 28 (3.1) 293 (2.8) 3(1.0) 297 (11.8) 1{02) 336 (13.1)
Geraduatad H. S, 37(2.1) 301 (1.7 6 (0.7) 321 (34) 1 (0.3) 314 (10.8)
Some Ed. ARer H. S, 46 (2.0) 309 (1.3) 9 (1.0) 328 (2.0) 3 (05) 340 (4.9)
Gradusted College 48 (1.6) 316 (1.2) 13{(1.0) 30 (22) 6 (0.7) 348 (2.8)
Academilc 54(1.7) 314 (1.0) 14 (0.9) 330 (1.8) 5 (0.6) 347 (2.9
Genesel 30(13) 299 (1.8) 3(0.6) 317 (4.3) 1{0.3) 311 (0.7
Vocational/Techaical 19 (2.3) 23 (4.7) 1(0.4) 252 (13 0(03) 291 (152)

—_— —_——— ———— —

Commukmwmdeﬁmdntho‘emdiadfaulemmyw.msmdudenmdthcsﬂmmdmsmdpmﬁdmduwh
parcnthescs. hmbuﬁdwith%mmcmintyMhsﬂmﬂﬁwﬁhm&.&evﬂwfw&ewhdewhﬂmhwﬁﬂnp&um
minus two standand esrors of the estimate for the sample. hpukaﬁoapemqamyww:mpemtduemmuﬂng interpret with
uuﬁw&emoﬂheumplodoumuﬁowmmwmﬁmﬁmcvmwmwofmmmmmmwbgmup&

These data also reflect some significant differences among population
subgroups. For example, nearly one-fourth of the Asian/Pacific Islander
twelfth graders, 18 percent of the students attending schools in advantaged
urban communities, 18 percent of the students in the Northeast, 19 percent of
those having at least one parent who had graduated from college, and 19
percent of those in academic high school programs had taken Algebra III or
calculus. In contrast, 6 percent of the Black twelfth graders and 8 percent of
the Hispanic twelfth graders had taken these courses. Very few students whose
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parents were less well educated had taken Algebra III and calculus courses, and
virtually none of the students in general or vocational/technical high school
programs reported taking these more advanced courses. On the other hand, the
results indicate no apparent gender differences in either course taking or
average proficiency. These data are consistent with those reported at the
Mathematical Sciences Education Board conference, "Making Mathematics
Work for Minorities,” and in Everybody Counts.*® Pursuing increasingly

higher levels of study of algebra and calculus seemed to be more common for
students in the Northeast than for students in the other three geographic |
regions. The results for public as compared to private schools indicate that
more students in private schools tended to enroll in advanced mathematics
course work, although they did not have higher proficiency levels than their
counterparts in public schools.

At grade 12, far fewer students in general and vocational/technical than
academic high-school programs reported pursuing the algebra course sequence,
and approximately one-third reported only pre-algebra or no study of the
subject. Even for high-school seniors in academic programs, fewer than one-
fifth had taken courses more advanced than Algebra II.

AVERAGE PROFICIENCY IN GEOMETRY BY GEOMETRY
AND TRIGONOMETRY COURSE TAKING

At the secondary level, there was a strong relationship between students’
geometry proficiency and whether students had studied geometry and
trigonometry (ses TABLE 4.4). Twenty-eight percent of the high-school
seniors had not studied a year of geometry, 55 percent had studied geometry
but not trigonometry, and only 17 percent had additional course work in
trigonometry.

“Everybody Counts: A Report so the Nation on the Futire of Mathematics Education, Lynn Steen, editor, {Washington,
DC: National Research Council, National Academy Press, 1989).
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TABLE 4.4 Average Proficiency in Geometry by Geometry and Trigonometry Course Taking:
Grade 12

I___.._-__._......_._________ —_——— —
)
H

Have Not Taksa Geometry sad
Stadled Gesmetry Taken Geometry Trigonometry i

Peromt of Geomelry Percent of Geometry Ferceat of Geometry
Students Proficincy Studests Proficieacy Studeats Freficiecy

Grade 12 28 (1.4) 259 (1.2) 55 (1.5) 308 (1.1) 17 (11) 325 (1.7)

White 27 (16) 264 (13) 56 (1.8) 313 (12) 17 (12) 33 (1.7
Black 3 (28) 240 (2.5) 52 (2.8) 281 (2.6) 15 (18) 26 (35)
Hispank 41 22) 2%9 (4.9) 48 (2.5) 296 (3.1) 11 (1.8) 306 (6.2)
Asian/Pacific Islaader 1337 268 (8.1) 62 (4.0) 324 (35) 25 (7.2) 331 (59)

18 (26) 265 (4.1) 60 (4.2) 319 (32) 22 (2.6) 329 A7)

|

i

i

l

Advantaged Urbea ! ‘
Disadvantaged Urban 31 23) 250 (4.5) §7(20) 295 (48) 13 (15) 314 (76)
Extreme Rura ! 35 (33) 259 (3.5) s2(3.1) 305 (2.9) 13 (24) 326 (10.1)
Other 28 (1.6) 260 (1.8) 54 (2.0) 309 (1.3) 17 (1.4) 326 (21)
Public School 30 (1.4) 258 (1.3) 54 (1.6) 308 (1.2) 16 (12) 327 (19)
Private School 12 (2.0) 269 (4.1) 63 (22) 306 (2.3) 25 (18) 315 (28)
Male 29 (1.7) 262 (1.5) 52(1.7) 311 (1.5) 19 (12) 320 (3.7)
Female 28 (1.4) 256 (1.8) 8 (1.7) 306 (1.2) 14 (1.1) 123 (24)
Nortienst 24 (22) 263 (3.5) 52 (33) 313 (2.0) 25 (2.6) 328 (36)
Southeast 32(33) 250 (23) 51 (2.6) 294 (2.7) 17 (29) 314 (39)

Central 31 (30) 264 (2.3) s4 (3.1) 312 (1.7 15 (15) 130 (32) |

Wast 28 (23) 258 (2.2) 61 (2.9) 310 2.9 11 (16) 326 (2.5 ‘
Not L §. 56 3.3) 253 (2.9) 37 (2.8) 290 (3.1) 7019 303 (6.7)

Gradusted H. §. 41(19) 254 (1.7) 817 297 (1.5) 11 (09) 1S (39) |

After 1. S. 25 (1.4) 265 (1.8) 57(1.7) 307 (1.4) 18 (14) 324 27) |

| Gradustsd College 17(12) 266 (2.5) 62 (1.9) 317 (1.5) 2 (17 01 (1.6) !

Academic 1209 270249 65 (1.5) 314 (1.6) 2 (15) 129 (18) !

Geaersl 4 (22) 256 (1.4) 4“4 (22) 295 (1.6) 707 310 (36) |

Vocational/ Techaical 66 (3.2) 255 (2.5) 28 (2.6) 292 (3.2) 6 (1.6) 24 (52) |

— —

Courses tskon were defined as those subjects studied at loast one year. The standard erors of the estimatod percentages and profi-
ciencies sppear in pareathoses. Tt can be said with 95 percont cestainty 1hat for each population of interest, the value for the whols
population is withis plus or minus two standard crrors of the estimate for the sample. Population percentages may not total 100
percont due 10 rounding. WWMdemm“mmwmmdmvmmwd
the results for these populstion subgroupe.

An analysis of the racial/ethnic group results indicates that considerably
fewer Asian/Pacific Islander students withdraw from the mathematics pipeline
before they study geometry, compared with students from other racial/ethnic
groups. Also, more than half the students with neither parent having graduated
from high school reported no study of geometry. In contrast to the findings for
algebra, females generally had lower proficiency levels in geometry despite an
equal propensity to enroll in geometry courses, although they were less likely
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than males to go on to trigonometry. These results are consistent with studies
showing that males have better spatial skills than females.* But they are also
consistent with existing evidence that, even though females may have equal
opportunity to take mathematics courses, they may not be treated equally in
mathematics classrooms.® For example, males interact more frequently with
teachers than do females, and teachers initiate more contacts with males and
respond to their requests more frequently.

Finally, about one-third of the students attending schools in disadvantaged
uroan or extreme rural communities reported no study of geometry. Thirty
percent of the students attending public schools also reported taking no courses
in geometry.

AVERAGE PROFICIENCY IN DATA ANALYSIS, STATISTICS,
AND PROBABILITY BY STATISTICS COURSE TAKING

The results in TABLE 4.5 show a positive relationship between some course
work in statistics and students’ performance in data analysis, statistics, and
probability. However, only about 12 percent of high-school students report
having taken even a semester of statistics by the twelfth grade. Although more
students in the Northeast reported studying statistics than did students in any of
the other three geographic regions, their average proficiency in data analysis,
statistics, and probability did not seem to differ from that of stud. 1ts in the
Central and Western regions. Students in the Southeast attained significantly
lower proficiency levels in this content area than did students from the other
three areas. By and large, however, few students reported any study of
statistics, regardiess of population subgroup. Even for those students in
advantaged urban schools, only 16 percent reported statistics course work.

“Lindsay A. Tartre, "Spatial Skills, Gender and Mathematics® in Mathematics sad Gender, Elizabeth Fennema and
Gilah C. Loder, editors (New York: NY: Teachers College Press, 1990).

®Elizabeth Fennema, "Justics, Equity, and Matbemstics Bducation® in Mathematics and Gender, Blizabeth Fennema
and Gilah C. Leder, oditors (New York, NY: Teachers College Press, 1990).
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TABLE 4.§ Average Proficiency in Data Analysis, Statistics, and Probability by
Statistics Course Taking: Grade 12

307 (R2)

12 (09) 317 (23)
13 (1.7 12 (39)
12 (2.3) 217 (61)
14 (52) 323 (10.0)

16 (3.3) 315 (7.9)
11 (13) 289 (10.2)
14 (20) 04 (5.7
1 (13) 310 (23)

12 (0.8) 308 (22)
15 (28) 03 57N

13 (05) 308 (2.8)
11 (19) 06 (2.3)

20 (30) M (43)
8 (0.8) 287 (5.6)
9(12) s 27
11 (13) 305 (4.0)

9 (1.5) 289 (49)
10 (1.1) 290 (35)
12 (1.2) M (42)
14 (1.0) N8 (2.4)

15 (1.1) N7 (22)
8 (10) 287 (3.4)
8 (1.4) 72 (19)

Statistics study definod as at least ono-haif year of course work. The standsrd errors of the estimated per-

centages and peoficiencics appear in parsathesss. 1t can be said with 95 percent cestaisty that for each
Wd“hﬁuhﬁwﬁemﬂ:ﬂmiwﬁhﬂmanﬁnwm%ﬂmdm

osticute for the sample. wmm—mmdmwm:«mmmw
of the variability of the results for thess population subgroups.

SCHOOLS’ REPORTS ON COURSE OFFERINGS

The causes of students’ low enrollments in advanced mathematics course work
are debated at length. However, these low enroliments are not 2 result of
schools failing to offer such course work. To provide some perspective on
school mathematics offerings, NAEP asked eighth graders’ school
administrators if algebra was offered for high-school placement and asked
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twelfth graders’ school administrators whether or not various courses were
offered. The results are presented in TABLE 4.6 by region and type of
community. Several patterns emerge, including the finding that most students
have access to a variety of mathematics courses, no matter where they live or
in what type of community.

An examination of the results reveals that statistics and probability have
not been incorporated into the mathematics curriculum on a widespread basis,
which contrasts with the emphasis given to statistics by the NCTM Standards
and other such sets of recommendations.”' Even in the Northeast, the region
where the most students have an opportunity to study statistics, only half the
students can take such a course. Across the regions, students in the Southeast
have the least opportunity to take advanced mathematics course work, and
students in the Northeast the most. Considering students’ course-taking
patterns, there appears to be little difference between the amount of course
work offered in disadvantaged urban schools as compared to advantaged urban
schools. Students in extreme rural communities, however, have much less
opportunity than their counterparts living in the res. of the country to take
advanced mathematics classes.

fCuricnum and Eveluction Swandards for School Mathematics (Reston, VA: National Councll of Teachers of
Mathematics, 1989).
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TABLE 4.6 Schools’ Reports on Percentages of Students in Schools with Varous Course Offerings by Region
and Type of Community

g ——e——re—rre—p———— A Srure r—rr—— S

Doss school offer algeben for Algh achool placement? (Percent "Yes®)
Region Type of Community

Advantaged | Dissdvastaged Extreme
Northeast | Southeast Central Waest Urban Urbaa Rural

BEY) KOEH BEH 815 81 (73) 73 B 35 (11.8)

Are the follswing taught in your school? (Percest "Yes")
Reglon Type of Communky

Dismdvaataged Extreome
Contrsl Waest Urban Rurel

100 ©0) 1C0 (0.0) 100 (0.0)

98 (1.1) 100 (0.3) 94 (39)
99 (09) 100 (0.0) 100 (0.0)
$40Q2 930G 95 (2.7)
7766 27(72) 47 (14.1)

B NES 63 (12.1)
65(00) 84(40) 90 (6.8)

53096  60(50) . 58 /11.1)

701  8(3.4)

T e s o . A e a0 S S T~ i S

The standard errors of the setimated pescentages appear in parentheses. K can be said with 93 percent certainty that for sach population of imcrest, the value
mmmmummanmwwmdmmmmm Whea the propoction of the studes is either O percent or
100 percent, the standand error is inestimable. However, percontagos 99.5 perceat oc gresser bave becn rounded 10 100 percent.
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SUMMARY

Course taking is generally a powerful indicator of mathematics achievement.
This occurs partially because students who are more proficient tend to take
more mathematics classes and, in some cases, because the better students are
tracked into raore advanced courses. Also, higher-level mathematics is unlikely
to be learned except through course work. The NAEP results linking
proficiency to course work support this pattern, with eighth graders enrolled in
pre-algebra and algebra courses having higher predciency levels than did those
taking eighth-grade mathematics. A similar, nearly linear relationship was
observed between algebra and calculus course taking in high school and
average proficiency in algebra and functions, with twelfth graders who had
taken courses from pre-algebra through calculus showing successively higher
achievement. This same pattern held for taking geometry and trigonometry and
for the study of statistics -- the more course work in each area, the higher the
proficiency.

Despite schonl administrators’ reports of a variety of course offerings,
however, few high-school students take advantage of these opportunities.
Although 43 percent of the high-school students reported taking mathematics
through Algebra II, before electing to stop studying the subject, nearly one-fifth
reported taking no algebra or only pre-algebra. Only 13 percent reported
having taken Algebra III, pre-calculus, or caiculus. Twenty-eight percent
reported no geometry study and 88 percent reported never having studied
statistics.

Further, the NAEP mathematics course-taking results seem to reflect
studies indicating that a spiral of lowered expectations may have resulted in
poor performance in mathematics becoming socially acceptable, particularly
among some minority groups, economically disadvantaged students, and
females during the high-school years.” Enrollment in high-school
mathematics ccurses was far lower for Biack ard Hispanic students. For
example, near!y one-quarter of the Asian/Pacific Islander students reported
course taking in Algebra III and pre-calculus or also continuing on to study

“Floresta D. McKenzie, "Education Strategies for the '90s," in The State of Black America (New York, NY: National
Urban League, Inc, 1991).

Everybody Counts: A Report to the Nation on the Future of Mashematics Education, (Washington, DC:  National
Research Council, National Academy Press, 1989).
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calculus, compared to only 6 and 8 percent of the Black and Hispanic students,
respectively. Similarly, only 13 percent of the Asian/Pacific Islander students
reported no geometry study, compared to 33 and 41 percent of the Black and
Hispanic students, respectively. Course-taking patterns appeared to be
reasonably comparable for males and females, although slightly more males
reported having gone beyond geometry to study trigonometry. Further, those
students attending schools in disadvantaged urban or extreme rural areas, those
with Jess educated parents, and those in non-academic high-school programs
have substantially lower enrollments in high-school mathematics courses than
their counterparts.
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Chapter 5

s
Student Performance on Constructed-Response Qucstions

INTRODUCTION

As part of NAEP’s 1990 mathematics assessment at all three grades, students
were asked to write in their answers to a number of questions. The use of
constructed-response formats across the content areas provides an opportunity
to examine students’ work from a different perspective than that provided by
multiple-choice questions.

Also, as illustrated in reports prepared by the National Council of
Teachers of Mathematics (NCTM) analyzing responses to individual questions,
students’ answers to particular questions can often provide important
information and context for interpreting aggregate information about
mathematics proficiency.®

This chapter presents an overview of student performance on the
constructed-response questions that were incorporated into the assessment in
each of the five content areas. It also describes results of some of the
questions included in a special study conducted for the nation at grades 4, 8,
and 12 to gather additional information on problem solving. These problem-
solving items dealt, to a large degree, with practical problems requiring
multiple steps. The questions were presented with an accompanying tape
recording that was designed to facilitate students’ ability to read the questions
and to pace themselves through the questions. The pacing let students know
they were expected to spend more time than they usually might on these

SThomas P. Carpenter, T. C. Colbum, R. E. Reys, sad J. W. Wilson, Results from the Firsi Maihemasics Assessment
of the Nadonal Assessment of Educational Progress (Resion, VA: National Council of Teachers of Mathematics, 1978).

Thomas P. Carpenter, M. K. Corbitt, Henry S. Kepaes, Mary M. Lindquist, and R. E. Reys, Results from the Second
Mathemaiics Assexsment of the Nationsl Assessment of Educational Progress (Reston, VA: National Council of Teschers
of Mathematics, 1981).

Thomas P. Carpeater, W. Mathews, Mary M. Lindquist, and Edward A. Silver, "Achievement in Mathematics: Results
from the National Asscesmicot,” Elementary School Jaurnal, 84, p. 485-497 (1984),

Results from the Fourth Mathematics Assessmens of the National Assessment of Educasional Progress, Mary M.
Lindquist, edltor (Reston, VA: National Council of Teachers of Mathematics, 1989).

PAGE 136

161



questions, yet kept them moving in the event they became frustrated with any
specific question.

TABLE 5.1 shows the distribution of constructed-response questions
across the content areas. Some of the questions were administered at more
than one grade, permitting a comparison of performance from grade to grade.
With the exception of the special problem-solving questions administered via
the paced audiotape, all the grade 8 constructed-response items were included
in the Trial State Assessment Program. All student responses to the
constructed-response questions were hand scored by professional readers in
accordance with guidelines established by NAEP.

TABLE 5.1 Number of Constructed-Response Questions by Content Area

Numbers and | Measurement | Geometry Data Algebra and Problem

Operations Analysis Functions Solving
Grade 4 9 5 7 1 6 13
Grade 8 10 4 8 6 7 7
Grade 12 8 3 5 9 10 13

NUMBERS AND OPERATIONS

Constructed-response questions in the numbers and operations content area
were designed to measure students’ understanding of numbers through integers
and decimals, and their application in real-world settings as well as in
computational settings. Students were asked to interpret numerical
relationships observed in ratios, proportions, and percentage settings. They
were also asked to discern numerical patterns and verify results. Examples of
constructed-response numbers and operations items shown in Chapter One
include, at Level 200, the subtraction problem 64 - 27 and the array of circles
multiplication question representing the product for 5 x 3. At Level 300, the
question involving the meaning of 5 percent unemployment helps characterize
these items,

Students’ performance on the constructed-response numbers and
operations questions given at each grade level showed relatively similar
performance for males and females. However, Asian/Pacific Islander and
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White students performed significantly better than Hispanic and Black students
did. The average percentages of correct responses for the constructed-response
numbers and operations items are shown in TABLE 5.2.

TABLE §.2 Average Perceatage Correct for Constructed-Resp- Numbers and Operations Questions
by Gender and Race/Ethnlcity

61 (0.5) 61 (0.6) 61 (0.7) 65 (0.6) 50 (1.1) $3(1.2)
52 (0.9) 52 (0.7) 56 (0.8) 41 (09) 42(1.0)
62 (1.0) 59 (08) 64 (0.8) 45(1.1) 48(13)

Because of differing itoms and number of items, comparisons of percents should only be made within a given grade level,

A comparison with the average percentages correct provided in the data
appendix for the multiple-choice numbers and operations questions indicates
that fourth graders had less difficulty on constructed-response questions than
they did on multiple-choice ones (51 percent correct, on average). In
comparison, eighth graders found open-response questions somewhat more
difficult, averaging 61 percent correct on the multiple-choice questions.
Similarly, at grade 12, the average across the multiple-choice numbers and
operations questions was 65 percent correct.

Of the four items given to both fourth and eighth graders, students at grade
8 performed far better than fourth graders on three of them. On a subtraction
question -- 604 - 207, presented in a vertical format -- the percentage correct
increased from 62 percent at grade 4 to 84 percent at grade 8. On another
question requiring students to discover a given number based on information
about the digits in particular place-value positions, the increase in performance
was more modest, with 50 percent of the fourth graders and 55 percent of the
eighth graders responding correctly. On a third item asking students to shade a
fractional portion of a rectangular region, 18 percent of the fourth graders and
63 percent of the eighth graders provided correct answers. The final item
required students to locate the position of a given rational number on a number
line, given marks on the number line and the locations of three other rational
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numbers. Perforn.»1ice here increased from 25 percent correct at grade 4 to 59
perceni correct at grade 8.

On other constructed-response questions in the area of numbers and
operations, fewer than 50 percent of the fourth-grade students responded
correctly to either of two questions about fractions. Eighth-grade students
failed to attain SO percent success on four of the 10 items. Two of these were
word problems, and the other two dealt with divisibility in number theory and
evaluating an expression involving both decimals and exponentiation. Fewer
than SO percent of the twelfth-grade students were successful on two of the
eight items. One concerned developing terms in an arithmetic sequence when
the general term was provided; the uther required analysis of a competitive
situation where percentages were used to describe the performance of the
groups involved. For this second question, students were then asked to write a
paragraph analyzing the results and describing how a winner could be
determined.

MEASUREMENT

Questions requiring constructed-responses in the area of measurement varied
from determining the length of a segment by reading the markings on a ruler to
caiculating the volume of a geometric solid based on information concerning its
surface area. Fourth graders were given a ruler, and eighth and twelfth graders
a protractor/ruler for use on this part of the assessment. An example involving
conversions within the traditional system was included among the items shown
in Chapter Cne for Level 250.

One item given at all three grades required reading the measurements
associated with the ends of an object on a "broken rules” and then giving the
object’s length. The percentages of correct responses were 24 percent at grade
4, 61 percent at grade 8, and 83 percent at grade 12. Two other items were
given at both the fourth and eighth grades. One required students to measure
the longer side of a given rectangle in centimeters, and pcrf@ancc improved
from 46 percent for the fourth graders to 69 percent for eighth graders. On a
similar item calling for the measurement of the diagonal of the same rectangle
to the nearest centimeter, performance increased from 56 percent correct in the
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fourth grade to 77 percent correct in the eighth grade, with students at both
grades having less difficulty measuring the diagonal than the longer side of the
rectangle.

The data on the average percentages of correct answers to the constructed-
response measurement items are shown in TABLE 5.3. Again, there was little
difference between the performance of male and female students in the fourth
grade, but the gap widened at grades 8 and 12, with twelfth-grade males
demonstrating higher achievement on these items. Performance by
Asian/Pacific Islander and White students was higher than that by Hispanic and
Black students, with the Asian/Pacific Islander students performing better than
the White students did at the eighth and twelfth grades.

TABLE 53 Average Percentage Correct for Constructed-Response Measurement Questions by Gender

and Race/Ethnicity
Masle Female White Black Hispaak | Asian/Pacific Islander
Percestof | Percentof | Percemtof | Percentof | Percestof Percent of
Students | Studemts | Students Students Students Studexts
38 (0.9) 38 (0.8) 44 (0.8) 19 (1.5) 28 (1.7) 4“4 (33)
59 (0.9) 62 (1.1) 57 (1.0) 65 (1.1) 39 (1.4) 48 (2.2) 71 (3.8)
40 (09) 34 (0.7) 41 (0.7 21 (1L.1) 29 (1.6) 50 (2.8)

Because of differing items and number of items, comparisons of percents should only be made within a given grade level.

Both fourth and twelfth graders had more difficulty with the constructed-
response measurement questions than they did with the multiple-choice
questions, averaging 53 and S8 percent correct, respectively. The difference
was especially noticeable for Black fourth graders, who averaged 42 percent
correct across the multiple-choice items, compared to 19 percent on the
constructed-response measurement items. These students had particular
difficulty reading the ruler. At grade 8, performance on the constructed-
response questions was nearly identical to the multiple-choice performance (61
percent, on average).

Only 33 percent of the fourth graders could correctly complete the
conversion of 60 inches = ____ feet shown as an example item for Level 250
in Chapter One. At grade 8, the average percentage correct on three of the
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four items was greater than 50 percent. The one item where students failed to
reach this level was ip using a protractor to measure an obtuse angle. Only 31
percent of the studenis were able to respond correctly to this item. The
average percentage correct for twelfth graders was considerably less than that
for the students at the eighth-grade level, because two of the three items
administered at grade 12 were quite difficult for students. One required
making conversions between volume and surface area (only 4 percent answered
this item correctly), and the other dealt with a sequential pattern in the areas
associated with a group of related triangular figures. Twenty-five percent
answered this item correctly.

GEOMETRY

The constructed-response items in the geometry content area covered a wide
variety of situations, including two questions at grade 8 requiring students to
visualize the manipulation of different shaped pieces to fill a geometric region.
Some example constructed-response items for geometry were included in
Chapter One, such as the question with embedded figures requiring application
of the Pythagorean theorem and the question asking for the number of 9 inch
squares that could be cut from a cloth that is 18 inches by 36 inches. Both of
these items anchored at Level 350.

The average percentages of cormrect responses for the constructed-response
geometry items are presented in TABLE 5.4. Students’ performance across the
three grades in geometry showed essentially the same pattern as did the two
preceding content areas. There was little difference in performance between
the gender groups, except at grade 12, where males outperformed females. At
each grade, Asian/Pacific Islander and White students performed better than
Hispanic and Black students did. However, Black students had lower
achievement than Hispanic students. Fourth and twelfth graders had more
difficulty with the constructed-response questions than with the multiple-choice
geometry questions, averaging 52 and 60 percent correct, respectively. The
eighth graders averaged about the same (50 percent overall).
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TABLE 5.4 Average Percentage Correct for Conzwructed-Response Geometry Questions by Gender

and Race/Ethnicity
— = ——
Nation Gender Race/Ethuicity
Male Female Whte Black Hipank | Aslaw/Pucific Islander

Percentof | Percemtof | Percemtof | Parcestof | Percentof | Percestof Percest of

Stadents Stwdents | Studemts | Students Students Students Students
Grade ¢ 35 (0.5) 35 (0.7) 36 (0.7) 39 (0.7) 23 (0.9) 27 (1.3) 2 (3.9)
Grede 8 3 (0.7 53 (0.9) 53 (0.9) 58 (0.9) 35 (1.3) 2 (1.5) 64 (3.4)
Grade 12 35 (0.8) 38(12) 32 (0.9) 38 (1.0) 20 (1.2) 27 (1.6) 132

Bocause of differing items and number of iiems, comparisons of pereeats should only be made within a given grade level,
DATA ANALYSIS, STATISTICS, AND PROBABILITY

One constructzed-response item from the data analysis, statistics, and probability
content area was included among the released items shown in Chapter One --
the circle graph completion item that anchored at Level 250. The question,
administered at all three grades, required students to complete a partially
finished bar graph given a table of data for the situation. Performance was 51
percent at grade 4, 86 percent at grade 8, and 88 percent at grade 12. Of four
questions given to eighth and twelfth graders, one required students to explain
in several sentences if a given method of sampling to get a survey response
was biased or not and why. Performance on this item increased from 46
percent comrect at grade 8 to 70 percent correct at grade 12. However, at both
grades, few students were able to compute a mean by taking data from a table
of frequencies (12 percent and 29 percent correct, respectively). On another
question requiring listing items in a sample space for an experiment, the
percentages of success were 11 and 22 percent for the two grades. A similar
set of percentages was presented as part of a question asking students to select
items in a8 sample space that indicated a positive outcome to an experiment.
Here the percentages of correct answers for eighth and twelfth graders were 17
percent and 31 percent, respectively.

TARBLE 5.5 displays the data related to average performance on the
cons.. ..ed-response data analysis items, as well as the performance of
subpopulations. Unlike the preceding content areas, fourth-grade females did
slightly better than did males on these questions. The outcomes for the
racial/ethnic subgroups were similar to those in the other content areas. At all
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three grades, students performed less well on the constructed-response
questions than they did on the multiple-choice data analysis questions, where
they averaged 60 percent, 58 percent, and 63 percent correct, respectively.

TABLE 5.5 Average Percentage Correct for Constructed-Response Data Analysis, Statistics, and
Probability Questions by Gender and Race/Ethnicity

Percest of Pesrcent of

$1(1.4) 48 (1.6 54 (1.9) 58 (1.6) 26 (3.0) 77 61 (5.0)
4107 40 (0.8) 2(0.8) 45 (0.8) 27 (1.1) 32(12) 48 (2.5)

45 (0.6) # (0.38) ® 0.7 53 (0.7) 34 (1Y) 37(1.8) 51(2.1)

Becauss of differing items and number of items, comparisons of percents should oaly be made within a given grade level.
ALGEBRA AND FUNCTIONS

Some example constructed-response algebra and functions items were included
in Chapter One. They include the open sentence 17 X O = 204 completion
item at Level 200, the expression evaluation item asking the value of n + §
when n = 3, which anchored at Level 250, the motorbike rental chart
completion task at Level 300, and the item requiring an explanation of the
pattem giving the number of dots in the 100th term in the triangular pattern for
2n + 1 at Level 350.

Performance on the constructed-response questions from the algebra and
functions content area revealed similar patterns to performance on these
questions in other content areas. The only item administered at all three grades
required students to generate the missing items in a patterned sequence of
letters. Performance improved from 34 to 50 to 60 percent responding
correctly as the students’ grade levels increased. Of two items common to the
cighth- and twelfth-grade assessments, the first called for students to shade the
segment representing a real number inequality on a real number line.
Performance levels for eighth and twelfth graders were 35 and 63 percent
correct, respectively. The other question asked eighth and twelfth graders to
explain why a particular arithmetic progression described the number of dots in

PAGE 143

b

. 168
ERIC

Full Tt Provided by ERIC.



a geometric dot sequence. Performance here also showed an improvement,
from 15 to 27 percent correct.

Performance data for the constructed-response algebra and function items
shown in TABLE 5.6 reflect little difference between the two gender groups,
and performance by students in the four racial/ethnic groups was quite similar
to that scen in the other content areas. For the constructed-response questions
in this content area, fourth and eighth graders showed similar performance to
that on the multiple-choice questions in the content area (S5 and 53 percent
correct, on average). Twelfth graders had somewhat more difficulty with the
constructed-response questions, averaging 48 percent on the data analysis,
statistics, and probability questions presented in the multiple-choice format.

TABLE 5.6 Average Percentage Correct for Constructed-Response Algebra and Functions Questions

by Gender and Race/Ethnicity
Nation Gender ) Race/Ethaicity
Male Female Whise Black Hispank | Asian/Pacific Islasder

Percest of Percent of | Percemtof | Percestof | Percentof | Percentof Percest of

Students Studeats Students Students Students Students Students
Grade 4 56 (0.5) 56 (0.6) 55 (0.5) 59 (0.6) 44 (0.9) 47(1.1) 62 (1.4)
Grode 8 48 (0.8) 47(1.0) 4 (0.8) 52 (0.9) 33(1.2) 38(1.2) 58 (2.6)
Grade 12 32(0.7) 33(1.1) 32 (0.6) 35 (09) 19 (1.1) 23(1.1)

—= —

Bocause of differing items and number of items, comparisons of percents should oaly be made within a given grade level.

PROBLEM SOLVING

The remaining questions in the constructed-response category were special
items assessing students’ problem-solving abilities for the nation only. Because
they were administered via paced audiotape, they were not used in the Trial
State Assessment Program. Thirteen of these items were given at the fourth-
grade level, seven at the eighth-grade level, and 13 at the twelfth-grade level.
The mathematics content area and ability level classifications of these items
varied greatly from one grade to another. TABLE 5.7 contains Jdata on the
average percentages of correct responses for each of the three grades. Special
care must be taken to avoid comparing these data across grade levels,
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since both the number and nature of the items differed greatly from one level
to another. The data within each grade reflect similar patterns in gender and
racial/ethnic group performance as generally observed in each of the content

arcas,

TABLE 5.7 Average Percentage Correct for Constructed-Response Problem-Solving Questions by

Geader and Race/Ethnicity
Natioa Gender Race/Ethalcity
Made Female White Black Hispank | Asiaa/Pacific Islander

Percentof | Percemtof | Parcemtof | Percentof | Percentof | Percest of Percent of

Students Stadeats | Students | Studeats Students Students Students
Grade 4 44 (0.7) 44 (09) 43 (09) 49 (0.9) 27 (1.0) 34 (1.0) 50 (4.7)
Grade 8 52 (0.8) 51(1.0) 52 (09) 57 (1.0) 33 (1.9) 41 (1.4) 64 (2.8)
Grade 12 30 (0.8) 32 (1.0) 28 (1.0) 33 (0.9) 17 (09) 20 (1.4) 37 (4.2)

Because of differing items and number of items, comparisons of percents should only be made within a given grade level.

The following item, given at all three grades, asked students to determine
the cost of a meal from a menu. Performance on this basic task was 37

e
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percent correct at grade 4, 66 percent at grade 8, and 77 percent at grade 12.
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LUNCH MENU

Soups—Made by Our Ck.2f Daily

Onion SOUD . ... e e .80
Soupoftheday.................... e .70
Grilled Sandwiches

Beefburgers, cookedtoorder; ......... ... ... 2.15

174 1b of the finest beef available, seasoned
to perfection, and served on a lightly buttered bun

Beefburgerwith Fries . ........... .. ... .. .. L. 2.70
Grilled Cheese. .. ...t e e 1.50
Grilled HoamandCheese .. ........cv it enennes 2.50
Cold Sandwiches

Sliced Turkey. . ........... 2.30
TurkeySalad . ...... ... ... . 1.75
ChickenSalad . .......... .. i e 1.75
TunaFishSalad.......... ... i 1.90
Beverages

1 < 65
C0la . o e e e 60
MILK . e 50
Desserts

Ice Cream {vanilla, chocolate, strawberry}. . ........... ... ... 1.10
Pielcheckerboard)............. ... ... oo 1.75
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Soupoftheday.....................

Beefburger with Fries. ...............
Cola......co v
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A similar item requiring students to process more information is shown
below. This item called for students to collect relevant information from a
telephone rate table and then complete a price comparison. Only 17 percent of
the eighth graders and 31 percent of the twelfth graders provided a correct

response.
TELEPHONE CALLING RATES

Day Rate Evening Rste Night Rate
8 AM-5PM 5PM-11PM 1l PM-8§ AM

Mon-Fri Mon-Fri ALL DAYS

8 AM-11 PM
Sat-Sun
From Each Each Each
Allenville First Additional First Additional First Additional
To Minute Minute Minute Minute Minute Minute

Bumeyford $.09 $.03 $.07 $.02 $.05 $.02
Camptown $.28 £.09 $.22 $.07 $.17 $.05
Dorming $.37 $.11 $.30 $.09 $.22 $.07
Edgeton $.42 $.12 $.34 $.10 $25 $.07

The table above provides information about the cost of placing phone calls
between certain cities at different times during the day. How much more
would it cost to place a 10-minute call from Allenville to Edgeton at 3 pm
on Friday than at 3 pm on Saturday?

Answer: &_é; /
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For the seven problem-solving items administered at both grades 4 and 8,
including the earlier menu item, the overall iscrease was 30 percentage points,
from 25 percent correct at grade 4 to 5SS percent at grade 8. The biggest
differences in performance between grades were shown on the following pair
of questions asking students to think through a combinatorial situation and then
reflect on their solution. Performance on completing the table correctly
increased from 19 percent to 56 percent for a complete answer, and from 25
percent to 64 percent based on partial credit for providing all but one of the
combinations. Whereas only 6 percent of fourth graders gave brief
explanations for why the difference in number of prizes could not equal one,
24 percent of the eighth graders did.

On the question shown on page 150, also given at grades 4 and 8, students
were asked to reason through a relatively complex situation involving the
placement of furniture in a room drawn to scale. 'wenty-three percent of the
fourth graders and 52 percent of the eighth graders provided one of several
correct solutions. Partial credit was allowed for only making one mistake in
the drawings. The percentages correct were 38 percent and 67 percent,
respectively, for the two grades.
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At a party 6 prizes were hidden. Anna and Beth each searched for them until
all 6 were found.

In the table below, list all the different possible numbers of prizes that
each girl could have found. One possibility has already been written in

the table.
Number of Prizes Number of Prizes
Found by Anna Found by Beth
0 6
/ S
ES 4
NG, &,
4 2
g /
2 O

Explain why Beth could not have found exactly one more prize than Anna.

Explanation:

Lo cawdl &’ an’ eeer “Frurnden.
L fder b/ /.
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Window Window
.
Closet (é)( 3) §
Door §
10 feet
Delrb
1) :? (5‘ x‘z)
x|
N
\Eoor I
F

I S

1 foot

The diagram above is a scale drawing of John’s room. Each side of a block
in the diagram represents 1 foot. John has four pieces of furniture that he

needs to put in the room. The measurements of the fumiture are:

bed 6 feet long,
desk 5 feet long,
chest 5 feet long,

bookcase 4 feet long,

3 feet wide
3 feet wide
2 feet wide
I foot wide (already in place)

In arranging the fumniture, John must follow these rules:

e The doors may not be blocked.

e Each piece of furniture must have at least one side against a wall of

the room.

® The chest is too tall to be placed against a2 window.

The bookcase has already been put in place. On the diagram a scale
drawing of the bookcase shows where it has been put. Decide on a way
that John could arrange the other thrée pieces of furniture so that the total
arrangement follows all the rules. On the diagram, show that arrangement
by drawing in each piece of furniture in its place. Draw each one to scale,
using the same scale as was used to make the diagram. Label each piece of

fumiture.
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Overall, performance on these seven items administered to fourth and
eighth graders reflected little difference in the performance of males and
females: 25 percent of both groups responded correctly at the fourth-grade
level, and 55 percent and 54 percent, respectively, provided correct solutions at
the cighth-grade level. The average percentages of success for White, Black,
Hispanic, and Asian/Pacific Islander students at grade 4 were 30 percent, 10
percent, 15 percent, and 31 percent. At grade 8, the percentages were 59
percent, 37 percent, 44 percent, and 68 percent, respectively. The largest
average increase between fourth and eighth grade was the 37 percent difference
shown by the Asian/Pacific Islander students. Black and Hispanic students had
particular difficulty with these questions.

Twelfth graders found the set of special problem-solving questions
particularly difficult. For example, they were asked to answer two questions
involving a plane schedule (39 percent and 42 percent correct), describe the
figure resulting from rotating an isosceles triangle about its vertical axis of
symmetry (32 percent correct), and extrapolate from data describing life
expectancies (59 percent correct).

Three additional items asked students to apply their knowledge of algebra.
The following problem involved drawing a solution and then providing the
accompanying algebraic/symbolic solution. Only 32 percent of the high-school
seniors drew the new parallel line on the graph, when a correct response
essentially required the ability to find the origin O and the existing line on the
graph, and an understanding of the term "parallel.” Sixteen percent of the
twelfth graders answered both parts of this question correctly. Three percent of
the students were able to provide the equation of the new line but were unable
to draw it correctly.
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~y =2x-5

a. On the axes above, draw a line parallel to y = 2x — 5 that goes
through the origin O.

b. On the line below, write an equation of the new line.

tion: \/:‘ 02/)(
Equation 7
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The other two algebra questions, as shown below, dealt with quadratic
equations. Ability to answer such questions is considered necessary to begin
the study of calcrlus or more advanced mathematics successfully. Thirty-six
percent of the twelfth graders were able to factor the polynomial 3x? - 14x - 5.
When asked to solve the quadratic equation (x+1) - 3(x+1) = - 2, perhaps a bit
more atypical from problems seen in their algebra classes, 11 percent of the
students were successful, and 18 percent found at least one of the two roots.

Completely factor the polynomial 3x? — 14x — 5.

Answer: _ébsi[j)_é&.f)__

Solve for x in the equation below.
x+1DP2-3x+1)= -2
Answer: X0 3 X =/

4
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SUMMARY

Although students tended to exhibit a full range of performance on the
constructed-response items, these questions appeared to be somewhat more
difficult for students than the set of multiple-cheice questions measuring each
content area did. Considering that the constructed-response questions often
present more complex situations than the multiple~choice questions do, this
might have been anticipated. However, many of the constructed-response
questions did not require broad extensions from the information presented and
were relatively similar to those students have faced on a day-to-day basis in
their classroom study of mathematics. The thinking, production, and
communjcation aspects of such questions, deemed so important to student
learning in mathematics, may also make such tasks more difficult.

At grade 4, there were no gender differences in performance on the
constructed-response questions across the content areas. However, females did
outperform males on the special problem-solving questions accompanied by the
paced audiotape. At grade 8, there tended to be little difference in performance
between males and females, except perhaps in the area of measurement, where
males appeared to have the advantage. Twelfth-grade males and females
performed similarly on the data analysis and algebra and functions questions;
however, males tended to have higher average success in the remaining areas,
particularly measurement and geometry.

At all three grades, Asian/Pacific Islander and White students tended to
have better success, on average, in each content area than Black and Hispanic
students did. However, Asian/Pacific Islander students often outperformed
White students, and Hispanic students generally outperformed Black students.
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Chapter 6

PR
Instructional Approaches

INTRODUCTION

One of the basic assumptions underlying current educational research is that
children actively construct knowledge for themselves through interaction with
their culture and environment.* They invent a great deal of their own
mathematics learning through a broad array of naturally occurring, everyday
experiences, including dividing up into teams for games or sports, deciding
how much pizza to order for a party, building models, or shopping at the mall.
Research also indicates that the current mathematics curriculum fails to
capitalize on the rich informal mathematics knowledge and understanding that
children bring to instruction, and that school mathematics often seems divorced
from such familiar activities.® To help anchor mathematics concepts for
students, much of the literature on improving mathematics education suggests
presenting mathematics in real contexts and encouraging students to work
together in groups to solve problems.*

This chapter presents informatiou collected from students and teachers
about some instructional materials and approaches currently used in
mathematics classes. Students at all three grades were asked to respond to a
set of background questions about the use of textbooks and worksheets, as well

$Lauren B, Resnick, Educasion and Learning to Think (Washington, DC: National Academy Press, 1987).

5Thomas A. Romberg and Thomas P. Carpenter, "Research on Teaching and Leaming Mathematics: Two Disciplines
of Scientific Inquiry” in Handbook of Research on Teaching (Third Edition): M C. Wittrock, editor (New York, NY:
Macmillan, 1986).

Professional Standards for Teaching Mathematics (Resi<n, VA: National Council of Teachers of Mathematics, 1991).

Curriculum and Evaluation Standards for School Mathematics (Reston, VA: National Council of Teachers of
Maihematics, 1969).

Reshaping School Mathematics: A Philosophy and Framework for Curriculus (Washington, DC:  Mathematical
Sciences Education Board and National Research Council, National Academy Psss, 1990).

Magdalene Lampert, "Connecting Mathematical Tesching and Leaming” in Integroting Research on Teackiag and
Learning Mathematics (Madison, WI: National Center for Research in Mathematics Science Education, 1988).
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as the frequency of small-group work, use of manipulatives, and mathematics
projects. Because 42 percent of the high-school seniors reported that they were
not taking a mathematics course, the results at grade 12 are presented both for
the entire sample and for those who were enrolled in a mathematics course.

NAEP sought io expand the background information about classroom
practices at grades 4 and 8 by asking the teachers of the fourth- and eighth-
grade students who participated in the assessments to respond to questionnaires.
The teachers of the assessed students were identified and asked to provide
information about the mathematics instruction provided to those students. This
was not done at grade 12 because of the substantial proportion of students no
longer enrolled in mathematics courses. As part of the teacher questionnaire,
the teachers were asked to comment on tie use of textbooks, worksheets, and
projects. They were also asked to describe the ability level of the students’
mathematics class. Information is also provided on how the use of
instructional material and approaches differs by ability level of the class.

Because teachers’ reports were linked to students’ achievement, the results
are presented throughcut the discussion of the teacher questionnaire data using
students as the unit of analysis, including the percentages of students receiving
different types of instruction. Although this perspective may differ somewhat
from that obtained from reporting pe:centages of teachers using various
instructional approaches, it is consistent with NAEP’s aim of describing the
school context for different groups of students.®’

ABILITY GROUPING

As shown in TABLE 6.1, fourth-grade students are not typically assigned to
their classes by ability. However, although teachers reported that only 26
percent of the students were grouped by ability in accordance with school
policy, they also described more than half the students as being in classes with
students of similar ability (see TABLE 6.2). Factors other than schoo! policy,
including the socioeconomic standing of the community, may affect the
grouping of students by ability in elementary schools. Less than half of the
fourth graders (43 percent) were in clesses of mixed ability.

TNAEP’s 1990 Policy Information Framework (Princeton, NJ: National Assessment of Educational Progress,
Educational Testing Service, 1988).
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TABLE 6.1 Teachers’ Reports on the Prevalence of Ability Grouping

ey

No, Students Not Grouped by Abllity |l

Fercent of Average Pescent of Aversge
Students Froficieacy Students Proficiecy

74 (3.1)

The standard errocs of the estimated percsamages and proficiencies appear in parenthescs. It can be
sald with 95 percent cortainty that for each population of interest, the vatue for the whole population
is within plus or minus two standard errors of the estimate for the sample.

TABLE 6.2 Teachers’ Reports on the Abllity Levels of Thelr Students’ Classes

Primaiily Low Abllity Abllity Mixed Widely
Percent of Average Percest of Average Percent of Average Perceat of Aversge
Studeats Prolicency Students Proficiency Students kroficiency Students Proficieacy
Grade ¢ 10 (1.5) 240 (3.0) 34(u.8) 217(1.1) 13 (1.5) 201 (1.9) 43 (3.0) 217 (13)
Grade 8 26 (1.6) 290 (2.2) 37019 264 (1.3) 17 (1.4) 241 (1.9) 21 (23) 280 (2.8)

=

The standard errors of the estimated percontages and proficiencies appear in parentheses. 1t can be sakd with 95 percent certainty that for each
powhﬁnuofhmmthcvdnefonhcwholcpopuhﬁoahwithlnplmounﬁmtwomndudenmofmcsdmmfortbempk. Population

pescentages may not total 100 percent because of rounding.

Ability grouping appears to be much more common in grade 8, which is
understandable since the curriculum begins to differentiate in middle school.
As presented in Chapter Four, 38 percent of the students in grade 8 were taking
either pre-algebra or algebra rather than general eighth-grade mathematics. The
proficiency results at grade 8 suggest that ability grouping is used more often
for higher-performing students than for lower-performing ones.

USE OF INSTRUCTIONAL MATERIALS

In the best learning situations, effective instructional materials and activities
encourage students to construct their own ways of solving problems, facilitating
sustained classroom discussions about a variety of solution methods.®
Conversely, much mathematics instruction is characterized by extensive teacher

Spaul Cobd, Erna Yackel, and Terry Wood, *Curriculum and Teacher Development: Psychological and
Anthropological Perspectives” in Integraiing Research on Teaching and Learning Mashematics (Madison, WI:
National Ceater for Research in Mathematical Sclences Education, 1988).
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explanation and individual student work on paper-and-pencil assignments.*
Although constant use of textbooks and worksheets does not preclude effective
instruction, and NAEP data cannot establish the quality of instruction
accompanying the use of these materials, excessive reliance on these materials
does indicate less attention to various strategies with the potential for more
active student involvement.

TABLE 6.3 presents teachers’ reports on the use of textbooks and
worksheets in mathematics instruction. The data are presented for grades 4 and
8, as well as by the ability-level grouping. TABLE 6.4 presents students’
reports of the use of these two types of instructional materials. Taken together,
these results indicate that textbooks and worksheets still comprise the primary
instructional materials in school mathematics.

Both teachers and students agreed that working problems from textbooks
was a common activity. About two-thirds of the students at grades 4 and 8
were asked to do this type of activity on a daily basis, and teachers reported
this activity for most students at least several times a week. At grade 4,
however, teachers reported using this approach least often with high-ability
classes. In contrast, at grade 8, more students in high-ability classes were
asked to work problems from their textbook on a daily basis.

Working problems on worksheets also appeared to be a common activity
for fourth graders. At grade 8 fewer students were asked to engage in this
activity, particularly those in high- or mixed-ability classes. About three-
fourths of the eighth graders in low- or average-ability classes were asked to do
worksheet problems on at least a weekly basis.

Students’ reports support the notion of a shift from worksheeis to textbooks
for the more proficient students. At grades 8 and 12, those reporting more
frequent use of textbooks had successively higher average proficiency, while
those reporting more use of worksheets had successively lower average
proficiency.

Thomas A. Romberg and Thomas P. Carpentes, "Research on Tesching and Leaming Mathematics: Two Disciplines
of Scientific Inquiry” in NHasdbook of Research on Teaching (Third Edition), M.C, Wittrock, editor (New York, NY:;
Macmillas, 1986).
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TABLE 6.3 Teachers’ Reports on Frequency of Use of Instructional Materials

About how oftea do students ia this class do the following types of activities
for mathematics class?
About Oncv a Week
Almost Every Day Several Times 8 Week or Leas

Percent of Average Perceat of Average Perceat of Average
Students Proficlency Students Proficiency Students Proficlency

64 (2.4) 217 (0.8) 29 (2.3) 216 (1.4) 8 (1.4) 224 (32)

46 (6.5) 237(3.2) 36 (6.7) 241 (4.2) 18 (6.4) 247 (8.2)

7233 217(1.3) 24 (33) 26 (23) 4(11) 24(53)

56 (5.2) 201 29) 39 (5.1) 199 (2.2) $ (2.9 205(10.5)

63 (4.3) 218 (1.6) 26 (3.5) 214 (2.6) 11 (3.3) 219 3.7

71 (22) 270 (1.5) 23(19) 257 (2.1) 7(1.3) 268 (3.0)

86 (3.0) 291 (2.5) 12 (2.8) 285 (4.5) 2 (1.0) 289 (8.6)

65 (3.4) 265 (1.6) 30 (3.0) 261 (2.4) § (2.0) 269 (4.2)

64 (49) 242 22) 28 (4.5) 239 (4.1) 8 (20) 24235

68 (5.1) 263 2.7 22 (5.0) 246 (3.T) 11 (3.7 2R @y

At Lesst Several Times a Week About Once 8 Week Less than Weekly

Percent of Aversge Percent of Average Percent of Aversge
Studeats Profidency Students Proficlency Students Proficieacy

62(2.2) 217(1.0) 24020 216 (1.8) 14 (1.4) 218 (1.9)

53 (7.5) 242 (4.2) 27 (6.4) 241 (5.0) 21 (4.4) 235 (4.1)

60 (4.2) 218 (1.4) 24 (3.2) 217 (2.9) 17 (3.4) 217 (3.1)

54 (5.3) 200 (2.2) 31 (5.3) 198 (3.6) 15 (3.8) 206 (9.3)

63 (3.7 217 (1.7) 25 (3.5) 216 (2.4) 1227 216 (3.6)

829) 261 (1.3) 28 (2.5) 264 (1.7) 34 (3.0) 274 (1.3)

2437 284 (3.7) 26 (3.1) 284 (3.9) 50 (4.4) 297 (2.8)

45 (4.3) 263 2.1y 30 (3.8) 263 (1.9) 25 (4.0) 267 (3.3)

Low sbility 49 (4.6) 240 (2.0) 25 (3.8) 246 (4.8) 26 (4.4) 240 (3.1)

Mixed abiliy 35 (5.5) 262 (4.4) 31 (6.8) 254 (4.3) 34 (6.8) 264 (3.3)

-

The standard errors of the estimated percentages and proficiencies appear in parentheses. 1t 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 c.amate for the
sample. Population percentages may not sota} 100 percent because of rounding.
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TABLE 6.4 Students’ Reports on Frequency of Use of Instructional Materials

. S St 4 Sk LA P e e AABELL AL S (- VoA e i M e o e~ " T U 3 e A A 3 A V% . e Pk S T T AR ke S 1 11 A 8 22 1 =

S |
g In mathamstics class, bow oftes do you do each of the following? i
About Oucs 8 Wesk

‘ Do mathematics Aimost Every Day Several Tinws & Week or Less

i problems from
ssxtbooks Parcent of Average Percemt of Average Percent of Average

i Students ProBiciescy Students Proficlency Studeats Proficiency

| Grade ¢ LT ) 218 (0.7) 18 (0.8) 220 (13) 23 (1.9) 208 (1.4)

i Grade 8 73 (1.6) 270 (1.0) 15 (0.7) 256 (1.3) 12(13) 250 (2.8)

{ Grade 12 - Al Students 62 (1.1) 304 (1.1) 11 (0.5) 289 (2.0) 26(1.0) 278(1.2)

! Grade 12 - Taking Math 81 (1.2) 308 (1.2) 11 (0.6) 238 (2.1) 9 (0.8) 21 (29)

At Least Several - About Once
Do mathemmatics Times 8 Week 8 Week Lese than Wackly
problems om
workahests Ferceat of Average Percest of Arverage Forcest of Average
Students Proficlency Studeats Proficiency Students Proficleacy

Grade 4 57(13) 216 (0.9) 209 217 (1.1) 21 (0.9) 218 (1))
Grade § 0n 253 (1.5) 24 (0.7) 264 (1.2) 37019 274 (1.4)
Grade 12 - All Studeats 29(11) 289 (1.2) 20(0.7) 298 (1.5) 51(13) 298 (1.9)

l Grade 12 - Taking Math 309 24 (1.5) 23(1.0) 304 (1.8) 4707 31419

The standand errors of the estimated percentages and proficiencics appear in parentheses. It can be said with 95 percent certainty that for
cach population of interest, the value for the *vhole population is within plus or minus two standard emors of the estimate for the sample.

GROUP WORK, USING MATHEMATICS MANIPULATIVES,
AND DOING PROJECTS

No single teaching method or learning experience can develop a range of
mathematical activities as efficiently as a broad-based approach that includes
indivicdual and group work, some projects and activities accompanied by
teacher explanation, and practical work with concrete materials in concert with
practice of important techniques. However, small-group work, using
manipulatives, and problem solving in the context of projects can be considered
positive signs of implementation of many recent recommendations for the
reform of school mathematics.
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The benefits of cooperative learning resulting from effective use of small-
group work have been documented through various research studies.®
Mathematics problems are ideally suited for group discussion because they can
be objectively demonstrated, and students in groups can discuss the merits of
different proposed solutions and learn multiple strategies for solving the same
problems. Because they can help each other, students in groups can often
handle challenging situations beyond their individual capabilities. Further, the
positive affective impact of working together mirrors the use of mathematics in
the workplace and reduces matiicmatics anxiety. Mathematics need not be a
solitary activity, and working with others is often more effective. Students can
build self-confidence and gain useful insights into the social interactions and
skills required for shared responsibility, while gaining more in-depth
understanding of the mathematics concepts being studied.

Similarly, research on mathematics learning supports the use of concrete
objects such as colored rods, unit cubes, geometric shapes, and spinners to
illustrate concepts.®! Students appear to be quite responsive to hands-on
activities, and the NCTM Standards recommend that every classroom be
equipped with ample sets of manipulative materials and supplies. Finally, to
help students understand the utility of mathematics and how to communicate
those ideas effectively, the NCTM Standards also recommend mathematical
projects and reports. For example, students might be asked to conduct a survey
in their school and report the results. TABLES 6.5 and 6.6 present teachers’
and students’ reports on the frequency of small group work; the use of rulers,
counting blocks, and geometric shapes; and the prevalence of reports and
projects.

®Neil Davidson, "Introduction and Dverview" in Cooperative Learning in Mathematics, Neil Davidson, editor (Menio
Park, CA: Addison-Wecley Publishing Company, 1990).

Robert E. Slavin, "When Does Cooperative Leamning Increase Students’ Achievement?” in Psychological Bulletin 94,
1983, pp. 42948,

David W. Johnsos, et al., "Effects of Cooperative, Competitive, and Individualistic Goal Structures on Achievement:
A Meta-Analysis” in Psychological Bulleiin, B9, 1981, pp. 47-62.
#Jullan Weissglass, "Cooperstive Leaming Using & Small-Group Laboratory Approach® in Cooperative Learaing in
Mathemaiics, Neil Davidson, editor (Menlo Park, CA: Addison Wesley Publishing Company, 1990).

Thomas A. Romberg, "A Common Cumiculum for Mathematics” in Individual Differences and the Common
Curriculum: Eighty-Second Yearbook of the Nasional Sociely for the Study of Education (Chlcago, IL: University of
Chicago Press, 1983).
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TABLE 6.5 Teachers’ Reports on Frequency of Small Group Work, Using Manipulatives, and

for mathemstics class?

Absut how sften de students ia this class de the following types of activities

Al Least Once a8 Week

Lass than Once &8 Week

Percant of
Students

Avarage
Proficieacy

Percent of
Students

Average
Proficiency

Average
Preficiescy

63 (2.5)

57(19)
62 0.7
64 (5.3)
64 (4.7)

49 (3.0)

45 (42)
YeX)S
47 (4.6)
51(72)

216 (1.0)

%3 (3.3)
216 (1.4)
201 (2.3)
216 (1.6)

265 (1.9)
291 (3.6)
262 (1.9)

239 (2.3)
259 (5.3)

32@25)

42 (8.0)
31 35)
34 (5.4)
32 (4.6)

41 (29)

45 (38)
40 (3.5)
38 (4.8)
1 (1.7)

219 (1.3)

236 (4.0)
218 (2.1)
200 (3.6)
219 (22)

258(1.9)

291 2.7)
265 22)
244 (3.5)
261 (3.4)

218 (2.8)

218 (5.0)
195 (10.9)
212 (4.6)

265 (3.1)

285 (42)
269 (4.1)
242 A.7)
283 (5.4)

Al lesst Once 58 Week

Less than Once a Week

Perceat of
Students

Average
Mroficeacy

Perceat of
Students

Average
Proficlency

Average
Proficlency

4 (22)

49 (6.7)
$3 (3.6)
48 (6.7)
44 (3.3)

28 (3.0)

17 (3.0)
27 3.6)
36 (4.5)
37 (8.8)

217 (1.1)

241 (4.9)
219 (1.7)

201 (2.5)
216 (23)

260 (2.0)

282 (3.8)
264 (2.2)
237 (2.9)
263 (6.3)

50 (2.3)

$1(6.7)
44 (39)
50 (6.6)
56 (3.9)

64 (3.3)

64 (4.9)
70 (3.4)
59 (4.5)
58 (9.0)

217 (1.0)

240 (42)
216 (1.8)
201 (3.9)
118 (1.6)

267 (1.5)

290 (2.6)
264 (1.7)
204 (2.7)
260 (2.9)

1(0.4)

3(L1)
2(0.9)
1(0.5)

8(1.2)

19 (33)
3 (09)
5 (1.5
6 (3.0)

201 (4.8)

207—;&3)
191(11.7)
199 (6.8)

284 (4.7)

RRCERR)
27y )
235@3)
250 (4.0)

At jesst Once 8 Week

Less than Oner 4 Week

Average
Profichacy

Fercent of
Students

Average
Proficieacy

259 (5.0)

301 (9.2)
2685 (1.5)
235 (5.2)

254(24.2)

54 (2.8)

59 (3.9)
52 (4.3)
49 (5.5)
59 (5.5)

267 (1.9)

290 (3.0)
264 (1.8)
241 (2.8)
259 (3.9)

The standard errors of the estimated percentages and proficiencies appear in parentheses. It can be said with 95 percent certainty that
for each population of interest, the value for the whole oopuiation is within plus or minus two standard ervors of the estimase for the
sampie, Populstion percentages may not tota! 100 pero. « because of rounding.
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TABLE 6.6 Studeats’ Reports on Frequency of Small Group Work, Using Manipulatives, and Doing

Mathematics Projects
In mathematics class, how often do you do each of the following?
At Lesst Once 8 Week Leas Than Once a2 Week Naver
small groups Percent of Average Percent of Avernge Perceat of Aversge
Students Proficlency Studeats Proficieacy Students Proficlncy
Grade 4 33(13) 212 (1.0) 23 (0.8) 27(1.0) “(1.4) 214 (1.0)
| Grade 8 28(1.9) 253 (1.7 27(10) 2713 (1.6) 45 (2.1) 83(1.2)
Grade 12 - All Studests 32(11) 5012 24 (0.7) 300(1.3) 44 (1.3) 29¢ (1.4
| Grade12-TakgMath | 34013)  305(9 26009 30908 4085 M09
Work with ruiers, At Laast Ounce 8 Week Less Than Once 8 Week Naver
counting blocks, or
poometric shapes Percant of Average Perceat of Average Percent of Averags
Sindants Proficieacy Studeats Proliclescy Studeats Froficleacy
Grade 4 4 (11) 214 (0.9) 27¢0.7) 226 (1.0) 30 (1.1) A1 (09)
Grade § 30(14) 263 (1.8) N 212Q12) 9 (15) 252 (1.1)
Grade 12 - AN Stndests 30 (2.8) 23(1.3) 29 (0.7 303 1.2) 4110 22015
Grade 12 - Taking Math 27(12) 302 (1.6) 33 (1.0 31 (13) 39(1.3) 303 (1.6)
Write reports or Al Least Ouce 8 Week Less Than Once 8 Week Never
do mathematics
projects Perceat of Average Percent of Aversge Percent of Average
Students Proficlency Students Proficlency Studeats Proficiency
Grade 8 10 (0.6) 245 (2.1) 21 (0.9) 271 (1.5) 70 (1.0) 266 (1.1)
Grade 12 - All Students 9 (0.5 280 {! 8) 2 (0.8) 298 (1.8) 71 (0.9) 297 (1.1)
Grade 12 - Taking Math 9(0.7 289 (26) 21 (09) 307 (1.7 70 (1.0) 307 (1.1)

The standasd errors of the estimated percentages and proficiencies appear in parentheses. It can be said with 95 percent certainty

———t

that for each population of intsrest, the value for the whols popalation is within plus or minus two standard emoss of tho estimats for
the sample. Population percentages may not total 100 percent bocause of rounding.

It may not be surprising that teachers reported much more group work than
did students, since these activities can affect classroom manageinent and may
have stood out more in the minds of teachers than students. Students are
placed in groups but work independently, and these types of situations may
have been reported differently by students. At grade 4, teachers report that 63
percent of their students worked in small groups at least once a week, without
much differentiation by ability level. However, only 33 percent of the fourth
graders reported weekly work in small groups. Similarly, teachers of eighth
graders reported that about half work in small groups on a weekly basis,

168

PAGE 163



whereas only 28 percent of the students reported working in small groups this
frequently.

Teachers and students, however, agreed on the frequency of using rulers
and such manipulatives as counting blocks and geometric shapes. Somewhat
less than half the fourth graders and about 30 percent of the eighth graders
appeared to engage in such activities on a weekly basis. Fourth-grade teachers
reported little difference in the use of these materials according to the ability
level of their classes. However, at grade 8, teachers reported using these
materials more frequently with students in low- and mixed-ability classes. At
all three grades, the students who reported moderate use of such materials had
higher average proficiency than did students who reported either weekly or no
use.

At grade 8, teachers and students also were asked about the frequency of
doing mathematics reports or projects. Both agreed that such work was rare,
although they seemed to have different opinions about whether it was merely
infrequent or virtually nonexistent. Teachers reported that nearly half the
cighth graders were never asked to do such activities, including 39 percent of
those in high-ability classes. However, 70 percent of the eighth graders
reported never doing reports or projects. Their reports were supported by those
of students at grade 12, where an equal proportion reported never being
assigned these Inng-term activities.

TESTING IN MATHEMATICS CLASSES

The data on frequency of testing in mathematics classes are presented in
TABLES 6.7 and 6.8. Again, it is important to remember that NAEP data
cannot establish the quality of the tests administered, but they do suggest that
testing is a frequent activity in mathematics classrooms. According to their
teachers, about half of the fourth and eighth graders were given teacher-made
tests on a weekly basis. In addition, more than 80 percent occasionally took
mathematics tests required by the school, district, or state, and about two-thirds
also occasionally took other published mathematics tests. Although middle-
school teachers did not report more testing than elementary school teachers,
eighth-grade students reported more testing than did fourth-grade students, who
seemed to be in somewhat better agreement with their teachers, Seventy-one
percent of the eighth graders reported taking a mathematics test weekly (or
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even more frequently), compared to approximately half of the fourth graders.
However, students reporting less frequent testing performed better, on average,
than did those reporting more frequent testing,

TABLE 6.7 Teachers’ Reports on Frequency of Testing in Mathematics Classes

S A VA ——— ks ) i b

Abeut how sftea ée sindents in this cisss do the following types of activities for mathematics clase?

Less than Woeekly

Percent of
Studeuts

Average
Proficleacy

52 (23)
40 (29)

20(1.3)
268 (1.4)

Never

Percent of
Stodeats

6(1.0)
8(1.9)

214 (2.6)
263 (4.3)

Never

Percent of
Students

Average
Proficency

At Least Several Timss 8 Week About Omce a8 Week
Parcent of Average Percent of Average
Students Proficleacy Students Proficiency
7(0.9) 212 (3.0) 4 (24) 214 (1.2)
4(12) 281 (5.2) 56 (27) 264 (1.8)
| At Least Once a Week Lass than Once & Week
Percest of Average Percent of Average
Students Proficiency Students Proficlescy
12(1.6) 207 (2.9 82 (1.9) 219 (0.8)
8(1.9 256 (4.5) 84 (23) 268 (1.3)
At Least Once 8 Week Less than Once & Week
Percest of Aversge Percent of Average
Studeats Proficieacy Students Praficlency
Grade 4 8(1.5) 214 (2.8) 67 (2.4) 217 (0.9)
Grade § 12 (1.8) 261 (4.0) 69 (2.6) 266 (1.4)

% (24)
19 (2.1)

220(1.4)
271 (2.6)

The standard errors of the estimatad percentages and proficiencies appear in parentheses. 1t can be said with 95 percent certainty that for
each population of interest, the value for the whole population is within plus or mis.s two standard emors of the estimase for the sample.
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TABLE 6.8 Students’ Reports on Frequency of Testing in Mathematics Classes

~ - - - S v

In mathematics ciass, how often do you do the foliowiag?

At Loast Severn] Tines » Waek Abdout Once a8 Week Less than Weekly
N Taks Pecceni of Average Perceat of Average Percent of Averags
wmathematics tests Sindents Proficiency Students Proficleacy Students Proficlency

19 (0.8) 197 (12) 33 (0.8)

216 (0.8)

49 (1.1)

12 (0.8) 250 (1.8)

9.7

266 (1.4)

29 (1.6)

280 (2.2)

#(12) 301 (1.2) £2(1.2)

The standard errors of the estimated perceatages and proficiencies appesr in parcathesss, It cun be said with 95 perceat certainty that for sach

286 (17) 60 (1.4) 306 (1.2)

e s = e Ab T e e e et i =

population of interest, the value foi r'e whole population is within plus or minus two Randand esrors of the estimate for the sample,

AVAILABILITY OF RESOURCES IN MATHEMATICS CLASSES

Teachers’ use of materials is inevitably affected by the availability of
resources. To examine the possible impact of access to resousces on
mathematics instruction, teachers were asked to what extent they got all of the
resources and materials they needed. Their responses are summarized in
TABLE 6.9.

With the recommended move to "hands-on" and technology-based
instructional approaches in mathematics classrooms, the adequacy of resources
becomes an important issue. Teachers’ reporis did show a positive relationship
with student achievement. In general, students in classrooms with all the
necessary resources had higher average proficiency than did those in
classrooms with none or only some of the necessary rescurces. However,
according to their teachers, few fourth- and eighth-grade students appeared to
be in well-supplied classrooms and approximately one-third were in classrooms
where access to resources appeared to be a serious problem. The teachers of
13 percent of the fourth graders and 19 percent of the eighth graders reported
receiving all the resources they needed. Although about half the students at
grades 4 and 8 were in classes where most of the necessary resources were
available, teachers of 38 percent of the fourth graders and 28 percent of the

30 (1.4)

223 (0.8)
27 (1.0)
293 (1.3)

313 (1.4)

eighth graders reported getting only some or none of the resources they nesded.

As might be anticipated, students in advantaged urban areas were more
likely than those in disadvantaged urhan areas to have teachers who reported
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access to a full array of resources. Conversely, students in disadvantaged
urban areas were more likely to be in classes where resources were reportedly
lacking. Forty-eight percent of the fourth graders and 40 percent of the eighth
graders in disadvantaged urban areas were in classrooms where teachers
reported only receiving some or none of the needed resources.

TABLE 6.9 Teachers’ Reports ¢n the Availability of Resources

" How well supplied are you by your school system with the instructional
materials and other resources you need to teach your class?
1 get all the 1 get most of the 1 get some or none of
“ resources | oeed. resources i need. the resources 1 need,
Percent of Average Percent of Average Percent of Average
Students Proficency Students Proficiency Students Profidency
] Grade 4 13(1.5) 220 (2.2) 49 (18) 219 (1.1 38 2.0) 213 (1.1)
|
Advantaged Urban 22 (5.0) 233(2.8) 63 (6.1) 232 (2.7 15 (4.5) 231 (3.1)
Disadvantaged Uran 1337 202 (8.1) 39 (48) 200 (3.1) 48 (5.2) 200 (3.9)
Extreme Rurai 14 (5.1 225(3.7) 42 (8.0) 217 (3.9) 44 (6.9) 216 (4.0)
Other 11(1.7) 217 (2.8) 50 (2.5) 218 (1.1) 39 (2.8) 214 (1.4)
“ Grade 8 19 (2.4) 274 (3.5) 329 266 (1.4) 28 (2.8) 263 (1.8)
Advantaged Urban ! 44(11.2) 286 (7.4) 46 (8.8) 283 (3.8) 10 (4.2) 283 (2.8)
Dissdvantaged Urban 8 (3.8) 240 (5.9) 52 (7.0) 257 (3.9) 40 (7.6) 254 (4.7)
Extreme Rural ! 12 (6.5) TY11.4) 57(10.1) 262 (4.9) 31 (8.6) 260 (2.6)
17 (2. 271 (2.8 3.7 1.4 2937 264 (2.4
& (26) _ (2.8) 54(t) 265 (1.4) _ 37N (29)

The standard errors of the estimated percentages and proficiencies appesr 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. Population percentages may not tota] 100 because of rounding. 'Interpret with caution--the
nature of the sample does not allow accurate determination of the variability of the results for these population subgroups.

SUMMARY

The NCTM Standards for both curriculum and teaching recommend well-
equipped classrooms and instruction reflecting the vitality of mathematics.5?
According to both students and teachers, textbooks and worksheets were by far
the predominant materials used in teaching mathematics. More tian half the
fourth graders appeared to work problems from their textbooks on a daily basis

©Professional Standards for Teaching Mathemaiics (Reston, VA: National Council of Teachers of Mathematics, 1990).

Curriculum and Evaluation Standards (Reston, VA: National Council of Teachers of Mathematics, 1989).
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and complete worksheets at least weekly. The textbook became the primary
instructional source at the upper grades, with about 70 percent of the eighth
graders and 81 percent of the twelfth graders working problems from their
textbooks on a daily basis. Even at the higher grades, worksheets were still
used, and this occurred even more frequently with lower-performing students.
There also seemed to be considerable testing in mathematics classes at all three
grades.

In contrast, approximately one-third of the students across all three grades
reported never working in small groups or with manipulatives and tools such as
counting blocks, rulers, or geometric shapes. Their teachers reported using
these strategies supported by research on a more frequent basis, but even so,
they reported far less use of these activities than they did of their textbooks.
Both teachers and students agreed that mathematics reports or projects were
done infrequently, if at all. According to their teachers, nearly half the eighth
graders were never asked to write reports or do mathematics projects.

Finally, many teachers reported difficulty in obtaining the necessary
resources to teach their classes. Close to half the students attending schools in
disadvantaged urban communities were in classrooms that had none or only
some of the rescurces needed.
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Chapter 7
L -

Calculators and Computers

INTRODUCTION

In recognition of the potential provided by calculators and computers for
increasing children’s mathematical power, recommendations for improving
mathematics education often include more use of these new tools in today’s
classrooms.® Incorporating calculators and computers as integral parts of
classroom instruction can help make school mathematics become more like the
mathematics people actually use in their everyday lives and on the job. How
many businesses actually use paper-and-pencil methods to keep track of
accounts or inventories? How many people actually do detailed paper-and-
pencil computations as part of their daily activities at home or at work? The
availability of increasingly sophisticated and economically feasible technology
can be used 10 accelerate the pace of student learning in mathematics, allowing
the tedious computations required to arrive at complex solutions and check
alternatives to be accomplished in seconds rather than hours.

“Prefessional Standards for Teaching Matkematics (Reston, VA: National Council of Teachers of Mathematics,
1991).

The Governors’ 1991 Report on Education, Results in Education: 1990 (Washington, DC: The National
CGovernors Association, 1990),

Everybody Counts: A Report o the Nauon on the Future of Mathematics Education, Lynn Steen, editor
(Washington, DC: National Research Council, National Academy Press, 1989),

Reshaping Schor! Mathematics: A Philosophy and Framework for Curricudium {(Washington, DC: Mathematical
Sciences Educatica Board and National Research Council, National Academy Press, 1990).

Curriculum and Evaluation Standards for School Mathematics (Reston, VA; National Council of Teac'iers of
Mathematics, 1989).

Ray Hembree and Donald J. Dessant, "Effects of Hand-Held Calculators in Precollege Mathematics Education:
A Meta-analysis” in The Journal for Research in Mathematics Education, Vol. 17, Number 2, March 1986, pp. 83-99,

The National Science Board Commission on Precollege Education in Mathematics, Science, and Technology,
Educating Americans for the 2151 Century (Wsshington, DC:  National Science Foundation, 1983),

PAGE 169

194



The NCTM Standards state that:

 Appropriate calculators (i.e., scientific calculators for middle school and
scientific/graphing calculators for high school) should be available to all
students at all times.

A computer should be available in every classroom for demonstration
purposes.

o Every student should have access to a computer for individual and group
work.

 Students should learn to use the computer as a tool for processing
information and performing calculations to investigate and solve problems.

Consistent with the importance of technolegy in mathematics instruction,
NAEP provided four-function calculators to fourth graders and scientific
calculators to eighth and twelfth graders for portions of the assessment,
conducting brief training exercises in their usage prior to testing. As well as
measuring whether students knew how to use a calculator, the assessment
collected information about their understanding of when to use a calculator.
Additionally, students, teachers, and schools were asked questions about the
availability and use of calculators and computers in school, as well as questions
about policies related to the pervasiveness of such activities.

TEACHERS’ POLICIES ON USING CALCULATORS IN
MATHEMATICS CLASS

As some gauge of support and underlying perceptions regarding calculator
usage in school mathematics, teachers of the fourth and eighth graders who
participated in the assessment were asked about their overall policies for using
calculators. The results are presented in TABLES 7.1 and 7.2.
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TABLE 7.1 Teachers’ Reports on Permitting the Use of Calculators in
Mathematics Class

Usrestricted Use Restricted Use
Percent of Average Percent of Average
Students Proficiency Students Proficiency
Grade 4 307 219 (3.4) 97 (0.7) 217 (0.8)
LLcme 8 19 2.2) 280 (2.6) 81(2.2) 263 (1.2)

The standard errors of the estimated percentages and proficiencies appear in parentheses. It can be
said with 95 percent that for each population of interest, the value for the whole population is within
plus or minus two standard egrors of the estimate for the sample.

TABLE 7.2 Teachers’ Reports on Permitting the Use of Calculators on Tests

Permit Use on Tests o ?l
Yes No
Percent of Average Percent of J Average 1
Students Profidency Students Proficlency
Grade ¢4 2(0.5) 226 (8.9) 99 (0.5) 217(0.8)
Grade § 34 (3.3) 274 (2.1) 66 (3.3) 262 (1.3)

The standand errors of the estimated peroentages and proficiencies appesr 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 ervors of the estimate for the sample. Percentages of students may
not total 100 percent due ‘o rounding.

According to their teachers, only 3 percent of the fourth graders and 19
percent of the eighth graders are permitted free and open use of this important
tool, and only 2 percent of the fourth graders and 34 percent of the eighth
graders are permitted to use calculators on tests. Although proficiency did not
differ by teachers’ calculator policies at grade 4, the eighth graders who were
given unrestricted use of calculators or permitted to use them on tests had
higher proficiency.

Although few would argue the importance of learning basic arithmetic facts
without reliance on a calculator, these skills should be well in hand by the
middle of grade 4. In the upper primary grades, and especially by grade 8, the

PAGE 171

176




curriculum might wel! require some mathematics of the sort that depends on
calculators.®

STUDENTS’ ACCESS TO CALCULATORS

To incorporate calculator usage into the curriculum, students must have access
to this technology. Related information on student access to calculators is
presented in TABLES 7.3 and 7.4. Teachers reported that about half their
students (44 percent of the fourth graders and 52 percent of the eighth graders,
respectively) had access 1o school-owned calculators. Virtually all students,
however, reported that they themselves or their family owned a calculator.

TABLE 7.3 Teachers’ Reports on Students’ Access to School-Owned Calculators

—_———

B Access to Schodzned Calculstors
Yes No
Percens of Average Percent of
Students Proficiency Students Pmﬁdency
Grade 4 44 (2.5) 220 (1.9) 56 (2.5) 218 (1.1)
Grade 8 | 52 (3.5) 267 (2.0) 48 (3.5) 266 (1 'T)J

The standard errors of the estimated percentages and proficiencics 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.

“Reshaping School Mathematics: A Philosophy and Framework for Curriculum (Washington, DC: Mathematical
Sciences Education Board and National Research Council, National Academy Press, 1990).
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TABLE 7.4 Students’” Reports on Owning Calculator

Siudent o Famlly Owns Calculator
Yes No
Percent of Average Perceat of Average
Students Proficlency Students Proficiency
Grade 8 97 (0.3) 266 (1.0) 3(0.3) 236 (2.6)
Grade 12 - All Students 98 (0.2) 296 (1.0) 2(02) 266 (3.1)
Grade 12 - Taking Msth 99 (0.2) 306 (1.0) 1(0.2) 268 (4.9)

The standard errors of the estimated percentages and proficiencies appesr in parentheses. It can be sald 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.

Information about older students’ familiarity with scientific calculators is
presented in TABLE 7.5. Approximately half the eighth graders and
approximately four-fifths of the twelfth graders reported ever having used a
scientific caiculator. The majority of eighth and twelfth graders were asked to
use a scientific calculator in the assessment (with some training), and it is
worth noting that for a nontrivial proportiou of these students, this was their
first contact with this technology. Because only 58 pcrcent of the twelfth
graders reported being in any type of mathematics class, the data on calculator
and computer usage are presented separately for those students. However, not
that many more students in mathematics classes -- 87 percent as compared to
81 percent of all twelfth graders -- reported ever having used a scientific
calculator.

TABLE 7.5 Students’ Reports on Use of Scientific Calculators

Student Ever Used Sclentific Calculator J

Yes No ]

Percent of Aversge Percent of Average ]

i Students Profidency Students Profidency |
Grade § 56 (1.4) 269 (1.3) 44 (1.4) 261 (1.0)
iLcnae 12- AE Students 81 (0.8) 302 (1.0) 19 (0.8) 269 (1.2)
Grade 12 - Taking Math 87 (0.7) 311 (1.1) 13 (0.7) 272 (1.9)

The standard errors of the estimated percentages and proficiencies appear in parenthesss. It can be said with
95 percent certainty that for each population of interesy, the value for the whole population is within plus or
minus two standard errors of the estimate for the sample,
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FREQUENCY OF CALCULATOR USE IN
MATHEMATICS CLASS

As shown in TABLES 7.6 and 7.7, both teachers and students were asked how
frequently calculators were used in mathematics classes. To supplement the
view provided by the national results, teachers’ reports also are presented in
relation to their categorizations of the ability levels of their classes.

TABLE 7.6 Teachers’ Reports on Frequency of Use of Calculators in Mathematics Classes

e

About how oftes do students in this class do the following activity?
At Laast Several Times a8 Week Weekly or Less Never

Percest of Average Percent of Aversge Percent of Avesage

Use a calculstor Studeats Proficiency Students Proficiency Students Profickacy
Grade 4 6 (1.1} 224 (3.0) 48 (2.6) 219 (1.1) 47(2.5) 214 (1.1)
High ability 13 (4.0) 243 (8.6) 55 0.7 244 (3.5) 32(69) 233 (4.1)
Avorege ablility 3(1.0) 227 (4.6) 53 (4.7) 217(1.7) 45 (4.5) 2A7(19)
Low ability 2(1.0) 186 (5.9) 47 (5.9) 205 (3.1) 51 (5.0) 197 (2.0)
Mixed abilky 7(1.9) 221 (3.6) 43 (4.5) 219 (2.3) 50 (4.0) 214 (1.6)
Grade $ 30 (3.0) 274 (1.8) 49 (2.8) 264 (2.0) 22 (2.2) 261 (2.1)
High ability 34 (4.2) 297 (25} 48 (4.8) 289 (3.1) 19 (3.2) 285 (4.2)
Average ability 3237 267 (&% 45 (3.5) 264 (1.9) 23 (3.1) 259 (2.7
{ Low sbilky 19 (4.3) 248 (4.3, 52 (4.8) 241(2.3) 28 (4.5) 238 (2.6)
Mixed abRity 27(5.7) 269 (3.3) 54 (5.2) 255 (4.2) 20(5.3) 262 (4.4)

The standand errors of the estimated percentages and proficiencies appear in parentheses. 1t can be said with 95 percent certainty that for each
popuiation of interest, the value for the whole population is within plus or minus two standard errors of the estimaie for the szmple. Populstion
percentages may not total 100 percent because of rounding.
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TABLE 7.7 Students’ Repoits on Frequency of Use of Calculators in Mathematics Classes

In mathematics ciass, how often do you do the Esllowlng? I
At Least Severs] Times a Week Weekly or Less Never ]
Percent of Aversge Percent of Average Percent of Average _]
Students Proficlency Students Proficiency Students Proficlency
9{0.D 200 (1.7) - 29 (l;) 224 (1.2) 62(1.9) 215(0.8)
30 (1.9) 269 (1.3) 311y 268 (1.7) 39(2.3) 260 (1.1)
58 (1.2) 305 (1.1) 20 (0.9) 2% (2.1) 24 (1.1) 282(1.6)
Grads 12 . Taking Math 2 (1.1) 311 (1Y) 16 (0.9) 300 (1.9) 14,0.9) 287 (2.9

The standard errors of the estimated percentages and proficiencies 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 of minus two standard erors of the estimate for the sample.
Population percentages may not total 100 percent because of rounding.

Teachers reported that 47 percent of the fourth graders and 22 percent of
the eighth graders were never asked o use a calculator in mathematics class.
Fourth-grade teachers, however, tended to use calculators somewhat more
frequently in their high-ability classes. Similarly, eighth-grade teachers
reported the least frequent use with their low-ability classes. Although there
were some exceptions, the more proficient students seemed to be given more
opportunity for calculator usage, even across ability levels.

This tendency, whereby mathematics is made less painful and more
challenging, only after students prove that they can do it the "old-fashioned”
way, may contribute to increasing the performance gap between higher- and
lower-performing students.

There was strong agreement between teachers and students about the
prevalence of routine calculator use. Both reported that fewer than 10 percent
of the fourth graders and 30 percent of the eighth graders used a calculator
several times a week. There was less agreement about moderate use. with far
more fourth and eighth graders than their teachers reporting that they never
used a calculator. Twelfth graders reported more calculator usage than did
students at the lower grades, with 70 percent of those taking mathematics
classes reporting use at least several times a week. At the twelfth grade, there
was a strong positive relationship between frequency of calculator use and
average mathematics proficiency.

PAGE 175

2.



NATURE OF STUDENT CALCULATOR USE

Students in the eighth and twelfth grades were asked how frequently they used
a calculator to work problems in class, to do problems at home, and to take
tests or quizzes (see TABLE 7.8). At both grades, approximately half the
students reported almost always using a calculator to work problems in class,
and about one-third reported doing so sometimes, although the relationship of
this use with proficiency differed dramatically for the two grades. At the
eighth grade, the students who almost always relied on the calculator had lower
performance, while at the twelfth grade, the lowest performance was for
students who reported never using a calculator to solve problems in class.

TABLE 7.8 Students’ Reports on Ways They Use a Calculator

For matbematics class, how oftes do you use a calculator to do esch of the following?

Almost Always Sometinies Never

Percent of Average Percent of Average Perceat of Average
Siudents Proficency Students Proficlency Students Proficieacy

46 (0.9) 257 (1.1) 30 (1.1) 271 (1.6) 24 (13)
42 (1.0) 301 (1.1) 32 (0.8) 298 (1.4) 27 (1)
53 (12) 306 (1.3) 33 (1.0) 308 (1.5) 14 (0.9)

30 (1.0) 264 (1.2; 52 (0.8) 266 (i.3) 19 (0.7)
358 (0.9) 305 (1.2) 8 (0.7 295(1.4) 24 (0.8)
46 (1.0) 311 1.3) 41 (1.0) 303 (1.5) 13 {0.6)

25 (0.9) 257 (1.6) 43 (12) 261 (1.5) 32 (1.3)
34 (0.9) 303 (12) 34 (09) 298 (1.4) 32 (1.1)
43 (13) 309 (1.3) 38 (1.2) 304 (1.6) 19 (1.1)

- ————

The standand emors of the estimated perceatsges and proficizncies appear in pasentheses. It can be said with 95 percent certainty that for
eschpogdnioaoufwmvdwfaﬂuwhﬂcpogﬂ:umhwidﬁnplusormlnmmmndnderrorsomwe:dmmforusenmple.
Population percentages msy nos total 100 percent because of rounding.

About half the high-school seniors enrolled in mathematics courses
reported almost always using a calculator to work mathematics problems at
home, as did 38 percent of the twelfth graders overall. In both groups, a
greater frequency of use was related to higher average proficiency. At grade
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8, the majority of the students reported at-home use "sometimes,” and there
was no relationship between frequency of use and average proficiency.

Although one-third of the eighth and twelfth graders reported never using
calculators to take tests or quizzes, the results parallel those for the question on
solving problems in class. At grade 12, students who reported almost always
using calculators to take tests and quizzes performed better than those reporting
using them sometimes, who in turn performed better than those never using
calculators. At grade 8, the pattern was reversed.

STUDENT PROFICIENCY IN USING A CALCULATOR

Because of the importance of calculator usage in mathematics, some students
were given calculators to use for portions of the assessment and were provided
instruction and practice in how to use them prior to the test administration.
Fourth graders were provided with four-function calculators, and students at
grades 8 and 12 were given scientific calculators. At each grade, two of the
seven sections of the assessment (not including the three sections administered
via paced audiotape) were administered with a calculator. However, because of
the sampling methodology, some students took both sections, some took only
one section, and some took neither. Approximately five-sevenths of the
students were given at least one calculator section.

Part of the mathematics assessment was designed to investigate not only if
students know how to use a calculator, but also whether they know when use
of a calculator is helpful and when it is not. For the calculator portions of the
assessment, students could choose whether or not to use a calculator for each
itern, and they were asked to indicate in their test booklets whether they did or
did not use the calculator for each item.

The questions in the calculator sections were classified in three ways:
calculator inactive, calculator neutral, and calculator active. Calculator-inactive
items are those whose solution neither requires nor suggests the use of a
calculator; in fact, a calculator would be virtually useless as an aid to solving
the problem. Calculator-neutral items are those in which the solution to the
question does not require the use of a calculator, but some students might
choose to do so. In contrast, calculator-active items require calculator use; a
student would likely find it almost impossible to solve the question without the
aid of a calculator.
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To compare the mathematics proficiency of students more knowledgeable
about calculator use, to that of their less knowledgeable classmates, the
students who responded to the calculator sections of the assessment were
categorized into two groups:

e High Group -- Students who used the calculator appropriately (i.e.,
used it for the calculator-active items and did not use it for the
calculator-inactive items) at least 85 percent of the time and indicated
that they had used the calculator for at least half of the calculator-
active items they were presented.

e Other Group -- Students who did not use the calculator appropriately at
least 85 percent of the time or indicated that they had used the
calculator for less than half of the calculator-active items they were
given.

The results presented in TABLE 7.9 indicate that the students in the high
group had higher average proficiency than did those in the other group. Also,
starting with the fourth grade, fewer students were in the high group for each
successive grade assessed. Whereas the majority of the fourth graders were in
the high group, which showed some facility with a four-function calculator,
less than half of the eighth graders and oniy 30 percent of the high-school
seniors demonstrated a high degree of knowledge in how and when to use a
scientific calculator.

TABLE 7.9 Swudents’ Understanding of When to Use & Calculator

High Group Other Groip R
Percent of Average Percent of Aversge l
Students Proficency Students Proficlency
| Grade 4 57(0.7) 21 (0.7) 43 (0.7 209 (0.9)
’ Grade 8 44 (0.9) 275 (1.3) 56 (0.9) 258 (1.1)
Ludg i2 30 (0.8) 310 (1.3) 70 {0.8) ﬂ(l.l) ;

The standard errors of the estimated percentages and proficiencios appear in parentheses. It can be said with
95 percent certainty that for esch population of interest, the value for the whole populstion is within plus or
minus two standard emmors of the estimate for the sample.
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SCHOOLS’ AND TEACHERS’ REPORTS ON AVAILAPILITY
OF COMPUTERS

Computers can be used in a wide variety of ways in mathematics classrooms.
Although they may be most frequently used for computational drill and
practice, teachers can take full advantage of this technology by using computers
to teach graphs, spreadsheets, and extended investigations of mathematical
ideas.® The computer has the potential to provide opportunities for problem
solving using "hands-on" techniques and a!so can be effective as a tool in
small-group work.

However, because computers are so much more expensive than calculators,
providing them for student use can present a resource probiem. NAEP asked
both school administrators and teachers about the availability of computers in
mathematics classrooms, and the results are presented in TABLES 7.10 and
7.11.

TABLE 7.10 Schools’ Reports on the Avsilability of Computers

Yes, computers avallable Yes, computers grouped Yes, computers svailable _q
all the time in in » laborstory availsble to bring to classroom
mathematics classrooms to mathematics classes when needed !
Percent of Students Percent of Students Percent of Students
Grade 4 207 56 (2.9) $3(3.1)
Grade 8 10 (2.6) 61 (4.9) 57 3.5
Grade 12 10 (2.6) 79 (3.8) 64 3.7) {2

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,

“Mary Male, "Cooperative Learning and Computers in the Elementary and Middle School Math Classroom” in
Cooperative Learning in Mathematics, Neil Davidson, editor (Menlo Park, CA: Addison-Wesley Publishing Company,

1990).

Chasiene Sheets and M. Kathleen Heid, "Integrating Computers as Tools in Mathematics Curricula (Grades 9-13);
Portraits of Group Interactions” in Cooperative Learning in Mathemarics, Neil Davidson, editor (Menlo Pask, CA:
Addison Wesley Publishing Company, 1990).
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TABLE 7.11 Teachers’ Reports on the Avallability of Computers for Student Use

——

Avadable Ia Classrcom Difficuit to Access Not Avallake J
Percemt of Aversge Percent of Average Percent of Average
Studeate Profidency Students Proficiency Students Proficlency
34 (24) 221 (1.6) 47 (2.9) 217 (1.3) 19 2.1 213 22)
30(6.1) 244 (3.5) 52 (8.1) 238 (4.7) 18¢(5.7 236 (6.0)
£ REX )] 2219 A8 (3.7 218 (1.7) 21 (3.2) 211 2.9)
371 209 (3.9) 52(73) 200 (3.0) 17(3.9) 190 (4.2)
373.6) 219(1.9) 44 (4.0) 2721 20 (3.9) 217 (3.5)
21 (2.9) 264 (2.8) 52 (3.9) 267 (\.T) 27 (3.0 266 (1.8)
20 (4.5) 289 (5.4) 52 (4.7) 201 (2.6) 28 (4.1) 290 (3.2)
16 (2.8) 282 (3.1) 57 (4.1) 265 (2.0) 2737 264 (2.6)
19 (4.7) 235 (3.0) 48 (4.9) 242 (3.1) 33 (4.5 243 (2.6)
2(8.1) 260 (5.3) 45(7.3) 261 (3.9) 22 {5.3) 260 (3.1)

The standand errors of the estimated percentages and proficiencies appear in parentheses. It can be said with 95 percent certainty that for
cad:popm;ﬁooo!hmmevdmfmthewbokpopcﬂaﬁonhwiuﬁnp!morminustwomndudeﬂmofuwu:imtcfonhenmph.
Percentages of students may not total 100 percent because of rounding.

School administrators and teachers appeared to agree that more fourth-
grade than cighth-grade mathematics classrooms have computers. However, in
both instances, teachers reported more students in classrooms with computers
than did administrators. At grade 4, teachers reported that about one-third of
the students had at least one computer in their mathematics classroom. This
data did not vary much across ability groupings. At grade 8, teachers reported
that about one-fifth of the students had at least one computer in their
mathematic, classroom, with availability perhaps being somewhat more likely .
in classrooms where students were of mixed ability. At grade 12, school
administrators reported the same lzvel of classroom availability as they did for
grade 8 (10 percent).

School administrators reported that 56 percent of the students in grade 4,
61 percent in grade 8, and 79 percent in grade 12 were in schools with
computer laboratories. Across the grades, the:" also reported that more than
half the students were in schools where computers were available for. classroom
use when needed.

Teachers’ reports, however, indicated that computer access was more
limited. At both grades 4 and 8, they reported that while computers were
available for about half the students, they were difficult to access. Teachers of
fourth graders reported no computer availability for about one-fifth of their
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students, and teachers of eighth graders reported no computer availability for
more than one-fourth of their students. At both grades, teachers’ reports about
computer availat..ity were relatively constant, regardless of the ability levels of
their classes.

Overall, there was a positive relationship between the availability of
computers and average proficiency at grade 4. This relationship tended to hold
across the different ability groupings. At grade 8, there appeared to be no
relaticnship between availability of computers and performance, except perhaps
in low-ability classes where students with computers in their classrooms had
lower average proficiency than did their classmates in classrooms where
computers were difficult to access or not available. This may reflect attempts
by districts and businesses to provide "at risk" students with comnuters in
school or the use of ESEA Chapter 1 funds to purchase computers.

TEACHERS’ AND STUDENTS’ REPORTS ON EXTENT OF
COMPUTER USE IN MATHEMATICS INSTRUCTION

Availability and access to computers is necessary for them to have an impact
on mathematics instruction and achievement--but the equipment must also be
used. TABLES 7.12, 7.13, and 7.14 show responses to questions posed to both
teachers and students about frequency of computer use.
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TABLE 7.12 Teachers’ Reports on the Frequency of Computer Use in Mathematlces Class

About how often do students in this class do the following activity for mathematics class?

At Least Once 8 Week L3 than Once 8 Week Never

Perceat of Average Fercent of Average Percent of Average
Studeats Proficiency Students Proficlency Students Proficlency
49 (2.2) 219(1.1) 25 (1) 219(1.4) 26(1.5) 212 (1.6)
50 (7.5) 242 (3.0) 29 (6.3) 247 (42) 21(59) 226 (5.6)
47 (3.7) 221 (1.6) 31 (34) 217 (1.9) 2029 210 28)
53(5.4) 204 (2.5) 17 (4.7) 205 (7.5) 31 (5.0) 192 2.9)
51 (3.5) 217 (1.9) 25(29) 218 (2.3) 25035 214 2.7
13 (2.4) 257 (2.9) 35 (3.4) 269 (2.2) 52(2.8) 267 (1.7
11 (3.0) 284 (3.5) 39 (4.4) 294 (3.0) 50 (4.5) 289 (3.0)
7(2.1) 255 (5.4) 38 (4.0) 265 (2.0) 55(3.5) 265 2.0)
17(34) 232 (4.1) 30 (5.0) 240 (2.5) §4(5.2) 245 (2.6)
21(7.8) 258 (4.9) 330D 258 (6.0) 47 (5.5) 263 (2.7

The standard errors of the esiimated percentages and proficiencies 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. Percentages of snudents may not total 100 percent because of rounding.

TABLE 7.13 Students’ Reports on the Frequency of Computer Use in Mathematics Class

- In mathematics du:;ow often do you do the followlag? l
At Least Once 8 Week " ess than Once 8 Week Never
Percent of Average Percent of Average Percent of Aversge
Use a computer? Students Proficiency Students Proficiency Students Proficlency
Grade 4 38 (1.3) 216 (1.1) 12 (0.8) 222 (1.7) 50 (1.3) 215 (0.8)
{ Grade 8 16 (0.8) 253 (1.7) 15 (1.1) 272 (2.1) 69 (1.3) 267 (1.0)
Grade 12 - All Students 20 (0.7) 290 (1.2) 14 (0.8) 304 (2.1) 66 (1.1) 296 (1.2)
l Grade 12 - Takisg Math 18 (0.9) 301 (1.6) 16 (1.1) 312 (2.3) 66 (1.4) 305 {1.2)

The standard errors of the estimated percentages and proficiencics appear in parentheses. 1t 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.
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TABLE 7.14 Teachers’ Reports on the Amount of Time that Students Spend Each Week Working
with Computers to Solve Mathematics Problems

15 minutes 30 Miautes or More
Average Percent of Average Percent of Average
Proficlency Students Proficlency Studests Proficiency
Grade 4 31(23) 214 (1.8) 29 Q2.5) 222 (1.6) 41 (2.7 218(1.2)
“_ﬁ"df. f_ ﬁn {2.6) 268 (1.3) 1§ (2.2) 1_260 2.9) 12(21) L 262 (2.9)

The standard errors of the estimated percentages and proficiencies appear in parentheses. It can be said with 95 percent centainty that for
ewhpopduionofimmn.thcvdmfwmewholcpopmmnwimnpluswminmmmxﬂudmuofmemimuﬁonhcmpk.

Consistent with the reports about availability and accessibility, both
teachers and students agreed that there is more use of computers at grade 4
than there is at grade 8, but that, in gencral, usage is quite limited. Within
these broad parameters, however, teachers and students were not in agreement.
At grade 4, teachers reported more usage than did students. According to their
teachers, about half the students used a computer at least weekly, and only
about one-fourth never used a computer, although this percentage increased to
about one-third for the students in low- and average-ability classes.

According to fourth graders’ reports, 38 percent used a computer weekly,
and half never did. At grade 8, the extent of the disagreement was smaller, but
teachers still reported more computer use than did students, and their reports
were consistent across ability levels. Teachers reported that approximately half
the eighth graders never used a computer, compared to 68 percent of the
students. According to their teachers, 31 percent of the fourth graders and 73
percent of the eighth graders did not spend time on a weekly basis solving
problems with computers. However, teachers reported that 41 percent of the
fourth graders did spend about 30 minutes each week working with computers
to solve mathematics problems.

There was no consistent relationship between frequency of computer use
and performance across the three grades. At grade 4, proficiency was lower
for students whose teachers reported they never used the computer, except in
mixed-ability classrooms. Conversely, at grade 8, proficiency seemed to be
higher for students whose teachers reported they never used the computer,
except in high- and mixed-ability classrooms. Based on students’ reports, the
higher proficiency was observed when students reported that computer use was
somewhere in between weekly and never.
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The relationship between teachers’ reports on the average minutes per week
used to solve problems with a computer and average proficiency indicates that
fourth graders who spent some time doing mathematics problems with a
computer had higher proficiency than did those who spent no time on this
activity, but that the eighth graders who spent no time on this activity
outperformed their counterparts.

SUMMARY

The NAEP results indicate that while some students were using calculators in
their mathematics classes, particularly at grade 12, few students were using
computers very frequently and what computer use there was appeared to be
more heavily concentrated at grade 4. If one thinks back to the days when
slide rules were common, the nation has made some progress in incorporating
technology into mathematics classrooms. Yet, the use of calculators and
computers was far from widespread. According to both students and teachers,
about half the fourth graders never used calculators and about half the eighth
graders never used computers. Two-thirds of the twelfth graders, both overall
and in mathematics classes, reported that they never used computers.

Because the use of technology in mathematics classrooms was so limited,
the relationships between frequency of use and student proficiency were not
clear cut. However, in view of the promise that technology appears to hold for
improving mathematics education, these results raise concerns. In Reshaping
School Mathematics, two fundamentally important issues stand out among the
many ideas for revitalizing the mathematics curriculum, including changing
people’s perspectives on the need for mathematics and changing the roles of
calculators and computers.5

By reducing the emphasis on hand calculations and permitting more time to
develop the understanding of processes and reasoning that lie at the heart of
mathematical problem solving, and by more closely paralleling how
mathematics is applied in business and industry, the use of technology in
mathematics classrooms could facilitate substantial improvement in student
achievement.

“Reshaping School Mathematics: A Philosophy ond Framework for Curriculism (Washingion, DC:
Mathematical Sciences Education Board and National Research Council, Nationai Academy Press, 1990),
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Chapter 8

e e e
Instructional Time and Emphases

INTRODUCTION

In Chapter Four, the examination of course-taking patterns revealed that by
grade 8, students had been differentiated into at least three primary
mathematics programs -- eighth-grade mathematics, pre-algebra, and algebra.
By high school, many take Algebra I and more than half go on to Algebra II
and geometry. Only a small percent take trigonometry, Algebra IlI, pre-
calculus, or calculus. This chapter explores two related curricular issues --

the amount of overall mathematics instructional time provided to students,
including homework, and teachers’ reports about the topics emphasized in
fourth- and eighth-grade mathematics classrooms. Both sets of information
represent some measure of students’ opportunity to learn mathematics at grades
4 and 8. Taken together with the course-taking information presented for .. gh-
school students, this information provides a broad view of students’
mathematics curriculum as they progress through schooi.

Evidence from other studies suggests that the substance of elementary and
middle school mathematics may be more problematic than is allocation of
instructional time. For example, as might be expected from the low high-
school enrollments in more challenging mathematics courses, the Second
International Mathematics Study (SIMS) found that the U.S. devoted
comparatively less time to advanced college-preparatory mathematics than did
many other countries.” However, the average amount of time devoted to
mathematics at grade 8 compared favorably to the time allocated in other
countries. Further, in the lower grades, more time may be devoted to
mathematics instruction than to any other subject except reading. In the Report

“Curtis C. McKnight, et al., The Underachieving Curricubum: Assessing U.S. School Mathemaiics from ax
IMMPmﬂmANMmMMWMImMMMWM(Wm International
Associstion for the Evaluatios of Educational Achievement, Stipes Publishing Company, 1987).

Harold W, Steverwon, Max Lummis, Shin-Ying Loc, and James W. Stigler, Mlaking the Grade in Mathematics:
Elemensary School Maihemstics in the Unised Stases, Taiwan, and Japan (Reston, VA: National Council of Teachers of
Mathematica, 1990).
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of the 1985-86 National Survey of Science and Mathematics Education, K-3
teachers reported spending the most time on reading, but more time on
mathematics than on other subjects, such as science or social studijes.®

In contrast to the comparatively favorable results on time spent, the SIMS
study found the content of U.S. curriculum to be characterized by a great deal
of repetition and review, with the effect that the eighth-grade curriculum tends
to be arithmetic-driven, resembling the end of elementary school much more
than the beginning of high school. This observation is consistent with the
results reported in Chapter One indicating that eighth graders were farther
behind the expected or intended curriculum than fourth graders were, and that
twelfth graders appeared to be even farther behind than eighth graders.
Further, the results in this chapter suggest that because of the repetitiveness of
the curriculum, many elementary and middle-school students are not given an
opportunity to learn higher mathematics. As a result, they may not be prepared
for advanced course work in high school.

AMOUNT OF INSTRUCTIONAL TIME

As shown in TABLE 8.1, teachers reported that fourth graders received an
average of approximately four hours of mathematics instruction each week and
that eighth graders received slightly less instruction--about three and one-half
hours per week. Although about 10 percent of the fourth graders were
receiving two and one-half hours or less of mathematics instruction per week,
another one-fifth were receiving between two and one-half and four hours per
week, and nearly two-thirds were receiving four or more hours of instruction.

“iris Weiss, Report of the 1985-86 National Survey of Science and Mathematics Education (Research Triangle Park,
NC: Research Trisngle Instifute, 1987).
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TABLE 8.1 Teachers’ Reports on the Amount of Time Spent on Mathematics Instruction Each Week

—— e —
—— —— ———— —

Two and Ope-Half More than Two and One-Hailf Four Hours
Average Hours of Hours or Less Hours, but Less than Four or More

Instruction Provided Esch Waek Hours Esch Week Each Week

Each Week Perceat of Average Percent of Average Percent of Aversge
Studexts Proficlescy Studenty Proficlency Students Profidency

4.1 (0.1) 13 (14) 216 (2.3 2(1.8) 218 (1.8) 65 (1.7) 217 (0.9)
4.1 (0.1) 13 (1.6) 223 (2.0) 22 (2.0) 225 (1.8) 65 (2.1) 274 (1.0)
43(0.1) 15 (2.8) 191 (3.8) 21 3.9) 196 (3.3) 65 (4.4) 197 (1.9)
43 (01) 12 (1.7) 203 (4.7) 2(33) 201 (2.8) 66 (3.3) 201 1.7)
4.1 (0.1) 13 (1.4) 218 (2.6) 22 (2.0) 219 (2.3) 65 (1.8) 219 (1.1)
42(0.1) 13 (1.5) 215 2.7 2 (1.7 218 (1.6) 65 (1.9) 216 (1.1)
3.4 (0.1) 27 (24) 265 (1.9) 42 (3.1) 268 (1.6) 31 (3.2) 264 (2.4)
3.4 (0.1) 26 (2.5) 273 (1.9 43 (3.9 273 (1.6) 31(33) 270 (2.8)
35(0.1) 27 (4.7 241 (24) 36 (4.1) 246 (2.9) 38 (5.1) 241 (3.0)
33 (0.) 31 3.8) 246 (2.6) 42 (5.0) 252 (3.5) 27 (4.0) 253 (3.3)
3.4 (0.1) 26 (2.5) 265 (2.3) 43 (33) 269 (2.0) 31 (3.1) 264 (2.4)
3.4 (0.1) 27 (25) 265 (2.3) 2032 266 (1.6) 32(3.4) 264 (2.9)

The standard errors of the estimated pescentages and proficiencies appear in parentheses. 1t can be said with 95 percent certainty that for
each population of intesest, the value for the whole population is within plus or minus two standard errors of the estimate for the sample.

According to their teachers, however, more than one-fourth of the eighth
graders were receiving two and one-half hours or less of mathematics
instruction per week. About 40 percent were receiving between two and one-
half and four hours per week, and about one-third were receiving four hours or
more.

At both grades 4 and 8, teachers’ reports about instructional time were
relatively consistent across population subgroups, and there did not appear to
be a systematic relationship between the amount of instructional time provided
and students’ mathematics proficiency.

MATHEMATICS HOMEWORK

Homework can be used effectively to increase the amount of instructional time
provided in the classroom. Both teachers and students were asked about
homework, and the results are presented in TABLES 8.2 and 8.3. Teachers
reported students doing somewhat less homework than the students reported
themselves. Also, teachers said they assigned more homework to eighth
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graders than to fourth graders, but students reported less difference in
homework between the grades.

TABLE 8.2 Teachers’ Reports on Amount of Mathematics Homework Assigned
Each Day

—— e —————— ——
15 Minutes 30 Miauies

None

Percent of Average Percent of Average Percent of Aversge i
Studeats Proficlency Students Proficlency Students Proficlency

4(0.7 213 2.8) 49 (23) 220 (1.4) 34 (2.6) 218 (1.5)

1(0.3) 245 (4.5) 40 (29) 260 (1.5) 45 (2.8) 69 (2.1)

—————

" 45 Minutes An Hour or More ]

Percent of Average Percent of Aversge
Students Proficiency Students Proficiency

Grade 4 5(1.0) 205 (4.0) 4(08) 210 (4.9)
Crade8 | 11(12) 276 (3.49) 407 277 (3.8)
| A—

The standard errors of the estimated percentages and proficiencies appeas
in parentheses. It cun be said wilh 95 percent certainty that for each
population of interest, ths value for the whole population is within plus
or minus two standard errors of the estimate for the sample. Population
percentages may not tota) 100 percent because of rounding.
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TABLE 83 Students’ Reports cn Amount of Mathematics Homework Doxe

Each Dsy

15 Miautes 30 Mixutes “

Average Percest of Avarage “
Proliciemcy Students Proficieacy

219 (©.8) 27 (0.7) 219 (1.0)
267 (1.2) 32 (0.7 267 (1.4)
301 (1.9) 20 (0.6) 306 (1.5)
304 (1.5) 31 (0.8) 308 (1.5)

Proficlescy
210(1.5)
268 (1.7)

305 (1.6)
308 (1.7)

The standard errors of the estimated percentages and proficiencies appear in parentheses. It
mhuﬂw&&%p&mﬁmﬂiﬂy&ﬂfwm&whﬁmoﬂmm&.ﬁcuh&fam
mmumnﬁmwammnmmm«mammrwwm
Popalation percentages msy not w.4al 100 percent bocause of rounding.

According to both teachers’ and students’ reports, from two-thirds to four-
fifths of fourth and eighth graders did 15 to 30 minutes of mathematics
homework each day. At grade 4, those who spent at least 45 minutes or more
each day had lower average proficiency than those who spent less time on
homework. Perhaps the poorer students need more time to complete their
homework or teachers give more homework to poorer students in an effort at
remediation.

According to teachers’ reports, the higher the students’ proficiency levels at
grade 8, the more homework assigned, up to 45 minutes each day. Teachers
may perceive that they are giving more homework to their more able eighth
graders, but according to students this may not be the case. Based on students’
reports, proficiency levels did not vary much by amount of homework, except
that those who reported no homework had lower performance.
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Twelfth graders enrolled in mathematics classes (58 percent) reported
doing somewhat more homework than did eighth graders, with fewer spending
only 15 minutes each day on their homework and more spending an hour or
more. However, the majority still reported doing only 15 to 30 minutes of
homework each day and the relationship of their proficiency levels to
achievement paralleled that for grade 8. Those who did some homework (15
minutes) had higher proficiency than those who did no homework, and those
who did 30 minutes or more of homework had higher proficiency than those
who did only 15 minutes each day. However, beyond 30 minutes of daily
homework, proficiency levels were virtually identical.

INSTRUCTIONAL EMPHASES IN MATHEMATICS CONTENT
AREAS

To collect information about students’ instruction in the content areas covered
by the NAEP assessment, at grades 4 and 8, their teachers were asked to
estimate the emphasis placed on various mathematics content area topics. The
results for the numbers and operations area are presented in TABLE 8.4 tor the
nation as a whole and by class ability level. However, research indicates
considerable variation in topics covered across textbooks and across teachers’
instructional choices within any given curriculum, and the results reflect these
differences.** Although differences tend to be reduced when proportion of
total allocated time is considered, variation between classrooms is still a factor.

W'I‘homu A. Romberg and Thomas P. Carpenter, "Research on Teaching and Learning Mathematics: Two

Disciplines of Scientific Inquiry” in Handbook of Research on Teaching (Third Edition): M.C. Wittrock, editor {New York,
NY: Macmillian, 1986).
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TABLE 8.4 Teachers’ Reports on the Instructional Emphasis Piaced on Numbers and Operations

—_———e— e —— —_— = —_—T
Ecavy Emphasls Moderate Emphasis Little or No Emphasls
Numbers and Numbers and Numbers and
Percest of Operations Percent of Opesstions Percent of Operations
Students Proficiency Students Proficiency Students Proficency
86 (1.3) 214 (0.9) 13 (1.3) 215 (2.2) 1(0.4) 222 9.8)
34 (23) 262 (1.8) 30 (2.9) 266 (1.9) 3502.3) 280 (1.5)
17 (1.8) 214 (2.4) 60 (2.6) 214 (1.2) 23 2.0) 214 (1.9)
49 (2.9) 263 (1.7) 37 (2.3) 72 (1.5) 14 (1.3) 289 (2.6)
771.1) 208 (3.8) 39 (1.9) 214 (1.5) 55 (2.1) 215 (1.0)
48 (2.8) 264 (1.9) 39 (2.3) 211 {(1.6) 13(1.5) 290 (4.2)
39 (2.6) 268 (1.6) 48 (2.2) 270 (1.6) 12 (1.9 274 (4.0)
49 (3.0) 266 (1.5) 227 270 (1.9) 9 (1.3) 287 (4.6)
42(21) 213 (14) 33 (2.2) 216 (1.3) 25 (2.1) 23(1.7
45 (8.2) 237 (3.7) 27 (6.1) 242 (5.6) 27 (7.5) 235 (6.7)
42 (4.1) 214 (2.1) 37 (3.3) 217 (23) 21 (2.8) 209 (3.1)
39 (6.0) 197 (3.5) 28 (5.0) 196 (3.8) 34 (6.0) 200 (4.8)
41 (3.9) 210(1.9) 32 (43) 216 29) 27 (4.1) 216 (2.6)
51 (27 264 (1.3) 35 (2.4) 270 (1.8) 14 (1.3) 292 2.7
29 (4.2) 288 (2.9) 32 (3.4) 287 (3.1) 39 (4.0) 301 3.2
54 (43) 265 (1.8) 38 (3.6) 271 (2.0) 8(1.8) 24 (3.7)
60 (5.0 244 Q2.1) 36 (5.0) 246 (3.4) 4(1.1) 259 (5.9)
63 (6.2) 262 (3.0) 34 (5.5) 269 (4.2) 2(13) 264 (6.1)
I — —_ A el

The standand ermors of the estimated percentages and proficiencies appear in parentheses. It ean be said with 95 percent certsinty that for
each population of interest, the value for the whole popuiation is within plus or minus two standard errors of the estimate for the sampie.
Population percentages may 1ot total 100 percent because of rounding.

At grade 4, within the area of numbers and operations, teachers reported
an overwhelming emphasis on whole number operations -- 86 percent of the
fourth graders were receiving heavy instructional emphasis on this topic.
Although 60 percent of the fourth graders were receiving moderate attention to
common fractions, the majority were receiving little or no instruction in
decimal fractions. Across the numbers and operations topics, teachers’
emphases did not tend to vary, on average, across the ability levels of their
classes.

PAGE 191




At grade 8, one-third of the students were still receiving heavy
instructional emphasis in whole number operations, although half were also
receiving heavy emphasis in fractions, and 39 percent were receiving heavy
empbhasis in ratio or proportion. About one-third were receiving little or no
emphasis in whole number operations. Teachers’ reports of emphasis on
numbers and operations topics, on average, differed substantially by class
ability level. It appears that eighth graders in high-ability classes were the
ones being given an opportunity to go beyond arithmetic. Half the eighth
graders in average-ability classes and 60 percent or more of those in low- or
mixed-ability classes were still receiving heavy emphasis in the content area of
numbers and operations. Compared to two-fifths of the students in high-ability
Classes, fewer than 10 percent of the students in other ability groupings were
receiving little or no emphasis in numbers and operations.

TABLE 8.5 presents teachers’ reports on the emphasis placed on
measurement in the fourth and eighth grades. The results between the two
grades did not differ dramatically, although fourth graders may have been
receiving somewhat more emphasis in this area. Two-thirds of the fourth
graders and half of the eighth graders were receiving moderate empbhasis in the
area of measurement, with 15 percent and 33 percent receiving little or no
emphasis, respectively. Although no discernible pattern between emphasis and
proficiency exists at grade 4, eighth graders were given more emphasis in the
measurement area in relation to their proficiency levels -- the lower the
proficiency level, the more emphasis. This is consistent with the pattern of
stressing elementary school mathematics for the lower-performing eighth
graders.
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TABLE 8.5 Teachers’ Reports on the Instructionsl Emphasis Placed
or Messurement

e —e g ————————— e

Heavy Empheils Moderste Emphashs Litie or No Emphasie
Percest of Massurement | Perceat of Msamuremeat Percent of | Maasrement

Students Proficlescy Students Proficleacy Siudents Preficiency

Grade 4 18 (2.0) 221 2.3) 67 (23) 244 (1.0) 15@ 0) 222 (2.4)

High shiiky 19 (5.2 248 (5.0) 69 (6.6) 24703.2) 12 (4.8) 239 (5.3)

Average abllity 17 (4.3) 21 (4.7 T2 (4.1) 224 (1.8) 12 (2.5) 226 (3.5)

Low ability 15 (4.3) 197 5.7) 64 (6.2) 208 (3.4) 20 (5.4) 202 (4.4)

| Mixed ability 19 (3.2) 222 (29) 83 (3.7 223 (2.0) 18 (3.3) 224 (4.1)

Grade § 17 (1.7 254 3.9) 50 (2.6) 260 (1.6) 33 (25 274 (2.9)

High ability 1122 276 (8.4) IR cX)) 287 (3.4) 52 (4.2) 293 (3.9)

Average sbiliy 16 (2.8) 255 (4.3) $6 (3.3) 259 (1.8) 28 (3.9) 269 (3.3)

Low ability 19 (3.7 235 (39) 55 (5.2) 235 (2.6) 26 (4.1) 241 (5.3)

Mixed abllity 8 (4.6 253 (6.5) 49 (5.7 258 (§5.1) 23(5.2) 255 (4.0)
. —— = ———

The standard errors of the estimated percentages and proficiencies appear in parentheses. It can be sald with 95 percent
mymnfwuﬁmnmahmmevdummwholepcpuhuoubwithinplmormimmmndud
ervovs of the estimate for the sample. Populstion percentages may not total 100 pero at because of rounding,

As shown in TABLE 8.6, more eighth graders thaz fourth graders were
receiving heavy emphasis in geometry and fewer are receiving little or no
emphasis. Still, only about one-fourth of the eighth graders were receiving
heavy emphasis, and one-fourth were receiving little or no emphasis. The
emphasis placed on geometry did not appear to be related to differences in
achievement at either grade. However, the moderate treatment given geometry
in the middle school may affect students’ preparation in this area and may
influence their decisions to take geometry courses in high school.
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TABLE 8.6 Teachers’ Reports on the Instructional Emphasis Placed on Geomeiry

s

Hesvy Emphasis Moderate Emphasis Listie or No Emphasis

Percest of Geometry Percent of Geometry Fercent of Geometry

Students Proficiency Students Proficieacy Students Proficieacy
Grado 4 8(1.1) 214 (3.3) 53 (2.6) 219 (1.1) 39 2.6) 218 (1.5)
High ability 14 (4.0) 241 (8.6) 62 (7.8) 239 (4.0) 2% (6.7 242 (4.9)
Average ability 8 (2.0) 208 (62) 57 (4.1) 219 Q1.7 33 (40) 220 2.2)
Lew sbility 6 (2.9) 189 (7.6) 46 (5.3) 204 (3.3) 857 202 (2.6)
Mixed ability 7(1.8) 214 (4.3) 49 (4.5) 217 (1.8) 44 (4.5 220 (2.3)
Grade 8 2712 263 (2.0) 49 2.5) 262 (1.6) 23 (24) 265 (3.6)
High ability (3.6 280 (4.2) 40 (3.5) 280 (22) 38 (4.4) 293 (4.6)
Average ability 26 3.3) 283 3.2) 56 3.7) 263 2.3) 18 (3.5) 253 3.2
Low ability 23 (4.0) 242 (3.5) 47 (57 244 (3.4) 30 (4.6) 238 (3.6)
Mixed ability 40 (5.6) 261 (4.4) 5057 37039 10 (2.5) 246 (5.0)

e —————————— ——

The standand esmors of the estimated percentages and proficiencics appear in parentheses. be sald with 95 percent
mmym;faeachpopuhuonoﬂm:auhevdufa:hcwhokpomﬂa&onhwiminphno:minum
standard errors of the estimae for the sample. Population percentages may not total 100 percent because of
rounding.

TABLE 8.7 summarizes teachers’ responses concerning instructional
emphasis in the area of data analysis, statistics, and probability. Although 27
percent of the fourth graders and 13 percent of the eighth graders were
receiving heavy emphasis in table and graph reading skills, the majority were
receiving only moderate emphasis on this topic. Limited attention to
probability and statistics prevailed in high schools (see Chapter Four), and 75
percent of the fourth graders and 57 percent of the eighth graders were
receiving little or no instruction on this ‘opic. According to their teachers, the
majority of students in fourth and eighth grade were also receiving little or no
instruction in data analysis, statistics, and probability, on average. Reflecting
the lack of school emphasis in this area, the assessment contained too few
questions at grade 4 to permit extending the proficiency scale to that grade
level. At grade 8, however, there was no pattern in the relation between the
emphasis placed on data analysis, statistics, and probability and student
achievement in this area.
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TABLE 8.7 Teachers’ Reports on tke Instructionsl Emphasis Placed on Data Analysis, Statistics,
and Probability

Littie or No Emphasis
Statietics, and
Probadility Topics Percest of | Data Analysis | Percest of | Dats Analysis | Percent of | Data Analysis
Students Proficiency Students Proficiency Students Proficiency
Tables and Graph
Grade 4 27(19) -~ 60 22) - 12 (1.5) -
Grade § 13 (1.5) 269 (4.4) 57 (24) 266 (2.2) 30 (26) 2N RS
2 (0.6) - 23 (1.7 - 75 (1.9) -
9(1.9) 274 (3.8) 35 (2.5) 269 (2.4) 57 (2.8) 266 (2.0)
11 (1.3) - 29 (2.5) - 59 (2.4) -
14 (1.7) 271 3.0) 30 (2.2) 269 (3.0) 56 (2.8) 266 (1.8)
18 (3.1) 291 (4.4) 29 (3.5) 295 (4.2) 53 (4.5) 296 (3.0)
14 2.4) 264 (4.3) 30 (1.7 264 (2.8) 56 (3.4) 266 (23) |
5(15) 238 (7.3) 2737 245 (4.8) 68 (3.6) 237 3.0
16 (4.0) 263 (6.7 35 (6.6) 262 (8.4) 49 (7.6) 259 (3.7)

*Informal introduction of concepts at grade 4.

The standard errors of the estimatod percentages and proficiencies appear in parentheses. It can be said with 95 percent
eem.imylknfamhpopuhﬂmofinmt.thevduefmlhewho!cpopulaﬁmhwilhinplmoruﬁmshvolundnd
errors of the estimate for the sample,

It appears that most fourth grad-rs (84 percent) were given little or no
introduction to algebra concepts, even on an informal basis. As shown in
TABLE 8.8, the amount of heavy and moderate emphasis was small, and the
teacher responses of no emphasis substantial. Consequently, the results are
presented for somewhat different response categories than those in the
preceding tables. According to their teachers, 40 percent of the fourth graders
were receiving no emphasis in this area. Although the results indicate no
relationship between amount of emphasis and student algebra achievement,
teachers did report more emphasis on algebra concepts in their high-ability
classes. In comparison to 21 percent of the fourth graders in high-ability
classes, 49 percent of the students in low-ability classes were receiving no
emphasis in this area. The data indicate that the pleas from many mathematics
educators to introduce more widely varied subject matter into the
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elementary mathematics curriculum are generally unheeded.”” Only 16
percent of the fourth graders were receiving at least moderate attention to the
informal concepts underlying algebra.

TABLE 8.8 Teachers’ Reports on the Instructional Emphasis Placed on

Algebra and Functions
Moderate to Heavy Emphasis Little Emphasis No Empbasls
Percent of Algehin Percent of Algebea Percent of Algebra
Students Proficiency Students Profidency Students Profidency

Grade 4* 16 (1.7) 215 (2.0) 44 (24) 219 (1.3) 40 (23) 217(1.6)
High ability 24 (4.8) 232 (4.1) 55 (7.5) 241 (4.1) 21 (6.8) 236 (4.9)
Average ability 18 (2.7) 213 (4.0) 38 (3.3) 217 (2.6) 44 (38) 219 (2.0)
Low sbility 14 (39) 200 (7.6) 37 (6.0) 204 (3.6) 49(5.2) 203 (2.9)
Mixed sbility 16 (3.0) 214 (3.1) 48 (4.0) 218 (1.5) 36 (3.7) 217 (2.0)
Heavy Emphasis Moderate Emphasis Little or No Emphasis
Percent of Algebra Percent of Algebrs Fercent of Algebra
Students Proficlency Students Proficlency Students Proficlency

I Grade 8 50 (2.1) 2718(1.7) 33(21) 256 (2.1) 17(1.8) 246 (2.9)
High abllity 89 (2.1) 295 (2.5) 10 (2.1) 279 (4.1) 1(0.4) 301 (4.4)

| Average ability 42 (3.3) 266 (1.8) 40 (3.5) 259 (2.2) 18 (2.9 255 (38) d
Low ability 18(3.2) 245 (5.0) 39 (5.0) 241 (2.9) 44 (4.8) 237 2.9)
Mixed ability 43 (7.1) 264 (3.0) 45 (7.2) 255 4.5) 13 (3.8) 2482 (5.5)

*Informal introduction of concepts at grade 4.

The standard crrors of the estimated percentages and proficiencics 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 cstimate for the sample.

At grade 8, teachers reported that half the students were receiving heavy
emphasis in algebra, one-third were receiving moderate emphasis, and about
one-sixth little or no emphasis. There was a strong relationship between
algebra emphasis and proficiency, with those students receiving the most
emphasis having higher achievement. There were vast differences in emphases
across class ability levels, however. Nearly all the students in high-ability
classes (89 percent) were receiving heavy emphasis in algebra, compared to
very few in low-ability classes (18 percent). Less than half the eighth graders

P Curriculum and Evaluation Standards for School Mathematics, (Reston, VA, Nationsl Council of Teachers of
Mathematics, 1989),

Reshaping School Matkemaiics: A Philosophy and Framework for Curriculum (Washington, DC: Mathematical
Sciences Education Board and National Research Council, National Academy Press, 1990).

21
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in average- or mixed-ability classes were receiving heavy emphasis in algebra.
More than one-sixth of the eighth graders overall and nearly half those in low-
ability classes (44 percent) were receiving little or no instruction in algebra.

The NCTM Standards recommend that the middle-school years represent a
transition from arithmetic to algebra, building on students’ experiences with
mathematical patterns in the elementary school years. The NAEP results
indicate that few students are given these experiences in elementary school, and
that for half the eighth graders, the middle-school years do not represent a
transition to algebra. It further appears that about one-sixth of the eighth
graders have had at best a cursory introduction to algebra concepts.

Teachers were also asked the extent to which they emphasized the four
mathematics skill areas -- facts and concepts, skills and procedures, reasoning,
and communication. The results are presented in TABLE 8.9 for fourth
graders and eighth graders overall, as well as by ability level.

At g-ade 4, teachers reported overwhelming emphasis on learning facts and
concepts and learning skills and procedures. This concentration did not shift
much across ability levels, nor did it seem related to proficiency. At grade 8,
teachers still reported considerable emphasis in these two skill areas, but the
focus shifted toward greater attention on procedures as compared to facts and
concepts. Again, these emphases seemed to be applied equally across
classrooms, regardless of students’ ability levels.

Improving students’ reasoning ability appears to be a universally accepted
goal of mathematics education; however, the majority of students were not
receiving heavy instructional emphasis in this area.”” At both grades, teachers
reported providing fewer than half their students with heavy instructional
emphasis on developing reasoning and analytic ability. Further, the results
suggest that teachers may perceive thinking as a skill to be stressed only after
the mastery of facts and procedures. According to their teachers, more students
in high-ability classes received emphasis in the reasoning area than did those in
other types of classes. The difference in the proportion of students receiving
such emphasis was particularly striking between eighth-grade high- and low-
ability classes -- 69 percent as compared to 28 percent. According to teachers’
own reports, fewer than 30 percent of the eightk graders in low-ability classes
were receiving little or no emphasis in reasoning strategies.

T urriculum and Evaluation Sandards for School Mathematics (Reston, VA: Natlonal Council of Teachers of
Mathematics, 1989).
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TABLE 8.9 Teachers’ Reports of Mathematics Skills Emphasized by Ability Level of Classes

— m -
Heavy Emsphasls Moderste Emphasie Little or No E-phuh—j
Percent of Aversge Percent of Average Percent of Average
Students Pre” dency Students Proficiency Students Proficiency
91 (1.4) 21700 8(1.3) 218 2.9) 0(02) -
82 (4.9) 239 (3.0) 16 (4.3) 244 (5.8) 220 271 (5.5
93 (1.8) 217Q1.2) 7(1.8) 216 (3.9) 0(0.1) -
90 (2.8) 201 1) 10 (2.8) 193 (4.7) 0(0.0) -
92 3.0) A7(1.3) 8(3.0 218(5.2) 0(03) -
57 (3.0) 266 (1.8) 35 (2.9) 265 (1.6) 7(1.1) 274 (5.3)
60 (3.8) 292 2.6) 30 (3.3) 286 (4.1) 11 (23) 296 (8.6)
54 (4.0) 264 (.1) 39 3.7 264 (2.1) 7(1.8) 266 (5.5)
61 (4.5) 241 (23) 3447 243 29) $(1.5) 242 (6.0)
S8 (6.7 260 (3.9) 33 (6.6) 260 3.8) 4(2.1) 263 (6.7)
85 (1.4) 218 (0.8) 15 (1.4) 215 (1.9) 0(0.1) -

f High ability 89 (4.1) 240 (3.0) 11 4.1) 245 (8.5) 0 (0.0) -
Average sbliity 88 (2.4) 217 (1.2) 12 (2.4) 215 (3.8) 0(02) -
Low ability 81 (4.9) 201 2.2) 19 (4.9) 198 (3.9) 0(0.1) -
Mixed ability 86 (2.5) 21704 14 (2.9 215 2.9) 003 -

Grade 8 68 (2.8) 266 (1.6) 290D 266 (1.7) 3(0.8) 270 (5.3)
High ability 70 (3.8) 293 2.9) 26 (3.3) 286 (3.6) 4(1.6) 283 (12.7)
Average sbiliky 65 (5.0) 264 (1.8) 32(4.9) 264 2.2) 2(0.9) 258 (9.8)

i Low sblilty 72 (3.2) 241 (1.9) 26 (3.3) 242 3.3) 2(1.0) 255 (4.4)

Mixed ability 71 (5.0) 258 (3.4) 26 (5.0) 266 (3.6) 3(2)) 270 (5.4)
Developiag Reasoning and Amaiytic
Abily

l Grade 4 41 (2.3) 217 (1.2) 49 (2.3) 217(1.1) 11 (1.6) 218 (19)
High abllisy 64 (5.9) 240 (3.4) 34 (5.9) 242 (4.6) 2(1.0) 221 (7.9
Average ability 39 (3.3) 216 (1.9) 50 (3.2) 217(1.7) 11 (2.5) 24 (3.1)
Low ability 42 (59) 200 (3.2) 45 (5.5) 201 (3.0) 12 (29) 203 (4.4)
Mixed ability 39 (4.3) 214 (1.9) 50 (4.9) 220 (1.8) 1228 216 (34

Grade 8 45 (2.4) 274 (2.1) 227 263 (1.4) 14 (1.4) 253 (2.5)
High abllity 69 (4.3) 294 (2.5) 27(42) 283 (3.4) §(12) 292 (4.6)

L Average abllity 41 (3.6) 266 (2.1) 44 (3.9) 254 (1.5) 15 (1.9) 259 (3.8)

i Low ability 28 (4.0) 239 3.3) 41 (5.49) 241 2.7 30 (4.2) 244 (2.9)
Mixed ability 36 (6.3) 263 (6.1) 54 (6.8) 282 2.7 10 (3.0) 242 (4.5 l

“ Learning How to Communicste g

Ideas Effectively

u Grade 4 36 (3.0) 216 (1.3) e X)) 218 (1.3) 19 (23) 219 (1.5
High ability 46 (1.5) 237 (4.1) 44 (72) 244 (3.3) 10 (4.6) 236 (12.2) L:
Aversge ability 37 (4.6) 216 (1.9) 46 (4.2) 218 (1.8) 17 (3.4) 217 (1.9)
Low ability 41 (6.4) 203 3.7) 42 (5.4) 195 (2.2) 17 (4.5) 208 (5.7)
Mixed abllity 240 213(1.8) 46 (4.2) 217 2.1) PANEN)) 222 (2.6)

“ Grade 8 37 (29) 269 (2.5) 45 (2.9) 266 (1.5) 17(1.7) 261 (1.7)
High abliity 51 (49) 291 (3.4) 42(5.1) 290 (2.9) 7(1.%) 294 (3.9)
Average ability 31 (3.6) 264 (2.3) 48 (3.2) 264 (1.9) 20 2.7) 264 (3.0)
Low ability 30 (3.9) 239 (3.0) 43 (4.6) 242 2.3) 27(3.7) 242 (3.6)

"—m ability 39 (6.6) 259 (6.3) 44 (1.7 260 (3.1) 17 (4.0} 262 {5.1)

ihe standard errors of the estimated percentages and proficiencies appear in parentheses. It can be said with 95 percent cortainty that
for each populstion of interest, the value for the whole population is within plus or minus two standard errors of the estimate for the
sample. When the proportion of students is 0 percent, the standard error is inestimable. However, in the table, percentages kess than
0.5 were rounded o 0 percent.
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At both grades, teachers reported that approximately one-third of their
students were receiving heavy emphasis in mathematics communication skills,
and that about one-fifth were receiving little or no emphasis. At grade 4, there
seemed to be little difference in this degree of emphasis across class ability
levels. For eighth graders, more students in high-ability classes received heavy
instructional emphasis in communication skills than did those in low- or
average-ability classes. Teachers reported that 27 percent of the students in
low-ability classes were given little or no emphasis in mathematics
communication skills.

Not only do the curriculum reforms emphasized for mathematics ‘nstruction
stress reasoning and analytic skills as well as communications skills, but they
drive home the urgency of educating all Americans in mathematics.? Such
differences in curricular approaches for high- and low-ability students may only
serve to widen the performance gap between these groups.

SUMMARY

The results indicate that fourth- and eighth-grade students are provided with
three and one-half to four hours of instructional time in mathematics each
week, but this time may not be used effectively. Teachers reported spending
about three and one-half to four hours per week on mathematics instruction,
and it appeared that students spent another 15 to 30 minutes each day on
mathematics homework.

Fourth-grade teachers reported an overwhelming emphasis on whole
number operations. At eighth grade, about half the students -- those with
higher mathematics proficiency -- were receiving heavy emphasis in algebra,
but the other half -- those with lower mathematics proficiency -- were still
receiving heavy emphasis in numbers and operations. According to their
teachers, relatively small proportions of students at either grade received
emphasis in measurement, geometry, or data analysis, statistics, and probability.

nEwrybody Counts: A Report to the Nation on the Fulure of Mathematics Education, Lynn Sieen, editor
(Washington, DC: National Research Council, National Academy Press, 1989).

The National Science Board Commission on Precollege Education in Mathematics, Science, and Technology,
Educating Americans for the 2151 Century (Washington, DC: National Science Foundation, 1983).
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The teachers’ reports suggested a lack of balance in instructional emphasis
across skill areas. Teachers tended to emphasize facts and procedures for all
students, but reasoning and communications skills were emphasized for fewer
thap Lalf the fourth and eighth graders. Again, these analytic skills, featured so
prominently in the calls for reform in mathematics education, were more often
emphasized for the higher-achieving students, suggesting that teachers see
mathematics facts and procedures as a hurdle that must be overcome before
learning can proceed in other content areas or before students can be taught to
reason mathematically.

From 81 to 93 percent of the fourth graders were receiving heavy
emphasis in facts and procedures. This figure was somewhat lower at the
eighth grade, where the emphasis shifted toward procedures rather than facts.
Yet the majority of the eighth graders were still receiving heavy emphases in
both these skill areas.

In contrast, according to their teachers, fewer than half the fourth and
cighth graders were receiving heavy instructional emphasis in mathematical
reasoning -- an instructional goal that pervades objectives for mathematics
education. Further, particularly at the eighth grade, mathematical thinking
seemed to be perceived as much more appropriate for high-ability students.
Only about one-fourth of the students in low-ability classes were receiving
heavy instructional emphases in reasoning skills. Finally, about one-third of
the fourth and cighth graders were receiving heavy emphasis in mathematics
communication skills. These results indicate that the majority of our nation’s
eighth graders are not being given an opportunity to develop skills considered
paramount to improving mathematics achievement.”

PCurriculum and Ewaluation Standards for School Mathematics (Reston, VA: National Couscil of Teachers of
Maihematics, 1989).

Reshaping School Mathemasics: A Philosophy and Framework for Curriculum (Washington, DC:  Mathematical
Sciences Education Board and Nasionsl Research Council, National Academy Press, 1990).
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Chapter 9

e
Students’ Perceptions of Mathematics

INTRODUCTION

Students come to mathematics classrooms with a wide variety of skills, prior
knowledge, work habits, attitudes, and beliefs that interact with learning.
Unfortunately, it may be that an "I never could do math" attitude prevails in
our country. This attitude may be reflected in students’ perceptions of the
discipline, which in turn affect their desire to engage in the study of
mathematics and their achievement in school.” Thus, mathematics reform
recommendations for the school curriculum include helping students develop
confidence in their mathematical abilities and to value mathematics as a
discipline.” To provide information related to these additional goals of
mathematics instruction, students were asked about their agreement or
disagreement with the following five statements designed to elicit their
perceptions of mathematics:

e Three statements about their personal experience with mathematics,
including their enjoyment of mathematics and level of confidence in
their mathematics abilities -- "I like mathematics," "I am good in
mathematics,” and "Mathematics is more for boys than for girls."

o Two statements about the value of mathematics, including students’
perception of its present utility and its expected relevance to future
work and life requirements -- "Mathematics is useful for solving
everyday problems,” and "Almost all people use mathematics in their
jobs."

MEverybody Counts: A Report 10 the Nation on the Fuiure of Mathematics Education, Lynn Steen, editor
(Washington, DC: National Research Council, National Academy Press, 1989).

SCuwrriculum and Evaluation Standards for School Mathematics (Reston, VA: National Council of Teachers of
Mathemstics, 1989).
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The overall sumr:nary of students’ perceptions and attitudes is presented in
TABLE 9.1.% The results support the link between perceptions and learning.
Across all three grades, students with more positive perceptions and attitudes
had higher mathematics proficiency.

TABLE 9.1 Summary of Students® Positive Perceptions and Attitudes Toward Mathematics

Ii

——
prar— —

Usdecided, Dissgree,
Strongly Agree Agree Strongly Disagree
Perceat of Average Perceat of Average Perceat of Average
Students Proficiescy Students Proficleacy Students Proficiescy
Grade 4 78 (0.5) 20 ©.7) 22 (0.5) 203 (1.1)
White At grade 4, students were not 80 (0.6) 226 (0.8) 20 (0.6) 210 (1.2)
Black given the "strongly agrse” and 76 (1.8) 198 (1.2) 24 (1.8) 184 (2.6)
Hispanic *strongly disagree” options. 71 (1.9) 207 (1.4) 30(1.9) 187 (1.8)
77 (0.8) 221 (0.9) 23(0.8) 208 (1.5)
7 (0.8) 219 (0.8) 21 (0.8) 202 (1.4)
27 (08) 274 (1.2) 49 (0.8 66 (1.1) 24 (0.9) 254 (14)
2 (1.0) 282 (1.5) 49 (0.9) 274 (1.3) 26 (1.0) 260 (16) ||
34 (1.6) 252 (2.5) 49 (1.6) 238 (2.1) 16 (1.4) 230 (24)
28 (1.4) 262 (3.1) 47 (1.2) 48 (1.2) 25(1.3) 238 21
28 (0.9) 276 (1.5) 48 (L1) 267 (1.5) 24 (1.1) 254 (17)
27 (1.0) 272 (1.4) ¥ (11 %6 (1.2) 24 (1)) 35 (19)
20 (0.8) 311 (1.6) 46 (0.8) 298 (1.2) 34 (0.8) 288 (1.2)
19 (0.9) 319 (1.7) 45 (0.8) 303 (1.4) 36 (0.9) 20 (1.1)
25 (1.8) 279 (2.5) 48 (2.2) 271 (1.8) 29 (1.9) 261 (20)
20 (1.8) 298 3.5) 43 (2.0) 280 Q2.1) 37 (2.4) 266 (3.9)
22 (0.9) 314 (2.2) 45 (1.0) 301 (1.6) 34 (L1) 26 (1) |
19 (1.0) 308 (1.7) 46 (1.1) 295 (1.3) 34 (0.9) 284 (1.4)
e ——————— e ——

The standard errors of the estimated percentages and proficiencies appear in parentheses. It can be said with 95 percent certainty
that for each popalation of interest, tho value for the whale population is within plus or minus two standard errors of the estimate for
the sample. Popalation percentages may not total 100 percent because of rounding.

Although students’ attitudes tended to be positive, some interesting
differences among grades suggested that positive perceptions of mathematics
may diminish in high school. For example, at grades 4 and 8, about three-

®The summary was created by averaging respooses to the five statements. In the analysis, the direction for the
statement "Mathematics i more for boys than for giris" was reversed to be consistent with the direction of the
responses o the other four stalements.
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fourths of the students were in agreement, on average, with the statements. At
grade 12, the proportion that agreed or strongly agreed, on average, decreased
to 66 percent. Evea by the fourth grade, more than one-fifth of the students
were uncertain or negative in their perceptions and attitudes toward
mathematics.

The results across population subgroups show few differences in aititudes
based on race/ethnicity and gender, although at grade 4, more White students
tended to report positive perceptions of mathematics than either Black or
Hispanic students did. Although, among the racial/ethnic groups, Black
students reported the least mathematics course taking, in grades 8 and 12, more
Black students tended to report positive attitudes than did White or Hispanic
students.

STUDENTS’ PERSONAL EXPERIENCE WITH MATHEMATICS

Because a positive attitude toward mathematics may foster further study of the
subject, NAEP asked students if they liked mathematics. The results are
summarized in TABLE 9.2. Although students who reported liking
mathematics tended to have higher proficiency levels, their degree of interest in
mathematics was not especially strong. Only two-thirds of the fourth graders
reported that they liked mathematics, and this pattern generally held across
racial/ethnic and gender subpopulations. The percentage reporting uncertsin or
negative attitudes was larger at grades 8 and 12. By grade 12, neariy half
reported an ambivalence toward or dislike of mathematics. This pattern was
relatively consistent across subpopulations defined by race/ethnicity and gender.
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TABLE 9.2 Students’ Responses to the Statement "I Like Mathemativcs”

Undecided, Disagree,
Strongly Agree Agree Sirongly Disagree
Percent of Average Percent of Average Percent of Average

Students Proficiency Students Proficiency Students Proficieacy
Grade 4 67 (0.8) 219 Q0.7 33(0.8) 211 (1.0)
White { At grade 4, studeats were not given 67 (0.9) 226 {0.8) 34 (0.9) 217 (L1
Black i the "strongly agree® and T2(21) 195 (1.2) 20Q21) 1N (2.6)
Hispanic "strongly disagree” options, 64 (1.7 205 (1.6) 36 (1.7 195 (1.9)
Male 66 (1.0) 220 (0.8) 34(1.0) 212 (13)
Female 68 (1.1) 218 (0.9) 32(1.1) 211 (1.3)
Grade 8 17 Q.7 273 (1.4) 39 (0.7) 269 (1.5) 43 (1.0) 259 (1.1)
White 15 (0.8) 281 (1.7) 39 (1.0) 277 (1.7) 46 (1.3) 266 (1.2)
Black 26 (1.5) 252 (3.1) 38 (1.9) 241 (1.9) 36 (1.7) 25 (22)
Mispanic 18 (1.8) 260 (3.3) 42(1.8) 252 (2.1) 40 (1.8) 241 (1.6)
Male 19 (0.8) 273 (1.9) 40 (1.1) 271 (1.9) 41(1.1) 259 (1.3)
Female 16 (0.9) 273 (1.9) 39 (1.0) 268 (1.6) 46 (1.3) 260 (1.3)
Grade 12 17 (0.6) nsaun 37 (0.8) 300 (1.2) 47(1.0) 286 (1.1) x
White 16 (0.5) 322 (1.8) 36 (0.9) 306 (1.3) 48(1.1) 291 (1.1) |
Black 20 (1.9) 287 7) 39 (2.3) 270 (1.9) 41(2.2) 263 (1.7
Hispanic 18 (1.8) 299 (3.9) 36 (1.8) 285 (2.8) 47 (2.4) %6 (28 |
Male 19 (0.8) 319 (2.1) 39(1.2) 302 (1.6) 43(1.3) 287 (1.5)
Female 15 (0.8) 310 (1.9) 35 (1.0) 298 (1.3) 51(1.1) 286 (1.2)

The standard errors of the estimated percentages and proficiencies 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 errocs of the estimate for the sample.

Confidence may be one of the most important affective variables related to
mathematics achievement.” Extensive research has shown strong
relationships between achievement and confidence as well as gender differences

in these relationships.” For example, when males are found to have an

advantage in performance, the advantage is generally accompanied by a higher
level of confidence. Even when achievement results do not favor males, males

7 H.L. Reyes, "Affective Variables and Mathematics Education,” Elementary School Joumal, 18(2), pp. 207218,

1984.

™Margaret R. Meyer and Mary Schatz Kochler, "Internal Influences on Gender Differences in Mathematics” in

Mathematics and Gender, Elizabeth Fennema and Gilah C. Leder, editors (New York, NY: Teachers College Press,

1990).
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still tend to have more confidence than females do in their mathematical
abilities.

The NAEP results in response to the statement "I am good at
mathematics,” presented in TABLE 9.3, lend some support to this research. At
grades 4 and 8, the proficiency results indicated few gender differences, yet
more males than females reported that they were good in mathematics. At
each grade, 10 percent more females than males reported a lack of confidence
in their mathema'ical abilities.

TABLE 9.3 Students’ Responses to the Statement "I Am Good in Mathematics”

r Undecided, Disagree,
Strongly Agree Agree Strongly Disagree
Perceat of Average Percent of Average Percent of Aversge
Students Proficiency Students Proficiency Students Proficlency
Grade 4 62 (0.8) 22 (0.7 38 (0.8) 207 (0.9)
White At grade 4, students were not 64 (1.1) 229 (0.8) k' X ¢ BY) 213 (0.9)
Black given the "strongly agree” and 61 (1.8) 200 (1.3) 39 (1.8) 187 (2.0)
Hispanic *strongly disagree” options. 57(1.6) 207 (1.5) 43 (1.6) 194 (1.8)
Male 67 (0.9) 223 (0.8) 13 (0.9) 207 (1.3)
Female 57 (1.2) 222 (6.9) 43 (1.2) 207 (1.2)
Grade 8 18 (0.7) 278 (1.6) 45 (0.8) 272 (1.1) 37 (0.9) 253 (1.1)
White 17 (0.9) 286 (2.0) 46 (1.1) 279 (1.2) 38 (1.2) 259 (1.2)
Biack 25 (1.6) 254 (3.0) 43 (2.0) 244 (1.9) 32 (22) 29 (1.9)
Hispanic 15 (1.6) 264 (3.6) 43 (1.8) 256 (2.5) 42 (24) 238 (1.5)
Male 22 (1.1) 279 (1.9) 46 (1.1) 272 (1.4) 32 (L.1) 251 (1.2)
Female 14 (0.7) 276 (2.1) 45 (1.1) 273 (1.2) 42 (13) 254 (1.3)
Grade 12 14 (0.6) 322 (1.9) 43 (0.8) 302 (1.1) 43 (0.9) 283 (3.1)
White 14 (0.6) 329 (1.9) 43 (0.9) 306 (1.2) 43 (1.0) 288 (1.2)
Black 16 (1.8) 287 (3.2) 42 (2.4) 275 (1.9) 43 (1.9) 261 (1.9)
Hispanic 12 (1.6) 305 (4.5) 372 290 (2.4) 52 (25) 264 (2.7
Male 18 (0.8) 324 (2.4) 44 (1.0) 303 (1.5) 38 (1.1) 282 (1.4)
Female 11 (0.7 318 (2.5) 41 (1.0) 301 (1.2) 48 (1.0) 283 (1.2)
e — ==

The standard errors of the estimated percentages and proficiencies appear in parentheses. It 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 errors of the estimaie for the sample.

The differences in students’ confidence by racial/ethnic groups across
grades are also of interest. At grade 4, fewer Black and Hispanic students than
White students reported that they were good in mathematics. In contrast, Black

PAGE 20§

230



eighth graders reported relatively more confidence than their White or Hispanic
classmates did. At grade 12, the reports of White students were similar to
those of Black students, but Hispanic students still reported the least confidence
in their abilities. The majority of the Hispanic high-school seniors were unsure
or negative about being good in mathematics.

The value of mathematics to a female may be influenced by whether or not
she thinks studying mathematics is appropriate only for males.” Females’
attitudes toward mathematics also can be influenced by the perceptions of
others. Those who feel that their parents, teachers, and peers have lower
expectations for them in mathematical endeavors because they are female, may
also adopt this attitude. Students were asked if mathematics is more for boys
than girls, and the results are presented in TABLE 9.4

®Gilsh C. Leder, "Gender Differences in Mathematics® in Mathematics and Gender, Elizabeth Fennema and Gilah
C. Leder, editors (New York, NY: Teachers College Press, 1990),
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TABLE 9.4 Students’ Responses to the Statement "Mathematics Is More for Boys than for Giris"

Undrcided, Agree,
Strongly Disagree Disagree Strongly /.gree
Aversge Peresnt of Average Percent of Aversge
Proficleacy Students Profidency Studeats Proficiency
B2 (0.7 219 (6.7) 18 (0.7 208 (1.3)
White Al grade 4, students were not given 84 (0.7 225 (0.8) 16 (0.7 213 (1.9)
Biack the "strongly agree" mnd 80 (1.5) 197 (1.2) 20 (1.9) 186 (2.8)
Hispanke "strongly disagree® options, 75 (2.0) 207(1.3) 26 (2.0) 186 (2.4)
Male 77 (1.1) 220 (0.5) 23(1.1) 208 (1.5)
Female 87 0.7 21810 " 13 (0.7) 199 (1.8)
Grade 8 53 (0.8) 270 (1.0) 31 @7 2 i, 16 (0.5 259 (1.8)
White $3(1.1) 275 (1.1) 31 (0.9) 272 (1.8) 16 (0.7 266 (2.0)
Black 56 (2.0) 248 (1.9) 31 (1.8) 235 (2.0) 14 (1.4) 234 (3.9)
Hispanic 521,79 255 (1.9) 247 24507 17 (1L.1) 239 (2.8)
Male 43 (1.0 270 (1.5) 5 (1.1 266 (1.6) 2 {08 263 (1.8)
Female 64 (1.2) 269 (1.0) 27 (1.0) 261 (1.8) 9 (0.6 2493.1)
" Graoe 12 46 (0.5) 300 (1.4) 35 (0.8) 204 (1.2 19 (0.8) 293 (1.9)
White 46 (0.9) 308 (1.5) 36 (0.9) 299 (1.4) 19 (0.9) 298 (1.6)
Rlack 47 (2.8) 274 (2.0) 33(1.8) 267 (2.9) 20 (1.1) 269 (2.5)
Hispanic 45 (2.8) 281 @3.1) 36 (2.6) 278 3.5) 19 (2.0) 21 3.3)
Male 34 (1.1) 301 (1.8) 38 (1.4) 299 (1.7) 28 (1.2) 298 (1.6)
Female $8(1.1) 299 (1.4) 32 (1.0) 289 (1.2) 10 (0.7) 281 (2.0)

The standard errors of the estimated percentages and proficiencies appear in parentheses. It can be said with 95 percent cerminty that for each
population of intesest, the value for the whole population is within plus or minus two standard errors of the estimate for the sample,

About four-fifths of the students at each grade strongly disagreed or
disagreed that mathematics is more for boys than for girls. However, at each
grade, fewer males than females strongly agreed or disagreed. This percentage
decreased at each successive grade as students got older. At grade 4, 10
percent fewer males than females disagreed with the statement. At grade 8, 13
percent fewer either strongly disagreed or disagreed, and at grade 12, 18
percent did. At grades 8 and 12, there were particularly large differences in
the percentages of males and females strongly disagreeing with the statement.
At grade B, 64 percent of the females strongly disagreed with the statement,
compared to 43 percent of the males. For high-school seniors, 58 percent of
the females strongly disagreed, compared to only about one-third of the males.
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STUDENTS’ PERCEPTIONS OF THE UTILITY OF
MATHEMATICS

Students’ perceptions of the usefulness, of mathematics is a variable that has
been shown to be strongly associated with achievement.® The NAEP
assessment included two questions related to usefulness, and the results support
existing research. Students’ reports on their perceptions of the utility of
mathematics in their everyday lives are presented in TABLE 9.5, and their
views about the importance mathematics has in careers are presented in
TABLE ©.6. In both instances, those in agreement with the value of
mathematics tended to have higher proficiency levels.

®Margaret R Meyer and Mary Schatz Koehler, "Internal Influences on Gender Differences in Mathematics” in
Mathematics and Gender, Elizabeth Fennema and Gilah C. Leder, editors (New York, NY: Teachers College Press,
1990),
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TABLE 9.5 Students’ Responses to the Statement "Mathematics Is Useful for Solving Everyday

Problems”
Undecided, Disagree,
Stroagly Agree Agree Strongly Dissgree
,' Percent of Average Fercent of Average Percent of Average

Studeats Proficiency Students Proficlency Students Proficiency
Grade 4 65 (0.6) 219 (0.8) 35 (0.6) 211 (0.9)
Whits At grade 4, students were not 67 (0.8) 225 (0.8) 33 (0.8) 219 (1.0)
Black given the "strongly agree” and 58 (2.2 196 (1.6) 42 (22) 193 (1.9
Hispanic "strongly disagree” options, 61 (1.8) 208 (1.7 39 (1.8) 197 (1.7)
Male 65 (0.9) 220 (0.9) 35 (0.9 211 (1.1)
Female 65 (1.0) 218 (0.9) 35 (1.0) 211 (1.0)
Grade § 2070 267 (1.2) 44 (0.7 269 (1.2) A4 (O.8) 260 (1.4)
Whits 31 (0.8) 275 (1.6) 45 (0.8) 275 (1.4) 24 (1.0) 266 (1.6)
Black 38(1.8) 241 (21) 40 (1.8} 245 (2.4) 22 (1.6) 238 (2.0
Hispanic 33 (20) 253 (24) 41 (2.3) 250 (1.8) 26 (1.9) 244 (1.7}
Male 34 (1.0) 270 (1.3) 43 (1.0) 269 (1.5) 23(1)) 258 (2.1)
Female 30 (0.8) 264 (1.6) 45 (0.9) 268 (1.2) 25 (0.8) 261 (1.4)
Grade 12 23 0.7 298 (1.6) 50 (0.9) 300 (1.2) 27 (0.9) 289 (1.4)
White 20 (0.8) 307 (1.9) 52 (1.1) 304 (1.3) 28 (1.0) 294 (1.3)
Black 33(1.9) 271 (2.4) 43 (1.6) 273 (1) 24 (2.0) 267 (2.3)
Hispanic 26 (1.8) 279 (3.5) 44 (2.6) 284 (2.1) 30 (2.5) 270 (4.0)
Male 26 (1.0) 30121) . Q1) 303 (1.7 25 (1.0) 290 (1.6)
Female 20 (0.8) 295 (1.8) 51 (1.1) 297 (1.3) 29 (1.1) 289 (1.5)

The standard errors of the estimated percentages and proficiencies appear in parentheses. It 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 ervors of the estimate for the sample.
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TABLE 9.6 Students’ Responses to the Statement "Almost All People Use Mathematics in Their Jobs"

S i mims 2 ko e

Undocided, Disagree,

Agree Strongly Disagree

Percent of Average Percest of Average
Students Proficency Studeats Proficency
66 (0.9) 219 (0.9 34 (0.9) 211 (1.0)
At grade 4, studsats were oot given 68 (1.2) 225 (0.8) 32(1.2) 219(1.2)
the "strongly agree” snd 60 (1.9) 198 (1.5) 40 (1.9) i89 (1.9)
"strongly disagres” options. 60 (1.9) 207 (1.6) 40 (1.9) 194 (1.7)
66 (1.1) 220 (0.9) 34 (11) 211 (1.4)
66 (1.2) 218 (0.8) 34 (1.2) 210 (1.2)
Grade § 33 0.8) 266 (1.4) S0 (0.7 268 (1.1) 18 (0.7) 260 (1.4)
White 31 (0.8) 273 (L.7) 51 (0.9) 274 (1.2) 18 (0.8) 266 (1.5)
Black 41(1.8) 242 (2.2) 44 (1.9) 243 (23) 15 (1.5) 238 (2.3)
Hispanic 39 251 (19) 50 @21) 250 (1.7 17(1.2) 43 2.4
Male 34 (11) 268 (1.7) 49 (1.0) 268 (1.4) 17 (0.9) 260 (2.0)
Female 32Q1.1) 263 (1.7) S0 (1.2) 267 (1.2) 18 (0.9) 261 (1.5)
" Grads 12 20 0.7) 295 (1.7) 55 (09) 297 (12) 25 (0.8) 294 (1.5)
White 18 (0.8) 303 (21) 55 (1.0) 302 (1.4) 27 (1.1) 299 (1.3)
Black 28 (1.9) 270 (2.6) $2 (1.8) 272 (1.8) 20 (1.9) 268 (3.4)
Hispankc 2@y 283 (42 56 (2.5) 280 (2.8) 20 270 4.7
Male 21 (0.8) 300 (2.2) 55 (1.2) 300 (1.6) 24 (0.9) 294 (1.8)
Female 18 (0.9) 290 (2.1) 55 (L.1) 295 (1.2) 27 (1.1) 295 (1.6)

— e —— — —

The standard errors of the estimated percentages and proficiencics appear in parentheses. It can be said with 95 pervent certainty that for
cach populstion of interest, the value for the whols population is vithin plus or minus two standard emors of the estimate for the sample.

Approximately two-thirds of the fourth graders and three-fourths of the
eighth and twelfth graders agreed that mathematics can be useful in solving
everyday problems. The results did not tend to vary substantially by
race/etinicity or gender. Although a somewhat higher proporticn of eighth
graders than twelfth graders felt mathematics was useful for solving everyday
problems, in general, the older students appeared to have more positive
perceptions about the everyday utility of mathematics than did the fourth
graders.

This pattern was even ..ore evident in the responses to the question about
the value of mathematics in people’s work. Similar to the previous question,
about two-thirds of the fourth graders agreed that almost all people use
mathematics in their jobs. However, even more eighth and twelfth graders
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agreed with this statement than the previous statement (82 percent and 75
percent, respectively). Although the older students appeared to have a greater
recognition of the utility of mathematics in work related situations than did the
fourth graders, the percentage of positive responses was somewhat smaller at
grade 12 than at grade 8.

SUMMARY

In general, the majority of the students appeared to have positive perceptions
toward mathematics and those with positive perceptions also had higher
proficiency levels. Many students, particularly those at the higher grades,
reported that they see the value of mathematics in their everyday lives and the
utility of it on the job. Also, most students did not report viewing mathematics
as a male-oriented activity, even though considerably fewer males than females
strongly disagreed or disagreed that mathematics is more for boys than girls.

However, students’ liking of the subject area and their confidence in their
mathematical abilities did not appear to be strong. Only two-thirds of the
fourth graders reported liking mathematics, and by grade 12, only half reported
that they liked this discipline. Similarly, fewer than two-thirds at any grade
strongly agreed or agreed that they were good in mathematics. Also, smaller
percentages of Hispanic students reported confidence in their mathematical
abilities than did students in other racial/ethnic groups, and fewer females
reported confidence than did males.
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Chapter 10
.
Characteristics of Mathematics Teachers

INTRODUCTION

Because teachers are key figures in improving mathematics learning, it is of
some interest to gain information about their knowledge of mathematics and
mathematics pedagogy as well as their role in professional development.®
Are they experienced? Are they well trained? Do they keep up with current
mathematics content and educational practices?

To provide some information about these topics, NAEP asked the teachers
of fourth- and eighth-grade students a series of questions about their
background and training, including their experience, certification, undergraduate
and graduate mathematics course work, and involvement in pre-service
education. (As a result of the relatively low percentage of twelfth-grade
students enrolled in mathematics classes, their teachers were not given
questionnaires). This chapter discusses these teacher questionnaire results.
Similar to teacher questionnaire results presented previously, the data are for
the percentages of students taught by teachers reporting various characteristics.

YEARS OF TEACHING EXPERIENCE

Previous studies have found mathematics teachers to be experienced, and the
NAEP results corrob