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The Virginia International Mathematics Assessment Project was undertaken in response to the need for high quality baseline

data on student achievement and on curriculum and instructional issues.

We live in an era of constant, rapid and dramatic changes. where tomorrow may bring abouta complete alteration in the way

that people live and work. The growing dependence of our society on high technology demands new types of education and training

for our citizens. Thes2 changes will profoundly affect the mathematics curriculum and the way in which we teach mathematics.

Recent national studies have indicated that much of the curriculum is outdated, overly abstract, and too theoretical.

To make intelligent decisions, however, about what changes are necessary, an assessment of mathematics education in our

State was needed. Most of the assessment devices currently being used for student achievement and curriculum evaluation pur-

poses were devised a number of years ago to serve quite different functions. We have chosen, instead, to use the design and instru-

ments of the Second International Mathematics Study (SIMS). The SIMS model provides a rich context of data within which student

outcomes can usefi illy be described and explained. We are grateful to the National Science Foundation for providing the necessary

support to explore the value of the SIMS model as it is usec; in state educational systems.

The Study included 104 schools throughout Virginia, approximately 8000 students and over 200 teachers and principals. Most

students in the Study were in grades 8, 11 and 12. A few students, however, were classified as tenth graders. This report includes

a summary of the findings with reference to achievement, oppor tunity to learn, attitude and other background information on both

teachers and students. There arefive technical reports that accompany this report; copies of these reports are available upon request.
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INTRODUCTION

We must put Virginia in the first
rank of states in the quality of
education...rot because of pride,
but for the well-being of all
Virginiansand yes, because of
jobs.

1
Governor Gerald L. Baliles

1

What was the Virginia International Mathematics Assess-
ment Project (VIMAP)?

The Virginia International Mathematics Assessment Project
(VIMAP) used the methodology and findings of the Second Inter-
national Mathematics Study (SIMS) to design and can-v out a
comprehensive evaluation of the eighth and twelfth grade mathe-
matics programs in the Commonwealth of Virginia. The Project
also calls for studying in detail the programs of two selected
school divisions within the Commonwealth. The resulting infor-
mation will be taken into accoulit in curriculum reform activities
that are now being planned.

This project was funded by the National Science Foundation
with the expectation that it would provide other states, regions,
and school divisions with a model that they could adapt to assist
in their own assessment programs.

Rationale for VIMAP
There is widespre- 1 concern today with improving the

quality of mathematics education at the school and college levels.
Earlier in this decade, national reports such as the U. S. Depart-
ment of Education's Nation at Risk and the National Science
Board's EducatinU_iim ri s for t_e_i-MreUiga pro-
vided the impetus for such concern. More recently, Everybody
Counts and Science for All Americans offer guidelines for needed
reform. Many states have followed suit with their own programs
of upgrading education to meet the needs of an emerging high
technology society.

1 "I



INTRODUCTION

Essential for all such reform efforts, however, is the need for
reliable information on program quality at present. As the
Council of Chief State School Officers has affirmed:

"High quality data are essential to the continuing mo-
mentum of education reform. The publication of data
brings education to the attention of the public and
makes it an issue of enduring concern. By comparing
the performance of school, district, or state with itself
over timt-f., or with other schools, districts, or state s,
data serve to exhort, motivate or reward."

(pagel, Position Paper Adopted by Council of Chief
State School Officers, November, 1984.)

The Second International Mathematics Study offers an In-
novative approach to assessing the status of mathematics edu-
cation at a state or district level. Furthermore, since the Second
International Mathematics Study data are now archived, com-
parative information is available for the United States, including
two provinces in Canada, several European countries and Japan.
Use of the SIMS model of program assessment at the state level
has also been made in Calif() -Ilia, Oregon, Iowa and Florida. In
C-nada it has been used at the provincial and school district
levels.

''ignificance of VIMAP
In the Commonwealth of Virginia, several initiatives have

been undertaken to reform mathematics education. In 1981, the
Virginia State Department of Education initiated a program
called the Standards of Learning (SOL). This program grew out
of a Board of Education directive for improving education through-
out the State. The program, which includes a set of objectives for
mathematics, establishes a framework for instruction in the
public schools. Subsequently, the Virginia Department of Edu-
cation has undertaken the Mathematics/Technology Curricu-

'
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lum Project, designed to review the current mathematics offered
in the state and to determine needed changes in content and
emphasis as may be brought about by the changing nature of our
technological society.

There is, however, no systematic way of evaluating the
degr-e to which the goals of the mathematics curriculum are
being reached. Virginia has a statewide testing program at three
different levels where standardized achievement tests are used.
The results from the achievement tests alone do not provide
sufficient detailed information that is useful for making curricu-
lum decisions on a statewide basis. The SIMS replication has
helped provide the needed information for sustained curriculum
reform efforts.

Relevance of VIMAP to Long Term Goals of the Common-
wealth of Virginia

Critically important to formulating long-term goals of the
State are reliable baseline data on certain facets of its mathemat-
ics program. The information included in the SIMS reports has
already been useful in identifying major content areas Ind points
of emphasis as indicated from the United States data. For
example, the results from the VIMAP provide specific information
needed as the State works toward its goals to train and retrain
teachers, to teach a technologically-oriented curriculum, to
provide local school divisions with instructional materials that
are of high quality and reflect current thinking in mathematics,
and to design programs that will assist our boys and girls in
developing algorithmic thinking skills while de-emphasizing
symbolic manipulation systems.
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What was the Second International Mathematics Study
(SIMS)?

The Second International Mathematics Study (SIMS) was a
project of the International Association for the Evaluation of
Educational Achievement (1EA) that involved a survey of the
teaching and learning of mathematics in the schools of some 20
countries around the world. SIMS obtained data using national
probability samples of students (classes) from each participating
country. In pa; ticular, the achievement tests were internation-
ally aeveloped, based on a detailed analysis of the curriculum in
each country.

Target Populations
In SIMS, two target populations were studied:
Population A: Students who were 13 years old by the mid-
dle of the school year (eighth grade in U.S.)
Population B: Students in the terminal grade of secondary
school and who are continuing in their study of mathematics
(in U.S.. students in mathematics courses with prerequisite
of at least algebra I, II and geometry).
For each of these target populations, random samples of

classes (two per school) were drawn and the students were ad-
ministered the tests and questionnaires. The mathematics
teacher for each class also completed several questionnaires,
including one that asked whether or not the mathematics re-
quired to respond correctly to each item on the student's test had
been taught to the class. This information from the teachers,
called "Opportunity to Learn Data". was very useful in helping to
explain patterns of mathematics achievement that were found in
SIMS (see, for example, the U. S. National Report on SIMS, The
Underachieving Curriculum).

3

The SIMS Model
The Study is based on a model that views the curriculum

from three points of view:
The intended curriculum: The mathematics that students
in target populations are intended to know.
The implemented (taught) curriculum: The mathematics
that the students were actually taught.
The attained curriculum: The mathematics that the stu-
dents have attained or achieved.
This medel provides a rich context of data that is very useful

in explaining patterns of student achievement.

THREE ASPECTS OP' A CURRICULUM

Component Level of Focus

Curriculum
Analysis

Classroom
Processes

Student
Outcomes

Intended
Curriculum

II

Implemented
Curriculum

Attained
Curriculum

n
A.

Educational
System

School and
Classroom

Student
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What were the major findings of SIMS as reported in Ihg
Underachieving Curriculum?

Th,.: Study provided detailed data on the teaching and
learning of school mathematics in the United States from an
international perspective.

Eighth grade
U. S. achievement in arithmetic and algebra was at about the

international average. But achievement in geometr' and meas-
urement was well below average, among the lowest one-fourth of
the twenty participating countries.

Teacher coverage of mathematics (called 'Opportunity-to-
Learn') was highest in those countries having highest achieve-
ment. That is, those countries providing the greatest opportunity
to learn mathematics were those in which student achievement
was the greatest.

In the United States there is not an eighth grade curriculum.
The Study identified four curricula that had dramatically differ-
ent mathematical content. This content ranges from grade school
arithmetic for one of the class types (remedial) to high school
freshman algebra for another. This differentiation between classes
was more dramatic than Iii any cuntry in the Study. In Japan,
for example, all junior high school students are provided the
same curriculum. In the seventh grade, in Japan, all students are
taught algebra.

From an international point of view, the U. S. curriculum
has a great deal of repetition and is lean. Compared with many
other countries, the curriculum lacks challenge and vitality. For
example, it offers relatively little geometry, probability or topics
in data analysis.

Twelfth Grade
At this level, only students who are "mathematics majors"

were tested. In the U. S. these were students having completed
at least two years of algebra and one year of geometry. Neverthe-

C2 4

less, U. S. student achievement on the international test was
among the bottom one-fourth of all of the countries in the Study.

The proportion of students in the United States that is
studying advanced mathematics is about average for the coun-
tries in the Study. Several countries, including, for example,
Canada (British Columbia) and Hungary, enrolled greater pro-
portions of students in advanced mathematics classes. Japan
enrolls about the same proportion of students as does the U. S.

In most countries, all students who are in advanced mathe-
matics study calculus. In the U. S., only about one-third of the
advanced mathematics students enroll in calculus. (In Hungary,
all students who remain in school about 50% of the young
people are expected to study advanced mathematics, including
calculus.)

How The Virginia Study was conducted
The Virginia International Mathematics Assessment Project

was carried out in three phases:

Curriculum Analysis Phase
An analysis of the mathematics curriculum was conducted

for the two target populations. This curricular information was
used to assess the adequacy of the SIMS item pool for program
evaluation in Virginia.

Testing Phase
Probability samples of classes were drawn from the entire

state fo- each of the two target populations (see Appendix B for
further details). The students were tested (Attitudes and Achieve-
ment) at the end of the 1986-87 school year. Data were obtained
from teachers on "Opportunity-to-Learn", that is the cxtent to
which the subject matter on the tests had been taught to the
students being tested.
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Analysis and Reporting Phase
The data were analyzed and preliminary reports generated

for use by classroom teachers and supervisors in Virginia and
personnel at the Virginia Department of Education. Reports were
also prepared for national and international distribution.

Schedule of Activities
The schedule below indicates the main activities of the Vir-

ginia International Mathematics Ascessment Project.
December 1984
Summer 1985
Fall 1985

Spring 1986
Fall 1986
Spring 1987
Spring 1987

Fall 1987

Spring 1988
Fall 1988

Spring 1989
Fall 1989

Meeting with state supervisors
NSF Proposal is funded
Planning meeting for V1MAP
Curriculum Analysis is begun
Curriculum Analysis is concluded
Sampling plan is completed
Schools contacted for testing
Orientation for teachers
Data collected
Data cleaned and organized for
analysis
Preliii:inary reports released
Analysis continue
Final report begun
Final reports prepared
Final reports released

Target Populations for Virginia
These populations were studied, to correspond with those in

the international study:
Population A: All students enrolled in mathematics classes
offered at eighth grade level.
Population B: All students enrolled in mathematics classes
that have prerequisites of at least algebra I. geometry and
algebra II.

24 5

Both Population A and Population B were important to the
study in Virginia. Governor Gerald L. Baliles of Virginia ap-
pointed a Commission on Excellence in Education to make
recommendations for moving Virginia into the top rank of states
in the quality of education it offered. The Commission concluded
that education in the middle school grades in Virginia was not
living up to expectations nor keeping abreast of current trends in
society. As a result of this report, the state Department of
Education began an initiative to restructure the middle school.
Since the eighth grath is the last year of middle school, it seemed
appropriate that we assess the mathematics program and collect
data on student achievement, attitudes of students and teachers.
classroom processes, and the opportunity-to-learn mathemat-
ics. The SIMS model provides the framework to gather baseline
data of this nature.

Several international studies on school mathematics have
found that U. S. students at the twelfth grade level are not
achieving at the level of students in some other countries. Com-
parison of student achievement in Virginia to that of the United
States as a whole and with other countries make it possible to
identify areas needing change, guidehnes for curriculum changes
and for inservice and preservice education.



MATHEMATICS ACHIEVEMENT IN VIRGINIA SCHOOLS

Nwneracy is the ability to cope
confidently with the mathematical
demands of adult life.

Mathematics Counts

(Inquiry into the teaching of mathematics in

England and Wales. 1982).

6

Eighth Grade

0

ARITHMETIC

!lir!"
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Eighth grade achievement in arithmetic is about at the international
averagefor the United States and afew points above the U.S. for Virginia.
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ALGEBRA
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Eighth grade scores in algebra were, on average, somewhat higher in
Virginia than in the United States as a whole.



MATHEMATICS ACHIEVEMENT IN VIRGINIA SCHOOLS

Eighth Gra le
GEOMETRY

In geometry, Virginia scored just slightly above the United States as a
whole, which was among the bottom one:fourth of the countries in the
Study. An important goal qf the international investigation was to find
reasons for this performance.
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MEASUREMENT
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In measurement, eighth grade students in Virginia, scored slightly below
the United States as a whole, which was among the lowest one:fourth of
the countries. /t is important to note that, since the test was internationally
developed, the metric system qf units was used (the metric system is fits
system of measurement in all other countries in the study.) However, not
all qf the items required a knowledge qf the metric system itse(f. Rather,
they require understanding concepts qf measurement and how to apply
them.
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STATISTICS
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Statistics achievement, a measure qf students' ability to understand and
work with data, was a little higher in Virginia than in the United States
as a whole. In many countries, including the U. S., this aspect cif the
curriculum is receiving increased attention in current reform qfforts.
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The overall pattern of Virginia scores corresponds remarka-
bly with that of the U. S. scores. For example, in the topic areas
of arithmetic and algebra, the U. S. was at the international
mean. Virginia scored a few points above the U. S. on these
topics. In geometry and measurement, the U. S. was somewhat
below the international mean. The scores on these two topics for
Virginia are virtually identical to those of the U. S. In statistics,
the U. S. scored a few points above the international mean and
Virginia scored four points above the international mean.

Achievement Comparksons:
Virginia vs. the U. S. and International

Subtest Scores: Eighth Grade
(Mean Percent Correct)

United Inter-
Topic Virginia States national

Over- Reme- Pre-
all dial General Algebra Algebra Mean Mean

Arithmetic 53 30 44 58 76 51 51

Algebra 46 23 35 50 75 43 43

Geometry 38 25 33 40 55 38 41

Statistics 59 41 51 64 78 57 55

Measurement 41 27 35 44 59 42 51

What conclusions might be drawn from these findings? We
first must remind ourselves that, overall, the U. S. scores at this
grade level are close to the international mean which suggests
that achieveinent in some other countries was higher. While a
particular score may not be important, it is important that wc
look at our state goals for eighth grade mathematics and decide
where they are, and where emphasis should be placed. For
instance, in Virginia we have a goal to provide an opportunity for
all students to study algebra, including the lower level classes.

3 (1
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The findings of this study clearly support the implementation of
this goal. It should be noted, however, that Virginia students en-
rolled in algebra classes scored significantly higher than the U. S.

The VIMAP data indicate very clearly, however, that consid-
erable attention needs to be paid to the topics of measurement
and geometry. While some of the reasons for our low performance
on measurement may be attributed to the fact that only the
metric system was induded on the test, not all of the blame can
be placed there. For example, only about one-half of our students
are able to read a scale (admittedly, only 40% of the students
acrips the countries could do so--but that does not detract from
the -Basic importance of this topic!).

With respect to statistics, at first glance it may appear that
all is well, with Virginia scoring four points above the interna-
tional mean! But we are not sure, we must !ook at our curriculum
to see, if indeed, we are where we would like to be in this important
area of mathematics. Here in Virginia, as in many other places,
great importance is attached to the ability to work with datato
collect and organize numerical information in such a way that it
can tell a story effectively. The VIMAP data suggest that we may
be in reasonable shape with routine tasks, such as reading a bar
graph, but have we reached our goal ot quantitative literacy for
all of our youngsters in school?

31



MATHEMATICS ACHIEVEMENT IN VIRGINIA SCHOOLS

The national spotliyht is turning on

mathematics as we appreciate its
central role in the economic growth
of this countnj. it must become a
pump instead of a filter in the
pipeline.

R. M. White (as cited in

Evembody Counts, 1989)

Twelfth Grade

(ADVANCED) ALGEBRA

Advanced algebra and calculus provide the basis for competence in
science and technology. The data for the twe(fth grade represent the
achievement qfour most advanced mathematics students-those who are
enrolled in mathematics courses requiring at least algebra I. geometry
and algebra //. Nrginia students scored, on average, higher than the
United States as a whole, in both advanced algebra and calculus.
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MATHEMATICS ACHIEVEMENT IN VIRGINIA SCHOOLS

Twelfth Grade

GEOMETRY

Geometry and number systems, show patterns of achievement similar to
algebra and calculus. That is, the U. S. is among the lowest one-fourth
ofthe countries and Virginia tends to be afew points higher in achievement
than the U. S.
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Topic

Virginia and the United States
Subtest Scores: Twelfth Grade

(Mean Percent Correct)

Virginia
Pre- Ovn-
Cale Calc all

United
States

Pre- Over-
Calc Cale all

Inter-
national

Mean

Sets & Relations 45 60 49 54 64 56

Number Systeins 41 50 42 38 48 40

Algebra 44 61 48 40 57 43

Geometry 33 41 35 30 38 31

Functions/Calculus 30 57 37 25 49 29

Probability/Statistics 38 55 41 39 48 40

61

47
57

42
46
46

Again, as with the eighth grade, there is a correspondence
between the scores of the Commonwealth and of the entire U. S.
This is particularly so for the pre-calculus classes. For the cal-
culus classes. Virginia tends to score a few points above those of
the U. S. On the calculus subtest, the difference is dramatic, with
Virginia students eight 2oints above the U. S. -- and among the
top one-fourth of all countries.

The topic area where Virginia's performance was lowest was
sets and relations. Further analysis of the data will be done to
determine reasons for this. It is likely, for example, that the topics
are not covered Mayfly by many Virginia teachers. In geometry,
Virginia students obtained an average score above the U. S. but
a few percentage points below the international mean.
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OPPORTUNITY-TO-LEARN MATHEMATICS IN VIRGINIA SCHOOLS

Today's mathematics opens doors
to tomorrow's jobs. As successive
waves of immigrants have used
this country's educational system
to secure better livesfor themselves
and their children, so today's chil-
dren the world over are using
mathematical training as a plat-
form on which to build up their
lives. America's children deserve
the same chance.

Everybody Counts 1989

3f;
11

The Second International Mathematics Study provided a
new kind of datadata that were not available in any other kind
of mathematics survey at that thne. The information provided,
called "Opportunity-to-Learn'', was obtained by asking teachers
to indicate, for each item on the international test, whether or not
that mathematics had t Tn taught to the class, either during the
school year, or prior to that school year. The same kind of data
was gathered in the Virginia study.

Eighth Grade

togs maiwwwws)
Japan

Hungary

Canada (13 C.)

Israel

Finland

United States

Canada lOnt.)

England/Wales

New Zealand

Thailand

Sweden
Maw maswaswan
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In Aisgraph, international and Virginia achievement data are shownfor
eighth grade algebra (seventh grade in Japan). Virginia, along with the
countries are ranked from high to low in achievement. The length qf the
barfor each country shows the amount cif teacher coverage qf the algebra
items on the international test. ahmparian teachers reported highest
coverage.) Generally, the graph suggests, the higher-cichieoing countries
were those having higher teacher coverage.

37



OPPORTUNITY-TO-LEARN MATHEMATICS IN VIRGINIA SCHOOLS

Eighth Grade
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Opportunityto-Learn geometry for eighth grade students was, on aver,
age, relatively lowfor students in all countries. The graph indicates that
typically less than one-half-tithe geometry on the international test was
couered by the teachers (note the exception for Hungary°. Virginia
teachers reported covering a little more geometry than U. S. teachers as
a whole-and student achievement was somewhat higher.
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Teacher coverage of the topics on measurement was reported to be
generally high in all countries and Virginia. Sven in the United States,
where the metric system is not yet commonly used, couerage was around
seventy percent. The low student achievement in the United States
generally, and in Virginia in particular, warrants closer scrutiny in the
light cif the high teacher coverage qf the measurement items.

39



OPPORTUNITY-TO-LEARN MATHEMATICS IN VIRGINIA SCHOOLS

Eighth Grade
The following selected items help to illustrate the findings of

the Virginia International Mathematics Assessment Project. For
each item, reported teacher coverage and associated student
achievement are shown.
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MEASUREMENT
Poroast Of Muss Taught
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Since mathematics is the founda-
tion of science and technology, it
serves as a key to opportunity and
careers.

Everybody Counts (1989)
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Twelfth Grade
(ADVANCED) ALGEBRA
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Teachers report high coverage qf the advanced algebra topics in all
countries and in Virginia. The low student achievement in some cif these
cGuntries is, apparently, due to factors other than low teacher coverage.
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In most countries in the ir ternational study, calculus is a standard topic
in advanced mathematics classes (twe(fth grade in the U. S.) However, in
the United States including Virginia, only a relatively small proportion qf
advanced mathematics students take calculus.
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Twelfth Grade
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There is little agreement internationally as to what topics should be
included in geometry. The relatively low teacher coverage for geometry
reflects this lack of consensus.
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In the U. S., and in Virginia, about one out of three advanced mathemat-
ics students was taught this topic.



STUDENT ATTITUDES

..We see classrooms as places
where interesting problems are
regularly explored using important
mathematical ideas.

NCTM Curriculum and Evaluation

Standards for School Mathematics (198r!

4 6

16

Attitudes of Students
Gaining knowledge about mathematics is not the only

important outcome of education. How students feel about
mathematics, and how they view the subject are also of great
concern.
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The graphs here report data on how students regard activi-
ties in mathematics classrooms with respect to their importance,
ease and enjoyment.



STUDENT ATTITUDES

Checking Work
Eighth Grade

Checking your work in mathematics class was regarded as
important by the vast majority of eighth grade students in
Virginiaas it was by their counterparts across the United
States. Checking work was also seen as being rather easy, but
students tended to not like doing it. Nearly one-half of the
students in both Virginia and the U. S. as a whole reported
disliking checking their work.
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Twelfth Grade
The attitudes of twelfth grade mathematics students toward

checkingtheir work are remarkably similar to those of the eighth
graders. They tend to feel that it is important to do, is easy, but
they do not like to do it.
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STUDENT ArrmmEs

Memorizing Rules and Formulas
Eighth Grade

Mathematics as mostlmemorizing seems to be a popular
view held by many Virginia eighth graders, and by almost exactly.
the same proportion of U. S. eighth grade student, too. The
students (in both Virginia and the entire country), by a vast
majority, regard it as important to memorize rules and formulas,
but less than one-fourth of the students like to memorize. (Note
the contrast of these attitudes with their attitudes toward using
calculators.)
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Twelfth Grade
Mathematics as mostly memorizing was an attitude about

mathematics held by Virginia's advanced mathematics students
(and by those across the U. S.). About 80% of the advanced
students regard it as important to memorize, nearly one-half of
them dislike doing so. Interestingly, nearly one-half of the ad-
vanced students report it easy to memorize rules and formulas.
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STUDENT ATTITUDES

Using Calculators
Eighth Grade

Using calculators is liked by nearly 80% of the Virginia
eighth graders and by three-fourths of the U. S. students at this
level. Nearly 90% of the Virginia students state that it is easy to
use calculators. However, the students at this grade level are less
strong in their feelings about the importance of calculators.
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Twelfth Grade
Using calculators in advanced mathematics is regarded as

easy by nearly all of the students and is liked by 85% of them.
They are also in rather strong agreement about the importance
of calculators in advanced mathematics.
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STUDENT Arrninms

Mathematics and Society
Eighth Grade

WI Jim= to_ w nniIgmgInet_Qad ja2Icsord r gl,
jo12. Knowing mathematics will help to get a good job is an attitude
shared by the vast majority of Virginia eighth graders. In the light
of this attitude, one wonders the extent to which students are
motivated to continue in the study of mathematics throughout
high school.
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Twelfth Grade
The role of mathematics in helning one get a good job is

regarded as important by twelfth graders in Virginia.
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I would like to work at a job that lets me use mathematics.
Wanting to use mathematics on t.!:e job was an attitude of only
about one-third of the eighth grade students. However, at the
twelfth grade level, about one-half of the advanced mathematics
students look to using mathematics in employment.
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STUDENT ArriTUDES

Mathematics and Society
Eighth and Twelfth Grade

Mathematics is useful in solving everyday problems. Eighth
grade students report a belief that mathematics is useful in
solving everyday problems. This would appear to provide an
opportunity to capitalize on this interest and incorporate more of
such problems in the curriculum.

Advanced mathematics students are even more in agree-
ment about the importance of mathematics in the real world.
Again, an apparently important opportunity for curriculum and
instruction!
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Word problems are more fun when you use a calculator.
Calculators can help make mathematics class more e.njoyable.
Many eighth grade students seem to believe this. Perhaps this
provides encouragement for making greater use of this teaching
device.

Advanced mathematics students tend to like to have calcu-
lators available when doing word problems, too. Apparently,
calculators are regarded by many students as a tool that adds
enjoymeno class.
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STUDENT ATTITUDES

Mathematics and Myself
Eighth and Twelfth Grade

I really want to do well in mathematics. The desire of
most (nearly 90%) eighth grade students in Virginia to do well in
mathematics would seem to be a source of encouragement to
mathematics teachers, administrators and parents.

Advanced mathematics students are virtually unanimous in
their desire to do well in mathematics. These students have
remained in mathematics classes for most if not all of their high
school experience.
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I am looking forward to taking_ more matheraatics. Eighth
grade students are less in agreement about the prospect of taking
more mathematicsin spite of their recognition of its importance
in getting a good job.

Twelfth grade students in advanced mathematics class in
Virginia are less in agreement in their looking forward to more
mathematics than are their U. S. counterparts. Less than one-
half of the Virginia students reported they were looking forward
to more mathematics while nearly sixty percent of the U. S.
students were.

I AM LOOKING FORWARD
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STUDENT ATTITUDES

What Mathematics I. Like
Eighth and Twelfth Grade

Students learn the subject matter of mathematics (arithme-
tic, algebra, and so on) but they also learn things about the
nature of mathematics--what is mathematics like? Is it, for
example, a fixed body of knowledge that has remained much the
same for the past 100 years or so? Does mathematics consist of
sets of rules and formulas that are to be memorized and given
back on tests? Does doing well in mathematics mainly mean
having a good memory?

In the Second International Mathematics Study a set of
items was devised in order to measure how one views mathemat-
ics as a field of study.

CI)
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Mathematics is a good field for creative people. Mathemat-
ics as a good field for creative people was a point of view held by
approximately one-half of the Virginia eighth graders and by only
slightly more in the U. S. sample. This seems to indicate that
students see little room for creativity in mathematics.

Mathematics as a good field for creative people is regarded
by an even smaller proportion of advanced mathematics students
than the eighth grade group. Less than one-half of the Virginia
students reported seeing mathematics in this light.
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STUDENT AlTrfUDES

What Is Mathematics Like
Eighth and Twelfth Grade

New discoveries in mathematics are constantly being made.
Only about one-third of the eighth grade students report believ-
ing that mathematics is a changing field.

Close to the same proportion of advanced mathematics
students as eighth graders regard mathematics as having new
discover!es. This view of mathematics as a fixed body of knowl-
edge is a disconcerting one, especially when found in those at the
end of their secondary school studies.
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A mathematical problem can always be solved in many
differ;nt ways. In Virginia, over one-half of the students in the
eighth gi ade see that there can be flexibility in solving mathemat-
ics problems. Fortunately, this attitude has somewhat increased
for those students in the twelfth grade advanced mathematics
classes, and they realize that there can be multiple solutions to
mathematics problems.

In both of the grade levels for both tilt T T. S. and Virginia,
about one-fourth of the students disagree and one-fourth are
undecided about whether a problem can be solved in many
different ways. This means that we have a long way to go in order
to dispel the attitude that there is only one solution when solving
a mathematical problem.

A MATHEMATICS PROBLEM CAN ALWAYS
BE SOLVED IN DIFFERENT WAYS
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STUDENT ATTITUDES

What Is Mathematien Like
Eighth and Twelfth Grade

Mathematics is a set of rules was an opinion endorsed oy
over forty percent of the eighth grade students in Virginia. Dis-
tressingly. about the same proportion of twelfth grade students
shared this opinion of mathematics.
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Nearly one-half of the eighth graders also expressed agree-
ment with the idea that learning mathematics involves mostly
memorizing. On the other hand, the eighth grade students did
have a somewhat open-ended view of mathematics in that nearly
one-half of them agreed that jathematics Problem can always
be solved in different way§. Nearly sixty percent of them agreed
that estimating is an important mathematical skill. Again, the
opinions of the Virginia students corresponding very closely with
those of the U. S. students.
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STUDENT Arrmm Es

What I. Mathematics Like
Eighth and Twelfth Grade

The attitudes of the advanced mathematics students toward
mathematics as a subject of study were similar to those of the
eighth grade students in that over forty percent view mathemat-
ics as a set of rules and over one-half agree that a mathematics
problem can be solved in different ways. However, evidence of
some maturity in mathematical thinking could be inferred from
the finding that over fifty percent of the advanced students
disagreed with the statement that learning mathematics involves
mostly memorizing.
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Home Support
Eighth and Twelfth Grade

Home support. One of the best documented findings in
educational research is that support from the home is a very
powerful predictor of a student's success in school. The following
kems were designed to measure the extent of support and en-
couragement from the home for studying mathematics.

My parents want me to do well in mathematics class. Nearly
all of the students in the eighth grade classes agreed with this
statement. At the twelfth grade level. approximately 90% of the
students agreed with the statement.
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STUDENT ATTITUDES

Home Support
Eighth and Twelfth arade

MyametAs are interested in helping me do rnathematics. At
the eighth grade level, about two-thirds of the students agreed
with this statement However, at the twelfth grade level, far fewer
students held this view. Only about one in five of these students
see tiir parents as interested in helping them with their
mathematics. This could be that the students regard their
parents as not having the needed background to be helpful at this
level of mathematics.
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Boys need more mathematics than girls. About two-thirds of
the eighth grade students disagreed with the opinion that mathe-
matics is more important for boys than girls. In the advanced
classes, three-fourths of the students had this opinion. It is
interesting to note, however, that in both groups, about one
student in five was undecided about this statement.
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BACKGROUND DATA

Calculator Use
Eighth and Twelfth Grade

The extent of calculator use in Virginia mathematics class-
rooms was found to be very limited at the eighth grade level, with
very few classes reporting use more than one period per week and
one-third of the classrooms reporting no use at all. Calculator use
was much more frequent in Virginia's advanced mathematics
classrooms.
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From the data reported in the previous section on "Student Attitudes" students
at both levels see the calculator as a useful tool in mathematics.
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The kinds of calculator use in Virginia mathematics class-
rooms included checking answers and doing projects at the
eighth gade level. Doing homework and problem-solving were
more frequent uses reported at the advanced mathematics level.
Recreational uses were rather common at both levels.
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BACKGROUND DATA

Homework Assigned
Eighth and Twelfth Grade

The amount of mathematics homework assigned in the
United States is about two and one-half hours per week (30
minutes per day) at the eighth grade and almost twice as much
(just over four hours per week) in the twelfth grade college
preparatory mathematics classes. The Virginia data are pre-
sented here in "box-and-whisker" plots that show a similar
pattern. The boxes include the middle fifty percent of the mathe-
matics teachers reporting. The line across the middle of each box
represents the median or middle score. So, the median amount
of mathematics homework assigned to the advanced mathemat-
ics classes is close to four hours per week. That 's, about fifty
percent of the classes were reported as having less than four
hours of homework assigned. The lines protruding from each end
of the box (the "whiskers") encompass the middle 90% of the
classes reporting. So, we see that 9 0 % ^ he eighth grade classes
were assigned between one-half hour and seven hours of mathe-
matics homework per week

AMOUNT OF MATHEMATICS HOMEWORK ASSIGNED
VIRGINIA
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With respect to mathematics homework, most eighth grade students reported
spendi, g one and a half hours per week on homeworkfor the one mathematics
class, while tweifth grade students spent from three toilue hours per week for
their one mathematics class.

72 29

Mathematics Instruction
Mathematics instruction in U. S. classrooms is clearly text-

book-driven. The textbook largely determines what is taught as
well as what strategies are used in teaching it. Even when not ac-
tually determining the content of instruction, the textbook al-
most always defines the boundaries for instruction. According to
the reasons given by teachers for using various instructional
strategies and representations of mathematical content, inclu-
sion in the textbook did not always guarantee that a strategy or
content representation would be used in the classroom. However,
exclusion from the textbook made it virtually certain that the
strategy (4- representation would not be used. Mathematics
instruction in the U. S. seemed to have been mor e tied to the text-
book than was instruction in most other countries. One could
speculate as to reasons for this. For example, it could be because
of the absence in many parts of the U. S. of syllabi and examina-
tions that are beyond the local school or district level.
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Text Material
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The student textuook is the predominant instructional resource in the U. S.
eighth grade mathematics classrooms, and is so reported by ninety percent qj
the teachers. Other material, such as workbooks, and worksheets, were
reported to be cif secondary importance. Other materials, such as films and
laboratory materials, seldom were cited as up/imam resource, and were rarely
or never used by the vast majority cef teachers. This was true even for topics
such as geometry and measurement were such materials might be considered
most helpful.



BACKGROUND DATA

How Students' Time Is Spent: Virginia
Teachers were also asked to estimate the average time spent

by students in selected in-class activities. For eighth grade U. S.
students the majority of time was devoted to individual work at
their seats or to listening to lectures and explanations by the
teacher. A little less than one class period per week was typically
spent on taking tests and quizzes. Very little time was spent in
work with small groups. The pattern was similar for twelfth grade
students in the U. S., although they spent somewhat less time on
individual seat work and relatively more time listening to teacher
explanations.

How Students' Time I. Spent: Virginia
(Median Minutes Per Week)

Twelfth Grade
Eighth Grade (Advanced Mathematics)

Taking Tests 50 48
Doing Seat Work 75 50
Whole Class Listening 90 130
Small Group 15 20

The WSW teacher report qf hgwiligibiglinte_amckagagat, shows both eighth
and twelfth grade students seem to be spending about 1 hour a week taking
tests. The eighth graders are reported as having to do a little more seatwork,
wane twe(fth graders do a lot more listening. Ugfortunately, like the U.S.,
neither group spends very much time in small group activites.

30

The majority of student in-class time was thus seen to be
devoted to one of two types of activities: listening to teacher talk
or individual work with minimal interaction with the teacher. The
two types of activities often seem to have occtnied distinct phases
of the class period Little place seems to be given to guided, active
discovery learning, in which students generated high-level ques-
tions and in which there was more of a balance between teacher
and student subject-related talk. This pattern was not that
different from that of other countries although the proportion of
time spent on individual, in-class seat work was somewhat
higher in the U. S.
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The graph above shows how students' time in class was reportedly spent (in
minutes per weekfor the classes sampled).



BACKGROUND DATA

How Teachers"rime Is Spent: Virginia
One important aspect of VIMAP is to look at how teachers'

time is spent. In Virginia, eighth grade teachers reported that
they spent about 385 minutes (about 6 1/2 hours) per week doing
certain instructional activities. Over 1 1/2 hours are spent on
each of the following: planning, grading, and explaining new
content. About 1 hour is spent on review weekly and only about
1/2 hour on administration and discipline. In the advanced
mathematics classes considerably more time is spent planning
and explaining; a little more time is spent grading papers and
reviewing material; and much less time is spent on administra-
tive and discipline matters.

Minutes Per Week
(per class)

Twelfth Grade
Eighth Grade (Advanced Mathematics)

Planning 100 142
Grading

Papers 100 112
Explaining

New Content 100 140
Reviewing

Content 50 57
Routine

Administration 25 15
Maintaining Order

(Discipline) 10 3

71;
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Teachers' Use of Resources: Virginia
(percent)

Eighth Grade
Twelfth Grade

(Advanced Mathematics)

R S 0 R S 0

Published
Textbooks 7 44 47 2 4 94

Published
Workbooks 27 44 16 49 40 11

Individualized
Materials 25 47 25 78 19 3

Commercial Visual
Materials 53 28 2 51 46 3

Commercial
Tests 42 26 7 63 34 3

Self-written
Textual Material 6 53 41 1 22 77

Self-written
Tests 5 54 40 1 4 95

Note: Itiorarely; Sneornettnies; and 0.clften

Teachers in Virginia reported that the textbook was one of
their major resources with over 90% of the eighth and twelfth
grade teachers reporting regular use of the textbook. A large
percent of Virginia teachers reported that they usually develop
their own tests (99% of the twelfth grade teachers and 94% of the
eighth grade teachers). Another heartening phenomenon in
Virginia is the large percent (99% at the twelfth grade and 94% at
the eighth grade) of teachers who rewrite and thereby adapt
textual material for their own students.

.
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BACKGROUND DATA

Activities of Teachers
Activities at teachers meetings in the U. S. and Virginia at

both grade levels tend to focus on organizational matters. Little
attention was reportedly paid to teaching strategies or to content.

TEACHING

STRATEGIES

TEACHING

CONTENT

100
Japan

United States

Virginia

Japan

United States

Virginia

Japan

ORGANIZATIONAL
United States

MATTERS

Virginia

PERCENTAGE OF SCHOOLS

lopidarion A lapidarian IS

SO 00 40 20 0 30 40 SO SO 100

32

Virginia

Japan

Belgium Blemish)

France

Canada IB C

United States

unworn OF MATHIMATICS INSTRUCTION

0,4

IF
'4 4

-4,.,
R.,

0)
TOPIC

Intensity qf mathematics instruction at the Population A level (eighth grade in
the U. S.), based on teacher reports qf anticipated perm ntage qf class periods
devoted to various topics, shows distinct patterns across countries. The
Japanese curriculum provides their seventh graders with an intensive
introduction to algebra. The Belgian and P'rench programs focus on geometry
and extensive work on cornmonfractions (decimalfractions were dealt with in
the elementary grades). In Virginia, as in the U. S., the carrkulum has little
intensity; but, a concerted effort across the entire currkulum.
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TEACIRS TEACHING...STUDENTS LEARNING 1

1

A unique feature of the Second International Mathematics
Study is that it enables a detailed look at the teaching and
learning of specific mathematical topics. One analysis that
provides useful information is that of comparing reported teacher
coverage of topics with student achievement on those topics.

The relation between teacher coverage and student achieve-
ment has already been demonstrated in this report. In fact, a
major finding of the Second International Mathematics Study is
that high student achievement is found in those countries where
teacher coverage of those topics is high. With this in mind, it is
of interest to look in some detail at the data from Virginia on
teacher coverage and student achievement. We will classify the
items from the international, test in two ways: according to
teacher coverage (high or low) and according to student achieve-
ment (high or low). As a result, each item can be one of four types,
as the diagram below suggests:

!
i
1

[ugh

1
it

TYPE II TYPE I

1

1
TYPE III TYPE IV

Low I

Low
Student Achievement

H gh

Teacher coverage of the item is rated as "high" if it was taught
to more than one-half of the classes. Similarly, student achieve-
ment on the item wa., ted as "high" if more than one-half of the
stuetnts got the item correct.

,

8 ()
33

The following graph demonstrates this analysis for cne set
of the Virginia data.

I }

P

10e

90

110

70
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SO

40
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0
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ALORBRA FOR SICOULAN CLAWS

TYPE II 1YPE I KEY

4

o 4
2I I

6 a A
I

'--47-3--4rlr4--li-6 6 6
4

1 Integers
2 RaUonals
3 Integer Exponents
4 Formulas & Algebrak

Expressions
5 Polynomials & Rational

Expressions
6 Equations & InequaUons
7 Relations & FuncUons
0 Finite Sets

1
7

4
7

nen m IYPE IV 6
13 17 21 25 29 $3 $7 41 46 49 53 67 61

Student Achievement
im Comet)

Each qj the algebra items is represented by a single digit. The key
identffies the mathematical content qf the item. Note, for example, the
circled "5" (Type H item). The item deals with polynomials and rational
expressions. It was reported taught by most teachers (over 90%) but fewer
than 20% qf the students got it correct. For a complete analysis cif each
item see "Technical Report IV".

U I



TEACHERS TEACHING...STUDENTS LEARNING

High Teacher Coverage and High Student Achievement
(Type I Items)

These items pet form as one would expect. A high proportion
of teachers taught the content of the item and a high proportion
of students got the item right.

The data are reported by the four eighth grade class types:
Remedial. General. Pre-algebra and Algebra.

EIGHTH GRADE (ITEM A- i I)

Tessler
Comm.

(% Tovi21)

Stuleat
Aeblersm44

CorrowO

0." elbe 1)1.
100%

75

50

24

0

93

SO

76

100%

A team scored an
average of 3 points
per game over 5
games. How many
points altogether
were scored in the
5 games?

A a
5

B 3

C 3

D 5

E 15

A-11

This item reiNires the student to know a considerable amount about the
average (arithmetic mean) elf a set qf data-specifically, that the sum Oa
set qf scores I. equal to the average multiplied by the number qf scores.
As the graph Indicates, teachers qf all four class types reported high
coverage cif this topic (88% or more qf the classes). And student
achievement was high, with average scores qf 78% or more 1i all class
tires.

34

High Teacher Coverage and Low Student Achievement (Type
II Items)

These items, if they deal with important cunicular content.
are of concern. Teachers give the content high coverage but
students find it difficult.

Thaebot
Corm.

(% TassiSIO

Studost
Ackkiromat

(% Cornet)

EIGHTH GRADE (ITEM B-28)

ve#4 00..4 tooepe
100 %

75

50

25

0

23

60

75

100 %

In view qf the diffculty that students have with this item, perhaps this
content is better ledt until later grades, when students have developed
more in their ability to deal with a subject qf this complexity. Alternatively,
<forts could be made to fInd more effective ways to teach the content.

rl



TEACHERS TEACHING...STUDENTS LEARNING

Low Teacher Coverage and Low Student Achievement (Type
III Items)

These items, if they deal with important curricular content,
are of concern for a different reason than for Type II items.
Teachers are not teaching this contentand, correspondingly,
students find it difficult.

Teacher
Coverage

(% Taught)

Ste:tent
Achievement

(% Correct)

EIGHTH GRADE (ITEM A-18)

7h

60

25

25

50

75

1e0 %

x 3 6 P

y 7 Q 35

The table above shows
the values of x and y,
where x is proportional
to y. What are the
values of P and Q?
A P=14 & Q=31
B P=10 & Q=14
C P=10 & Q=31
D P=14 & Q=15
E P=15 & Q=14 A-16

As the data indicate, proportionality, as presented in a table format. Is
dtfficultfor eighth graders-even for the algebra students. It could well b
that prqfessional development workshops could be profitably devoted to
topics of proportionality-as it appears not cm ly in tabularforms, but in
varieties of problem contexts.

C4

35

Low Teacher Coverage and High Student Achievement (Type
IV Items)

These items are in some ways the most interesting. Teacher
coverage is low but students do well on them.

Teacher
Coverage

(% Taught)

Student
Achievement

(% Correct)

EIGHTH GRADE (ITEM CORE 19)

0"0,00ce to-
100 %

75

50

26

25

50

75

100 %

If P=LW and if
P=12 and L=3. then
W is equal to?

3
A

4-

B 3

C 4

D 12

E 36 Core 13

The content cif this item, requiring some understanding qf algebraic
relationships, is by no means trivial. The achievement q fstudents in every
class type is encouraging. Perhaps this content is given some attention in
the elementary grades.



TEACHERS TEACHING...STUDENTS LEARNING

With this background as to item types that were identified in
the Virginia International Mathematics Assessment Project,
further examples are provided.

Eighth Grade
High Teacher Coverage and High Student Achievement
Cry Pe n

Arithmetic

Teac er
Coverage

(% Taught)

Student
Achievement

(% Correct)

0.60 os of° b..
1.0* 0. icy 00

100 %

75

50

25

0

25

50

75

100 %

1 x -1 is equal to?
2 4

1

A

B 6-1

2ci
2

D
4

E 8
4-25

This routine arithmetic item received high coverage and was achieved
well by most of the classes.

36

Measurement

oet0, to'

Teacher
Coverage

(% Taught)

Student
Achievement

ete Correct)

MI
I U R U III 1
1 N U N
1 1

11 1

100 %

75

SO

25

so

75

100 %

A B
I--i 1 unit

if
The length of AB is 1
unit. Which is the best
estimate for the length
of PQ?
A 2 units

B 6 units

C ) units

J 14 units

E 18 units 0-8

This estimation task, receiving high teacher conerage, was relatively easy
for the students in all class types.
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Eighth Grade
High Teacher Coverage and
(Type I)

Geometry

Teacher
Coverage

(% Taught)

Student
Achievement

(% Correct)

High Student Achievement

100 %

75

50

25

25

50

75

100 %

8

One of the following
figures is congruent
to the figure above.
Which one?

A ' .6

B

6

4
E 8

9

C 77 74
4-16

Student achievement corresponcLs to teacher coverage for this item
testing conaruence. About one-half of the remedial classes were taught
the content and one-ha(f of the remedial students were able to do the item
correctly.

37

Algebra

Teacher
Coverage

(% Taught)

Student
Achievement

(% Correct)

100 %

75

50

25

25

50

75

100 %

The cost of printing greeting
cards consists of a fixed
charge of 100 cents and a
charge of 6 cents for each
card printed. Which of the
following equations can be
used to determine the cost
of printing n cards?
A cost=(100+6n) cents
B cost=(106+ n ) cents
C cost=(6+100 n) cents
D cost=(106 n) cents
E cost=(600 r.) cents 3_12

Formulating an algebraic expressiore frem a word problem was learned by
relatively large proportions of students-even in the remedial classes.
Note, however, that this topic was taught by yeru few teachers qj the
remedial classes (that is, for the remedial classes, it is a Type IV item).
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Eighth Grade
High Teacher Coverage and Low Student Achievement (Type
ID

Arithmetic

0, co,
Teacher

Coverage
(% Taught)

Student
Achievement

(% Correct)

Four 1-liter bowls of ice
cream were set out at a
party. After the party, I
bowl was empty, 2 were
half full, and I was three
quart( s full. How many
liters of ice cream had
been EATEN?

3D 1
4

A 34-3

3
B 2 4

C 2 2-1

E None of
the above

0-4

Teacher
Coverage

(% Taught)

Student
Achievement

(% Correct)

coo ce, 0,
100 %

75

50

25

o

25

50

75

100%

$150 is divided in the
ratio of 2 to 3. The
smaller of the two
amounts is?

A $30 D $90

B $50 E $120

C $60

4-32

These were items that involved arithmetic operations (such as subtracting fract ions orfinding ratios) but were imbedded iv a problem situation. Although
students seemed to be able to perform routine arithmetic computations, they were less successful in idenffying in aproblem context those operations that
needed to be peiformed.

38
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Eighth Grade
High Teacher Coverage and Low Student Achievement (Type
II)

Geometry

tosedo'
00'.

Teacher
Coverage

(% Taught)

Student
Achievement

(% Correct)

12

What is the value
of s ?

A 7

B 13

C 15

D 17

E None of
these

3-1

These items indicate that the Pythaisorean Theorem and aspects of
similarity are d(fflcult for students.

40

Teacher
Coverege

(% Taught)

Student
Achievement

(% Correct)

AO to pese oos fo'
100 %

75 If two triangles at:

so SIMILAR, which of the
following statements
is TRUE?
A Their corresponding angles

16 MUST be congruent

50 13 Their corresponding sides

MUST be congruent
75

C Their corresponding sides
100 % MUST be parallel

I) They MUST have the

same area

E They MUST have the same

shape and size 3-9

o

0 '-
..) -)
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Eighth Grade
High Teacher Coverage and Low Student Achievement (Type
II)

Geometry

tosedo'
00'.

Teacher
Coverage

(% Taught)

Student
Achievement

(% Correct)

12

What is the value
of s ?

A 7

B 13

C 15

D 17

E None of
these

3-1

These items indicate that the Pythaisorean Theorem and aspects of
similarity are d(fflcult for students.

40

Teacher
Coverege

(% Taught)

Student
Achievement

(% Correct)

AO to pese oos fo'
100 %

75 If two triangles at:

so SIMILAR, which of the
following statements
is TRUE?
A Their corresponding angles

16 MUST be congruent

50 13 Their corresponding sides

MUST be congruent
75

C Their corresponding sides
100 % MUST be parallel

I) They MUST have the

same area

E They MUST have the same

shape and size 3-9

o

0 '-
..) -)
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Eighth Grade
High Teacher Coverage and Low Student Achievement (Type
II)

Measurement

0°,
100 at

75

Teacher
Covenge

(tt Taught) 25

Okuda.' 25
AchlevemeM

% Cermet) 50

76

100 %

A solid plastic cube with
edges 1 centimeter
long weighs I gram, How
much will a solid cube
of the same plastic weigh
if each edge is 2
centimeters long?

A 8 grams
B 4 grams
C 3 grams
D 2 grams
E 1 gram

0- 10

The problem of finding th. volume of a cube whose edge is doubled is
difficult. not only for students in Virginia, but was a very difficult item
internationally.

41

Low teacher coverage and Low student achievement (Type III
Items)

Arithmetic

Teacher
Coverage

(% Taught)

Student
Achievement

(% Correct)

o "e0600
100 %

75

50

25

25

50

75

100 %

Matchsticks are arranged
as follows:

) 111:111)

If the pattern is continued,
how many matchsticks are
used in making the 10th
figure?
A 30
B 33
C 36
D 39
E 42 4- 12

These tended to be non-routine items, such asfinding patterns in numbers
or identifying relationships in a table. These items require higher-leuel
thinking skills.
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Eighth Grade
Low teacher coverage and Low student achievement (Type III
Items)

Algebra

Teacher
Coverer

(% neat)

Student
Achievement

(% Correct)

so, 0, 100-'04-

FrIll I
II NI 1

100 %

73

SO

25

0

25

50

75

100 %

x 36P
y 7 Q 35

The table above shows
the values of x and y
where x is proportional
to y. What art the
values of P and Q?
A P=14 & Q=31
B P=10 & Q=14
C P=10 & Q=31
D P=14 & Q=15
E P=15 & Q=14 1-16

This item may be classified as Type for as Type M, it depends on the class
tyPe-

0 L
.1

4 2

Algebra

Umber
coverage

T011kt)

Student
Achievement

(% Cornet)

Soda costs a cents for each
bottle, including the deposit.
but there is a refund of b
cents on each empty bottle.
How much will Henry have
to pay for x bottles if he
brings back y empties?

A ax+by cents
B ax-by cents
C (a-b)x cents
D (a+x)-(b+y) cents
E None of these

4-27

This item was, generally, not taught, except to the algebra classes.
Apparently, this content is not regarded as part qf the eighth grade
mathematics.

1

1
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Eighth Grade
Low teacher coverage and Low student achievement (Type EU
Items)

Statistics

Teacher
Cavern&

(Ob Taught)

Student
Achievement

(% Correct)

e°64.1. re4.

I-U W 1
1 II NI

100 %

7$

$O

25

0

25

BO

75

100 %

There are five black
buttons and one red
button in a jar. If you
pull out one button at
random, what is the
probability that you will
get the red button?

5
A 0 D 6

B
6

E

3-6

Aspects qj simple probability receive relatively little coverage by the
eighth grade teachers. Student achievement is correspondingly low.

43

Measurement

(%

*, 00, 1001.0400

pact tr
map
avabt)

III
MAIM I
=tent
meet)

100 %

75

50

as

0

so

75

100 %

The measure of the angle
shown is nearest to?

A 155
B 145
C 50
D 35
E 15

2- 17

The topic qj estimating the measure qj an angle, as illustrated by this
item, receives rather light teacher coverage.

1 01
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Eighth Grade
Low teacher coverage and High student achievement (Type
IV Items)

Arithmetic

Teacher
Coverage

(% Taught)

Student
Achievement

(% Conect)

100 %

78

50

25

25

50

75

100 %

162 x 45 is equal to?

A 1378

B 1458

C 5890

D 6290

E 7290

3-28

Items of this type may be part of the curriculum of the element ary grades
(that is, topics in grade school arithmetic with which the students are
relatively proficient).

102

44

Geometry

of 0, 103" aIge
100 %

76

Teacher 50
Coverage

(% Tmeght) 25

0

Student
Achievement

(% Correct) SO

75

100 %

The figure above shows
a wooden cube with one
corner cut off and shaded.
Which of the following
drawings shows how this
cube would look when
viewed from directly
above? 1-15

Spatial visualization, as represented by this item, was relatively easyfnr
all students. Again, the petformance of the remedial mathematics classes
is notet...1rthy.
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Eighth Grade
Low teacher coverage and High student achievement (Type
IV Items )

Stattstics

Usenet
Coven.

(% Taught)

Stalest
Achievement

(% Correct)

100 %

75

50

as

o

as

75

100 %

Joe had three test scores
of 78, 76 and 74, while
Mary had scores of 72, 82
and 74. How did Joe's
average compare with
Mary's?
A Joe's was 1 point higher
B Joe's was 1 point lower
C Both averages were

the same
D Joe's was 2 points

higher
E Joe's was q points

lower 2-9

Work with averages, as represented by this item, received little teacher
coveruge. Homever the item was fairly easy for all qf the eighth grade
students.

I 114
45

Measurement

$0" 00'

I eacher
Coverage

(% Taught)

ilkodent
Aehlevemeat

(% Cermet)

100 %

75

25

so

75

100 %

The area of the shaded
circle is what part of the
area of the larger circle?

4-9

Teacher coverage qf this estimation topic was light. However, student
achievement was rather good.

1 C5
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Twelfth Grade
High teacher coverage and High student achievement (Type
I)

Advanced Algebra

Topic: finding solution sets

Goff

Tearing
Coverage

re toglin

Otiedrat
Andwarrot

(le Canon)

The solution set for the
equation (1-2 x) (2+x)=0
is?

1 1A ;i.-21 D
..

B 1-1.21 E 12.-21

C 1-1.-21

2-14

46

Elementary functions

Topic: properties of functions

Teatime
Coverage

N neskt)

Stadeat
Mblevemost

I% Cocoon

If xy =1 and x iF ',A.eater
than 0. which of the following
statements is true?

A When x is greater than
1, y is negative.

B When x is greater than
1. y is greater than 1.

C When x is less than 1.
y is less than 1.

D As x increases y
increases.

E Asx increases. y
decreases 1-10

1 : 1
I ki i
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Twelfth Grade
High teacher coverage and Low student achievement (Type
In

Topic: trigonometric relations

100 %

75

25

0

OS

$O

71

100 %

An angle 0 is known
to be between 90 and
180 and cos2

25

The value of sin 20 is then?

A
24
25

7

25

24
25

4-7

47

Elementary functions

Topic: composition of functions

0,49

T1-.0 functions! and g are
defined byf (x). x-1 and
g(X)=(x +3)2.

g (f (x)) is equal to?

A (x-1)(x ,-3)2
B (x312-1
C (2x -2) 2
D (x +2)2

X 2+ 8

8-12

Note:For the calculus classes, this was a high coverage - high achievement
(Type V item.
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Twelfth Grade
Low teacher coverage and Low student achievement (Type
III)

Advar Iced Algebra

Topic: parametric equations

TCaC her

Coverage
(, 'taught)

student
Achievement

(% Gannett

What is the equation in
x and y of the curve with
parametric equations

1x=t

A x+y=1
B x + y
C x24-y2=4
D x 2- y 2=4

E 2x 2- y 2=4

6-8

48

Elementary functions

Topic: logarithmic functions

Thacker
Commits

eta 'taught)

Studont
Achievement

1% Correct)

co"
100 %

75

50

25

0

23

50

r5

100 %

Let y =4x 3, with x and
y taking positive real
values. When log x is
plotted against log g the
resulting graph will be?

A a single point
B a cubic curve
C a parabola
D a straight line
E an exponential curve

8-17

1 i
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Twelfth Grade
Low teacher coverage and High student achievement (Type
IV)

Advanced Algebra

Topic: vector operations

Teacher
Coverage

(16 Tanthe)

Stedmit
Achievement

(% Cermet)

1 ; 2

PQRSTII is a regular
hexagon in which iv
represents vector IC gR
represents vector Wand RS
represents vector U. PT
represents?

A 2 1.7+

i

B V+ + tti P T g
C 2( 11+1.7+0)
D 2 17+17+0
E T+ 7-15

49

Probability

Topic: elementary theoretical probability

Teseb-v
Commie

Timel%)

5tmleat
Addevemeat

1% Correa)

.04#
100 %

75

50

25

0

25

50

75

100 %

A set of 24 cards is num-
bered with the positive
integers from 1 to 24. If the
cards are shuffled and if
only cne is selected at
random, what is the proba-
bility that the number on
the card is divisible by 4
or 6?

A 6 D

5 5B 24 E
12

c I4 4 -14



IMPLEMENTING SIMS AT THE LOCAL LEVEL

Rationale for the Targeted Study
The purpose of the Virginia International Mathematics

Assessment Project was to develop a model for program assess-
ment and evaluation at the state and local school levels in order
to provide detailed high quality data that would be of use to
curriculum supervisors, classroom teachers, and others in as-
sessing the current curriculum and in identifying new directions
for improvement. Hence, in order to look at the usefulness of the
SIMS model at the local level, a study of the mathematics
prowams in two selected school divisions was conducted.

Target Populations
The target populations for the local school divisions were the

same as those for the state study. This included all students
enrolled in mathematics classes at the eighth grade level (Popu-
lation A) and students enrolled in mathematics classes at the
twelfth grade level having a prerequisite of two years of algebra
and one year of geometry (Population B).

What Did the Targeted Study Involve?
All classes in the target populations for both school divisions

were tested. There was one significant difference between the
study at the local level and the study at the state level.

A pre-test and post-test were administered. This provided
data on student achievement both at the beginning and at the end
of the school year. The Pre-test data provided baseline data for
teachers to use during the school year.

Orientation for School Personnel. An orientation meeting
was held for administrators and teachers of the mathematics
classes selected for the study. Participants were briefed on the
purpose of VIMAP and the role the targeted school divisions
would serve in the assessment project. Also, the curriculum
analysis, which assessed the adequacy of the international test
items for use in Virginia, :"As discussed.

1 14
50

During the meeting, teachers were told which of their classes
would be involved in the project and given instructions on what
their responsibilities would be. Teachers were given individually
prepared student packets af materials for each of their classes.
Student packets contained test forms, answer sheets, and a
student questionnaire. Teacher questionnaires and other mate-
rials were also distributed at the meeting.

Testing. Students in the targeted classes were tested 600n
after the beginning of the school year. The eighth graders
answered the Core Form test and one of four randomly assigned
rotated forms; the twelfth graders were randomly assigned two of
eight rotated test forms. Students were asked to fill out the
student questionnaire providing valuable background informa-
tion for curriculum and instructional use.

Interoretation and Use of Pre-test Results. The States
Mathematics staff met with the participating teachers in each
school division separately to assist them in interpreting pre- test
results. Teachers were given the achievement results of each of
their classes by test form and by item. Summary data for the
Population A schools and for the Population B schools were dis-
cussed and suggestions were made on how the data might be
u sed.

Teachers analyzed the data in light of what mathematics
they had taught prior to pre-testing and the content yet to be
covered in the local cuniculum. The analysis of data was used
to focus instruction on content the teachers considered impor-
tant and where achievement was low.

Post-testing. The targeted mathematics classes were post-
tested near the end of the school year. The same test forms taken
in the beginning of the year were used. This made it possible to
evaluate the achievement during the school year. Also, data from
the post-test col ild be compared with state and international
estimates.
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Analysis of Eighth Grade Data
The pre-test and post-test achievement results were re-

norted for each class and for all eighth grade classes in the school
divisions. Achievement on items appearing on the Core Form was
reported by groups of students taking each of the four rotated
forms. The tables below illustrate the types of information
reported.

The analysis of achievement included a summary of the test
statistics for all items on a given form. A;i example, of a pre-test
summary report appears in the table below. Individual class
reports give the same types of information.

Pre-Test Summary of Statistics on Core Form Items

Number of items 40 Possible low score 0
Mean score 14.30 Possible high score 40
Median score 14.86 Obtained low score 0
Standard Deviation Obtained high score 13
Reliability (KR-20) Number of scores 98
S.E. of Measurement Blank scores 0

Invalid scores 0
Valid scores 98
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The analysis of achievement also included information on
each test form by item. Five quintiles of achievement scores were
established for overall student achievement on each form. The
number and percent of students in each quintile who answered
the item correctly was reported. Also, the percent of students
overall who answered the item correctly and each of the distrac-
tors is given.

Percent of Correct Responses by Fifths
Quintiles

1st +
2nd+
3rd -1

4th +
5th +

+ + + + + + + + + + +

0 10 20 30 40 50 60 70 80 90 100
Percent

Statistics in the graph abme were taken from the following item.

Item 1: 2 meters + 3 millimeters is equal to

A. 2.0003 meters
C. 2.03 meters
E. 5 meters

*B. 2.003 meters
D. 2.3 meters

93 is the correct choice
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The number of students in each quintileand the percent of
students overall who chose the correct answers and each distrac-
tor is given in the chart below.

IM11,

Matrix of Responses By Fifths

gull:tiles Answer Choices
A (B) Omit

Number of Students

I st 0 17 o o o 2

2nd 1 10 o 0 5
3rd 0 16 0 0 0 6
4th 9 17 0 0 0 5
5th 0 7 0 0 0 12

Proportion of Students Answering
.01 (0.68) 0. 31

Discriminating actor
.06 (0.32) 0 - 0. 34

The three preceeding tables illustrate the types of in-
formation reported in the item analysis using a specific test item
from the Core Form. The data is a sample from a pre-test
summary report. Individual class reports give the same types of
information.
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Analysis of Twelfth Grade Data
The pre- and post-test achievement results were reported by

test form and by item for ach class and for all twelfth grade
classes in the targeted study. Achievement data was reported in
the same way as the eighth grade population.

Comments on Implementation at the Local Level
The implementation was successfully carried out with little

disruption to the schools involved. The evaluation process pro-
vided the impetus for teachers and school administrators to
examine their mathematics curriculum alid to make sound
educational decisions about changes needed. The two school
divisions were also able to compare the achievement results of
their students to both the Virginia and SIMS data.

The experience caused teachers to reflect on instructional
practices and to question the importance of some topics that are
currently taught. The opportunity to examine an international
mathematics curriculum provided an inservice in and of itself.

The data provided information that will assist the local
schools in monitoring and assessing their curricula, their in-
service activities, and their student performance from a state and
an international perspective.
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SUMMARY

Eighth Grs.de Findings

1. Overall. the mathematics achievement of eighth grade stu-
dents in Virginia public schools exceeds that of eighth grade
mathematics students across the United States. In the
content areas of arithmetic, algebra, and statistics. Virginia
students scored higher than the U. S. average: in geometry.
they are idc ntical: and in measurement. Virginia students
scored only one point lower than the U. S. average. In
addition, Virginia students scored higher than the interna-
tional average in three of the five topic areas (arithmetic.
algebra and statistics).

2. In Virginia as in the United States as a whole, there is not just
a single eighth grade mathe.natics curriculum. Instead.
there is the typical country-wide pattern of four distinct
eighth grade mathematics programs: Remedial (for low-
achieving students): General (for average studer...$): Pre-
algebra (for above-average students): and Algebra (for accel-
erated students).

3. The four programs differ greatly in terms of the kind and
extent of mathematics content. The Remedial students are
provided, mainly, with topics from arithmetic, with little ex-
posure to geometry or algebra. The General students are
offered a review of topics in arithmetic and some exposure
to topics in geometry, algebra and statistics. The Pre-
algebra students are provided more content in algebra 7. nd

geometry than are the General students. The Algebra
students are offered, typically, a freshman algebra course.
These algebra students are, however, offered little geometry.
probability, or statistics.

4. As a general pattern in Virginia (as in the United States as
a whole), the level of achievement of eighth grade mathemat-
ics students corresponas to the amount of mathematics that
they are taught. For example. in algebra, the students in the
Remedial classes have the lowest achievement scores (they
are taught very little algebra). and the students in the
Algebra classes have the highest scores (they are taught a
relatively large amount of algebra).

5. Some mathematics topics are relatively easy. on average, for
students in all four eighth grade mathematics programs,
even if the topics have not been taught at the eighth grade
level. For example. spatial visualization was reported as not
having much coverage in any of the four eighth grade
programs. However, student achievement on items dealing
with this topic was rather good ( and at about the same level)
in all four programs.

6. Other mathematics topics (for example, the Pythagorean
Theorem) appear to be relatively difficult for most eighth
grade students, even though the topic receives high teacher
coverage. Such topics, if considered important for the eighth
grade curriculum, would appear to need more effective
instructional approaches (including, perhaps, the use of
technology).

7. Eighth grade students tend to have positive attitudes about
mathematics. They want to do well in mathematics and
would like to work at a job that uses mathematics.



Twelfth Grade Findings

1. The achievem rat of twelfth grade advanced mathematics
students in Virginia is, on average, a few points higher than
that of their counterparts across the United States. Espe-
cially noteworthy is the higher Virginia achievement in
algebra and calculus.

2. In most countries, (according to the SIMS report) all ad-
vanced matnematics studerh_ welfth grade) take calculus.
Virginia, however, is like the United States as a whole in that
only about one-third of the advanced students are enrolled
in calculus classes.

3. The achievement of the calculus students in Virginia is
relatively high--about 8 percentage points above their U. S.
counterparts and 11 points above the .nternational average.
The achievement of the twelfth grade pre-calculus students
was, like that of pre-calculus students across the United
States, rather low. For example, performance was weak on
many aspects of routine algebra content.

4. Some mathematics topics. for example, exploring basic
properties of a function, received high teacher coverage and
tend to be easy for advanced mathematics students. Other
topics, such ..4s elementary probability theory, are found
easy by students even though they tend not to be covered
by teachers of the target classes. Still other topics are
difficult, even though they receive high teacher coverage--for
example, dealing with certain trigonometric relationships.

5. The attitudes of the twelfth grade students toward mathe-
matics tend to be positive. They believe that knowing mathe-
matics will help them get a good job and that their parents
want them to do well in the subject.
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. . the central problemfor today and

tomorrow is no longer access to

school. It is access to knowledge

for alL The tnie challenge is that of

assuring both equity and quality in

school programs.
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J. Goodlad

(1985b)
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Achieving Excellence in Mathematics in Virginia's Schools:
Some Recommended Next Steps

1. Upgrading the content of the curriculum

In Virginia. the eighth grade mathematics that is available to
most students includes repeated visits to grade school arithme-
tic. As the SIMS report for the United States has observed, from
an international point of view, eighth grade mathematics in the
U. S. resembles much more the end f elementary school than the
beginning of secondary school (The Underachieving Curriculum,
page 95). The content of the curriculum should therefore be
upgraded to reflect recent developments in mathematics and the
demands of society and post-secondary education for quantita-
tively literate high school graduates. Data from this report. the
Virginia SOL for Mathematics and national efforts such as the
report of the National Research Council (1989), Everybody Counts,
provide useful guidelines for such curriculum reform a.1Mty.

2. Restructuring the eighth grade mathematics curriculum

In Virginia, as in the United States, there is not an eighth
grade curriculum. Instead, there are four programs that differ
greatly in the amount of mathematics made available to stu-
dents. The lower-ability students, in particular, are provided
mainly a repetition of topies in arithmetic from the grade school
curriculum. The eighth grade curriculum should be restruc-
tured so that all students have the opportunity to learn some-
thing of the power and utility of mathematics. The Virginia
international Study has demonstrated, that as students' oppor
tunity to learn topics in mathematics increases, their achieve
ment tends to increase accordingly. Again, data from VIMAP,
SOL, and certain national studies provide important guidelines
as tr, what should be included in this common core of mathemati-
cal knowledge, not only for eighth grade, but for each grade K-12.
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3. Increasing the number of students who study mathematics:
A PUMP, NOT A FILTER

Everybody Counts the report of the National Research
Council (1989), has observed that, "more than any other subject,
mathematics filters students out of programs leading to scientific
and professional careers... on avcrage, we lose half the students
from mathematics each year (from ninth grade through graduate
school)..." (page 7). In Virginia, we need to find ways to retain
more students in academic mathematics courses through high
school. This can happen as the result of a variety of factors. For
example, recommendation 1 can, among other things, serve to
make mathematics a more attractive subject to study. Recom-
mendation 2 will provide more youngsters with a better view as
to what mathematics as a field of study is all about. Further-
more, if we seek to increase empllments in mathematics courses,
we should capitalize on the positive attitudes of Virginia students
toward mathematics. As noted in our report, large proportions
of our students believe that it is important to know mathematics
in order to get a good job. Students overwhelmingly feel that their
parents wart them to succeed in mathematics.

4. Clear expectations for achievement

As new instructional programs are put into place, it will be
important to clarify for students the expectations for achieve-
ment that go along with these programs. An important part of
this implementation phase will be effective methods for assessing
how much mathematics students learn, and how they learn it.
We need mathematics assessment that matches the state's
curriculum and focuses on what students know and can do,
rather than what they do not know. The NCTM Curriculum and
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Evaluation Standards for School Mathematics provides useful
guidelines as assessment procedures are established at the
classroom, school, and division levels.

5. Classrooms as places for the teaching and learning of
matltematics

In Virginia, as in the United States as a whole, mathematics
classrooms tend to be textbook-dominated. In many cases,
relatively little use is made of instructional resources such as
video-tapes, mathematical models or manipulatives. Instruc-
tional use of computers and calculators as reported by teachers
is rather limited as well. Ways should be found to enrich the
climate of the mathematics classroom, providing forevery young-
ster tht experience of encountering mathematical ideas in a
supportive, exciting, and productive environment.

.1 'If'4, )
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Epilogue
In the early 1980s, the National Science Board prepared for

the National Science Foundation and the American people a
report th^t outlined a plan of action for "improving mathematics,
science and technology education for all American elementary
and secondary students so that their achievement is the best in
tne world by 1995" (Educating Americans for the 21st Century,
1983). In the intervening years since the publication of that
report, many initiatives at the national, state, and local levels
have been undertaken to help accomplish the ambitious goals of
the National Science Board. The Virginia International Mathe
matics Assessment Project is an important part of the ongoing
commitment we have to help assure that our students will
continue to benefit from the vision of excellence of the National
Science Board and of our state Department of Education.

"Our mission is to prepare students

for life in the 21st century. We

must empower our young people

with the skills and knowledge

necessary to succeed in a world

that has not yet been defined."

Governor Elect L. Douglas Wilder
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List of Technical Reports
Over and beyond the Main Report for the Virginia Interna-

tional Mathematics Assessment Project, there are five technical
reports. A brief description of each report is listed below. These
reports are available on a limited basis from the Commonwealth
of Virginia; Department of Education; Mathematics Service; P.O.
Box 6Q; Richmond. Virginia 23216-2060.

I. Virginia International Mathematics Assessment
Protect: Mathematics Counts in Virginia "Technical
Report I: Data Summary"

This report includes a summary of data from all question-
naires and all instruments used in the Study to collect data. This
includes information from the Student Questionnaire Population
A and Population B, Teacher Questionnaire Population A and
Population B, Teacher General Classroom Processes Question-
naire Population A and Population E School Questionnaire
Population A and Population B and Opportunity to Learn and
Achievement Questionnaires for Population A and Population B.

II. Virginia International Mathematics Assessment
Project: Mathematics Counts in Virginia "Technical
Report II: Test Instruments"

This report includes a copy of each test booklet used in the
study for both Population A (eighth grade) and Population B
(twelfth grade).
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III. Virginia International Mathematics Assessment
Project: Mathematics Counts in Virginia "Technical
Report III: A Guide for Replicating the Second Interna-
tional Mathematics Study"

This report is intended to serve as a guide for schools, school
divisions and/or states for replicating the Second International
Mathematics Study. It includes detailed information on the steps
to follow in carrying out a study.

IV. Virginia International Mathematics Assessment
Project: Mathematics Counts in Virginia "Technical
Report IV: Teachers Teaching...Students Learning"

This report includes a classification of each test item used in
the Virginia International Mathematics Assessment Project ac-
cording to teacher eoverav and to student achievement. As a
result, the information therein allows the reader to take a detailed
look at the teaching and learning of specific mathernatkal topics.

V. Virginia International Mathematics Assessment
Project: Mathematics Counts in Virginia "Technical
Report V: Sampling"

This report includes a description of the Sample Design for
the Virginia International Mathematics Study for each of the two
populations, Population A and Population B. The report also
includes information that may be helpful to someone planning to
replicate SIMS, such as: purpose of the sampling activities,
procedures used to draw samples, quality control procedures
and other such information.
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Design of Samples for Statewide Mathematics Assessment in
Virginia

Target Populations
The target populations for the study are:

Population A: Students enrolled in mathematics classes
offered at the eighth grade level.
Population B: Students enrolled in mathematics classes
at the twelfth grade level (classes requiring a prerequi-
site of two years of algebra and one year of geometry).

The study is limited to regular public schools in Virginia.
Private schools are not included. According to Virginia Depart-
ment of Education data, in the 1985-1986 school year. public
schools had 95 percent of enrollment at the 8th grade level in
public and private schools in Virginia. and 95 percent of enroll-
ment at the 12th grade level.

Sample Design -- General
The sample for earth of the two student populations was a

three-stage probability sample of students designed to be ap-
proximately self- weighting: i.e.. to give each student in target
population approximately the same probability of selection for
assessment. The sample of schools for students of 12th grade
mathematics were selected independently of the sample of schools
for iudents of 8th grade mathematics. Eligible mathematics
classes in schools selected in the sample were the secnnd-stage
sampling units.

At each grade level there are sets of test items in separate
booklets rotated among students in the study sample. paralleling
the design used in the Second International Mathematics Study.

1 3 (a
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The study design specified that all students in the sampled
classes be tested. Within a class the booklets were spiralled
(rotated) so that a fraction of the students responded to any item
that appears in only one of the booklets (i.e., a spiralled item).
This constituted the third stage of sampling. The design at each
grade level differed somewhat in the following way. In the eighth
grade, four spiralled (rotated) forms were used, together with a 40
item test (core test) taken by all students. In the twelfth grade,
eight rotated forms were used: a core test was not used.

The number of schools and students to be selected for each
of the populations waf determined, on the basis of available data
on components of variance in the U.S. SIMS study, to meet
sampling reliability objectives for the assessment. These objec-
tives were to provide estimates of the percent of 8th grade
students who would correctly answer a given test item, with a
standard error of 5 percentage points at the ninety-five percent
level of confidence, and similarly for 12th grade students. It was
also an objective to provide estimates of the average percent of
items correctly answered by 8th grade students and 12th grade
students. The standard errors for these estimates would be
expected to be smaller than the standard error for individval
items.

Sample Design -- Sth Grade Level
The sample for students of 8th grade mathematics was

based on a stratified sample of 52 schools. Twenty-six strata of
eligible schools were established, each representing approxi-
mately the same number of 8th grade mathematics classes. and
a sample of two schools was randomly selected per stratum.

For purposes of stratifying schools, the average 8th grade
SRA mathematics score for each School Division for the previous
school year and enrollment by school was available centrally.

I 3 i
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School Divisions having 8th grade enrollment of 500 students or
more were asked to provide the average 8th grade SRA mathe-
matics score for each school in the Division. These divisions
accounted for approximately seventy-five percent of 8th grade
enrollment. In the stratum of large divisions schcols were
stratified by their average SRA mathematics scores, and in the
stratum of Divisions with 8th grade enrollment under 500,
schools were stratified by division average 8th grade SRA mathe-
matics score. Four strata of SRA scores were defined. Within
each of these strata, schools were further stratified by enrollmtnt
size and sampling strata defined so as to represent approximately
an equal number of 8th grade classes. A sample of two schools
per stratum was then selected with equal probability, and an ex-
pected four classes subsampled per selected school. (Schools
estimated to have fewer than four 8th grade classes were sampled
at the overall rate and all classes in the selected schools were
included in the study.)

For sampling classes within schools, the selected schools.
were asked to provide a list of their 8th grade mathematics
classes with some indication as to ability grouping, if any, by
class within school. Small classes were grouped as feasible to
provide sampling units of approximately the same size. The
sampling units were then randomly selected. In large schools the
classes were further grouped into two strata within the school
prior to sampling and two sampling units were selected per
stratum.

Sample Design -- I2th Grade Level
The design for a sample of students in 12th grade level

mathematics classes (Population B) paralleled that for the sample
of 8th grade students.

1 "I ''.,)
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Twenty-six strata of eligible schools were established, and
schools were selected by simple random sampling per stratum.
Schools were stratified by two criteria: (1) average 1 1 th grade
SRA mathematics score for the school based on the most recent
testing or, if not available, the average for the Division to which
the school belongs: and (2) a me-sure of the size of enrollment in
the 12th grade level mathematics. Four strata of SRA scores were
defined, and within these, schools were further stratified by
mathematics enrollment size. Average score by school was
available for schools having about 90 percent of the eligible
enrollment. The measure of enrollment size (MOS) used for the
size stratification of individual eligible schools was based on
centrally available data by schools as to enrollment in the 12th
grade level mathematics classes (E), as follows:

E MOS

under 100
100-199

200 and over

1

E/23.1 rounded up
E/25.1 rounded up

Strata were defined to be of approximately equal size in
terms of the MOS. A sample of two schools per stratum was
selected with equal probability and 12th grade level mathematics
classes wLre subsampled to provide an approximately self-
weighting sample with an expected 100 eligible students tested
per school. There are 194 schools with estimated 12th grade
enrollment under 100. These were sampled at the overall student
rate and all students in the selected schools were tested.

There were 8 test booklets but two testing sessions per
student so that, again, any spiralled test item was taken by a
fourth of the students.
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Summary of the Sampling and Cooperation Rate
The final results for the sampling and testing are as follows:

Population A Population B

(regular 8th grade (12th grade level
mathematics mathematics

classes) classes)

Schools

Number in sample 52 52
Number cooperating 51 51

Cooperation rate 98 % 98 %

Eligible mathematics classes

Number in sample 216 169
Number not approached 2

Net 209 169

Number testee 209 169
Cooperation rate 100 % 100 %

MINNIIMI

Eligible students

Enrollment in tested classes 4.612 3.500
Number tested (records

in the assessment file) 4.506 3.331
Cooperation rate 95 % 95 %
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