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Preface

Some 25 years ago, in the wake of the launching of Sputnik by the
Soviet Union, the United States embarked on a reform of science
and mathematics education. The primary objective then was to
ensure that a sizable number of students would be motivated to
choose scientific and technical careers and would be well educated
to do so. Today, again, the United States is erabarking on a reform
of science and mathematics education. But the present call for
reform embraces a larger mission: not only to meet the country’s
need for scientific and technical manpower, but also to ensure
scientific and technical literacy for all students. Students must be
prepared for the changing requirements of a society more and more
heavily linked to rapidly advancing technology, no matter at what
stage they terminate formal education.

To help assess the degree to which this an:bitious new goal is
approached, the National Research Council estabhshed o Commit-
tee on Indicators of Precollege Science and Mathematics Education.
Many efforts are already under way to improve the teaching and
learning of mathematics and science by all students in elementary
and secondary school. To understand the impact of these efforts
and make them more effective in the future, it is important to be
able to monitor the condition of science and mathematics education
in the nation’s schools. And for that monitoring, assessment
measures—indicators—must be available. The committee was
charged with developing a framework for an efficient set of in-
dicators, filling in the framework as far as possible with existing
data to provide a baseline, and suggesting what data and analvses
will be needed in the future for a continuing portrayal of the condi-
tion of precollege science and mathematics education.

This report presents the committee’s work, based on a review of
information and data currently available. As the title of the report
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indicates, it is a preliminary study, but we hepe one that lays a solid
foundation for the next tasks, to be performed by a successor
committee that will include mathematicians and scientists as well as
experts in educational research and data. Under the chairmanship
of John G. Truxal, Department of Technology and Sociology, State
University of New York at Stony Brook, the successor committee
will address the important goal of developing imaginative new
indicators. It will also continue to consult with state departments of
education and will initiate communication with local school dis-
tricts to help build a coordinated monitoring system for mathemat-
ics and science education. The new committee will be helped in its
work by other National Research Council activities, for example,
the Committee on Research in Mathematics, Science, and Technol-
ogy Education, which is examining what research needs to be done
to address critical substantive issues pertaining to the improvement
of mathematics and science education.

We wish to acknowledge the assistance provided to our commit-
tee by a number of state officials; their names are listed in the
Appendix. As the work of the successor committee proceeds, the
help of state and local education authorities will continue to be
needed to bring about a monitoring system for science and mathe-
matics education that is useful at all levels of educational govern-
ance.

The committee extends to Senta A. Raizen, study director, its
greatest expression of gratitude: without her initiative, persever-
ance, and enthusiastic dedication to our task, this report could not
have been written.

LYLE V. JONES, Chair

Committee on Indicators of
Precollege Science and Mathematics
Education

vi
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Introduction and Summary

INTRODUCTION
Background

In the last 2 years, concern over the state of science
and mathematics education in the schools of the United
States has become a prominent topic on the public agenda.
Special commissions and task forces have emphasized the
importance to the nation of adequate student preparation
in science and mathematics. For example, the National
Science Board Commission on Precollege Education in
Mathematics, Science and Technology (National Science
Foundation, 1983:1) states that "improved preparation of
all students in the fields of mathematics, science and
technology is essential to the maintenance and develop-
ment of our Nation's economic strength, to its military
security, to its commitment to the democratic ideal of an
informed and participating citizenry and to fulfilling
personal lives for its people.®” The Task Force on
Education for Economic Growth (1983) in the repcri Action
for Excellence views the declining exposure of students
to technical subjects as a serious problem that threatens
to become more so as American workers face increasing
technological demands. The Report of the Twentieth
Century Fund Tagk Force on Federal Elementary and
Secondary Education Policy (1983) presents the view that
training in mathematics and science is critical to both
the nation‘s economy and polity--to the economy by
ensuring that there are ample personnel who are capable
of filling the increasing number of jobs demanding these
skills, and to the polity by providing citizens with the
education in science that is essential if they are to
participate intelligently in political decisions about

1
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such controversial issues as radiation, pollution, and
nuclear energy. The National Commission on Excellence in
Fducation (1983) recommends that schooling now include
"five new basics®: in addition to 4 vears of BEnglish and
3 years of social studies, all high school students
should study no fess than 3 years of mathematics, 3 years
of science, and 1/2 year of computer science.

These national bodies, convened with private or gov-
ernmental sponsorship, agree that there are serious
problems in precoliege mathematics and science education
and that those problems may constitute a thr.at tn the
economic future and to the security of our nation. Other
groups, sponsored by a number of states, have reached
similar conclusions. The reports suggest that many U.S.
students are leaving high school without adequate
preparation in science and mathematics, whether for the
job market or for continuing their education. The reports
also identify specific school deficiencies: teacher
shortages, inadequate curricula, low standards of student
performance.

According to som: critics (see, for example, Peterson,
1983; Stedman and Smith, 1983), however, not all of the
conclusions of the national commissions are adequately
documented. Yet the expressed concerns about deficiencies
already have led to initiatives by government and by the
private sector at the national, state, and local levels.
Legislation passed by Congress in 1983 made available
funds to the National Science Foundation to be invested
specifically in training mathematics and science teachers
and in providing improved instruction in these fields,
and there were further congressional appropriations in
1984. More than 40 states either have increased high
school graduation requirements in mathematics and science
or are considering an increase in requirements (Education
Commission of the States, 1983). University systems in
several states have announced higher admission require-
ments. State and local initiatives provide in-service
educaticon in mathematics or science for teachers already
practicing and encourage college students to embark on
careers in mathematics or science teaching. Private
corporations are donating equipment, providing training
and research experiences for teachers and students, and
lending staff members to the schools for special programs.

The renewed interest and investment in precollege
mathematics and science education make it especially
important to understand the current condition of these
fields and to be able to track future changes. Two major
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reports on education released ; nently have urged that
edicational progress be systematically monitored. The
Nzotional Science Board Commission (National Science
Foundation, 1983:12) recommends:

The Pederal government should finance and maintain
a national mechanism to measure student achievement
and participation in a manner that allows national,
state and local evaluation and comparison of educa-
tional progress . . . [an] assessment mechanism is
needed to enable local communities, States and the
Nation to monitor their progress toward improving
mathematics, science and technology skills among
elementary and secondary students and to incorporate
such information into their program development
activities. . . . The Commission firmly believes
that achieving its educational objectives requires
regular monitoring of educational progress, and
that such monitoring will itself increase the speed
of change.

The report of the Carnegie Foundation for the Advance-
ment of Teaching {(Boyer, 1983) recommends that new student
achievement tests be developed. They would be linked to
the content of the high school curriculum and would be
given to all students toward the end of high school to
evaluate what students have learned.

Even before the issuance of these reports, the National
Acadeny of Sciences and the National Academy of Engineer-
ing {1982) had expressed concern about the status of pre-
college science and mathematics education and also about
the facilities available for monitoring the nation's
educational progrerfs. A natinnal convocation on pre-~
college science and mathematics education held by the
Academies drew attention not only to the problems but
also to the lack of adequate information regarding
teachers, enrollments, and other important issues.

To lay the foundation for the development of a
monitor ing system for use at the national, state, and
local levels, the Committee on Indicators of Precollege
Science and Mathematics Education was created in 1983,

The committee is charged with proposing a framework for

an efficient set of education indicators, filling in the
framework to the extent possible with existing data, and
suggesting data and data analyses that will be needed in
the future for a continuing portrayal of the condition of
precollege science and mathematics education. This report
covers the first phase of the committee'’s work.,
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4
Scope of Report

In the work discussed in this report, the committee
selected a preliminary set £ indicators, based on the
kind of information that is generally requested by people
making decisions about education and on which some data
have been collected. The committee also reviewed the
information currently available on selected indicators
and has provided some findings on temporal trends and
comparisons with other countries. Lastly, the committee
has judged the extent to which the available information
can serve to construct indicators and has made recommenda~
tions for improvement.

This report is a preliminary statement rather than a
definitive document on indicators. It represents a first
attempt to select indicators of precollege mathematics
and science education that might be constructed over the
short range and presents the committee's recommendations
for improving the information pertinent to the selected
indicators. The report is addressed primarily to the
agencies that are most likely to develop and publiian
education indicators for science and mathematics, the
National Science Foundation, the Naticnal Center for
Education Statistics, the National Institute of Bduca~
tion, the International Association for tli: Evaluation of
Educational Achievement, as well as co state ond local
offices of education. It is also nddressed to a wider
auadience of educators, ecducational researchers, scientists
and mathematicians, with the intent of stimulating
critical comment that may help to advise those agencies.

This report has several limitations. The committee
was asked to prepare a preliminary report promptly. Both
the shortness of time and budgetary restrictions placed
constraints on its work. As a conseguence, the committee
chose to restrict its scope to indicators that can be
constructed from information already being collected at
the national, state, or local levels or that could be
collected by a modest extension of present data collection
activities.,

In this report the committee summarizes conclusions
and makes recommendations regarding the quality of avail-
able information and its suitability for the selected
indicators. The committee also derives from the data
some f£indings about the current condition of science and
mathematics education. 1In its interpretation of cited
studies, the committee routinely has focused only on

-4\
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statistically significant results as indicated by the
standard errors reported in the original sources.

The committee does not provide value judgments about
the findings derived from the studies and data cited. 1t
is the committee’s view that such judgments should be made
by educators, scientists, legislators, school boards,
parents--all those concerned with the quality of education
in this country-~based on a clear understanding of current
conditions and trends., The report tries to further this
understanding; it is not intended to be a certificate of
health or a report card on tne nation's mathematics and

science education.
The committee makes no attempt in this report to .aves-

tigate underlying causes of the observed conditions
Effective education policy requires, first, an understand-
ing of current conditions, second, a definition of
preferred conditions, and, third, an appreciation of

means for changing current to preferred conditions, which
in turn requires an understanding of their causes. This
preliminary report deals only with a portrayal of current
conditions; it does not define preferred conditions, nor
does it discuss how changes leading to the preferred
conditions might be brought about.

When projections about conditions over the next
several years are given, as in the section on teachers,
they are based on extrapolations of current modes of
school operation and on predictable changes such as
demographic trends. Possible structural reforms of the
present system, for example, that might accompany the
application of information technology to education, or
major alterations in the school curriculum with respect
to the content and sequencing of mathematics, science,
and perhaps newly added technology instruction, would
alter the projections.

Logical next steps in the development of an adequate
monitoring system would entail considering more imagina-
tive and less conventional indicators that might serve to
guide policy for mathematics and science education, con-
sidering indicators that might be useful in the context
of possible changes of structure or function in the
education delivery system, and, of course, designing
better data gathering methods and analyses for all
indicators. 1In the next phase of the work, these
objectives will be addressed.

o
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SUMMARY

The first section of this summary presents a short
discussion, given in greater detail in Chapter 2, of the
reasons for choosing particular schooling variables as
the basis for constructing indicators. Subsequent sections
of the summary provide the committee'’s findings, conclu-
sions, and recommendations on the selected indicators
related to teachers, curriculum content, instructional
time and course enrollment, and student achievement in
science and mathematics.

Selecting Indicators

A large amount of statistical data and research in-
formation on education in general is available. At the
national level, the National Center for Education
Statistics (NCES), a component of the Department of
Education, publishes two major compilations annually.

The NCBES and other components of the Department also
sponsor periodic surveys--for example, the National
Longitudinal Study of 1972 (NLS 1972) high school gradu-
ates and High School and Beyond Study (HSB), a survey of
1980 sophomores and seniors and 1982 seniors--that provide
information on student enrollment and achievement,
although information specific to mathematics and science
education is limited. The Department, through the
National Institute of Education, also supports the
National Assessment of Educational Progress (NAEP), which
has gathered information nationwide on scholastic achieve-
ment {including mathematics and science achievement) and
student attitudes since 1969. The ilational Science
Foundation (NSF) has special responsibility in the area

of science and mathematics education: it has sponsored
studies on science and mathematics in the schools and
published information from them and other sources. Both
NCES and NSF have provided support for U.S. participation
in the studies conducted by the International Association
for Evaluation of Educational Achievement (IEA).

Every state also has its own data collection system,
much of it devoted to fiscal, demographic, and managerial
information, but also including data on enrollments,
personnel, and student assessment, although there is
considerable variation in the types of data collected by
states and in the manner of collection., ({Examples of the
types of data collected by states are gyiven in the

s
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Appendix.) The larger local education districts similarly
collect information they find necessary for their internal
operation as well as data requested by the state agencies.
Information systems of local education districts exhibit
an even greater diversity than those of the state systems.
Thus, considerable data are available on precollege
sci2nce and mathematics education, but they are derived
from diverse sources, address similar questions differ~
ently, and leave some pertinent issues unaddressed. To
begin the developmen: of an orderly monitoring system,
the committee's first task was to select a limited set of
variables and measures deemed essential to portraying the
state of science and mathematics education. The committee
chose to concentrate on variables generally identified as
critical to the condition of education and on which there
were some data and information available. The ocutcomes
of science and mathematics education were considered
first, followed by the schooling processes and inputs
that can be associated with the selected outcomes.

Qutcome Variables

The primary yocal of instruction in science and
mathematics is student learning. The most explicit
student outcome, and one that can be tied directly to
schooling variables, is the knowledge and skills gained
by students, that is, student achievement in science and
mathematics. Hence, the first, most obvious ocutcome
variable the committee selected is student achievement.

A second outcome often desired from instruction in
these fields is the development of more favorable student
attitudes toward science and mathematics. At this time
the committee is not giving emphasis to indicators on
attitudinal variables because their relationship to the
primary goal of student achievement (or to later-life
outcomes) is not clear. Other outcomes considered by the
committee included choice of college majors, choice of
careers, and later career paths. Each of these is impor-
tant to individual and societal goals and is relevant to
the distribution of human resources. However, the more
distant an outcome from the immediate purpose of instruc-
tion, the more tenuous the link and the more likely that
nonschool variables affect the outcome. Pending research
findings that more clearly link school experiences to
life outcomes, the committee did not chose indicators
representing such outcomes.
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As to measures of achievement, the only ones available
at the national level that are applicable to the whole
student population are test results from NAEP, NLS, and
HSB. The committee does not believe that the scores
obtained on the Scholastic Aptitude Tests (SATs) developed
by Educational Testing Service (ETS) are appropriate mea-
sures of school outcomes for all students in science and
mathematics, because tne population taking these tetts is
self-selected and not representative of the whole st dent
population. However, for college-bound students who take
them, trends in scores on the achievement tests in
specific subjects also developed by ETS for the Coll:z2ge
Board's Admission Testing Program and the tests of the
Amer ican College Testing Program give an indication of
changing levels of achievement over time in academic
subjects offered in high school.

From time to time studies of school achievement in
various countries are carried out. The most comprehen-
sive of these have been the studies conducted under the
auspices of the IEA. However, the nmost widely published
results for mathematics date back to 1964 and for science
to 1970. New IEA studies are currently under way in both
fields, and some preliminary results from these studies
are available.

Most states have assessment programs as well, although
they vary from state to state; they generally involve
selective achievement testing at several grade levels,
sometimes using commercial tests, sometimes state-
constructed instruments. State tests are used for a
variety of purposes: for assessing absolute achievement,
for determining competency, for comparison wish national
results, for comparison of schools and schoo'. districts,
for checking on the adequacy of curricula and instruction.
Some of these purposes require periodic adjustment of the
tests, which makes comparisons over time hazardous.

Using test scores as measures of student achievement
assumes at least moderate test validity for the assess~
ment of student learning, Unfortunately, it has proved
difficult with curreat testing methodology to construct
tests for widesprear use that adequately asses the range
of complex skills und in-depth understanding needed for
proficiency in muthematical or scientific concepts and
processes. The committee, in its recommendations, dis-
cusses the importance of improving tests, especially for
testing the knowledge and skills acquired by individuals.
Nevertheless, the committee has concluded that existing
tests of mathematics and science of the kinds used by



NABP, HSB, and IEA are sufficiently vslid for the purpose
of indicating student achievement at the group level.

Process Variables

The selection of student achievement as the outcome
variable of greates* interest determines to a consider-
able extent what schooling input and process variables
need to be salected, namely, those that have some causal
relationship to student achievement. One process variable
in particular is assumed in educational practice to be
closely linked tr» student achievement: enrollment in or
instructional time spent on the requisite subject. And
recent work on the achievement of high school students in
mathematics and in science documents the positive effects
of time spent on relevant instruction or courses, especi-
ally if instructional time is managed efficiently; in
fact, it appears to be one of the most robust findings
coming from major longitudinal studies and assessment
efforts, Consequently, based on research evidence as
well as on educational practice and experience, the
committee decided that course enrollment and instruc-~
tional time spent on subject matter should be considered
key process variables in indicators of mathematics and
science education. A related exposure component is time
spent on homework, which appears to be associated with
student achievement, and it is included as part of these
process variables.

Selection of course enrollment and instructional time
in no way is intended to minimize the importance of such
other process variables as teacher behaviors, student
behaviors, and classroom environment, but because of the
present state of knowledge about the relationships between
these variables and student achievement and about how to
assess them, ine committee decided it would be premature
to use them at this time as indicators of mathematics and
science education.

Input Variables

In addition to outcome and process variables, a third
set of variables in measuring science and mathematics
education are schooling inputs. The most obvious inputs
are numbers (and quality) of teachers responsible for
those areas of instruction and the content of the
curriculum.

i :.’;‘w
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Looking first at the numbers of mathematics and
science teachers, reasonably consistent statistics are
available from NCES and the National Science Teachers
Association. However, the significant indicator is not
the supply of teachers, but the supply compared with the
numbers needed; this comparison must be based not only on
the size of the existing pool, but also on the teacher
turnover rate, total high school enrollments, and the
effects of increased high school graduation requirements
that are being mandated by a number of states. But even
good estimates of the numbers of teachers do not take
into account cuality, the competence of either those
teachers now assigned to mathematics and science classes
or of those entering the fields.

There is no nationally accepted standard for a “quali-
fied" science or mathematics teacher. While certification
can be used as a first approximation of quality, certifi-
cation requirements vary considerably from state to state.
Hence, estimates of the numbers of gualified people teach-
ing mathematics or science are open to gquestion. 1In spite
of these difficulties in measuring the supply and quality
of teachers, however, the committee decided that their
importance warranted selecting them as variables.

The argument for selecting content of curriculum as a
variable is analogous to that for selecting instructional
time/course enrollment: the subject matter actually
taught is important to student achiavement. Recent
syntheses of the sizable research titerature on the
efficacy of al:ernative science curricula and data from
NAEP and HSB sipport this assumption. It should be noted
that, of the variables the committee considered it impor-
tant to assess, this one has received the least attention,
probably becaus: it is the most difficult to track.

Two other indira’ors of input were considered by the
committee: public attitudes toward science and mathe-
matics education and funding for education. Examining
the results of 15 years of polling by the Gallup Organiza~
tion on the public’'s attitudes toward education yields
consistent results: mathematics ranka high in importance
as a school subject and science generally ranks in the
middle. Since these public attitudes appear to have
changed little over the last 15 years, and since the
relationship between public attitudes and schooling
outcomes is tenuous, at best, the committee decided not
to recommend the development of further indicators for
this variable,.
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With regard to funding, it is widely assumed that the
quality of schooling is a direct function of the amount
per pupil of finarcial support provided to a school:
however, research studies do not consistently yield that
conclusion. Major cost factors are teacher salaries,
class size, and expenditures for physical plant and
facilities; none of these has been demonstrated to relate
consistently to student learning. Of course, one might
speculate that higher salaries would attract to the
teaching profession many highly competent persons who in
the past have chosen other, more lucrative, occupetions.

Even if research results more clearly supported the
hypothesis that increased financing yields better learning
in the schools, serious problems would remain in using an
index of financial support as an indicator of mathematics
and science education. For example, data would need to
be collected for salaries of teachers in mathematics and
science, rather than for salaries of all teachers. 1In
addition, some adjustment of reported financial data
would have to be made to compensate for widely giffering
costs of services in different regions of the country and
even in different communities within a region. For these
reasons, the committee decided not to use any financial
data as indicators of science and mathematics education

at this time. Given interest in the funding of education
as well as the mixed research findings, however, financial
éata should be retained for future consideration as an
indicator.

In sum, the committee identified a minimal set of key
variables that should be monitored, shown below, ag a
beginning set of indicators of the condition of precollege
science and mathematiss education. The rest of the chap-~
ter presents the committee's findings, conclusions, and
recommendations about that condition using the four
selected variables. They are presented in the logical
order of inputs, process, and outcome.

Although the committee selected for the development of
indicators four aspects of precollege mathematics and
science education generally recognized to be essential,
due to limitations in the data base, only partial and
limited indicators of these aspects can be constructed at
this time. The committee has developed recommendations
designed to improve the quality of available data and
thus to enhance the value of these indicators.

Even at their best, these indicators are not sufficient
to provide an adequate portrayal of the state of science
and mathematics education in the nation's schools. There

f‘,"
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Education System

INPUTS PROCESS QUTCOME
Teachers
quantity
quality
instructional Srudent

time course B e

Curricuium ™ enroliment

content

achievement

FIGURE 1 Areas of science and mathematics education to
be monitored.

is a need to search for more ims,inative and less con-
ventional indicators to guide educational policy, includ-
ing new indicators chat have the potential to take account
of likely changes in the function and structure of educa-
tion. Moreover, many impertant issues about science and
mathematics education cannot be understood by numerical

indicators. Therefore, any portrayal of these fields

must also include studies directed toward understanding

the qualitative causes of the observed conditions.
Teachers

FPindings: Supply and Demand

Aggregate Quantity

* Forecasts of aggregate supply and demand of
secondary school teachers in the physical and biological
sciences and in mathematics show shortages over the next
several y:ars in mathematics and the physical sciences.

A low estimate, based on little change in .urrent trends
of overall supply and demand, indicates an annual short-
age of 2,800 science teachers, mostly in the physical
sciences, and 3,700 mathematics teachers. If t~achers
currently assigned to mathematics and science classes but
not gualified to teach these subjects were to be replaced
at a rate of 5 percent per year of all teachers in these
fields, the annual shortage would be 9,200 in mathematics
and 8,090 in science. Both these forecasts are driven by
the education system as presently constituted and do not
take into account the possibility of structural reform.
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* Aggregate estimates of teacher supply and demand
mask great differeaces among regions of the nation,

states,

and local school districts within states.

Uncertainties

* All estimates of teacher supply and demand are
accompanied by large uncertainties.

With

respect to supply, there are three major gaps in

knowledge:

(1)

(2)

(3)

with

(1)

(2)

The data on the actual numbers of teachers
assigned to mathematics and science classes are
inadequate, especially as aggregated at the
national level.

The number of inactive teachers who return each
year to £ill vacancies is unknown, Since the
number of trained teachers who do not enter
teaching or who leave teaching is sizable, this
represents a considerable resource. The number
of teachers drawn from the inactive pool may
increase as desirable job opportunities arise.
The most recent data on the annual supply of
newly certified entrants to teaching--~3,200 in
mathematics and 3,600 in science--are 4 years
old. Hence, the effects of current incentives to
draw people into the field are unknown. The
incentives include loan progrens for college
students preparing to be teachers, in-service
training for out-of-field teachers, and employ-
ment of retired scientists and engineers as
teachers.

respect to demand, there are four unknowns:

While enrollments are dropping, vacancies tend to
be filled with teachers from other fields who
have tenure in a district, rather than with new
entrants certified in the field with vacancies.
This practice, the extent of which is unknown,
reduces the demand for additional teachers, even
though it may be detrimental to the gquality of
science and mathematics teaching.

The extent to which school systems will seek to
replace out-of~field teachers or will choose
instead to provide in-service training is unknown.

ey
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Such choices will in part be influenced by state
and federal support policies for teacher education
and in part by local board policies and teacher
contracts.

(3) To the degree that increased high school
graduation requirements will entail having to
offer more courses in mathematics and science,
teacher shortages will be aggravated, but how
much is unknown.

(4) Demand forecasts are generally based on
extrapolation of current conditions, taking
account of likely changes in enrollment, class
size, and curriculum. They do not take into
account possible structural changes in the
education systen.

Findings: Quality

Lack of Information

* Adequate information is lacking on the quali-
fications of the teachers who are responsible for
teaching mathematics and science in high school,
middle/junior high school, or elementary school.

» Information on certification, the only proxy
available for qualification, is lacking for all but new
entrants, although data on a national sample of the
teaching force are now being collected.

Requirements for Teaching Mathematics and Science

» Even if available, information on certification
is of questionable use as a measure of qualification
because state certification requirements and preservice
college curricula reflect a wide range of views on what
constitutes a qualified or competent teacher in mathe-
matics or science. Moreover, teachers currently cer-
tified obtained their certification at different times
that may have required different types of preparation;
therefore, certification even within the same state does
not connote equivalent preparation.

e Although guidelines on teacher Preparation
developed by professional societies are generally
available, they have not been uniformly adop.ed.
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Conclusions and Recommendations

Supply and Demend

* A suitable indicator to assess the sufficiency of
secondary school science and mathematics teachers would
be either the ratio of or the difference between projected
demand and anticipated supply of qualified teachers. The
ratio would indicate how close to balance demand and
supply are; the difference would indicate the number of
teachers that need to be added or that exceed the demand.
The construction of such an indicator on teacher demand
and supply is at present not feasible at the national
level because of the lack of a meaningful common measure
of qualification.

* Individual states and localities might construct
this type of indicator by using certification as an
approximation for qualification or developing alternative
criteria for teacher competence. 1In each case, an ade~
quate determination would entail estimates of both demand
and supply under alternative sets of assumptions about
anticipated enrollments in mathematics and science
classes and new entrants into the teaching of these
fields. Aggreration of the state data might provide a
useful natior.l picture, especially if, in addition,
information w's r.vorted concerning differences among
states.

Quality

° The disparate views on teacher qualification and
the variation in certification standards indicate the
need to rethink the initial preparation and continuing
training appropriate for teachers with instructional
responsibilities in science and mathematics. Guidelines
that have been prepared by professional societies need to
be considered by the wider educational community, includ-
ing bodies responsible for the certification of teachers
and accreditation of teacher education programs. Require-
ments should be detailed separately for teachers in ele-
mentary school (grades 1 to 5 or 6), middle or junior
high school (grades 6 or 7 to 8 or 9}, and high school
{grades 9 or 10 to 12), with particular attention to
requirements that can be translated into effective college
curricula and ip-service education for teachers.

[
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¢ The development of gquidelines for the preparation
and continuing education of teachers would be advanced if
the attributes of succeassful teaching in escience or
mathematics were better understood. Further research is
necessary on the relationships between teacher training
and student ou*comes; for example, the effects on student
achievement of different types of preservice and in-
service training and of teaching experience. Current
initiatives to augment the pool of science and mathe~
macics teachers should be monitored to assess their
effectiveness.

Curriculum Content
Findings

Opportunity to lLearn

+ Exposure to specific content as conveyed by
curriculum materials and explicit teaching is a criticsl
factor in student achievement.

* Although commonly used textbooks and tests
introduce a modicum of similarity in the range of topics
generally treated within a year's course of instruction,
emphasis varies from text to text, class to class, and
test to test. Hence, for the nationally normed achieve-
ment tests often used at the elementary and middle school
levels, there may be a discrepancy between a student's
opportunity to learn and the subject matter covered on
the test, while at the same time the student may have
learned considerably more than the test indicates.

Textbooks and Courses

* To a large extent, the content of instruction is
based on the textbook used in a class, yet there is no
continuing mechanism to encourage periodic and systematic
analysis of the use and content of science and mathe-
matics texts. The Commission on Excellence in Education
has called for more widespread consumer information
services for purchasers of texts.

s At the secondary school level, and particularly
in mathematics, course titles are a questionable indicator
of content studied. The current practice of accepting
similar course titles as representing exposure to similar

()
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material is likely to produce data of questionable
quality.

Conclusions and Recommendations

Curriculum Content

* There are no established standards for content
derived either from past practice, practice elsewhere,
anticipated need, or from thecretical constructs
developed, say, from the nature of the discipline being
taught or from learning theory. Until some consensus can
be reached on instructional content that represents
desirable alternatives for given learn’ng goals, it is
Premature to suggest a specific {i dicator for this area.

* Although the identification of an indicator for
the content of mathematics and science instruction is not
feasible at present, this does not alter the importance
of this schooling input. Pinding out what content
students are exposed to is a necessary first step.

* When information on what is currently taught has
been collected and analyzed, reviews of the curriculum
ghould be done by scientists, mathematicians, and other
experts in the disciplines as well as teachers and
educators. The reviews should evaluate material covered
at each grade level or by courses, such as first-year
algebra or introductory biology; consider relationships
among grade levels or courses; and identify the knowledge
and skills expected of students at the completion of each
grade or course. Such reviews are needed in conjunction
with addressing the critical matter of what content
should be taught in mathematics and science.

Textbooks and Courses

* At a minimum, periodic surveys should be conducted
to determine the relative frequency of use of various
mathematics and science textbooks at each grade level in
elementary school and for science and mathematics courses
in secondary school. Timing of surveys should take into
account the common cycles of textbook revision.

* Surveys of textbook use should be followed by
content analyses of the more commonly used texts.
Analyses should proceed along several different lines:
balance between the learning of recorded knowledge

o
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(concepts, facts) and its application (process), emphasis
given to specific topics, adherence to the logic of a
discipline, opportunity and guidance for student discovery
of knowledge, and incorporation of learning theory.

e Intensive studies should collect information from
teachers and students on topics actually studied within a
given grade or course. Observation of samples of indi-
vidual classrooms can help to document the content of
instruction. Such studies could help to inform curriculum
decisions by local districts, even though the results may
not lend themselves to generalization over a state, let
alone over the United States as a whole.

+ Improved definitions of secondary school courses,
based on their content, should be developed., As a first
step, use of a standardized course title list, such as A

Classification of Secondary School Courses {Evaluation
Technologies, Inc., 1982), should be considered.

Tests

* Critical analysis of standardized tests should
continue so as to establish their degree of correspondence
to the instructional content of the class subjects for
which they are used. Consideration should be given to
inviting the judsment of teachers (and older students)
corcerning the -tudents' opportunity to learn the material
that is covered on each test.

Instructional Time and Course Enrollment
Findings

Instructional Time and Student Learning

* The amount of time given to the study of a
subject is consistently correlated with student per-
formance as measured by achievement tests, at the
elementary school as well as at the secondary school
level.

» Time spent on homework is also correlated with
student achievement. The attention paid to homework by
the teacher affects its contribution to student
per formance.,

4) ‘:;
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Measuring Instructional Time: Elementary School

* For elementary schools, not enough data are
available to discern clear trends over the last 20 years
with respect to amount of instructional time spent on
mathematics and science. On average, about 45 minutes a
day are spent on mathematics and 20 minutes on science.
Existing information, however, points to great variability
from class to class in the amount of time given to in-
struction in general and to each academic area
specifically.

Measuring Instructional Time: High School

* The average high school senior graduating in the
early 1980s has taken about 2-3/4 years of mathematics
and 2-1/4 years of science during grades 9-12.

* Compared with 20 years ago, average enrollments
of high school students in science have declined. While
this trend now appears to be reversing, enrollments have
not returned to the level of the early 1960s.

* High school enrollments in mathematics have
increased over the last dec: de by about a semester.

* College~bound students are taking more mathe-~
matics and physical science courses in secondary school
than they did 10 years ago, and the increases were con-
tinuous throughout that period. The gap in enrollment
between males and females in advanced mathematics courses
is narrowing.

* A number of problems attend enrollment data
currently available: uncertainties generated by using
self-reports, differences in questions and method from
survey to survey, and ambiguities created by similar
course titles in mathematics that refer to different
content or different levels of instruction.

Conclusions and Recommendations: Elementary School

Measures of Instructional Time

* The average amount of time per week spent on
mathematics instruction and on science instruction should
be measured periodically for samples of elementary
schools. This measure would serve as an indicator of
length of exposure to pertinent subject matter; values
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can be compared for different years. Care must be taken,
however, to ensure common understandings in collecting
measures of time as to what constitutes science or mathe-
matics instruction. Time given to mathematics or science,
expressed as a percent of all instructional time, would
indicate the priority given to these fields.

» Bfficiency of instruction should be assessed by
comparing allocated time with instructional time and with
time that is actually spent on learning tasks that appear
to engage students, as established by observation.

*» Time spert on science and mathematics instruction
in elementary schcol should be tracked on a sample basis
at the national, state, and local levels. Logs kept by
teachers could be used for this purpose, with selective
classroom observation employed to check their accuracy.

Improving Methods for Collecting Information

» Time allocated by the teacher to instruction is
not equivalent to time actually spent by the student.
Classroom observation is needed to differentiate between
the two. Time spent on such different components of
instruction as laboratory work, lecturing, and review of
text or homework may also affect student outcomes. Case
studies that document use of instructional time are
expensive, but this variable has proven to be a suffici-
ently potent mediator of learning that the investment
appears warranted.

* Bxperimentation and research should be carried
out to develop a proxy measure for time spent on
instruction that would permit collecting the pertinent
information at reasonable costs.

* FPurther documentation is needed to establish the
variability of time spent on instruction over classes and
over calendar time. The results of such documentation
should serve to establish the extent and periodicity of
data collection needed for this indicator.

Conclusions and Recommendations: Secondary School

Measures of Course Enrollment

+ For grades 7 to 12, enrollments in mathematics
and science courses at each grade level and cumulatively
for the 6 years of secondary school or for the 3 or 4
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years of senior high school should be systematically
collected and recorded. (See the pertinent recommenda-
tion in the above section on curriculum content.)
Alternatively, the mean number of years of mathematics or
science taken or percentages of students taking 1, 2, or
3 or more years of such courses can be used as a measure.

* The disparities in mathematics and szience enroll-
ment among var ious population groups warrant continued
monitoring, so that distributional inequities can be
addressed. National data on student enrollments collected
in connection with the periodic surveys recommended above
may be insufficient for this purpose. States should
consider biennial or triannual collection of enrollment
data by gender, by ethnicity, and by density of the
school population.

Improving Measures of Course Enrollment

* Comparisons of enrollment over time are likely to
be of great interest, but high-quality data are n:eded.
Obtaining such data requires consistency in the design of
surveys, data collection, and analysis. It also requires
reduction of current ambiguities, for example, using a
standardized system for describing courses, relying on
transcripts or school enrollment logs rather than on
student self-reports, and sampling a comparable universe
from study to study.

* The periodic studies of high school students have
provided useful information, but greater effort should be
directed toward reducing methodological dissimilarities.
Also, the time between studies sometimes has been too
long. Surveys of the type represented by High School and
Beyond and NAEP should be repeated no less than every 4
years.

* Time spent on homework in mathematics and science
should be documented at all levels of education. Studies
need to record how homework is used to support in-class
instruction in order to prompt the use of better measures
of total learning time in each grade.

Assessing the Effects of Policy Changes

* Many states are increasing requirements for high
school graduation; some state university systems are
increasing requirements for admission. The effects of
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these policy changes on studest enrollment in high school
mathematics and science courses and on the content of
these courses should be monitored.

Student Outcomes

Findings
Tests

*+ It has proved difficult with current test
methodology to construct tests that can be used for large
nunbers of students and yet are adequate for assessing an
individual's cognitive processes, for example, the ability
to generalize knowledge and apply it to a variety of
unfamiliar problems. However, existing tests of mathe~-
matics and science of the kind employed by NAEP, HSB, and
IEA are sufficiently valid for the purpose of indicating
group achievement levels.

Achievement: All Students

« Evidence suggests an erosion over the last 20
years in average achievement test scores for the nation's
students in both mathematics and science. Results of the
most recent assessments indicate a halt to this decline
and, at some grade levels, even a slight increase in
scores in mathematics. Much of this generally observed
but small increase is due to increasing achievement
scores for black students, especially for mathematics in
the lower and middle grades.

* Analysis of the most recent NAEP mathematics
assessment yvields evidence that gains have been made on
computational skills but that there is either no improve-
ment or a slight decrease in scores on test items that
call for a deeper level of understanding or more complex
problem-solving behavior.

* Available information on how well U.S. students
perform compared with students in other countries shows
U.S. students generally ranking average or lower, with
students in most of the industrializ«d countries perform-
ing increasingly better than '.5. studen’s as they move
through school. Taking account of different student
retention rates in different countries changes this
finding somewhat in favor of the United States, but the
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most recently available data, especially data comparing
the United States to Japan, are unfavorable for the
United States.

Achievement: College-Bound Students

* There is evidence that college-bound students
perform about as well on tests of mathematics and science
achlievement as they did a decade or two ago.

Conclusions and Recommendations

Assessments of Achievement

* Systematic cross-sectional assessments of general
student achievement in science and mathematics, such as
the ones carried out through NAEP, should be carried out
no less than every 4 years to allow comparisons over
relatively short periods of time. The samples on these
asgessments should continue to be sufficiently large to
allow comparisons by ethnic group, gender, region of the
country, and type of community (urban, suburban, rural,
central city).

* Longitudinal studies such as High School and
Beyond are important for following the progress of
students through school and later and should be
maintaineu.

* International agsessments in mathematics and
science education such as those sponsored by IEA need to
be carried out at least every 10 years.

Tests

* Develovmental work on tests is needed to ensure
that they assess student learning considered usefuvl and
important. Instruments used for achievemert testing
should be reviewed from time to time by scientific and
professional groups to ensure that they reflect contempo-
rary knowledge deemed to be important for students to

learn. Such reviews may lead to periodic changes in test
content--an objective that must be reconciled with the

goal of being able to compare student achievement over
time.
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*+ Work is needed on curriculum-referenced tests
that can be used on a wider than local basis, especially
for upper~level courses. This work will require careful
research on the content of instruction, tests constructed
with a common core of items, and alternative sections of
tests to match curricular alternatives.

*» Assessments should include an evaluation of the
depth of a student's understanding of concepts, the
ability to address nonroutine problems, and skills in the
process of doing mathematics and science. Especially for
science, it is desirable that a test involve some
hands-on tasks.

T

o\



2

The Selecton and
Interpretation of Indicators

In order to develop effective policy for precolluge
education in science and mathematics, information is
needed on its current condition and on the effects of
efforts to improve it. Given, however, that there are
limitations to the resources that can be devoted to data
collection, what aspects of science and mathematics
education is it most important to monitor? And what kind
of information is most useful for the lay governing
bodies and professionals involved in mak ing decisions
about these critical areas of education?

AVAILABLE DATA AND INFORMATION ON EDUCATION

A large supply of statistical data and research
information is available on education in general. At the
national level, the National Center for Education
Statistics (NCES) of the Department of Education has as
its main responsibility "to report full and complete
statistics on the conditions of education in the United
States . . ." (General Education Provisions Act, as
amended (20 U,.S.C. 121lle-1)). The Center publishes two
major compilations annually: The Digest of Education
Statistics, issued since 1962, which provides an abstract
of statistical information on United States education
from prekindergarten through graduate school, and The
Condition of Education, issued since 1975, which presents
the statistics in charts accompanied by discussion. The
NCES and other components of the Department of Education
also sponsor periodic surveys, for example, High School
and Beyond Study, a study of 1980 high school graduates
and 1980 sophomores (National Center for Education
Statistics, 198la), which was extended to 1982 graduates,
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and the earlier National longitudinal Study of 1972 high
school graduates (National Center for Education Statis-
tics, 1981b). These studies provide information o
student enrollment and achievement, although information
specific to mathematics and science education is limited.
The Department of Education also supports the National
Assessment of Educational Progress (NAEP), which since
1969 has provided data on scholastic achievement and
student attitudes, one of the few such sources that
involve well-designed national samples.

Another source of information is the International
Project for the Evaluation of Educational Achievement
(IEA) in which the United States has participated. A
compar ison of mathematics achievement and schooling
variables in 12 countries was carried out using data
collected in 19€4 (Husén, 1967); an assessment of science
education involving 14 countries was done in 1970 (Wolf,
1977). New data on mathematics achievement in 24 coun-
tries were collected in 1981-1982 and their analysis is
in progress; a summary report on findings in the United
States is available (Travers, 1984). The science
assessment is also being repeated, with 30 countries
participating. Both the Department of Education and the
National Science Foundation (NSF) as well as private
foundations have provided support for these international
assessments.

The NSF has special responsibility in the area of
science and mathematics education, but most of its data
collection activities focus on higher education and
scientific and engineer ing personnel rather than on
precollege ed:cation. However, NSF does support some of
1EA's work and has sponsored special studies on science
and mathematics in the schools, most recently a national
science assessment using the NAEP framework (Hueftle et
al., 1983). Three landmark studies were carried out in
1977-1978 with NSF support: a review of the literature
on science and mathematics improvement efforts between
1955-1975 (Helgeson et ai., 1978; Suydam and Osborne,
1978); a survey in 1977 of the current status of
education in these fields (Weiss, 1978), which will be
repeated in 1985; and a series of case studies of schools
(Stake and Easley, 1978). Some of the information
resulting from these NSF-supported studies and data from
other sources have been compiled in a data book (also
covering higher education and employment in science and
engineering), which was first issued in 1980 and revised
in 1982 (National Science Foundation, 1980, 1982a).
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Every state also has its own data collection system,
much of it devoted to fiscal, demographic, and managerial
information, but also including data on enrollments,
personnel, and student achievement. There is, however
considerable variation in the types of data collected
states and in the manner of collection, which is not
surprising in view of the organiszational diversity among
the states (and, within each state, among school dis-
tricts) with respect to their educational practices and
institutions (see Tables A2 and A3 in the Appendix).
Larger local education agencies also collect information
that they find useful for their internal operation as
well as data requested by the state agencies. The data
from local education agencies exhibit an even greater
diversity than do those of the state systems.

In addition to the governmental sources of information,
some data are available from private organizations.
Educational associations collect relevant data, usually
on the supply and demand, pay, and characteristics of
teachers (see, for example, Graybeal, 1983). Some
scientific societies occasionally survey or study the
substance of what is taught in their disciplines at th-»
precollege level and publish their findings.

THE CONCEPT OF INDICATORS

The existence of potentially relevant information does
not necessarily make it possible to formulate conclusions
about the state of mathematics education or science
education--or any other field. For one thing, the data
often are not comparable; see, for example, the critigue
by Gray (1984) of the comparison of state data made by
the Department of Education (Bell, 1984). For another,
the quality of the data is sometimes too low to permit
robust findings. Lastly, due to the massive amount of
data, it is difficult to summarize the information or
draw implications., The use of suspect data or selective
interpretations of data may lead to inappropriate policy,
as pointed out by Peterson (1983) and by Stedman and
Smith (1983) in their articles on the recent reform
proposals for education.

To provide focus to the problem of having to picture
complex systems with massive amounts of diverse data, the
concept of indicators has emerged. An indicator is a
measure that conveys a general impression of the state or
nature of the structure or system being examined. while
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it is not necessarily a precise statement, it gives suf-
ficient indication of a condition concerning the system
of interest to be of use in formulating policy. Johnstone
(1981) uses the analogy of the litmus test in chemistry,
which gives an indication of the acidity or alkalinity of
a liquid, but does not provide a precise measure of pH
(the concentration of hydrogen ions, the condition that
determines acidity or alkalinity). Optimally, an indi-
cator combines information on conceptually related
variables, so that the number of indicators needed to
describe the system of concern can be kept reasonably
small. Limiting the number of indicators is important
for two reasons. First, individuals involved in making
decisions about such a complex endeavor as education
require information that is relevant and easily under-
stood. To achieve the necessary clarity requires reduc-
tion and simplification of pertinent information, together
with a discussion of the selected indicators that inter-
prets their values and explains their meaning and limita-
tions. Second, since the progress of any field, such as
science or mathematics education, can be tracked only if
measures are repeaced periodically, the feasibility and
cost of indicators become critical factors. There are
advantages, then, in adopting a small number of indica-
tors, carefully selected to highlight major aspects of
education in the areas of interest, so as to encourage
continuing data collection.

There are four stages in the development of indicators:
identifying the central concepts relevant *0 the system
in question; deciding what measurable variables best
represent those concepts; analyzing and combining the
data collected on the variables into informative indi-
cators; and presenting the results in succinct and clear
form. Regarding the first step, education systems have
generally been modeled in terms of inputs, processes, and
outputs. A conceptual framework that fcllows this model
but more specifically maps the domain of science education
has been proposed by Welch (1983) and is outlined in
Table 1.

While the use of such a framework highlights the major
areas to be covered, it does not specify the combination
of variables that will best portray prevalent conditions
in each area. For this purpose, the most important out-
comes desired from mathematics and science education must
first be specified. Next, the schooling variables that
are related to these outcomes and that can be affected by
educational policy must be identified. Third, in order
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TABLE 1 Domain of Science Education

Context or Antecedent Transactions CQutcomes
Conditions (Inpats) {Processes) {Outputs)
Student Student Student
character istics behaviors achievement
Teacher Teacher Student
characteristics behaviors attitudes
Curriculum Classroom Career choices
materials environment Teacher changes
Public attitudes External Institutional
Goals influerces effects
Advances in science . o » otc. . « o etc.

School climate
Home environment
L] L] L] etc -

SOURCE: Adapted from wWelch (1982).

to assess current conditions and monitor changes, appro-
priate measures for the identified variables must be
selected (or developed). Using these measures and
carrying out a variety of analyses will lead to results
that can be displayed in the form of statistical indi-
cators portraying the condition of mathematics and science
education. The choice of analyses and indicators, like
the selection of variables, should be guided by relevance
to policy. The next three sections discuss the selection
of variables; succeeding chapters discuss how the selected
variables might b: measured and analyzed.

SELECTING INDICATOR VARIABLES
Outcomes

The outcome most clearly expected of instruction in
mathematics and science is the acquisition of knowledge,
abilities, and skills in those fields. Some degree of
proficiency ir deemed essential for all high school gradu-
ates so that they can function effectively in society and
manage their personal and family lives; additional prepar-
ation may be needed to take advantage of further education



&

30

or to participate successfully in the world of work. The
importance given to student achievement as an outcome of
education is documented by the many measures developed to
assess it, ranging from quizzes constricted by individual
teachers to standardized tests with norms based on nation-
ally representative samples of students, from minimum-
competency tests that are expected to be passed by all
students to tests of material in advanced curricula.

Most states have their own student assessment programs
(see Table 5, in Chapter 3, and Table A3, in the
Appendix). as do many of the larger school districts. as
note above, NAEP was established some 15 years ago to
provide information on educational achievement for the
country as a whole. Although not nationally representa-
tive, the scores made by students from year to year on
college entrance tests are frequently interpreted by the
media and the public as indicators of academic perfor-
mance. Public interest has extended to international
data on student achievement; the results of the tests
administered through the IEA have been used to document
the achievement of U.S. students compared with that of
students in other countries. Since these various means
of assessing student achievement do not always yield
consistent results, syntheses and interpretations are
nacessary; see, for example, the one done for mathematics
and science achievement by Jones (1981).

The emphasis and resources invested on assessing
student achievement demonstrate the importance attached
to this outcome--in fact, the acquisition of knowledge is
the main reason for the existence of formal education.
Hence, student achievement must be considered as the
primary indicator of the condition of science and mathe-
matics education.

A second outcome often stated as a goal of science and
mathematics education is the development ol favorable
attitudes of students toward these fields. Thus, for
example, the most recent national science achievement
agsessment {(Hueftle et al., 1983) included items on
student attitudes toward science activities and science
classes, science teachers, and science careers and about
the usefulness of science. 1t is not clear, however,
whether favorable attitudes are to be considered a desired
outcome of schooling in and of themselves or whether they
are considered important because they are believed to
mediate such other desirable outcomes as increased
involvement with mathematics and science activities and
therefore increased achievement.

”~
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Research evidence on the relationship between psycho-
logical factors and achievement indicates that classroom
morale and encouragement at home correlate rather highly
with student achievement (Walberg, 1985), but the correla-
tion between favorable attitudes toward a particular
subject and success in learning that subject is fairly
low (Welch, 1983; Horn and Walberg, 1984). 1In an analysis
of research results from a number of studies on the rela~
tionship between science achievement and science attitude,
Willson (1983) also found only a modest correlation of
.16 across all grade levels, including college. In the
same study, causal ordering results supported the hypothe-
sis that achievement affects attitude rather than the
other way around, at least for grades 3 to 8. One problem
in the assessment of attitudes and interpretation of
resnlts is the lack of adequate theory: as a consequence,
some of the instruments and test items that have been
used to assess attitudes toward science have given incon-
sistent and ambiguous results, raising doubt as to what
is really being measured (Munby, 1983). Given the uncer-
tainties about the significance of favorable attitudes
toward a particular field of study and about some of the
measures used, the committee in this report has not
treated them as a primary indicator of science and
mathematics education.* The committee believes that the
question of developing and using an indicator representing
student attitudes towards science and mathematics deserves
reconsideration in any further work on indicators.

Other outcomes of education generally considered to be
important include college attendance, choice of college
majors, choice of careers, and later career paths, includ-
ing life income and job satisfaction. Each of these has
received the attention of researchers seeking to assess
the benefits of education; each is important to indi-
vidual and societal goals and to the development of human
resources. However, each is mediated by many variables
other than those associated with schooling. For example,
it has been suggested that plans for college attendance
ard field of study might be taken as a proxy for student
attitudes, but economic conditions and perceptions of
future employability strongly aftect such plans.

One school variable, additional years of schooling,
has been found to be correlated with increases in overall

*Wayne W. Welch dissents from this decision.
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lifetime income and with job satisfaction, but neither of
these outcomes has been tied to instructional variations
within the precollege experience, given the same number
of years of school completed. (St.dent achievement, how-
ever, does predict years in school.) Despite the lack of
strong correlations between school achievement and work
performance, employers continue to resort to secondary
indicators such as academic degrees achieved and schooling
records for applicants without prior experience (Spence,
1973), because degrees and schooling records can be more
readily assessed than nonschool variables that might be
related to job performance. This use of school variables
to select new employees does not imply that career out-
comes should be used as an indicator of schooling quality.

In general, the more distant an outcome from the
immediate purpose of instruction, the more tenuous the
link and the more likely that nonschool variables will
affect that outcome. Pending research findings that more
clearly link schooling variables to career achievement
and other life outcoaes, the committee has not chosen to
include in this preliminary review indicators repreésenting
such outcomes.

Schooling Inputs and Processes

The selection of student achievement as the outcome
variable of greatest interest determines to a consider-
able extent what schooling input and process variables
need to be selected, namely, those that seem to have some
causal relationship to student achievement. The landmark
study by Coleman et al. {1966) and several succeeding
studies appeared to throw into question the intuitively
obvious connection between differences in schooling and
student performance. More recent work, however, has
consistently shown significant positive associations
batween certain schooling variables and cognitive achieve-
ment by students. The most robust effects are correlated
with "opportunity to learn®: that is, whether and for
how long students are exposed to particular subject
matter. Oppcrtunity to learn in school consists of the
instructional time spent on a subject together with the
content of that instruction. To a considerable extent,
both time and content are controlled by the teacher,
although in secondary school students themselves decide
at least in part how many units of a subject to study.

5
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School Processes: Instructional Time

Educational practice assumes that exposure to a subject
will lead to students' acquiring knowledge and skills per~
taining to that subject. Recent evidence supporting this
assumption comes from major cross-sectional studies and
assessment efforts. One such assessment, an extensive
study of element:~y school teachers in California, found
increases in academic learning time strongly associated
with increases in student learning (Fisher et al., 1980).
Similar results have also been found for mathematics and
science.

Using data from the 1977-1978 NAEP study of student
performance in mathematics, Welch et al. (1982) found
that, while background variables (such antecedent con-
ditions as home and community environment and previous
mathematics learning) accounted for 25 percent of the
variance in mathematics achievement, exposure to mathe-~
matics courses explained an additional 34 percent. The
study was replicated by the authors on three different
national samples with similar results. Using another
NAEP sample, Horn and Walberg (1984) also obtained a
sizable correlation (.62) between the number of mathe-
matics courses taken and student achievement for 17-year-
olds. In a somewhat different analysis, using data from
a special 1975~1976 NAEP study on mathematics achievement,
Jones (1984) found that the average mathematics score of
l7-year-o0lds varied from 47 percent correct for those
having taken no algebra or geometrv courses in high school
to 82 percent correct for those having taken at least 3
years of such courses. While some of the difference may
be accounted for by the fact that more proficient students
tend to take more mathematics courses, part of the dif-
ference remains even after adjusting for initial profici-
ency (see Wisconsin Center for Education Research, 1984).

The relation between amount of schooling and science
achievement is also positive. Welch (1983) has shown a
correlation of .35 between achievement and semesters of
science. Similarly, Wolf (1977) found a correlation of
.28 between science test scores and course exposufe.

Based on educational practice and experience and the
available research evidence, the committee believes that
time given to a subject in elementary school and course
enrollment in secondary school ought to be considered key
process variables in developing indicators of mathematics
and science education. This is not to say that instruc-
tional time is the only factor affecting learning or that
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increases in instructional time will yield equivalent
increases in student achievement. Clearly, the quality
of instruction as exemplified by such process variables
as teacher behaviors, student behaviors, and classroonm
environment also influence student achievement to a
considerable degree. However, given the limited knowledge
available about these variables and the constraints
inherent in this preliminary review, the committee does
not recommend their use as indicators at this time. The
process variable of instructional time or course enroll-
ment can be considered a proxy for process variables in
general until others can be documented and measured with
greater certainty.

Input Variables

Content The content of instruction is obviously
another dimension of opportunity to learn. The research
that has been done confirms what common sense would
predict: emphasis on specific subject matter increases
student performance on tests of that subject. Thus, both
Husén (1967) and Wolf (1977), summarizing the IEA mathe-
matice and science assessments, report that student test
scores in all participating countries are correlated with
the teachers' ratings on whether the topics on the tests
had been covered in instruction. The correlation of
student achievement with number of mathematics courses
taken becomes even stronger when the content of the
mathematics courses is taken into account: with the
variables controlled for one another, Horn and Walberg
(1984) found that an index of the number of advanced
mathematics courses taken correlated somewhat more highly
with mathematics achievement than did just the number of
all mathematics courses taken. The common-sense idea
that subject matter content, not only amount of time, is
important to student learning has been further documented
in an analysis of 105 studies on the effects of alterna-
tive curricula: Shymansky et al. (1983:387) found that
students exposed to new science curricula (i.e., those
developed during the school science and mathematics
reforms that followed the launching of Sputnik in 1957)
"per formed better than students in traditional courses in
general achievement, analytic skills, and process skills
{i.e., the skills stressed in the materials]. . . . On a
composite basis, the average student in new science
curricula exceeded the performance of 63 percent of the
students in traditional science courses.*®

[4
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Teachers The second schooling input deemed critical
by the committee is the number and qualifications of
teachers with instructional responsibilities in science
and mathematics. Classroom teachers are the single most
costly resource component in schooling. Although the
teacher share of the school dollar has dropped in the
last decade--~in part because teacher salaries have not
kept pace with inflation~--those salaries still repre-
sented 38 to 44 percent of total direct operating costs
for public schools during 1982-1983, even without counting
pension payments or fringe benefits (Feistritzer, 1983;
Bducational Research Service, 1984, personal communica-
tion). Moreover, even though the extent of their control
over instructional time and content may vary, teachers do
determine the nature of classroom instruction.

At the elementary level, the number of teachers is not
now an issue, but it may become one as student enrollments
increase again in the mid-1980s. Even now, however, the
competence of elementary school teachers with respect to
mathematics and science is of major concern. Assessing
the competence of teachers for grades 7 and 8 poses a
special problem. 1In several states, teachers certified
for elementary school are automatically certified to
teach those grades as well without the subject-matter
preparation usually required of secondary school
teachers; yet those are the grades when differentiation
of the curriculum into disciplinary courses begins and
one would expect the need for greater subject-matter
knowledge by teachers than for grades 1 to 6. At the
secondary school level, both the quantity and the
qualifications of the teachers responsible for teaching
mathematice and sclences determines what courses are
offered and how well they are taught.

Expenditures and Other Cost Factors In addition to
content and the number and qualifications of teachers,
other input variables were considered by the committee.
Cne input varviable often used to try to explain educa-
tional outcomes is the amount of money invested in
schools. An effort has been made to determine dollar
costs of "adequate® education, state by state (Miner,
1983), that shows wide variability over the states.
Differences among communities within states also are
bound to be large, and are less tractable from a national
perspective.

£
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Some cost factors, especially per-pupil expenditures,
teacher salaries, expenditures on books and materials,
and acquisition of computers and laboratory equipment
have been separately tracked as important inputs.
Attempts to relate such expenditures to student achieve-
ment have yielded mixed resul<~. 1In a review of quanti-
tative studies of school eZ.ectiveness, Murnane (1980:14)
concluded that the primary school resources are teachers
and students and that such other inputs as physical

facilities and class size "can be seen as secondary
resources that affect student learning through their

influence on the oehavior of teachers and students.”
Little is knowr, however, about the ways in which teacher
and student behaviors are related to alternative invest-
ments, say, in teacher salaries, materials and equipment,
school plant, specialist teachers, and the like.

A major cost factor is class size, yet the evidence
indicates that marginal (if costly) decreases in class
size of two or three students (e.g., from 33 to 30)
hardly affect achievement (Glass et al., 1982). 1In a
study of achievement gains in grades 3 to 6§, Summers and
Wolfe (1977) found that large classes (more than 28
pupils) were detrimental for low-achieving students but
were beneficial for high achievers, a finding that might
explain the inconsistency of results of research on class
size that fails to consider the achievement levels of
students. Another major cost factor is that associated
with teacher salaries. While salary level might be a
good indicator of public attitudes about education, it
has not consistently been found to be related to student
achievement. Salary levels are related both to the
seniority of teachers and to the extent of teachers’
education beyond the B.A. level. But neither teacher
seniority nor post~baccalaureate education seems to show
a simple positive relationship to student learning.
Indeed, under some circumstances, a negative relation
between student achievement and post—~baccalaureate
education is reported (e.g., Summe.. and wolfe, 1977;
Hilton et al., 1984). Since teachers with advanced
degrees command higher salaries than those without such
degrees, this finding would lead to the expectation that
teacher salaries would also relate negatively to student
achievement.

In a review of 130 studies that analyzed the relation-
ship between student performance and school expenditures,
Hanushek (1981:30) concluded that "higher school expendi-
tures per pupil bear no visible relationship to higher
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student performance.” Walberg and Rasher (1979) coniec-
ture that it may not be total educational expenditure

that may make a difference, but highly targeted and
selective investments. Yet school budgets, whether local
or state, are not constructed nor reported to provide the
kind of detail needed to track expenditures for specific
subject areas such as science or mathematics. Bven if it
were feasible--probably at considerable cost--to disaggre-~
gate budgets in this manner, the expenditures would still
need to be related to student achievement before they
could be accepted as a useful indicator. So far, adequate
evidence is lacking.

Another approach might be to track federal support.
There is evidence that the post-Sputnik federal investment
in science and mathematics education helped increase both
enrollment and performance in those subjects. But while
the programs supporting science and mathematics education
within the National Science Foundation and the Department
of Bducation are generally identifiable, some others of
considerable magnitude--for example, those sponsored by
the Department of Defense and by the National Aeronautics
and Space Administration--are not.

In the absence of relevant budgetary information and
without further evidence on the relationship between
educational spending and student performance, the com-
mittee, in this preliminary review, decided not to recom-
mend use of expenditure data as an indicator. Given
interest in the funding of education, however, financial
data and research on the economics of education should be
reexamined in any future consideration of indicators.

Public Attitudes One other indicator of input was
considered by the committee: public attitudes toward
science and mathematics education. Perception of these
fields appears to have discernible effect on the emphasis
they receive in school, as witness the current wave of
increases in requirements for high school graduation (see
Table 5, in Chapter 3). Federal funding may be another
indication of public attitudes; f£nr example, the share of
the total NSF budget allocated for science education rose
to nearly 50 percent in the late 1950s, decreased to
about 30 percent in the 1960s, has been 10 percent or
less over the last decade, and is now on the rise again
{Klein, 1982), But these fluctuations are not mirrored
in measures of public opinion. The results of 15 years
of polling by the Gallup Organization on attitudes toward
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education de not show parallel swings: mathematics has
ranked high in importance as a school subject throughout
this period; science generally has ranked near the average
of school subjects (see, e.g., Gallup, 1981, 1983).

Given little change in public attitudes over the last 15
years, at least as demonstrated by this measure, and the
uncertainty of the relationship between public attitudes
and schooling outcomes, the committee did not use this
variable and is not recommending its development as an
indicator.

Conclusion

In sum, the committee has identified a minimal set of
key schooling variables that should be monitored, shown
in Pigure 1, Assessing the condition of each of these
variables will set the stage for the development of
indicators. For example, counting the number of cer-
tified mathematics teachers actively teaching in a
particular school vear provides a datum that could be
displayed against other pieces of information: total
secondary school enrollment, enrollment in mathematics
courses, total number of secondary school teachers,
expected demand for mathematics teachers, numbers of
mathematics teachers in some previous year, or--if there
are separate counts for different geographic entities--
comparisons of the density of mathematics teachers
related to student population.

£ ducation System

INPUTS PROCESS OUTCOME
TJeachers
quantity
quality \
instructiona! Student
time COurse rmarrveeanrerae R — achievement

Curnicuium ™™ enroliment

contemt

FIGURE 1 Areas of science and mathematics education to
be monitored.
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COLLECTING INFORMATION

Most of the information available on the variables
selected by the committee in the first phase of its work
has been collected through surveys and student tests,
although occasionally case studies have been employed to
describe classroom processes in greater detail (e.g.,
Stake and Easley, 1978). Some surveys and tests use
whole populations, others are based on national (or
state) samples, still others are characterized by
self-gselection of participants, as in the case of the
vollege Board's Scholastic Aptitude Tests (SATs). Some
surveys are planned to document conditions at a single
point in time (e.g., Weiss, 1978); some, such as several
of the NCES data collections, are repeated annually;
others--1EA, for example--are repeated at irregular
intervals; still others are designed as longitudinal
studies that follow a cohort population over a number of
years.

Methods for collecting information pertinent #» the
selected variables depend on the nature of a particular
variable and on the types of analyses appropriate for
portraying values associated with it. For example, data
on the time allocated to each subject in elementary
school can be collected through questionnaires to school
personnel, but the use of instructional time in the
classroom can best be documented by observation. Since
this entails time-consuming research procedures, only a
limited number of cases can be studied in detail. Case
studies are also useful for uncovering problems with data
collected through surveys. Thus, data on enrollments in
high school courses can be collected from student trans-
cripts, self-reports by students on questionnaires, or
reports by school personnel--likely with significant
discrepancies among these three sources. Examination of
individual course syllabi and observation of the subject
matter actually taught under given course titles can
clarify such discrepancies. In general, a mix between
sample surveys, full population censuses, and case studies
seems optimal, with studies linked over time by a consis-
tent set of defined indicators.

Periodic replication of studies is necessary if tem-
poral trends are to be identified, but this does not
necessarily mean annual surveys. Careful thought must be
given to reducing the response burden entailed in surveys
and the disruption that sometimes accompanies case
studies. For some purposes, especially for preparing
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budgets, annual data may be necessary, but for the purpose
of documenting changes over time in the state of science
and mathematics education, periods between surveys can be
2 or 3 years, or even 10 years, as in the case of the
complex IEA studies. One way of limiting both the expense
and the disruption and response burden of periodic surveys
and case studies may be to set up a carefully selected
panel of schools, with systematic rotation of schools

into and out of the panel, to provide a consistent data
base.

DISAGGREGATING DATA
Collecting Data at the State and Local Levels

Much of the data used to document the several recent
reports on education that have given impetus to various
reform efforts come from national surveys or nationally
administered tests. Such information may be useful for
developing federal education policy and for following
general national trends. However, education in the
United States is decentralized and, despite some
tendencies toward conformity, quite diverse in inputs,
processes, and outcomes. Each state education systenm
represents a unique combination of factors; so does each
local system. The richness and sometimes even the mean-
ing of information is obscured by reporting only national
averages. Indeed, nationally aggregated statistics are
of limited use in formulating state and local policy: it
is states--and localities-~that carry the authority for
education. Therefore, if the condition of science and
mathematics education is to be portrayed so as to inform
all the people and policy makers involved in education,
indicators must be selected to be useful at the state and
lucal level as well as at the national level. Mor eover,
the appropriateness of the indicators must be tested
against the burden of collecting the requisite information
at each level. For these reasons, this report presents
data relevant to the selected indicators for several
states as well as nationally aggregated data. Each of
the states cooperating with the committee al:eady has
good data systems in place; the inclusion cf information
from these states is intended to demonstrate both the
feasibility of the committee's suggested indicators and
some of the problems to be overcome in obtaining the
pertinent data. In addition, even though the included
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states were not selected on the basis of being representa-
tive or exhibiting particular contrasts, the data show
considerable variation from the national data as well as
from state to state. By analyzing such variations,
analogous data on the same indicators that come from
different reporting groups greatly add to the value of

the information available.

Disaggregating Data by Demographic Descriptors

To serve the natiocnal goal of equal educational
opportunity, it is important to collect certain data by
gender and minority status. The reason for this type of
disaggregation is to obtain information on critical dis-
tributional issues; for example, different enrollment
rates by members of different minority groups in advanced
mathematics and science courses may provide at least a
partial explanation for different achievement levels.
Data for a whole school population (or any age cohort)
cannot be used to identify such distributional differ-~
ences. The underrepresentation in the sciences and
mathematics of individuals from some minority groups and
of females makes it important to collect data pertinent
to input and process indicators in such a way as to
illuminate existing differences. Other demographic
descriptors may be important for a given indicator.
Within a state, for example, the density of population
may affect, say, the number of science teachers per
number of students in different parts of the state, as
may the economic characteristics of different communities.

Separating Data by Educational Level

Since the teaching of science and mathematics in
elementary school is not generally provided by specialist
teachers and enrollment is not recorded by specific
courses, some indicators may have to be represented by
different measures at different levels of education.
Exposure to science instruction, for example, may be
represented in minutes per week in elementary school and
by student enrollment in physics, chemistry, biology, and
other specific courses in secondary school. Similarly,
measures of achievement will need to be different for
elementary and for secondary education. A special prob-
lem in this regard is the middle or junior high school,
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which may comprise any 2, 3, or 4 years between grades 5
to 9 and may be considered part of either the elementary
or secondary school.

INTSRPRETING INDICATORS

An indicator acouires meaning according to the inter-
pretation given to its measured value. There are several
bases for interpretation, all using comparisons of some
sort. Most commor 'y, the value of an indicator at a given
time is compared with its value at some earlier time. For
example, changes over time may be observed in the i{ndi-
cator "the percentage of students graduating from high
school who have ta-en three or more years of science," or
in the indicator "the percentage of students who achieve
within a given range of scores on comparable tests.”
Another basis of comparison is among groups or geographic
entities:s this basis is aprropriate to address distribu-
tional issues. Thua, it is illuminating to examine the

supply in various states of certified teachers of science
or mathematics as a proportion of the total number of
teachers in each of these states assigned to science or
mathematics classes, or the proportion of female students
enrolled in high school physics classes compared with the
proportion of male students. Changes in observed differ-
ences among geographic entities or population groups
can, of course, also be related to changes over time. A
third basis for comparison is to establish an jideal value
for an indicator and record the difference between it and
the observed value; for instance, the number of qualified
mathematics teachers available might be compared with the
supply needed. The problem with this method is that
determining the ideal value is usually difficult. For
example, a higher demand for teachers might be estimated
if it is assumed that bigher teacher/pupil ratios are
desirable because they yield higher student achievement
than if the estimate is based on current teacher/pupil
ratios. Establishing ideal values often involves judg-
ments about goals and priorities; it is therefore best
left to those making policy about education rather than
to those providing information.

For indicators for which ideal values cannot be
established, international comparisons (a variation of
compar ing geographic regions) are sometimes used, as in
the case of student achievement. Such comparisons are
subject to major methodological criticism because of
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social, cultural, economic, and political dissimilarities
in the purposes and practices of education in different
countries. Yet, in the absence of ideal values, student
achievement in science and mathematics in other indus-~
trialized nations continues to be used as a benchmark
against which to assess student achievement in this
country. The most responsible of the international
studies, including those carried out under the IEA
auspices, have collected information on differences in
cultural traditions, family variables, forms of educa-
tional organization, and schooling processes, so that the
ways in which these differences affect student achievement

might be examined. Also, the tests used to assess
achievement in science and mathematics (as well as in

other fields) are carefully standardized. They are based
as much as possible on a common core of the various cur-
ricula in use in the different countries and thus repre-
sent agreement on what students ought to know, even
though much of the content of advanced courses may not be
included in the tests. Hence, international comparisons
of the performance scores on these tests are rele ively
free of the kinds of cultural bias that would vitiate
comparability in other studies less carefully designed
and controlled, and the wealth of accompanying information
has served to explain some of the differences in results.

All three methods of interpreting indicator values~-
comparisons over time, comparison among groups or geo-
graphic entities, and comparison to an ideal value--are
used in this report. These interpretations are accom-
panied by commentary on their appropriateness and
associated difficulties in given instances.
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Schooling Inputs to Science and
Mathematics Education:
Teachers and Curriculum Content

Ideally~-for clarity and efficiency--each indicator
would be represonted by a single measure that could be
applied to elementary and secondary schools and at each
jurisdictional level, the local district, the state, and
the national level. The organization of American schools
precludes this ideal. For example, differences in
specialization of teachers at di.ferent grade levels
argues for at least two measures regarding teachers, one
for elementary schools and on>* for secondary schools.
Because of the reality of the U.S5. school system, the
committee has not combined various measures into a single
indicator for each area to be monitored. When possible,
a single best indicator is suggested for each appropriate
level of disaggregation. The accompanying discussion
deals with the problems attached to the measures asso-
ciated with each indicator and gives suggestions for
future improvements. 1In addition, the best current
values, based on available data, are given for each
measure sO as to portray the present situation.

TEACHERS

Much of the concern regarding the condition of
mathematics and science education has been ahout the
supply of teachers who are gualified to teach mathematics
and science courses in grades 9 through 12. A number of
surveys have been conducted to assess the extent of the
shortage; all of them have been based on the opinions of
various education authorities, extrapolating from their
perception of current conditions. 1In 1980, 1981, and
1982, Howe and Gerlovich (1982) surveyed state science
supervisors and teacher certification directors on their
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o



45

opinion as to supply and demand for secondary school
science and mathematics teachers. Their survey covered
53 jurisdictions: the S5( states, the District of
Columbia, Puerto Rico, and American Samoa. They used a
5-point rating scale: 1, surplus; 2, slight surplussy 3,
adequacy; 4, shortage; 5, critical shortage. 1In 1982, 44
of the 47 state authorities responding reported that they
Baw shortages or critical shortages of mathematics
teachers, 45 of 50 saw shortages in physics, and 44 of 50
saw shortages in chemistry. A survey of teacher placement
officers (Shymsnsky and Aldridge, 1982) indicated a
decline between 1971 and 1980 of 79 percent of persons
who were pursuing teaching degrees in mathematics and a
decline of 64 percent of those pursuing teaching degrees
in science. (Smaller decreases of 64 percent and 33
percent, respectively, were found by NCES (1983) in an
analysis of bachelor's degrees; see Table 3.) A third
kind of survey (Shymansky and Aldridge, 1982), of secon-
dary school administrators, revealed that half the
science and mathematics teachers newly employed for the
1981~1982 school year were hired on an "emergency” basis,
that is, without state certification.

The results of these surveys have been instrumental in
drawing public attention to the issue of adequate supply
and preparation of teachers in science and mathematics.
Numerous initiatives at the national, state, and local
levels have been directed toward providing both greater
numbers and also better trained teachers for high schools.
By fall 1983, 17 states had enacted undergraduate scholar-~
ship or loan programs, many of them targeted toward
training teachers of science and mathematics (Flakus-
Mosqueda, 1983). A number of states are focusing on the
retraining of college graduates not now teaching or
teaching other subjects. A third approach has been to
make teaching more attractive through incentive pay and
career ladders. 1Indeed, according to the Gallup Poll
(Gallup, 1983), 50 percent of the people favor differ-
entially higher pay for mathematics and science teachers
(35 percent were opposed).

How good are the data being used to formulate such
policies? A more recent survey conducted by the Education
Commission of the States (Flakus-Mosqueda, 1983) shows 38
rather than 44 states reporting teacher shortages in
either mathematics or the physical sciences (physics,
chemistry, or earth sciences), with some of the most
populous states in the east and midwest not reporting
shortages. Has there been an increate in the supply of
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teachers or a decrease in demand (e.g., fewer students)
in the intervening year? Has the definition of shortage
changed? Are different criteria being used to determine
shortage in different responses, or are there errors in
the data? what conclusions can be drawn from existing
information? What additional information is needed to
formulate effective policy regarding teachers at the
national, state, and local levels?

Two sets of questions are paramount. PFirst: 1Is the
number of teachers adequate for the number of mathematics
and science courses now being taught in secondary school?
Will there be an adequate supply for the number to be
taught at some point, say, 5 years, in the future? This
set of questions requires a definition of who is to be
counted in the available pool, which leads to a second
set of questions: Are the teachers at all levels quali-
fied to teach their current assignments in mathematics
and science? Are they qualified for the responsibilities
they will have in the future? Any response to this set
of questions requires defining the term "qualified”® at
the different grade levels.

These are questions that entail both the setting of
norms and the collection of descriptive data before they
can be answered: What is the number of teachers avail-
able? Wwhat is the anticipated demand? How are teachers
prepared? How does this preparation compare with existing
standards? Are existing standards~~for example, state
certification--acceptable definitions of "qualified®?
The importance of these questions varies according to
different dimensions at different grade levels.

At the elementary school level, the question of
numbers is not pertinent, since nationwide there appears
to be an ample supply of elementary school teachers, at
least until the mid~1980s when enrollments are expected
to rise again (National Center for —ducation Statistics,
1982f, 1984a). However, there is concern about the
preparation of teachers who are expected to teach mathe-
matics and science in the self-contained classrooms of
grades 1 to 6 and sometimes in the block programs of the
middle school. ¥For middle and junior high schools, the
nature of the questions on numbers and qualification
varies according to whether mathematics and various
sciences are taught as separate subjects, as in high
school, or as part of a core curriculum by a nonspecial-
ist teacher. At the high school level, information is
needed both as to the number of teachers and as to their
qgualifications. But the numbers are dependent on who is
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tov be counted as a science or mathematics teacher and
thus become confounded with questions on preparation and
gualification. 1In the following section on number of
teachers, the status of individuals being counted is
defined in each case--for example, "assigned to mathe-
matics or science classes,” "degrees earned," "certi-
fied"--without judgment as to their qualifications. The
problems of defining "qualified” are discussed in the
next section.

Number of Teachers
Supply of Teachers

At the elementary schocl level, only a small number of
teachers specialize in mathematics and science, either as
specialist teachers or in grades 7 and 8 when these grades
are part of the elementary system. In a8 survey of teacher
demand and supply conducted in 1979-1980, the National
Center for Education Statistics (1982¢) estimated that
1.4 percent of all elementary school teachers (16,400~-
15,400 full time) were assigned to teach mathematics
specifically and 0.7 percent of all elementary school
teachers (8,600--nearly all full time) were assigned to
teach science. A large proportion of these teachers are
probably in the upper grades.

At the secondary school level, there are available two
data bases that have been analyzed regarding the numher
of mathematice and science teachers. The first is the
survey of teacher demand and supply conducted in 1979-1980
by the National Center for Education Statistics (1982e),
which yielded responses from administrators of 1,273 of a
sample of 1,448 school systems (an B8 percent response
rate), Based on this sample, NCES estimated that, during
1979-1980 in public secondary schools, 115,000 perscons
were assigned to teach mathematics either full or part
time, and 104,700 persons were assigned to teach science
courses either full or part time (see Table 2). This
represented 11.4 percent and 10.4 percent of all secondary
school teachers, respectively. At this time, there is no
readily available information on the preparation or
certification of these teachers. To fill this gap, at
least partly, NCES plans a 1985 survey of a national
sample of teachers in ten broadly defined fields on their
training and backgrourd; there will also be questions on
how teachers spend their time, assignment of homework,
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TABLE 2 Secondary School Teachers Assigned to Mathematics
and Science Classes in Public Schools in 1979-1980

Field of

Assignment Totalld Full Time

Mathematics 115,000 112,900

Science 104,700 101,000
Biology 25,000 24,300
Chemistry 11,400 10,500
Physics 6,700 5,700
General science 59,600 58,600
Other sciences 2,000 1,900

Breacners assigned to more than once field were counted
in the field in which they spent most of their time.

SOURCE: National Center for Education Statistics (1982e).

and availability of resources including teacher aids.
Between 8,000 and 10,000 teachers in more than 2,000
public schools are expected to participate; both teachers
and principals in the schools will be asked to respond.
Information on the preparation of teachers in private
schools, derived from a special NCES study of private
education, will become available early in 1985,

The second data base regarding the number of science
and mathematice teachers ic derived from a survey by the
National Science Teachers Association (NSTA) conducted in
the fall of 1982. Using a sample of 2,236 schools that
cffered high school curricula, NSTA asked principals how
many classes in mathematics or science were being taught
and how many teachers were teaching these classes. On
the basis of the first 846 responses (a 38 percent
response rate), the numbers of such teachers were esti-
mated. Despite the low response rate and methodological
differences in the way the estimates were made, the NSTA
estimate of the number of persons teaching mathematics in
secondary school is reasonably close to that derived firom
the NCES survey: 106,190 (Pelavin and Reisner, 1984),
compared with the NCES estimate of 115,000. Part of the
difference might be explained by falling high school
enrollmenis in the 3 vears bhetween the two surveys.
Estimates for specific science fields are more difficult

o
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to reconcile. For example, NCES estimates 10,500 full-
time teachers in chemistry and 5,700 in physics;
estimates for full~-time equivalent teachers derived from
the NSTA data are 13,620 and 6,900, respectively.

A third data base currently being analyzed is the NSTA
list of science, mathematics, and social science teachers
for grades 7 to 12, maintained by grade level, by state,
and by subject taught. The list was updated in November
1983, with principals ol mnre than 23,000 schools respond-
ing (a response rate of better than 80 percent). Prelimi~-
nary analyses indicate that there are some 75,600 people
teaching biology, chemistry, physics, or a combination of
these subjects in grades 7 to 12. Over 50 percent teach
biology ouly, 15 percent teach chemistry only, 11 percent
teach physics only, and the rest teach some combination
of these subjects. 1t should be pointed out that the
numbers include all people listed by their principals as
teaching in the designated fields, rather than only those
teaching the subject{s) full time (or full-time
equivalents),

The discrepancies in definitions and resulting numbers
exhibited in these three surveys illustrate some of the
problems with the current data. And lack of information
on how many of the persons counted in any of the com-
Pilations are actually certified or otherwise qualified
to teach science and mathematics raises additional
uncertainties about the estimated numbers.

Whatever the uncertainties, the current number of
teachers, while an important statistic, becomes meaning-
ful as an indicator only when compared with the number
needed. But if estimates of numbers now teaching are
attended by some ambiguity, estimates of future supply
and demand are even more so. Estimates of future supply
must take into account, in addition to the existing pool,
the number of teachers leaving and entering the field.
Estimates of demand must take into account current
vacancies, the desirability of replacing those teachers
who lack minimum qualifications for their teaching
assignments, changes in total student enrollment, and
changes in percentage of the total number of enrolled
students who take specific science or mathematics courses.

The teacher turnover rate (i.e., t:achers leaving the
profession) has been estimated at 6 percent for the last
decade (Froomkin, 1974; National Center for Education
Statistics, 1978, 1982b). 1In an unpublished analysis of
the survey of principals and a separate teacher survey,
NSTA estimates the rate to be 5 percent for science and
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mathematics teachers in 1981-1982., Pelavin and Reisner
(1984), in an analysis of the availability of teachers,
use a 6 percent turnover rate and an estimate of 110,000
mathematics teachers and 103,500 science teachers for
1982-1983, reconciling the NCES and NOTA estimates.

Thus, they project a loss of 6,600 mathematics teachers
and 6,200 science teachers (800 in chemistry, 500 in
physics, and 4,900 in other science areas) in 1983-1984.
{A 5 percent turnover rate would mean a loss of 5,500
mathematics teachers and 5,100 science teachers.) There
is evidence that the teacher pool is aging (National
Center for Education Statistics 1983; Feistritzer, 1983),
which may mean a higher turnover rate a decade from now
due to retirements--at a time when high school enrollment
will be increasing and the cohort of young adults that
might furnish new teachers will be decreasing.

The supply of teachers can be increased either by
persons newly entering the field or by persons returning
to mathematics or science teaching. NoO national data are
available on this second component, although one state
reports that 65 percent of vacancies in all fields in
1982-1983 were filled by returning teachers {(Flakus-
Mosqueda, 1983). The potential pool is considerable.
According to Graybeal (1983), as of fall 1981, about 6.1
million people {aged 21 to 65) had been certified as
public school teachers: of this total, only about 2.2
million were teaching in 1980-1981; 1.9 million had left
teaching; 1.9 milliun had not entered the profession; and
140,000 were newly qualified.

With respect to new entrants, the number prepared to
teach mathematics or any of the sciences, particularly
the physical sciences, has been decreasing over the past
decade. Data from NCES show that the decline in the
number of college students majoring in science or mathe-
matics education has taken place in the context of a
general decline of teaching degrees conferred over the
last decade (with the exceptior of degrees in special
education); see Table 3, (The discrepancy between NCES
data and the data from the NSTA survey of teacher
placement officers cited above may be due to problems
with the response rate on the NSTA survey and to somewhat
differently worded questions on this survey and the NCES
survey.) It should be noted, however, that neither the
NSTA data nor Table 3 include newly certified entrants
who obtained »achelor's degrees in fields other than
mathematics education or science education, including
degrees in mathematics or a science. For example, as

Cu



TABLE 3 Bachelor's Deyrees Conferred in Selected Areas of Education, by
Level and Speciality: 1971-1981
Percent

Field of Bachelor's Degree 1970~1971 __1980-1981 Change
Education, total 176,614 108,309 ~-38.7
Elementary education, general 90,432 38,524 -57.4
Special education,

all specialties 8,360 13,950 66.9
Art education 5,661 2,392 ~57.7
Music education 7,264 5,332 -26.6
Mathematics education 2,217 798 -64.0
Science education 891 597 ~33.0
Physical education 24,732 19,095 -22,8
Business, commerce, and

distributive education 8,550 3,405 ~60.2
Industrial arts, vocational and

technical education 7,071 5,772 ~18.4
Home economics education 6,44 1,787 =72.6
NOTE: Numbers do not include individuals ¢ rtified to teach a subject but

graduating with a different type of major.

SOURCE;

National Center for Education Statistics {1983:188).
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shown in Table 4, there were 3,150 newly certified
entrants in mathematics and about 3,600 in the sciences
who graduated in 1980. These entrants could replace half
or more of the teachers lost through teacher turnover,
although in the sciences the distribution of incoming
teachers is likely to be skewed, with proportionally more
being added in the bhiological than in the physical
sciences.

Table 4 indicates the modest proportion of new teachers
in science and mathematics who are reported to be certi-
fied or eligible to be certified in the field in which
they are teaching, 45 percent and 42 percent, respec-
tively. These data suggest that many newly graduated
high school teachers who are rot prepared in science or
mathematics nevertheless may be assigned to teach these
subjects. Current initiatives to encourage entry into
the field may increase the proportion of adequately
prepared entering teachers and reverse earlier forecasts
of contiruing declines of individuals available to teach
mathematics or science.

Demand for Teachers

On the demand side, the National Center for Education
Statistics (1982e) survey on teachers also included data
on vacancies as of fall 1979: there were estimated to be
900 unfilled teaching positions in mathematics and 900 in
science, including 400 in chemistry and 200 in physics.
The vacancies for mathematics and science as a whole
represented less than 1 percent of the total number of
persons now teaching in those fields. However, that
percentage does not take into account the number of
teachers already in the system who were assigned to
classes they were not qualified to teach. Particularly
in times of shrinking enrollments, it is not unusuval to
fill a vacancy in a shortage area with a tenured teacher
from an area with a teacher surplus. Fourteen states
have no rules prohibiting out-of-field teaching.

Total high school enrollment (grades 9-12) is a major
determinant of teacher demand. The National Center for
Education Statistics (1984a) projects enrollment at 13.7
million in 1985, down from 14.7 million in 1980, and at
12.1 million in 1990--~a decrease of more than 17 percent
over 10 years. The National Center for Education Statis-
tics (1984a) also estimates a somewhat smaller decline in
the total number of teachers in public secondary schools,

€
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TABLE 4 Certification of Newly Gradusted Teachers:

1979-1980

Certified or Eligible for Certification

Percent
Percent in Field pPercent
rercent in Pield Other Than Not Eligible

Subject or Field in Some Currently Currently or Don't
Currently Teaching Number?® Field Teaching Teaching Know
Total 79,800 93.8 77.9 15.9 6.2
Special education teachers, all 16,700 96,1 77.3 18.8 3.9
"Self-contained class” teachers 26,400 94.8 80.0 14.8 5.2
English langquage arts 10,200 84.6 50.6 34.0 15.5
Foreign languages and fine arts 11,000 81.6 72.3 19.2 8.4
Biological and physical sciences 7:900 88.3 45.4 43.0 11.7
Mathematics 7,500 85.4 42.0 43.4 14.6
Health and physical education 16,600 93.6 68.5 25.0 6.4
Social sciences/social studies 6,600 90.5 63.3 27.2 9.5

21979-1980 bachelor's degree recipients teaching elementary or secondary school full time in

May 1981.

SOURCE: National Center foi Education Statistics (1983:206).
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about 10 percent over the same decade. A relatively
larger decrease already took place between 1980 and 1982,
when the number of secondary school teachers declined
from 1,074,000 to 1,039,000, If that rate were to
continue until 1990, the 10-year loss would be more than
15 percent, On the assumption that NCES's estimate of a
10 percent decrease over 10 years is more nearly correct,
a decrease of some 72,000 teachers for 1982-1990 can be
expected, for a total 1980-1990 decrease of 107,000.
After 1990, however, there is expected to be an increase
of teachers, as high school enrollments begin to increase
again starting in 1991. If mathematics and science
teachers were to continue to represent, respectively, 11
percent and 10 percent of the high school teaching force,
the total number of teachers needed for mathematics would
decrease by 7,700 by 1990 in comparison with the number
needed in 1982, and the total number of teachers needed
for science would decrease by 7,000.

A countervailing factor to decreasing enrollments is
the increase in high school graduvation requirements
already mandated by some states and being considered by
others (see Table 5). It should be noted that these
increased requirements would not affect all students: in
1982, about 46 percent of high school graduates had taken
3 years or more of mathematics in grades 9~12; 30 percent
had taken 3 years or more of science (National Center for
Education Statistics 1984b). However, where recent state
or local mandates would require more courses than were
actually taken before the new requirements, additional
mathematics and science teachers would be needed.

A number of state university systems also have recently
increased entrance requirements, often beyond those
required for high school graduation (U.S. Department of
Education, 1v84). The National Commission on Excellence
in Education (1983) recommended that all students be
required to take 3 years of mathematics, 3 years of
science, and 1/2 year of computer science for high school
graduation. If these recommendations were to be imple-
mented, it would certainly reguire a large increase in
the number of mathematics and science teachers., In the
committee's estimates of annual demand for the next few
years (see below), it is assumed that decreased demand
due to lower high school enrollments will be balanced by
increased demand due to higher graduation requirements.
However, Pelavin and Reisner (19R4) estimate the increased
demand to be 8,600 mathematics teachers and 6,500 science
teachers.

-
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It has bern argued that demand projections should take
account of the need to replace teachers of science and
mathematics who have been assigned to teach those subjects
without the requisite qualifications. At present, fewer
than half of new entries into these fields appear to be
qualified (see Table 4), and unless countermeasures are
taken, erosion of the competence of the existing teaching
pool will continue. Countermeasures could include
increasing the numbers of qualified new entrants {or
reentrants), in-service education, and replacement of
unqualified teachers. As to the last, likely replacement
rates are difficult to estimate, since the feasibility of
replacing teachers, especially if tenured, depends on
conditions within individual school systems. Many local
systems and states may choose to retrain rather than
replace underqualified teachers.

For the purpose of projecting demand, the committee
considered three alternative replacement rates per year:
a no-replacement rate of 0 percent; a moderate replacement
rate of 2.5 percent of the current pool of mathematics
and science teachers; and a high replacement rate of 5
percent. The alternative estimates of annual demand,
supply, and shortage of high school mathematics and
science teachers for the next few years under these
conditions are shown in Table 6.

As can be seen, annual shortages are at least 3,700
for mathematics teachers and 2,800 for science teachers;
that is, the annual demand for new or returning high
school teachers of mathematics and science is projected
to be at least twice the expected supply. 1If school
systems were to make a concerted effort to replace
unqualified teachers, the need would be for three or four
times the expected supply of new (or returning) teachers.
Among the various sciences, data show that shortages will
continue to be most acute in physics but also prevalent
in chemistry and the earth sciences; few shortages in
biology are projected.

The preceding summary of the data indicates the
considerable uncertainties attached to all the estimates.
Moreover, the projections are based on the assumption
that the education system will continue to operate essen-
tially as it does at present; the possible effects of
structural changes that might be brought about by the
application of information technology to education and by
other reform efforts are not taken into account.

As noted in Chapter 2, national projections are not
very useful for state and local planning. As the

.




TABLE 5 Minimum High School Graduation Requirements in Mathematics and Science, as of August

1984

Requirements Increased Statewide

Years of Instruction Total Credits? Since 1980 Mandate for

State Mathematics Science Required Mathematics Science Testingﬁ
Alabama 2 1 20 X + X
Alaska 2 2 21 X X X
Arizona 2 2 20 X X X
Arkansas 2=-3 {5 total) 2-3 20 X X X
California 2 2 13 X X X
Colorado Local determination X
Connecticut 3 2 2 X X X
Delaware 2 2 19 X X X
D.C. 2 2 20.5 X X X
Florida 3 3 24 X X X
Georgia 2 2 21 X X X
Hawaii 2 2 20 X
Idaho 2 2 20 X X X
Illinois 2 1 16 X X X
Indiana 2 2 19.5 6o x X X



Iowa
Ransas
Kentucky
LouisianaS
Maine

Maryland
Massachusetts
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New Jersey
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2 2
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3 3

Local determination
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Local determination

1l 1
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2 2
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TABLE 5 Continued

Requirements Increased Statewide

Years of Instruction Total Credits® Since 1980 Mandate for

State Mathematics Science Required Mathematics Science TestingP.
Ohio 2 1l 18 X
Oklahoma 2 2 20 X X
Oregon 2 2 22 X X X
Pennsylvania 3 3 21 X X X
Rhode 1sland 1 1 16 + + X
S. Carolina 3 p 20 X X X
S. DakotaS 2 2 20 X X
Tennessee 2 2 20 X X X
Texas 3 2 21 X X X
UtahS 2 2 24 X X X
Vermont 3 3 15.5 X X X
Virginia 2-3 (5 total) 2-3 18 X X X
washington 2 2 16 X X X
W. Virginia 2 1 20 + +
Wisconsin€ 2 2 13.5 X X X
Wyoming Local determination 18

0 6%




CODE: X = requirements increased since 1980.
+ = additional requirements under study.

8A credit is defined as a year of instruction. Some of the listed requirements are to be
E::sed in over the next 3 to 5 years. :

Y include competency-based tests required for high school graduation, testing at
selected grade levels, use of standardized tests, or tests developed by the state or
districts. Proficiency tests in basic mathematical skills usually are included; tests in
science are less frequent (see Table A3, Appendix).
Cstates requiring 0.5-1 year of computer science or computer literacy in addition to
mathematics and science requirements. Several more states are evaluating computer literacy
requirements.

SOURCE: Adapted from Parrish (1980), Dougherty (1983), U.S. Department of Education (1984),
Education Commission of the States (1984) , and Council of Chief State School Officers {1984).
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TABLE 6 Alternative Estimates of Annual Demand, Supply, and Shortage of High School
Mathematics and Science Teachers

Replacement Assumptions

Zero 2.5 Percent--Moderate 5 Percent~-High
Mathematics Science Mathematics Science Mathematics Science
Unfilled positions 800 900 900 900 900 900
Resignations, retirements 6,000 5,500 6,000 5,500 6,000 5,500
Replacements — - 2,700 2,600 5,500 5,200
Total need 6,900 6,400 9,600 9,000 12,400 11,600
1.es8 new entrants 3,200 3,600 3,200 3,600 3,200 Z.600
Net Shortage 3,700 2,800 6,400 5,400 9,200 8,000

NOTE: The estimates are for the next 3 to 5 years. They do not take into account any
possible changes in the function or structure of education. All ithe estimates assumed
that decreased demand for teachers due to lower higher school enrollments will be halanced
by increased demand due to higher requirements for high school graduation.
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Education Commission of the States survey (Flakus-
Mosqueda, 1983) shows, there is considerable variation in
teacher supply and demand among the states. Some states
are losing students, others are gaining them. Some of
the most populous states in the Northeast and Midwest
report no teacher shortades in mathematics or science
(see Appendix), while other states are reporting critical
shortages. The numbers of teachers do not vary in pro-
portion to student enrollment, since there is a set of
constraints operating differently on different com-
munities with respect to hiring or firing teachers. Even
among districts within a state, supply and demand is
likely to vary, depending in part on the sociodemographic
characteristics of communities (National Center for
Education Statistics, 19824).

Quality of Teachers

If the objective is to gauge the adequacy of science
and mathematics teaching in the schools, then simply
providing a count of the number of teachers in front of
science and mathematics classes without any assessment as
to their quality is not sufficient. There is, however,
no measure available for evaluating teacher quality;
there is not even a measure for assessing competence,
that is, whether a teacher possesses adequate knowledge
of what is to be taught and knows how to teach it.
Certifi~ation has been used as a first-order approxima-
tion of competence, but, as shown in Table 7, certifica-
tion standards vary so greatly from state to state that
certification becomes problematic as a measure of com-
petence at the national level. Certification requirements
range from a degree from any of the accredited teache:
education programs in the state (which may themselves
vary quite widely) to = number of college credit hours in
education courses and in areas of specislization. Even
requiring a given number of credit hours can result in
quite different levels of preparation, however, depending
on the content of courses taken.

In the 19608 and 1970s, various professional groups
such as the Mathematical Association of America (Commit~-
tee on the Undergraduate Program in Mathematics, 1961a,
1961b) and the American Association for the Advancement
of Science (1970), in conjunction with the National
Association of State Directors of Teacher Education and
Certification, developed and publiished standards for the
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TABLE 7 Teacher Certification Requirements

Elementaryd Secondary®

h State Math E&cience Math science Test
Alabama 12 comhined 12 comhined s
Alaska U U U U
Arizona 12-30 12-30 30 30 S
Arkansas 6 9 21 2% NTE
California U U U U S5/NTL
Colorado L U U U S
Connecticut 6 R 30 30 8
Delaware U v 30 319-45 s
D.C. 9 6 30 30
Flor ida 6-12 combined 21 29 s
Georgia U U 45 gh 40-75 gb 8
Hawaii U 8] ma jor major
1daho 6 8 20+-45% 20-4%
I1llinois 5 7 24=137 24-12
indiana R K 24-%2 24-52
lowa U R 30 3C
Xansas 12 combiped 18 24
Kentucky 12 comhined 48 4R
Louisiana [ 6 0 20-32 S/NTL
Matine U U 14«50 18-50
Maryland 6 12 24 36
Massachusetts i 8] 36 36
Michigan U U 30 30
Minnesota 1Y U ma jor My jor
Mississipps 15 combined 12 combined NTE
Missours 5 5 30 30
Montana U C 20~40 20-4
Nebhraska U } {i U
Nevada 1) { 16=-3¢6 16~36
New Hampshire U ! A U
New Jersey R R 24-30 c§~30
New Mexico R R 23~%4 24-54 $/NTE
New York R K 24 36 NTY
N, Carolina 13} R ma Jar major NTE
N. Dakota U R U u
Uhio 5 & 0 20-60
Uk 1 ahuma ¥ = AR i v
Jregon 12 u 21-42 45
rennsylvania v v U U
fhode I«land i 9 iy 18
S, marolina v 12 1-60 17-60 S/NTH
S. Lakota J 4 ma YT na Jor
Tennessee 1 gk 12 4gh 7 agh <4-48 an
Texas U { { v NTE
Utah U ¢ 16-46 1f-46
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TABLE 7 Continued

Elementaryd Secondary®
State Math Science Math Science Test
vermont u U 4] U
Virginia 6 6 16-27 24 NTE
washington U U Y u
W. Virginia U U U U s
wisconsin U U 22-34 22-34
wWyoming R R R R
CODE:

U = credits in mathematics and/or science may be required
for certification; these subjects, however, are not
specifically mentioned.

R = credits in mathematics and/or science are required for

certification; number of Credits required is not

indicated

state-constructed test

National Teacher Examination

guat ter hour

5
NTE
gh

4]

NOTE: Unless otherwise noted, requirements are given in college
semester hours required in mathematics and science for state
certification for elementary school teachers and to teach
mathematics or science in secondary school.

dcertification to teach; requirements given are for the
lowest=level certificate. Many states require additional credit
hours for certification as a specialist teacher in mathematics or
science or for teaching in junior high school.

~Certification to teach mathematics or science. A wide spread in
credit hours (e.g., 18-50 for Maine) generally means that the
higher number includes courses in several sciences for
certification to teach in all of them.

SOURCE: Adapted from woellner (1983) and Flakus-Mmsqueda (1983).

preparation of elementary and secondary school teachers
in mathematics and science. The guidelines have been
updated periodically (see, e.g., American Chemical
Society, 1977). These activities led to an increase in
several states in the number of credit hours required ir
the pertinent academic field for certification of
secondary school teachers and of hours of mathematics
required for elementary gchool teachers. Revised guide-
lines for preparation in mathematics for elementary
school teachers and for mathematics teachers for grades
7-12 have recently been prepared by the National Council

o< Teachers of Mathematics (198la) in association with
the Mathematical Association of America (see also

Committee on the Undergraduate Program in Mathematics,

ey
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1983) ; the National Science Teachers Association (1983)
has published standards for preparation in science for
elementary and middle/junior high school teachers and,
more recently, for secondary school teachers of science
{Ritz, 1984). As in the past, the effect of these
guidelines is likely to vary from state to state.

In an effort to help ensure quality, a number of
states have added competency-based tests to their
certification requirements, as shown in Table 7; at least
15 more states are considering the use of such tests.
Several states provide long-term certification; others
require periodic recertification based on continuing
in-service education. Districts may impose their own
standards in addition to those required by the state.
Certification standards are changed periodically as new
priorities are set for schools, but teachers already
certified are gererally excluded from having to meet the
new standards or can meet them through inservice training.
Hence, certification granted at different times may repre-
sent different preparation even within the same state.

Elementary School

In many states elementary certification depends mainly
on obtaining a college degree and on a specified period
of teaching within the state. 1In some states, such
elementary school certification is also valid for teaching
grades 7 and 8; certification provisions usually call for
a specialist teaching degree requiring more credit hours
in the relevant academic field than for grades 1-6 but
fewer than for secondary school certification.

Since teachers for grades 1~6 generally major in
elementary eauc -tion, their college preparation in
mathematics or science tends to be limited, as indicated
by the requirements (or lack thereof) shown in Table 7.
According to a recent survey of teacher education programs
{Kluender and Egbert, 1983), 40-50 percent of an ele-
mentary school teacher's preparation consists of profes-
sional education courses; the rest is usually distributed
among general liberal arts courses. If science is taken
at all in college, it is usually limited to one disci-
pline. Certification may be an even less appropriate
indicator of qualification for teaching mathematics and
science in elementary school than it is for secondary
school teachers. In any case, little information is
available regarding the subject-matter expertise of
elementary school teachers presently in classrooms.

e,
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Secondary School

Certification to teach a particular subject in secon-
dary school may cequire as few as 18 or as many as 48
college credits in the relevant and related disciplines.
Kluender and Egbert (1983) found that the average require-
ments of teacher preparation programs for secondary school
teaching consist of 25-60 percent of courses required in
the academic field to be taught, 20 percent in prores-
sional education courses, and the rest distributed among
general liberal art: »urses. 1In the large state univer-
sities, the credits needed for teaching degrees often
represent preparation equivalent to that of a major in
the academic discipline, but little is known about the
types of courses taken by teachers in smaller, less
prestigious institutions.

Because of the great range over locale and over time
in teacher education programs and certification standards,
and because of the device of issuing emergenty certifi-
cates, documenting the number of teachers actually certi-
fied to teach science or mathematics is only a first step
toward establishing whether they are gqualified. Even so,
no national data are currently availab.ie on how many
teachers now assigned to teach science or mathematics
courses are fully certified for their assignments. As
noted above, a new NCES sample survey on teachers is
planned for 1985 to provide data on the certification
status and preparation of secondary school teachers in
all fields.

More informaticn is available on certification of new
entrants than on certification of teachers already
teaching. NSTA surveyed secondary school principals in
1980-1981 and again in 1981~1982 to gather information on
their teachers. Table 8 shows the percentage of newly
hired science and mathematics teachers who were not certi-
fied to teach the courses to which they were assigned, as
estimated from the NSTA surveys. This table also gives
some indication of the variations among different regions
of the country. It is evident that regions losing popula-
tion, like the northeastern states, are having less
difficulty in staffing their schools than are the regions
of high growth, like the Pacific states, where a large
majority of newly hired teachers in science and mathe-
matics are not certified.

Similar findings come from the periodic NCES surveys
of recent college graduates; as noted above, only 42
percent of 1980 bachelor degree recipients teaching
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TABLE 8 Percentages of Newly Hired Science and
Mathematics Teachers Not Certified in Subject

Census Region 1980-1881 1981-1982
Pacific states 75 84
Mountain states 44 43
West north-central states 26 43
West south=central states 63 63
East north-central states 23 32
Bast south-central states 43 40
Northeastern states 11 9
Middle Atlantic states 40 46
South Atlantic states 48 50
Nationwide 45 50

SOURCE: Franz et al. (1983).

mathematics and 45 percent teaching science were certified
to do s0 (see Table 4). These percentages are far lower
than for other fields, although English teachers also
were drawn from out of field in considerable numbers.

Defining Teacher Quality

It bears repeating that certification is only a poor
approximation of competence at the secondary school level
and even less meaningful at the elementary school level
with respect to teaching science and mathematics. At
present, however, there is no other standard that might
be used to establish how many of the teachers with
instructional responsibilities in science and mathematics
are qualified to carry out their assignments.

One unresolved problem is the appropriate combination
of knowledge of subject matter and of teaching (pedagogy)
and how that should vary by level of instruction (Druva
and Anderson, 1983). Obviously, teachers must understand
the subject matter they are responsible for teaching,
although there is evidence that in mathematics, at least,
more advanced knowledge by the teacher does not correlate
highly with incre.sed student performance {(Begle, 1973).
Never theless, the equivalent of a college major in the
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relevant discipline(s) is generally thought necessary for
secondary school teachers, with the number of credits
required for certification specified by many states.
Sequence and content of the courses is often left up to
individual institutions, and practice reflects disagree-
ment about such matters as the suitability of courses
designed for mathematics or science majors as well as the
mix of disciplinary and pedagogy courses. Research
evidence provides little guidance. The National Longi~
tudinal Study of Mathematical Adbilities (NLSMA), for
example, included a detailed study of the relationships
between teacher background and attitudes and student
performance. Concerning teacher preparation, the strong-
est positively correlated variable was found to be credits
in mathematics methods courses, but the positive cor-
relation appeared in only 24 percent of the cases (Begle,
1979). Generally, teachers with graduate credits or
advanced degrees are deemed to be more competent and are
paid better, yet the evidence on the relationship between
graduate work or inservice education and student achieve-
ment is equally tenuous (Summers and Wolfe, 1977: Begle,
1979; Shymansky et al., 1983; Druva and Anderson, 1983;
Hilton et al., 1984; U.S. General Accounting Office,
1984).

There is even more question about the suitable academic
preparation of elementary school teachers, since they are
responsible for teaching subject i.ctter from suveral dis-
ciplines. For elementary school teachers in particular,
but also for secondary school teachers to some extent,
the importance of pedagogy is stressed by those who hold
the model of the college lecture to be inadequate for
precollege education. Teaching prospective teachers how
to teach science or mathematics is deemed as necessary as
what science or mathematics to teach. The how appears to
be especially important with respect to teaching such
higher-order skills as analyzing and solving problems,
reasoning from evidence, checking one's procedures, and
in-depth understanding (Glaser, 1983). A third element
in teacher qualification is experience, rated by skilled
classroom observers and school administrators as a key
element in the development of competent teachers.

Experts have not settled their differences, with
mathematicians and scientists generally arguing for
increased training in subject matter, teacher educators
for more training in pedagogy, and principals and school
superintendents for teaching experience. Almost all the
recent reports on education and several national bodies
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have made suggestions for how to improve teacher educa-
tion. {For a listing of these suggestions, sec National
Commission on Excellence ir Teacher Education, 1¢84.) At
this time, efforts are going forward to increase the
number of people teaching science and mathematics. These
"natural experiments” range from training out-of-field
teachers by giving them special courses in mathematics or
the relevaat science to hiring professional scientists
and engineers as teachers without requiring the usual
education courses or teaching experience. It would be
useful to track a selected number of these experiments
through a carefully designed research effort in order to
bhelp identify the critical attributes of competent
science and mathematics teachers.

Findings
Supply and Demand

Aggregate Quantity

*+ Porecasts of aggregate supplv and demand of
gecondary school teachers in the physical and biological
sciences and in mathematics show shortages over the next
several years in mathematics and the physical sciences.

A low estimate, based on little change in current trends
of overal’. supply and demand, indicates an annual short-
age of 2,800 science teachers, mostly in the physical
sciences, and 3,700 mathematics teachers. If teachers
currently assigned to mathematics and science classes but
not qualified to teach these subjects were to be replaced
at a rate of  percent per year of all teachers in these
fields, the annual shortage would be 9,200 in mathematics
and 8,000 in science. Both these forecasts are driven by
the education system as presently constituted and do not
take into account the possibility of structural reform.

. Aggregate estimates of teacher supply and demand
mask great differences among regions of the nation,

states, and local school districts within states.

Uncertainties

+ All estimates of teacher supply and demand are
accompanied by large uncertainties.
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respect to supply, there are three major gaps in

knowledge:

(1)

(2)

(3)

With

1)

(2)

(3

The data on the actual numbers of teachers
assigned to mathematics and science classes >re
inadequate, especially as aggregated at the
national level.

The number of inactive teachers who return each
year to £1ill vacancies is unknown. Since the
number of trained teachers who do not enter
teaching or who leave teaching is sizable, this
represents a considerable resource. The number
of teachers drawn from the inactive pool may
increase as desirable job oppor:unities arise.
The most recent data on the annual supply of
newly certified entrants to teaching--3,200 in
mathematics and 3,600 in science--are 4 years
old. Hence, the effects of current incentives to
draw people into the field are unknown. The
incentives include loan programs for college
students preparing to be teachers, in-service
training for out-~of-field teachers, and employ-
ment of retired scientists and engineers as
teachers.

respect to demand, there are four unknowns:

While enrollments are dropping, vacancies tend to
be filled with teachers from other fields who
have tenure in a district, rather than wiih new
entrants certified in the field with vacancies.
This practice, the extent of which is unknown,
reduces the demand for additional teachers, even
though it may be detrimental to the quality of
science and mathematics teaching.

The extent to which school systems will seek to
replace out-of-field teachers or will choose
instead to provide in-service training is
unknown. Such choices will in part be influenced
by state and federal support policies for teacher
education and in part by local board policies and
teacher contracts.

To the degree that increased high school
graduation requirements will entail having to
offer more courses in mathematics and science,
teacher shortages will be aggravated, but how
much is unknown.
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{4) Demand forecasts are generally based on
extrapolation of current conditions, taking
account of likely changes in enrollment, Class
size, and curriculum. They do not take into
account possible structural changes in the
education system.

Quality

Lack of Information

* Adeguate information is lacking on the guali-
fications of the teachers who are responsible for
teaching macthematics and science in high school,
middle/junior high school, or elementary school.

* Information on certification, the only proxy
available for qualification, is lacking for all but new
entrants, although data on a national sample of the
teaching force are now being collected.

Requirements for Teaching Mathematics and Science

* Even if available, information on certification
is of questionable use as a measure of qualification
because state certification requirements and preservice
college curricula reflect a wide range of views on what
constitutes a qualified or competent teacher in mathe~
matics or science. Moreover, teachers currently certi-
fied obtained their certification at different times that
Rray have required different types of preparation;
therefore, certification even within the same state does
not connote equivalent preparation.

* Although guidelines on teacher preparation
developed by professional societies are generally
available, they have not been uniformly adopted.

Conclusions and Recommendations
Supply and Demand

* A suitable indicator to assess the sufficiency of
secondary school science and mathematics teachers would
be either the ratio of or the difference between projected
demand and anticipated supply of gqualified teachers. The
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ratio would indicate how close to balance demand and
supply ares the difference would indicate the number of
teachers that need to be added or that exceed the demand.
The construction of such an indicator on teacher demand
and supply is at present not feasible at the national
level because of the lack of a meaningful common measure
of qualification.

* Individual states and localities might construct
this type of indicator by using certification as an
approximation for qualification or developing alternative
criteria for teacher competence. In each case, an
adequate determination would entail estimates of both
demand and supply under alternative sets of assumptions
about anticipated enrollments in mathematics and science
classes and new entrants into the teaching of these
fields. Aggregation of the state data might provide a
useful national picture, especially if. in addition,
information was reported concerning di ferences among
states.

Quality

* The disparate views on teacher qualification and
the variation in certification standards indicate the
need to rethink the initial preparation and continuing
training appropriate for teachers with instructional
responsibilities in science and mathematics. Guidelines
that have been prepared by professional societies need to
be considered by the wider educational community, includ-~
ing bodies responsible for the certification of teachers
and accreditation of teacher education programs. Require-
ments should be detailed separately for teachers in ele-
mentary school (grades 1 to 5 or 6), middle or junior
high school {grades 6 or 7 to 8 or 9), and high school
{grades 9 or 10 to 12), with particular attention to

requirements that can be translated into effective college
curricula and in-service education for teachers.

* The development of guidelines for the preparation
and continuing education of teachers would be advanced if
the attributes of successful teaching in science or
mathematics were better understood. Further research is
necessary on the relationships between teacher training
and student outcomes; for example, the effects on student
achievement of different types of preservice and in~
service training and of teaching experience. Current
initiatives to augment the pool of science and mathematics
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teachers should be monitored to assess their effective-
ness.

CURRICULUM CONTENT
Opportunity to Learn

Giving students the opportunity to learn subject
matter not part of their home or social environment is a
primary reason for formal schooling. The opportunity to
learn mathematics and science is dependent, in part, on
the content of the curriculum. It is also dependent, in
part, on the time devoted to each curriculum area--a
process variable discussed in the next chapter. These
two aspects of instruction are considered separately for
analytic purposes, although they are obviously closely
related.

The relationship between the emphasis given a topic in
the curriculum and student achievement was demonstrated
by information collected by the International Project for
the Evaluation of Educational Achievement (IEA) in 1970.
In conjunction with science achievement tests administered
in some 16 countries, IEA asked teachers to rate each
item in the test according to the following scale:

l1--None of the students has studied the relevant topic;

2~-Fewer than 25 percent of the students have studied
the relevant topics

3--Between 25 percent and 75 percent of the students
have studied the relevant topic:

4--More than 75 percent of the students have studied
the relevant topic;

5--all of the students have studied the relevant topic.

From the rating data, a national opportunity-to-learn
score was obtained for each school; the scores were then
aggregated to determine an overall rating for each country
at each population level. The results show (Wolf, 1977)
rank~order correlations between opportunity to learn
science and achievement, across countries, of .51, .75,
and .36, respectively, for the three populations tested:
10~year-olds (1), l4~-year-olds {(II), and all students in
the termir.al year of secondary school (IV). Table 9
exhibits this relationship for the United States. It
should be noted that the U.S. ranking for category IV is
affected by the fact that, in some European countries,
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TABLE 9 United States Rank Order in Opportunity to Learn
and Science Achievement for Populations I, II, and IV, 1970

Countries Testing

Rank Order of United States2 and Rating

In Opportunity In Science oppor tunity to
Population to Learn Achievement Learn (Number)
1 {10~yr-olds) 1 4 14
11 (l4-yr-olds) 6 7 16
IV (terminal year) 13 14 16

81 indicates the nighest rating, i.c¢ greatest opportunity to learn or
highest achievement.

SOURCE: wWolf (1977:40).

the terminal year of secondary school comes 2 to 3 age
years later than in the United States.

A shorter version of the rating scale used in the IEA
science assessment was also administered in conjunction
with IEA mathematics testing in 1964. Teachers used a
three-point rating scale for each topic in the test: 75
percent or more of the students had the opportunity to
learn the topic, 25-75 percent had the opportunity, or
fewer than 25 percent had the opportunity. Correlations
between ratings and scores by countries was .73 for 8th
graders; that is, students scored higher marks in coun-
tries where teachers 1ated the * .ts to be more closely
related to the curriculum. Hu'éa (1967:168) concludes
that "a considerable amount of the variation between
countries in mathematics score can be attributed to the
differences between students’ opportunities to learn the
mat erial which was tested.® The IEA's second inter-
national mathematics study and the second science study
currently under way are collecting similar information on
opportunity to learn.

In the United States, local districts determine school
curricula, usually within guidelines set by the state.
The degree to which guidelines are mandatory varies from
state to state. Most states, although not all, specify a
minimum number of credit hours for high school graduation,
including requirements in such key fields as English,
mathematics, and science (see Table 5, above). For most
subjects, however, local authorities have considerable
discretion as to the content to be covered within the
required credit hours and state guidelines. Some populous
states, including California, Florida, and Texas, have

&
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statc textbook adoption boards; however, the lists of
texts approved for school use by such bodies usually are
conprehensive encugh to allow much room for local choice.

The state education authority in New York is unigque in
its history of involvement with local districts. Examina-
tions (the "Regents®) are constructed at the state level,
based on specified courses of study for each subject
matter £ield. 1lthough the examinations are voluntary,
all high school curricula are re,uired to be based on
them. Similar curriculum guidelines became mandatory for
grades 7 and 8 in 1984, and there are also some mandatory
curriculum requirements for elementary school.

For some disciplines, mathematics in particular,
professional societies have recently developed guidelines
for the content of the school curriculum (National Council
of Supervisors of Mathematics, 1977; National Council of
Teachers of Mathematics, 1980, 1981b; Conference Board of
the Mathematical Sciences, 1983). Although there may be
agreement on principles by professionals, just as in
teacher education, that agreement does not necessarily
extend to others concerned with educatinon. As a result,
textbooks intended for the same grade or course emphasize
different topics; some topics may be included in one test
and excluded from another; and teachers may stress differ-
ent subject matter. Such choices are not always based on
the recommendations of subject matter experts. The lack
of agreement on course content is especially true for the
science curriculum and for nontraditional mathematics
topics in elementary school, for the life sciences, and
for science and technclogy education for students not
taking the traditional precollege sequence. It will be
important to monitor the extent to which the recommenda-
tions being made by professional groups are translated

into texts or teaching methods that are likely to affect
student learning.

The Role of Textbooks

Textbooks appear to be central to instruction. While
other teaching and learning devices are in use, such as
computer-aided instruct‘.n, films, and laboratory experi-
mente, their role is decidedly subsidiary. Stake and
Easley (1978), in a set of case studies supported by NSF
on the state >f precollege science education, found that
more than 90 percent of all science teachers use a text-
book 90-95 percent of the time. This finding has been
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replicated over and over by classroom observers. Hence,
one way of establishing the content of instruction would
be to document what textbooks are used, what scientific
concepts, factual knowledge, and processes inherent in

the discipline are covered in the most commonly used text-
books, how much textbooks intended for the same grade
level or course differ from each other, and the emphasis
given by the teacher to different topics within a given
text.

There have been occasional studies on various aspects
of textbook content and textbook use, but information has
not been collected systematically over time. There is
even less information available on other teaching and
learning tools, especially with respect to their role in
conveying content. The most comprehensive information on
the use of mathematics and science texibooks comes from
one of the NSF~supported studies, the 1977 Natiocnal Survey
of Science, Mathematics, and Social Studies Education
{Wweiss, 1978). According to teacher reports, one-half of
all science classes and about two-thirds of all mathe-
matics classes use a single published textbook or program,
and about one-third use multiple texts. Only in grades
K-3 science instruction was there any noticeable absence
of the use of a published textbook or program (37 percent
of the classes). Over one-half of the elementary school
teachers surveyed used one or another of the most popular
five mathematics textbook series; somewhat more diverse
choices were reported in science.

The extent to which textbooks published for the same
grade and subject actually differ has been open to ques-
tion and has occasionally been the subject of empirical
study. During the era of curriculum reform in the 1960s,
texts in mathematics and the sciences were often classi-
fied as to whether they emphasized facts ("traditional®
+exts) or concepts, processes, and learning how to learn
i"new” texts) and whether they included such "new”® topics
as set theory in mathematics or genetics and evolution in
bioiogy. The very deliberate differences built into the
reform curricula 4id indeed bring about differences in
student performance. According to NLSMA findings, stu-
dents studying the new mathematics did better on tests of
comprel.ension, application, and analysis; students using
conventional texts performed better on computation, though
new math students tended to catch up in later grades
{Begle and wilson, 1970). With respect to science, a
number of evaluation studies have recently been reviewed
to assess the overall effects of the reform curricula;
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after examining 111 studies dealing with science cur-
ricula, Shymansky et al. (1983:392) conclude:

Bspecially interesting . . . are the statistics for
general achievement., . . . Much criticism regarding
the new science curricula focused on the apparent
decline of general science knowledge among students
exposed to the new programs. At the height of the
new curricular movement {(and even today) the pre-
vailing notion was that the process goals of the
new science curricula were being achieved at the
expense of the content goals--although no compre-
hensive database existed for either claim. The
data . . . show clearly that students exposed to
new science curricula achieved 0.43 standard
deviations above (exceeding 67% of the control
group), or nearly one-half of a grade level better
than, their traditional curriculum counterparts on
general achievement measures.

Students taking the new courses also gained on their
counterparts in analytic thinking, problem solving,
creativity, and other higher-order cognitive skills and
in process skills relevant to the doing of science.

More recently, analysis of science textbooks has been
concerned with the structure and language used to present
topics {(Robinson, 1981:5-68). A question of particular
interest has been the degree to which science learning
involves the memorization of unfamiliar technical words.
Building on previous work that indicated that some texts
required learning thousands of new words, Yager (1933)
analyzed 25 frequently used science textbooks. These
included two science series for grades 1-6, six texts at
the middle/junior high school level, arnd alternative
texts for high school biology, chemistry, and physics.

At all levels, Yager found terminology to be a central
feature of science texts, with 2,700 to 3,500 special or
technical words included in books intended for grades 4-6
and as many as 9,300 in one of the physics texts. Even
if only a small percentage of these words are new or
entail new definitions, a lot of learning time is spent
on vocahulary. To a lesser but still considerable extent,
this is true even of the new texts. Concentration on
vocabulary may in part be responsible for a large propor-
tion of students reporting that they are bored with
science classes~-82 percent of 17-year-olds in one study
{Hueftle et al., 1983),
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While this sort of analysis points to possible
similarities among textbooks in learning difficulty, it
does not further establish concordance of subject matter
coverage. Despite the key role of the textbook in
instruction and student learning, there has been little
content analysis of texts since the mid-1970s (Walker,
1981). One might hypothesize that the widespread use of
standardized tests would lead teachers to emphasize cer-
tain common topics, even if texts ircluded other mater-
ials. To investigate to what extent different textbooks
treat the same topics and the text materials match topics
covered on tests, Freeman et al. (1983a) examined four
popular 4th-grade mathematics textbooks and five stan-
dardized tests. A set of 22 core topics was identified
by analyzing all the texts and tests. Approximately
50~60 percent of the more than 4,000 problems in each
book focused on 19 of the 22 core topics, showing that
there is indeed some agreement among texts on a common
core. The match to tests was rather worse, however
(Preeman et al., 1983a:504): "0Of these 22 topics, only
six were emphasized in all textbooks and tests analyzed.
Three topics were emphasized in all books but in no
tests. Three other topics were covered in all tests, but
they received limited attention in the books. The other
10 topics were emphasized in all four books, but they
appeared in only some of the tests.” The match between
topics contained in the texts and in the tests analyzed
is shown in Table 10. The authors conclude that (p. 511)
“{tlhe proportion of topics covered on a standardized
test that received more than cursory treatment in a
textbook was never more than 50%."

Variations in Topic Emphasis

Though teachers rely heavil on textbooks for instruc-
tion, they use them differently. Another investigation
by the same research team (Freeman et al., 1983b) showed
that student exposure to the content covered by several
of the tests included in the study varied to some degree
depending on styles 0if textbook use, even when the text-
book was the seme. Berliner (1978), using logs of how 21
S5th-grade teachers in California allocated their instruc-
tional time, found great differences in time spent on

common mathematics topics from class to class, as shown
in Table 11, While some of these differences may be
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TABLE 10 Percentages of Tested Topics Covered in Selected Textbooks

Textbooksd
Addison-Wesley Holt Houghton Mifflin Scott, Foresman
Testl r(148)S 1l(42)8 T(242)€  71l(49)9 T(167)S  71l)49)8 (197 € Tl (50)4
MAT
(38 topics) 63.2 31.6 86.8 50.0 73.7 39,5 73,7 42.1
Stanford
{71 topics) 54.1 22,2 73.6 22.2 52,8 20.8 62.5 22.2
Iowa
(66 topics)  54.5 25.8 74.2 28.8 72.7 31.8 71.2 25.8
CTBS-1
(53 topics) 56.6 32.1 79.2 32.1 64.2 37.7 64.2 35.8
CTBS~11
(61 topics) 60.7 27.9 85.2 7.7 59.0 37.7 67.2 34.4

8The texts analyzed were the 4th-grade editions for the series: Mathematics in Our World,
Addison-Wesley Publishing Co. ({1978); Holt School Mathemastics, Holt, Rinehart and winston {1978);
Mathematics, Houghton Mifflin Co. (1978); and Mathematics Around Us, Scott, Foresman and Co. {1978).
PMAT = Metropolitan Achievement Tests, Elementary Level (Grades 3.5-4.9), 1978; Stanford =

Stanford Achievement Test, Intermediate Level {Grades 4.5-5.6), 1973; Iowa = Iowa Test of Basic
Skills, Level 10 (Grade 4), 1978; CTBS~1 = Comprehensive Tests of Basic Skills, Level I (Grades
2.5-4.9), 1976; CTBS~-I1 = Comprehensive Tests of Basic Skills, lLevel IJ (Grades 4.5~6.9), 1976.
ETopics covered by at least one item in the book; numbers in parentheses are the number of topics.
QTopics covered by at least 20 items in the book; numbers in parentheses are the number of topics.

SOURCE: Freeman et al. (1983a:509).
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TABLE 11 Pupil Time (in minutes) in Content Areas of
Mathematics for Four 5th-Grade Classes

Classroom

Content Area A B [ D

Computation
Addition 33 234 95 2C
Subtraction 77 205 248 4
Multiplication: bhasic facts 40 79 89 142
Multiplication: speed tests 34 51 8 24
Multiplication: algorithm 341 310 720 343
Division 243 19 1,548 2,223
Fractions 54 370 495 2,018
Other 0 82 213 0

Concepts/application
Computational transfer 49 24 160 147
Numerals/place value (whole number) 0 53 29 0
Wword probless S8 3 322 15
Geometry: perimeter 0 53 73 0
Geometry: area Y] 103 49 0
Geometry: number pairs 90 42 0 0
Geometry:s lines or figures 418 126 70 280
Other 174 128 1,311 68

NOTE: Time was logged uver an average of 90 days of instruction observed
between October to May.

SQURCE: Berliner {1978:21) as cited in Romberg and Carpenter {1985).

related to differences in total time spent on mathematics
instruction (compare, for example, clussrooms A and D),
variation in topic emphasis is evident apart from varia-
tions in total time. It may be conjectured that pupils
from classroows C and D performed differently on division
problems on tests than did pupils from classrooms A and B.

There may be even greater varia“ion at the secondary
level than at the elementarv level in the content of
instruction as embodied within such common course titles
as general mathematics, introductory (first-year) algebra,
earth sciences, or introductory biology. Moreover,
curriculum supervisors at the siate level report that
there has been a proliferation of course titles, with few
standards as to content. Presumably, logging which
textbook is being used would give some indication of the
content of a course, if the content of that textbook is
known. Since there is considerable variation in textbook
use, however, content analysis of commonly used texts
would have to be augmented by observation and analysis of
instruction within samples of classes; such observations
could provide more detailed information on what is




33
(Y]

AP

KD
e

80

actually taught to students enrolled in a given course.

If aggregation of course titles, let alone course content,
is difficult at the state level, it requires truly heroic
assumptions to infer what "years of enrollment® in mathe-
matics or science collected at the national level might
mean in terms of the content studied.

Findings
Opportunity to Learn

* Exposure to specific content as conveyed by
curriculum materials and explicit teaching is a critical
factor in student achievement.

* Although commonly used textbooks and tests intro~
duce a modicum of similarity in the range of topics
generally treated within a year's course of instruction,
emphasis varies from text to text, class to class, and
test to test. Hence, for the nationally normed achieve-
ment tests often used at the elementary and middle school
levels, there may be a discrepancy between a student's
opportunity to learn and the subject matter covered on
the test, while at the same time the student may have
learned considerably more than the test indicates.

Textbooks and Courses

* To a large extent, the content of imstruction is
based on the textbook used in a class, yet there is no
continuing mechanism to encourage periodic and systematic
analysis of the use and content of szience and mathematics
texts. The Commission on Excellence in Education has
called for more widespread consumer information services
for purchasers of texts.

¢+ At the secondary school level, and particularly
in mathematics, course titles are a questionable indicator
of content studied. The current practice of accepting

simila. course titles as representing exposure to similar
material is likely to produce data of questionable
guality.
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Conclusions and Recommendations
Curriculum Content

* There are no established standards for content
derived either from past practice, practice elsewhere,
anticipated need, or from theoretical constructs devel-
oped, say, from the nature of the discipline being taught
or from learning theory. Until some consensus can be
reached on instructional content that represents desirable
alternatives for given learning goals, it is premature to
suggest a specific indicator for this area.

* Although the identification of an indicator for
the content of mathematics and science instraction is not
feasible at present, this does not alter the importance
of this schooling input. PFinding out what content
students are exposed to is a necessary first step.

* When information on what is currently taught has
been collected and analyzed, reviews of the curriculum
should be done by scientists, mathematicians, and other
experts in the disciplines as well as teachers and
educators. The reviews should evaluate material covered
at each grade level or by courses, such as first-year
algebra or introductory biology; ~onsider relationships
among grade levels or courses; and identify the knowledge
and skills expected of students at the completion of each
grade or course. Such reviews are needed in conjunction
wih addressing the critical matter of what content should
be taught in mathematics and science.

Textbooks and Courses

* At a minimum, periodic surveys should be conducted
to determine the relative frequency of use of various
mathematics and science textbooks at each grade level in
elementary school and for science and mathematics courses
in secondary school. Timing of surveys should take into
account the common cycles of textbook revision.

s Surveys of textbook use should be followed by
content analyses of the more commonly used texts,
Analyses should proceed zlong several different lines:
balance between the learning of recorded knowledge (con-
cepts, facts) and its application (process), emphasis
given to specific topics, adherence to the logic of a
discipline, opportunity and guidance for student discovery
of knowledge, incorporation of learning theory.

G
»

s
N



82

* Intensive studies should collect information from
teachers and students on topics actually studied within a
given grade or course. Mhgervation of samples of indi-
vidual classrooms can hi' ' £to document the content of
instruction. Such studies could help tce inform curriculum
decisions by local districts, even though the results may
not lend themselves to generalization over a state, let
alone over the United States as a whole.

* Improved definitions of secondary school courses,
based on their content, should be developed. As a first
step, use of a standardized course title list, such as

the Classification of Secondary School Courses (Evaluation
Technologies, Inc., 1982), should be considered.

Tests

* Critical analysis of standardized tests should
continue 80 as to establish their degree of correspon-
dence to the instructional content of the class subjects
for which they are used. Consideration should be given
to inviting the judgment of teachers (and older students)
concerning the students' opportunity to learn the
material that is covered on each test.

0
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The Schooling Process:
Instructional Time and Course
Enrollment

A number of different approaches have been taken to
identify the process variables that affect student
learning. One approach has focused on effective teaching
practices (Rosenshine, 1976), including the capacity of a
teacher to plan and make decisions, use appropriate
instructional strategies, and manage the classroom. There
is some evidence that careful planning, decisiveness, and
consistency on the part of a teacher has positive effects
on student learning (Emmer et al., 1980; Brophy, 1983),
but most of this research has dealt with elementary
school, and further documentation is needed. A second
approach has been to identify differences in teacher/
student interaction and establish the effects, if any, on
student learning. The teacher behaviors that are thought
to make a difference include frequency of interaction
with students, frequency of feedback, small-group versus
large-group instruction, and providing for independent
work suited to individual student learning style and
progress. Here again, research is not sufficiently far
advanced to provide unequivocal conclusions (Berliner,
1980; Gage, 1978).

The one process variable that, again and again, has
shown to be correlated with student learning is the time
devoted to an area of the curriculum, usually expressed
in minutes per day at the elementary level and in course
enrollment at the secondary level. Borg (1980) summarized
the considerable research in this area. While he suggests
that further studies are needed to determine how large an
effect quantity of schooling has on achievement, he con~
cludes (Borg, 1980:47): "There can hardly be any doubt,
however, that a significant effect is present.” An
important caveat, however, is to distinguish--especially
in elementary school--among time allocated for instruc~

83
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tion, time actually given to instruction, and time that
students are engaged in learning tasks. A mechanical
lengthening of allocated time may have little effect on

student learning (Levin, 1984) or may even have negative
consequences {(Rosenshine, 1980).

INSTRUCTIONAL TIME AND STUDENT LEARNING

The effect of time spent on a subject is particularly
evident in mathematics instruction. Even such gross
measures as years of instruction and hours of homework
are correlated with student achievement: Table 12 dis-
plays the results of a general mathematics test given to
some 28,000 1980 seniors participating in High School and
Beyond. Most of the 33 items in this test were on arith-
metic, and all but 3 icems dealt with mathematics gener-
ally taught before 10th grade. Evidence of even more
marked effects on achievement of taking advanced mathe-
matics courses comes from the level-]l mathematics test
given to 1982 seniors in the High School and Beyond
follow=-up. This test largely covered arithmetic and
9th-grade algebra; all but two of the 28 items on the
test were based on mathematics taught before 1l0th grade.
The effects on achievement persisted even when adjusted
for race, sex, socioeconomic status (SES), and 10th-grade
scores on the same mathematics test given to the same
students when they were sophomores in 1980: Table 13
shows that the average score for students who took the
full sequence of high school mathematics courses is
nearly a standard deviation higher than that for students
who took no mathematics at the level of Algebra 1 or
above, even after adjustment for other factors affecting
test scores.

Evidence also comes from data summarized in Table 14,
derived from a .pecial 1975-1976 NAEP study on mathematics
achievement of the nation'’s 17-year-olds. A mathematics
test was constructed from exerrises selected from the
first NAEP mathematics assessment in 1372-1973 to assess
basic skills in computation, elementary algebra and
geometry, and logic and measurement. The analyst
comments {Jones, 1984:1211):

The average score for students who reported not
having taken Algebra 1, Algebra 2, or geometry is
seen to be 47%, whereas the average for students
who had taken all three courses is B2% correct for

O L
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TABLE 12 Homework, Number of Courses Taken, and Mathematics Performance, 40 Percent

Random Sample of High School and Beyond 1980 Seniors

Completed Advanced
Time Standard Scandard Courses Standard Standard Math Standard Standard
on Homewor k Score Deviation Grades 10~12 Score Deviation Courses Score heviation
per week {mean 50) {10.0) Mathematics {mean 50) {10.0) Taken {mean 50) (10.Q)
None assigned 45 1.7 nonse 44 7.4 No math 41 7.1
None done 47 9,4 0.5 yr 43 7.7 Alg. 1 44 7.1
less than 1 h 49 9.8 i 46 8.2 Alg. | S0 7.3
4 P,
510 h 53 9.7 1.5 48 9.5 Alg. 1} 46 7.3
¢ 2
More than 10 b Y 9,20 2 49 9.4 Alg. 1, 54 7.9
2, arn,
de b 61 9.3 All bhut calc, 59 6.3
[ 59 10.6 All adv. math [ 5.2
More than ¢ S 10.40

SOUKRCL:  Table prepared for the committes hy the Wisconsin Center for Education Research,
based on a special analyris of Hsl data.

Q 9 EJ'
ERIC

Aruitoxt provided by Eic:



O

ERIC

Aruitoxt provided by Eic:

TABLE 13 Effect of Taking Mathematics Courses on Mathematics Achievement, High School and
Beyond 1982 Seniors in Public School (Mean Score on Mathematics I Test = 51.3;

standard Deviation = 10)

Deviation Deviation Adjusted for Race,
Deviation Adjusted for Sex, Previous Mathematics

Mathematics Courses Unadjusted Race and Sex Achievement, and SES

No math ~8.57 ~-8.10 -3.72

Algedbra 1 -4.61 -4.37 ~1.94

Algebra 1, 2 ~2.31 ~2.02 -0.90

Algebra 1, geometry 0.49 0.2% ~0.01 g
Algebra 1, 2, geometry 3,88 3.8l 1.94

Algehra 1, 72, qgeometry, trigonometry a.14 R.67 4.11

All advanced 13.12 12.32 4.99

Difference between no math and all math 21.69 20.42 8.71

SOURCE: Table prepared for the committee by the Wisconsin Center for

special analysis of HSB data.

%e
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TABLE 14 Average Mathematics Score (Percent Correct)
by Number of Years of Algebra 1, Geometry, and Alaebra
2 for 17-Year-0Olds, 1975~1976

Number of Percent of Students
Years of Average with 0, 1, 2, or 3 Years
Courses Score Black White All

0 47 29 18 20

1 59 57 24 26

2 70 21 2R 25

3 82 13 32 29

SOURCE: Adapted from Jones (15984:1211).

the same mathematics exercises. This is a differ-
ence of nearly two standard deviations. The
relation of mathematics achievement to courses
taken is strong and clear. . . . The data . . .
show a disproportionate representation of black
stucents and white students for differing numbers
of years of high school algebra and geometry.
About two thirds of black students but only 42% of
white students report having taken 0 or 1 year of
high school algebra and geometry. This difference
between black and white students in algebra and
geometry enrollments might be responsible for a
large part of the white-black average difference in
mathematics achievement scores.

Jones's conjecture appears to be borne out by the
Previously cited results of the mathematics test (level
1) taken by the 1982 high school seniors in the High
School and Beyond follow-up. The mean test score was
51.6, with a standard deviation of 10 (see Table 13).
When scores were adjusted for courses taken, the differ-
ence in unadjusted scores between males and females
{adjusted for race) was reduced from 1.52 to 1.08; the
difference between blacks and Asians (adjusted for sex)
dropped from 12.58 to 5.25; and the difference between
Asians and whites (adjusted for sex) changed from 4.07 in
favor of Asians to 1.26 in favor of whites.

The strong relationship between enrollment in high
school mathematics courses and test scores is likely, in
part, to result from the choices of high achievers to

C r
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enroll in more mathematics courses and the choices of low
achievers to enroll in fewer courses. In the data from
High School and Beyond, however, senior mathematics
scores are related to mathematics courses taken, even
after adjusting not only for race, sex, and SES, but also
for earlier (sophom>re) scores on the mathematics test
(see final column, Table 13); this strongly suggests that
course taking per se influences test performance.

Although testing for science achievement is less common
than for mathematics achievement, both Welch (1983) and
Wolf (1977) found positive correlations between science
test scores and semesters of science or course exposure.
The correlations are somewhat lower than in mathematics,
possibly because of the less Sequential character of the
science curriculum.

Given the robust findings regarding this variable and
the need to limit the number of indicators, the committee
gelected instructional time given to a subject to stand
as a proxy for schooling processes in general. Even s0,
measurement of this variable is not simple. The complica~-
tions include: discrepancies between time scheduled for
a subject in school and time actually devoted to instruc-
tion; time used for homework; and the different organiza-
tion of elementary and secondary education, requiring
different approaches to measuring time spent on a subject.
These issues are discussed below.

Allocated Versus Actual Instructional Time

A recent research review (Rarweit, 1983) on the time
used for instruction concludes that, at most, instruction
in elementary school may occury 60 percent of the 6~hour
school day; this is reduced further by student absences
and student inattention. This loss of time from instruc-
tion is not a new phenomenon; some 20 years ago, Philip
W. Jackson {1965) published a landmark description of
l1ife in the classroom that vividly drove home this point.
Classroom observation has continued to document the
extent to which students are actually engaged in learning
during instruction. An example of such observation done
on 21 5th-grade classrooms in California is given in
Table 15, which shows that students are inattentive for
as much as a one-third of instructional time.

With respect to absences, the same study found that,
of the 180 days in a school year, 30 days are usually
lost to classroom instruction due to field trips, student

54 f:‘



89

TABLE 15 Allocated and Pupil Engaged Time in Mathematics
for Four Sth-Grade Classes

Classes
Time A B c D
Number of days data collected 73 89 91 93
Average minutes allocated daily 23 28 61 57
Percent of time students engaged 74 80 80 66
Engaged minutes per day 17 22 49 3¢

SOURCE: Berliner (1978:21) as cited in Romberg and
Carpenter (1985).

illness, a Christmas play, and the like (Berliner et al.,
1978), although field trips and some extracurricular
activities may enhance learning. At the same time, poor
use of instructional time inhibits the effectiveness of
teachers. Karweit (1983) points out that, even under the
most favorable assumptions of minimal school absence and
loss of instructional time, students are occupied with
actual learning only a little more than one-half their
scheduled time in school; for some students, it may be
less than one~third of the time.

While there have been fewer systematic studies of time
use in secondary school. anecdotal information gives
little reason to think that the situation is much dif-
ferent (see, e.g., Boyer, 1983).

Homework

Homework is an inexpensive way of extending instruc-
tional time. 1In addition to the data from High school
and Beyond, evidence on its relationship to student
performance also comes from the first IrA mathematics
assessment., Husén (1967) repnrts a strong positive
correlation between mean mathematics scores for all
countries and mean hours spent on all homework as well as
on mathemztics homework specifically. According to the
1EA findings, a bit mere than one-~third of all homework
time, on average, is spent on mathematics in all coun~
tries. These findings, based on student self-reports
from the 1964 mathematics assessment, indicate that 8th
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TABLE 16 BHours per Week Scheduled for Mathematics: 8th
Graders and Mathematics Students in Senior Year {1964 Data)

Mathematic. Instruction Mathematics Homework

8th Grade Seniors 8th Grade Senjors
Country Mean 5D Mean sD Mean SD Mean 3
Australia 5.2 ) 6.9 1.6 2.% 1.6 6.1 3.3
Belgium 4.7 1.0 7.4 1.1 3.7 2.5 8.7 4.6
England 4.0 .8 4.4 1.2 1.8 .9 4,1 1.9
Finland 3.0 .2 4.0 0 2.9 2.2 6.6 3.5
France 4.4 .8 8.9 .5 3.4 1.9 9.¢ 3.5
Germany 3.9 .6 4,2 .5 3.4 1.9 5.1 2.3
Nether lands 4.6 1.5 5.1 .3 2.6 1.9 5.7 3.4
Israel 4.1 .5 5.0 .3 4.4 2.6 7.5 3.7
Japan 4.5 .5 5.4 1.1 3.0 1.8 5.2 4,3
Scotland 4.6 1.0 0.2 1.5 2.2 1.6 4.1 2.3
Sweden 1.8 .9 4.6 1.6 1.9 1.3 4.9 2.9
United States 4.6 1.3 5.0 .9 3.1 2.3 4.1 2.4

NOTE: Hours of instruction may refer to periods somewhat shorter than
60 minutes.

SOURCE: Husén {1967, Vol. *:278).

graders in the Uni*ted States spent about 3.1 hours per

week on mathematics homework, slightly above the average
for all countries (see Table 16). For mathematics

students in the last year of secondary school, however,
the required hours of homework in most countries doubled
between 8th grade and 12th grade, while in the United
States the increase was only from 3 to 4 hours per week.
This difference may have contributed to the poorer per-
formance of older U.S. students on the IEA tests. Data
on homework were again collected by IEA from students and
teachers in 1981-1982 during the Second International
Mathematics Study; the teacher responses have been
analyzed. For U.S, 8th graders, teachers estimated that
the time typically spent on assigned homework was 2.3
hours per week; 75 percent of the students were estimated
to spend 3 hours or less. For 12th graders, teachers
reported that they expected an average 4 hours of
homework per week from students in precalculus classes
and 5 hours from students in calculus classes (Travers,
1984).

Most other information available on . he amount of
homework done by students is not specific as to subject
matter. Studies done on high school seniors in 1972 and

q‘ -~
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1980 show that time spent on all homework dropped during
this period: the number of seniors who reported that
they spent at least 5 hours per week or homework
decreased from 35.2 to 24.5 percent, with decreases
greatest in the south (36 to 21 percent) (National Center
for Education Statistics, 1984c). The average amount of
homework time reported was 3.9 hours per week, down from
4.3 hours in 1972, although the amount of homework effort
reported by students in academic programs remained
virtually constant at 5.1 hours (National Center for
Education Statistics, 1984c). 1In contrast, according to
a recent study (Fetters et al., 1983), six times as many
seniors in Japan upend more than 10 houiLs per week on
homework as in America (36 compared with 6 percent) and
two-thirds of the Japanese students spend at least 5
hours on homework compared with one-fourth in America.
Research evidence indicates that the way homework
assignments are treated affects the contribution of
homework to student achievement (Walberg, 1985). Checks
on completion, discussion in class, and correction by the
teacher greatly increase the value of homework. Hence,
attempts to track hours of homework should not only record
the subject in which the homework is assigned, but also
the way homework is used to support classroom instruction.

MEASURING INSTRUCTIONAL TIME

The organization of high school according to curriculum
area permits tracking instructional time through course
enrollment, at least as a first approximation., For ele-
mentary school, studies have been made of the time spent
on specific subjects, documented by classroom observation
to determine actual versus allocated instructional time.
The method to be used for tracking time for grades 7 and
8 varies depending on their organization.

Elementary School

Recent national data on time scheduled for mathematics
in grades 1-6 come from three sources, one of which--the
Weiss (1978) survey-~-also collected information on science
instruction. Data reported by teachers, shown in Table
17, indicate that time spent in teaching mathematics and
science increases somewhat in the upper elementary grades;
average time increases from 41 minutes in grades K-3 to

l
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TABLE 17 Average Number of Minutes Per Day Spent Teaching Each Subject in Self-Contained
Classes, by Grade

Grades

K~3 4=-6 Total

Average Average Average

Number of Standard Number of Standard Nusmber of  Standard
Subject Minutes Error Minutes Error Minutes Error
Mathematics 41 .61 51 .43 44 .38
Science 17 .24 28 .64 20 .28
Social studiez 21 .62 34 .71 25 53
Reading 95 1,60 66 1.34 86 1.18
Sample N 467 302 769

NOTE: The data are based on teacher self-reports.

SOURCE: Weiss (1978:51).
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51 minutes in grades 4-6 for mathematics and from 17 to
28 minutes for science. Collecting information on time
spent on science instruction in grades 1-6 is difficult
because there is no common understanding on what subjects
in elementary school are actually considered part of
science. With the coming of more work using computers,
mathematics will also become more difficult to define.

The second source of information is the Sustaining
Effects Study (Wang et al., 1978), which examined the
nature and effectiveness of Title I compensatory educa-
tion programs. The data from this study show more time
spent on mathematics per day than do the Weiss data,
ranging from 47 to 68 minutes. One striking finding is a
lowered emphasis on reading in the upper grades (see
Figure 2). 1Information from the previously mentioned
California study (Berliner et al., 1978) shows the range
of time allocated to mathematics in Sth grade to be from
23 to 61 minutes per day (see Table 15, above); about the
same amount of variation was observed in 2nd grade.
According to these data, students in one classroom spent
nearly three times as much time on mathematics as did
students in another class of the same grade.

Similar variability has been observed in time alloca-
tion studies over the past 60 years. Because several of
these stuaies recorded their methodology with great care,
it is possible to compare allocation of instructional
time over the last 100 years (Borg, 1980); see Figure 3.
It is interesting that the time allocated to mathematics
instruction has stayed relatively stable, considering the
general decrease in time devoted to all academic
instruction.

The amount of time scheduled for mathematics instruc-
tion in 8th grade is approximately the same as that in
elementary school, according to the 1964 IEA data. Com-
parison with 11 other industrialized countries shows that
the mean hours of mathematics instruction reported for
the United states were exceeded only in Australia and
Belgium; there was greater variation around the mean in
the United States than in most other countries {see Table
16, above). Similar information. including time spent on
specific topics, was collected in 1981-1982 during the
Second International Mathematics Study. Preliminary
results for the United States indicate that, whi.e
mathematics is generally taught 5 periods per week in 8th
grade, class length can vary from 40 to 60 minutes.

Thus, while the median number of clock hours of mathe-
matics instruction per year is 145, the range is from 115
to 180 hours (Travers, 1984),

10,
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High School

Even though specialization of courses and teachers
begins with 7th grade in many school systems, high school
is generally defined as encompassing grades 9 through
12. Hence, course enrollment data tend to be collected
fcr those grades only, exceptions being data collected
through NAEP and the Weiss (1378) survey. At the national
level, theve are five sources of enrollment data, all
based on sample surve/st the information gathered by
NAEP in conjunction with periodic testing of students at
ages 9, 13, and 17; data from student self-reports of
sophomores and seniors in 1980 and seniors in 1982 (from
the High School and Beyond surveys) and information from
high school transcripts for some 12,000 of the 1982
seniors; student records or interview data from 1972
seniors who made up a sample of students being followed
by NCES over several yeurs after graduation; a 5-year
National Longitudinal Survey sponsored by the Department
of Labor to study labor force behavior of a sample cof
youths aged 14 to 22 as of 1 January 1979; and occasional
surveys supported by NCES or NSF. For students planning
to attend college who participate in the Admissions
Testing Program of the College Board, high school course
enrollment data are available from this source.

There are several problems with these data bases.
First, some of the surveys have included private schools,
‘thers have not, making comparisons over time of results
.rom different surveys open to question. Second, the
data gathered from self-reports by individuals, whether
students or others, are not wholly reliable. For
instance, in a recent comparisor. of transcripts of about
half of the 30,000 1982 seniors in the High School and
Beyond survey, Fetters (1984:v) found that "seniors
tended to report they had taken more course work in most
areas than reflected by their transcripts. The amount of
over-reporting was greatest for mathematics (about one
semester) and science (about one-half semester).” Third,
questions on course enrollment tend to be asked in some-~
what different ways in different surveys, adding to the
problem of making comparisons, for example, of the 1972
and 1980 seniors in the NCES longitudinal studies,
Fourth, even when student transcripts rather than
guestionnaires are used to establish course enrollments,
titles listed for courses do not necessarily define the
content or the level. Not infrequently, there are as
many as three "Algebra 1" courses offered in the same
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high school, each at a different level of difficulty.
"Aigebra 11" may mean either the second semester of
first-year algebra or the second full year of algebra.
Also, course periods may be of different duration, and
there may be a different number of periods scheduled for
courses with the same label. These differences make the
numbers pertaining to semesters or years of a subject
studied somewhat ambiguous and difficult to interpret
when averaged over a state or reported on national
samples.

Enrollment data tend to be reported in three different
ways: percentage of seniors who have taken 1, 2, or 3
{or more) years of science or mathematicss percentage of
seniors who have taken some specific course; and per-
centage of the total number of high school students (or
of a particular grade) taking a specific course., 1In part
because of the inclusion of grade 9 in some of the data
but not in others, the different data sets are not readily
reconcilable. It must also be remembered that enroliment
data deal only with students still in school, not the
total age cohort, many of whom drop out of school before
graduation.

The High School and Beyond data (National Center for
Bducation Statistics, 1981a), based on student self-
reports, vield information both on total mathematics and
science enrollments and on individual college preparatory
courses for 1980 seniors. The data for grades 10-12,
given in Tables 18 and 19, show total enrollments in
various courses and also indicate differences between
males and females and among different ethnic groups.
Preliminary data for 1982 seniors (Wisconsin Center for

TABLE 18 Cumulative Percentage of 1980 and 1982 High

School Seniors Reporting Varying Amounts of Mathematics
and Science Coursework Taken, by Sex--Grades 10-12
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TABLE 19 Percentage of 1980 and 1982 High School Seniors Reporting Mathematics and Science
Courses Taken, by Course Title, and by Sex and Racial/Ethnic Group-~Grades 10-12

American
Indian or Asian or
All Sex Racial/Ethnic Group Alaskan Pacific
Course seniors Male remale Hispanic Black White Native Islander
Algebra 1 79 (78) 79 (76) 79 ({79) 67 (63} 68 (69) 81 (82) 61 (54) 88 (92)
Algebra 11 49 (48) 51 (49) 47 (48) 38 (333 39 (41) 50 (52) 32 (31) 76 (76)
Geometry 56 (55) 58 (55) 55 (5%) 39 (34) 38 (41) 60 (60) 34 (31 79 (81)
Trigonometry 26 {26) 30 (29) 22 (23) 15 (13 15 (15) 27 (29) 17 (13 50 (53)
Calculus 8 {9) 10 (10) 6 (8) 4 (4) 5 (3) 8 (10) 5 (4) 22 (25)
Physics 19 (21) 26 (26) 14 (186) 15 (17} 19 (20) 2D (21) 17 (35) 35 (47)
Chemistry 37 (39) 39 (39) 35 (36) 26 (23) 28 (31) 39 {40) 24 (17) 59 (67)

NOTE: Preliminary figures for 1982 seniors are shown in parentheses; figures provided by the Wisconsin
Center for Education Research (1984).

SOURCE {for 1980 senicrs): National Center for Education Statistics (198la:5).
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TYPE OF COURSE

TR

Math

Science

English

Social
Studies

Foreign
Languages

NUMBER OF SEMESTERS

FIGURE 4 Courses reported taken in grades 10-12 by 1972,
1980, and 1982 high school seniors. Data from High
School and Beyond and the National Longitudinal Study of
1972 Seniors.

SOURCE: NCES {1984:2-6); Wisconsin Center for Education
Research (1984).

Education Research, 1984) are also given. Not much change
is apparent over the 2 years, although the enrollment gap
between males and females in calculus and total number
of years of mathematics taken seems to be narrowing
somewhat.

As Figure 4 shows, in 1980, students reported taking
an average of 3-1/2 semesters of science in grades 10-12,
about the same as in 1972. The amount of mathematics
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reported has increased by about half a semester to 4+
semesters in 1980. Since almost all students report that
they take mathematics in grade 9 as well, this means
that, on average, students report that they take more
than 3 years of mathematics in secondary school. Since
about three-fourths of all students take & science course
in grade 9, high school graduates report that on average
they will have taken nearly 2-1/2 years of science. Some
of the increase in mathematics enrollment may be due to
the fact that, from 1972 to 1980, high school remedial
mathematics courses increased from 4 to 30 percent
{National Center for Education Statistics, 1984b),
however, data on college-bound students (see Figure 7,
below) indicate that enrollment increased in the
higher~level courses as well. Preliminary data on course
enrollments reported by 1982 seniors (Wisconsin Center
for Education Research, 1984) show little change in
mathematics or science since 1980 (see Figqure 4).

A recent study by the National Center for Education
Statistics (1984b) examined enrollment data from a sample
of over 12,000 transcripts of the 1982 HSB high school
seniors (see Table 20)., As noted above, the transcripts
tended to reflect somewnat less course work taken than
the seniors had reported. The transcripts of the 1982
seniors showed, on average, 2.2 years of science and 2.7
years of mathematics taken during grades 9-12, rather
than the 2.5 years of science and 3+ years of mathematics
reported by the students themselves. Differences by
selected student characteristics are also shown in Table
20.

Data from National Assessment of Educational Progress
(1983), shown in Table 21, appear to confirm that
increases in mathematics enrollment may have come about
in part through increascd enrollment in general and
remedial mathematics, but there has also been a sizable
incre :se of enrollment in computer courses. It should be
noted that differences in mathematics enrollment between
whites and blacks and males and females persist, although
they have narrowed somewhat (Natioal Assessment of
Educational Progress, 1983): in 19°'2, the percentage of
students taking at least one-half year of trigonometry
was 14.9 for whites and 8.2 for blac<s, 15.0 for males
and 12.7 for females; for precalculis/calculus, it was
4.4 for whites and 2.8 for blacks, ‘.7 for males and 3.6
for females; for computer coursec, 1t was 9.6 for whites
and 11.3 for blacks, 11.1 for males and 8.6 for females.

1}1
A
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TABLE 20 Average Number of Years of Science and
Mathematics in Grades 9-12 by 1382 Seniors, by Selected
Characteristics of Students

Sample
Subgroup Science Mathematics Size
All students 2.2 2.7 12,116
Sex
Male 2.4 2.7 5,914
Female 2.1 2.6 6,202
Race/ethnicity
Hispanic 1.9 2.4 2,420
Black 2.1 2.6 1,599
American Indian 2.0 2.3 173
Asian American 2.7 3.2 327
white 2.3 2.7 7,497
High school program2
Academic 2.9 3.3 5,356
General 2.1 2.5 3,710
Vocational 1.7 2.2 2,744
Region
New England 2.6 3.0 623
Middle Atlantic 2.6 2.9 2,154
South Atlantic 2.3 2.7 1,673
East south central 2.2 2.5 562
West south central 2.3 2.8 1,334
East north central 2.0 2.5 2,571
West north central 2.3 2.7 901
Mountain 2.1 2.4 543
Pacific 1.8 2.6 1,755

NOTE: Transcript data from High School and Beyond.
8Based on student self-reports in 1980.

SOURCE: National Center for Education Statistics (1984b).

Enrollment results derived from the 1982 High School and
Beyond follow-up data are quite similar to the NAEP data.
A recent study (Welch et al., 1983) of enrollment in
science courses in grades 7-12, including private schools,

found that 56 percent of students in grades 10-12 were

«
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TABLE 21 pPercentages of 17-Year-Olds Who Have Completed
at Least One-Half Year of Specific Courses

Cour se 1978 1982
General or business mathematics 45.6 50.0
Pre-algebra 45.8 44.3
Algebra 72.1 70.9
Geometry 51.3 51.8
Algebra 2 36.9 38.4
Trigonometry 12.9 13.8
Pre~calculus/calculus 3.9 4.2
Computer science 5.0 9.7

SOURCE: National Assessment of Educational Progress
{1983:3)

enrolled in science in 1981--1982, up 4 percent from
1976-1977; the percentage of students taking science in
grades 7-9 has remained relatively stable at 86 percent
of the total population. While recent trends may be
encouraging, science enrollments are still much lower
than they were in the early 1960s, when science and
mathematics was emphasized in the schools in response to
the launching of Sputnik by the Union of Soviet Socialist
Republics. Total enrollment in eight science courses--
general science, biology, botany, zoology, physiology,
earth science, chemistry, and physics-~in grades 9-12
between 1949 and 1982 as a percentage of all! students
enrolled i{s shown in Figure 5; these courses make up
about threa-fourths of the total science enrollments in
these grades. There are sizable regional variations in
the percentage of students taking science, with enroll-
ments consistently higher in the northeast than elsewhere
{see Figure 6). For all regions except the northeast,
10th grade is the last year that the preponderance of
students take a science course.

The preparation of college~bound students is of
interest because it is related to their future education
and choice of majors, and thus to the potential future
supply of scientists and engineers. Enrollment data for
students participating in the Admissions Testing Program
of the College Board (1973-1984)--about one-third of all

{
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FPIGURE 5 Percentage of total enrollment in eight science
courses (general science, biology, botany, zoology,
physiology, earth science, chemistry, and physics)--
grades 9-12, 1948-1949 to 1981-1982.

SOURCE: Welch et al. (1983).

high school seniors--show considerably more mathematics
and science for these students than fcr all students:

the mean number of years of mathematics studied in grades
9-12 is 3.62, and mean number of years of science studied
is 3.25. The number of years of mathematics and of
physical science being studied by these students has
increased steadily between 1973 and 1983 (see Figure 7).
Males still enroll in more mathematics courses than do
females, although the gap, at least for college-bound
students, has been narrowing: in 1973, 60 percent of
males and 37 percent of females taking the Scholastic
Aptitude Tests (SATs) reported expecting to complete 4 or
more years of mathematic. in high school; in 1983, the
percentages were 71 for males and 57 for females.
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FINDINGS
Instructional Time and Student Learning

* The amount of time given to the study of a
subject is consistently correlated with student per-~
formance as measured by achievement tests, at the
elementary 3chool as well as at the secondary school
level.

* 7Time spent on homework is also correlated with
student achievement. The attention paid to homework by
cthe teacher affects its contribution to student
per formance.

Measuring Instructional Time

Elementary School

* For elementary schools, not enough data are
available to discern clear trends over the last 20 years
with respect to amount of instructicnal time spent on
mathematics and science. On average, about 45 minutes a
day are spent on mathematics and 20 minutes on science.
Existing information, however, points to great variabil-
ity from class to class in the amount of time given to
instruction in general and to each academic area
specifically.

High school

* The average high school senior graduating in the
early 1980s has taken about 2-3/4 years of mathematics
and 2~-1/4 years of science during grades 9-12.

* Compared with 20 years ago, average enrollments
of high school students in science have declined. While
this trend now appears to be reversing, enrollments have
not returned to the level of the early 1960s.

* High school enrollments in mathematics have
increased over the last decade by about a semester.

* College-bound students are taking more mathematics
and physical science courses in secondary school than
they did 10 years ago, and the increases were continuous
throughout that period. The gap in enrollment between
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males and females in advanced mathematics courses is
narrowing.

* A number of problems attend enrolliment data
currently available: uncertainties generated by using
self-reports, differences in questions and method from
survey to survey, and ambiguities created by similar
course titles in mathematics that refer to different
content or different levels of instruction.

CONCLUSIONS AND RECOMMENDATIONS
Elementary School
Measures of Instructional Time

* The average amount of time per week spent on
mathematics instruction and on rcience instruction should
be measured periodically for sanples of elementary
schools. This measure would serve as an indicator of
length of exposure to pertinent subject matter; values
can be compared for different years. Care must be taken,
however, to ensure common understandings in collecting
measures of time as to what constitutes science or
mathematics instruction. Time given to mathematics or
science, expressed as a percent of all instructional
time, would indicate the priority given to these fields.

* Bfficiency of instruction should be assessed by
comparing allocated time with instructional time and with
time that is actually spent on learning tasks that appear
to engage students, as established by observation.

* Time spent on science and mathematics instruction
in elementary school should be tracked on a sample basis
at the national, state, and local levels, Logs kept by
teachers could be used for this purpose, with selective
classroom observation employed to check their accuracy.

Improving Methods for Collecting Information

* Time allocated by the teacher to instruction is
not equivalent to time actually spent by the student.
Classroom observation is needed to differentiate between
the two. Time spent on such different components of
instruction as laboratory work, lecturing, and review of
text or homework may also affect student outcomes. Case
studies that document use of instructional time are expen-
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sive, but this variable has proven to be a sufficiently
potent mediator of learning that the investment appears
warranted.

* EBxperimentation and research should be carried
out to develop a proxy measure for time spent on
instruction that would permit collecting the pertinent
information at reasonable costs.

* Further documentation is needed to establish the
variability of time spent on instruction over classes and
over calendar time. The results of such documentation
should serve to establish the extent and periodicity of
data collection needed for this indicator.

Secondary School
Measures nf Course Enrollment

* For grades 7 to 12, enrollments in mathematics
and science courses at each grade level and cumulatively
for the 6 years of secondary school or for the 3 or 4
years of senior high school should be systematically
collected and recorded. (See the pertinent recommendation
ia the section on content in Chapter 2.) Alternatively,
the mean number of years of mathematics or science taken
or percentages of students taking 1, 2, or 3 or more
years of such courses can be used as 2 measure.

* The disparities in mathematics and science enroll-
ment among various population groups warrant continued
monitoring, so that distributional inequities can be
addressed. National data on student enrollments collected
in connection with the periodic surveys recommended above
may be insufficient for this purpose. States should
consider biennial or triannual collection of enrollment
data by gender, by ethnicity, and by density of the
school population.

Improving Measures of Course Enrollment

* Comparisons of enrollment over time are likely to
be of great interest, but high~guality data are needed.
Obtaining such data requires corsistency in the design of
surveys, data collection, and analysis. It also requires
reduction of current ambiguities, for example, using a
standardized system for describing courses, relying on
transcripts or school enrollment logs rather than on
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student self-reports, and sampling a comparable universe
from study to study.

¢ The periodic studies of high school students have
provided useful information, but greater effort should be
directed toward reducing methodological dissimilarities.
Also, the time between studies sometimes has been too
long. Surveys of the type represented by High School and
Beyond and NAEP should be repeated no less than every 4
years.

* Time spent on homework in mathematics and science
should be documented at all levels of education. Studies
need to record how homework is used to support in-class
instruction in order to prompt tne use of better measures
of total learning time in each grade.

Assessing the Effects of Policy Changes

* Many states are increasing requirements for high
school graduation; some state university systems are
increasing requirements for admission. The effects of
these policy changes on student enrollment in high school
mathematics and science courses and on the content of
these courses should be monitored.
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Student Qutcomes

The main reason for investing in formal education is
to enable individuvals to acquire knowledge, abilities,
and skills needed for their working and personal lives
and for functioning effectively in society. Proficiency
in mathematics and science is deemed essential for both
these objectives. Therefore, measures of student achieve~
ment in those fields should be used as primary indicators
of the condition of mathematics and science education.
Most of this chapter is devoted to those indicators.

A second goal of mathematics and science education,
often stated by teachers and curriculum guidelines, is to
develop positive attitudes toward those fields and toward
careers in them. The first section of this chapter
indicates some of the reasons that the committee decided
not to emphasize indicators representing these variables
in this report.

STUDENT ATTITUDES

Both NAEP and IEA collect information from students on
their attitudes toward mathematics and science. Mathe-
matics seems to be better liked than most subjects, but
its average popularity drops as students grow older.
Science appears to be one of the least liked subjects in
school, but its average popularity increases somewhat as
students grow older. Table 22 gives information on the
relative popularity of the major school subjects.

The relatively weak relationships established so far
between the liking of a subject and achievement in it
were discussed in Chapter 2. A second possible reason
for tracking student attitudes is that they might affect
choices of college majors and future careers. However,
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TABLE 22 Percentagdes of Students Naming various Subjects
in School as Their Favorite, Ages 9, 13, 17

Subject Age 9 Age 13 Age 17
Science [ 11 12
Mathematics 48 30 18
English/)angquage arts 24 15 16
Social studies 3 13 13
Other _19 31 41
100 100 100

SOURCE: National Assessment of Educational Progress
{1979:5).

according to data from the 1981-1982 national assessment
in science (Hueftle et al., 1983), attitudes toward
science and choices of college majors may be formed
somewhat independently and influenced by different
factors. Between 1977 and 1982, favorable student
attitudes toward sciance classes went up nearly 1
percentage point (“:om 46.8 to 47.7); favorable attitudes
towards science tecchers increased by over 2 percentage
points (from 63.6 to 65.9); and favorable attitudes
regarding science careers increased by over 4 percentage
points (from 47.8 to 52.2). Yet favorable attitudes
regarding the value of science fell nearly 7 percentage
points (from 68.4 to 61.8).

Choices of college majors may well be strongly
influenced by the perception of students of labor market
demands. For example, computer sciences and engineering
have been increasing in popularity, while other sciences,
mathematics, and education have been decreasing. Table
23 shows the responses of 1980 and 1982 high school
seniors to the question: "Indicate the field that comes
closest to what you would most like to study in
college.” All students were asked this guestion except
those who responded that they were not planning to go to
college any time in the future (19.8 percent in 1980 and
18.5 percent in 1982); of those asked the question, about
60 percent responded in 1980 and 63 percent responded in
1982, The changes from 1980 to 1982 appear to continue
trends established in the 1970s. A comparison (National
Center for EBducation Statistics, 1984c) of 1972 and 1980

Y
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TABLE 23 Choices of Field of Study in College by 1980
and 1982 High School Seniors

Percent

Nam.ng Field
Field 1980 1982
Biological sciences 2.6 2,0
Computer and information sciences 4.4 8.5
Engineering 9.0 9.6
Mathematics 1.0 0.7
Physical sciences 1.8 1.5
Psychology 2.8 2.2
Social sciences 4.6 3.3
Business 20.1 20.8
Education 5.6 4.0
Health occupations or health sciences 8.8 9,3
Preprofessional (law, medicine,

dentistry, etc.) 6.3 5.8

Other 33.3 32.3

100.0 100.0

SOURCE: Prepared for the committee by Lyle v, Jones,
based on a special analysis of HSB data.

high school seniors planning to go to college immediately
after graduation shows an increase of more than 4 per-~
centage points for those selecting engineering as their
~ollege field of study (8 for males and 2 for females)
and of almost 3 percentage points for those selecting
computer sciences [(almost equal for males and females).
The selection of other sciences and of education dropped,
decreasing by nearly 6 percentage points for the latter.

Further research could help to establish the extent to
which schuoling affects student attitudes towards mathe-
matics and science and preference for a college major, as
well as the significance of attitudes for such goals as
improved student achievement, future performance, and
eventual career choice.
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STUDENT ACHIEVEMENT

In his examination of student achievement in mathe-
matics and science, Jones (1981) found that the average
test scores for all students had declined steadily between
the early 1960s and the late 1970s, but that the average
test scores in mathematics and science of high school
seniors who intended to go to college and major in those
fields had remained quite stable. Accordingly, in this
section student achievement is discussed separately with
respect to results of tests of nationally representative
samples of students and of college~bound students. Before
the discussion of test results, however, measures of
achievement and their limitations are considered.

Measures 0f Achievement
Grades

The measv.e of achievement most widely used in
American achools is the grade assigned by the teacher at
the end of a course of instruction. Grade-point averages
are used to assign class rankings to students and are
given consideration by college officials in deciding who
should be admitted to their institution. However, there
are no established standards for the awarding of grades;
therefore, while grades may provide some sense of the
different performances of astudents within the same class,
the meaning of a specific grade is likely to vary from
class to class, from school to school, from region to
region, from vear to year. Students with high grades
would be expected to have relatively bigh grades were
they in different places or at different times, but
identical grades clearly do not imply identical perfor-
mances. Hence, grades are not satisfactory to compare
the achievement of students in diffvrent geographic areas
or over time. Some university admissions offices maintain
data banks that compare high school grades with university
performance and then use the results to calibrate the
grading in the high schools. While such information might
be a source of daca about grading practices, at best the
information would be applicable only to a highly selective
sample of schools. .

S
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Test Scores

One measure that has come to be used for assessing
educational performance is the score attained on the
College Board's Scholastic Aptitude Tests (SATs). SAT
gcores are not appropriate for use as irndicators of school
achievement for all students, however, because the tests
are taken by only about one-third of any relevant student
cchort. And since students select themselves to take SATs,
that ope~third is representative neither of the student
body as a whole nor even of that portion planning to enter
post-secondary education. Moreover, the factors that
affect student self-selection may well change over time,
leading to difficulties in temporal comparisons of SAT
scores, This possible variation may be true even for
students who score in the top range (700-800), which
would make questionable the use of the number of students
in the top range as an indication of change in
educational performance of the most able students (see
The Chronicle of Higher Education, 1983).

At the national level, there are three sources of
information on general student achievement in science and
in mathematics: the NAEP results; results from the
longitudinal studies sponsored by NCES (including the
High School and Beyond survey of 1980 seniors and
sophomores and of 1982 seniors and the longitudinal study
of 1972 seniors}); and, for college-bound students, the
achievement tests administered by the College Board and
the American College Testing Program. A variety of
standardized tests and specially constructed tests are
used in state assessments (see Table 5, in Chapter 3, for
a listing of states that mandate assessment; see Table
A3, in the Appendix, for examples of such testing). Many
of the larger local school districts also construct their
own tests within state guidelines.

At the international level, IEA conducts assessments
at several age levels and for key instructional areas.
Unfortunately, the most recent published IEA findings on
mathematics achievement in various countries are 20 years
old, and the IEA science results date back to 1970. A
second round of assessments of student achievement in
both fields is currently under way; preliminary results
are reviewed below, following a brief discussion of the
limitations of test scores as measures of student
achievement.
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Limitations of Achievement Tests

The most serious criticism leveled against coamonly
used achievement tests is that they do not test knowledge
that is considered by experts in the field to be important
for stndents to know; for example, the kind of mathematics
that will be needed in a society with universal access to
calculators.

A further criticism is that tests do not always cor-
respond to the course content that students have had an
opportunity to learn. It seems appropriate for tests to
be based on contemporary knowledge and skills and also
test what has been taught: yet these may be incompatible
demands. With some tests, neither objective may be
satisfied. The possible discrepancies between subject
matter to which students have been exposed and topics
included on commonly used standardized tests in mathe-
ratics have already been discussed. Many state-
constructed tests do sample the curriculum, and NAEP and
the High School and Beyond study also have tried to cover
a common core of knowledge expected of students at the
educational levels being assessed. The need to base
tests on what almost all students are likely to have
learned in their classes eliminates the possibility of
assessing achievement not deemed part of the common
core. Conseguently, especially in the case of national
asgsessments, few of the mathematics topics taught beyond
10th grade are included, and science topics tested tend
also to sample what is deemed to be a common core in the
biological and physical sciences. State-constructed
tests may be more specific, but specificity introduces
variability, which means that results cannot be compared
or aggregated for purposes of reporting on a nationwide
basis.

Assessment programs often serve several different
purposes, for which the tests used may be more or less
appropriate. Tests are used to assess the level of
student performance; to determine whether a defined
degree of competency has been reached; to compare state
or district results with national results or with results
from other districts or geographic areas; to assess the
perfornance of teachers and school systems; and to
validate curriculum guidelines. For several of these
purposes, comparisons over time are of interest; such
comparisons require inclusion of some of the same test
items from year to year. For other purposes, test items
need to be changed to reflect new curricula, making the
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results of such tests less appropriate for use in
compar isons over time.

Other issues have been raised with respect to widely
used standardized achievement tests (Tyler and white,
1979, Wigdor and Garner, 1982). Norm-referenced tests,
which relate individual raw test scores to the scores of
a compar ison group, provide data that make possible the
ranking of test-~takers. Such tests have been criticized
because they tend to concentrate on items common to the
instruction of large numbers of students and on items
that result in maximum spread among scores. Hence, they
are less useful in determining what indivuals do and do
not know. Domain- or criterion-referenced tests--to
sample the total domain of instruction in a given
subject-~have been advocated as an alternative. One
difficulty with this approach is to construct test
questions that will provide adequate coverage; another
difficulty is to establish the criterion that indicates
acceptable performance. Despite the different frames of
reference, the distinction between these two types of
tests is not sharp: many criterion-referenced tests have
been normed, and recently published norm-referenced tests
have been designed to meet instructional objectives in
some depth {(Gardner, 1982).

The format of tests, whether norm-referenced or
criterion-referenced, also may limit what is being
tested. Frederiksen (1979) points out that, while
multiple-choice tests can measure much of the knowledge
and some of the skills needed for problem solving, they
do not reflect all the thinking processes that an
individual uses in solving problems of any complexity.
Tests are needed that allow the student to exhibit those
behaviors critircal in doing mathematics or science. For
example, students might be given hands-on tasks and their
performance recorded in terms of process as well as the
final answer, with the quality of the response assessed
from several points of view. As another alternative,
some researchers have experimented with computer simula-
tion to combine assessment and diagnostic testing (Brown
and Burton, 1978). Clearly, such alternative forms of
testing imply a different level of investment in assess-
mert than has typified past efforts.

The influence of tests on what is being taught also
merits consideration. Because they tend to emphasize
traditional topics and neglect subject matter of greater
currency and importance, tests may exercise a negative
influence on the curriculum by discouraging changes.
Even when tests are designed for assessment rather than
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for evaluating a curriculum, they tend to influence
instructional content, particularly when the same or
analogous tests are used to make comparisons of student
achievement over time. This may be desirable if the

tests embody important learning areas, as is intended for
the New York Regents examinations. However, if the tests
do not tap higher-order skills, they may serve to trivial-
ige instruction. 1In an examination of influences of
testing on teaching and learning, Frederiksen (1984:195)
found " . . . evidence that tests do influence teacher

and student performance and that multiple-choice tests
tend not to measure the more complex cogritive abilities.
The more economical multiple~choice tests have nearly
driven out other testing procedures . . . the greater

cost of tests in other formats might be justified by

« « o encouragf{ing) the teaching of higher level cognitive
skills . . ."

The criticisms of current approaches to testing are not
new, and to voice them here does not bhlunt the committee's
recommendation that student achievement be considered the
most important outcome of science and mathematics educa-
tion to be monitored. WNor does it imply that current
assessment programs should be deemphasized, but rather
that they should be irn, -lemented by the inclusion of
improved forms of testing.

Achievement: All Students

Several assessments in both science and mathematics
that are applicable to all students and designed to
provide comparisons over time have been conducted by
NAEP. Other evidence about student achievement comes
from assessments in each field carried out by IEA; those
assessments have been used to compare achievement in
different countries and at different times. For mathe-
matics, NLS and HSB data make possible comparison between
the high school classes of 1972, 1980, and 1982.

Mathematics

NAEP assessed the mathematics achievement of 9-, 13-,
and l7~-year-olds in school in 1973, 1978, and 1982. The
basic measure used was the percentage of students respond~
ing acceptably to a given item. Most of the items used
to assess l7-year-olds involved material typically learned
by early 10th grade. For each age group, a number of
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items were common to the *ests use(. in the 3 years. Table
24 shows mean performance on the common items; Table 25
shows performance on all items and change in percentages
of items answered correctly between 1978 and 1982.

The results in Table 24 indicate that the average
rerformance of 9-year-olds was relatively stable over the
9 years {(1973-1982); the average number of right answers
for 13-year-olds increased by about 8 percent (a gain of
4.2 percentage points) between 1978 and 1982 after an
earlier decline, and the performance of 17-Year-olds
remained relatively stable between 1978 and 1982, also
after declining between 1973 and 1978. (It should be
remembered that the design of NAEBP is cross-sectional
rather than longitudinal: e.g., the sample of 13~-year-
olds tested in 1982 does not consist of the same students
as the sample of 9-year-olds tested 4 years earlier,)
Table 25 also gives an overview by selected character-
istics of the participants, showing that greater gains
were made between 1978 and 1982 by black and Hispanic
students than by white students.

While the gains made by the younger students are
encouraging, a more detailed analysis by items that
assess different types of sgskills led NAEP researchers
{National Assessment of Educational Progress, 1983:9) to
conclude that "students improved most on easier knowledge
and skill exercises, least on those that required a more
complete grasp of mathematics or more sophisticated
skills.” 1In particular, students appear to be able to
perform arithmetic operations but do not know which
algorithm to use or how to apply their answers to the
solution of practical problems.

Seniors participating in the 1972 National Longi-

TABLE 24 Mean Performance Levels on Three Mathematics
Assessments, Common Items, Ages: 9, 13, 17

Number Mean Percent Correct Percent Change,
Age of Items 1973 1978 1982 1973-1982
9 23 39.8 39.1 38.9 -0.9
13 43 53.7 52.2 56.4 2.7
17 61 55.0 52.1 51.8 -302

SOURCE: National Assessment of Educational Progress
(1983:2).
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TABLE 25 Percentages of Success and Change on All
Mathematics Exercises, 1978-1982s Selected Groups,
Ages 9, 13, 17

Age 9 (233 Items) Age 13 (388 Items) Age 17 (383 Items)
1878 1982 Change 1978 1982 Change 1978 1982 Change

Nation 5%.4 56.4 +1.0 56.6 60.5 +3.9 60.4 60.3 ~0,1
White 58,1 58.8 +0.7 59.9 63.1 +3,2 63.2 63.1 =0,1
Black 43.1 45.2 +2.1 41.7 48,2 +6.5 43,7 45.0 +1.3
Hispanic 46,6 47.7 +1.1 45.4 51,9 +6.5 48.5 49.4 +0.9
Rural 51.2 52.7 +1.5 52.6 56,3 +3.7 58.0 57.0 -1.0
Disadvantaged-urban  44.4 45.5 +1.1 43.5 49.3 +5.8 45.8 47.7 +1.9
Advantaged-urban 65.0 66.3 +1.,3 65.1 70.7 +5.6 70.0 69.7 =-0.3

SOURCE: National Assessment of Educstional Progress {(1983:152).

tudinal Study and in the 1980 High School and Beyond
Study (HSB) were given a 15-minute mathematics test
intended to measure their ability to solve problems
involving quantitative skills; the test did not include
any items involving algebra, geometry, trigonometry, or
calculus. On the 18 items that were virtually identical
in the two tests, the mean score declined by one-sixth a
standard deviation between 1972 and 1980-~about the same
amount as the decline in average mathematics SAT scores
over the same period (National Center for Education
Statistics, 1984c). For the HSB test, as for NAEP
scores, the gap in average mathematics scores between
white and minority-group students narrowed.

The only complete set of mathematics resulte available
from IEA assessments dates back to 1964. Scores for
selected countries from the first assessment carried out
in 1964 are shown in Table 26. The scores for students
in their final secondary year (13.8 items correct for
U.S5. students) were for students who took a mathematics
course in their senior year. The average score for all
U.S. seniors, whether or not they had taken any mathe-
matics courses in their senior year, was 8.3 items correct
out of 69 items and was disproportionately lower than the
scores for final-year students elsewhere who also did not
specialize in mathematics: e.g., France, 26.2 items cor-
rect; Germany, 27.7; Japan, 25.3. It must be remembered,
however, that in 1964 the United States retained a much
greater proportion of students through completion of
secondary schools than did most other countrjes. Dif-
ferences among countries in number of years spent in
school and in the ages of students in their final year
also may have affected the comparisons.

iy
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TABLE 26 Average Mathematics Test Scores, IEA, 1964

Percent No. of
Country Mean Score S.D. Correct Students

l3-Year Olds (68 Items)

Australia 20.2 14,0 29.7 2,917
Belgium 27.7 15.0 40.7 1,686
England 19.3 17.0 28.4 2,949
France 18.3 12.4 26.9 2,409
Japan 31.2 16.9 45.9 2,050
Sweden 15.7 10.8 23.12 2,554
United States 16.2 13.3 23.8 6,231

Mathematics Students in FPinal Secondary Year (69 Items)

Australia 21.6 10.5 31.3 1,089
Belgium 34.6 12.6 50.1 519
England 35.2 12.6 51.0 967
Prance 33.4 10.8 48.4 222
Germany 28.8 9.8 41.7 649
Japan 31.4 14.8 45.5 818
Sweden 27.3 11.9 33.6 776
United States 13.8 12.6 20.0 1,568

SOURCE: Husén (1967).,

Preliminary results from IEA's Second International
Mathematics Study are available on achievement differ-
ences of U.S. students between the first and second
assessments and comparisons to international medians and
medians of students in the two other areas that have
completed their analyses, Japan and British Columbia
(treated as a country by IEA). Students were tested
during the 1981-1982 school year; the two populations
tested were l3-year-olds and students in the final year
of secondary school who were studying mathematics as a
substantial part of their program. In the United States,
these populations consisted of 8th graders (7th graders
in Japan) and 12th graders who had taken 3 years of
college~preparatory classes in grades 9-11 and were
enrolled in precalculus or calculus classes in the 12th
grade. The U.S. assessment covered about 6,800 students
in the 8th grade and 4,500 students in the 12th grade in
public and private schools (191 precalculus and 16
calculus classes).

For the 8th graders, 36 items from the 1964 assessment
were included in the second study. There wes a decline
of 3 percentage points, from 48 percent of the items
answered correctly to 45 percent answered correctly,
between the two assessments. Achievement in arithmetic
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and in geometry suffered the most, declining from 55 to

49 percent and from 40 to 34 percent answered correctly,
respectively--perhaps as much as a half year's decline.

There was a slight gain in algebra.

For 12th graders, 20 items were the same in both
assessments. The data show a sligh. overall increase in
student performance (Travers, 1984:78): "In spite of all
hecessary qualifying remarks, the ‘pattern that emerges is
cne of . . . stability and mild gains for precalculus
students, especially in analysis and in comprehension,
and of more marked and consistent gains for calculus
students. Our best have become somewhat better in the
last twenty years."”

Comparisons of the achievement of U.S. l13-year-olds
with students in Japan and in British Columbia and with
international achievement across the 24 participating
countries are shown in Table 27. U.S8. students scored on
the international median in arithmetic, algebra, and
statistics but much lowar in geometry and measurement.
There is evidence that U.S. students have much less
Spportunity to learn geometry than the other topics and
are disadvantaged in the measurement items because the
items are based on the mecric system not commonly used in
the U.S. Nevertheless, there is cause for considerable
concern about the results for l3-year-olds. Table 28
compares U.S. l2th-grade achievement with international
scores: the total sample of U.S. students performs at a
level considerably lower than the median level of per-
formance found in the terminal year of secondary school

TABLE 27 International Achievement Comparisons, Second
IEA Mathematics Study

13-Year~Olds (180 Items)

Means: Means: International

United Means: British 25th 75th
Subject States Japan Columbia Percentile Median Percentile
Arithmetic 51 61 58 45 51 57
Algebra 43 61 48 39 43 50
Geometry 38 60 42 38 43 45
Statistics 57 71 61 52 57 80
Measurement 42 69 52 47 51 58

NOTE: Test scores are expressed in percent of items answered correctly.

BOURCE: fTravers (1984).
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TABLE 28 International Achievement Comparisons, Second
IEA Mathematics Study
Grade 12 {136 Items)

Neanss United States International
Pre- 25¢h 75¢th
Sudject calculus Calculus Total Percentile Medisn Percentile
Sets/properties 54 64 56 51 61 72
Numbar systems 38 48 40 40 17 59
Algedra {0 $7 43 47 57 66
Geomatry 30 38 31 33 42 49
Elepentary 25 49 29 28 46 55
Functions/calculus 39 48 40 38 46 64
probability and
statistics

NOTE: Test scores are expressed in percent of items enswered correctly.

SOURCE: Travers (1984).

mathematics in the participating countries. However,
this comparison must be treated with considerable caution
because at that level of education there are great
differences among countries with respect to curricula,
student populations, and a host of other factors.
Preliminary IEA results for the last year of secondery
school in Japan indicate continuing high achievement,
with Japanese students ranking second of the 14 partici-
pating countries in all areas of mathematics. A recent
comparison of mathematics achievement of students in
Illinois and Japan (Walberg et al., n.d.) provides
further documentation. Since Illinois students perform
at about the same level as U.S. students in general (see
the Appendix), the study is likely to have broader
implications than just for Illinois. For this study, a
mathematics test was given in 1981 to 1,700 Japanese and
9,582 Illinois high school students. The Japanese sample
was a representative mix of ages; the Illinois sample
consisted of high school juniors. The test contained 60
items on algebra, geometry, modern mathematics, data
interpretation, and probability. Information on level of
mathematics completed (for Illinois students) or
opportunity to learn (for Japanese students) was also
collected. The achievement results are shown separately
for males and females and the different age groups in
Table 29. The authors conclude (Walberg et. al., n.d.:6):

For all three age groups (15, 16, and 17 and

older), the Japanese exceeded the Illinocis students
by two standard deviations. . . . Put in another
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IO N



123

way, the average Japanese student outranked about
98 percent of the Illinois sample. At the upper
ranges, the differences are still more striking.
Only about 1 in 1,000 Illinois students attained
scores as high as the top 100 out of 1,000 (or ten
percent of the) Japanese students.

These differences in achisvement cannot be ascribed to
different retention rates; in fact, Japan now has a
larger percentage of 17-year-olds still in school than
does the United States.

Undoubtedly, there are cultural differences that
affect student performance. For example, pressure for
academic achievement is high in Japan, as may be inferred
from the amount of homework reported by students and the
anecdotes on suicides among teenagers who do not gain
admission to a university. Also, thera is an important
difference in the two educational systeas: Japui has a
uniform mathematics curriculum prescribed by cnhe central
ministry of education; students must take all the
prescribed courses, while in the United States students
may elect which courses to take.

The number of courses taken was, in fact, strongly
correlated with achievement for the Illinois students,
but the investigators caution that requiring more
mathematics courses for high school graduation will not
necessarily increase achievement because of varying
course content. It should be noted that there is

TABLE 29 Mathematics Achievement Means and Standard
Deviations for High School Students from Japan and

Illinois
Japan (N:l,700) Illinois (N:9,582)

Variable Percent Mean S.D. Percent Mean s.D.
Sex

Male 58 42.08 9.37 50 19.88 9.55

Female 42 36.17 7.73 50 19.32 8.54
Age

15 27 34.35 6.79 07 16.72 7.72

16 36 40.73 8.91 80 20.49 9.22

17 or older 37 42.58 9.34 13 15.87 7.34

SOURCE: Walberg et al. (n.d.).
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essentially no difference in achievement between U.S.
males and females. According to the investigators, the

large difference between Japanese males and females is
reduced considerably when topic coverage and motivation

are taken into account. Differences in these covariates
may be due to the fact that there are a sizable number of
separate schools for girls and boys in Japan.

Science

There have been four NAEP assessments of the science
achievement of 9~-, 13-, and 17-~year-olds; results are
shown in Table 30. The only statistically significant
change shown between 1976 and 1981 is the overall decline
for 17-year-olds, largely brought about by a decline of
3.1 percentage points in earth sciences {data not shown).

From 1976 to 1981 right answers for 9-year-olds
increased by 1.0 percentage point on 30 common items
related to science » hievement (Hueftle et al., 1983:iv).
(The items dealt with scientific inguiry and issues in
science-technology-society; science content knowledge was
not tested for 9-year-olds in 198l1.) The authors note:
"This represents the first {overall] positive change at
any age level in four assessments.” There was no statis-
tically significant change overall on achievement items
for 13-year-olds. As noted, scores for 17-year-olds have
continued to decline. At all age levels, males continued
to outperform females; racial differences also have per-
sisted, but the gap appears to be narrowing at all age
levels {(data not shown).

Data for the IEA assessment of science achievement
were collected in 1970 (Comber and Keeves, 1973). Results
for selected countries are given in Table 31. As is the
case in mathematics, care must be taken to interpret the
science achievement scores for final-year secondary
students in light of student retention rates, which vary
greatly from country to country.

Wolf (1977) analyzed the changes in country rankings
that result from comparisons of the science scores of
seniors representing the top 9 percent of the total age
group in each country rather than those of the scores of
all students enrolled in the final year of secondary
school. (Nine percent of the age cohort wa3 selected as
the cut-off because, at the time of the science assess-
ment, it was the lowest enrollment rate of the senior age
group in any of the participating countries.) when only

12
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TABLE 30 Achievement and Change in Science Content Knowledge, 1969, 1972, 1976, 1981
9-, 13-, and 17-Year-0lds: National Assessment of Educational Progress, Common Items

1969 and 1972 Items 1972 and 1976 Items 1°76 and 1981 Items
1969 1972 Change 1972 1976 Change 1976 1981 Change

9-year-olds

Mean percent correct
All exercises 61.0 59.8 =~1.,2 52.3 52.2 -0.1 No items in this domain
Phys. sci. 56.7 55.2 -=1.5 47.5 46.2 -1.3
Bio. sci. 70.4 69.3 ~1.0 57.9 59.2 1.4

l13-year-olds
Mean percent correct

Phys. sci. 59.7 57.1 =-2.6 50.4 49.6 -0.8 53.1 352.2 =0.%
BiO. SCi. 60-9 59-6 -103 61.1 62.0 0'9 50.4 51.7 1.3

17-year-olds
Mean percent correct

All exercises 45.3 42.5 ~2.8 48.4 46.5 -1.9 61.7 59.7 ~2.0
Phys. SCi. ‘2.9 39.3 -3.5 46.8 44.5 -2.4 6301 62.7 -0.4
BiO. SCi. 5253 5101 "'1.2 5303 52-2 -lol 55-7 54.6 -101

SOURCES: National Center for Education Statistics (1979:176); Hueftle et al.
(1983:104,112).
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TABLE 31 Average Score of Students in the IEA
International Science Achievement Test, 1970

Percentage of Age Percent
Country Group Enrolled Mean Score Correct

l4~Year~Qlds (80 Items)

England - 21.3 26.6
Gcermany -- 23.7 29.6
Italy -- 18.5 23.1
Japan -- 31.2 39.0
Netherlands - 17.8 27.3
Sweden - 21.7 27.1
United States -- 21.6 27.0

Final-Year Secondary Students (60 Items)

England 20 23,1 38.5
France 29 18.3 30.5
Germany 9 26.9 44,8
italy 16 15.9 26.5
Netherlands 13 23.3 38.8
Sweden 45 19.2 32.0
United States 75 13.7 22.8

SOURCE: Organization for Economic Cooperation and Development
(1974:213).

the top 9 percent of the age cohort was considered, 6
countries ranked above the United States; by comparison,
13 countries ranked above the United States when all
seniors enrolled were considered. Figure 8 shows dif-~
ferent rankings of achievement scores by country as
different proportions of the age-group are consjdered,
together with school retention rates as of the time of
the science assessment.

IEA conducted a second international science study in
1983. 1In the United States, almost 5,000 students in
more than 200 public and private schools took part--~almost
3,000 in 5th grade and almost 2,000 in 9th grade. ~or
both grades, scores improved on items common to the 1970
and 1983 assessments; tnere were 26 such common items for
grade 5 and 33 for grade 9. Results are shown in Table
32, However, these results are open to question because
of the low response rate--50 percent of the schools in
the sample for Sth grade and 36 percent of the schools
for the 9th grade.
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Development (1974),




128

TABLE 32 Comparison of 1970 and 1983 IBA Science Study,
U.S. Grades 5 and 9

Grade 5 Grade 9

Number Scores Number Scores
Subject of ltems 1970 1983 of Items 1970 1983
Biology 9 S0 60 10 60 66
Physical science 17 59 64 23 52 57
Total 26 56 62.5 33 54 59.5

NOTE; Test sCores are expressed 1in percent of items answered corfectly.

SOURCF;s Krieger (1984:27).

Achievement: College~Bound Students

Because college-bound students are the group from
which future scientists, enyineers, and technical
personnel will be drawn, their performance in mathematics
and science is of special interest. Both the College
Board and the American College Testing Program administer
tests in mathematics and science. Abcut one-fifth of the
one million students who take the SATs each year also
take the College Board's Achievement Tests in one or mor.
of 13 academic areas, which include two levels in mathe-
matics. Typically, they take three of these tests, one
in English composition, one in mathematics {usually level
I), and one in amother subject area, most often {about 25
percent) in history and social studies. Test score
averages over the last 12 years are 9iven in Table 33 for
all 14 tests and for the mathematics and science tests
separately.

No strong trends appear evident from the average
achievement scores in mathematics and science. The rise
of 10 points between 1973 and 1984 of the average score
for all the tests is accompanied by an overall decline of
one-third over the last decade in the total number of
test-takers and may be attributable to the self~pelected
nature of this group. Interestingly, in the face of the
decline, possibly due to changing requirements for
college admission, the number taking the mathematics
level II test has been increasing since it was first
given, as has the number taking the physics test. 1In
fact, in the last 2 or 3 years, registration for all the
mathematics and science tests has been increasing again.
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TABLE 33 College Board Admissions Testing Program (ATP) Achievement Test Score Averages,
1973-1984
Year 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984
Avetage of scores on all tests
Mean 527 533 531 538 533 531 529 532 ~32 537 537 537
S.D. L 96 a5 a6 94 93 92 91 90 89 89 89
Numher 294,678 246,622 228,115 228,227 212,712 208,844 201,392 200,038 198,922 196,991 132,500 198,433
Mzeh level
Mean 537 545 545 546 547 541 537 536 5139 545 543 $42
S.0. 101 Jjol log 101 100 99 97 94 96 94 96 93
Numbet 210,734 172,032 198,061 158,327 149,918 146,426 145,57 146,172 145,851 145,277 142, 306 146,693
Math level 1
Mean NA NA 660 66> 666 665 657 653 654 661 655 659
S.D. NA NA 102 100 97 95 9% 92 94 90 90 92
Number N3 NA 29,334 32,153 30,497 32,743 24,513 4,996 37,592 37,603 319,093 41,702
Biology
Mean 532 R§5 544 543 543 544 547 551 546 544 544 550
5.D. 11 it2 11% 113 114 111 109 109 107 106 104 10%
Nusher 50,921 46,468 46,383 46,741 44,897 $7,291 43,002 40,580 40,080 40,2436 42,544 43,166
chemistry
Mean 572 581 569 567 574 577 575 573 571 575 569 573
5.D. 108 110 103 104 102 102 102 103 101 99 98 97
Numher 42,863 36,521 33,056 38,293 35,009 35,007 34,159 34,473 34,494 314,888 35,728 36,419
Physics
Mean NA NA NA 592 5913 591 580 592 595 592 59% 597
5.0, NA NA NA 103 133 106 101 100 101 99 98 100
Number NA NA NA 15,644 15,882 15,408 15,046 14,656 15,897 15,991 16,507 16,890

SOURCE:

Admiesions Testing Program of the College Board (1973~1984).
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Somewhat inconsistent with these findings are trends
in the top SAT scores. Between 1972 and 1982, while the
total number of students taking the tests fell by only 3
percent, the number scoring above 700 in the mathematics
test declined by 20 percent. At the same time, the
erosion was much greater for the verbal test (SAT-V):
the number of students scoring above 700 on SAT-V declined
by more than 50 percent. Once again, however, the samples
of test-takers are self-selected and may vary over time
in unknown ways.

Four types of tests are given by the American College
Testing Program {(ACT): Bnglish, mathematics, social
studies, and natural science. Composite scores and
separate scores for mathematics and science are shown in
Table 34 for 10 percent samples of students who have
taken the ACT tests between 1973 and 1984. Males gen-
erally have higher average scores than females on three
of the four tests: in 1982, the average difference
between males and females was 2.5 ACT score units in
mathematics, and 2.2 units in natural science, about
one=third of a standard deviation in natural science and
somewhat less than that in mathematics. 1In 1984, when
all ACT scores went up, females made somewhat greater
gains than males, but there was still a gap of 1.4 points
in the composite scores (19.3 for males and 17.9 for
females), a gap of 2.5 in mathematics, and a gap of 2.5
in natural science. 1In science, there has not been a
significant pattern of increase or decrease of scores
over time. 1In mathematics, there appears to be some
decline, possibly being reversed or at least halted in
1984, 1t should be remembered that the ACT tests, as is
also the case for the SATs, sample a ¢common core of
knowledge in each field rather than the subject matter of
specific high school courses.

Independent evidence on the guality of students who
choose to go into the sciences and engineering comes from
the American Council on Education (Atelsek, 1984). ACE
conducted a sample survey of senior academic officials in
486 institutions with undergraduate programs and in 383
with graduate programs; the sample was designed to be
representative of the more than 3,000 institutions of
higher education in the United states. About 80 percent
of the institutions responded. Of those responding, the
majority, 60 percent, reported that there has been no
significant change, compared with 5 vears earlier, in the
quality of undergraduate and graduate students in science
and engineering; 25 percent thought there had been a
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TABLE 34 Distribution of ACT Assessment Scores for National Samples ot College-Bound
Students, 1973-1984

Year 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984
Composite
Mean 19.2 18.9 18.6 18.3 18.4 18.5 18.6 18.5 18.5 18.4 18.3 18.5
5.D. 5.7 5.7 5.8 5.9 5.9 5.9 5.8 5.8 5.8 5.8 6.0 5.9
Mathematics
Mean 19.1 18.3 17.6 17.% 17.4 17.5 17.5% 17.4 17.3 17.2 16.9 17.3
S.0. 7. 7.4 7.9 7.6 7.8 7.7 7.6 7.6 7.9 8.0 8.2 8.0
Science
Mean 20.8 20.8 2i.1 20.8 20.9 20.9 21.1 21.1 21.0 20.8 20.9 21.0
5.D. 6.3 6.4 6.3 5.6 6.5 6.5 5. 6. 6. 6.3 6.5 6.3
Number 73,744 73,995 71,443 69,166 74,356 T4 ,977 78,021 82,220 83,576 B0 ,452 3,530 84,956

SOURCE: Unpublished tabhulations, American College Testing Program, lowa City, Iowa.
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significant improvement; and 15 percent thought there had
been a decline. More than 40 percent of the officials in
the largest science and engineer ing baccalaureate-
producing institutions thought there had been an improve-
ment; these officials and deans in doctorate-granting
institutions also reported a shift >f the most able
undergraduates toward science and » .yineering fields.

FINDINGS

Tests

* It has proved difficult with current test method-
ology to construct tests that can be used for large
nunbers of students and yet are adequate for assessing an
individual's cognitive processes, for example, the ability
to generalize knowledge and apply it to a variety of
unfamiliar problems. However, existing tests of mathe-
matics and science of the kind employed by NAEP, HSB, and
IEA are sufficiently valid for the purpose of indicating
group achievement levels.

Achievement
All Students

* Evidence suggests an erosion over the last 20
years in average achievement test scores for the nation's
students in both mathematics and science. Results of the
most recent assessements indicate a halt to this decline
and, at some grade levels, even a slight increase in
scores in mathematics. Much of this generally observed
but small increase is due to increasing achievement
scores for black students, especially for mathematics in
the lower and middle grades.

* Analysis of the most recent NAEP mathematics
assessment yields evidence that cains have been made on
computational skills but that there is either no improve-
ment or a slight decrease in scores on test items that
call for a deeper level of understanding or more complex
problem-solving behavior.

* Available information on how well U.S. students
perform compared with students in other countries shows
U.S. students generally ranking average or lower, with
students in most of the industrialized countries perform-
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ing increasingly better than U.S. students as they move
through school. Taking account of different student
retention rates in different countries changes this
finding somewhat in favor of the United States, but the
most recently available data, especially data comparing
the United States to Japan, are unfavorable for the
United States.

College-Bound Students

* There is evidence that college-bound students
perform about as well on tests of mathematics and science
achievement as they did a decade or two ago.

CONCLUSIONS AND RECOMMENDATIONS

Assessments of Achievement

» Systematic cross-sectional assessments of general
student achievement in science and mathematics, such as
the ones carried out through NAEP, should be carried out
no less than every 4 years to allow comparisons over
relatively short periods of time. The samples on these
assessments should continue to be sufficiently large to
allow comparisons by ethnic group, gender, region of the
country, and type of community {(urban, suburban, rural,
central city).

¢ longitudinal studies such as High School and
Beyond are important for following the progress of
students through school and later and should be
naintained.

* International assessments in mathematics and
science education such as those sponsored by IEA need to
be carried out at least every 10 years.

.

Tests

* Developmental work on tests is needed to ensure
that they assess student learning considered useful and
important. Instruments used for achievement testing
should be reviewed from time to time by scientific and
professional groups to ensure that they reflect contempo-
rary knowledge deemed to be important for students to
learn. Such reviews may lead to periodic changes in test
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content--an objective that must be reconciled with the
goal of being able to compare student achievement over
time,

* Work is needed on curriculum-referenced tests
that can be used on a wider than local basis, especially
for upper~level courses. This work will require careful
research on the content of instruction, tests constructed
with a common core of items, and alternative sections of
tests to match curricular alternatives.

* Assessments should include an evaluation of the
depth of a student's understanding of concepts, the
ability to address nonroutine problems, and skills in the
process of doing mathematics and science. Especially for
science, it is desirable that a test involve some
hands-on tasks.
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APPENDIX

State Data

INTRODUCTION

Education is a state responsibility that the states
share with local districts; what happens in gcience and
mathematics education is determined largely at those
levels. Therefore, there is a need for information
specific to each state. Nationally aggregated data on
supply or demand for teachers do not necessarily reflect
conditions in a particular state; national trends in
enrollment may or may not be the same as in different
states; etc.

Seemingly comparable data that are not derived from
comparable samples can yield quite misleading information.
For example, ranking all the states by mean SAT scores of
high school seniors, as an index of educational quality,
would be patently inappropriate because the percentage of
students who choose tc take the SATs ranges from §9 to 3,
and there is an associated systemic variation in scores:
see Table Al. Even somewhat more sophisticated attempts
at ranking (see, for example, Bell, 1984) may lead to
questionable correlations between SAT or ACT scores and
teacher salaries or other resouvrce investments, Even
when data appear to be similar, often they cannot be
compared because of definitional and methodological
differences in the way they were collected, as in the
case of high school course enrollment data available in a
number of states.

The committee gratefully acknowledges the assistance of
officials in the states who made data available; they are
listed at the end of the Appendix.
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TABLE Al High Scheol Graduates, 1982; College~Bound Seniors
Taking SAT, 1982; and Mean SAT Scores, 1984

Percent
High School Seniors Graduates SAT
State Graduates Tak ing SAT Taking SAT Verbal Math
Alabama 49,209 2,990 6 467 503
Alaska 5,677 1,691 30 443 471
Arizona 29,849 3,352 11 469 509
Arkansas 30,810 1,221 4 482 521
California 265,843 102,251 38 421 476
Colorado 37,294 6,283 17 468 £14
Connecticut 46,106 31,962 69 4136 468
Delaware 9,226 4,602 50 433 469
Florida 100,936 37,879 38 423 467
Georgia 69,689 34,226 49 392 430
Hawaii 14,163 6,696 47 395 474
Idaho 12,860 a0s 7 480 512
1}linois 156,534 21,820 14 463 518
Indiana 79,284 37,331 47 410 454
Iowa 45,309 1,287 3 519 570
Kansas 30,098 1,602 5 502 549
Kentucky 46,831 2.920 6 479 518
Louisiana 55,424 2,743 5 472 508
Maine 16,986 7,898 46 429 463
Maryland 61,321 30,926 50 429 468
Massachusetts 85,814 56,435 66 429 467
Michigan 133,930 14,063 11 461 515
Minnesota 66,445 4,983 7 481 539
Mississippi 31,723 845 3 480 512
Q issourd 67,172 7,185 11 468 512
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Montana 11,612 1,007 9 490 544

Nebraska 23,827 1,388 6 493 548
Nevada 9,540 1,600 17 442 489
New Hampshire 13,769 7795 57 448 483
New Jersey 107,550 69,741 65 418 458
New Mexico 18,535 1,497 8 487 527
New York 226,505 139,819 62 424 470
N. Carolina 73,910 34,507 47 395 432
N. Dakota 10,204 291 3 500 554
Ohio 155,499 25,042 18 460 508
Ok 1ahoma 39,347 1,896 S 484 525
Oregon 30,480 12,708 42 435 472
Pennsylvania 168,956 87,039 52 425 462
Rhode Island 12,645 7,676 61 424 461
8. Carolina 40,601 19,997 49 384 419
$. Dakota 10,464 265 3 520 566
Tennessee 56,647 4,725 8 486 523
Texas 179,085 58,027 32 413 453
Utah 19,%00 748 4 503 542
Vermont 7,413 4,028 54 437 470
virginia 72,209 36,852 51 428 466
wWashington 53,248 9,906 19 463 505
W. Virginia 24,389 1,756 7 466 510
Wisconsin 74,157 7,432 10 475 532
Wyoming 6,749 33¢ 5 489 545

NOTE: Number of high school graduates is estimated from the number enrolled in
May of the senior year, If students took the SAT test more than once, their most
recent scores are counted.

SOURCE: News Release by the College Board, New York, September 19, 1934.
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States vary enormously with respect to the amount and
kind of information they collect pertinent to the four
indicators of science and mathematics education discussed
in this report. Table A2 provides a very brief summary
of some of the relevant data bases that have been com-
Puterized in each of the states. State assessment of
student performance has taken on an increasingly impor-
tant role. As of spring 1984, 34 states had assessment
programs in selected grades and subjects. As shown in
Table A3, 33 states have assessment programs for mathe-
matics, and 11 states have assessment programs for
science.

In an attempt to illustrate the kinds of data avail-
able to state education systems, this appendix summarizes
information provided on science and mathematics education
for 10 states: California, Connecticut, Illinois,
Michigan, Minnesota, New Jersey, New York, North Carolina,
Pennsylvania, and washington. These states were selected
because they are among the leaders in their collection
and analyses of pertinent data; no attempt was made to be
representative of all 50 states, although among the 10
there is at least 1 in each region of the country.
Several of the 10 states have also participated at a
state level in HBS and NAEP.

With agreement of each of the 10 chief state school
officers, the individuals listed at the end of the
Appendix were asked to comment on the committee's
selection of indicators and on what relevant state data
and reports they had available. The brief summaries
below cannot do justice to the work going on: the
excerpts presented (with permission) from the materials
supplied by the 10 states are intended as examples of
their information activities rather than as comprehensive
reports. Some of the excerpts do illustrate, however,
instances of similarities or differences regarding con-
ditions in a given state compared with those in the
nation at large.

TEACHERS

With respect to the quality of teachers, states use
certification as the primary measure of competence. AS
discussed in Chapter 3, this entails a great variety of
more or less highly specified requirements for a bache-
lor's degree, usually including some professional
education courses. In addition, 20 states--mostly in the
South and Southwest--have recently added minimum-~

e
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TABLE A2

Inventory of Computerized State Data

Coursge
School Offerings Supply/
District and Enrolliment Student Texthook Teacher Teacher Pemand
ftate Census Enrollments Projections  Assessment Inventory Allotment Cert. Mode ]l
Alabama X X X X
Alaska
At izona X X X X
Arkansas X
California X X X X X
Colorado X X
Connecticut X X X X b X
Delaware X X X X X
¥lorida X X X X
Genrgia X X X X X
Hawal: X X X
idaho X X X X X
1llinols X X X X X X
Indiana X X X Y, X
lowa X X X
Kansas b
Kentucky Y X Y X X ¥ b
loutsiana X Y X
Maipe X b X X X
Maryland X X X
Massachusetts X X X X
Michigan X X A X
Minnesota b A X X X b4
Misgissippi X
Missouri X ¥ X X
-~  r~
V)



TABLE A2

{Continued)

State

Enrollments Projections

Montana
Nebraska
Nevada

New Hampshise
New Jersey

New Mexico
New York

N. Carolina
N. Dakxota
Ohio

Ox lahoma
Oregon
Pennsylvania
Rhode Islanpd
$. Carolina

S. Dakota
Tennessee
Texas
Utah
vermont

Virginia
washington
W, Virqinia
Wisconsin
Wyoming

X o2 M X M e
MM D M I

X e > M
I S

o

b3
b3
M e F R

b
b - 4

SOURCEs Council of Chief State School Officers (1982),
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TABLE A3 State Assessment and Minimum Competency Testing Programs, Subject Areas and Grades
Tested, National Totals, 1984

Assessment Programs

Social Language Total No., Competency

Grade Reading Mathematics Writing Science Studies Arts Other of States Tests

1 5 5 0 0 0 3 0 5 4

2 7 7 1 0 0 4 0 7 5

3 12 13 3 3 3 8 0 13 15

4 21 20 6 6 5 13 3 21 11

5 10 10 4 1 2 7 2 11 8

6 11 11 3 2 2 8 2 13 11

7 8 8 2 1 1 5 3 9 7

8 21 20 7 8 8 15 2 21 16

9 4 4 3 1 1 3 1 5 15
10 11 11 2 2 2 [ 3 12 14
11 15 14 7 6 6 11 4 15 19
12 4 4 1 2 2 3 3 6 11
Total No.

of States 33 32 14 11 11 21 10 34 30

SOURCE: Council of Chief State School Officers {1984), based on data from Anderson {1984) and
Roebrr (1983).
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competency tests to certification procedures. Reference
to Table & and the accompanying comments in Chapter 3 are
pertinent as a reminder of the variation among states
with respect to certification.

As far as the quantity of teachers is concerned, both
the Howe and Gerlovich (1982) survey and the survey by
the Education Commission of the States (Flakus-Mosqueda,
1983) discussed in the report demonstrate differences
among the states as to their perceptions of teacher
supply and demand in mathematics and science.

California

In the past, a secondary school teaching certificate
allowed a California teacher to teach any high school
subject, regardless of the teacher's preparation in that
subject. A number of teachers so certified are still in
the schools. At this time, California is one of three
states that require both a state-constructed test and the
National Teacher Examination for teacher certification.

The state routinely prepares reports on the salaries
and on the characteristics of professional staff. State
officials have become concerned about the distribution of
science teachers throughout the state and has prepared a
density map showing for each county the number of science
teachers per 1,000 students. Generally, the northern and
eastern portions of the state are above the statewide
median of 1.63, the western and southern sections beiow.
variations within the state are considerable: for
example, from 1.18 science teachers per 1,000 students in
Los Angeles County to 3.29 per 1,000 students in sparsely
populated Mono County; or even between adjacent areas,
for example, from 1.48 science teachers per 1,000 students
in Contra Costa County to 2.56 per 1,000 students in
Marin County.

Connecticut

Connecticut prepares teacher supply and demand
reports, but they 4o not now include separate statistics
on the numbers and preparation of mathematice and science
teachers. However, such data on teachers in the system
are available from detailed retirement records kept for
every teacher. Because of recently enacted legislation

e
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providing 85,000 per year of college to college students
preparing to teach in shortage areas, the state will need
to develop demand/supply projections for mathematics and
science teachers, including not only the numbers teaching
and numbers needed, but also information on the quality
of the current staff. A competency-based approach is
being considered to ensure the quality of mathematics and
science teachers in the state.

Illinois

I1linois prepares an annual demand report on unfilled
positions. It also collects information on the number of
teachers employed and the percentage of teachers who are
certified to teach in grades 9-12. Since some local-
ities--especially Chicago--levy extra certification
requirements beyond tlhose of the state, the data from
different districts are not comparable. Since periodic
recertification requires continuing education, retraining
is also recorded. The state has not found a satisfactory
answer at the state level to tracking the quality of the
teaching staff beyond certification and retraining,
although gome local districts have evaluation systems in
place; instead, state authorities work with the teacher
preparation institutions in the state to upgrade their
education programs. 1In the last few years, every state
university but one has been cited as needing to improve
its programs.

In 1983 the Illinois State Board of Education (1983)
produced a report on the supply and demund for mathe-
matics and science teachers in the state. Table A4,
covering the previous ¢ years, indicates that, for both
mathematics and science teachers, the number of new
teachers prepared was higher than the number of new,
first-time teachers hired. Though the supply of newly
trained teachers has been decreasing, so has the demand
(i.e., the number of teachers hired). Although data for
the Chicago public school system are not available for
earlier years, in 1982-1983 10 science teachers were
hired by the system, all reentering, and 13 mathematics
teachers, of whom 12 were reentering and 1 was a new,
first-time hire. The report notes (p. 2): "In mathe-
matics, supply decreased by 35.5% from 1977-78 to 1982-83
while demand for mathematics teachers decreased by 35.4%
during the same period. The supply of science teachers
decreased by 36.2% from 1977-78 to 1982~-83 while demand

7
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TABLE A4 Supply ard Demand for Mathematics and Science
Teachers in Illinois

Nugbar of

Persons Number of Persons

Completing Hired by Illinoisd Other

Preparation Public High Math Subjects

in Illinois Schools (Demand) Turnover Turnpover
Year {New Supply) {Begin + Reenter = Total) {No.) (%) L))

Mathematics
1877-1978 197 72 + 103 = 178 217 {8.3) (9.6)
1978-1879 155 79 « 108 = 187 216 (8,3) (9.5
1979-19880 123 62 «+ 89 = 151 199 (7.7 {10.1)
1980-1981 123 58 + 93 L 151 195 {(7.5) (8.2)
1981~1982 129 54 + 76 = 130 180 (7.0} {8.2)
1982~-1983 127 48 « 85 L] 113 138 {5.4) {7.0)
Science

1977-1978 218 103 + 91 s 194 211 {7.9) {9.6)
1978~-1979 185 88 + 99 = 187 205 {7.7) (9.5)
1979=1980 156 70 + 107 = 177 248 {9.%) {10.1)
1980~1981 142 64 84 = 148 192 {7.5) {8.2)
1981-1982 157 54 + 59 = 113 167 (6.2) {8.2)
1982-1983 139 39 + 62 = 101 137 {5.5) (7.0)

NOTES:

NEW SUPPLY: New teacher graduates prepared by Illinois collegqes and universities.
NEW (BEGINNING) DEMAND: Persons hired as teachers for the first time (with no
previous experience).

REENTERING DEMAND: Persons hired as teachers who have taught in the past, have
teft teaching for at least one year, and are again employed
88 teachers.
TOTAL DEMAND: Estimated total incoming teachers (beginning and reentering) in
I11linois public schools.
TURNOVER: The group of individuals which for any reason terminated their employ~
ment with a public school district between May and September, and 4id
not undertake employment in another 11linois public school district.

Apxclusive of Chicago, for which data are not available.

SOURCE: 1Illinois State Board of Education {1983).

decreased by 47.9%. 1In I1llinois, the new supply and the
reserve pool of previously prepared teachers seem to be
keeping up with demand.”

'These statistics do not take account of the new demand
that may be created by Illinois’ increased requirements
for high school greduation--2 years of mathematios and 1
year of science. The potential impact of the new require-

ments is not yet known, since 80 percent of Illinois high
sChools currently require one year of each to graduate,

while 10.5 percent require two years of mathematics;

'g"'sr
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TABLE A5 Supply and Demand for Mathematics and Science
Teachers in Illinois by Main Assignment: 1982-1983

Naber of
Persons Number of Persons
Completing Hited by Illincis
Mator Ares Preparation P.blic High
of Prepar-~ in Illinois Schools {(Demand) Turnovey
ation (New Supply) {Begin ¢ Reenter = Total) iNo.} (8)
Bcience
Biology 83 15 + 22 = 37 50 {4.8)
Chsvwistry 27 4 « 13 = 17 27 (5,4)
Earth science 3 3 - 8 = il 14 (8.2)
Genaral science 4 9 + 10 = 13 27 (9.1
Physical science 5 4 + 4 = 8 7 (5.8
Physics ) 4 * 4 = 8 7 {3.5)
Other 10 0 + 1l s 1 ) (3.4)
tal 139 39 - 62 = 101 137 {5.5)
Mathematics.
Algenrs 2 30 + 29 = 59 81 15.4)
Geometry 3 1 + 8 = 9 22 5.3
Basic/general math 2 16 « 22 = 38 29 (6.6)
Other math 1 - &6 = 7 6 {3.3)
Total 127 48 + 65 « 113 138 (5.4)

NOTE: For definitions of captions, see Table A4.

20n1ly the total suPply of mathematics teachers is rmown. Major ares of
preparation in mathematics is not designated by specific course or subject.

SOURCE: 1Illinois State Board of Education (1983).

however, only 8 percent of Illinois seniors report taking
no mathematics beyond grade 9, implying that over 90
percent already take 1.5 years of mathematics or more in
grades 9-12 (see Table All, below).

Table A4 also shows that, for Illinois, the per-
centages of mathematics and science teachers leaving
these fields do not differ substantially from the
percentages leaving other teaching specialities; they
are, in fact, somwehat lower. Nevertheless, the number
of people leaving suggests that the need for newly
prepared teachers continues.

Table AS shows demand and supply statistics for
specific mathematics and science specialities in 1982~
1983, Only for general science were there more new hires
than newly trained teachers, but for earth scCience,
physical science, and physics, the number of newly
prepared teachers was less than the total number hired,
suggesting that the need for newly Prepared teachers is
greater in these areas than in biology and chemistry. 1In
general, the data in the report do not address the guality
of the hired teachers, although it is presumed in the
report that they have valid teaching certificates.
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Michigan

Teachers certified for elementary school may teach
through grade 8. Certification is based on approval of
teacher education programs as certified by each institu-
tion of higher learning. The state collects information
on class assignments and college preparation. Using
these data, Hirsch (1982, 1983) found that in 1980-1981,
33.4 percent of teachers teaching mathematics in junior
high school did not have a major or minor in the fielq;
in 1981-1982, the percentage was 36.8. Science fared
better: only 12.1 percent of the teachers assigned to
science classes in junior high school had neither a major
nor a minor in the field of assignment in 1980-1981; in
1981-1982, the percentage was 14.1. New state reporting
forms to be filled out at the district level will elicit
further information on teacher preparation and also on
participation in continuing education. The state has
experimented with demand projections; the most recent
estimates were made 4 years ago.

Minnesota

In 1983 Minnesota conducted a survey of science
education (Minnesota Department of Education, 1984) using
modified versions of the teacher and principal ques~
tionnaires from the national survey carried out in 1977
with NSF support (Weiss, 1978). Some 800 teachers and
nearly 500 principals participated, drawn from a strati-
fied sample of school districts and representing both
elementary and secondary schools in the state. A major
topic on the questionnaires was the qualifica'ions of
science teachers.

The average age .I teachers was 41, varying little
among grade levels or science subjects being taught. The
average number of years of teaching experience also varied
little by grade range and science rubject: about 16 yesrs
in elementary school, slightly higher in grades 7-9, and
about 18 years in grades 10-12. For all grades, this
represented about 6 years more teaching experience than
the national average (10-12 years) in 1977; the difference
may well be due to declining student enrollment, which
caused the laycff of teachers with the least seniority.

Wich respect to the qualifications of science and math
teachers, only 6-7 percent of elementary school teachers
had an undergraduvate science major or minor: in fact,

,‘_\,
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more than 50 percent had 20 or fewer college quarter
credits in the natural sciences. Not surprisingly, only
26 percent of elementary school teachers felt "very well
qualified” to teach science; 16 percent felt "not well
gualified.” For grades 7-9 and 9-12, respectively, 95
percent and 97 percent had undergraduate science majors
or minors, and 53 percent and 69 percent had graduate
work in science. However, only about one~third of the
teachers teaching earth science (grades 7-9), physical
science (grades 7-9), and physics (grades 19-12) indicated
certification in these ar¢ . while about one-half had an
all-sciences certification.

New Jersey

The Advisory Council on Math/Science Teacher Supply
and Demand ‘1983) recently prepared a report that included
a survey of New Jersey secondary schuol districts.
Responses were received from 162 of the 259 districts in
the state. The results indicated that most responding
districts were able to £fill their mathematics and science
openings, but that a shortage of certified mathematics
and science teachers exists in the low-wealth, urban
school districts (see Table A6).

The report also provides projections of demand and
supply for mathematics and science teachers through
1992-1993, using four different sets of assumptions.
Baseline demand and supply estimates are bated on the
continuation of present trends, including known enroll-
ment declines and increases in course requirements.
Alternate demand and supply eostimates assume additional
mathematics and science enrollments and an incrensed
teacher attrition rate (based on retention of teachers in
1980~-1982, which was somewhat lower than in 1976-1982).
Figures Al and A2 indirate that shortages of both
mathematics and science teachers will be considerable
under assumptions of alternate demand, i.e., if a
year-long computer science course taught by a certified
mathematics teacher is added to the four mathematics
courses per secondary school student assumed (by
1989~-1990) in the baseline demand projection, and if
three science courses are required in grades 9-12.

In 1983 New Jersey set minimum requirements for
admission and graduation of teaching candidates and
increased the amount of substantive study required. As a
result, all prospective elementary and secondary schLool

iV
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TABLE

A6 New Jersey, Actual Supply and Demand of Math and Science Teachers by Community Type

1982-1983, Grades 7-12

Substandard Percentage
Positions Open Posjtions Filled Unfilled Positions Certification Substandard

Community Type Math Science Math Science  Math Science Math Science  Math Science
Urban 1,447 1,269 1,427 1,227 20 42 31 31 2.2 2,5
Suburban 709 644 709 644 1] 0 5 5 0.7 0.8
Rural 184 137 184 137 0 0 2 0 1,1 0.0
Regional 30¢ 280 304 277 1 3 2 5 0.7 1.8
Total 2,645 2,330 2,624 2,284 21 45 40 41 1.5 1.8

respondents

State total 14,9192 4,0892 4,891 4,028 282 613 62 61 1.3 1.5

{estimated)

NOTE:

3Fstinates based on survey resuits and New Jersey State Department of Bducation data.

SOURCE :

Responses received from 162 of the state'’s 259 school districts.

Advisory Cnuncil on Math/Science Teacher Supply and Demand (1983).
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FIGURE Al New Jersey: M~thematics teacher discrepancy
analysis, 1983-1984 to 1992~1993,

SOURCE: Advisory Council on Math/Science Teacher Supply
and Demand (1983:40b).

teachers must have some college courses in mathematics
and science; however, it is still possible for a cer-
tified elementary schoolteacher with only three credits
in mathematics or science to teach these subjects in
middle or junior high schools (grades 5-8).

New York

Secondary school certification is required of
mathematics and science teachers in grades 7-12 in New
York. Transcripts relating to the majors of elementary
school teachers as well as secondary school teachers are
also collected. The state collects information on
teachers actually in service, on how many get certified
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each year, and on how many accept teaching positions.,
Reports on the current teaching staff are available.

In 1982~1983, there were 14,116 mathematics teaching
positions--about 13 percent of all the mathematics
teachers in the country-~-and 11,340 science positions.
{There were also 520 nonteaching mathematics positions
and 604 nonteaching science positions.) In mathematics,
two-thirds of the teachers filling these positions had at
least a master's degree, and another one-fourth had 30
hours or more of graduate work in addition to their
bachelor 's degrees, Preparation in the sciences was
slightly better, with almost three~fourths of the teachers
having graduate preparation at the master's degree level
or higher. Only a little over 2 percent of the teachers
in each field were not certified; nearly 90 percent had
permanent certification; the rest had provisional cer-
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FIGURE A2 New Jersey: Science teacher discrepancy
unalysis, 1983-1984 to 1992-1993,

SOURCE: Advisory Council on Math/Science Teacher Supply
and Demand (1983:40e).
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tification (University of the State of Naw York/The State
Bducation Department, 1983a). In contrast, in 1968 only
47 percent and 50 percent had permanent certification in
mathematics and science, respectively. The number of
provisional certificates issued declined dramatically
between 1968 and 1981: f£rom 1,920 to 351 for mathematics
and from 3,571 to 656 for science, a decline of about 82
percent; the decline in all provisional certificates
issued over that period was 53 percent. Teacher prepara-
tion has also improved between 1968 and 1981, with the
percentage of those having no graduate work decreasing
from 40 to 9 percent in mathematics and from 33 to 7
percent in science. At the same time, the teaching force
has aged, although not distinctively more so in mathe-
matics and science than in other areas (University of the
State of New York/The State Education Department, 1983c).

North Carolina

North Carolina does not specify mathematics and science
requirements for elementary school certificates. Teacher
preparation institutions in the state vary from requiring
one course in mathematics or science for elementary school
certification to requiring eight in the two disciplines
combined. North Carolina State University, which prepares
many of the teachers for the state, requires 42 semester
hours in mathematics for certification of mathematics
teachers for grades 9-12 and 29 semester hours for grades
6-9. Basic algebra and precalculus courses are not
acceptable. 1In May 1983, the state instituted rules
prohibiting out-of-field teaching.

Pennsylvania

Pennsylvania routinely issues reports on the profes-
sional personnel of its public schools. 1In 1983 two
special reports were prepared on the demand for and
supply of science and mathematics teachers, based on a
survey of secondary school principals, a survey of
teachers, and the state's routine data base on teachers.
In summary, only 7.5 percent of the principals had
difficulty in 1981 filling mathematics and science
positions with certified teachers; the most troublesome
area was physics; biology teachers appeared to be in
oversupply. Philadelphia and some of the rural areas of
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the state were issuing the greatest percentage of emer-
gency certificates. Science and mathematics teachers
gresponding to the survey had an average of 15 years of
teaching experience; on the average, they took their last
subject-area related course in 1972 and their last method-
ology course in 1975 (Dorwart, 1983). One of the reports
concludes (Laverty, 1983:13-14):

The demand for science and math teachers is
unlikely to increase in the next five years.
Increased math and science requirements in the new
curriculum regulations, if passed, and the
attraction of more remunerative positions in
industry are balanced by a continued decline in
secondary school enrollment through 1989. . . .
The supply of incoming teachers seems to be
adequate in all areas except physics; but math may
soon become a problem area.

The author sees the new Pennsylvania higher education
assistance program, which offers grants to students
preparing to teach mathematics or science, as adequate
for meeting future demands.

CONTENT

There is grest variation among the states regarding
the extent to which they provide guidance to local systems
on the content of instruction. 1In New York, for example,
mandatory state egyllabi for various curriculum areas are
prepared at the state level; other states allow local
districts to develop their own curriculum guidelines and
high school graduation requirements. But even in the
latter states, statewide mandates for student testing,
which have now been instituted in 37 states (see Table 5,
Chapter 3), do tend to generate some common core of
learning. This effect is particularly strong where the
state offers assistance to localities in meeting the
educational goals that have been set for students, as in
Connecticut, Michigan, and Pennsylvania.

Connecticut

Connecticut intends to collect descriptive information
on the curriculum scope and sequence followed by local
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districts in each of 11 major curriculum areas. Previous
experience indicates that even district-level information
is likely to be difficult to interpret, that information
on instructional content must be collected at the indi-
vidual school level. Connecticut does provide detailed
guidelines in science and mathematics for grades K-12
along with suggestions for the use of the guidelines to
improve instruction.

Illinois

Illinois plays a limited role regarding content; most
schools follow locally developed curriculum guides.
State staff provide develcopmental learner objectives for
different educational levels, which are designed to be
used as a planning tool by local districts. Decisions on
textbooks are also made at the local level y committees
that review the curriculum on a cyclical be is, generally
every 5 years. Information on the most commonly used
textbooks is available from local districts, but is not
collected on a statewide basis. The state does provide
free textbooks under specified circumstances: the free
textbooks can be selected from a list of the most popular
titles, but since schools participating in the free-
textbook program are not a good sample of all Illinois
schools, statistics on the most frequently requested
texts would be misleading. In conjunction with its
assessment program, the state collects information from
teachers on the likelihood that students have studied
particular topics included in the assessment tests. This
procedure is adapted from that of the IEA mathematics and
science assessments. From time to time, the state also
uses questionnaires on classroom activities to inventory
the perception of teachers and studente about classroom
practices classroom observation is also used to further
document teacher preference and emphasis as to instruc-
tional content.

Michigan

Michigan publishes minimum performance objectives in
mathematics and science {as well as other areas) as an
aid to teachers, but instructional content is determined
at the local level. 1In conjunction with the state assess-
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ment program, the mathematics and science curricula are
sampled for grades 4, 7, and 10.

Minnesota

In a state survey of science education (Minnesota
Departnent of Education, 1984), teachers were asked about
the use of textbooks. In elementary school 55 percent of
the teachers in grades K~3 and 59 percent in grades 4-6
used a single published textbook/program for science
instruction, and a little over 40 percent did so for
science courses in grades 7-12; for grades 7-9 and 10-12,
respectively, 45 and 50 percent of the teachers used
multiple texts. The survey also documented the most
frequently used texts at each grade level. According to
the perception of principals surveyed, teacher .ommittees
and individual teachers are heavily involved 1a the
selection of textbooks. Not surprisingly, 70 percent of
teachers in grades 10-12 and 58 percent of those in
grades 7-9 indicated they would choose the textbook they
were currently using, given a free choice. Because of a
new state reimbursement process for telecommunications
software being used in schools, the state is constructing
a state-approved software list that may provide further
information on curriculum content.

New York

The New York State Board of Regents was established in
1784 and governs both lower and higher education. Hence,
the state has a long tradition of strong interaction with
local districts, including the content of their instruc-
tion. Curricula and syllabi are published in all subjects
and sent to all schools. Secondary schools are required
to follrw them, and the state-constructed Regents exams
are based on these syllabi. Although not all students
take the Regents exams, these exams are generally used to
guide instruction. Until recently, elementary schools
have not been required to follow the state curriculum
guidelines, but as of 1984 some state reguirements will
be mandatory at this level as well as in secondary
education, By implication, an analysis of the syllabi
and of the Regents exams should provide reasonably good
information on the intended curriculum content for each

grade and subject. Obviously, the degree to which the
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curriculum is actually followed will vary from class to
class. The state has sponsored an analysis of 2,500
textbooks for readability (The College Board, 1983);
these titles represent the most commonly used texts in
the state and in the country.

North Carolina

North Carolina provides a list of approved textbooks;
multiple ~ptions aie given for each course and area of
instruction. Information is available on selections made
by local districts.

Pennsylvania

Pennsylvania's Educational Quality Assessment (EQA)
taps 14 different cognitive and noncognitive areas of
students’' knowledge, skills, and attitudes. The EQA is
used to help local districts improve their instruction;
in this sense, the content of the EQA inventory can be
used to help shape instructional content. Participation
in BEQA by local districts and by schools within districts
is voluntary.

INSTRUCTIONAL "IME/ENROLT 'ENT

Very few states collect information on the amount of
time spent on specific instructional areas in elementary
school; nearly all coliect information on course enroll-
ments in 3econdary school, though not all do so in readily
interpretable form. The data are generally collected at
the individual school level. Bucause disirict organiza-
tion varies--the most common secondary school arrangements
are grades 7-8 and 9-12 or grades 7-9 and 10-12--grade 9
course enrollments tend to be undercounted in statewide
aggregations of data on secondary schools.

California

California has collected data on time allocated to
varinus subjects in elementary school. Mean time
allo:zations for grade 6 are shown in Table A7.
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TABLE A7 Mean Time Allocations, by Subject Area, in
California, Grade 6, 1981-1982

Mean Minutes

S"hject Area per Day
Reading §1
Writing/language 47
Mathematics 53
Science 25
Social studies 36
Art 16
Music 14
Health 16
physical education 27
Other 7
Total 3023
Total instructional time 2992
Total noninstructional time 67
Total school time (sum) 366
School day length 365

Hthe total does not equal the "Total instructional
time" because of adjustments for outlying {(obviously
incorrect) values.

SOURCE: Law (1984:167)

The state also collects enrollment data for all courses
offered in secondary school and also for special classes
{including some in mathematics and scierce) in elementary
school; statistics are available for male and female
enrollments. Enrollment figures for 1982-1983 show that
in the more advanced mathematics courses, such as
advanced placement mathematics (grades 11-12), analytic
geometry/precalculus, and calculus, almost 30 percent
fewer females participate than males, with a pronounced
dropout in grade 1l of females in college-preparatory
mathematics. The enrollment of females in physics is
about one-~half that of males. Table A8 shows a compari-
son of national an¢ California enrollments in mathematics
courses, derived from California and national samples in
the High School and Beyond study.

-t o~
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TABLE A8 Percent of 12th Grade Students Reporting

Specified Years of Mathematics Coursework Taken in the
Last 3 Years of High School, 1979-~1980 and 1981-1982

R 1Y

1979~19808 1981~-1982b
Year of ——
Mathematics Nation California California
0 7.8 9.7 8.6
1l 27.3 32.1 30.1
2 33.5 32.6 32.1
3 or more 31.4 25.6 29.2
Total 100.0 100.0 100.0
Median years 1.44 1.25 1.35

8pata are derived from the High School and Beyond survey
conducted by the National Center for Bducation Statistics
in 1980.

EPigu:es have been adjusted to reflect the fact that the
High School and Deyond survey inquired only about the
final 3 years of high school and that essentially all
California students take at least one mathematics course.
Thus, the values have been reduced by 1 year.

SOURCE: Law (1984:160).

Illinois

In 1977 a statewide census was conducted on course
offerings in Illinois's junior and senior high schools
(grades 7-12); more than 95 percent of the schools
participated. The census was repeated in 1981-1982, and
these data are now being analyzed. Mathematics is
generally required in grades 7 and 8, but most enrollment
in high school level mathematics is elective. Many of
the schools do not offer some of the more advanced
courses, as shown in Table A9.

According to the census report (Il)inois State Board
of Education, 1980a:14), "both advanced and remedial
mathematics courses show a higher percentage of males
than females enrolled. Male enrollment exceeds female
enrollment by 19 percent in advanced algebra, 27 percent
in algebra-trigonometry, and 54 percent in t.igonometry.”

7 “f
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TABLE A9 Mathematics Courses with Enrollment of 3
Percent or More of Illinois High School Students, 1977

Number of Percent of All
Schools Percent of High School
Offer ing Schools Students
Course Title Course in State Enrolledd
Pre-slgebra 110 15.6 3.2
Elementary algebra 548 77.8 12.4
Intermediate algebra 457 64.9 6.7
Advanced algebra 401 56.9 3.8
Elementary general math,
grades 9-12 429 60.9 4.8
Plane geometry 466 66.2 7.9
Integrated plane and
solid geometry 217 30.8 3.2
Remedial math 238 33.8 4.0

BThe percent enrollment would have to be muitiplied by 3 or 4 to make
the data comparable to national data on percentage of seniors who have
taken various courses.

SOURCE: 1llinois State Board of Education (1980a:4)

Table Al0 shows enrollments in high school science
courses. Data on gender differences indicate that male
enroliment in physics is more than 'wice that of females,
although the difference in first-year ~hemistry is
negligible., Female enrollment is greater than that of
males in all biology courses and in honors physics and
chenmistry.

Illinois also has data from student self reports,
shown in Table All, on a state sample from High School

and Beyond. Comparable national percentages are given in
parentheses.

Michigan

Data on course offerings, required credits for
graduation, and estimated course enrollment (compiled
separately for males and females) were requested from all
Michigan high schools in spring 1983, Two-thirds of the
schools responded; most of those schools (88 percent)
include grade 9, 1In mathematics the average number of
years required by local districts for graduation is 1.5,
and the average taken is 2.8 (see Table Al2). Although,
on average, 1.3 years of science are required for
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TABLE Al0 Selected Science Courses and percentage of
Illinois High School Students Enrolled, 1977

Number Percent of All
of Schools Percent of fiigh school
Offering Schools Students
Course Title Course in State Enrolledd
Biology, first yesr 620 88.1 17.7
Chenistry, first year 597 84.8 5.6
Physical science, first 307 43.6 5.4
and second year
General science, grads 9 291 41.3 4.9
Sarth acience 227 32,2 3.4
Physics, first year 535 76.0 2,6
Biology, second year, 354 50.3 2.1
advancegd

AThe percent enrollment would have to be multiplied by 3 ©c 4 tO mave
the data comparable to national data on percentage of geniors who have
taken various courses.,

SBOURCE:s 11linois State Board of Education (1980b:3),

graduation, 2.2 years are taken (see Table Al3). In both
mathematics and science, there is a major decline in
enrollment as the sequence of courses advances.

Students in some locations do not have the opportunity
to take higher-level courses: 41 percent of the schools
do not offer calculus; 44 percent do not offer earth
sciences; 8 percent do not offer physics; and only 60
percent of the high schools reported having computer
courses available,

Minnesota

In the survey of science teaching conducted by the
state in 1983 (Minnesota Department of Education, 1984),
elementary school teachers provided data about time spent
on various subjects. For grades K--3, the average for
mathematics was 38 minutes per day, for science 17 minutes
per day, for social studies 19 minutes per day, and for
reading and language arts 128 minutes per day. For
grades 4-6, the averaye for mathematics was 51 minutes
per day, for science 25 minutes per day, for social
studies 35 minutes per day, and for reading and language
arts 90 minutes per day. These time allocations are
virtually the same as reported in the analogous national

el
¢
')



174

TABLE All Percent of Illinois and U.S. High School
Seniors Reporting Various Amounts of Mathematics and
Science, 1980, Grades 10-12

005-1 1.5-2 2-5"'3 3+
Subject None Years Years Years Years

Mathematics 8 (5) 26 (24) 31 (3 24 (29) 9 (8)
Science 13 (9) 35 {36) 28 (31) 15 (18) 6 (6)

NOTE: Percent of U.S. high school seniors are shown in
parentheses.

SOURCE: 1Illinois state Board cof Education (1981:3).

survey done in 1977. Nearly two-thirds of the Minnesota
teachers reported that they spent about the same amount
of time on science in 1983 as they did 3 years earlier;
of the rest, half reported spending more time and half
reported spending less time.

Information on science course offerings in secondary
schools was obtained from principals. The data indicate
that schools with grades 10-12 only were significantly
more likely to offer esdvanced science courses than schools
that include one or more of the lower grades: for
example, 62 percent of schools with only grades 10~12
offered advanced biology while 32 percent of schools with
grades 7-12 offered it. Enrollment stai.stics for secon-
dary school science courses show that close to one-half
of the students enrolled in each subject are female,
except for enrollment in physics in grades 10-12, which
averages 38 percent female enrollment.

New Jersey

Beginning with the graduating class of 1985, students
seeking a high school diploma in New Jersey will be
required to have taken 2 years of computational mathe-
matics (arithmetic, not algebra, geometry, or trigo-
nometry) and 1 vear of sclience (laboratory work not
required). Only one public college in New Jersey
requires an achievement test in mathematics as part of

e, \
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TABLE Al2 Course Enrollments for Mathematics, 1983

Enrolled Students

Percent of Percent Percent
Course All Students Male Female
Remedial 24 55 45
Vocational 8 58 42
Consuner 20 52 48
Algebra 77 50 50
Geometry 57 57 43
Advanced algebra 33 51 49
Trigonometry 17 53 47
Calculus 8 56 44
Other 32 51 49

SOURCE: Michigan Department of Education (1983).

its admission requirements; none requires an achiesvement
test in any science area. Nevertheless, in 1982, almost
one~-half of all graduating high achool seniors had com-
Pleted at least 2 years of algebra or 1 year of chemis~
try; two-thirds had completed 1 year of geometry; and
one~quarter had completed 1 year of physics (Advisory
Council on Math/Science Teacher Supply and Demand, 1983).
In 1982 71 percent of college~bound males and 57

percent of college->ound females took 4 or more years of
mathematics; college-bound males also averaged 3.4 years
of science, and college-bound females averaged 3,2 years.

New York

A census of course enrollments is collecied yearly in
New York, with every teacher reporting on course titles,
number of students, and type of class. Enrollment
information is not collected separately for males and
females or for different ethnic groups. The data are
used to generate 15 to 20 annual reports on enrollment,
Plus several ad hoc reports. Despite a slight decrease
in total enrollment, registration in mathematics and
science courses in grades 10~12 increased both in
percentage terms and in actual numbers between 1972-1973

\»;
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TABLE Al3 Course Enrcollments for Science, 1983

Enrolled Students

Percent of Percent Percent
Course All Students Male Female
General science 35 52 48
Biology 82 48 52
Barth science 22 52 48
Physics 18 56 44
Chemistry 38 51 49
Other 22 53 47

SOURCE: Michigan Department of Education (1983).

and 1977-1978., Between 1977-1978 and 1982-1983 there was
a further decrease in total student enrollment of 120,000
students, but the percent enrolled in science and mathe-
matics continued to increase, as shown in Table Al4. A
New York State subsample of the High School and Beyond
sample provides additional information, shown in Tables
Al5, Al6, and Al7, on the number and specific courses
taken by 1980 seniors in New York and in the United
States. New York students who graduate from bigh school
show a considerably higher level of preparation than do
U.S. students as a whole; the state has, however, the
sixth highest drop-out rate in the nation (Bell, 1984).

TABLE Al4 Registration in Grades 10-12 Mathematics and
Science Courses in New York State Public Schools,
1973-1974, 1977-1878, and 1982-1983

Science Mathematics
Retio to katio to Total
Grades Grades Enrolliment
AL mber of 10~-12 Number of 10-12 Grades
Year Students Enroliment Students Enrollment 10-12
19731974 647,754 <836 401,003 517 775,141
1977-1978 674,126 .877 420,375 547 768,252
1982~1983 591,445 912 418,521 . 645 648,479

SOURCE: Unpublished dota provided by the Universicty of the state of
New York/The State Education Department.
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TABLE AlS Cumulative Percentage of 1980 High School

Seniors Reporting Varying Amounts of Mathematics Taken, by
Sex, Grades 10-12

All Male Female
Amount of Coursework Nation N.Y. Nation N.Y. Nation N.Y.
Total, including those
with no coursework 100 100 100 100 100 100
1 year or mcre 93 94 94 97 92 90
2 years or more 67 76 71 81 63 70
3 years or more 34 44 40 S4 28 33

SOURCE: University of the State of New York/The State Education
Department {1982:5).

TABLE Al6 Cumulative Percentage of 1980 High School

Seniors Reporting Varying Amounts of Science Taken, by
Sex, Grades 10-12

All Male Female
Amount of Coursework Nation N.Y. Nation N.Y. Nation N,Y.
Total, including those
with no coursework 100 100 100 100 100 100
1 year or more 90 89 91 93 89 85
2 years or more 53 69 57 75 50 62
3 years or more 23 41 27 48 19 33

SOURCE: University of the State of New York/The State Education
Department (1982:%5).

TABLE Al7 Percentage of 1980 High School

Seniors Reporting Mathematics and Science Courses Taken,
Course and Sex, Grades 10-12

Nation New York
Course All Male Female All Male Female
Algebra I 79 79 79 86 87 85
Algebra II 49 s1 47 60 64 54
Geometry 56 58 58 69 73 63
Trigonometry 26 30 22 54 59 48
Calculus 8 10 6 16 20 11
Physics 19 26 14 36 46 25
Chemistry 37 39 35 56 62 49

SOURCE: University of the State of New York/The State Education
Department (1982:9).
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North Carolina

North Carolina collects course enrollment data for
grades 9~12 annually and infcc.ation on blocks of
instructional areas for grades 7 and 8. Data are not
collected separately for males and females or according
to ethnicity. The data are stored in the state’'s
management information system and are available for
specific analyses.

Pennsylvania

Enrollment data show steadily declining enrollments in
Pennsylvania'’s public secondary schools, but there has
been an increase in enrollments in higher-level courses.
Total enrollment in 1973-1974 was 1,137,660 students; in
analytic geometry and calculus, it was 14,700 (1.3 per-
cent of total high school enrollment); in physics, 37,000
(3.2 percent). Thr: analogous numbers for 1981-1982 were
935,670 total enrollment; 26,000 in analytic geometry/
calculus (2.7 percent), and 36,200 in physics (3.9
percent).

Washington

Washington periodically surveys requirements for high
school graduation set by local districts. There are two
data bases available on enrollment: one is derived from
a survey of 1980 high school seniors representing a state
sample of High School and Beyond; the data are shown in
Tables Al8 and Al9., State enrollments and differences in
enrollment between males and females in advanced mathe-
matics and physical science courses mirror naticnal
statistics (see Table A20). The second set of data comes
from a statewide census (including private schools) of
courses taken by high school students to which more than
B2 percent of the schools responded; the data are shown
in Tables A21 and A22.

Fewer than 40 percent of the high schools in Washington
offer calculus; some 30 percent do not offer introductory
{first-year) physies. The washington enrollment data in
Tables Al8-A22 illustrate some problems with data that
come from different sources. For example, enrollments in
trigonometry are given as 29 percent in the HSB data in
Table A20 and as 6 percent (1.4 x 4) in the census data
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TABLE Al8 Cumulative Percentage of 1980 High School Seniors Reporting

Varying Amounts of Mathematics Taken, by Sex, Grades 10-12

All Male

Female

Amount of Coursework

Nation washington Nation washington

Nation Washington

Total, including those

with no coursework 100 100 100
1 year or more 93 88 943
2 vears or more 67 55 71
3 years or more 34 23 40

100

92
61
26

100

92
63
28

100

84
49
20

SOURCE: Brouillet et al. (1982:3).

TABLE Al9 Cumulative Percentage of 1960 High Schuol Seniors Reporting

Varying Amounts of Science Taken, by Sex, Grades 10~12

All Male Female

Amount of Coursework Nation Washington Nation Washington Nation Washingten
Total, including those

with no coursework 100 100 100 100 100 100
1 year or more 90 92 951 92 89 93
2 years or more 53 45 57 48 50 42
3 years or more 23 17 27 21 13 13
SOURCE: Brouillet et al. {1982:3).

U
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in Table A21: the HSB data, based on student self
reports, are probably high; the state census data may be
low. On the other hand, there is reasonably good agree-
ment for some other courses: for example, for chemistry,
37 percent (HSB) and 32 percent {census); for calculus, 8
percent (HSB) and 6§ percent {(census).

A summary of enrollment data derived from the HSB
study for 1980 seniors is given in Table A23.

STUDENT ACHIEVEMENT

Competency testing or assessment programs of student
achievement have been mandated in 39 states (see Table 5,
Chapter 3); 22 states have both. Most of the tests and
programs include mathematics at selected grade levels,
but not science (see Table A3 above). The purposes of
the assessments, the designs of the testing programs, the
degree of participation by local districts or individual
students, and the types of tests used vary greatly. The
majority of states having assessment programs list as
their purposes the use of the data by school districts
(25 states) and monitoring trends and progress (24
states); other purposes listed include state policy,
public accountability, and national comparison (Council
of Chief State School Officers, 1984).

Many states use nationally normed, standardized tests
available through commercial publishers, particularly at
the lower grade levels; others construct their own instru-
ments, whether testing for competency in the skills
required for high school graduation or for achievement in
a particular subject. Some states test all students in
selected grades, usually on a few subjects per year; some
test on a sample basis. Some states make participation
by local districts voluntary; some make participation by
schools or by individual students voluntary. Some assess-
ment programs conceatrate on the attainment of cognitive
skills; others include questions on student attitudes.
Most states collcct at least some infcrmation on variables
concerning the students and the schools taking part in
the assessment. Analysis and reporting may be done using
districts, schools, grades, or achievement bands as the
unit of analysis. Pour states--California, Illinois, New
York, and washington--have participated through state
subsamples in the HSB study, and several states have used
some of the NAEP tests for their own assessments. This
participation allows states to appraise selected aspects

[N S
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TABLE A20 Percentage of 1980 High School Seniors

Reporting Mathematics and Science Courses Taken, by
Course and Sex, Grades 10-12

Nation washington

Course All Male PFemale All Male Female
Algebra I 79 79 79 85 85 84
Algebra I1I 49 51 47 53 56 49
Geometry 56 58 55 60 63 58
Trigonometry 26 30 22 29 33 24
Calculus 8 10 6 8 10 7
Physics 19 26 14 20 27 14
Chenistry 37 39 35 37 40 35
Source: Brouillet et al. (1982:4).

TABLE A2]1 Enrollment in Selected Mathematics Courses

Course

Percent of All High
School Students
{Grades 9-12) Enrolled

Algebra, first year

Algebra, intermediate, second year
Algebra, integ. and trigonometry

Calculus

Geometry
Mathematics, general
Advanced ccurses
Trigonometry

15.88
6.77
3.78
1.53

13.91
7.89
3.04
1.42

NOTE: On the assumption, not guite accurate, that

enrollment in each grade is about one-fourth of the
enrollment in grades 9-12, percentages need to be

multiplied by 4 to yield percentage of seniors having

taken a course.

SOURCE: Adapted from Brouillet (1982:7).
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TABLE A22 Enrollment in Selected Science Courses

Percent of All High
School Students

Course {Grades 9-12) Enrolled
Biology, introductory 23.45
Chemistry, introductory 7.97
Earth science, geology,
natural history 3.72
Physics, introductory 3.91
Science, general 4.32
Science, physical 3.80

NOTE: On the assumption, not quite accurate, that
enrollment in each grade is about one-fourth of the
enrollment in grades 9-12, percenrtages need to be
multiplied by 4 to yield percentage of seniors having
taken a ~ourse.

SOURCE: Adapted from Brouillet ([1982:8-9).

of their educational systems in the light of more general
findings for the United States on such matters as enroll-
ment in particular courses or attainment on tests of
cognitive achieverent.

In addition to participating in statewide assessments,
many local districts administer their own testing pro-
gras There is as much variation among districts within
a st..e as there is among states, State and local assess-
ments tend to concentrate on basic skills, including
mathematics achievement up to 9th-grade algebra. There
is much less assessment of science achievement or of
achievement in the more advanced mathematics courses--
understandably so, since over the last decade the
emphasis in education has been to ensure that students
acquire the basic skills. However, several states are
planning to add student achievement in science as an area
to be assessed periodically.

California

During 1982-1983 all California studeats in grades 3,
6, and 12 were assessed with state-cons_ructed tests in

L.
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TABLE A23 Percentage of 1980 Seniors Reporting
Enrollment in Advanced Science and Mathematics Courses

New

Course Nation® cCalifornial York€ Washington2
Algebra I 79 81 86 85
Algebra II 49 50 60 53
Geofetry 56 59 69 60
Trigonometry 26 25 54 29
Calculus 8 8 16 8
Physics 19 17 36 20
Chemistry 37 33 56 37

2pata from National Center for Education Statistics
{1981).

Ppata from Law (1¥84:180).

Cpata from University of the State of New York/The State
Bducation Department (1982:9).

8pata from Brouillet et al. {1982:4).

reading, written language, and mathematics; these same
areas and grades have been tested every year for several
years. For grade 3, scores in all three areas have been
going up steadily since 1979-1980; scores on reading
tests have been improving for 16 years. For grade 6,
there was some improvement over the previous year in
written language and mathematics, while scores declined
slightly in reading. For grade 12, scores in mathematics
stayed constant and scores in reading and written
language declined slightly. California students in the
3rd and 6th grades perform at about the same levels as
the national average; Californians in the 12th grade
perform somewhat below the national average (Law, 1984) .

Connecticut

Connecticut's assessment program (CAEP) is designed to
test every subject at 5-year intervals. Samples of
students in grades 4, 8, and 11 are tested. The state
uses the NAEP tests as a base for its assessment program.
The most recent CAEP testing in mathematics and science
took place in 1979-1980; mathematicc achievement will be

[ |
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TABLE A24 Performance of Students on NAEP Mathematics
Items, 1979-1980

Average Percent Correct
9-Year-01lds 13~-Year=0lds 17-Year-Olds

Area {11 1tems) {17 Items) (13 Items)
Connecticut 72 65 72
United States 57 63 69
Northeast 62 66 70

SOURCE: Wolfe (1980).

retested in 1984-1985, and science will be tested in
1985-1986. The assessments are designed so that compari-
sons over time are possible. The state also administers
a statewide basic skills testing program to all students
in grade 9 to ensure that those who have nct acquired
basic competencies will have the opportunity to learn
them before high school graduation.

The 1979-1980 Connecticut assessment in mathematics
used some of the same items as the national mathematics
assessment of 1978-1979. The performance of students in
Connecticut as compared with those in the nation as a
whole and with those in the northeast is shown in Table
A24. A comparison of this assessment with an earlier
mathematics assessment done in 1976~77 shows little change
in performance for any of the age groups in Connecticut.

Science achievement was also assessed in 1979-1980;
again, some items common to NAEP were used. Connecticut
students scored about the same as students in the United
States as a whole, but somewhat lower than students in
the northeast. The 1979-1980 scores were also compared
with an earlier CAEP science assessment in 1974-1975. As
is true of all U.S8. students, scores for Connecticut
students decreased during this S-year period: 3.3
percentage points for grade 4 (23 common items); 4.2
percentage points for grade 8 (32 common items); and 4.9
percentage points for grade 11 (38 items) (National
Evaluation Systems, Inc., 1980).
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Illinois

The state has administered the Illinois Inventory of
Bducational Progress (I1IEP) since 1976. Grades 4, 8, and
11 are sampled; special subtests are used for reading,
mathematics, and science. The state also conducted a
"decade study,” comparing student performance between
1970 and 1981 in Bnglish, mathematics, natural science,
and social science. In addition, data are available from
a state sample of the HSB study and from NAEP. A self-
selected sample of students (66 percent of the total
number of high school graduates) takes the college
admissions test of the American College Testing Program
{ACT), required for admission to the state system of
higher education. Only 15 percent of Illinois students
taks SATs; the number taking the College Board achieve-
ment *ests is negligible.

In mathematics, the IIEP shows gains for all three
grades tested between 1976 and 1980, with a leveling off
or decline in achievement in 1981. The decade study in
mathematics measured knowledge in advanced mathematics of
students in grade 11; results, recorded in school means,
were significantly lower in 1981, as shown in Table A25.

111linois results fur the mathematics items in High
School and Beyond, shown in Table A26, are similar to
national results. Illinois students score at about the
same level as all U.S. students on the ACT mathematics
test. After a slight decline between 1972 and 1975, test
results have been similar every year. Females scored
consistently below males both in Illinois and across the
nation.

Wwith respect to science achievement, there are four
data sources: the IIEP tests for 1977 and 1981, the
decade study tests assessing achievement in advanced
science, the High School and Beyond data, and the ACT
scores. The IIEP data show that performance in physical
science either stayed level or increased (for grade 11),
but performance in life science declined significantly
for all three grades. The decade study shows a sig-
nificant per formance decrease: in 1970, student per~
formance averaged 43 percent (9.9 items answered
correctly)s in 1981, the average was 34.3 percent (7.9
items answered correctly). The decline was more than two
standard deviations. ACT scores on the science test,
however, have remained level during this period. The
authors of the report on student achievement in Jllinois
(Illinois State Board of Educaticn, 1982:58) conclude:
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TABLE A25 1Illinois Decade Study School Means and Standard
Deviations for Achievement in Advanced Mathematics

Subtest/

Number Mean {Standarqd Deviation) Percent Correct
of Items 1970 1981 1970 1981
Part I, 36 11.8 {1.6) 11.1 (1.5) 33 31
part 11, 24 9.0 (1.0) 8.0 {0.9) 38 33
SCURCE: 1Illinois State Board of Education (1982:42).

TABLE A26 High School and Beyond Mathematics Test
Scorer, Illinois, Other North Central States, and Total

United States

Sophomore Test

Senior Test

Mean Percent Mean Percent
Area Correct Correct
Illinois 18.7 49,2 19.2 60.0
Other north
central states 19.7 51.8 19.9 62.2
Total United States 18.5 48.7 19.1 59.7

SOURCE:

Illinois State Board of Education (1982:43).

*The evidence from the data sources indicates that
students preparing to go to college have maintained a

plateau with regard to science achievement.

However,

generally fewer students are expoced to science courses,
and as a result, fewer students understand and can apply
The plateau of ACT scores and the
drop in the Decade Study results indicate the gulf is
also widening among schools in their ability to produce
students with a basic knowledge of science.”

scientific concepts.

. i
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Michigan

The Michigan Bducational Assessment Program (MEAP) is
a statewlide testing program in .eading and mathematics,
with other subject areas tested on a sampling basis. The
reading and mathematics tests are given to all students
in grades 4, 7, and 10. Between 1969 and 1972, standar-
dized, norm-referenced tests were used, but since then
Michigan has used state-constructed tests. As curricular
objectives change, tests are revised. The current assess-
ment tests were developed in 1980 and are designed to test
minimum performance objectives in reading and mathematics.
Figure A3 shows performance changes in mathematics with
respect to individual schools; Figure A4 shows that
females outscore males within the highest range of
mathematics attainment.

A science achievement test was administered in 1980 on
a sample of students in grades 4, 7 and 10. Results are
shown in Table A27. Science performance will be tested
egain on a sample basis in 1984-1985.

TABLE A27 Cumulative Percentages of Students at Specified
Attainment Levels by Grade in the Statewide Sample
{Multiple~Choice Only)

Attainment Levels

Grade A B C
4 98 92 82
7 97 89 66

10 91 74 50

NOTE: Attainmen. Level A includes all students who
attained 25 percent or more of the objectives at their
grade level. Attainment Level B includes those students
attaining 50 percent or more of the objectives. Attain~
ment Level C includes those students sttaining 75 percent
or more of the objectives.

SOURCE: Michigan State Board of Education (1981:49).
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MATHEMATICS

D improving

Grade 4
{N = 1840 Schools}

Grad. 7
{N = 792 Schools)

Grade 10
{N = 626 Schools}

FIGURE A3 Performance changes in mathematics, Michigan
schools, 1981-1983.

NOTE: Percentages may not add to 100 because of rounding.

SOURCE: Michigan Board of Education (1984).
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FIGURE A4 1983~1984 mathematics attainment for male< and
females: Percent of students attaining 75 percent or
more of test objectives.

NOTEB: Statewide averages for 1982-1983 in parentheses.

SOURCE: Michigan State Board of Education.

Minnesota

Minnesota is using the NAEP as a basis for its assess-
ment program. During a 4-year cycle, 12 different
subjects are assessed, 3 per year. An extended NAEP
sample of students in grades 4, 8, and 11 is used; half
the districts in the state have extended the testing
further to include all students in these grades. The
NAEP test items are used; for additional zubjects, the
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state adds its own items. The intent is to hold a
sufficient number of items constant in order to have a
12-year comparison period. For example, a comparison of
performance on identical items in the 1974 and 1978
mathematics tests showed that there was a small overall
increase in 1978 in grade 4 (1.2 percent more items
answered correctly) and a small decrease in 1978 in
grades 8 and 11 (1.3 percent fewer items answered
correctly in each grade) (Minnesota Department of
Education, 1980a).

Use of NAEP test items and student samples also makes
possible comparisons of the performance of Minnesota
students with national and regional results. As Table
A28 shows, in 1978 Minnesota students performed somewhat
better than regional and national samples of students in
mathematics and about the same in science.

New Jersey

Since 1978 the New Jersey College Basic Skills
Placement Test (NJCBSPT) has been required of all
students entering public colleges in New Jersey; as of
1982, 10 independent colleges in New Jersey had also
joined the testing program. Table A29 gives the results
for the three basic skills assessed in the test: verbal
skills, computation, and elementary algebra. As indi-

TABLE A28 1978 Minnesota and National Comparisons in
Mathematics and Science Performance, Grades 4, 8, and 11l

Overall Percent Correct, NAEP Items

Grade 4 Grade 8 Grade 1
Mathematics
Minnesota 75.6 60.4 63.6
National 70.0 56.1 59.8
Central United
States 73.0 59.6 62.1
Science
Minnesota 66.7 58.5 50.5%
National 63.0 59.7 50.0
Central United
States 65.9 61.7 50.3

SOURCE: Minnesota Department of Edu.atin~ ‘1380a,b).
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TABLE A29 Comparison of Statewide

Results of High School Graduates Who Took the NJCBSPT,

1978~1982
1978 1979 19890 1981 1982
Number Percent Number Percent Number Percent Number Percent Number Percent
Verbal
Lack proficiency 7,866 27 7,970 27 7,694 26 8,569 28 8,066 26
Lack proficiency in 12,681 44 12,847 43 12,837 44 13,251 44 14,038 45
SOfMe areas
Appear to> be 8,253 29 9,033 30 8,724 30 8,668 28 9,004 29
proficient
Computation
Lack proficiency? 9,915 34 11,793 39 9,255 37 11,589 38 12,398 39
Lac: proficiency in 7,596 26 7,477 25 6,654 27 8,210 27 7,500 23
some areas
Appear to be 11,335 39 10,673 36 8,922 36 10,741 35 12,066 38
proficient
Elementary algebra
Lack proficiency? 14,453 50 14,804 49 12,260 49 15,396 50 16,031 50
Lack proficiency in 10,184 35 10,520 35 9,027 36 10,662 35 11,411 36
SOMEe areas
Apoear to he 4,209 15 4,619 15 3,544 14 4,482 15 4,522 14

proficient

ZIncludes those students not attempting this portion of the test.

SOURCE: Advisory Council on Math/Science Teacher Supply and Demand (1983).
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cated, there has been little change in results over the 5
yYears: nearly 40 percent of the students entering the
participating colleges lack proficiency computation, and
50 percent lack proficiency in elementary algebra.
Moreover, even students who had completed 3 years of high
school mathematics (algebra I, geometry, and algebra II)
did not fare well: half of these students could not
answer 50 percent of the algebra problems presented, and
36 percent of the same students lacked proficiency in
6th-grade arithmetic (defined as answering correctly 20
of the 30 problems presented). Thus, while there is a
correlation between the number of mathematics courses
taken and performance in the NJCBSPT, the completion of
high school mathematics courses does not necessarily lead
to proficiency in mathematics (Advisory Council on
Math/Science Teacher Supply and Demand, 1983).

New York

At the elementary level, mathematics and reading are
tested in grades 3 and 6; in the future, the mathematics
test will include computer-related items. Writing is
tested in grade 5; the state plans to add tests in social
studies and in science to be administered at the end of
grade 6. At the secondary level, the Board of Regents
exams that test achievement in specific subjects are
optional, but they are intended to guide the curriculum
in all schools. About three-fourths of the students who
take the Regents exams in various levels of mathematics
pass the tests; more than 80 percent do so in the sciences
(biology, earth science, chemistry, physics). Although
scores on Regents exams are not comparable from year to
year, the data show that the percentage of students
passing the exam in three of the four sciences--biology,
earth science, chemistry~-has gone up since 1975. How-
ever, the numbers of students taking the exams in each of
these sciences have decreased slightly. 1In physics, the
percentage passing has remained stable, even though the
number of students taking the physics exam has increased
by 16 percent in spite of declining total high school
enrollments. The percentage passing the vacious Regents
exams in mathematics has remained stable or increased
slightly. 1In 1983, 45 percent of the 194,128 students
receiving diplomas in New York received Regents diplomas
(University of the State of New York/The State Department
of Education, 1983b).
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State examinations are also prepared for non-Regents
courses in several science subjects and mathematics as
well as tests for minimum competency in mathematics,
reading, and writing. The minimum-competency tests are
first administered in the 8th and 9th grades to identify
students needing remediation, then in the middle of 10th
grade to ensure students' readiness for graduation. Only
1 percent of diploma candidates fail to graduate because
of failure to pass the competency exams.

North Carolina

Statewide assessments have been carried out in
mathematics {and other basic subjects) in North Carolina
since 1978, in grades 1, 2, 3, 6, and 9. The C~lifornia
Achievement Test (CAT) is used for grades 3, 6, and 9;
the Diagnostic Mathematics Inventory (DMI) is used for
grades 1 and 2. The results for mathematics are presented
in Table A30. Science performance was tested in grade 3
in 1973-1974, in grade & in 1974-1975, and in grade 9 in
1975-1976.

Pennsylvania

Pennsylvania's Educational Quality Assessment (XQA)
was designed to help local districts improve their
educational programs by providing schools with informa-
tion about the knowledge, skills, and attitudes of their
students. Eight cognitive areas, including mathematics,
are tected each year in grades 5, 8, and 11. Local
school districts volunteer to participate; th: number of
schools involved has increased considerably since 1978
when the tests were first given; in 1983 more than 1,000
schools participated. Despite the fact that the test
population may be changing from year to year, with
Philadelphia and Pittsburgh sometimes included and some-
times not, mathematics scores have stayed quite stable
over the 6 years that EQA has operated: for grade 5, the
mean score every year has been 37 (of 60; standard devia-
tion around 4); for grade 8, 32 (of 60; standard deviation
3.3 t0 4.7); for grade 11, 35 (of 60; standard deviation
around 3).
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TABLE A30 Mathematics Achievement Results and Differences
in Performance Between 1979-1980 and 1982-~1983

Gain,

1979- 1980~ 1981~ 1982~ 1979~

Grade 1980 1981 1982 1983 1983
1 (DMI) 2.2 2.3 2.4 2.4 0.2
2 (DMI) 3.3 3.4 3.5 3.5 0.2
3 (CAT) 3.9 4,0 4,1 4.1 0.2
6 (CAT) 6.9 7.3 7.5 7.5 0.6
9 (CAT) 9.4 9.9 10.0 10.0 0.6

NOTE: Results are presented as grade equivalents;
national averages equal the seventh month of each grade
level. The grade equivalents for grades 1 and 2 are
estimates based on 1linking DMI results to CAT scores.

SOURCE: North Carolina Department of Public Instruction
{1983:6) .

Washington

Washington has had a statewide testing program since
1975. For the first 3 years, the Comprehensive Tests of
Basic Skills (CTBS) were used:; in 1979, a change was mace
to the california Achievement Test (CAT). Table A31
Presents results for 7 years. The state also administers
the Washington Pre-College test:; each year, about 28,000
students (more than 50 percent of each cohort) take this
test.
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ABLE A3l Comparieson of Median Percentile Rank {MPR) in

Matnematics Achievement and Percentages of 4th Grade
Students Scoring in Bach Norm Group Quarter

Norm (%) 1976 1977 1978 1979 1880 1981 1982
25 (top)

quartile) 248% 23% 25% 27% 29% 288 29%
25 25 25 26 28 29 29 29
25 31 32 31 26 26 27 26
25 {(bottom

quartile) 20 21 17 19 16 17 16
MPR 53 52 54 54 58 58 S7

NOTE: The median percentile ranks (MPR's) for the
1976-1978 CTBS have been converted to their CAT
equivalents.

SOURCE: Data made availeole by washington State
Superintendent of Public Instruction, Olympia, Washington.
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