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PREFACE

This sourcebook contains a collection of papers summarizing the
major research on elementary and secondary schooling conducted over
the past decade, and outlining what those studies suggest for designing
improved educational indicators. These papers were originally written
as background material to guide RAND’s recommendations to the
National Science Foundation for indicators of pracollege: mathematics
“and science education. :

The volume is intended as a resource for educational researchers and
policy analysts who need a summary of key schooling research, orga-
nized by the major domains of the educational system, and the implica-
tions of that research for indicator development. Because the volume
is designed as a sourcebook, to be read selective!v depending on one’s
‘interest, Chapters 2 through 9 are each orgarized around a major
schooling domain. Chapter 1 provides an overview of the indicator
development process and a summary of each of the succeeding
chapters. Chapter 10 explores the policy context in which educational
indicators are defined and used.

The initial preparation of these papers was supported by the
National Science Foundation; their revision and the preparation of this
volume were supported by The RAND Corporation from its own re-
search funds.
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Chapter 1

THE DESIGN OF EDUCATIONAL INDICATOR
SYSTEMS: AN OVERVIEW

Current interest in developing better educational indicators® is not
without precedent: The Common School Movement provides an
almost perfect parallel (e.g., Travers, 1983), and indicators. served as a
justification for - establishing a U.S. Department of Education in 1867
{Warren, 1974). In the nineteenth century, the call for indicators was

. a response to perceived problems plaguing the nation’s schools, and the
contemporary movement stems from similar concerns. Data available
to the National Science Board (NSB) Commission on Precollege Edu-
cation in Mathematics, Science, and Technology signaled loud:and
clear that science and mathematics education faced sericus difficulties.
However, it was also clear that available data were inadequate to pin-
point potential problems within the education system or to enable poli-
cymakers and educators to target reforms with necessary precision.
What we did know was that the United States had fallen far short of
the educational excellence considered both possible and necessary.
Declines in mathematics and science achievement, combined with the
increasing importance of science and technology in maintaining
economic and strategic preeminence, led to a call for substantial
improvements in those areas and for a mechanism to monitor that
reform.

Indicators have been justified throughout their history not only as a
mechanism for reflecting the nature of education problems, but as an
instrument of education reform itself. Indeed, the rationale for federal
involvement in monitoring the nation’s education systems in the mid-
1800s sounds surprisingly like the NSB Commission’s and other
groups’ justification today. Federal involvement is considered neces-
sary to:

e Ascertain the conditions of U.S. schools and reveal defects in
them by providing accurate descriptions and comparisons of
schools and school systems, nationally and internationally.

!Indicators are individual or composite statistics that reflect important features of an
education system (see “What Is an Indicator?” on pp. 4-5 below).
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e Apply external pressure on local communities to establish and
improve schools (Warren, 1974).

e Equalize educational opportunity (this was especially important
after the Civil War) by voluntary response to comparisons of
quantity and quality of schooling.

e Increase and diffuse knowledge of education, especially popular
education, and measures for its improvement.

Historically, with each indicator movement, enthusiasm ebbed and
waned as optimism about what indicators might accomplish gave way
to the reality of what they have achieved, both in education and more
generally in society (cf. Sheldon, 1975). The current interest in
developing more valid and useful educational indicators has grown sig-
nificantly over the past four years as national, state, and local agencies
have moved to improve the quality of elementary and secondary educa-
tion. At the national level, growing concern about overall levels of
scientific literacy and the future availability of scientific manpower has
necessitated more systematic information about student participation
and achievement in mathematics and science courses, the content of
such courses, and the capability of those teaching them. At the state
and local levels, the monitoring of policies such as increased academic
requirements for graduation will require much more sophisticated
measures of both the processes and outcomes of schooling.

Although data are currently collected on student and teacher charac-
teristics, the schooling process, and student achievement, no com-
prehensive indicator system is available to measure the status of
mathematics and science education in the United States. If such a sys-
tem were available, policymakers could determine the nature of current
and emerging problems, evaluate the factors influencing educational
trends, monitor the effects of policy, and identify steps that might be
taken to improve student performance.

THE RAND INDICATOR PROJECT

In its 1983 report to the nation, the NSB Commission recommended
that the federal government “finance and maintain a national mecha-
nism to measure student achievement and participation in the manner
that allows national, state, and local evaluation and comparison of edu-
cation progress” (p. 12). RAND assisted the National Science Founda-
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tion (NSF) in establishing a national monitoring system by identifying
and evaluating alternative systems the Foundation might employ.?

This volume reports RAND’s ongoing efforts to identify and develop
indicators that will provide systematic and objective information about
the quality of precollege education in the United States. The papers
included here provide background material that supports RAND’s
recent recommendations to the NSF.2 Each paper focuses on a single
domain of mathematics and science education (e.g., resources, teachers,
curriculum, achievement) and attempts to answer the following ques-
tions: What are the central features of the domain? How do these
features link to other essential school conditions and outcomes? What
support for these features does research provide? What would be ideal
indicators of the domain? What substantive or technical issues are
likely to constrain the development of these indicators? The papers
then identify comprehensive, research-based sets of indicators that
could be used to measure particular components of the mathernatics
and science education system.

Additionally, because the domains RAND %elected for 1nd1cator
development stem from a comprehensive model of the educational sys-
tem, these indicators should also provide information about how indi-
vidual components work together to shape the system as a whole. Con-
sequently, indicator systems based on the recommendations in: this set
of papers should assist policymakers and educators to monitor progress
in mathematics and science participation and achievement, in course
content, teaching quality, and the conditions under which mathematics
and science learning occurs. ‘ :

The remainder of this chapter describes the concept of 1nd1cators
and indicator systems and discusses their major functions and limita-
tions. It then outlines the tasks that must be undertaken in designing
an indicator system, with special emphasis on the particular focus of

2The RAND project, completed in August 1987, outlined a range of indicator systems
and assessed each one’s ability to measure the major domains of schooling, address
relevant policy questions, and generate information cost-effectively.

The NSF has also supported a number of other projects. A committee of the
National Research Council (NRC) has recommended a set of indicators to portray the
condition of mathematics and science education (Murnane and Raizen, 1988). The
University of Wisconsin-Madison is monitoring mathematics instruction and perfor-
mance against standards developed by the mathematics profession, to determine the
extent to which mathematics education is changing as a result of various reform efforts.
The State Education Assessment Program (SEAP), sponsored by the Council of Chief
State School Officers, has been designed to help states collect more timely, comprehen-
sive, and comparable data on elementary and secondary education.

3These recommendations are a part of RAND’s final report to the NSF, Indicator
Systems for Monitoring Mathematics and Science Education (Shavelson, McDonnell,
QOakes, and Carey, 1987).
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this volume: using research to identify potential indicators of school-
ing. The chapter concludes with an overview of each of the subsequent
chapters.

INDICATORS AND INDICATOR SYSTEMS

The purposes educational indicator systems serve are strikingly
similar to those of indicator systems to monitor the “health” of the
economy, the criminal justice system, or other social systems. In all
these areas, statistical indicators are used to monitor complex condi-
tions that we would probably judge imprecisely or miss altogether in
day-to-day observations. Governments have long recognized the value
of statistics that provide current information, analyze trends, and fore-
cast impending changes. Consequently, it is not surprising that poli-
cymakers and researchers are seeking better statistical indicators of
education. : ;

The overriding purpose of indicators is to characterize the nature of
a system through its components, their interrelations, and 'their
changes over time (e.g., de Neufville, 1975; MacRae, 1985; Sheldon,
1975). This information can then be used to judge progress—toward
some goal or standard, against some past benchmark, or by comparison
with data from some other institution or country.

What Is an Indicator?

The term indicator was defined above, by apposition; as a statistic.
After reviewing the social indicator literature,* Jaeger (1978) concluded
that indicators are, like this definition, “anything but clear and con-
sistent. Review of a dozen definitions has produced much that is con-
tradictory and little that is concise and illuminating” (p. 285). He
recommended that:

all variables that (1) represent the aggregate status or change in
status of any group of persons, objects, institutions, or elements
under study, and that (2) are essential to a report of status or change
of status of the entities under study or to an understanding of the
condition of the entities under study, should be termed indicators. I
would not require that reports of status or change in status be in quan-
titative form, for narrative is often a better aid to comprehension and
understanding of phenomena than is a numeric report (pp. 285-287,
emphasis added).

4See, for example, Bauer, 1966a,b; Duncan, 1967; Etzioni, 1979; Etzioni and Lehman,
1967, Hauser, 1975; Jaeger, 1978; Land, 1975a,b; Land and Felson, 1976; Sheldon and
Parke, 1975; Sheldon and Freeman, 1971; Shonfield and Shaw, 1972, and papers therein.
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Jaeger’s recommendation to leave open, as far as possible, the defini-
tion of an indicator and to determine the status of potential indicators
on pragmatic rather than strict definitional grounds is a wise one.

An education system can also be conceived as having underlying
properties that are not directly or perfectly measurable (cf. de Neuf-
ville, 1978-79). For example, we can talk of the quality of the teaching
force but also recognize that this notion, concept, or “construct” has no
direct measure. At best, several statistics can be aggregated into an
indicator that “gets at” our notion of “teacher quality.” An indicator of
teacher quality might be some aggregate of years of academic training
in the discipline taught; possession (or lack of) a credential in the sub-
ject matter taught; measured subject-matter knowledge; measured ped-
agogical knowledge; measured ability to translate subject-matter knowl-
edge into a form that communicates to students of a given age, back-
ground, and prior knowledge; and so on. ' ’

Education indicators are statistics that reflect important aspects of
the education system, but not all statistics zbout education are indica-
tors. Statistics qualify as indicators only if they serve as yardsticks.
That is, they must tell a great deal about the entire system by report-
ing the condition of a few particularly significant features of it. For
example, the number of students enrolled in schools is an important
fact, but it does little to inform judgments about how well the education
system is functioning. On the other hand, data on the proportion of
secondary students who have successfully completed advanced study in
mathematics can provide considerable insight into the condition, or
“health,” of the system, and can be appropriately considered an indica-
tor.

For our purposes, the following working definition serves as a heuris-
tic guide: An indicator is an individual or composite statistic that
relates to a basic construct in education and is useful in a policy con-
text.

What Are Indicator Systems?

Another central concept in the discussion of indicators is that of the
“indicator system.” Whether indicators are single or composite statis-
tics, a single indicator can rarely provide useful information about com-
plex phenomena such as schooling. Indicator systems are usually
designed to generate more, and more accurate, information about con-
ditions. However, an indicator system is more than just a collection of
indicator statistics. Ideally, a system of indicators measures distinct
components of the system and also provides information about how the
individual components work together to produce the overall effect. In
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other words, the whole of the information provided by a system of indi-
cators is greater than the sum of its parts.

National indicators can and probably should be conceived as some-
thing more comprehensive than a time series of educational outcomes
(e.g., achievement, participation). This was the type of indicator sys-
tem developed by the NSB Commission (Hall, Jaeger, Kearney, and
Wiley, 1985; MacRae, 1985), but simply monitoring outcomes does not
provide explanations for observed trends. Might these trends, for
example, be explained by demographic changes, educational improve-
ments, or some combination of these? Moreover, education ‘policy
influences outcomes indirectly by actions such as increasing standards
for teacher certification or for high school graduation. The direct . .
effects of these policies will be reflected in changes ir: teachers’ qualifi- -
cations (e.g., an increase in teachers with bachelor’s degrees in the dis-
ciplines taught, not in education), in better matches between teachers’
subject-matter and pedagogical training and thei: teacking assign-
ments, and in the number of academic courses students t:ke in high
" school. : & :

National indicators must represent, at least roughly, the important
components of an educational system (see Fig. 1.1}. In addition to
monitoring outcomes, indicators should reflect the characteristics of
‘students and communities served by schools, the financial and human

Inputs Processes Outputs
- Fiscal and + School - Achievement
other resources quality
« Participation
» Curriculum .
+ Teacher quality . Amt'udgs and
quality aspirations
» Teaching
« Student quality
background
« Instructional
quality

Fig. 1.1—Components of an educational system
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resources (especially teachers) available to the schools, and other edu-
cational inputs. Moreover, they should reflect the adequacy of the cur-
riculum and instruction received by students, the nature of the school
as an organization in pursuit of educational excellence and equity, and
other educational processes. Finally, indicators must be related to one
another so that their relationships, and changes in these relationships,
can be ascertained to suggest possible “explanations” for observed
changes in outcomes.

Reasonable Expectations for an Indicator System

A good education indicator system is expected to. providé acourate

.and. precise information to illuminate the condition of educatior: and
contribute. to its improvement. The information generated will k. nei-
ther possible to grasp through casual observation nor generally - vail-
able from other efforts to collect, report, and .an'alyze data about
schooling. Indicators are thus expected to assist policymakers as they
~ formulate schooling goals and translate those goals into actions.

Whenever social indicators have been heralded as a stimulus for
reform, their promise has quickly given way to realism. Promises of
policy applications have been overly optimistic. Indicator systems
were, for example, unable to provide detailed and accurate enough
information for evaluating government programs. Moreover, indicator
databases, often lacking essential theoretical prerequisites, fell short of
expectations for research applications (Sheldon and Parke, 197& see
also Warren, 1974). These «vents led to moré realistic assessmens of
what indicators can and carnot do (e.g., de Neufville, 1975; MacRae,
1985).

What Indicators Cannot Do. The literature on social indicators
appears to have reached consensus on what indicators cannot do {e.g.,
de Neufville, 1975; Hauser, 1975; Shavelson, Oakes, and Carey, 1986;
Sheldon, 1975; Sheldon and Freeman, 1971; Sheldon and Parke, 1975):

o Set goals and priorities. Educational goals and priorities are
established by the public through its elected representatives.
The information generated by an indicator system can inform
those objectives, but it is just one factor among many in shap-
ing decisions about policy preferences and priorities.

e Fuvaluate programs. Social indicators cannot substitute for
well-designed, in-depth social program evaluation. They do not
provide the level of rigor or detail necessary.’®

"MacRae (1985) points out, and we agree, that program evaluation and policy analysis
should be used to examine alternative policy options with well-designed studies that per-
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e Develop a balance sheet. Social indicators lack the common
referent available to economic indicators. Evoking an economic
analogy and proposing a parallel development for social indica-
tors is misleading because education cannot put each of its con-
structs on a common dollar metric as can be done, say, for
Gross National Product (GNP). As Rivlin (1973, p. 419)
pointed out, “N¢ amount of disaggregation of inputs . . . will
provide a basis for aucwering the how-are-we-doing question in
the education sector. As isng az cost is used as a proxy for
value there is no way to compare i“outs with outputs or to see

- whether a glven amount of education is beiiig pr f»duced with

7 fewer tesorirces.” Rivlin also noted that beial = st
produce education, it is difficult to dlsentanglré
the output from student 1nput

: What Socxal Indicators Can Do. The expectatxons for somal indi-
cators are now quite modest: to describe and state probltw’* I
clearly; to signal new prchlnnc mane 4 okl
promising educational, g 2. and the like. The fohowmg state-
ments illustrate the realistic tone currently taken by the social indica-
tor movement:

L ‘v

We will be able to describe the state of the society and its dynarmics
and thus improve immensely our ability to state problems in a produc-
tive fashion, obtain clues as to promising lines of endeavor, and ask
good questions (Sheldenn and Parke, 1975, p. 698; see also de: Neuf-
ville, 1975; Kaagan and Smits; 1985; Sheldon and Freeman, 1971;
Thomas and Tyack, 1983, .

The fruit of these [social indicator] efforts will be more directly a
contribution to the policy-maker’s cognition than to .his decisions.
Decision emerges from a mosaic of inputs, including valuational and
political, as well technical components (Sheldon and Parke, 1975,
p. 698; see also de Neufville, 1975).

STEPS IN DESIGNING AN INDICATOR SYSTEM

The development of even a single indicator is an iterative process
that de Neufville (1975) estimates takes about ten years to complete.
The process is time-consuming because indicators are developed in a
policy context; thus their interpretation goes beyond the traditional

mit, if possible, causal interpretations. Such studies should be linked closely to the indi-
cator system by using similarly defined variables.
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canons of science and enters the realm of politics (cf. de Neufville,
1978-79).6 With this caveat, some steps in the identification of an ini-
tial set of indicators and the development of alternative indicator sys-
tems can be enumerated.’

COnceptualizing Potential Indicators

A reasonable first step is to determine which components (con-
structs) and their indicators adequately specify a “comprehensive”
monitoring system. In our NSF project, we I?'r)rmula"téd a model of the
education system and the potential indicators for me=suring each com-
al indicator and
aputs (the human

xaa

educ,tlonal research literature. ‘The model contains
and financial resources available to the education sysiem), processes {a
setof nested systems that create the educational -:nvironment that
children -experience in school), and outputs (the consequences  of
schocling fot students from different backgrounds). Ier e‘avch of:these

'components we i1dentified a'large potential piol of: constructs for which
- indicators might be developed. Each constrict - appeared either to be

an important enabling condition (e.g., it moderated the link between zr:
input or process indicator and an outcome indicator) or to have a:
direct link to the desired outcomes of mathernatics and science educa-
tion.

Refining the Indicator Pool

No manageable indicator system could accommodate all of the
potentially important indicators identified by such a comprehensive
identification process. A necessary second step, then, is to develop a
valid, useful, and parsimonious set of indicators. The purposes the
indicator system is to serve (e.g., description of trends, information for

For example, preliminary indicators used to chart educational achievement from the
early 1970s to the present have been criticized on the grounds that they measure apti-
tude, not school achievement (e.g., the SAT), or, if they measure achievement (e.g., the
National Assessment of Educational Progress (NAEP)), they focus primarily on basic
skills and not necessarily on a deep understanding of mathematical and scientific con-
cepts and students’ ability to apply them to solve everyday problems (see Chapter 7 of
this volume). In response to policy priorities focused on students’ understanding of
mathematical and scientific concepts, the U.S. Department of Education (ED) is consid-
ering changes in national achievement indicators that will better reflect these priorities.
Such a process is a lengthy one involving considerable discussion and debate among poli-
cymakers and researchers.

"For detailed discussions that include, but go beyond, initial frameworks to address
the iterative process of indicator development, see de Neufville {1975, 1978-79) and
MacRae (1985).
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accountability purposes) constitute one criterion for reducing the initial
pool of potential indicators. System designers need to consult potential
users to determine what those purposes should be, since the purposes
will dictate the type of information that must be collected and the level
to which it should be disaggregated.

We applied eight criteria derived from our working definition of indi-
cators.® We assumed that indicators should:

1. Reflect the central features of mathematics and science educa-
tion.
2.  Provide information pertlnent to current or potentlal prob-
.lems; - L
,Measure factors that pohcy can 1nﬂuen(;e .
Measure observed behavior rather than perceptlom
Measure reliably and validly. :
-Provide analytical links.
Be feasible to implement.
»Address.a broad: range of audiences.

& o

@~

These criteria were used to select indicators that reflect the major com-
ponents of schooling, are reliable and valid (to some minimal extent),
and meet basic standards of usefulness to the policy community.
" These measures then became the core around which different indicator
system options were generated.
We should warn indicator system developers that applying these cri-

teria may produce some casualties. For example, some highly desirable
. indicators may have to be eliminated because they cannot l.e measured
reliably. This exercise suggests that some potential indicators that are
not sufficiently developed to be included in an indicator system at this
time are critical to a better understanding of mathematics and science
education and should be part of a developmental research agenda.
Once these indicators meet our criteria, they can be incorporated into
the indicator system.

8Some of these criteria create tradeoffs with each other. For example, describing the
central features of schooling assumes that indicators will be relatively stable over time.
On the other hand, providing policy-relevant information means that indicators may
need to change as areas of policy emphasis change. The consequence of these competing
requirements is that indicator systems are likely to expand over time. However, if the
system is based on a comprehensive model of schooling, the addition of new indicators
can be guided by that model, thus ensuring that they are conceptually sound. One way
of meeting these dual information needs is to develop a system that measures the central
features of schooling, using a stable set of indicators, but also provides “empty slots” that
can be used for policy-specific indicators that change as policies shift.
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Designing Alternative Indicator System Options

Once a model of the education system is defined and indicators are
selected, the next step is to identify alternative data collection strat-
egies that could be used to build the system. In the NSF project, we
surveyed existing databases to determine what information was already
being collected, and we identified areas where new indicator data were
needed. In addition, we costed out each data point in an “ideal” indi-
cator system to estimate costs for implementing alternative indicator
systems. We were thereby able to generate alternatives, assess their
likely utility, and provide cost estimates for each. We identified five
generic options that ranged from simply relying on whatever data are
available at the time a report is produced or policy issue considered
. (status quo) to developing and fielding a ‘compréhen,sive data collection
. system that spans the major components of education (independent).?

“. Evaluating the Options

If indicator system alternatives are to be considered seriously by
educators and policymakers, they need to be evaluated on a number of
criteria. We evaluated each option according to its utility, feasibility,
and cost. We asked whether each could (1) describe national trends
" (e.g., in achievement, teacher quality, and curriculum quality); (2)
describe those trends state by state; (3) identify emerging problems on
the horizon; (4) link teacher and curriculum quality to achievement,
thus enabling policymakers to target reforms; and .(5) enable the NSF
to provide leadership by monitoring curricular and achievement areas
that are currently ignored. :

Begin Developing or Refining Individual Indicators

Once an indicator system alternative is selected, the process of
developing or refining the individual indicators begins. The first step
is to evaluate the technical adequacy and usefulness of existing indica-
tors.

The advantages and disadvantages of each major construct (poten-
tial indicator) in the model must be evaluated, using currently available
data and analyses. Systematically synthesizing and contrasting infor-
mation from a variety of databases will allow the usefulness of current
indicators to be assessed and will lay the groundwork for developing
and implementing new indicators.

9These options are detailed in the final report of the NSF project (Shavelson et al.,
1987).
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Many data collection efforts and analyses will fall short of indicator
requirements. Some of the most important constructs may not be
measured at all, and well-known difficulties with existing datasets are
likely to constrain the analyses that indicators require. In many cases,
sample sizes or designs will not be adequate for disaggregating data by
groups of interest; some will not permit relational analyses among vari-
ous components of the system. It is important to identify the
shortcomings in existing data and analyses, and where these gaps and
inconsistencies exist, to specify what work is needed to obtain reliable,
valid, and useful indicators.

In reviewing research that might help us identify the key com-
ponents and indicators of mathematics and science education, we
became acutely aware of how little we know about schooling and how
primitive much current measurement technology is. For example,
multiple-choice tests of verbal and quantitative ability and of achieve-
ment in specific subject matters are . well-understood, yet there-is
~overwhelming evidence that these tests do not adequately reflect the -
“erroneous “mental models” many students (and' adults). have .of

everyday phenomena such as electricity, gravity, and force. And; to
date, no technology has been developed that would enable large-scale
testing of this qualitative understanding. Each component of an indi-
cator system may suffer from the same shortcoming.

It is therefore necessary to identify a research agenda directed
toward improving the system. This agenda should become a research
component of the indicator system itself that enables researchers to
piggyback on monitoring activities and test alternatives to .indicators
currently in use. With increasing confidence in research findings, new
indicator technologies can be incorporated into the system.

Because this volume focuses specifically on the first step in design-
ing an indicator system, that task is discussed in some detail below.

THE FIRST STEP: IDENTIFYING RESEARCH-BASED
INDICATORS

The chapters in this volume summarize our efforts to identify an
initial pool of variables that capture major components of the
mathematics and science education system. In some areas, e.g., the fis-
cal resources available to education, statistical indicators are well-
developed and have been widely used for some time. Consequently, the
discussion focuses on actual indicators that might be included in a
mathematics and science indicator system. However, in other areas of
schooling where aggregate statistics have not typically been produced
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and reported as indicators (e.g., instructional processes), we are limited
to discussing features (or variables) that are good candidates for future
indicator development. Each chapter will identify a set of variables
that either have already been used as educational indicators or could be
used after additional developmental work. We refer to both categories
as potential indicators.

This pool of potential indicators represents our assessment of what
the social indicator and educational research literature identifies as the
most essential elements of the schooling process and its outcomes. Four
assumptions are reflected in the chapters of this volume:

e An indicator system should be based on a conceptual model of
schooling.

e That model and its maJor domains should be empmcally, rather
than normatively, derived.

* A major criterion for selecting the potential indicators within
each domain should be their ability tc measure core features of
schooling. ‘ ‘

¢ Where possible, indicators should be derived from research that
identifies the factors associated with important schooling out-
comes.

Past experience with social indicators has demonstrated the need for
indicator systems to be firmly grounded in a working theory or model
of how the social system being measured actually operates (de Neuf-
ville, 1975). The model may be very simple and intuitive or it may be
quite complex, but it must represent the phenomenon of interest and
identify its most important components and the relationships among
them. Only with such a model can we have a context for interpreting
individual indicators and for explaining trends reported by the indica-
tor system.

Figure 1.2 presents the model of precollege science and mathematics
education that guided our work. The model’s inputs are the human
and financial resources available to education; its processes are what is
taught and how it is taught; and its outputs are the consequences of
schooling for students from different backgrounds. This model is based
on Barr and Dreeben’s (1983) concept of the educational system as a
multilevel, “nested” series of organizational structures and educational
processes. Each level has specific resources available to it and engages
in particular kinds of activities. These activities, in turn, lead to out-
comes that significantly influence what is possible and likely at the
schooling level(s) nested within.
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A multilevel, nested depiction of schooling places teacher and stu-
dent classroom interaction at its center. This interaction is nested
within instructional groups that are, in turn, nested within classrooms.
Classroom interaction is nested within schools, schools within districts,
and districts within communities. Although local communities have
some degree of control over their schools, they operate within a context
of federal and state policies. Barr and Dreeben indicate that only what

‘happens at the teacher-student level is directly related to student

learning. Yet what happens at this level is influenced by what happens
at all levels of the system (see McPartland and Becker (1985) for a
similar argument).

Understanding the educational process requires attention to all lev-

r»vvels, as well as specification of the relationships among conditions at

each level and student outcomes. This task will inevitably generate

"considerable methodological frustration, but neglect of multilevel ele-

ments will lead to superficial and simplistic portrayals of schooling.
Far from clarifying the dynamics of the schooling process, simplifica-
tion can ignore critical factors. How schools organize educational
resources and learning opportunities and how schools respond to new
policies and other kinds of improvement efforts are often neglectad,
even though few would deny their importance. However, these ele-
ments must be simplified if they are to be studied. The inevitable ten-
sion between comprehensiveness and clarity must be resolved by iden-

* tifying the meaningful factors that are actually measurable in a stand-

ardized way across schools.
The model we selected identifies major domains and suggests how

these elements are likely to be logically or empirically related. The

relationships depicted in Fig. 1.2 do not constitute a model in either a
strict predictive or causal sense, but they serve as a framework showing
logical linkages among elements. Moreover, as subsequent chapters
will indicate, considerable correlational research supports those links.
The second assumption—that the model and the domains compris-
ing it should be empirically derived—was also important in shaping our
work. Some have suggested models of mathematics and science educa-
tion that are based on a set of desired goals and the changes needed to
achieve those goals (e.g., Romberg and Stewart, 1987). This approach
is more normative in that it views the primary purpose of the indicator
system as aiding the reform of mathematics and science education
according to a particular set of standards. Although all indicator sys-
tems and the models from which they are derived embody a set of
values (e.g., high rates of participation in mathematics and science edu-
cation are desirable and high-quality science and mathematics educa-
tion should be available to all students), we have relied on broader and
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more empirically based criteria. We wanted to create a monitoring sys-
tem that is broadly responsive to policymakers’ information needs,
regardless of the particular type of education they advocate. That is,
we want the system to track those central features of schooling that
are likely to be sensitive to policy changes, whatever their type or
direction. The system should thus remain useful over time and place,
even as policy priorities change (Shavelson et al., 1987).

This desire to develop a system that will be useful to the policy com-
munity but will still transcend specific initiatives led us to the third
assumption, that potential indicators should measure core features of
schooling. An indicator system that measures fundamental charac-
teristics of mathematics and science education will enable us to gen-
erate data to monitor the condition of that system, even as particular
policy interventions change. By focusing on the core features of
schooling, we chose not to concentrate on specific policies (e.g.,
increased mathematics and science course requirements), but rather to
develop ihdicators of basic characteristics- (e.g., curriculum content,
course offerings, and enrollments) that policies attempt to influence.
We assumed that the importance of any one indicator to policymakers
may vary considerably over time and place, but the essential construct
and the indicator(s) measuring it need to remain fairly stable.

We also chose to include domains and potential indicators for which
research has not yet determined relationships to particular outcomes.
We believe that information is needed about some features of schooling
{e.g., the amount of financial resources available, teachers’ workloads,
curriculum offerings) to understand how the system works and because
policymakers and the public care about factors such as per-pupil
expenditures and class size.

However, we also assumed that, wherever possible, indicators should
be derived from research identifying the factors associated with impor-
tant schooling outcomes. Therefore, we undertoock an exhaustive
review of the research on school finance, school context and organiza-
tion, teachers and teaching, curriculum and instruction, learning, and
knowledge utilization.

Within the structure provided by our four guiding assumptions, we
examined relevant research in education, psychology, sociology, policy
analysis, and economics. We sought the most robust and consistent
findings across multiple studies to identify reliable measures of the
domains of schooling. We also used the research literature as a guide
in determining the most appropriate unit of analysis for different
measures, identifying major problems or gaps associated with potential
indicators, and suggesting how those problems might be resolved.

The subsequent chapters are briefly summarized below.
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OVERVIEW OF THE VOLUME

Table 1.1 lists the major domains of the educational system model of
Fig. 1.2 and indicates the chapters in which each is analyzed. The
boundaries among these domains are not rigid, and all are discussed in
more than one chapter. For example, teacher quality is a major
resource for schools; it is also a critical component of the instructional
process. However, each component {s the primary focus of a separate
chapter, where it is treated in depth.

Resources and Commitment

In Chapter 2, James Catterall argues that resource indicators are
fundamental to indicator systems. Resource levels define what schools
have available and therefore influence how acience and mathematics
education is conducted. Resource levels also indicate a level of com-
mitment to schooling. Further, because they are salient to the public,
they are frequently used as informal indicatcrs of school quality, both
in community discussions and in the popular media. 7 .

Catterall suggests that we need systematic information about budget
allocations to schools and school systems, and we also need informa-
tion about the whole array of human and material resources that those
educational dollars buy; coupling resource levels with measures of
resource use can dramatically increase their power to inform judgments

Table 1.1

MAJOR DOMAINS OF THE EDUCATIONAL
SYSTEM COVERED IN THIS VOLUME

Domain Chapter®
Fiscal and other resources 2,3,4
Teacher quality 4,2
Student background 8,2,4,6
School quality 3,4
Curriculum quality 5,7
Teaching quality 4,6
Instructional quality 6, 4
Achievement 7,8
Participation 9,7,8
Attitudes and aspirations 8,17

*The first chapter number listed for each
domain is the primary one in which that
domain is discussed.
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about school quality. Catterall argues that the background characteris-
tics of students themselves, the fiscal capacity of their communities,
and the voluntarily contributed inputs of communities to schools also
constitute important educational resources that must be measured.

In short, Catterall asserts that the material and human resources
available and actually expended should be essential elements of an
indicator system. Resource indicators are important, he argues, despite
the fact that research shows that the link between student achievement
and such factors as per-pupil expenditure, curricular materials, and
facilities is tenuous at best. These indicators measure the parameters
in which schools must cperate, and they define the outer limits of what
is possible. School or system performance differences across time and
settings may be affected by resource levels and community commit- ’

ment.  Such indicators can therefore serve as imporiant cont trols for
context in any educaticnal monitoring scheme and can lead tc a fairer
and more accumte urderstanding of other: school processeg and out-
comes. ,

School Oyrganization and Context

In Chapter 3, Jeannie Oakes suggests that information about schools
is essential, since it is in schools that resources wznd policies are
transformed into educational programs and activities for students.
Decisions about school organization, activities, and procedures set con-
ditions for science and mathematics teaching and i arning in class-
rooms. They create the conditions that enable learning to take place.
Oakes argues that recent research provides evidence that school
characteristics are linked to educational effectiveness generally and to
mathematics and science achievement specifically. She argues that
these indicators are also important because a plethora of current
reforms seek to foster new characteristics in schools, but there is virtu-
ally no way to track the impact of these efforts.

Based on a review of research on policy-relevant features of schools
as institutions, Oakes suggests constructs for which school indicators
should be developed. The first is access to science and mathematics
knowledge—the extent to which schools provide students with oppor-
tunities to learn topics and skills in these fields. The second condition
is the expectation for science and mathematics achievement—the extent
to which schools communicate their belief that all children can succeed
in these subjects. The third, professional teaching conditions, is a set of
school circumstances that enables teachers and administrators to
create an instructional program in which access is maximized and
expectations are salient. Access, high expectations, and teaching
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conditions are viewed as “enabling” conditions; to the degree that they
exist in schools, they appear to promote good teaching and good learn-
ing.

Even though these constructs are intangibles, Oakes suggests that
they can be operationalized and assessed with measures of the ways
schools use their resources to create educational programs; how schools
organize their staff, time, curriculum, and materials; and what
processes. schools follow in conducting the work of teaching and learr-
ing. Measures of these tangible manifestations of access, expectations,
and teaching conditions are likely be good indicators of the quality of
science and mathematics education that a school is able to. provide:

Teacher and Teachmg Quahty

. In Chapter 4, Linda Darlmg !{ammoud and Llsa Hudson remind

( that the classroom—the place in which siudents andteachers inter !(‘t
to affect leaznlng —lies at the heart of the educational syste.. They
argue that it is the quality of this interaction that ultimately detw:-
mines the quality of the educational system. And the quality of thz
teacher-student interaction is greatly affected by the qualities (e.g.,
qualifications, attitudes, training, beliefs) of teachers. :
«'Darling-Hammond and Hudson analyze the literaturé on teacha
and teaching quality and conclude that a few features of teachers and
teaching are known to be consistently related to student achievemen?,
and that some teacher characteristics and behaviors are more “effec-
_ tive” in some educational contexts than in others. : But we do not know
‘the distribution of these teacher qualities across:the teaching force,
how this distribution changes over time, or how teacher qualities relate
to teachers’ practices, working conditions, or career decisions.
Darling-Hammond and Hudson suggest that indicators can begin to
provide such information.

More specifically, the chapter suggests that three types of indicators
are needed: (1) teacher characteristics that reflect their qualifications,
experience, and attitudes toward mathematics and science teaching; (2)
descriptors of teaching assignments and conditions; and (3) factors
influencing teacher supply and demand, including retention of current
teachers and trends in the supply of prospective teachers.

Teacher quality indicators should also enable educators and poli-
cymakers to explore several major issues. We need better indicators of
how teachers’ background features (e.g., certification status and levels
of college coursework) are related to each other and to other teaching
variables (e.g., teacher experience, types of students taught). Darling-
Hammond and Hudson argue that it is also important to examine



20 INDICATORS FOR MONITORING MATHEMATICS AND SCIENCE EDUCATION

how—according to these various measures—teacher quality is distrib-
uted across classes and students of different types.

Curriculum

Curriculum is usually defined as content, i.e., the topics, concepts,
processes, and skills that students are taught in science and mathemat-
ics classes—the “medium of exchange” in school. The content taught
in school clearly makes a difference in what students learn. But curric-
ulum includes more than just content. It includes the objectives teach-
ers have in mind as they present content to students; the depth tc -
which the content is explored; the way it is sequenced; the textbooks

and materials used;.the mode of presentation teachers employ, and
decisions about what content is approprlate for varlouq ﬂroups of stu-
dents

‘In Chapter 5, Jeanrie Oakes and Neil Carey argue that, desplte

“many obutacles “curriculum indicators can be identified. First;' they
suggest ‘a set of indicators tc monitor curriculum’ policies within
schools, districts, and states. These indicators could provide descrip-
tions of curriculum policies and permit comparisons. However, Oakes
and Carey suggest that a set of indicators to collect information about
the ‘science and ‘mathematics curriculum that is actually practiced in
classrooms would be even more important. The classroom is a place

“where policy is often substantially modified. - These indicators could

© " provide a comprehensive description of the mathematics and science

curriculum and could enable the tracking of nontrivial effects of curric-
ulum policy on the curriculum students actually experience.

Third, Oakes and Carey suggest substantial new developmental work
on curriculum materials quality indicators. The congruence of the sci-
ence and mathematics curriculum with “expert” judgments of the ideal
curriculum; the scientific accuracy of curriculum content; and the
pedagogical appropriateness of the curriculum (e.g., how well the cur-
riculum matches the cognitive needs of students) could be used to mon-
itor the quality of the formal curriculum as represented in state, dis-
trict, and school curriculum guides, and in commercially produced text-
books and curriculum materials.

Classroom Instruction

In Chapter 6, Neil Carey tackles the difficulties of developing valid
and feasible indicators of instruction in mathematics and science class-
rooms. Carey argues that, for indicator purposes, instruction consists
of the policies, practices, and social climate that result from the
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interaction of the teacher, students, and curriculum in mathematics
and science classrooms. He suggests that these features of classroom
life are critical for indicator development, since much of the variability
in achievement may be better understood in the context of the
processes through which students are engaged in mathematics and sci-
ence.

Carey warns, however, that a comprehensive system for monitoring
mathematics and science instruction would require detailed attention
to all aspects of classroom life. Such an undertaking would overburden
schools and would be economically and practically infeasible. .More-
over, thany crucial aspects of instructional processes cannot be mea-

~ sured with current technology. Carey therefore suggests‘awmore‘ parsi-
" 'monious set: ‘First, instructional policy indicators should focus on time,
~* allocation, the standards teachers set for students, the learning experi-
~ ences in ‘which students are engaged, and the grouping policies operat--
""ing in the classroom. Second, the indicators should probably be limited
" to aspects that can reliably be measured with surveys (e:g:, the number
“of pages :co{/ered in textbooks), since observational or detailed teacher
record-keeping defies cost-benefit criteria for data ‘collection and
analysis. Finally, Carey suggests developing a few classroom climate
“indicators, such as perceived difficulty of assignments, businesslike
atmosphere, and emotional warmth in classrooms. However, these
should probably be developed experimentally and tested as proxies for
- more difficult-to-measure aspects of instruction, such as the appropri-
ateness of teachers’ expectations.

Individual-Level Outcomes

In Chapter 7, Neil Carey and Richard Shavelson review the litera-
ture on what many consider the most important domain of the
mathematics and science education system: student outcomes. As
Carey and Shavelson define it, this domain includes (1) students’
achievement, viz., knowledge, understanding, and use of concepts and
ckills in mathematics and science; (2) student participation within and
outside of school in mathematical and scientific activities; and (3) stu-
dents’ attitudes toward and self-confidence in these subjects.

The authors conclude that achievement outcomes—whether students
have learned what they have been taught—should be given the highest
priority in an indicator system. They also treat participation as an
outcome for indicator development, since it is a precondition for
achievement; participation provides a concrete, albeit imperfect, indica-
tor of whether students are likely to progress toward becoming
mathematicians, scientists, or engineers, or whether they are literate in
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those areas; and it provides a useful, indirect indicator of student atti-
tudes. The chapter also recommends that attitudes be included in an
indicator system, because they are perceived by many to be a relevant
outcome of schools, they are thought to provide an early sign of
mathematics and science dropouts, and data on them are easy to col-
lect.

Carey and Shavelson recommend that outcome indicators report the
extent to which students are learning problem-solving skills and
developing conceptual understanding in mathematics and science. Par-

ticipation indicators should reflect course-taking in required and elec-
tive mathematics and science courses, and the topics and skills covered.
The indicators should also show the degree to which students partici-
pate in extracurricular activities related to mathematics and science,
and students’ intended college majors or career choices,

- However, Carey and Shavelson warn of the difficuities of imple-
menting these recommendations. Achievement test scores:provide the .
‘most readily available indicators of achievement, yet none of the exist-
ing tests attually measures some of its most important dimensions. In
the short run, an indicator system could use a specific combination of
data from various achievement tests. However, new methods should be
devised to assess understanding and problem solving. The importance
of this recommendation goes beyond testing: Achievement tests exert a
profound influence on what is taught in classrooms. The authors also
warn of the conceptual and technical difficulties in measuring and
interpreting correlates of participation and achievement, such as scien-
tific attitudes, favorable attitudes toward mathematics and science, and
students’ self-confidence in their abilities.

Participation of Special Populations

In Chapter 8, Jeannie Qakes illustrates how indicators can be used
to monitor the educational achievement and participation of women,
the poor, and non-Asian minorities in mathematics and science. These
groups’ lower levels of achievement and participation warrant close
attention because of their impact on the quality of the future work-
force. Underrepresentation and underachievement also relate to the
long-standing federal responsibility for ensuring equal educational
opportunity for minority and disadvantaged populations.

Data describing how the precollege mathematics and science oppor-
tunities and experiences of women, minorities, and the poor typically
diverge from those of more successful student groups (Asians and white
males) provide considerable evidence that schooling factors may con-
tribute to unequal outcomes. Patterns of schooling differences
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accompany those of lower achievement and underparticipation. Both
patterns begin early in the educational process.

Oakes’ review of the literature on underrepresentation in science and
mathematics concludes that race-, class-, and gender-related differences
appear to result, at least in part, from the insufficient and unequal
access of women, minorities, and poor students to school conditions
that work in favor of high achievement, continued participation, and
positive attitudes. Consequently, indicators should monitor the distri-
bution of resources and opportunities available at schools of different
types, le., those serving different student populations. Indicators
sshould also assess the extent to which resources:and opportunities are

“available to different groups of students within the same schools. How-

“éver, the ability of indicators to provide such information will be deter-

- mined by technical decisions about sample sizes, analytlcal strategies,
and reporting procedures. s

Sch(;‘)o"l‘Completion and Dropouts

James Catterall’s discussion of school completion and dropouts in
Chapter 9 presents possible justifications for including dropout statis-
tics in an indicator :system for science and mathematics education;
reviews the relevant research; and describes the current state of drop-
out information collection by government agencies and school systems.
Catterall argues that the relevance of school dropout data to an educa-
tion monitoring system depends on the purposes of the system. He
suggests what those alternative purposes might be and what indicators
would be appropriate for each.

Nevertheless, Catterall identifies serious challenges to the develop-
ment of dropout indicators. Existing data collection efforts are
unlikely to provide the type of information that is needed, and the
establishment of useful data collection mechanisms is likely to be
costly. Moreover, Catterall argues that there is as yet little consensus
that dropout indicators will be worth their price.

The Policy Context

In Chapter 10, Lorraine McDonnell describes how the larger policy
environment profoundly influences schooling in a variety of ways.
Federal, state, and local policies largely determine the level and type of
resources available to education. Although their effects on other com-
ponents of schooling are typically less direct, these policies can also
influence who is allowed to teach, what content is taught, and even
how it is taught. The priorities of the policy community may also
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signal to educators which outcome factors are most important at a
given time, thus indicating the criteria on which they will be held
accountable. What is perhaps most striking about the education
reform policies of the past four years is that they have moved the influ-
ence of policy well down into the educational system. In the past, pol-
icy typically focused on how schools were financed and governed; now
its scope also includes what is taught and who teaches it. Conse-
quently, McDonnell strongly recommends that the larger policy context
be taken into consideration in future attempts to explain changes in
the major components of schooling.



Chapter 2

RESOURCES AND COMMITMENT

James S. Catterall

INTRODUCTION

For an indicator system that can monitor the state of science and
mathematics education in the nation’s schools, inputs and processes of
education are as important as outcomes. Before policymakers and edu-
cators can develop any strategies for improving education in those sub-
jects, they need to know not only how well the schools are doing, but
also how they are doing it. The resources society devotes to education
strongly influence the way science and mathematics education
proceeds. Thus, the resources required and expended hold considerable
interest for educators and for the public officials who must juggle com-
peting demands for public services, within and outside of education.

Educational resources are usually thought of in terms of the budget
allocation to schools and school systems. However, these resources
also encompass the full array of material resources and human partici-
pants involved in education, including the characteristics of the
learners. How resources are conceived dictates the nature of resource
indicators to be included in a science and mathematics indicator sys-
tem. This chapter (1) presents justifications for including resource
indicators in a mathematics and science indicator system, (2) estab-
lishes a conceptual framework for identifying and selecting resource
indicators, (3) discusses the usefulness of candidate indicators, and (4)
assesses the relative difficulty of obtaining data on these indicators.

WHY RESOURCE INDICATORS?

As Chapter 10 suggests, an indicator system will not be useful if it
does not reflect the policy context for improving education, motivate
policymakers to act, and give them the information they need for pol-
icy decisions. Resource indicators can enhance the policy relevance of
an indicator system for mathematics and science in the ways discussed
below.
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The Correlation Between Resources and Outcomes

Resource measures may help policymakers interpret observed differ-
ences and trends in science and mathematics performance. However, it
is important to recognize that resource profiles cannot provide unam-
biguous explanations of educational outcomes. Resources are usually
conceptualized by researchers as per-pupil spending, teacher salaries,
square footage of classrooms or laboratories per pupil, number of
library books, and so on. But resources so conceived do not establish
determined or even probabilistic outcome frontiers for our schools.
Studies of the independent contributions of specific educational inputs
~ have produced no consensus on what resources, in what particular
- arrangements, lead to what types of learning.

The limitations of extant input-output research in education are well
known (Cohn, 1979; Blaug, 1985). The failure to identify strong rela-
tionships between the mere presence of productive resources and out-
comes appears to result from multiple factors:

e The overriding importance of student characteristics, especially
family educational background and support, in the functional
forms identified and estimated by researchers (Coleman, et al.,
1966; Jencks et al,, 1972; and many others).

e Observations that resources themselves are subject to varying
degrees of use and human effort over varying lengths of time
(Levin, 1980; Karweit, 1983; Wiley and Harnischfeger, 1974).

e The inherent scientific limits of capturing the outcomes of edu-
cation in quantitative statistics (see Chapter 7 of this volume).

However, most input-output research in education (often called edu-
cation production function research) addresses constructs of general
learning and usually employs scores on verbal ‘or reading tests as out-
come measures. Since almost none of this research examines science
learning, and very little concerns quantitative skills development, we
might be surprised by the relationships uncovered by a systematic and
comprehensive science and mathematics indicators system that incor-
porates exemplary achievement, resource, and process data.

At the very least, resource profiles could trace a set of opportunities
and constraints that might help educators probe the relative effective-
ness of existing or proposed practices. The school whose students
come from highly educated families expects impressive results when
learning is measured, and if those results do not materialize, specific
concerns may be flagged. The district with large class sizes and spec-
tacular algebra achievement may warrant a closer look. In practice,
useful comparisons are not likely to involve these simplistic and
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bivariate contrasts, but would include constellations of resource con-
straints and opportunities surrounding the efforts of educators to teach
and students to learn.

Motivating Education Providers

Resource measures, like measures of performance and participation,
may serve to motivate education providers. High-performing systems
may be buoyed by their identified excellence; low-performing systems
may be infused with ambition to catch up. Where systems show
meager resource allocations—e.g., low teacher salaries, low per-pupil
spending, or inordinately large class sizes and teaching loads—districts
may be embarrassed into providing more learning resources for their
children, especially if performance results show concomitant shortfalls.
Systems evidencing rich resource constellations and lackluster student
performance may be induced to examine their resource utilization pat-
terns for sources of inefficiency.

Helping School Systems Assess Their Performance

Outcome data across the full spectrum of institutions may be of lit-
tle relevance to particular systems. A given state or school system may
have a legitimate interest in comparing itself with states or systems
that benefit from similar resources. For instance, states that pay high
teacher salaries may wish to compare their class sizes, teaching loads,
and pupil outcomes with those of states bearing similar teacher costs.
States in the deep south, where parent education levels tend to be
lower than elsewhere in the nation, may wish to enlist each other as
reference points for certain comparisons. States with high concentra-
tions of nonwhite minority children may want to look to each other for
specific assessments. Schools with demonstrated commitments to
small mathematics classes may wish to compare themselves with other
schools that have similar commitments.

Enabling Fair Comparisons

An indicator system that includes resource measures may produce
fairer comparative evaluations. Outcome measures alone cannot be
used to make fair comparative assessments of a school’s or school
system’s performance. For example, it is unfair to draw inferences
from outcome data about the relative effectiveness of schools in the
absence of information about the family educational backgrounds of
students. An inner-city high school whose pupils come from poor
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families may perform at unprecedented heights for schools with such
characteristics. Yet, its test scores may not even approach those of
flagship suburban schools. If monitoring data inspire fair comparisons
in the eyes of school systems, educators are likely to accept and use
monitoring information more frequently and are more likely to provide
critical cooperation in collecting and reporting information in the first
place.

The importance of fair comparisons is evidenced by the cries: of
“foul” heard when the U.S. Department of Education (ED) published
state-by-state comparisons of student performance on the Scholastic
Aptitude Test (SAT) and American College Test (ACT) for college
admissions in its Wall Charts of education statistics (U.S. Department
of Education, 1984b, 1985, 1986). At least two lessons regarding fair-
ness emerged from the Wall Chart saga. First, the SAT. and ACT
scores were clearly sensitive to the extremely divergent proportions of
students in ‘each state taking these tests (Powell and Steelman, 1984),
but even publishing these data as a context for interpreting the test
scores did not quiet objections from the field. Second, there is a funda-
mental problem in using a test designed to gauge aptitude for college
(and not geared specifically to high school curricula) as a school system
performance indicator.

Reflecting the Growing Interest in Resource Measures

Recent activities producing or contemplating education quality com-
parisons suggest—not surprisingly, in view of the arguments above—
that resource measures will be included in forthcoming monitoring
schemes. ED incorporates the following resource measures in its Wall
Charts of education statistics (U.S. Department of Education, 1984a,
1985, 1986):

Indicators Used in All Four Years
Current expenditures per pupil
Expenditures as a percentage of per capita income
Average teacher salary
Pupil/teacher ratio
Federal funds as a percentage of school revenues
Per capita income
Percent poverty, ages 5-17

Indicators Excluded in 1986 and 1987
Median years of education, adults
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Indicators Used in 1986 and 1987 but not 1984
Pupil/staff ratio (added in 1985)
Performance-based teacher incentive (added in 1985)

In addition, the Council of Chief State School Officers is developing
suggestions for nationwide elementary and secondary education moni-
toring that will include recommended resource and context indicators,
according to preliminary reports (Education Week, 1985).

SELECTING RESOURCE INDICATORS

Developing a Conceptual Model of Resource Measures

Given the need for including resource measures in an indicator sys-
tem, what resources should be monitored, and why? The answers must
be based on a conceptual model of how various elements of the educa-
tional system interact and affect outcomes. The comprehensive model
of schooling shown in Chapter 1 included several resource constructs as
inputs. Figure 2.1 suggests an elaborated scheme of education inputs
consistent with that comprehensive model.

In Fig. 2.1, the critical resources contributing to processes of educa-
tion (and, implicitly, outcomes) are educational resources, comprising
personnel, curriculum materials, and facilities, and the students them-
selves. An unquestionable determinant of the educational resources
available to a school or school system is the fiscal allocation, or budget.
Budgets are the result of public decisionmaking processes that are
influenced by the capacity of a community (e.g., state or school district)
to support its schools, which in turn corresponds to available public
revenue-raising bases. Actual budgets for schools and other public ser-
vices reflect the willingness of communities to levy taxes or fees for
those services.

Educational resources also materialize through the contribution of
outside inputs, such as volunteer classroom aides and local booster
foundations—resources provided by others in the community. In addi-
tion, the students represent a resource that interacts with other
resources in the processes of education, a set of activities beyond the
scope of Fig. 2.1 but discussed at length in other chapters of this
volume.
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Some Constraints on Selecting Resource Indicators

The simplicity of the model masks a number of complexities which
underlie the relationships, but which are not elaborated here. For
instance, the linkage between fiscal capacity and fiscal allocations for
schools is subject to a variety of influences, particularly levels of com-
peting needs for public services and overall preferences for private
versus public goods. And the linkage between fiscal allocations and
educational resources could be embellished with detailed cost indices
for the various ingredients enumerated as educational resources. A
comprehensive resource indicator system could conceivably account for
dozens of explanatory or interpretive variables of these types.

While school finance researchers have shown much interest in
detailed understanding of such relationships (e.g:, Carroll and Park,
1983; Chambers, 1980, 1978; Ladd, 1975), we assume that the designers
of indicator systems for science and mathematics education will not
choose to proliferate arrays of indicators. The costs of such attempted
perfection are not only monetary; the insufferable detail it requires
often leads to ultimate rejection by monitoring audiences.

Parsimony is thus an important consideration in choosing specific
indicators. A monitoring scheme should not be overburdened with
labyrinthine concepts of resource inputs, but rather should concentrate
on an efficient set of indicators that describe the core resource contexts
of school processes and outcomes and also advance the goals of motiva-
tion, local utility, and fairness of comparison. Monitoring schemes
must also consider their own budgets, which determine the degree to
which they can generate original information and the extent of their
reliance on current data collection activities of agencies or associations.

A second consideration affecting the nature, availability, and
attainability of resource data is the level within the system of schools
for which comparisons are sought. State, school district, school, and
classroom-level measures present varying opportunities and constraints
to would-be monitors of resources, as well as other characteristics of
schooling processes. Many state-level resource indicators are presently
collected and reported in forms useful for state comparisons. School
district, school, and classroom resource data are more likely to require
original data collection, particularly where comparisons across systems
(e.g., school districts in different states or schools in different districts)
are desired.

A third consideration is the balance of interest in general resources
supporting education versus resources specifically devoted to math-
ematics and science education,
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Finally, a simple scaling principle should apply to resource measures
for schooling. Since states, school districts, schools, and classrooms
vary in the size of the populations they serve, most resource measures
should be considered on a per-pupil or per-capita basis to make cross-
unit comparisons meaningful.

Recommended Indicators

With the concept of resource inputs to education shown in Fig.
2.1—and the constraints discussed above—the following classes of indi-
cators seem most important and feasible. These indicators are dis-
cussed in order of their importance and according to the interpretive
relationships among them.

Direct Indicators of Fiscal Allocation. The most fundamental
resource measure of fiscal allocation to schools is per-pupil expendi-
tures. Per-pupil expenditure measures are readily available for both
school districts and entire states; but they are practically never avail-
able for individual schools within districts—some districts, in fact,
appear to take precautions which assure that such measures are not
generated and circulated publicly. Thus, generating per-pupil expendi-
tures for mathematics or science instruction would require dedicated
studies. '

The National Center for Education Statistics (now the Center for
Statistics (CS)) has reported school spending per pupil by state for
years. State departments of education have accessible records of each
school district’s per-pupil spending, since state foundation aid and
other fiscal assistance for school districts are commonly determined
with particular distributions of total per-pupil expenditures as central
objectives.

Informative but not essential classification schemes could refine
reports of per-pupil expenditures. For example, per-pupil revenues
from local, state, and federal sources could be reported separately. The
shares in each category, particularly the state and local components,
vary from state to state because the tax systems that support education
are diverse. But since the central interest of a monitoring scheme is in
overall levels of support for schools, such information is not likely to
be valued. Alternatively, funds could be classified as general or
categorical. Categorical funds are appropriated by states and the
federal government with specific intended target populations. Exam-
ples include the federal Chapter 1 program, which is intended to sup-
port services for children from economically disadvantaged back-
grounds, and federal assistance to special-needs youngsters through
Public Law 94-142. Levels of support for education net of categorical
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programs would be a desirable indicator of resources available for regu-
lar instructional purposes, including instruction in mathematics and
science. Obtaining this information would appear to require special
runs of data at state education agencies; we know of no systematic
reporting of expenditures in this format.

Educational Resources: Interpreting Resource Allocation.
Overall fiscal allocations in per-pupil terms are a first building block of
an indicator describing resources available to schools. Real compari-
sons of system resources demand consideration of what budget alloca-
tions are actually able to purchase, which will vary across locales and
systems. The educational resources obtained through budgets (shown
in Fig. 2.1) include personnel, curriculum materials, and facilities and
support services. For several reasons, this chapter concentrates on fis-
cal resources for teachers. First, other curricular indicators (e.g.,
materials and facilities) are addressed elsewhere in this volume (see
Chapter 5). Second, teacher inputs occupy an overwhelming share of
education budgets—80 to 90 percent of the typical school district’s
“budget is allocated to salaries and wages, with 70 to 80 percent used for
teacher salaries (Guthrie and Reed, 1985). And third, the teacher-
headed classroom is the principal locus of instruction.

Three indicators of teacher resources are tightly linked to budget
allocations. The number of teachers a given budget will support is tied
to the distribution of teacher salaries and is summarily reflected in the
average teacher salary. Average teacher salary is thus suggested as a
fundamental resource-related indicator. An indicator of how inten-
sively teaching resources could be distributed across enrolled students
is reflected in a system’s pupil/teacher ratio. Pupil/teacher ratios are
thus a key indicator of the potential availability of teacher resources to
students (independent of questions of the quality of teacher resources,
discussed in Chapter 4 of this volume). And finally, the way teachers
are actually deployed by schools and systems is reflected in average
class sizes and teaching loads (i.e., the total number of pupils assigned
to each teacher).

Two of these indicators, average teacher salaries and pupil/teacher
ratios, are regularly collected at the state level by state departments of
education (SDEs). The National Education Association (NEA) pub-
lishes average teacher salaries by state, both overall and for elementary
and secondary teachers separately, along with other SDE statistics, in
a series entitled Estimates of School Statistics. Since much mathemat-
ics and science education takes place in secondary schools, secondary
teacher salaries would be a desirable resource indicator.

Pupil/teacher ratios are shown in two ways in the NEA reports:
according to pupils in average daily attendance (ADA), and according
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to pupils in average daily membership (ADM). The former refers to
counts of pupils actually attending (or with valid excuses for nonatten-
dance) each day; the latter refers to numbers of pupils on the rolls. As
a resource indicator, pupils in membership per teacher would be pre-
ferred because it reflects the total number of pupils that teaching
resources must serve. Having fewer students per day because of
absences may, in fact, make the teachers’ job more difficult, since help-
ing individual students catch up can be time-consuming.

Neither average class size nor teaching loads are reported in com-
mon compendia of school statistics; we have not determined whether
individual states collect such data, and if so, whether the data are com-
parable. Teaching loads for mathematics and science teachers would
seem to be a highly desirable resource indicator. As Sizer (1984) has
suggested, the teacher with 150 pupils has little time to devote to any
individual student’s work. Spending 10 minutes per week on individual
student products adds up to 25 hours outside of class time. The alge-
bra teacher with 80 pupils is more likely to offer regular and concrete
feedback on student assignments. ‘

Students as Resources. The effects of student family background
characteristics on educational performance are profusely documented,
and for this reason, students themselves should be considered a
resource in the processes of education. Indices of family socioeconomic
status, which comprises parental education, job status, and income,
show strong links to measured educational achievement and perfor-
mance (Coleman et al., 1966; Jencks et al., 1972). In the interests of
fairness, a monitoring system that displays student educational perfor-
mance statistics should also report some representation of pupil family
background.

Pupil family education and income levels are not routinely reported
by states or school systems, although some statewide systems of pupil
testing, such as the California Assessment Program, generate school-
wide estimates of pupil sociceconomic status from teacher or student
reports on individual test forms. Reports of parent education or
income levels for education monitoring schemes would generally have
to be based on original data collection. A weak proxy for state-by-state
comparisons would be median education levels of the adult population,
which are estimated and reported by the U.S. Census Bureau, but they
of course include many adults who do not have children in school.
Additional indicators of student background characteristics are the per-
centage of nonwhite minority pupils within schools, a statistic collected
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by CS for states, and the percentage of students from families receiving
Aid to Families with Dependent Children (AFDC), a statistic that is
available for most schools and systems through SDEs.

Fiscal Capacity. If school systems are to be compared according
to their resource allocations to schools, some index of their communi-
ties’ capacities for spending should be included. Recent ED Wall
Charts have included the percentage of per-capita income devoted to
education in each state as an approximation of this.. Analyses pub-
lished in 1986 by the Advisory Commission on Intergovernmental Rela-
tions (ACIR), however, suggest that per-capita income, despite its sim-
plicity and intuitive appeal, is deficient as an index of revenue-raising
capacity. The ACIR argument is straightforward: The ability of
governments to raise revenues depends on a full complement of bases
subject to taxes and fees, including all statutory revenue bases, e.g.,
property value, business activity, and various licensing operations, as
well as personal income. The ACIR (1986) presents and discusses
several indices, the best of which appears to be the calculation of
' revenue-raising capacity under what it calls the Representative Reve-
nue System (RRS). State-level data on tax capacity per capita based
on the RRS are routinely available through ACIR with a two-year lag
time. These figures could be compared with per-pupil expenditures in
a scheme of state resource comparisons.

Individual school district fiscal capacity is calculated for school
finance system operations in some states (Carroll and Park, 1983).
Although the methods and figures may be consistent for districts
within a particular state, measures of school district fiscal capacity are
not consistent across states because the tax systems supporting schools
differ widely. Some state school systems, such as Oregon’s, are highly
reliant on local property taxation. Some, such as California’s, depend
heavily on state tax collection from diverse sources.

Contributed Inputs. The model in Fig. 2.1 shows contributed
inputs to education, such as volunteer time and community founda-
tions, which provide funds to some schools and districts. No central
data source appears to report on these systematically, either for states
or for school systems within states. Although intensive examination of
selected individual schools could provide such information with small
marginal costs, its likely insignificance in relation to overall levels of
resource inputs suggests that it is not likely to be included in monitor-
ing schemes. Thus, contributed inputs are not included among the
recommended indicators in Table 2.1.
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AVAILABILITY OF DATA ON THE RECOMMENDED
MEASURES

Table 2.1 lists the resource indicators described above and some
alternative measures for them. The availability of each for states as a
whole, for school districts, and for mathematics and science education
specifically is shown.

Some of the indicators in Table 2.1 are suggested for minimalist
monitoring schemes—minimally adequate representations of resource
contexts that can be assembled or calculated from available data.
Additional statistics that could be provided by additional analysis of
existing data files or original data collection strategies could improve
on the minimal model. For example, current per-pupil expenditures
(ADM basis) are a recommended indicator, but the alternative, per-
pupil expenditures net of categorical funds, would be a better indica-
tion of resources available for regular instruction. Readily available
community adult education levels are a weak substitute for parent edu-
cation or SES levels, which are not systematically recorded across
American schools. Class size and teaching load information are also
desirable, but resource-demanding, supplements to ready-made statis-
tics.

As Table 2.1 indicates, the ready availability of data declines sharply
below the state level and also diminishes as specific curricular targets
are introduced. The table shows which indicators are regularly col-
lected and published; which ones are expected to be available in exist-
ing databanks at CS or at SDEs and could be extracted through spe-
cific processing requests; which ones appear to require original data
collection through surveys or other strategies; and which ones will be
especially difficult to acquire. Some of the indicators, such as the
fiscal-capacity estimates of the ACIR, are available only at the state
level.

It is apparent in Table 2.1 that few resource indicators are univer-
sally and readily available for school district comparisons; per pupil
expenditures, average teacher salaries, and pupil/teacher ratios exhaust
the list. Others have been generated from special surveys that are not
replicated on a regular basis, but these do not constitute even an
acceptable minimal set for a monitoring scheme, particularly since stu-
dent family background is not included. At the school district level,
family background appears to require original data collection; a proxy,
percent of students from AFDC families, is generally available because
districts may qualify for federal programs on the basis of that percen-
tage. Generally comparable fiscal capacity and fiscal effort indicators
for school districts are difficult to collect because of idiosyncratic
revenue-raising schemes across states.
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Table 2.1

RECOMMENDED RESOURCE INDICATORS FOR
EDUCATION MONITORING SYSTEMS

Availability for Comparisons

State School District Science/Math

Indicator Level Level Specific
Direct indicator of resource
allocation
Current per-pupil
expenditures (PPE) 1* 1* 3
PPE net of categorical
funds 2 2 NA

Indicators aiding interpretations
of resource allocations

@

Average teacher salary 1* 2*
Average secondary teacher salary 1* 2* —
Pupil/teacher ratio 1* 1* 3
Average class size 3 3 3
Average teaching load 3 3 3
Specific curriculum materials,
facilities® 3 3 3
Students as resources
Parent SES or education 3 3* 3
Community Adult Education
level (median achievement) 1* 3 3
Percent minority students 1* 2* 3
Percent students receiving AFDC  1* 2* 3
Fiscal capacity
ACIR RRS tax capacity 1* NA NA
Per-capita income 1 NA NA
Within-state measures of school
district fiscal capacity —_ 4 -
Fiscal effort for schools
PPE as percent of RTS tax
capacity per capita 1* NA NA
Within-state measures of
fiscal effort — 4 —

1 = Available through existing data collection and reporting practices
2 = Available through special runs of existing data

3 = Available through original surveys

4 = Available from some states; little comparability across states

* = Recommended indicator for minimal systems

®See Chapter 5 of this volume.
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The availability of school district data varies from state to state,
since reporting requirements and protocols differ. In some states,
school district resource profiles may be easily attained, but the degree
to which they can be justly compared with those of other states will
vary depending on the states involved.

Table 2.1 also shows an unpromising profile of the availability of
resource indicators for specific activities in science and mathematics
instruction. Some of those shown could provide interesting assess-
ments of how a state, district, or school attends to these curricula.
Class sizes and teaching loads, salaries of mathematics and science
teachers, and family backgrounds of students in their classes all
represent desired resource profiles. They are also statistics for which .
specifically tailored inquiries would. have to he designed.

SUMMARY AND CONCLUSIONS

Resource measures are essential for an indicator system intended to
monitor science and mathematics education. Such indicators may
improve understanding of observed performance differences, since cer-
tain resource differences are thought to be related to pupil outcomes.
By including resource information, an indicator system may also
motivate education providers to reassess their resource allocations and
may facilitate comparisons requested by consumers of the system’s
products.

We have presented a model of resource inputs for schooling that
traces community fiscal capacity to school budget allocations, and
these allocations in turn to the purchase of educational resources. The
model also includes students as a central resource in educational
processes. Based on this conceptual model, the following indicators
would be the minimum required to represent the resource context of
school systems:

Current per-pupil expenditures (PPE)

Average teacher salary

Average secondary teacher salary

Pupil/teacher ratio

Educational background of families

Percentage of minority students

Percentage of students receiving AFDC

ACIR RRS tax capacity

PPE as a percentage of RRS tax capacity per capita
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An adequate set of resource indicators for state comparisons can be
generated from available data. However, a considerable amount of
original data must be collected to make resource comparisons for
school districts and schools and for mathematics and science education.
This effort will be necessary because data on some important indica-
tors are not generated by existing efforts and because data collection
practices vary from district to district and from state to state.



Chapter 3

SCHOOL CONTEXT AND ORGANIZATION

Jeannie Oakes

wWHY SVCHOOL-LEVEL INDICATORS?

Systems that monitor the nation’s progress in science . and
mathematics education should include indicators of: schooling
processes. Such indicators can help policymakers, educators, and the
public better understand the conditions under which students partici-
pate and achieve in science and mathematics. This chapter is ccii-
cerned with the school as a whole: how resources are allocated amonz
classrooms, what general policies construct and constrain teachsr
behavior, and general schoolwide attitudes, values, and morale. Thess
features of school context and organization mediate (in the broadest
sense) the influence of public expectations, resources, and state and
local district policies, and they shape classroom teaching and learning.

In addition to providing a more complete picture of the educational
system, school-level indicators can help policymakers and educators
design effective improvement strategies. The school context is a potent
target for effective policymaking, since changes at the school level
promise to be potent and long lasting. Unlike classroom-level inter-
ventions, school reforms do not depend on the willingness and ability
of individual teachers to alter their practices in isolation. Moreover,
reforms at the school level can outlast the inevitable turnover in teach-
ing.

If increasing concern about the quality of mathematics and science
learning is to result in lasting improvement, educators and policymak-
ers need explicit information about the schools in which this learning
takes place. This chapter recommends a set of specific indicators that
would provide that kind of information. A later chapter will discuss
what goes on within individual classrooms.
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CONTEXT INDICATORS

Despite the need for context measures in indicator systems, real
stumbling blocks stand in the way of their development. Deciding
which school characteristics to include in an indicator system poses
problems. We have only limited understanding about which school
features most influence the quality of classroom experiences. Most
studies of schools have concentrated on those features that might
relate to how well students score on general measures of verbal and
mathematics achievement. Yet even within this rather narrow focus,
research on school effects does not point unequivocally to a set of
school characteristics that matter.

The' task of ‘specifying what school characteristics deserve attention
“is further comphcated because we have no “strong” theory ‘that links
various elements of the educational system to the accomplishment of
school goals ‘Moreover, we have little empirical data that suggest
~ which school characterlstlcs function as the most important mediators
between schooI resources and student results. Additionally, liké many
of the schooling results we seek, many of the school charactenstlcs
researchers hypothesize as influences on achievement (and many of
those parents and educators value highly) lie beyond our current mea-
surement technology.

Part of the difficulty stems from the fact that our knowledge base is
grounded largely in a concept of schooling as a production process—a
series of inputs, processes, and outcomes. The straightforward nature
of this concept is appealing, but more complex nonlinear and systems
models of schooling suggest that an input-process-outcome model may
account for only a fraction of what happens in schools.

In an attempt to identify promising school-level indicators, I have
reviewed several strands of research on schools. The review was
directed at answering the following questions:

1. What school characteristics have clear empirical links with
highly valued educational experiences and outcomes?

2. What school-level indicators could help specify the central
role of school characteristics in the educational process?

3. What school-level indicators could press schools toward
emphasizing the full range of desired educational experiences
and results?

4. What school-level information might policymakers and educa-
tors find useful for understanding schooling problems and
shaping school improvement efforts?
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The first question led to an unsurprising conclusion. Most school
studies have attempted to identify features associated with how well
students score on tests of basic verbal and mathematics achievement.
Even with this narrow focus, the research has not pointed unequivo-
cally to characteristics that account for more than a small fraction of
the variance in outcomes. We know even less about how school
characteristics influence broader schooling goals. Thus, the relative
absence of empirical research complicates the task of specifying which
school characteristics to measure as indicators. ,

Nonetheless, the literature does provide clues about answers to the
remaining three questions. It provides some limited evidence about the
effects of specific school features on commonly measured student cut-
comes. It:also. identifies other characteristics that-are conceptually or
logically related to a fuller range of desired goals and experiences. We
can conclude that school characteristics are important to the quality of
mathematics and’ science education because decisions about school
organization, activities, and procedures set conditions for teaching and
learning in classrooms. They create the conditions that enable learning -
to take place. :

Looking at the literature through these lenses, we can identify three
global school conditions as ideal targets for indicator development.
" The first condition is access to knowledge, the extent to which schools
provide students with opportunities to learn domains of knowledge and
skills in mathematics and science. The second is the institutional pres-
sure the school exerts in order to get students to work hard and
achieve in these subjects (i.e., press for achievement).! The third is pro-
fessional teaching conditions, those conditions that can empower or con-
strain teachers and administrators as they attempt to create and imple-
ment instructional programs.

These three conditions meet important indicator criteria. They can
help specify the central role of schools in the educational process,
thereby providing a more complete picture of the performance of the
educational system. These constructs, on their face, may seem to focus
on intangible school climate characteristics. However, each results
from concrete decisions about how to distribute resources, what struc-
tures to create, and what processes, norms, and relationships to estab-
lish at a school. As such, they are alterable characteristics of interest to
educators and policymakers. Composite or multiple indicators of these
three characteristics could encourage schools to broaden their emphasis
beyond raising test scores. And, finally, such indicators are likely to

IThe concept of institutional press has been more fully developed in studies of higher
education and non-educational organizations than in studies of elementary and second-
ary schools.
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help policymakers and educators better understand the conditions
under which other experiences and results accrue. This understanding
should help inform decisions about which improvement initiatives will
be most fruitful.

In the next section, I explicate more fully the concepts of access,
expectation, and teaching efficacy as conditions linked to the quality of
mathematics and science education. I also attempt to demonstrate how
existing research supports the importance of these ideal school-level
indicators. Following that discussion, [ suggest how we might go about
measuring these somewhat intangible constructs by assessing realistic
. proxies for them.

E ACCES% PRESS, AND PROFESSIONAL TFACHING
CONDITIONS: INDICATORS GROUNDED
IN RESEARCH

"The schoohng literature does not warrant a claim that indicators of
access, press, and professional conditicns fully specify -the role of
schools in determining educational quality. Nonetheless, it does sup-
port the importance and usefulness of these constructs, and there is
some empirical evidence that links these characteristics with siudent
outcomes. However, they are more useful as indicators if we consider
them enabling conditions rather than as being important primarily for
their possible direct effects on outcomes. That is, to the degree that
access, press, and professional teaching conditions exist in schools,
they appear to promote high-quality teaching and learning.

The specific evidence supporting the importance of these factors as
context indicators comes from a wide range of research on schooling.
In the following, representative studies are cited to support the impor-
tance of access, press, and professional conditions as school conditions
worth monitoring.

It is well known that the nearly two decades of work on identifying
school effects on student learning have turned out to be largely frus-
trating. The most salient finding has been that school resource differ-
ences account for little variation in students’ achievement scores (e.g.,
Coleman, 1966). The findings are as consistent as they are discourag-
ing. One early review (Averch et al., 1972) concluded that “research
has not identified a variant of the existing system that is consistently
related to students’ educational outcomes” (p. 154). A more recent
review is similarly pessimistic: “The available evidence suggests that
there is no relationship between expenditures and the achievement of
students” (Hanushek, 1981, p. 19).
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It has been consistently demonstrated that a school’s resources have
less influence on its ability to bring about learning less than do its stu-
dents’ background characteristics—their race, their economic status,
their parents’ expectations and involvement with the school. Also, the
range of achievement within any one school is far greater than the
differences in achievement across schools. Of course, this finding has
been widely interpreted to mean that differences among schools don’t
matter. These findings have been as consistent as they have been
discouraging to those seeking alterable school features that influence
students’ learning. ‘

However, many critics of these early studies of school effects
(including . those conducting more .receni. research on “effective
schools”) have refused to see these studiez as discounting the impor-
tance of school differences. Some have attributed the discouraging
. findings to methodological and conceptual difficulties (e.g., Wiley and
Harnischfeger, 1974). Others have blamed the nearly-exclusive focus
- on_average effects (Klitgaard and Hall, 1973). Still others cite the

) often poor fit between a school’s curricular goals, content, and materi-
" als and standardized achievement tests in basic subjects (Madaus et al.,
1979). Finally, a number of researchers have blamed the ‘no-effects”
finding on the restricted range of resources available to schools (see
VBarr and Dreeben, 1983; Bidwell and. Kasarda, 1975; Spady, 1376).

These analysts point to the limited usefulness of using school as the
single unit of analysis—as if all students in a school have access to the
same level of resources (Burstein, 1980; Murnane, 1982) ,

An important second area of inquiry, then, is how schoo use
resources to create educational programs and establish policies. Poli-
cies distributing resources to groups of teachers and students shape a
school’s organizational structure (Brown and Saks, 1980). Curriculum
priorities dictate how much time and/or how many courses schools can
set aside for various subjects. Decisions about what particular knowl-
edge and skills will best meet students’ needs influence the selection of
course content. Counseling and placement policies combine students
into instructional groups, recommend particular course-taking patterns
for various groups of students, and assign teachers to various classes.
Such organizational policies set the boundaries around students’ expo-
sure to content, their participation, and their accomplishments. School
policies also set standards for homework and attendance, and establish
promotion and graduation requirements.

A substantial literature suggests that these structures are important
for student learning. But while schools have some discretion in allo-
cating resources, they are clearly constrained by the resources provided
them by states and local districts and by policies governing the use of
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those resources. Moreover, just as schools are relatively similar in the
resources they are provided, they appear to be quite similar in the
structures they create. The length of school year and day, age-grade
structures, subject-area divisions and course titles, selection of books
and materials, etc., do not differ dramatically from school to school.
Unlike the case of resources, however, rather subtle differences in the
structures among schools appear to have a substantial impact on the
quality of education that takes place.

Finally, traditions govern the quality of day-to-day school experi-
ences. What people expect, how they think they should act, and how
they relate to one another stem from school norms. Complex and
unique, this set of norms reflects basic beliefs, values, expectations, and
relationships that make up the school culture.

The school culture influences whether teachers are able and willing
to provide mind-stretching learning opportunities and whether students
are willing to take advantage of them. It helps to determine whether
students and teéachers feel satisfied with their schools. - It influences
‘whether they believe that the school provides a good education and
‘whether or not students are learning (e.g., Anderson 1982;Hamilton,
1983; and Rosenholtz, 1985). Perhaps even more than resources and
school organizational structures, the norms and relationships in the
“school culture affect the access and press schools provide students.
Additionally, cultural attributes of schools influence how schools func-
tion as workplaces for teachers. Measures of commitment to student
learning, the primacy of teaching, teachers’ opportunities to participate
in program' improvement and staff development activities, and the type
of administrative leadership are all central. Each influences access,
press, and professional conditions for teaching. Each affects the qual-
ity of what happens in school.

Studies supporting the importance of school culture and climate,
including the recent “effective schools” literature, abound (see, for
example, Edmonds, 1979; Clark, Lotto, and Astuto, 1984; Glenn and
McLean, 1981; Mackenzie, 1983; Purkey and Smith, 1983; and Rutter,
1983). Even though many critics have attacked this work on concep-
tual and methodological grounds (see Cuban, 1984; Purkey and Smith,
1983; Rowan, Bossert, and Dwyer, 1983), the literature on effective
schools is not easily dismissed. However, the importance of school cul-
ture does not rest solely on evidence from effective-schools studies.
Earlier work, conceptually and methodologically distinct, has also pro-
duced consistent and supportive findings. Notable survey research sup-
ports the importance of schools’ adolescent subcultures (Coleman,
1961) and the salience of teacher-student relationships in the schools’
social systems (Gordon, 1957). This early work clearly established the
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importance of the prevailing value system or normative climate for
academic achievement, aspirations, and other outcomes. Further,
quantitative and qualitative studies of schooling ecology have shown
culture to be of central importance to the quality of life in schools
(Goodlad, 1984; Hamilton, 1981; Sarason, 1982). Also important are
studies assessing the influence of global school climate characteristics
on academic opportunities and student outcomes (see Anderson, 1982,
for an extensive review).

Because of its centrality to schooling and teaching, knowledge of the
" cultural characteristics of schools can provide insights into schools
both as educational organizations and as workplaces for teachers.
Measures of commitment to student learning; the primacy of teaching;
opportunities for program improvement, skill development,. and
renewal; parent involvement; and administrative leadership can provide
important and useful information for policymakers and educators
* interested in: understanding the school conditions necessary for high-
. quality science and mathematics education. Moreover, despite its close
' connection with perceptions and .feelings,: school .culture is a’policy-
" relevant concern. Policies shape the dimensions of school culture that
are consequential for student learning and -teacher productivity—
policies distributing time, energy, and resources for student achieve-
‘ment and professional teaching.

ACCESS TO SCIENCE AND MATHEMATICS KNOWLEDGE

Because students’ learning is influenced by the knowledge and skills
they have an opportunity to acquire, we can link access to mathematics
and science knowledge with student outcomes. Furthermore, access is
a matter over which schools have considerable influence and control.
This clear connection between access and policy makes access an
appropriate focus of monitoring.

Access is a function of school resources, structures, and culture com-
bined. Basic resources are the time, facilities, materials, and staff
necessary to bring students in contact with mathematics and science
concepts, processes, and skills. Curriculum structure at the elementary
level determines the classroom time available for learning mathematics,
science, and technology, and the way students are grouped for instruc-
tion. In secondary schools, the curriculum structure includes the
number of courses offered in mathematics, science, and technology and
the criteria used for enrolling students in those courses.

Schools govern the opportunities available to students not only by
the courses they offer but by the exclusiveness of courses. If a school
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restricts participation in challenging courses or academic programs, its
access is more circumscribed than that of a school that includes a wide
range of students. Indicators of access should consider both depth and
breadth of opportunities.

Other structures that enhance access are advanced courses in
mathematics, science, and technology, and programs offering remedia-
tion, tutoring, and extra academic support for students in these sub-
jects. Access is also provided through extracurricular enrichment
activities—participation in science fairs, field trips, visiting experts,
cooperative programs with museums and universities, etc. Also impor-
tant are the opportunities the staff has to develop skills for working
with diverse groups of students and the extent to which schools involve
parents in the teaching and learning process.

Taken together, these resource, structure, and climate characteristics
of schools determine the amount of access students have to science and
mathematics. knowledge. These characteristics either -afford or deny
students the opportunity to gain particular knowledge and skills. In -

- itself, of course, access to science and mathematics knowledge does not
produce student outcomes. Access is an enabling condition. It pro-
vides the structure to translate school resources into classroom teach-
ing and learning.

Resources and Access

-We can be fairly certain from the work attempting to link resources
and student outcomes that resources, while critical to a school’s ability
to create an instructional program, are not in themselves the factor
that ultimately determines school quality. How resources translate
into access to learning opportunities is what appears to make a differ-
ence for students (Bridge, Judge, and Moock, 1979; Centra and Potter,
1980; Glasman and Bimiaminov, 1981; Hanushek, 1981; Murnane,
1982; Spady, 1976).

Resources are enablers. If schools had substantially fewer resources,
students’ access to mathematics and science knowledge might be
reduced dramatically. Conversely, if schools had substantially greater
resources, students’ access might dramatically increase. This effect is
demonstrated in the research on class size. When the number of stu-
dents drops below 15, researchers find consistent positive effects (see
Glass and Smith, 1978). Unfortunately, the narrow range of school
resources does not facilitate investigating these possibilities.

Data on resource levels, then, indicate what schools have available
to them. On the most basic level, we need to know how much financial
support schools have. But at a second level, information is needed
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about how schools spend educational dollars to enhance students’
access—by providing teaching and administrative staff, reducing class
sizes, providing facilities and equipment, funding staff development,
and purchasing curriculum materials. The resource levels provide the
parameters in which schools operate; they define the outer limits of
what is possible. Whether or not schools provide the equipment and
materials necessary for essential instructional activities conveys impor-
tant information about their potential for educational quality. And
when resource levels are coupled with measures of resource use, their
power to indicate school quality is likely to increase dramatically.

- Resources also indicate the level of public commitment to-schooling,
and they provide tangible evidence to teachers, parents, and students
that the community values good schooling. Resources that promote
access to quality mathematics and science education are well-qualified
teachers; class sizes small enough to permit intensive engagement. ir:
mathematics and science process work; up-to-date: textbooks and cur-
riculum materials in sufficient quantities; laboratories equipped and
supplied for hands-on activities and experimentation in the mathemati-
cal, biological, physical, and computer sciences; support staffs to
manage and maintain laboratories; and monies for field experiences.
These resources signal a school’s potential to offer quality education in
mathematics and science.

Time and Access

The way schools spend time also merits attention as an indicator of
access to knowledge. There are gross measures of time that suggest
how schools differ in access to knowledge—the number of hours in the
school day, the number of days in the school year, the average percen-
tage of students attending school. Elementary schools in the Study-
of-Schooling sample, for example, reported a range of 19 to 27 hours of
instruction per week (Goodlad, 1984). Other national data also show
time variations among secondary schools (Schmidt, 1983; NCES,
1985h). Data from the High School and Beyond (HSB) study show
that students typically spend 5 hours per day in credit-earning classes,
but the range in average time is considerable. Students in the top 10
percent of the nation’s school districts spend 5.8 or more hours per day
in credit classes, while students in the bottom 10 percent spend only 4
hours or less (NCES, 1985b).

Researchers have linked these time differences to scores on mea-
sures of verbal ability, reading comprehension, and mathematics
achievement. Students in the HSB sample who attended high schools
with longer school days and/or academic years performed better on the
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HSB achievement tests (Peng, Owings, and Fetters, 1982). However,
not all studies have found the same relationship between time and
achievement (see, for example, Wiley and Harnischfeger, 1974,
Karweit, 1976).

The amount of class time actually spent in instruction also appears
to vary considerably among schools. The amount of time spent in
instruction in elementary schools in the Study-of-Schooling sample
ranged from 64 to 84 percent; in the secondary schools, it ranged from
68 to 87 percent (Goodlad, 1984). Clearly, the time students spend in
academic pursuits in high school affects their achievement (Rock et al.,
1985). Schools whose students attend more regularly and whose stu-
dents spend more of their out-of-school time doing homework or parti-
cipating in academic clubs and activities consistently show higher lev-
els of academic ‘achievement (Coleman, Kilgore, and Hoffer, 1982; Rock
et al., 1985). ' '

Recent work emphasizes the primacy of within-classroom time (see
‘Chapter 6 of this volume). This time is particularly important for
learning in some subject areas and is most influential on learning in
those subjects that are not often taught at home—mathematics, sci-
ence, and literature (Husen, 1967; Schmidt, 1983).

Curricular Emphasis and Access

The curricular emphasis of schools also tells a great deal about stu-
dents’ access to mathematics and science knowledge. Studies done as
long ago as 1915 have found that schools differ considerably in the
time they devote to various subjects (Borg, 1980). More recently,
Goodlad (1984) found considerable variation in the school time devoted
to various subjects in self-contained elementary school classrooms and
the number of teaching resources allocated to different subject areas in
secondary schools. The most significant variation in curricular
emphasis noted at the high school level was the overall division of cur-
ricula into academic and vocational subjects.

In the 13 Study-of-Schooling elementary schools, the percentage of
time in mathematics ranged from 3.8 to 5.5 hours per week. Science
typically occupied far fewer hours in the elementary school day, but the
variation among schools was greater, from 1.3 hours to 5.3. In depart-
mentalized secondary schools, there was considerable variability in al-
location of teaching resources to science and mathematics. Among the
Study-of-Schooling junior high schools, for example, the average full-
time teaching equivalents devoted to mathematics ranged from 13 to 22
percent. In science, the range was 7 to 20 percent. There was slightly
less variability in emphasis at the senior high school level. The 13
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mnior high schools in the sample devoted an average of 13 percent (a
mge of 9 to 20 percent) of the teaching resources to mathematics and
| percent (a range of 8 to 15 percent) to science {Goodlad, 1984).
What makes variation in curricular emphasis worth noting is the
ynnection between students’ exposure to subjects and their achieve-
ent. Schools that persuade students to take more courses in
sademic subjects show better results on academic tests. Using the
amber of mathematics courses students took as a measure of the time
yent learning mathematics, Welch, Anderson, and Harris (1982) found
\bstantial mathematics achievement differences in the National
ssessment of Education Progress (NAEP) sample. Students who took
ore mathematics classes learned more. Schmidt (1983) obtained
milar results from analyses of data from the 1972 National Longitudi-
al Study (NLS), as did Jones et al. (1986) from the HSB study.

Differences in curricular emphasis among schools can lead to con-
derably different learning opportunities in various subject areas
ecause students are unlikely to learn things that are not taught. Thus
1e school students happen to attend affects their chance to learn science
nd mathematics. We could undoubtedly link the differences to what
nd how much students actually learn. Curriculum emphasis is also
nportant because it is an alterable school feature. Current reforms
stting new high school graduation requirements attest to the sensi-
vity of curricula to policy decisions. Monitoring schools’ curricular
mphasis will provide important and useful information about schools
see Chapter 5 of this volume).

‘urricular Differentiation and Access

Grouping and tracking policies determine which students will have
ccess to particular curricula within science and mathematics. When
chools place students in different groups or curriculum tracks, the stu-
ents have different learning opportunities in these subjects.

Schools in which large numbers of students are in academic pro-
rams offer more courses in mathematics and science and provide
reater opportunities to learn these subjects (NCES, 1985b). More-
ver, track placement affects the overall educational quality that stu-
ents experience and has specific effects on their science and
iathematics opportunities. There is a growing body of evidence indi-
ating that tracks and groups identified as academic or “high” are
dvantaged in their access to school resources—instructional time,
sacher quality, exposure to content, and classroom learning environ-
ient (McKnight et al., 1987; Oakes, 1985). On the other hand, stu-
ents in low-ability or non-college-preparatory tracks in junior and
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senior high schools are likely to have fewer learning opportunities.
Enrollment in these lower groups typically results in less mathematics
instructional time, lower quality of mathematics instruction, less expo-
sure to mathematics concepts, and more negative learning environ-
ments. There is also some evidence that curriculum differentiation
policies can either widen or restrict students’ opportunities for learning
content related to scientific literacy (Guthrie and Leventhal, 1985).
Some schools provide a number of “entry options,” offering several
entry-level courses and considerable student choice. Other schools
have fewer offerings and rigidly structured courses with prerequisite
requirements. :

Like secondary school tracking, ability grouping in elementary
schools is likely to affect the quality and quantity of learning opportu-
nities. Students in lower groups spend less time than others. in instruc-
tional ‘activity, and teachers expose them to fewer concepts (Barr and
Dreeben, 1983; Hallinan and Sorensomn, 1985).

Extra Support and Access

Programs providing academic support beyond the regular classroom
can enhance access and achievement of students exhibiting poor
academic performance, especially in the elementary grades. However,
not all extra support programs increase access. Many pull-out, com-
pensatory programs simply add a second set of instructional tasks to
the workload of students who are already struggling with tasks
assigned in the regular classroom. Supplementary tasks often bear lit-
tle relationship to the regular curriculum and do little to help students
perform well in the regular classroom. Many programs remove low-
achieving students from the classroom during the time when they
would normally be learning the regular curriculum with their high-
achieving peers (Wang and Walberg, 1986). These programs can actu-
ally limit access. But other out-of-classroom programs have avoided
these pitfalls and have increased elementary students’ access to and
performance in mathematics. A recent review suggests that two types
of programs are most promising: programs that provide adult or peer
tutors who work one-on-one helping students with their classwork, and
computerized programs that direct remedial work toward the specific
difficulties students are having (Madden and Slavin, 1987).

The links between science experiences and science achievement
found in the NAEP also suggest that schools that provide students
with enrichment opportunities (field trips to museums, science club
activities, etc.) may enhance access to knowledge (Hueftle, Rakow, and
Welch, 1983). Such activities seem particularly important to students
who lack such experiences outside of school.
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Parent Involvement

Research on parent participation is relatively undeveloped. How-
ever, some types of family involvement with a child’s schooling evi-
dently can be critical in the amount of effort students put into their
schoolwork and in how much they learn. But there is little evidence
that parent involvement in non-instructional ways directly affects
learning. One consistent finding from studies of parent involvement,
primarily at the elementary level, is that children learn more when
their parents actually participate in instructing them (see Clark, Lotto,
and McCarthy, 1980; Clark, Lotto, and Astuto, 1984; Fantini, 1980;
~ Gordon, 1980; Walberg, 1984). Parental involvement in instruction at
" home and programs using joint teacher-parent planning for learning
~ sessions are particularly effective (Barth 1979; Epstein and Becker,
 1982). Parent involvement in instruction clearly increases students’
access to knowledge.

PRESS FOR ACHIEVEMENT IN MATHEMATICS
AND SCIENCE

In schools with a strong press for mathematics and science achieve-
ment, teachers and students take teaching and learning very seriously.
They expect and value high achievement. Underlying this disposition
is the belief that all students are capable of learning the important
mathematics and science knowledge and skills schools want to teach.
While most research supports the link between expectations and stu-
dent learning, students are helped or hindered most by the educational
structures and processes that schools establish based on their expecta-
tions. Press is also manifest in how schools spend their resources and
how they organize their time and activities.

We can judge the press for mathematics and science achievement at
a school partly by the importance administrators, teachers, and stu-
dents place on learning these subjects. Where press is strong, students
learn a rich and rigorous curriculum, and they have the support they
need for success. Such schools recognize, highlight, and reward
achievement. These practices influence the press for achievement that
exists at the school. When schools create structures that focus student
time and energy on academics, they may foster more than academic
achievement: Aspirations, attitudes, and behavior also appear to
improve.

However, not all efforts at making schools more academic guarantee
a positive press for achievement. Emerging evidence on some negative
effects of minimum competency requirements and increased course
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requirements for graduation raise essential concerns. We should moni-
tor these features of schools, not because they will reveal which schools
are best, but because they reflect assumptions about school goals, stu-
dent capabilities, and the power of schools to bring about significant
learning.

Commitment to Student Learning

Even though all schools say that learning comes first, not all
schools’ cultures make intellectual endeavors and academic accomplish-
ment their top priority. In some schools, students and teachers clearly
understand that academics drive the school, occupy the -most time, con-
sume the most energy, and provide the most meaningful source of suc-
cess and rewards. In other schools, quite the opposite is the case. The
focus of the adults may be on “keeping the lid on”; student life may be
overwhelmingly dominated by concerns of social life, sports, or even
gangs. In these schools, academics clearly take a back seat (Goodlad,
1984).

The degree of school commitment to academic learning has an
important relationship to student outcomes. High schools at which
faculty and students stress academic accomplishment and student
intellectualism foster higher academic achievement and encourage more
students to make college plans (Madaus et al., 1979; McDill and
Rigsby, 1973). Elementary schools at which students achieve well are
consistently characterized by teacher expectations for academic suc-
cess, student support for academics, systems for monitoring and
rewarding academics, greater time focused on learning, and protection
of classroom time for teaching and learning (Brookover et al.,, 1979;
Clark, Lotto, and Astuto, 1984; Glenn and McLean, 1981; Hawley et
al., 1985; Mackenzie, 1983; Purkey and Smith, 1983; Rutter, 1983).
Moreover, commitment to academic learning appears to have these
effects in all types of schools, regardless of student sociceconomic
status or ability (Goodlad, 1984; McDill and Rigsby, 1973).

Why is schoolwide emphasis on academics so powerful? Some work
suggests that a strongly articulated academic mission energizes teach-
ers toward student achievement and pushes students toward academic
success (Brookover et al., 1979; Rutter, 1983). Apparently, the values
prominent in the larger school culture permeate the classroom, creating
classroom climates strongly directed toward learning (Goodlad, 1984;
Moos, 1979). Other studies have also documented that whether stu-
dents turn toward or away from academics is not solely determined by
their background characteristics, but is partly a response to the struc-
ture and culture of the school (Hamilton, 1981).
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There is also some evidence that schools that value academic learn-
ing engender greater satisfaction among students, parents, and teach-
ers. In the Goodlad schools that focused on academics, all groups
reported more often that their school provided a good education, the
curriculum related to their lives, the ambiance was academic, and the
school was a safe place (Goodlad, 1984).

Curriculum Differentiation and Press

Curriculum differentiation is also part of assessing schools’ press for
achievement in science and mathematics. Patterns of student assign-
ments and the proportion of students participating in academic pro-
grams in secondary schools are policy-sensitive data that can show
what proportion of students the school expects to learn high-level
mathematics and science. At the elementary level, classroom -assign-
ment practices provide information about the extensiveness of press.

The HSB data indicate that the percentage of students in the
academic track at a school is exceptionally powerful in explaining aver-
age achievement test scores (Rock et al., 1985). Schools with more stu-
dents in the academic track seem also to have lower rates of mis-
behavior and absenteeism, and their students have higher expectations
(Peng, Owings, and Fetters, 1982). These findings are consistent with
other analyses that suggest that tracking systems promote the achieve-
ment of those in college-preparatory programs, accelerated classes, and
gifted programs (Gamoran, 1986; Kulik and Kulik, 1982). However,
these positive effects are not universally found. Controlled studies of
students taking similar subjects in mixed and tracked groups have
shown that high-ability students rarely benefit from being separated
(Esposito, 1973; Kulik and Kulik, 1982; Noland, 1986). In contrast,
achievement and aspirations are negatively affected by participation in
low-ability and non-academic tracks (see Alexander and McDill, 1976;
Heyns, 1974; Alexander, Cook, and McDill, 1978; Rosenbaum, 1980).
And some work even suggests that low-track placement has a depress-
ing effect on 1.Q. (Rosenbaum, 1976).2

We can explain these effects partly by the influence of grouping on
access to knowledge, noted above. But effects of the peer composition
of groups and tracks on press for achievement may also be a factor.
Track membership in high schools influences students’ associations
with their peers in classrooms and in extracurricular activities, and also
their friendship choices (e.g., Alexander and McDill, 1976; Rehberg and

®The effects on 1.Q. scores were found in a longitudinal study of students at a single
high school. Caution should be exercised in applying these findings broadly.
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Rosenthal, 1978; Rosenbaum, 1976). These associations influence
academic press, since peer relationships relate to school effort and
academic aspirations ({e.g., Coleman, 1961). Student achievement
increases when peers are oriented toward academics (McDill and
Rigsby, 1973). Because track placement follows from attitude,
behavior, and motivation, as well as ability, low tracks are particularly
impoverished in peer dispositions toward achievement. However, the
presence of able students in heterogeneous groups c=0 contribute to the
achievement of low-ability students without depressing that of high-
ability students (Dar and Resh, 1986; Spady, 1976).

The effects of between-class sbility grouping in elementary schools
are similar to those of secondary school tracking—lower achievement
for average- and low-ability students and no important effects on the’
achicvement of high-ability students (Slavin, 1986)..In contrast, some
studies have found mixed ability grouping to be particularly useful in
promoting the achievement of students with mild academic handicaps
(see, e.g., Madden and Slavin, 1983, for a discussion of mainstreaming).
Some studies have found negative effects for within-class grouping, but
the evidence here is less conclusive (Sorensen, 1970; Filby et al., 1982;
Hallinan and Sorensen, 1983; Good and Marshall, 1984; Slavin, 1986; .
Sorensen, 1970).

Exit and Promotion Criteria and Press

Minimum competency examinations and increased course require-
ments for graduation are two popular ways to set higher school-
completion standards and even grade-to-grade promotion criteria.
Analysts have yet to find significant relationships between minimum
competency requirements and student achievement (see, for example,
NCES, 1985a). Evidence from some studies suggests, in fact, that
minimum competency requirements may actually backfire and work to
lower the quality of teaching and learning. For example, in some
states, minimum competency requirements apparently promote instruc-
tion that emphasizes low-level skill learning and may lead teachers to
neglect concepts, topics, and skills that are not tested (Darling-
Hammond and Wise, 1985).

The effects of increased graduation requirements are similarly little
known. One recent study attempting to link increased course require-
ments with student achievement found no consistent relationships
(NCES, 1985b). These findings are inconclusive, however, since they
rely on SAT and ACT test scores. Only students intending to go to
college take these tests, and these students are the sector of the stu-
dent body that is least likely to pattern course-taking after a school’s
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graduation requirements. Here too, other evidence is emerging about
possible negative effects of increasingly stringent graduation require-
ments. For example, some analysts suggest that increased school
requirements may be a factor in the rising dropout rate in secondary
schools (ASCD, 1985; McDill, Natriello, and Pallas, 1986). Further,
grade-to-grade promotion requirements may also affect students ad-
versely. There is substantial evidence, for example, that being held
back may serve to retard some students’ progress rather than remedi-
ate academic deficiencies (see Labaree, 1984) and may lead to increased
dropouts (Hess, 1986).

In contrast, however, some studies provide support for higher stan-
dards. The number of courses in mathematics, science, and foreign
language required for graduation can have a positive influence on stu-
dents’ selection of an academic curriculum. In the cases studied, this
selection led students to take more rigorous courses and to show higher
achievement (Newfield and Wisenbaker, 1985). One might conclude
from this work that higher standards for graduation lead to academic
gains. However, it may be that raising graduation requirements serves
to drive a deeper wedge between high and low achievers in school.
High achievers may be spurred on to take more rigorous courses, while
low achievers may become discouraged and, at worst, leave school alto-
gether. ‘

Administrative Priorities and Press

Principals’ own goals and objectives focus the school’s time, atten-
tion, and energy toward or away from academic achievement. When
principals become involved in matters of curriculum and instruction,
they communicate clearly that teaching and learning constitute the
important work of the school (Mackenzie, 1983; Rosenholtz, 1985).

Principals can send a clear message that student accomplishment is
the most valued school goal by basing teacher supervision on substan-
tive discussions of learning goals, frequent observations and involve-
ment in classrooms, and monitoring of student achievement (Armor et
al., 1976; Brookover et al., 1979; Rutter, 1983). Supervision so con-
ducted may enhance school quality because it clarifies teachers’ respon-
sibilities and centers rewards squarely on teaching. This may enhance
teachers’ ability and interest in teaching. Additionally, the principal
keeps the primacy of school goals active in the minds of students and
staff and can set criteria for schoolwide decisions, establish standards
for judging the accomplishment of goals, and promote guidelines for
successful work based on student achievement (Rosenholtz, 1985). All
these are likely to influence academic press.
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PROFESSIONAL TEACHING CONDITIONS

Professional teaching conditions are also manifest in the way
schools use resources to develop programs, particularly in the relation-
ships between school administrators and teachers concerning
mathematics and science teaching and learning.

A professional teaching environment is an important school charac-
teristic, since it encompasses the working conditions most likely to
attract high-quality teachers and to encourage those already in the
teaching force to remain. Teachers at schools that provide professional
teaching conditions are more likely to be committed and energized, per-
mitted to teach well, and willing to learn to teach better. Staff turn-
over is likely to be low, so the schools can make and carry out long-
range plans. Professional teaching conditions cannot be directly linked
to student outcomes, but there is evidence that a “professional” staff
will work toward implementing strategies and programs that will pro-
duce better results. Because of its importance to teacher commitment,
. satisfaction, and, albeit indirectly, teacher effectiveness, the profes-
sional climate for teaching is an important indicator.

Primacy of Teaching

Few would dispute that good teachers are the single most important
educational resource, but the school conditions that can enhance or
impede good teaching should not be overlooked.

Teachers’ Responsibilities. Schools where administrators act as
a buffer and nurture teaching are more likely to attract, develop, and
retain good teachers (Darling-Hammond, 1984; Rosenholtz, 1985). In
schools where the administration views teachers as professionals and
regards and protects teaching as professional work, teachers are able
and willing to provide quality instruction. In schools where teachers
are heavily occupied with paperwork, bureaucratic requirements, con-
trolling student behavior, and other non-teaching tasks, far less time
and energy are available for teaching. Most teachers will do a better
job in a supportive climate.

Time. The time teachers have available within their professional
day to plan for and think about teaching sets clear limits on their
work. If teachers spend all of their school time with students and per-
forming non-teaching duties, they cannot participate in the creative,
energizing lesson preparation, subject area reading, and work with col-
leagues that result in better instruction. Schedules that do not include
time for these activities invite the domination of classrooms by pack-
aged lessons, last year’s plans, and “fail-safe” curriculum guides from
the district.
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Like other school resources, time, in itself, is not enough. Strong
cultural norms for professional work must direct the use of teachers’
time toward involvement in important schoolwide decisions, develop-
ment and adaptation of classroom practice, and collaboration (see, for
example, Little, 1982; Rosenholtz, 1985). Teacher involvement leads to
consensus about school priorities and practices and consistency among
school goals, grade-level and classroom objectives, instructional content
and activities, and assessment of results (Cohen, 1983; Rosenholtz,
1985). Without teacher influence, what goes on behind individual
classroom doors is likely to be disconnected from articulated goals and
policies. .

Autonomy and Flexibility. Teachers need considerable autonomy
in making classroom curriculum and instructional decisions, as well as
flexibility in implementing schoolwide programs and innovations
(Clark, Lotto, and Astuto, 1984; Purkey and Smith, 1983; Mackenzie,
1983). When schools deny teachers influence and autonomy, they
relegate them to .merely carrying out administrative directives and
implementing curriculum and instruction designed by “experts.” Under
these conditions, teachers are, to a large extent, stripped of their pro-
fessional expertise and prohibited from exercising professional judg-
ment about what and how to teach. The balance of teacher influence
and autonomy seems central to teacher commitment and effort {Levin,
1980; Lightfoot, 1983).

Collaborative Norms and Collegial Work. Effective schcols are
characterized by collaborative staff planning, intellectual sharing, and
teamwork (Armor et al., 1976; Rutter et al., 1983). Collaborative plan-
ning and collegial work develop and support shared goals and school
norms; good teaching becomes a shared responsibility (Little, 1982). A
schoolwide commitment to student learning can develop when groups
of teachers work together toward agreed-upon academic goals, Oppor-
tunities for collegiality, collaboration, and decisionmaking decrease
teacher absenteeism and teacher turnover—both surely critical “bottom
lines” in the educational system. (See Rosenholtz, 1985, for an exten-
sive review of this literature.)

Opportunities for Program Improvement, Skill Development,
and Renewal

The degree to which school staffs plan and implement new struc-
tural arrangements, programs, and instructional approaches is also cen-
tral to the school culture. Because improvement efforts are essentially
attempts to develop teaching skill and more effectively accomplish
school goals, schools engaged in processes conducive to change and
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improvement are likely to have better student achievement, participa-
tion, attitudes, and other desired student outcomes. Engagement in
improvement activities is also likely to heighten teachers’ certainty and
professional commitment (Rosenholtz, 1985).

Cultural elements critical to school improvement and skill develop-
ment are the leadership role of the principal, the relationships among
teachers, and teacher attitudes (Fullan, 1982). The principal’s active
support and involvement are crucial, particularly in the substantive,
instructional aspects of innovations. Critical to teachers’ peer relation-
ships in the process of change are collegiality, open communication,
trust, support and help, interaction, and morale. The essential teacher
attitude for generating and sustaining improvement. efforts 1s
efficacy—teachers’ belief that they can accomplish the. goals of the
school (see, for example, McLaughlin and Marsh, 1978). Consistent
themes in research on this dimension of school “culture .include col-
laborative planning, opportunities for collegial work, a school adminis-
trative atmosphere that encourages experimentation and . evaluation,
and leadership and active involveient of the school administration in
improvement efforts (see, for example, Berman and McLaughlin,
1975-79; Crandall et al., 1983; Fullan, 1982; Goodlad, 1975; Heckman,
Oakes, and Sirotnik, 1981; Sarason, 1971, 1982). '

Administrative Leadership

The elements of schoo! climate that promote quality education must
be carefully nurtured, supported, and protected by a strong school
leader. Typically, but not always, this leader is the principal. Effective
school leaders take the initial steps to establish school norms—e.g., the
primacy of academic achievement and regard for the professional work
of teachers (Clark, Lotto, and Astuto, 1984; Purkey and Smith, 1983).
They use their discretionary resources to create time and opportunities
for teacher involvement in school planning and collegial work
(Rosenholtz, 1985). Schoolwide norms about the nature of parent
involvement often begin with the principal or with the principal’s
endorsement of teachers’ initiatives. The types of staff interaction and
staff development structured by school administration can either pro-
mote or stifle a renewing school climate (Bentzen, 1975; Goodlad, 1975;
Heckman, Oakes, and Sirotnik, 1983; Sarason, 1982).

Buffering. Principals who buffer the work of teaching provide
teachers with support in organizational and routine matters and pro-
tect classroom time from interruptions and low-priority matters. The
buffering of teachers from non-teaching tasks creates favorable condi-
tions for increased skill acquisition, certainty, commitment, and



60 INDICATORS FOR MONITORING MATHEMATICS AND SCIENCE EDUCATION

rewards for teachers (Rosenholtz, 1985). Buffering can include the
establishment by the principal of a schoolwide climate of good student
behavior (Edmonds, 1979; Purkey and Smith, 1983; Clark, Lotto, and
Astuto, 1984). The creation and maintenance of an orderly school
environment lowers teacher frustration and frees classroom time for
teaching and learning.

Leadership Style. The way school principals use their administra-
tive authority is also central. Schools that are rated most effective
have principals with the ability to build a strong, cohesive teaching
team, encourage a free flow of information, support new ideas and
risk-taking, and provide access to expert advice and guidance. In
short, effective schools have mutually supportive j:.ofessional environ-
ments where collaborative processes are the norm ¢i}aly, 1981).. Princi-
pals contribute to such environments by providi:g opportunities for
teacher decisionmaking influence, collaborative pliuning, and collegial
work. This helps both to create a professional climate for teaching and
to establish receptivity to school improvement, with all thc attendant
benefits. Principals who encourage teachers’ pr:fessiona! work are -
most likely to provide flexibility regarding school prucedures, rules, and
regulations. In the process, they enhance teachers’ commitment, sense
of ownership, and skill development (Rosenholtz, 1085). Schools with
participative management (important decisions reached through con-
sensus), with good collegial communication, and with good information
flows are those that have the greatest staff satisfaction, the best educa-
tional performance and student attendance, and the lowest - dropout
rates (see Daly, 1981; Seibert and Likert, 1973). ‘

ACCESS, PRESS, AND PROFESSIONAL TEACHING
CONDITIONS: OPERATIONALIZING “IDEAL”
INDICATORS

The research literature supports the intuitive sense that several
school characteristics influence school quality; some characteristics
even have notable links to commonly measured student outcomes.
Because of these links, data about school characteristics should be
included in educational indicator systems. However, the school serves
primarily to mediate between its social and political context and class-
room teaching and learning, so measures of school conditions that
appear to enable teaching and learning in mathematics and science will
be better indicators of educational quality than isolated features that
may show some direct relationship to student outcomes.
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Moreover, what happens in schools is nearly always different from
the sum of individual school characteristics. What actually happens is
also influenced by subtle interrelationships within a school. Therefore,
it is important to measure distinct school characteristics—use of time,
course offerings, parent involvement, etc.—within the context of larger
school conditions that will better capture important differences among
schools.

Research on many dimensions of schools has produced two main
conclusions for the development of school-level indicators:

> School resources, structures, and culture are not discrete school
“’characteristics; they interact. While the development of an
‘effectiVe'school context cannot be attributed -to the level of -
" resources provided to it, neither can it be separated from it.-
‘The presence or absence of resources (e.g., non-teaching time) -
" can make cultural norms (e.g., collegial work) easy orenearly
“~impossible to establish. ~Similarly, particular - organizational
B structures (e.g., many rigorous course offerings) will interact
7 with and reinforce particular elements of the'school culture -
(e.g., a commitment to student learning). e
e Ideally, school-level indicators will provide descriptive informa-
tion about important combinations of school characteristics.
The challenge is to construct indicators that will inform poli-
‘cymakers and educators about how schools use their resources
to establish policies, organizational structures, and cultures that
promote high-quality teaching and learning.

Based on these conclusions, the concepts of access to knowledge,
press for achievement, and professional conditions for teaching become
good candidates for composite school-level indicators. As Fig. 3.1 illus-
trates, they integrate our knowledge about the effects of school
resources, policies and organizational structures, and culture on teach-
ing and learning. The specific variables that can be used as indicators
of these three important school conditions are listed below.

Operationalizing Access to Knowledge

Assessment of the access to knowledge a school provides would
include measures of the following tangible school characteristics:

e Use of mathematics and science subject-area specialists or
resource teachers.

e Overall instructional time (length of school year and hours of
class time per day).



Access to Knowledge

Teacher qualifications
Instructional time

Course offerings

Class grouping practices
Materials, laboratories, equipment
Academic support programs
Enrichment activities

Parent involvement

Staff development

Faculty beliefs

e o o —— o—— o —— — —]—

CLASSROOM
TEACHING AND -
LEARNING

\ Teacher salaries

_ Press for Achievement

Focus on academics

" Graduation requiremenis

Graduation rates
Enroliment in rigorous programs
Recognition of academic accomplishments

- - Academic expectations for students

Uninterrupted class instruction
_ Administrative involvement in academics
" Quantity and type of homework

Teacher evaluation emphasizing learning

Professional Teaching Conditions

Pupil load/class size

Teacher time for planning

Collegial work

Teacher involvement in decisionmaking
Teacher certainty

Teacher autonomy/flexibility
Administrative support for innovation
Clerical suppont

/

Fig. 3.1—School context indicators

%9

NOLLVONTE HONAIOS ANV SOLLVNAHLVIA HONIHOLINOW d0d SHOLVOIANI



SCHOOL CONTEXT AND ORGANIZATION 63

Instructional time in various subject areas (at the elementary
level).

Course offerings in academic subjects and the number of sec-
tions of each course (at the secondary level).

Classroom or course assignment practices (ability-grouped
classes or mixed instructional groups) and the curriculum asso-
ciated with each ability group.

Student mobility among groups and tracks (e.g., percentage of
students moving upward from non-academic or low-ability
classes or course sequences).

Availability - of instructional materials, laboratories, computers,
and equipment. o
Teachers’ qualifications and experience (and, at the secondary
level, ‘the match between teachers’ backgrounds: and their

current teaching assignments).

Availability of academic support programs (tutoring, after-
school remediation, etc.). o
Academic enrichment and support (science fairs, fieid trips,
museum programs). S
Parent involvement in instruction at home or at school.
Opportunities for staff development.

Staff beliefs about the importance of challenging academic
study for all students.

Operationalizing Press for Achievement

Assessing a school program’s press for achievement, then, would
entail measuring the following characteristics:

Staff emphasis on academic achievement.

High school graduation requirements.

High school graduation rates.

Students’ participation in challenging academic work (at the
secondary level, for example, participation in advanced courses).
Schoolwide recognition of academic accomplishments.

Faculty expectations about students’ ability to learn (e.g,
whether all students are capable of high-level cognitive
processes and mastering rigorous curriculum content).

The degree to which non-instructional constraints interfere
with classroom activities.

Administrative advocacy and support for challenging curriculum
and instruction.
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e The type and amount of academic homework assigned.
e The extent to which teaching and learning is central to teacher
evaluation.

Operationalizing Professional Teaching Conditions

Assessing a school’s professional conditions for teaching would entail
measuring the following more tangible characteristics:

Teachers’ salaries.

Teachers’ pupil load and class size.

Teachers” time available for professional, non-teaching work.

Teachers’ time ‘spent on school-based, collegial goal setting,

staff development program planning, curriculum development,

instructional improvement, collaborative research, etc. ‘

¢ Teachers’ participation in schoolwide decisionmaking.

e Teachers’ certainty about their ability to influence and achieve
school goals.

e Teachers” autonomy and flexibility in 1mplementmg currlculum
and instruction.

e Administrative support for professional risk-taking and experi-
mentation.

e Administrative provision of clerical support for teachers’ non-

instructional tasks.

PROMISE AND LIMITATIONS OF SCHOOL INDICATORS

Access to science and mathematics knowledge, the press for science
and mathematics achievement, and professional teaching conditions
appear to be school characteristics that, if measured, can provide poli-
cymakers and educators with central, policy-relevant information about
schools. Although these three are best thought of and measured as dis-
tinct, they are likely to function synergistically. Broad access to sci-
ence and mathematics knowledge and high expectations for achieve-
ment in these subjects undoubtedly are most powerful in com-
bination—important knowledge and skills extended to the broadest
range of students and a powerful force that compels and supports
teachers’ and students’ attention to learning. Without the expectation
of achievement, schools providing broad access to mathematics and sci-
ence knowledge might fall into a pattern of trivializing these important
subjects, perhaps by providing a smattering of topics and skills in a
smorgasbord of course offerings and classroom activities. On the other
hand, expectations without broad access might result in schools with
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elite science and mathematics programs for only a few students and a
vacuum of learning opportunities for the rest. Perhaps worse, such
schools might increase the dropout rate among students who do not
learn quickly and easily. (See Powell, Farrar, and Cohen, 1985, for
striking examples of these circumstances in American high schools.)

However, access to knowledge and press for achievement for learn-
ing are unlikely to be found at schools where the level of professional
teaching conditions is not high. Unless the school climate is character-
ized by a belief in the staff’s ability to produce high achievement in
students, academic expectations and access are unlikely to follow.
High expectations for themselves may be a necessary precursor to
teachers’ high expectations for students. Conversely, expectations and
access are certain to feed a school staff’s sense of efficacy and nourish
professional commitment. This likely synergy among access, expecta-
tions, and efficacy requires monitoring of all three indicators.

The most salient message from this search for school-level indica-
tors, however, is that schools are complex and intricate places. We
must temper the development of school-level indicators with this
caveat: We cannot adequately understand any item, attribute, or con-
dition outside a larger context. That context is, at the very least, the
culture found at the school level, although it probably extends beyond
that. The summing and averaging of school attributes and then relat-
ing them only to individual student achievements obscures rather than
highlights the effects of schools. School features produce different
effects within schools and classrooms, and these ultimately have a
powerful influence on what children learn. To appreciate the impor-
tance of school-level variables, it is necessary to understand their chain
of influence through their effects on lower levels of schooling such as
the classroom, student-teacher interaction, etc. These effects directly
influence student outcomes. It is not easy to understand—or even to
describe—the events themselves, and there is little in the theory and
research on schooling to guide us.

The bottom line of school research for the development of indicators
is the paradox that those school features that are most easily recog-
nized, measured, and reported are the least likely to provide useful
insights into school quality. The most important features are elusive,
complex, and intangible conditions that are closely tied to everything
that goes on in schools. In view of this reality, those involved in
specifying indicators and conceiving educational monitoring systems
face an important social and scientific challenge: developing measures
that accurately capture important alterable school conditions.



Chapter 4

TEACHERS AND TEACHING

Linda Darling-Hammond and Lisa Hudson

INTRODUCTION

Ultimately, the quality of mathematics and science education rests
on the quality of instruction that students receive. This, in turn, is
largely determined by the qualifications of mathematics and science
teachers and the conditions under which these teachers  work.
Although many other factors mediate the nature of the student-teacher
interaction, none can fully overcome the consequences of inadequate or
poor-quality teachers. Thus, indicators of teacher quality are fun-
damentally important to assessing the state of mathematics and sci-
ence education.!

For a monitoring system, indicators of teacher quality should. include
not only those characteristics of teachers that are related to. teaching
effectiveness, but also information about how these and other charac-
teristics are related to teachers’ assignments, practices, and career deci-
sions. This chapter therefore discusses features of teachers and teach-
ing that are (1) predictive of effectiveness (e.g., preparation and years
of experience), (2) policy-relevant (e.g., working conditions, certifica-
tion status), (3) problem-oriented (e.g., characteristics related to supply
and demand), and (4) descriptive of who teachers are and what they do
in classrooms (e.g., demographic information and teaching assign-
ments). A well-constructed monitoring system should allow analyses
that provoke hypotheses for further research, even if it cannot itself
support complete testing and resolution of difficult research and policy
problems. Thus, a comprehensive monitoring system should incor-

11t would be more precise to use the term teacher qualities rather than teacher quality
to reflect our view that the characteristics that contribute to good teaching are many,
and that no single configuration of traits, qualifications, or behaviors unvaryingly pro-
duces optimal student outcomes in all situations. Furthermore, as there is no single
agreed-upon measure of teacher quality (see e.g., Rumberger, 1985), we find it more fruit-
ful to discuss the variables generally subsumed under the rubric of teacher quality in
terms of the characteristics of teachers and teaching, rather than as a single, ultimately
undefinable construct. When we refer to teacher quality, this should be interpreted as a
shorthand label for the many characteristics that, in many different combinations, pro-
duce effective learning.
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porate indicators of who is teaching what to whom, as well as how the
teaching force is changing over time.

The issue of teacher quality is particularly important and particu-
larly problematic in mathematics and science education. KEven as
demands for more rigorous, comprehensive, and equitably provided
mathematics and science education intensify, the ability of school sys-
tems to provide such education is declining, and current shortages of
mathematics and science teachers have profound implications for the
extent and quality of teaching (see Darling-Hammond, 1984; ASCUS,
1984; Johnston and Aldridge, 1984). When teacher shortages occur,
school districts often adopt strategies that may create suboptimal
learning experiences for students. These strategies include the assign-
ment of teachers not trained in mathematics or science to teach
courses in these fields, the enlargement of class sizes or expamsion of
teaching loads for mathematics and science teachers, and the cancella-
tion of (usually upper-level) courses that cannot be even marginally
well taught by untrained teachers. Thus, teacher supply and demand
conditions have important effects on the quality of education that stu-
dents receive and are important mediators of teacher quality.

Because teacher supply and demand exert such a substantial influ-
ence on who teaches and on the conditions of instruction, we urge the
development of an indicator system that incorporates measures of the
current and potential supply of qualified teachers, the assignment(s) of
teachers with various backgrounds, and teacher satisfaction, commit-
ment, and retention; these measures serve both as indicators of trends
in the supply and composition of the teaching force, and as indicators
of the current and prospective quality of mathematics and science
instruction.

Another “missing link” in traditional studies of teacher quality is the
relationship between teacher characteristics or competence and teach-
ing practice. We focus on this area for two related reasons. First, the
nearly indefinable construct called teacher quality may be seen as a
function of both who teachers are and what they do. Aspects of
performance—revealed behaviors and attitudes—apart from knowledge,
intrinsic abilities, and other personal traits are generally assumed to be
included in the definition of a “good teacher.” That is, good teachers
not only know or believe certain things, but can and do apply such
knowledge and beliefs in their work. Second, although researchers
have explored the relationships between teacher characteristics and stu-
dent outcomes, and between teacher behaviors and student outcomes,
they have devoted little attention to the implicit, often assumed, rela-
tionship between the attributes of teachers and attributes of their
teaching.
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As policymakers struggle with new standards for certification, and
with the implications of alternative and emergency certification as well,
they must make judgments about what kinds of training teachers need;
that is, they must assess what preparation makes a difference in what
teachers actually do, and by implication, what kinds of qualifications
define (or at least contribute to) teacher quality. To make these judg-
ments, the policymakers must have data on both teachers’ attributes
and teaching practices.? -

However, even an examination of teacher qualities and teaching
practice ignores another important mediating factor. -What teachers
actually do depends not just on their competence, but also on the con-
ditions under which they must provide instruction. - A fully competent
teacher may perform less than adequately in the classroom, if he or she
is working in a disorganized and unsupportive environment for teach-
ing and learning. On the other hand, teachers with only minimal com-
~ petence can perform fully adequately, given supportive, favorable work-

ing conditions. Thus, the occupational support structure for teaching
must be examined in any effort to monitor or assess “teacher quality.”
Since the occupational support structure mediates how well teachers-
can provide instruction, we discuss indicators of this structure below,
referring to them as enablers of teaching quality.

We start from the premise, then, that a monitoring system should
include indicators of who teaches mathematics and science, what these
teachers do in the classroom, and what conditions affect their work,
their attitudes toward their work, and the probability of their stayving
in the teaching profession. The distribution of teachers across students
and subjects is also an important dimension of overall teaching quality,
as is the current and potential supply of qualified teachers.

The following sections discuss our approach to identifying potential
indicators, including a model of how teacher and teaching quality
interact with other educational processes; identify the teacher charac-
teristics and teaching conditions useful for a comprehensive monitoring
system; and, finally, present a few caveats regarding the use of the
indicators we have identified.

A CONCEPTUAL MODEL

The literature on school and teacher effectiveness views student
learning as the result of numerous nested and interacting educational

%Indicators of teaching practice are discussed more fully in Chapter 6, which discusses
instruction. This division is somewhat unnatural, however, as teacher characteristics and
teaching practices are necessarily interrelated in classroom situations, and as the nature
of teaching cannot be fully examined or understood without knowledge of both of these
factors.
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influences (e.g., Barr and Dreeben, 1983). One variation of this model
is detailed below (see Fig. 4.1). This is a compressed version of the
more comprehensive model outlined in Chapter 1, reflecting the focus
of this chapter on teacher quality. For example, this model subsumes
school and pupil quality variables under the category “Mediating Fac-
tors,” as they mediate the effects of teacher quality variables on teach-
ing quality and student outcomes.

We are primarily concerned with the two boxes in Fig. 4.1 labeled
“Teacher Quality” and “Teaching Quality,” and with their relationship
to student outcomes and teacher commitment and retention. The
model shows that teacher quality and teaching quality can be dis-
tinguished by the directness of their effect on student learning. Teach-
ing quality, along with school and pupil factors, has a direct effect on
student outcomes, while teacher quality affects student learning only
through its effect on teaching quality, which is determined both
directly by teacher factors, and jointly by teacher, school, and pupil )

Teacher Quality - Teacher Commltment
and Retention
Descriptors
Experience
Preparation
Attitudes
Certification
\ Teaching Quality
Descriptors
Teacher performance
Teaching practices
Mediating Factors
Enablers
School quality Occupational support
Administrative support Structures
Facilities '
Instructional resources
School climate \ Student Outcomes
Pupil quality =1 Academic achievement
Family background Love of learning
School performance Maturity
School attitudes Caroer goals

Fig. 4.1—Model of teacher quality effects
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factors. Thus, school and pupil characteristics can be viewed as medi-
ating, or intervening, variables for the effects of teacher quality on
teaching quality, and for the effect of teaching quality on student out-
comes.

Occupational supports are presented in the center box as enablers of
teaching quality, although they are in a sense also mediating factors.
Enablers are conditions that are presumed necessary, to some degree,
for effective teaching, and for which we can say, “All other things being
equal, the more the better.” These conditions include high-quality
materials and facilities, opportunities for professional development and
discourse, time for teaching and for preparation, and favorable class-
room characteristics (appropriate assignment, class size, teaching load).
As will be shown below, these kinds of enablers are related to teacher
effectiveness, satisfaction, and retention; they are clearly vital to a full
understanding of mathematics and science teaching.

Finally, teacher commitment and retention are directly affected by
all other variables in the model, including the attributes of the individ-
ual teacher and the kind and quality of teaching he or she is able to
provide. These retention patterns, in turn, determine the quality of
the subsequent teacher force, by specifying who will remain in teaching
and who will leave for other endeavors. Recent evidence suggests, for
example, that more academically able individuals tend to leave teaching
sooner and in greater proportions than other recruits to teaching
(Vance and Schlechty, 1982; Schlechty and Vance, 1983)—a tendency
that is encouraged by the greater range of occupational choices open to
more academically talented individuals. These factors make retention
of qualified mathematics and science teachers especially problematic,
since individuals trained in these disciplines fall disproportionately at
the upper end of the academic ability spectrum (Berryman, 1983; Col-
lege Entrance Examination Board, 1983), making them most at risk for
early attrition from teaching. Further, the occupational alternatives
for mathematics and science teachers are greater than those for most
other types of teachers, making it even more difficult to retain the
academically able in these teaching fields.

In sum, retention patterns, which are determined by a variety of
teacher and school factors, also determine the quality of the remaining
teacher pool and, thus, the continuing quality of mathematics and sci-
ence education.
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INDICATORS OF TEACHER QUALITY
Who Is a Teacher?

A Dbasic issue for developing indicators of teacher quality in
mathematics and science is how one defines a mathematics or science
teacher. The definition of “teacher” will establish the unit of analysis
for the indicators selected and will determine what questions the indi-
cators can address. For example, is someone who is certified to teach
mathematics but is teaching only home economics considered a
mathematics teacher? Is someone who is teaching science but is certi-
fied only in physical education a science teacher? Are part-time or
substitute teachers included as “teachers”? And how does one define a
teacher who provides instruction in both mathematics and science?

How one resolves these issues depends on the reasons for examining
teachers. If the goal is to evaluate and describe the supply of qualified
mathematics and science teachers, one might include only individuals
who are certified—or qualified by some other objective standard—to
teach in these fields, regardless of what they are currently teaching. ,

On the other hand, if the goal is to understand the quality of educa-
tional instruction that students receive, the definition of “teacher”
should include all those who teach mathematics and science, regardless
of their formal qualifications or full-time teaching status. If out-of-
field teachers are less qualified (in terms of subject-matter knowledge)
than teachers assigned to classes im their area of certification or
preparation, it is important to know what and whom they are teaching.
If a non-trivial amount of instruction is conducted by part-time or sub-
stitute teachers, it is important to know who they are and where
(whom) they teach. There is evidence, for example, that not only do
substitute teachers occasionally provide a substantial amount of the
instruction students receive, but that this occurs more often in certain
types of schools (for example, inner-city schools) than in others (Meara
et al., 1983). Thus, the distribution of part-time, substitute, and mis-
assigned mathematics and science teachers, as well as their qualifica-
tions, is of practical importance in understanding the nature and qual-
ity of instruction.

In a national indicator system for mathematics and science educa-
tion, the major questions pertain to the individuals who teach
mathematics or science, regardless of their certification or other status.
Thus, one measure of teacher quality is whether the teachers’ certifica-
tion status and educational background are appropriate for the area(s)
they are teaching; another might be the extent of experience in a par-
ticular area. This is an especially important issue in mathematics and
science, as misassignment frequently occurs in these areas, especially in
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physics and chemistry courses (Johnston and Aldridge, 1984; Rum-
berger, 1985).

These concerns suggest that a mathematics and science education
monitoring system should include information on teachers’ educational
background—including, but not limited to, area(s) of certification and
college coursework preparation—linked with information on assign-
ment, to provide a more reliable means of determining each classroom
teacher’s qualifications. In addition, a focus on the students’ educa-
tional experiences suggests considering all teachers who provide
instruction in mathematics and science, including part-time, itinerant,
and substitute teachers.

With this in mind, we turn now to an examination of teacher quality
indicators, including indicators of teachers’ characteristics and com-
petence, and teacher supply and demand.

Teacher Quality: Teacher Characteristics and Competerice

A variety of teacher competence measures have been exan ined fur.
their relationship to student learning. These include teachers’ years of
education, recency of educational enrichment, years of teaching experi-
ence, and academic ability. Studies of these relationships have had
equivoca] results, primarily because of (1) an inability to specify and
take into account the effects of variables that mediate between teacher

“characteristics and student performance, and (2) the lack of adequate
~ student attainment measures that reflect a wide range of coszent and. .
modes of performance. Under these conditions, measures of associa-
tion are likely to be weak if they appear at all; therefore, findings of no
relationship should not be viewed as conclusive evidence of the
independence of a given teacher characteristic and student achieve-
ment. On the other hand, where relationships between fairly gross
measures of teacher quality and student learning have been found,
these measures should be viewed as especially promising avenues for
indicator development.

Educational Background. It is widely assumed that subject-
matter knowledge is related to teacher competence. While there is
some support for this assumption, the findings are not as strong or
consistent as one might expect. Byrne (1983) summarized the results
of 30 studies relating teachers’ subject knowledge to student achieve-
ment. The results of these studies were mixed, with 17 studies showing
a positive relationship and 14 showing no relationship. However, many
of the “no relationship” studies, Byrne noted, had so little variability in
the teacher knowledge measure that insignificant findings were almost
inevitable. Studies of teachers’ scores on the National Teachers
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Examination (NTE) area tests have found no consistent relationship
between this measure of subject-matter knowledge and teacher perfor-
mance, as measured by either student outcomes or supervisory ratings
(Summers and Wolfe, 1975; Ayers and Qualls, 1979; Andrews, Black-
mon, and Mackey, 1980; Quirk et al., 1973).

On the other hand, Druva and Anderson (1983), in a meta-analytic
study of science teachers’ characteristics and behaviors, found that stu-
dent achievement was positively related to the teacher’s background in
education, biology (for biology teachers), and science. Although the
correlations were small, they were consistently positive. Also, Casserly
found that girls perform relatively better in mathematics when taught.

by teachers with backgrounds in science, mathematics, or engineering -

(Kolata, 1980). ‘ P
Comparisons of teachers having degrees in education with teachers

having subject-matter degrees usually show no relation between educa- -

tional training and teacher performance. This finding may indicate -

that certification requirements result in teachers with different degrees
- having:very similar educational backgrounds (see Murnane; 1985). It

could also ‘be that the small, positive effects of subjeet-matter
knowledge considered alone are offset or augmented by knowledge of
how toiteach.a particular subject. That is, the degree of pedagogical
skill may interact with subject-matter knowledge to bolster or reduce
teacher: performance.

Glaser’s (1983) work suggests that how one teaches mathematics or
science: (i.e., knowing how to teach problem-solving, reasoning from-
evidence, checking one’s procedures, and checking for understanding) is
as important :as what is taught. Also, in a review of findings of the
National Longitudinal Study of Mathematical Abilities (NLSMA),
Begle (1979) found that the strongest indicator of preparation as a
correlate of student performance was the number of credits in
mathematics methods courses.

This evidence suggests that teacher knowledge of subject matter and
content-specific methods may be a better predictor of student achieve-
ment in mathematics and science than in some other subject areas.
(Even the small effects reported in the above-mentioned studies are
more substantial than those found in other teaching areas.) Why this
should be so was recently discussed by Brophy and Good (1986, p. 369):

Research in mathematics and science instruction has shown that
many concepts are counterintuitive or otherwise difficult to grasp and
retain, not only for students but also for teachers and other adults.
Consequently, teachers with limited backgrounds in certain subject
matter areas may teach incorrect content or fail to recognize and
correct their students’ distorted understandings. . . . Clearly, the
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effectiveness of lessons will vary with teachers’ interest in and
knowledge about the content being taught.

Area of Certification. While certification presumably reflects a
teacher’s area of expertise, this measure is of limited utility for a
national indicator system, since state requirements for certification
vary substantially and the relationship of certification to particular
kinds of preparation is uncertain. An uncertified teacher may lack
pedagogical courses, subject-area preparation, or student teaching
experience, each of which has different implications for a teacher’s
knowledge and experience base. Given the vagaries of certification
standards, an uncertified teacher may even be better prepared than one
who is certified. For example, Carroll (1985) found that most teachers
with less than a college minor in their teaching field were nonetheless
certified in that field, and that nearly three-quarters of those with no
college training in their field had still received certification.

: The 1nadequac1es of certification as an indicator of a teacher s com-
petence can best be overcome by a detailed account'ng of . the teacher S
educatlonal hlstory, including course crediis in subject matter and
pedagogical courses; these provide indicators of both quahflcatlons and
the effects of policy changes on certification standards.

Thus, we would argue that the usefulness of certification as an indi-
cator of teacher quality depends on its link to these other, more stan-
dardized and powerful measures.

To assess subject- matter knowledge, we propose. collection of the fol-
'10w1ng 1nf0rmat10n

College major and minor.

College/university attended.

Undergraduate grade-point average (GPA).

Number of course hours in mathematics, life and physical sci-

ences, computer science, and pedagogical courses, specifically

mathematics and science education courses.

e Post-secondary degrees and coursework (types and numbers of
courses; whether mandated or voluntary; recency of educational
training/enrichment).

e Certification status (areas of certification).

These measures will provide more-reliable information about teach-
ers’ academic ability (through university ranking and reported GPA),
as well as about the adequacy of their training in mathematics and sci-
ence and mathematics and science education.

Other Indicators of Teacher Knowledge. Teaching experience is
clearly a major means by which teachers learn how to teach. Years of
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teaching experience have been found to correlate with teacher effective-
ness (Murnane and Phillips, 1981; Klitgaard and Hall, 1974). Penrick
and Yager (1983) and Druva and Anderson (1983) both found that
more-effective science teachers tended to be older and more experi-
enced than their less-effective peers. However, it is unclear whether
this relationship is linear or curvilinear, with too many years of experi-
ence resulting in “burnout” or a drop in performance.

Some studies have found that effectiveness may level off after about
five years of experience, particularly in non-collegial work settings
(Rosenholtz, 1985). Others have suggested that: these findings in
cross-sectional studies are really the result of -cohort .or attrition
effects—i.e., cohorts of teachers hired in the past in times. of teacher
shortage may be less well-qualified than ‘more recent cohorts; dispro-
portionate early attrition of more-able teachers may suggest that
experienced teachers are on average less capable, although for individu-
als, experience produces better performance. In any event, at least up
to’'some point, experience improves teachers’ performance. ‘

The recency of educational enrichmeﬁt has also beén used as a proxy
measure for teacher knowledge. Penrick and Yager (1983) found that
teachers in exemplary science programs had more years of education
and more recent educational experiences (despite being older than the
average science teacher). Hanushek (1970) found that the recency of
voluntary educational experience is related to teacher performance. As
Murnane (1985) notes, these findings suggest that it may not be only
the knowledge acquired with a higher degree that is important, but also
the enthusiasm for learning that leads the teacher to seek new
knowledge that relates to increased student learning. Thus, educa-
tional enrichment is a measure of both commitment and qualifications.

Involvement in professional associations and activities may also relate
to teacher quality. Penrick and Yager (1983) found that teachers in
exemplary science programs were more likely to be actively involved in
professional organizations. This involvement not only provides addi-
tional learning opportunities, it also signifies a commitment to con-
tinual learning and to the field itself. To measure this kind of involve-
ment, an indicator system should include at least some of the follow-
ing:

e Mathematics/science professional organizations to which the
teacher belongs.

o Professional conferences attended per year (and presentations
made at conferences).

e Professional (school and non-school) committees on which the
teacher serves.
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¢ Professional journals and subject-area magazines read regularly.
e Journal articles and curriculum materials published by the
teacher.

Teacher Traits and Attitudes. The indicators of teacher quality
we have discussed to this point all relate to training, certification, and
experience, as indicators of teacher knowledge of subject matter or
pedagogy. However, as our model indicates, some teacher attributes
may serve as enablers of teacher quality—that is, they make teachers’
knowledge efficacious. These characteristics, e.g., verbal . ability,
interest, flexibility, sense of efficacy, enthusiasm, and satisfaction, are not
strong candidates for inclusion in an educational indicator system, for
several reasons. For one thing, policymakers are less likely to be able
to influence them directly, in the way they can such factors such as
teachers’ educational backgrounds. Moreover, they are difficult to
measure cost-effectively. Nevertheless, they bear consideration because
they continue to be a major focus of the research literature on teachers
and teaching.

Several studies have found that teachers’ verbal ablllty is related to
student achlevement (e.g., Bowle: and Levin, 1968; Hanushek, 1970),
although this finding may be differentially applicable for teachers of
different types of students (e.g., Summers and Wolfe, 1975). Verbal
ability may itself be an indicator of teachers’ ability to convey ideas
and to convince others.

The ability to persuade and inform students may also depend on
teachers’ interest in a subject. If teachers are not very interested in or
comfortable with mathematics or science, these subjects may be less
likely to be taught well or extensively. This is particularly important
at the elementary level, where both the kind and extent of instruction
offered in mathematics and science are highly variable. Elementary
school teachers tend not to have taken many mathematics or science
courses in college (Galambos, 1985), and are often not required to do so
to receive certification (NRC, 1985), so it is not surprising that some
second-grade teachers devote an average of only 15 minutes per day to
mathematics instruction (McDonald and Elias, 1976).

It is possible that some personality traits improve teachers’ perfor-
mance. Although research on personality characteristics has produced
few encouraging findings (Schalock, 1979; Druva and Anderson, 1983),
studies of teachers’ flexibility (alternatively labeled “adaptability” or
“creativity”) consistently show strong, positive effects on student learn-
ing (Darling-Hammond, et al., 1983; Walberg and Waxman, 1983;
Schalock, 1979).
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Given the multidimensionality, simultaneity, and immediacy of
classroom events (see Chapter 6 of this volume), it is not surprising
that teachers who are flexible, adaptable, and creative should be more
effective in encouraging student learning. The positive findings of
research based on various creativity/flexibility scales and personality
ratings (see Schalock, 1979) suggest that valid indicators of this con-
struct do exist and can feasibly be included in an indicator system.

Teachers’ attitudes—specifically, feelings of efficacy, a belief in their
ability to help students learn—are also strongly and consistently
related to teacher performance and to student outcomes (Armor et sl.;
1976, Brookover et al., 1979; Rutter et al., 1979). Efficacy also.appsnrs
- ‘to influence teacher satisfaction and teachers’ more , 2neralized:feeliigs
““about their work (Rosenholtz et al., 1985); teachers who lack cc: fi-
dence in their teaching skills have higher rates of abser:teeism zad
attrition (Chapman, 1984; Litt and Turk, 1983). = ;

-~ Enthusiasm is also: consistently and positively :zlated to student
-achievement' (Walberg and Waxman, 1983), pert :ps. because it is:
related to other teacher traiis (e.g., knowledge 11 love of subject::
“matter) and/or because it increases engagement in tke lessons'at hand.
It is unclear how efficdacy and enthusiasm affect instructional practice;
however, the existence of these effects suggests that these attitudes and
the conditions that may produce them are worth including in an indi-
cator system. Information on both could be acquired through teacher
self-reports. They could also be inferred indirectly, but perhaps more
objectively, from absentee rates. While a certain percentage of any
teacher’s absences are due to unavoidable ilinesses cr personal/family--
problems, dissatisfaction or frustration with one’s work can lead to a
greater susceptibility to some illnesses and a greater willingness to
remain home for a “marginal” illness or a “mental health day.”

Finally, teacher satisfaction is a natural concomitant of interest,
enthusiasm, and efficacy. Teacher satisfaction is, of course, partly
determined by how well the teacher’s own goals, knowledge, and
experience fit with the formal and informal goals and policies of the
school. It may also be related to teachers’ preparation for the courses
they are assigned to teach and to other conditions of teaching work.
Satisfaction is likely to be a determinant of continuation in the profes-
sion, but at the moment, we can only speculate about the links between
teacher satisfaction, teaching conditions, and resulting performance
and retention. Our understanding could be increased by including in
an indicator system some measures designed to assess teachers’ satis-
faction with their work settings, with teaching generally, and with their
assigned courses or students.
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Implications of Supply and Demand for Teacher Quality

The quality of mathematics and science education is determined not
only by the characteristics and competence of current teachers, but
also by teacher supply and demand, which indirectly influence what
qualifications mathematics and science teachers will have, and what
teaching conditions (course offerings, teaching load, class size) will pre-
vail. These concerns are especially germane to mathematies andsci-
ence education, which suffers from some of the most severe shortages
of qualified teachers (Howe and Gerlovich, 1982; Darling-Hammond,
1984). As.s result of these shortages, fewer than. lhialf of .the newly
hired mathermatics and science teachers in 1381 were gerti or eligi-
 ble for certificaticr ir the .ubjects they were. ass1gned W te ( NC‘FS
11982) (sex-I1g. 49). Furtter, the National Hcience Teachers Ass. -
tion {NTSA! estimates that approximately 30 percent, of &
mathemmlc;, and science teachers are either © complet‘ ly unqu et or
_-severely undsrqualified” (o teach these .subjects - (Johns -1 - and

Aldridge, 1984).

Ironically, these dlscouragmg stat1st1C° are in par? the resu'’ of ar
increased demand for better mathematics and science educati-n. As

scondiary .
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Fig. 4.2—Qualifications of new teachers for the subject area
they are currently teaching (1981)
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high school graduation requirements have been raised, schools have
added more required technical courses, creating new teacher demand
(ASCUS, 1984; NCES, 1985a). Because fully trained mathematics and
science teachers are in such short supply, however, schools must often
resort to hiring or reassigning teachers trained in other fields to teach
these courses (National Research Council, 1985; Johnston and
Aldridge, 1984).

The inadequacy of the supply of mathematics and science teachers is
_a growing problem, both because there are fewer new entrants to these
areas and because many of the teachers hired to teach the baby boom
_‘generation 20 years ago are now approaching rstiremernt. Between
1970 and> 1980, the number of mathematics and science:majors who
clibse -4w::become teachers declined by 68 vpercent (McBay, . 1986).: In
. 1981, the nation’s colleges granted fewer ii:an 1,400 bachélor’s:degrees
in‘the fiskds of:mathematics and science education “ombiried; and only
- dbout'half-nf these graduates took teaching positions (NCES;: 1983). In
~the fdllov‘&iiig s¢heo!l vesr, about 8300 mathematics-and science teach-
ers left the teaching profession :ltogether—for every newiy trained
éntrant, about twelve mathematics and science teachers left teaching
(Aldrich, 1983). The future may .not be much brighter: the NSTA
estimates that over 40 percent of the current mathematics and science
teachers will retire by 1995 {Aldrici:, 1983) (see Fig. 4.3).

Why is it-so difficult to attract and retain qualified individuals to
mathematics and science teaching? As our economy has shifted from a
.manufacturing to a technological base, people with mathematik:s and/or
science training have had more job opportuaities than most other edu-
cation majors. This “problem” has been exacerbated by expanding
labor market opportunities for minorities and women—the groups that
have traditionally entered teaching when barred from other profes-
sional careers. Between 1970 and 1980, the proportion of women
receiving bachelor’s degrees in education decreased by half, while the
proportion of degrees granted to women in the biological sciences, com-
puter sciences, engineering, and law increased tenfold (Bureau of the
Census, 1973, 1983). The number of new candidates for teaching has
steadily declined since 1970, from about 300,000 annually to just over
100,000 in 1984. And most of the “defectors” from education have
been those who are most academically able and well-prepared (Vance
and Schlechty, 1982; Wagenaar, 1984).

While some of these individuals may still go into teaching, for most,
the change in college major represents a change in occupational choice.
Moreover, teachers with academic majors who do go into teaching tend
to be more dissatisfied than education majors with the lack of adminis-
trative support, bureaucratic interference with their work, lack of
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~autonomy, -other. unfavorable working “conditions, and- salaries
{Darling-Hammond, 1984}, and more likely to say they plan to leave
teaching. This latter tendency is especially disheaitening, 'since
academic majors appear to be better prepared in their subject areas
than education majors. A recent study by the Southern Regional Edu-
cation Board noted that education majors tend to take fewer
mathematics and physical sciences courses than do arts and sciences
majors, and teacher candidates are often segregated into remedial or
lower-level college mathematics and science courses (Galambos, 1985).
In addition to the loss of the more academically trained teachers,
current and impending teacher shortages may detract from teaching
quality in other ways. First, projections of increasing teacher demand
suggest that one (or both) of two hiring patterns for mathematics and
science teachers may become more prevalent. There is likely to be
even more reassignment of teachers from other subject areas to
mathematics and science courses. While these individuals may be com-
petent teachers, mathematics and science teachers trained in their area
of instruction are generally considered preferable to those trained in
other subject areas (especially if inservice retraining programs are weak
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or nonexistent). On the other hand, hiring a full complement of newly
trained mathematics and science teachers-—even if it were possible,
given the short supply of such individuals—may have other drawbacks,
as new teachers are generally less effective (Rosenholtz, 1985) and
more likely to leave teaching than are more experienced teachers
(Schlechty and Vance, 1983; Pederson, 1970; Murnane and Phillips,
1981). To the extent that supply falls short, a final set of options for
dealing with a lack of qualified mathematics and science teachers is to
simply offer fewer courses or to increase class size or teaching load.
While these options solve the dilemma of reassigning versus hiring
‘_teachers none of them is optimal for mathematlw and science educa-
. tlon : :
- To examme how these 1nﬂuences affect the quahty of mathemahcs
and science education, an indicator system must. m(‘lude data or the
interrelated factors affecting the supply of and demand for mathemat-
~ics.and science teachers. In addition to detailed 1nfﬂrmat10n on teach-
 ers’ educatlonal preparatlon and current assignments, indica’ 0TS con-.
~ cerning teacher supply and demand require several omcr imp:tant ele-
ments:

* Estimates of demand based on school enrollments, student
coursetaking trends, and teacher/pupil ratios. '
e Estimates of supply, based on numbers of new entrants from
- teacher education institutions, other college majors, and other
"4 sectors of the workforce, including reentrants from the r_'eserve '
pool.” ‘
o Estimates of attrition (necessary to project both cohtinuing
supply and future demand).

Data on the components of demand are easily collected from Census
data and from other national and state data collection systems. How-
ever, data on sources of supply and on attrition are markedly absent
from current national data collection efforts and are therefore dis-
cussed more specifically here. To enable policymakers to understand
the implications of supply for teacher quality, an indicator system
should include demographic characteristics of teachers, their educa-
tional backgrounds (discussed above), their assignments, their work
history, and attrition patterns.

Demographic Characteristics. While not directly related to
teacher quality, demographic characteristics of the teaching force have
a great deal of policy relevance. The age composition of the teaching
force is a key component of teacher supply, as it determines the pro-
portion of teachers who will soon be eligible to retire and describes the
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proportion of young, inexperienced teachers, a group known to have
high attrition rates. Monitoring of the sex and race composition of the
teaching force helps assess the degree to which expanding occupational
opportunities draw women and minorities away from teaching, or con-
versely, the degree to which changing sex roles encourage more women
to enter the more male-dominated fields of secondary science and
mathematics education.

Assignment. Appropriate assignment (or, conversely, “misassign-
ment”) is defined in terms of a teacher’s educational preparation and
the type of class or classes he or she is teaching. Labor market imbal-
~ ancescan prevent the close correspondence betv-een ateacher’s educa-
" tional background and course assignments that defines'an “appropri-:

‘ate” or; “in-field” assignment. For example, when relative demand for-
_teachers shifts among fields, school systems tend to shift senior teach-
ers from low-demand courses (e.g., physical education) to high-demand
-courses ' (e.g.; physics), rather than hiring more highly qualified new-:

- comers far these wvacancies (Johnson and Aldridge, 1984) or letting the -

-courses ‘g0 untya‘iight.‘:'Although suck: misassignment appears to be -

especially prevalént in mathematics and science. there is no-consensus
on how to estimate its extent. Data from the Center for Education
Statistics .and the National Education Association (NEA) have pro-
vided three different estimates of the prevalence of misassignment—
estimates that vary depending on who is asked to estimate the degree
of misassignment (school administrators or teachers) and on how
misassignment is_defined:

¢ Not certified in area of primary assignment: 9 to 11 percent, by
teacher report; 3.4 percent, from central office administrators’
estimates (NEA, 1981; NCES, 1985d).

e Not certified for some classes taught: 16 percent, by teacher
report (NEA, 1981).

e Less than a college minor in area of primary assignment: 17
percent, by secondary school teacher report (Carroll, 1985).

While these definitions take into account certification or undergrad-
uate educational background, none includes inservice retraining or later
degrees. While these statistics are useful indicators of supply and
demand imbalances, they provide no insight into the educational conse-
quences of misassignment. As mentioned above, certification standards
vary so widely that “area of certification” is an insufficient measure of
teacher qualification in a subject area. And teaching fields are so
broadly defined that the fit between a teacher’s educational background
and the actual courses taught cannot be ascertained. To define and
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interpret the consequences of misassignment, we must have more
detailed information on teachers’ specific educational preparation and
their actual teaching assignments.

Work History. Detailed work histories from current teachers:.
would provide data useful for monitoring teachers’ experience and
career paths. In addition to allowing a fuller assessment of teacher
qualifications for their teaching assignments, these data would provide
more complete information than currently exists for monitoring the
sources of-teacher supply and the routes that individuais.take into
teaching (ike., entrance from a college teacher preparation: program,
through ap-alternative certification route, reentrance from the teacher
“reserve pool,” or.entry from another occupation). Work history infor-
mation would alsp provide indicators of .teacher mobility (across loca:
tions, teaching fields, and sectors), thus illuminating-the dynamlcs of
the teacher labor market. ;

-For work ‘history 1nd1cators we propose that in- depth 1nf0*mat10n~
be collected on: \

The type and extent of teachers’ preserv1ce training.
Inservice training, especially training to upgrade mathemat-
ics/science knowledge, or retraining to teach mathematics and
science.

o Other occupations held (in past and currently), including move-
ments into and out of the teaching force.

e Teaching experience, broken down by grade level, subject
matter, and location of school/district. '

This information could be collected from a nationally representative
sample of mathematics and science teachers. Or data on source of
entry could be gathered from school principals on the previous year’s
new hires. Either of these strategies would provide estimates of
sources of new supply in any given year as well as reentry rates of
“reserve pool” members by type (age, sex, field, etc.).

Attrition. Aside from student enrollments, the prime factor that
determines teacher demand is teacher attrition. It is impossible to
accurately monitor or predict teacher labor market conditions without
some knowledge of this important component of both the demand for
and the continuing supply of teachers.

HEstimates of attrition can be obtained in several ways, which vary in
their cost-effectiveness depending on whether the primary purpose is to
estimate attrition rates or patterns. If the goal is to estimate the rates
at which mathematics and science teachers leave (or can be expected to
leave) teaching, then data from large, “representative” samples of
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schools on the number of teachers leaving, by where they are going
(i.e., another teaching job versus out of teaching), can be used as the
basis for such estimates, These data would also allow examination of
attrition patterns from schools or districts of different types, but would
not allow exploration of attrition patterns by teacher type (e.g., age,
qualifications, sex, race). At a minimum, data on the age distribution
of the mathematics and science teaching force would allow more accu-
rate estimates and projections of attrition than currently exist.

If the primary purpose is to understand attrition.patterns, current
longitudinal databases (e.g., the National Longitudinal Studies, High
*+"“School and Beyond) could be used to analyze:which members of the

‘teacher subsamples in particular cohorts leave teaching, ‘but these

“analyses would' not reveal the overall attrition rates-of mathematics
““and "Stience - teachers. An alternative, but more costly, approach to
“understanding the attrition patterns of mathematics and science teach-
ers would be to follow longitudinally a large, nationally representative

- sample*tf mathematics and science teachers to examine both the rates

‘of attrition and the characteristics of leavers, as well as their destina-
“tions and reasons for leaving teaching. This kind of data is extremely
important for understanding what forces influence teacher attrition
and what policies might promote greater retention of well-qualified
mathematics and science teachers. '

Summary of Teacher Quality Indicators

We have identified and argued for the inclusion of a number of
potential indicators of teacher quality, including:

e Educational background (college and graduate-level courses in
subject-matter areas and teaching methods).

Areas of certification.

Basic demographic information (age, sex, ethnicity).
Assignment (courses taught) and length of time teaching each
course.

Career histories.

Attrition rates and patterns.

Years of teaching experience.

Recency of educational enrichment.

Involvement in professional associations and activities.
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Teacher Quality Priorities for an Indicator System

If design constraints make it impossible to consider all these teacher
quality variables, the highest priority should be given to obtaining (1)
demographic data, which provide the most basic and easy-to-collect
information on teacher characteristics; (2) detailed educational back-
ground and work history data, which provide the most relevant infor-
mation on teacher qualifications, including subject-matter knowledge,
academic ability, and teaching experience; and (3) current teaching
assignments, which can be used to assess the degree of out-of-field
assignment occurring in mathematics and science, and the kinds of
. courses taught by teachers with various kinds of preparation. Data on

teacher attrition are also vital for monitoring changes in the nature of

_the mathematics and science teaching force. Linkages. among these
data elements will allow analyses of the relationships among teachers’
characteristics, their teaching assignments, and their:career paths into
and, out of teaching. Lower priority should be given to measures of
teachers’ professional associations and activities, and of their satisfac-
tion and future plans. The former is a less-well-validated indicator of
teacher qualifications; the latter are less-well-supported proxies for
teachers’ labor market behavior. '

TEACHING QUALITY IN MATHEMATICS AND SCIENCE

The proximal goal of obtaining good teachers is to ensure good
teaching. However, what constitutes good teaching is a matter of
extensive research and theoretical debate. This literature is too exten-
sive to be reviewed here. See Brophy and Good (1986); Centra and
Potter (1980); Medley (1979); and Peterson and Walberg (1979) for
comprehensive reviews of teaching behavior and its relation to student
outcomes. Chapter 6 of this volume also reviews this literature in the
context of the development of mathematics and science education indi-
cators.

One major outcome of research on teaching effectiveness deserves
special mention here: Effective teaching behaviors are found to vary
consistently for students of different psychological, developmental, and
socioeconomic characteristics (Brophy and Evertson, 1974, 1977; Cron-
bach and Snow, 1977; Peterson, 1976) and for different grade levels
and subject areas (Gage, 1978; McDonald and Elias, 1976). Druva and
Anderson (1983), for example, found that while teachers’ background
in science was positively related to students’ science achievement, this
relationship became stronger at progressively higher grade levels.
Crocker, Bartlett, and Eliott (1976) found that in elementary science
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classes, a structured model of teaching was more effective, overall, than
an unstructured model, but that the model’s effectiveness varied by
student type. Also, a student-structured approach to learning has been
found to improve males’ attitudes toward science, while females’ atti-
tudes are more enhanced by a teacher-structured approach (Abhyankar,
1977). As a final example, Webb (1980) found that group problem-
solving is more effective for middle-ability students when the groups
are uniformly middle-ability, but is more effective for high- and low-
ability students when the groups are of mixed ability levels.

Furthermore, the effectiveness of different teaching behaviors seems
to vary depending on the goals of instruction. For example, many of
the behaviors that seem to result in increased achievement on stan-
dardized tests of rudimentary skills are dissimilar,-indeed nearly oppo-
site,” to those that seem to increase complex: cognitive learning,
problem-solving ability, and creativity (McKeachie and Kulick, 1975;
Peterson, 1979; Soar, 1977; Soar and Soar, 1976).. Moreover, desirable
affective outcomes of education—independence, curiosity, and positive
attitudes toward school, teacher, and self—seem to result from teaching
behaviors that are different from those prescribed for increasing stu-
dent achievement on tests requiring factual recall and routine applica-
tions of lower-order skills (Horwitz, 1979; McKeachie and Kulick, 1975;
Peterson, 1979; Traub et al., 1973). As Brophy and Good (1986)
pointed out in the most recent edition of the Handbook of Research on
Teaching:

Effective instruction involves selecting (from a larger repertoire) and
orchestrating those teaching behaviors that are appropriate to the
context and to the teacher’s goals, rather than mastering and con-
sistently applying a few “generic” teaching skills (p. 360).

For our purposes, the most significant implication of this literature
is that teaching—even in specific subject areas such as mathematics
and science—is too complex and multifaceted to be adequately assessed
by one discrete, easily tallied set of behavioral indicators. However,
sets of indicators can be developed to describe “important” features of
teaching (i.e., those of some theoretical and practical interest), regard-
less of the directness of their effect on particular measures of student
achievement. Indicators of what is taught and how it is taught provide
information that is useful not only in monitoring progress in
mathematics and science education and in describing the teaching
environment, but also for providing analysts with data for developing,
and perhaps testing, hypotheses on teacher effectiveness in mathemat-
ics and science education. These types of indicators are discussed in
Chapters 6 and 8. In this section, we are concerned with the teaching
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conditions and occupational support structures within schools that con-
tribute to teacher quality by setting the context in which teaching
occurs.

Occupational Support and Teaching Quality

To work most effectively, teachers must have support from the insti-
tution in which they are working. This occupational support includes
the working conditions and atmosphere established within the school
(or school district) that enhance or impinge on teachers’ ability to pro-
vide adequate instruction and that influence their likelihood of remain-
ing in the teaching workforce. Adequate facilities, materials, and sup-
plies, administrative and clerical support, inservice training programs,
peer support and assistance networks, and opportunities to influence
-decisionmaking all facilitate quality teaching by enhancing teacher
cominitment. Commitment then increases ‘effort, thus helping the
teacher to reach and maintain effectiveness (which in:turn reinforces
the‘teacher’s commitment) (Blase, 1982; Rosenholtz, 1985).3

Not only ‘do the conditions under which mathematics and -science

teachers work affect their ability to provide high-quality instruction,
they also affect the ability of education to attract and retain the best-
qualified mathematics and science teacher candidates. The occupa-
tional conditions of teaching, including salary levels and the lack of
opportunities for advancement, are often cited by academically able
students as reasons for not considering teaching as a career (Berry,
1986). ) .
One major occupational support feature, the material resources
available for teaching, is discussed in other chapters in this volume;
here, we focus on time for instruction, class size and teaching load,
administrative buffering, collegiality (opportunities for collaboration),
decisionmaking ability, and monetary rewards.

Time for Instruction. The most fundamental resource available to
teachers is time for instruction and for those activities that enhance
the productivity of time spent directly with students—preparation,
planning, providing written feedback to students, and consulting with
colleagues. Though the profitable use of time is clearly critical, the
availability of time for key teaching functions sets absolute limits on
what can be accomplished during a school day, week, or year. How
schools structure time, then, is an important determinant of how
teachers can use their knowledge and energies on behalf of students.

3The authors wish to thank Susan Rosenholtz for her contribution to the portions of
this discussion related to organizational influences on teacher commitment.
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Allocation of Classroom Time. Aside from the nuances of teaching
activities and methods, teachers’ effectiveness appears to increase as
they spend more time actively engaged in subject-matter teaching
(McDonald and Elias, 1976; Brophy and Evertson, 1977; Stallings and
Kaskowitz, 1974). This level of engagement is influenced by both the
allocation and use of classroom time (the latter is discussed in Chapter
6). Available teaching time is determined by the length of the school
day, school year, and class period (at the secondary level), and by the
amount of class time devoted to subject-matter coverage.

The extent and use of teaching time in different subject areas varies
among teachers, schools, districts, states, and even nations. For exam-
ple, American elementary teachers spend an average of only 15 minutes
per day on science instruction (Blank and Raizen, 1985), and less than
four hours per week on mathematics instruction (Flowers, 1984), but
the range of time allocations across schools and teachers is quite large.
The relatively lower mathematics achievement of American students,
compared with that of Japanese and Taiwanese students, has been par-
tially attributed to the shorter school year and smaller .amounts of
daily time devoted to mathematics instruction typical of American
schools (National Science Board, 1985). In fact, Wiley and Harnisch-
feger (1974) concluded that schools with 24 percent more school time
produce gains of over 33 percent in mathematics achievement. There
is also evidence that increased exposure to mathematics may be par-
ticularly beneficial for the lowest-achieving mathematics students (e.g.,
Stallings, 1976).

The amount of time devoted to mathematics and science teaching is,
when prescribed by schedule or curricular mandate, a constraint under
which teachers operate. When time allocations are a product of teach-
ers’ own decisions (as is the case in many elementary schools), they
may reflect teachers’ interest in or comfort with particular subject
matter, as well as teachers’ perceptions of student outcomes that are
valued by the school or district. In either case, time available for
mathematics and science instruction is a measure of how teacher qual-
ifications are utilized in schools, and it shapes the extent and nature of
teaching students receive.

Indicators of the use of classroom time include the amount of time
spent on mathematics and science instruction per week {(across stu-
dents, schools, and districts) and the length of the school day and
school year.

Allocation of Teachers’ Time. How schools structure and teachers
use their total occupational time is also relevant to teaching quality,
because it describes the occupational supports for translating teachers’
knowledge into instructional activities and may influence the nature of
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instructional processes within the classroom. A teacher’s duties and
responsibilities are many and varied; the amount of time a teacher
devotes to activities related to classroom teaching (planning, prepara-
tion, grading), faculty meetings, curriculum planning, tutoring students,
parent meetings, administrative paperwork, and non-teaching duties
reflects both the enabling conditions for teaching and the degree of
teacher commitment to teaching. The time provided for teaching-
related activities within the school day (as opposed to non-teaching
duties) reflects the school’s emphasis on instruction and may relate to
teacher commitment and attrition as well.

Possible indicators of time use include:

e Amount of time within the school day allocated to classroom
instruction, preparation, non-teaching duties (bus duty, hall
duty, Vétc.), meetings with colleagues, and meetings or confer-
ences with parents and students. ‘

¢ Amount of time outside the school day teachers spend on plan-
‘ning and preparation, grading classroom assignments, contact-
ing paréents, working with students, completing administrative
paperwork, and reading professional journals or participating in
other professional development activities.

Class Size. Closely related to the availability of time is the distri-
bution of that time across students and courses. The amount of time
and attention a teacher can devote to the needs of particular students
or the demands of specific courses depends in large part on how many
students and courses the teacher must attend to.

Class size has not always been found to be related to student out-
comes, in part because of restricted sample class sizes and failure to
control for other teaching variables. But there is some evidence to sug-
gest that smaller class sizes are related to higher student achievement
levels, particularly in the primary grades, in reading and mathematics
classes, and for low-achieving and economically disadvantaged students
(ERS, 1986). Glass and Smith (1978) found a threshold effect for class
size—large gains in student achievement were found when class size
was reduced to 15 students or less. Klitgaard and Hall (1974) also
found that schools with achievement levels higher than would normally
be predicted tended to have smaller class sizes. Summers and Wolfe
(1975) found that at the junior high school level, larger classes had
lower levels of student achievement, a finding that was especially
strong among classes comprised of low-socioeconomic-status (SES) stu-
dents.
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The relation between class size and teacher satisfaction and commit-
ment has been, apparently, too obvious to warrant much study. Cer-
tainly, few teachers would claim that their teaching effectiveness would
be improved by larger classes, and many claim that reducing class size
would improve their teaching. Smaller class sizes can increase the
individual attention each student receives and the possibilities for
teacher effectiveness, by increasing one-on-one contact and by reducing
managerial chores and paperwork. Small class sizes are likely to be
especially beneficial in classes utilizing “hands on” instruction (e.g.,
chemistry or biology labs), where individual attention:is particularly
important.

Teaching load—the number of different subjects.and classes a
teacher is responsible for—is both an indirect measure: of the amount
of time a teacher can devote to preparation and instruction and an
indicator of-teachers’ working conditions. It is reasonable:to expect
that heavy teaching loads may influence teacher satisfaction; commit-
ment, and retention as much as they may affect performance. . Mea-
sures of class size and teaching load not only serve as indicators of the
quality of education in the classroom, they are also potential indicators
of teacher shortages, since one response to increased demand for
mathematics and science teachers in the face of decreased supply is to
increase teaching loads and/or class size.

A monitoring system should thus provide indicators of how many
classes teachers have each day in each subject area they teach, and
what their mathematics and/or science class sizes are. It is also impor-
tant to collect information on the “demography” of specific classes.
This includes information on what course is being taught (e.g.,
geometry, biology, chemistry), on the ability level and extent of ability
grouping in the class, and on the SES, racial, and sex mix of students
in the class. These data would permit analysis of whether and how
teacher (and teaching) qualities and conditions vary by class and stu-
dent type. For example, the extent to which lower-level versus upper-
level mathematics courses are taught by teachers assigned out-of-field
could be determined, as could the extent to which teachers’ qualifica-
tions and teaching practices differ for classes serving different types of
students.

Administrative Buffering. Working conditions that help individ-
uals concentrate on their central tasks also enhance their commitment
to the job (Locke, 1976, Rosenholtz et al., 1985). Teachers’ tasks that
are unrelated to teaching and learning—such as non-teaching duties
and administrative paperwork-—contribute to teacher dissatisfaction
(Darling-Hammond, 1984; Bredeson et al., 1983; Lortie, 1975; Raschke
et al., 1985; Rosenholtz et al.,, 1985), as well as reducing the time
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available for teaching or planning. Teachers work more effectively if
they can be “buffered” from such intrusions (Rosenholtz, 1985).

Opportunities for Collaboration and Decisionmaking. Most
schools are characterized by isolated working conditions, where col-
leagues seldom see each other teach and teachers have few opportuni-
ties to engage in discussions about teaching practices (Bishop, 1977;
Glidewell, 1983; Lortie, 1975). Where collaboration is encouraged,
teachers are more likely to discuss their teaching, to try new ideas, and
to seek help in solving teaching problems (Armor et al., 1976; Little,
1982; Mann and Fenwick, 1985; Rutter et al., 1979; Venezky and Win-
field, 1979; Rosenholtz et al., 1985). Collaborative, as opposed to iso-
lated, settings seem to increase not only teacher learning, but also com-
mitment to teaching, as there is substantially lower teacher absentee-
ism and turnover in schools that encourage and provide time for teach-
ers to work together (Bridges and Hallinan, 1978; Litt and Turk, 1983;
Sizemore et al., 1983; Rosenholtz et al., 1985).

Teachers’ participation in instructional decisionmaking also reduces
absenteeism and turnover (Azumi and Madhere, 1983; Chapman and
Hutcheson, 1982; Rosenholtz et al., 1985). This mechanism probably
promotes  collaboration among faculty, with its positive effects on
teachers’ commitment to teaching (Armor et al., 1976; Glenn and
McLean, 1981; Rosenholtz et al., 1985; Rutter et al., 1979;
Cruickshank, 1985; Mann and Fenwick, 1985). Involvement in
decisionmaking may also augment commitment by increasing teachers’
sense of ownership of the educational enterprise.

Opportunities for Professional Development. The connection
between teachers’ sense of efficacy and their commitment to teaching
suggests that chances for teachers to enhance their knowledge and
skills should also enhance their effectiveness and attachment to the
profession. We noted earlier that the recency of teachers’ educational
enrichment seems related to teaching effectiveness; opportunities to
engage in such activities are an important feature of the school
environment which mediates teacher performance. This is consistent
with teacher reports that the absence of opportunities for professional
development contributes to their dissatisfaction and attrition (Darling-
Hammond, 1984; Bredeson et al., 1983; Mann and Fenwick, 1985;
Rosenholtz, et al., 1985). The importance of such opportunities for
teacher commitment seems logical—opportunities for professional
growth enhance teachers’ mastery of instructional practice, their sense
of efficacy, and ultimately their commitment to teaching (see, e.g.,
Huberman and Miles, 1984; Rosenholtz et al., 1985).

Monetary Rewards. The literature on monetary rewards yields
limited information on the role of those rewards in securing teachers’
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commitment. Existing studies do not indicate that increased pecuniary
benefits by themselves increase teachers’ performance (Mann and
Fenwick, 1985; McLaughlin and Marsh, 1978) or retention (Bredeson,
Fruth, and Kasten, 1983; Bruno 1981; Chapman and Hutcheson, 1982;
Frataccia and Hennington, 1982). However, low salaries and low occu-
pational prestige are important factors cited by those who do not
choose teaching as an occupation (Rosenholtz and Smylie, 1983; Page
and Page, 1982; Roberson et al., 1983). And low salaries influence
teachers’ propensity to take second jobs for supplemental income, thus
decreasing the time they can devote to teaching. In fields such as
mathematics and science, where alternative occupations offer substan-
tial wage differentials, teachers’ salaries may more strongly affect early
attrition. Salaries may especially influence the entry and retention of
subgroups that are particularly attractive to schools, such as talented
women who are currently choosing other occupations (Waite and Ber-
ryman, 1984).

Teacher Quality Priorities for an Indicator System

Of the occupational support indicators discussed here, highest prior-
ity should be given to those easy-to-collect measures with the most
direct relation to teacher performance, satisfaction, and retention. The
most directly available of such indicators are class size, teaching load,
and time use. These data are easily operationalized and are available
on a number of current national-level educational survey instruments.
Salaries and other monetary incentives should be given the next level
of priority, since they are related to both teacher supply and demand
and to the propensity of teachers to take second jobs to supplement
their income. The supports provided by collegiality, buffering, and
opportunities for collaboration and decisionmaking are more difficult to
operationalize and less directly influenced by policy. While they also
bear an important relation to teacher quality, they should be given a
lower level of priority.

CONCLUSIONS

At this point, it would be useful to discuss how indicators of teacher
quality fit into a monitoring system of mathematics and science educa-
tion, and some of the constraints on these indicators.

Students can fail to learn for a multitude of reasons, at any level in
the educational system. One potential cause of students’ insufficient
learning is that they have not been taught well enough. And one cause
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of poor teaching is the use of unqualified or underqualified teachers, or
teachers who are rendered less effective in other ways, such as by
misassignment or by being overburdened with too many students,
classes, or non-teaching duties. Therefore, to comprehensively monitor
the status of mathematics and science education, these teacher and
teaching factors must be considered as relevant aspects of educational
quality.

The need for data on teacher quality has recently been emphasized
by many groups, including the National Research Council in its
Research Agenda on Mathematics, Science and Technology (1985):

Whatever its effect, little is known about the subject matter prepara-
tion of the 2.37 million teachers in the current pool . . . much less
about their competence for teaching science and mathematics. (p. 16)

The committee recommends the development of a national database
_on teacher preparation and qualifications sufficiently detailed and
~ appropriately stratified to reflect conditions in different types of
“school districts and for varying student populations. (p. 18)

Filling this gap in our knowledge of the qualifications of current
mathematics and science teachers should be a top priority in a proto-
type monitoring system. We propose the incorporation of a wide range
of information on teachers, including (1) demographic characteristics,
(2) educational and occupational backgrounds, (3) teaching assign-
ments, and (4) teaching conditions.

The list of indicators proposed here is based on two assumptions:
First, the use of specific, discrete teaching behaviors (e.g., wait-time,
types of questions asked, etc.), while of some use in research studies, is
too context-specific to provide useful information for a monitoring sys-
tem. The classifying and counting of discrete teacher behaviors is not
only costly and time-consuming, but also overlooks many important,
interactive and/or dynamic aspects of teaching.

Second, given that we are far from being able to specify the particu-
lar qualities of effective teaching, in mathematics and science or in
general, teaching “quality” is best assessed by teacher qualifications,
general patterns of teaching practices, and the presence of enabling
conditions for effective teaching. In developing our list of indicators,
we have relied as heavily on logical analysis as we have on empirical
evidence for determinants of effective teaching. This strategy seems
justifiable, given both the indirect relation of many of these indicators
to teaching “quality” and the goal of monitoring the status of
mathematics and science education. Even so, each indicator we have
proposed has either been empirically related to teacher effectiveness or
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bears such a compelling logical relation to effective teaching that its
omission would be difficult to justify.

It should be kept in mind, however, that most of the proposed indi-
cators are only indirect measures of teacher “quality”: A teacher may
be fully qualified for teaching mathematics and may work in a school
with favorable conditions for effective mathematics instruction, yet still
be only a mediocre mathematics teacher. Likewise, a teacher with less
academic training and ability and less favorable conditions may have
the “intangible” (ie., as yet unmeasurable) characteristics that make
her or him an effective mathematics teacher. The types of indicators
that are most feasible to collect, such as those proposed here, are useful
and informative, especially at the aggregate level and over time. How-
ever, they should never be mistaken as “proof” of a teacher’s ability or
inability to teach. They are more accurately viewed as measures of an
individual’s potential to be an effective teacher.

Another limitation of some proposed indicators is that they are most
easily collected by asking teachers for self-reports, which may intro-
duce social desirability biases. This is especially likely to occur if
teachers realize the questions are designed to assess some dimension of
teacher “quality.” Referring to the indicators as part of a monitoring
system of the status of mathematics and science education will help
alleviate, but will not eliminate, this problem. The potential for
social-desirability response effects should be considered in the selec-
tion, design, and interpretation of all data gathered from self-reports.

Finally, the effects of the various proposed indicators on policy deci-
sions should be considered. As McDonnell points out in Chapter 10, if
the information provided by an indicator system is not useful to poli-
cymakers, it will have failed to benefit its primary intended audience
and will not survive as a publicly supported endeavor. The indicator
system we envision would provide important additional information
about teachers and teaching and would permit the linking of this infor-
mation to other educational factors. However, because policy effects
are difficult to trace, overambitious claims for findings that may result
from a monitoring system should be resisted.

On the more positive side, an indicator system has the potential for
providing information on mathematics and science teachers and teach-
ing that can be constructively used to improve the quality of math-
ematics and science education. Attempts to improve that education
without a comprehensive monitoring system can be, as most policymak-
ers will attest, a highly frustrating task—evidence of educational qual-
ity that is sporadically collected, usually in noncomparable form across
studies, provides information that is far inferior to what could be avail-
able from an integrated, comprehensive, consistently administered
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monitoring system. In spite of the caveats that accompany it, such a
monitoring system would vastly improve our understanding of current
educational conditions and of the effects of various policies on these
conditions.



Chapter 5

CURRICULUM

Jeannie Oakes and Neil Carey

Curriculum is the what of science and mathematics education. Cur-
riculum is content—the topics, concepts, processes, and skills that stu-
dents learn in science and mathematics classes—but it includes more
than that. It includes the depth to which students explore content; the
way teachers organize, sequence, and present it; and the textbooks and
materials schbols use. Perhaps most important, curriculum encom-
passes the substantive goals teachers intend to accomplish with the
content they present (e.g., to have students gain basic facts and skills
or to have them develop problem-solving strategies). Despite their
obvious overlap with the domains of teaching and instructional
processes, all of these dimensions are also legitimately part of curricu-
lum. They all help define what the subjects are, and they all influence
what science and mathematics students actually learn.

Indicators should describe all the domains of the mathematics and
science curriculum so that policymakers and educators can make judg-
ments about curricular quality. The indicators should be constructed
so that these judgments can be based on comparisons among states and
localities, comparisons over time, comparisons with curriculum stan-
dards set by subject-area experts (e.g., the Conference Board of
Mathematical Sciences), and comparisons with what states and local
districts want their students to learn. Additionally, curriculum indica-
tors should permit analysts to track the effects of various policies on
curriculum.

Few would dispute the importance of such curriculum indicators.
Without them, there would not be enough information available to
monitor mathematics and science education. Well-constructed out-
come measures may reveal what students learned, but curriculum indi-
cators are needed to convey what students had the opportunity to learn.
Moreover, a “curriculum-free” indicator system might send the errone-
ous message to educators, parents, and students that the specifics of
what science and mathematics knowledge schools offer do not matter
very much as long as students do well on tests.

an
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Despite their importance, curriculum indicators are not easy to
develop. In this chapter we identify five curricular domains that war-
rant indicators: (1) breadth of content coverage, (2) depth of content
coverage, (3) mode and sequence of content presentation, (4) textbook
and materials used, and (5) curricular goals. We argue that indicators
need to present information about each of these domains from several
perspectives. We suggest four types of indicators that promise to be
robust across curriculum variations. We believe these indicators will
provide descriptions that policymakers and educators can use to guide
curriculum policy decisions. Before we discuss the indicator develop-
ment process, though, we briefly describe two of the obstacles that
make this task particularly difficult.

OBSTACLES TO CURRICULUM INDICATOR
DEVELOPMENT

Several different mathematics and science curricula exist, a situation
that makes it difficult to get useful and comparable descriptions of
what students actually experience. Students in different schools (and
even different students within the same school) are taught different
mathematics and science curricula. Moreover, mathematics and sci-
ence curricula differ at different points in the educational system:
The ideal conceptions of curriculum developers may bear little resem-
blance to the nitty gritty of actual classroom lessons. Two political
issues exacerbate the problem of multiple curricula: a lack of national
consensus about what the ideal curriculum should be, and a lack of
agreement about who, if anyone, should prescribe curricula.

A second problem is posed by the limits of existing empirical evi-
dence. The research literature provides only a limited basis for decid-
ing what curriculum indicators would be most valid and useful.

The Multiple Curricula Problem

Schools provide different curricula for different students according
to their ages, abilities, and interests. Thus, measuring the curriculum
offered to one group of students at one point in time will capture only
a small fragment of the total mathematics and science curricula in any
school system. Indicator developers, then, must address the question
of how to monitor the curricula offered to all students and the related,
and perhaps more difficult, question of how to judge the appropriate-
ness of the different curricula.
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Curriculum exists in a number of different forms within the educa-
tional system—in the recommendations of subject-area experts, in state
curriculum standards and requirements, in local district curriculum
guides and course outlines, in textbooks and curriculum materials, in
teachers’ instructional plans, and in the content of classroom interac-
tions. Since there is considerable slippage between these levels, decid-
ing how to monitor curriculum requires careful consideration of which
level or levels can provide the most important and useful information.

Differentiated Curricula. Schools differentiate their mathemat-
ics and science curricula according to students’ age, abilities, and previ-
ous achievement. Age and grade differences are particularly important
at the elementary school level, and ability- level distinctions become
increasingly evident in secondary schools. There is considerable empir-
ical evidence that curricula differ substantially in the concepts, topics,
and skills taught, in the materials used, and in the. kinds.of learning
tasks they include (Becker, 1983; Guthrie and Leventhal, :1985;
Goodlad, 1984; McKnight et al., 1987; Oakes, 1985). e

Differentiation complicates currlculum momtormg Measurmg the '
curriculum schools offer to one group of students will not provide accu-
rate or useful information about the way schools parcel out their
curricula to different groups. Neither would it accurately represent the
content experienced by more than one segment of the student popula-
tion. Yet collecting and aggregating curriculum data across all the
groups in the school would produce a description of a curriculum that
no student experiences.

The only entirely satisfactory solution is to develop indicators that
describe separately the mathematics and science curricula that all
groups of students in the school experience. The indicator system
must collect and analyze data separately at more than one elementary
grade level (to capture likely differences between primary and upper-
grade curricula) and in secondary school courses for students on a
variety of academic tracks. Even so, these indicators will not provide
easily interpretable information. Just as there is considerable diversity
of opinion regarding the ideal overall curriculum, there are no agreed-
upon standards regarding what curriculum is most appropriate for stu-
dents of different ages and different abilities.

Curricular Levels. At each point in the educational system where
decisionmakers make recommendations about what science and
mathematics should be offered to students, a curriculum is generated.
At one level—often far removed from the actual practice of
schooling—scholars and experts in the pedagogy of various subject
areas conceptualize ideal curricula. These ideals often appear in schol-
arly publications, and they influence the ideas of educators and the
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content of textbooks and commercially produced curriculum materials.
At a policy level, legislators, state education agency staff, accreditation
associations, university admissions offices, and local district school
boards formulate regulations, standards, and guidelines regarding
course offerings and subject-area content. These policies usually
appear in official curriculum documents. Within local school systems,
district office administrators and curriculum committees typically flesh
out the mandated curriculum framework into a scope and sequence of
topics and skills in subjects, specific course outlines, and suggestions
for lessons. At the level of lesson planning, teachers operationalize the
curriculum by deciding what specific content, modes of presentation,
and materials they will present to particular groups of students.
Finally, at the level of the classroom, teachers create curriculum on
their feet in response to the exigencies of the moment. (See Goodlad,
Klein, and Tye, 1979; and Griffin, 1979, for an elaborated discussion of
curricular levels.) . ,

These different levels have consequences for monitoring, primarily
because .of the slippage that can occur among them. That is, the sub-
stance of the curriculum can differ significantly from one level to the
next. Therefore, measuring curriculum at one level will not necessarily
provide accurate or complete information about the curriculum at other
levels. Course titles and official descriptions from schools may tell lit-
tle about what students actually study. Teachers using the same text-
books may teach considerably different content. Unless all levels are
monitored, indicators will produce an incomplete description of the
curriculum.

Some observers hypothesize that knowledge about “level” differences
can be useful in policymaking. Cuban, for example, argues that the
different curricular levels vary in their permeability. That is, some lev-
els are quite susceptible to change through policy initiatives, while oth-
ers are more resistant (Cuban, 1979). For example, probably because
states develop curriculum frameworks at some distance from actual
teaching and learning, these formal frameworks change readily in
response to new policy. State documents often quickly incorporate new
content and approaches and emphasize new curriculum conceptions or
national recommendations. At the level of the school district, curricu-
lum is also fairly responsive. Districts fairly readily develop new
courses, adopt new text materials, and establish new teacher guidelines
that try to respond to new state policies or national priorities. Curric-
ulum at the classroom instruction level, on the other hand, is quite
stable. The curriculum teachers plan and implement persists over
time. Even when course titles, content guidelines, and texts change,
many teachers continue with what and how they have taught in the



100 INDICATORS FOR MONITORING MATHEMATICS AND SCIENCE EDUCATION

past. Curriculum behind the classroom door proves to be quite difficult
to change (see Berman and McLaughlin, 1977; Fullan, 1982; Goodlad
and Klein, 1970; Sirotnik, 1986).

To describe the curriculum completely, indicator systems should pro-
vide measures of all of these curricular levels. No one level provides
the single key to unlocking what content teachers teach or how curric-
ulum changes. We have some evidence that teachers make curricular
choices based, more than anything else, on their own background and
experience, and on their views of their students’ interests and abilities
(Klein, 1980). Yet teachers make these content decisions within the
parameters” of the institutional, formal, and ideal “curricula. These
other levels undoubtedly constrain the decisions teachers make, since it
is probably not often that science and mathematics teachers introduce
content outside of district and state curricula. More likely, they choose
to iriclude, emphasize, or exclude particular content from that available
in textbooks, materials, and formal guidelines. Unfortunately, we have
little information to document these -curriculum: decisionmaking -
processes or the extent of curriculum slippage from:one level ‘to the
next.

Multilevel curriculum monitoring could document the effects of vari-
ous curriculum sources on classroom practice and could answer the fol-
lowing kinds of questions: What curriculum represents the officially
adopted policies of states and local districts? What curriculum do
adopted texts and materials include? What curriculum characterizes
classroom practice? Where are there consistencies and inconsistencies
among various curricular levels? Where is the slippage most likely to
occur? These data could lead to well-informed curriculum policymak-
ing.

Operationally, however, an ideal monitoring system would have to
include parallel measures for state curriculum frameworks and stan-
dards, district curriculum guides, adopted textbooks, teachers’ instruc-
tional plans, and classroom instruction. Data collection and analyses
would require different methods at different levels. For example, data
about curriculum development and planning can be collected through
interviews and questionnaires from officials in state agencies, local dis-
trict administrators, and teachers, but state and district curriculum
frameworks and textbooks require content analyses. Observation and
journal-keeping are probably the best methods for collecting data at the
point of instruction in classrooms. Moreover, given the age and track-
ing differentiations of the curriculum noted earlier, all of these data
would be needed for several groups of students within each system.
Complicating matters further, few adequate measures exist for measur-
ing the curriculum at any level.



CURRICULUM 101

We will not pursue further the requirements for developing a
comprehensive set of curriculum indicators. By now, the point must be
clear: Substantial new measures and procedures for assessment will
have to be developed. However, even a quite elaborate monitoring sys-
tem will require compromises about the curriculum indicators to
include. Even with the best measures, a system including indicators of
all of the above would be costly and likely to collapse under its own
weight. We suggest later what those compromises might be.

Multiple Curricula and Curriculum Politics. Indicator develop-
ers acknowledge two critical and interrelated political issues as they
contend with the problems of multiple mathematics and science curric-
ula. The. first is the lack of a national consensus about what (and for
whom) science and mathematics curricula ought to be. This is a major
concern, since the definition of what curriculum should be is inex-
tricably ‘linked with views of what education itself should be. The
second issue is the problem of who should have the responsibility for
developing indicators, given the diversity of views about what they
ought to be.

There is considerable disagreement about what the mathematxcs and
science curricula should be. While nearly all educational professionals
and concerned citizens will rally around calls for better course content,
for updating textbooks to reflect scientific advances, or for placing
greater emphasis on higher-order thinking, when it comes to the specif-
ics, there is a substantial lack of a consensus about ideal curriculum
(Hurd, 1986). Moreover, conceptions of the best curriculum change
over time. For example, from the mid-1950s to the mid-1960s, the per-
ceived Soviet threat to American scientific prowess led to calls for a
heavy emphasis on basic science and mathematics disciplines—that is,
teaching science and mathematics as scientists and mathematicians
performed them at the time. Yet, in the more domestically focused
decade that followed, self-actualizing (e.g., minicourses, exploratory
experiences) and socially relevant approaches (e.g., ecologically, ethni-
cally, and culturally focused studies) became major curricular influ-
ences. Now, we see a trend toward a cognitive-processes approach
partly in reaction to disappointing achievement scores in problem-
solving and critical thinking. Some reformers embrace this approach
as they look to recent work in cognitive science as a basis for develop-
ing curricula (e.g., National Science Board, 1983). One study, however,
Project 2061: Phase I, “What understanding of science and technology
will be important for everyone in tomorrow’s world?” (American Associa-
tion for the Advancement of Science, 1985), is an example of a current
curriculum project reflecting a social-relevance perspective, in that its
central question is, What science should all citizens know to function
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well and make good public decisions in the future? The diversity of
conceptions of the ideal curriculum, how conceptions of the ideal
change over time, and the implications for science and mathematics
have been the topic of considerable scholarly work (Berliner, 1979; Eis-
ner and Vallance, 1974; Gay, 1980; Prakash and Waks, 1985; Shane
and Tabler, 1981). Essentially, however, the lack of curricular con-
sensus and changing emphases affect the development of curriculum
indicators .in . two important ways. First, judgments about what to
measure are inextricably related to how values-based questions such as,
What is worth knowing? are answered. Second, a deeply-rooted
national tradition ‘supporting local control and curricular - diversity
makes any federal involvement in answering these questlons prob—
lematic (Boyd, 1979; Noddings, 1979).

Paralleling the problem of the lack of consensus about what the sci-
ence and mathematics curriculum ought to be are conflicts about the
appropriate role of the federal government in influencing school curric-
ula. The implementation of a set of national science and mathematics
curriculum indicators will undoubtedly raise the specter of a national
science and mathematics curriculum. The prospect of federal develop-
ment of any single set of curriculum indicators is particularly trouble-
some.

Historically, states and localities have cherished their constitu-
tionally protected right to determine the content of schooling and
preserve their differences—even though the differences may be largely
illusory. Matters of textbook selection and course development are
usually left to local districts—sometimes within a set of state-approved
choices. Moreover, there is considerable individual school and teacher
discretion in how materials are used and courses designed. National
curriculum indicators threaten the exercise of local discretion and the
local control that maintains it.

Given this sensitivity to local interests (compounded by the lack of
national consensus about ideal curriculum content), it would be unwise
to adopt any set of curriculum indicators without careful consideration
of the political implications of doing so. Many will see curriculum
indicators as reflecting arbitrary federal preferences and will interpret
their development as an effort to impose a nationalized curriculum in
mathematics and science. If state and local policymakers or educators
challenge the legitimacy of indicators, they may resist—and even
subvert-—indicator development and implementation.
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Determining Effective Curricula: The Limits
of Empirical Studies

There is very little research literature that attempts to identify
effective curricula. Typically, expert opinion and tradition, rather than
empirical findings, have guided choices about what curricula to offer
students. Moreover, in those studies that have compared the effective-
ness of specific curriculum designs (sequenced steps toward skill
mastery, or individualized learning approaches in mathematics, for
example), researchers have found few advantages to particular designs.
A more typical conclusion is that there are both strengths and
weaknesses in any curriculum design or structure (Fey, 1982). o

However, some empirical work has demonstrated that “new science
curricula” (those developed after 1955) have a more positive effect on
student achievement and attitudes than traditional approaches (Shy-
mansky, Kyle, and Allport, 1983). The new curricula (including many
sponsored the National Science Foundation (NSF)) emphasize the
structure of science, integrate laboratory activities with knowledge
acquisition, and stress better cognitive skills. Their creators have tried
to diverge from traditional science curricula’s emphasis on facts, laws,
theories, and more tangential laboratory work.

The existing empirical studies are of limited use for indicator
development. First, their focus has generally been on the effectiveness
of the total curriculum rather than the contribution of particular curric-
ular elements (e.g., content, emphases, or design features) to student
results. Also, few of the studies controlled for the fidelity with which
the new curricula were implemented. Most often, the only criterion for
inclusion in these evaluation studies was whether or not a pre- or
post-1955 curriculum was adopted; there was no consideration of
whether curricula were being implemented in new or traditional ways.
While there is undoubtedly some overlap, the studies can tell us only
about outcomes related to the formal curriculum level, not to the cur-
riculum actually experienced in classrooms.

However, a more fundamental and obvious problem is that the form
and content of the outcome measures used in studies linking particular
curricular dimensions to student outcomes will nearly always dictate
which curriculum emerges as most effective. In other words, the curric-
ulum identified as most powerful for particular results will almost
invariably be the curriculum that is most closely aligned to the content
and processes assessed. Therefore, even if a wealth of curriculum
effectiveness studies existed, they would offer little more than circular
arguments for means of achieving one or another set of science and
mathematics results. This would not be a major problem if there were
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universal agreement about what science and mathematics results are
most desired. But, as noted earlier, opinions vary.

Curriculum indicator selection and development, then, must begin at
a more primitive level. We must determine what the central domains
of curriculum are, make judgments about the value of reporting these
domains as indicators, and then suggest which specific curriculum vari-
ables should be measured to provide indicators of these central
domains. In the process, indicator developers must recognize the plu-
ralism of the curriculum in American schools and select indicators that
allow for legitimate differences in curricula. The data should provide
comparable, - descriptive information about key curricular elements
common-to all schools—no easy task. .

DEFINING CURRICULUM DOMAINS: TARG‘ETS;'
FOR INDICATORS :

. The conventionally accepted definition of curriculum is content.
Typically, the content of a subject area includes the concepts, topics,
and skills that make up the substance of the subject. Science, for
example, includes broad content subdivisions (e.g., earth science, physi-
cal science, biological science); mathematics typically includes such
major subdivisions as number theory, arithmetic, algebra, geometry,
probability and statistics, and calculus. Within each of these major
subareas, extensive sets of concepts, topics, and skills constitute the
content of these subjects. Content, then, is a central and easily
agreed-upon domain of curriculum.

But students experience science and mathematics differently
depending on the depth to which they explore particular content, the
mode and sequence of teachers’ presentations, and the materials teach-
ers use to help convey subject matter. Perhaps most important, teach-
ers’ goals drive the curriculum—what they hope to accomplish as they
present science and mathematics content. A system of curriculum
indicators must account for all these important domains if policymak-
ers are to better understand what science and mathematics students
are given an opportunity to learn, and whether reforms should be tar-
geted at particular curricular elements.

Breadth of Content Coverage

One target for an indicator system, then, is to describe the range of
science and mathematics topics and skills being offered to students.
We can justify indicators of this aspect on both empirical and logical
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grounds. Considerable empirical research reinforces our intuitive sense
that what teachers teach influences what students learn (Crosswhite et
al., 1985; Husen, 1967; McKnight et al., 1987; Wolf, 1977).

At the most basic level, elementary and secondary students’ science
and mathematics achievement depends on whether schools expose
them to these topics and skills (e.g., Welch, Anderson, and Harris,
1982). The International Association for the Evaluation of Educa-
tional Achievement (IEA) showed that U.S. students fell progressively
further behind those of other countries as their opportunities to learn
the topics covered on a science test diminished (e.g., Wolf, 1977;
McKnight et al., 1987). At the secondary school level, both the number
and type of courses students take are related to achievement. Horn
and Walberg’s (1984) analysis of mathematics achievement data for

'1,480 seventeen-year-olds who participated in the National Assessment

of Educational Progress (NAEP) provides ample evidence of the influ-

ence of coursetaking. For example, students taking a relatively
f'ad'vancéd course such as analytic geometry exhibited greater achieve-
ment than those taking classes in elementary algebra. A Wisconsin

Center for Education Research analysis of High School and Beyond

data (cited in Raizen and Jones, 1985) showed that the number of
mathematics courses taken influences achievement even when race,
sex, previous mathematics achievement, and socioeconomic status
(SES) are controlled for.

These findings imply that curriculum indicators should include
measures of the range of mathematics and science content schools offer
to students. At the grossest level, these indicators will give an over-
view of students’ “opportunity to learn” these subjects.

Depth of Content Coverage

However, measuring the range of content covered will not measure
students’ opportunity to learn various dimensions of mathematics and
science. More problematic, indicators that simply report whether or
not students have covered particular content will provide policymakers
with few clues about why some schools, districts, or states that cover
the same topics achieve quite different results. Consequently, indica-
tors should also report the depth to which teachers have students
explore mathematics and science content. This can help policymakers
judge whether the curriculum can help students develop an understand-
ing of mathematics and science.

The apparent simplicity of developing content coverage indicators
(e.g., checklists of whether students are taught partlcular topics and
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skills) disappears when we attempt to assess and report the depth of
content. The task becomes exceedingly difficult if we wish to juxtapose
the depth of coverage offered with the depth that particular students
need to understand.

The central problem of developing indicators of whether the curricu-
lum provides the depth of coverage required for understanding is the
constructive nature of knowledge in science and mathematics. Stu-
dents do not just absorb information, but actively construct an under-
standing of the concepts presented to them (Osborne and Wittrock,
1983; Wittrock, 1974). Students compare what they see and hear in
class with their previous conceptions (Fig. 5.1), so when science and
mathématics concepts differ from pupils’ previous understanding,

" instruction can fail miserably: Students may read the textbook or per- :

form ‘f,hé experiment without constructing a correct understanding of
the 'cpncepts being cqvered‘ Anderson and Smith (1986) cite the
answers of four fifth-grade students on a test administered before and

_after a widely used six-week unit on “producers.” In this unit, students
‘participated in a series of experiments and discussions designed to

teach them that plants do not consume food, but produce it through
the process of photosynthesis. Only 7 percent of 213 students correctly
learned the idea that plants get food solely by making it themselves
(Roth, Smith, and Anderson, 1983). The students’ previous concep-
tions that all living things ingest food was in conflict with the point of
the science unit—and the misconception clearly prevailed for the
majority of the students. ,

Results such as those reported by Anderson and Smith (1986) are
common. Students experience conceptual difficulties at both secondary
and elementary levels in many scientific fields (e.g., Driver and Easley,
1978; Driver and Erickson, 1983; Gilbert and Watts, 1983). For exam-
ple, pupils have misconceptions concerning the concepts of force
(Champagne, Klopfer, and Gunstone, 1982; Clement, 1982), gravity
(Watts, 1982), electricity (Osborne, 1981), and living (Brumby, 1981).

The research cited above primarily involves students’ understanding
of scientific concepts, but students can also have difficulty understand-
ing procedures. For example, Erlwanger (1975) conducted a case study
with “Benny,” an elementary school child whose classroom had
adopted an individualized curriculum. Students moved at their own
pace, taking instructional units that began with a pretest, followed by
instructional materials and a posttest. Benny was making superior
progress in this program, and his teacher considered him to be one of
the best pupils in the class. But Benny said that 2/1 plus 1/2 equals 1,
and 2/10 expressed as a decimal was 1.2. Further discussions with
Benny revealed that Benny had idiosyncratic and erroneous ideas
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Fig. 5.1—Representation of how children learn science concepts

about mathematics which he believed worked like “magic, because
really they’re just different answers which we think they’re different
but really they’re the same” (p. 173). Although he used these ideas to
justify results such as 1 = 4/4 or 1 = 1/2 + 1/4 + 1/4, he also used
them to justify 4/11 = 1.5 or 11/4 = 1.5. The finding that children
develop their own maladaptive understandings and procedures in
mathematics is not unique to Erlwanger’s work. Brown and associates
(Brown and Burton, 1978; Brown and Van Lehn, 1980) demonstrated
that children’s errors in subtraction are rule-governed and might be
considered analogous to faulty computer algorithms.

Resnick (1976) proposed a model of covering arithmetic concepts by
bringing together the “structure of the task as defined by the subject
matter, the performance of skilled individuals on a task, and a teaching
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or acquisition routine that helps novices learn the task” (p. 73). This
mode! (Fig. 5.2) suggests that we cannot think of the mathematics and
science curriculum as a body of knowledge to be poured into students’
heads. Rather, the curriculum presents students with opportunities for
developing bridges which lead to mature understandings of content
material. This model implies that curriculum must (1) adequately
display the underlying structure of the subject matter, (2) be easy to
demonstrate or teach, and (3) be capable of transformation into an effi-
cient performance routine (Resnick, 1976, p. 74).

What do these observations on the depth of coverage required for
students’ conceptual understanding mean for curriculum indicators?
The case study of Benny shows that topic coverage is not the only cri-
terion for judging the quality of curriculum, and it suggests that con-
tent coverage and student understanding are not always compatible
curricular goals. ‘Benny was covering topics quite well, but at the
expense of true understanding. The curriculum Benny experienced was
poor because there was evidently no provision: for checks on. the stu-
dents’ understanding. Indicators intended to report the depth of cover-
age in the curriculum would have to come from measures that assess
the curriculum’s inclusion of (1) conceptual questions for student

B
Teaching or
acquisition
routine

Performance
routine

Empirical information
processing analysis

Source: Resnick, 1976

Fig. 5.2—Relations among teaching routines,
perfor_mance routines, and structure of subject matter
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exploration, (2) a variety of concept interpretations, and (3) challenges
to students’ current misconceptions about science and mathematics.

Mode and Sequence of Presentation

A third central element of the mathematics and science curriculum
is how content is sequenced and the mode in which teachers and texts
present it to students. This dimension is critical to whether students
have an opportunity to learn mathematics and science as simply series
of facts and rules, or as tools for solving problems in the real world.
For example, Schoenfeld (1983) suggests that many teachers present
science and mathematics content-related tasks to children as mere
exercises, rather than as problems they can solve. For example, a
problem is only a real problem (as mathematicians use the term) if you
don’t know how to go about solving it. A problem that holds no
surprises. and that students can solve comfortably by routineorkfa'mil—
iar procedures (no matter how difficult!} is an exercise.. This latter
description applies to most of the “word problems” that students
encounter in elementary school, and to “mixture problems,” “rate prob-
lems,” or other standard parts of the secondary curriculum (Schoenfeld,
1983, p. 41). ,

Even if students are being exposed to real problems, indicators are
needed to show the degree to which students have opportunities to
learn to use heuristics and an organized approach to solving problems.
Polya (e.g., 1957, 1962, 1965) has propcsed that mathematics students
need to learn heuristics or actions that assict in the discovery of a
problem solution, stating that “heuristical reasoning is reasoning not
regarded as final and strict but as provisional and plausible only, whose
purpose is to discover the solution of the present problem” (Polya,
1965, p. 113).

Suydam (1980) has reviewed the literature on teaching heuristics
and writes that “research evidence strongly concurs that problem-
solving performance is strongly enhanced by teaching students to use a
wide variety of strategies or heuristics, both general and specific” (p.
43). Lester’s (1980) review provides a less positive interpretation of
the evidence, while Schoenfeld’s (1982) summary suggests that the
better-controlled studies provide evidence favoring heuristic training.
He proposes that students need not only a group of problem-solving
heuristics, but also a “managerial strategy” to budget time efficiently
and prevent “wild goose chases.”

Schoenfeld’s conclusions suggest that an important indicator of cur-
riculum would report the degree to which mathematics and science
content includes presentation modes that emphasize heuristics and
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managerial strategies—strategies used by experts. In a study that
sheds light on this type of indicator, Larkin et al. (1980b) compared
the problem-solving strategies and managerial skills of novices and
experts in solving physics problems. The experts differed from the
novices in their perception of the problem. The novices were bound to
the concrete characteristics of particular questions, while the experts
developed more abstract representations which allowed them to disre-
gard irrelevant aspects of the problems and prevent “wild goose
chases.” The experts looked at the particular problem by reference tc
its structural properties, which also allowed them to use less of their
memory capacity in remembering relevant aspects of the problem (e.g..
Simon, 1979). ,

This review suggests that curriculum indicators should provide infor- -
mation about the degree to which students experience thé curriculum
in-a problem-solving mode rather than as exercises that ‘are relatively -
straightforward: translations of procedures. A curriculum emphasizing
problem ‘solving would have a rather flexible approach-to ‘the sequenc-
ing and pacing of topics. The implication is that rather than having
students ‘proceed through a preset series of topics and skills, teachers
should view those who are “stuck” as in an honorable state—a state
‘that provides an opportunity to bring in other ideas, and a major ave-
nue for improving one’s understanding and thinking.

If a monitoring system is to provide information about the mode of
presentation and sequencing of curriculum, particularly in relation to
students’ development of problem-solving abilities, the following might
be useful indicators: (1) the number of problems. presented that are
not straightforward applications of the textbook; (2) the number of
problem-solving heuristics presented to students; (3) the number of
times students redo homework problems to learn them in a more
optimal manner; (4) the number of times students are expected to
explain the managerial strategies they use in solving problems; (5)
opportunities for hands-on, learning-by-doing engagement with con-
tent; and (6) teachers’ flexibility with the sequencing of content.

Textbooks and Materials Used

A fourth central element of curriculum is the array of textbooks and
other curriculum materials used by teachers to convey subject matter.
Textbooks and curriculum materials both offer explicit suggestions for
science and mathematics lessons, and they influence teachers’ content
selection. Of all the sources of subject-matter knowledge (e.g., treatises
by subject-area scholars, recommendations of professional organiza-
tions, state and district curriculum guides, etc.), texts are closest to the
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classroom. Moreover, mathematics and science teachers cite textbooks
and other commercially produced curriculum materials as important
influences on content selection (Klein, 1980; Stake and Easley, 1978;
Weiss, 1978). Consequently, they should be targeted for indicator
development. Some work in this area provides models and concepts to
guide analysis (Armbruster and Anderson, 1981; Deese, 1981; Kuhs et
al., 1979; Walker, 1981). However, most efforts to assess textbooks do
not produce sufficient quantifiable information for useful indicator
development.

Goals

The final central element of curriculum that we recommend for indi-
cator development is the goals teachers have for their students in sci-
ence and mathematics. Despite the variations in curriculum noted ear- .
lier (e.g., among different age and ability levels), recent studies suggest
that the actual range of topics schools present in the mathematics and
science curricula may be quite narrow (Freeman et al.,, 1983a; 1982b;
Goodlad, 1984). Other work suggests that students in most schools
may spend most of their time in both subjects studying low-level termi-
nology, facts, and operations (Romberg, 1983; Rowe, 1983).

Despite the similarity in content coverage, schools and individual
teachers appear to disagree about the goals of science and mathematics
education: Should students study mathematics and science to gain
fundamental concepts and master basic skills? Should students study
these subjects to become more interested in them? Should students
learn knowledge that will help them prepare for further study in sci-
ence and mathematics? Should these subjects help students develop
problem-solving or inquiry processes? Should they help students to
better understand and solve the problems of daily life? And so on.
Which of these goals are most important will affect decisions about the
other curricular elements. For example, a recent analysis of fourth-
grade textbooks and standardized achievement tests in mathematics
found the degree of emphasis on conceptual understanding, skill
mastery, and applications to be quite different (Freeman et al., 1983a),
and teachers using the same texts or curricular guidelines emphasized
quite different aspects of the included material (Freeman et al., 1983b;
Berliner, 1979). Therefore, indicators of curricular goals will provide
useful clues to policymakers about influences on other curricular ele-
ments.
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TOWARD A USEFUL AND MANAGEABLE SET
OF CURRICULUM INDICATORS

Ideally, curriculum indicators should provide information about the
range of content covered, the depth to which each topic is presented,
the mode and sequence of presentation, the text and materials teachers
use, and teachers’ curricular goals. These indicators should span the
range of curricular levels—from ideal conceptions, to curriculum policy,
to formal planning by schools and teachers, to classroom experiences.
Additionally, indicators at different ages and for students of differing
abilities should provide information about the age at which various cur-
ricula are taught, and what curricula schools offer to students identi-
fied as more and less able in these subjects.

The intent of this section is to specify what indicators would provide
the most useful information about the curricular domains identified
above. First, we will define a comprehensive set of indicators that
would capture a great deal of useful information. Then we will suggest
a more limited set that, given the current limited “state of the art” of
curriculum measurement, can provide the most useful and manageable
benchmarks about the science and mathematics curriculum.

Ideally, we recommend the following four types of curriculum indica-
tors:

e  Curriculum policy indicators to provide information about the
curricula states and local districts are attempting to imple-
ment. ;

e  Curriculum practice indicators to describe the range of curri-
cula covered in classrooms.

e Curriculum materials “quality” indicators to assess the match
of extant curriculum with expert opinion.

e State- and locally-developed indicators to augment national
indicators with specific curriculum information of local con-
cern—e.g., matters of content coverage, approaches, depth,
sequence, and emphasis related to local goals.

Curriculum Policy Indicators

The first set of curriculum indicators will provide quantitative data
about generic curricular policies in all states and local districts, and at
the state, local education agency, and school levels. They will describe
the general nature of those policies (as reflected in state, LEA, and
school legislation, regulations, guidelines, or other formal curriculum
documents) and can serve as indicators for national description and
comparisons.



CURRICULUM 113

e Content: The extent to which states, districts, and schools
set policies regarding the content of mathematics and science
education and the emphasis placed on the following types of
content: (1) number and types of courses required (at the sec-
ondary level); (2) time on subjects at the elementary level; (3)
specification of major content areas and/or concepts,
processes, and skills. The following are examples of major
content areas:

— Science: life science, earth science, physical science.

— Mathematics: whole number arithmetic, spatial relations,
measurement, fractions, coordinate geometry, algebra, and
statistics. ;

— Technology: awareness (literacy), use (word processing,
etc.), and instructional aids such as computer-assisted
instruction (CAI).

e Sequencing: Policies regarding sequencing of courses and
within-class content-—e.g., whether content is sequenced
according to behavioral psychological learning principles (e.g.,
Gagne, 1968), historical development (Tyler, 1949), or spiral-
ing of organizing elements and themes (Bruner, 1960;
Goodlad, 1979), or is presented as real problems (Schoenfeld,
1983; Polya, 1965).

e Mode of presentation: What policies states, districts, and
schools set regarding the mode of mathematics and science
education (e.g., presented as facts students should learn or as
problems they can solve) and the extent to which lectures,
texts, and activity-, field-, or laboratory-based experiences are
mandated.

s Textbooks and materials: The extent to which states, dis-
tricts, and schools set policies or guidelines for the adoption of
textbooks and curriculum materials and the type of policies
used. Two types are particularly relevant: (1) the extent to
which written materials (textbooks, activity cards, work
sheets, student writing) and laboratory or manipulative “hands
on” materials) are used, and (2) the extent to which teachers
and/or curriculum specialists use subject-area experts, curricu-
lum guides, textbooks, other materials, and their own back-
ground and experience as content sources in planning and
implementing curriculum.

e Goals/objectives: The policies states and districts set
regarding the goals and objectives for mathematics and science
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education, and the extent to which they include (1) under-
standing fundamental science and mathematics concepts and
procedures, (2) coverage of basic knowledge and skills, (3) the
development of problem-solving skills, (4) awareness of the
role of science in contemporary life, (5) developing positive
attitudes, (6) encouraging involvement and participation, and
(7) awareness of and opportunities to pursue science-,
mathematics-, and technology-related career options.
Curriculum differentiation: The policies that. are set
regarding prerequisite course requirements, the use of ability-
grouped classes, and the provision of remediation and enrich-
ment opportunities. These indicators would describe the
extent to which all students have access to the mathematics
and science curriculum, and also the extent to which: the core
curriculum is buttressed with advanced materials and experi-
ences for students with special interests, and supplementary
materials and experiences for students needmg add1t10nal sup-
port in'science and mathematics.

Curriculum Practice Indicators

Curriculum practice indicators are global indicators of -the curricu-
lum actually in place at the classroom level; they report the same ele-
ments as the policy indicators above. These descriptive data are also
appropriate for national descriptions and comparisons.

Breadth of content coverage: Teachers’ coverage of partic-
ular topics, processes, and skills.

Depth of content coverage: The depth to which teachers
cover particular topics, processes, and skills.

Sequencing: The order in which topics are presented in the
classroom or the ordering of courses available to students.
Mode of presentation: The frequency with which teachers
employ factual presentation and/or problem-solving strategies
in science and mathematics (e.g., lecture, paper-and-pencil,
problem-solving, or learn-by-doing activities such as lab-based,
activity-based, or field-based approaches).

Textbooks and materials: The textbooks and materials
teachers use; the recency of curriculum materials; the percen-
tage of the text covered during the course or year; and teach-
ers’ judgments of the suitability of the texts.

Goals and objectives: The extent teachers emphasize vari-
ous curriculum goals and objectives in science and mathemat-
ics classes.
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These curriculum policy and curriculum practice indicators are likely
to be robust across diverse conceptions of the curriculum and across
local variations in curricular emphasis and should remain relevant even
as specific content and emphases change over time. As such, they per-
mit description and comparison of sustaining curricular elements and
allow tracking of non-trivial changes in what science and mathematics
students are learning and of changes that follow the adoption of new
policies.

Policymakers and educators could also use these indicator data to
determine where curricular consensus exists and where there is diver-
sity in judgment and practice. However, we must exercise considerable
_caution when using these data for comparing curriculum guality in
states and local schools. The indicators will not capture essential cur-
riculum details, so they can compare and track only the most general
curricular differences and policy effects.

Second, because these data would report the inclusion of partlcular
curriculum specifics, their comparative use could encourage a counter-
productive quantitative view of curriculum quality. That is, results
could easily be interpreted to mean “more is better”—i.e., the curricu-
lum that covers the most topics and skills is the best curriculum.
Administrators and teachers could be pressed by these comparisons
into emphasizing content coverage rather than depth of understanding,
a trend that is already of considerable concern to many science educa-
tors (see, for example, Rowe, 1983; Yager, 1981a).

Models for some curriculum practice indicators exist in the Class-
room Process Questionnaires developed for the Second International
Mathematics Study (IEA, 1980) and in measures developed by the
Ontario Assessment Instrument Pool (McLean, 1985). (See Blank and
Raizen, 1985, for a more detailed discussion of curriculum content
measures.) The IEA also used questions about the number of problem-
solving approaches in its Second Study of Mathematics.

Most of these indicators, however, require much developmental
work. For example, no current indicators measure the depth of cover-
age in a way that reveals whether students are likely to develop con-
ceptual understanding. Such indicators would probably need to focus
on the curriculum’s inclusion of (1) a focus on conceptual questions, (2)
presentation of a variety of concept interpretations, and (3) challenges
to students’ misconceptions. Their development will require consider-
able pathbreaking work. Similar difficulties will plague the develop-
ment of most of the indicators suggested here.
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Curriculum Quality Indicators

Curriculum quality indicators would report expert assessments of the
quality of the formal curriculum as represented in state, district, and
school curriculum guides, and in the most widely used commercially
produced textbooks and curriculum materials. These data would per-
mit assessing the match of the extant curriculum to a consensus of
expert opinion of the ideal. Three quality indicators are proposed:

e Scientific accuracy of curriculum content: How well the
curriculum reflects scientific and mathematical knowledge as
judged by an expert panel of scientists and mathematicians,
science- and mathematics curriculum scholars, cognitive
psychologists, educational policymakers, and practitioners.

e Congruence of curriculum with “expert” judgment:
How well the curriculum reflects the opinions of an expert
panel  of scientists and mathematicians, science and
mathematics curriculum scholars, cognitive psychologists, poli-
cymakers, and practitioners regarding the inclusion of and
emphasis given to various goals and objectives, concepts,
processes, and skills.

e Pedagogical appropriateness of curriculum content:
How well the curriculum matches the cognitive needs of stu-
dents as judged by an expert panel of scientists and mathema-
ticians, science and mathematics curriculum scholars, cogni-
tive psychologists, educational policymakers, and practitioners.

Textbook quality stands out as a particularly crucial curricular
domain. Textbooks are arguably the single most important influence
on many teachers’ choice of exercises (e.g., Freeman et al., 1983ab);
National Advisory Committee on Mathematics Education, 1975). Thus
an essential consideration is whether textbooks present conceptually
correct explanations. Warren (1979, App. 2) includes several pages of
inaccurate or misleading quotations from physics textbooks.

The congruence of texts with experts’ views of the science and
mathematics curriculum can provide an important evaluative frame-
work for selecting texts. This is particularly important, since text-
books vary greatly in the degree to which they overlap with standard-
ized achievement tests on the intent of the problems they present (con-
ceptual understanding or application), the topics covered, and the
operations required (Freeman et al., 1983a,b); see Table 5.1.

In addition to knowing the content and procedures covered by text-
books, it would also be useful to know the degree to which a particular
text stresses thinking skills. Akers (1984) suggests that the following
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Table 5.1

PERCENTAGE OF TEST OVERLAP WHEN TEACHER USES VARIOUS

METHODS OF DELETING MATERIAL FROM TEXTBOOKS*

Basics  Basics
With  Without Manage-
Total Textbook, Selective Measure- Measure- ment by

Test Book Bound Omission  ment ment Objectives
(items) (209/69) (157/47)  (168/52) (167/59) (150/54) (23/13)

CTBS-1 (98) .

S, 86.7 83.7 86.7 82.7 79.6 45.9

S 62.2 61.2 62.2 61.2 60.2 40.8
CTBS-II (98) S

Sy 86.7 75.5 79.6 81.6 76.5 31.6

S 50.0 39.8 40.8 480 . 46.9 24.5
Towa (104) )

Si 79.8 74.0 74.0 76.0 75.0 40.4

S 53.8 50.0 50.0 52.9 51.9 35.6
.Metropolitan (50)

S 88.0 70.0 68.0 82.0 72.0 18.0

Sy - 60.0 48.0 60.0 58.0 .-~ 46.0 18.0
Stanford (112)

S; 63.4 60.7 59.8 58.0 57.1 23.2

So 35.7 31.3 31.3 321 30.4 17.9

SOURCE: Freeman et al., 1983. .
*Numbers of S,/S; items are shown in parentheses; S; = test items that focus

on topics that satisfy the minimum standard (i.e., topics covered by 3 or more text-
books; S, = test items that focus on emphasized topics (i.e., topics covered by 20 or

more textbook problems).

questions be asked of textbooks:

1.

Are there problems that require students to think about and
analyze situations? Aker suggests that as an alternative to
word problems that require simple computations, textbooks
should include some thought problems. For example, texts
might ask students who are learning fractions to evaluate
statements according to whether they make sense, such as,
“One-half of the students are boys, and two-thirds of the stu-
dents are girls,” or “One-half of the students are boys, and
two-thirds of the students are wearing jeans.”

Does the text feature sets of problems that call for more than
one arithmetic operation? Textbooks often ask for repeated
applications of the same operation without requiring students
to choose which operations are actually appropriate.

Are there problems that contain extraneous and/or insufficient
information? For example, very large proportions of 9- and
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13-year-olds can be confused by the question, “One rabbit eats
2 pounds of food each week. There are 52 weeks in a year.
How much food will 5 rabbits eat in one week?” Apparently
the addition of the irrelevant information about the number of
weeks in a year made the problem difficult for students.

4. Are problems with more than one correct solution included?

5. Are there opportunities for students to use their own data and
create their own problems?

6. Are students encouraged to use a variety of approaches to solve
each problem?

7. Does the textbook encourage students to estimate thezr answers

and to check their results?

8. Is a problem-solving approach used to teach all strands of the
mathematical program? (Akers, 1984, pp. 34-35).

Finally, curricalum materials quality indicators will help to evaluate
the pedagogical appropriateness of the curriculum, i.e., how well the
content presented matches the cognitive and other (e.g., motivational,
cultural) needs of students. In particular, do the selection and presen-
tation of content take into account students’ mental models of science
and mathematics concepts and processes? As noted earlier, the degree
to which students are able to understand scientific concepts is affected
by their previous understandings of these concepts. If their prior con-
ceptions are quite different from those being presented, students may
learn to answer questions about concepts correctly or perform experi-
ments accurately, without understanding the meaning of what they are
“learning.” Unless curriculum explicitly confronts students’ current
conceptions, their faulty understanding of propositions and procedures
is likely to persist. Thus, the degree to which the curriculum builds
bridges that lead the student from naive or erroneous conceptions to
mature understanding is of paramount importance.

Local Emphasis Indicators

A fourth set of indicators would assist state and local policymaking
and improvement efforts. This set would include “empty’ slots” that
states and local school districts could develop into indicators of their
own curriculum priorities and special emphases. This would signal
national support for and legitimacy of curricular diversity and would
provide curriculum-relevant data for comparison of local programs with
local standards, as well as the monitoring of local curricula over time.
Locally generated data are likely to be used for program improvement.
A model for local indicator development is California’s Quality
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Indicator project, where districts select local indicators to fill out the
information provided in the state profile (California State Department
of Education, 1984b).

Curriculum evaluation work suggests that national, state, and local
collaboration can generate accurate and useful data collection and allay
worries about the imposition of national indicators. (See Baker, 1984,
for a discussion of a combined “top-down/bottom-up” approach to edu-
cational evaluation.) However, without a great deal of support and
technical assistance, local educators are unlikely to develop indicators
or use them productively. The federal government could identify
models to guide state and local indicator development, and. states could
provide the technical assistance required to actually produce the
desired indicators. ~

Curriculum Indicators: First Priorities

The indicators recommended above should be minimally imple-
" mented as follows. First, while all of the curricular levels are essential
for understanding what mathematics and science schools teach, the
“implemented” curriculum is the most important, since that is what
students experience. Whether state and district policies are directed at
particular sequences of concepts, processes, topics, and skills makes
relatively little difference if students are not experiencing that curricu-
lum in classrooms. The danger, of course, is that assessing only the
implemented curriculum may lead the unsophisticated to assume that
teachers are the sole determinants of content quality and that they
make decisions independent of other curricular levels. Nevertheless,
monitoring the curriculum in classroom lessons will provide the most
useful information about what content students have an opportunity to
learn.

Operationally, curriculum practice indicators must have top priority.
Observation would provide the most accurate data about the curricu-
lum of the classroom, but it is not practically possible to observe the
curriculum in schools across the nation. The resources required to
conduct observational data-collecting for an entire school year in more
than a very small sample of schools would be staggering, and data
analysis would be an equally horrendous task. A more reasonable
approach, then, would be to ask teachers to report what curriculum
they teach during the year. Teachers are a better data source than stu-
dents in this regard, since students can report only what they have
already experienced (if they recognize it in the terms we might ask
them) and cannot project to the end of the school year.
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Developing curriculum practice measures will require considerable
new research, since these constructs have not been the focus of data
collection efforts. An essential component will be validation studies to
determine the accuracy of teacher reports. The IEA instruments (IEA,
1980) include examples of items asking teachers about specific content
coverage and depth that provide good models. A more elaborate moni-
toring system could supplement teacher surveys with observational
data during a specified time period in a smaller sample of classes.

Curriculum materials quality indicators should also be a top priority
for monitoring, even though they will require extensive developmental
work that is likely to be costly, cumbersome, and time-consuming.
Most previous textbook analyses have attended only to the scope and
sequence of content and skills and stylistic features of texts, ignoring.
the other essential issues outlined earlier. Curriculum materials quality
indicators will provide information that can assist policymakers in
selecting textbooks and in linking textbooks in use, teaching and
instruction, and student outcomes.

Finally, curriculum practice and curriculum quahty 1nd1cators must
be measured at more than one elementary grade level (perhaps one
grade each in grades K-3 and 4-6) and for various secondary ability
and achievement levels. No composite picture can accurately describe
the differentiated mathematics, science, and technology curricula in the
nations’ schools. Information is needed about (1) mathematics and sci-
ence curriculum at the primary (K-3) and intermediate (4-6) elemen-
tary grade level; (2) mathematics and science experienced by students
in high-, average-, and low-ability classes at the junior high
school/middle school level; and (3) the content of college-preparatory
and non-college-preparatory courses at the senior high school level.

Our recommendations for indicators do not resolve these concerns.
However generic the indicators, specific items will measure whether or
not certain content areas are covered, the extent to which they are
covered, how they are presented, etc. These will not be open-ended
items that might convey an equality among responses. Rather, they
will more likely be checklists. For example, questionnaire items like
the following could be used for gathering quantifiable data:

e  Please indicate which of the following topics you taught this
year (followed by a list of topics).

e Please indicate for each of the following skills taught, whether
you (a) introduced students to the skill, (b) expected students
to exhibit mastery of skill, or (c) expected students to apply
the skill in novel circumstances.



CURRICULUM 121

e Please list the number of laboratory experiments students
conducted in this class during the past month.

Such questions (even if developers intend them to produce descriptive,
non-evaluative data) send messages about what curriculum is valued.

SUMMARY AND CONCLUSIONS

Historically, curriculum evaluation has been performed at the local
level and rests on the assumption that some consensus exists about
curricular goals and processes. That consensus comes either from
expert judgments or from stakeholder preferences. But although cur-
riculum evaluation usually focuses on the identified areas of agreement
(see Hamilton, 1981), few grounds exist for assuming national con-
sensus regarding the most critical content, sequences, and modes of
presentation. Nor can we be confident that we could easily reach such
a consensus or that reaching it would be perceived as a legitimate .
federal activity. A nationwide consensus of expert opinion would prob-
ably diverge considerably from local practice; further, many would view
it as an imposition of a national curriculum. While a consensus might
be developed among local practitioners regarding some curricular areas,
those areas might not be the most critical for comparing curricula over
time or with some standards of curricular quality. Further, stakeholder
consensus is likely to exist only at such a general level that the infor-
mation gained would be of little use in monitoring.

Despite the apparent inappropriateness of any individual approach,
together the approaches described in this chapter provide a useful guide
for curriculum indicator development. Although there is little national
consensus about curricular specifics, there are some generic dimensions
of curricular policies and practices that, if measured in states, districts,
and schools could provide a core of descriptive information about cur-
riculum without assuming any particular evaluative stance. These poli-
cies include broad curricular parameters—content breadth and depth
(topics and skills covered); content sequencing; modes of presentation;
textbooks and materials used; and goals. The information gained from
these indicators will be useful for broadly describing the science and
mathematics curricula in use and for monitoring the effects of policy.

To get some sense of how mathematics and science curricula mea-
sure up to informed ideal concepts, we recommend a limited set of cur-
riculum materials quality indicators. These can be based on the collec-
tive judgments of panels representing a variety of areas of expertise:
mathematicians and scientists; curriculum scholars in these fields; cog-
nitive psychologists; educational policymakers; and practitioners. The
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indicators could enable evaluation of the importance, accuracy, and
pedagogical appropriateness of the official, documented curriculum
being offered to students.

Because assessing curricula is complicated by the existence of both
differentiated curricula in science and mathematics and multiple levels
of curriculum decisionmaking within the educational system, we believe
that teachers and textbooks are the most useful and feasible data
sources, that the most appropriate units of analysis are classrooms at
various grades and ability levels, and that curriculum indicators can be
used best for providing a comprehensive picture of the science and
mathematics being taught in the nation’s schools. Finally, to capture
the curricular details that are crucial to state and local assessments of
curricular quality and that can be useful for monitoring the effects of
local policy efforts, we also recommend that states and local districts
develop their own indicators to use in conjunction with national curric-
ulum indicators. ;

The multiple approach to curriculum indicators seeks to provide
descriptive and comparative data about important curriculum policies
and practices nationally, without threatening the values of diversity
and local responsibility. Undoubtedly, many will see such an approach
as a considerable compromise compared with a system that might
directly measure the quality of the science and mathematics curriculum
according to a set standard. Some may find this approach a woefully
incomplete means of determining what science and mathematics cur-
ricula students are experiencing in school. But despite these and other
difficulties with identifying and developing curriculum indicators,
knowledge about the curriculum is fundamental to understanding the
health of the educational system.



Chapter 6

INSTRUCTION

Neil Carey

OVERVIEW

Instruction is the “how” of science and mathematics education—it
consists of the policies, practices, and social climate in particular
classes.” Instruction results from the interaction of the teacher, the stu-
dents, and the curriculum (the “what” of science and mathematics edu-
cation). Furthermore, instruction depends crucially on teacher quality
and working conditions, including class size, classroom resources, occu-
pational support, schoolwide standards, and relationships among teach-
ers. It is, ultimately, the quality of the curriculum, teachers, and
instruction that affect student learning in classrooms.

Considering the decisions made at the classroom. level, it is clear
that instruction must be addressed separately in a fully specified moni-
toring system. The teacher is the one who makes policies reflecting
the goals of the class (Shavelson, 1983), the inclusion or exclusion of
topics in the syllabus (Schwille et al., 1981), grouping methods (Webb,
1980), standards for evaluating pupil progress (Slavin, 1978, 1980), and
task structures (Doyle, 1977). The teacher also makes decisions that
affect the efficiency of time usage, such as whether students have
learned enough to progress to new topics (Barr and Dreeben, 1983) and
methods of presentation (Brophy, 1986). It is not surprising that vari-
ation in academic achievement of U.S. students may be largely due to
classroom differences within the same school (Alexander and McDill,
1976; Shea, 1976).

Information on instruction provides a context for interpreting data
on curriculum, teachers, and teaching conditions. For example, infor-
mation on depth and breadth of curriculum coverage would be supple-
mented by data on teachers’ policies regarding student standards and

TBecause all three factors interact simultaneously in the classroom, it is impossible to
separate indicators of curriculum, instruction, and teaching completely—to do so would
be artificial. However, to avoid excessive overlap in this volume, “teaching” is used to
refer to teaching conditions, the teaching assignment, and indicators of teaching quality;
these are discussed separately in Chapter 4. “Curriculum practice” is defined as the con-
tent actually delivered in classrooms and is discussed in Chapter 5.
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the perceived difficulty of a class. Information on teacher characteris-
tics would be interpreted in light of the policies teachers set and what
actually occurs in the classroom. Data on teacher working conditions
would be supplemented with data on whether those conditions interfere
with instructional processes in class.

This chapter examines indicators of the quality of mathematics and
science instruction in terms of their relevance to policy and student
outcomes. Two major questions are addressed: (1) What aspects of
instruction should be monitored in a comprehensive indicator system?
(2) What indicators of instructional quality should be given highest
priority, in view of the fact that not all aspects of instruction are
equally policy-relevant, and present measurement capabilities and
resources are limited? '
~ Although a comprehensive system for monitoring instructional qual-
ity would include detailed data on the policies, processes, and climates
of classrooms, a variety of political, educational, and practical .con-
siderations argue against detailed monitoring of instruction at the
national level. Not all aspects of instruction are relevant to state and
national policymakers, and attempts to measure all potentially impor-
tant aspects of classroom instruction would burden respondents far
more than is practically or economically feasible. Many crucial aspects
of instructional processes currently defy measurement.

Because of these constraints, this chapter argues against a
comprehensive set of instructional indicators, but suggests, rather, that
a set of national indicators should be parsimonious, focusing on rela-
tively few generic features of instruction. Priorities are suggested
among variables that might be collected in each domain of instruction.
Among instructional policies, time allocation, student standards, the
scientific and mathematical experiences given students, and grouping
policies are most important to monitor. Instructional processes, while
clearly relevant to an indicator system, currently defy our abilities to
measure them adequately or in a cost-efficient manner. However,
items on a questionnaire may provide very crude indicators of certain
aspects of instructional process (e.g., number of pages covered in the
textbook). Similarly, measures of classroom climate should be used
experimentally as indicators of instructional characteristics, because of
their limited policy relevance. Further research on indicators of pro-
cess and climate might contribute to development of more comprehen-
sive indicators for the future, but it is unlikely to contribute to their
development in the near term.

This review concludes that an initial national indicator system
should monitor relatively few aspects of instruction, and that the selec-
tion of a small, undeniably important subset of instructional indicators
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should result in a data set that is measurable, administratively manage-
able, and useful to policymakers.

APPROACH

Instruction is a difficult phenomenon to monitor, given the speed,
complexity, and variety of classroom interactions. Furthermore,
instructors have the dual responsibilities of teaching subject matter and
enforcing classroom discipline. To simplify the myriad ways class-
rooms could be analyzed, the instructional constructs dealt with in this
chapter will include the following groups of instructional indicators -
(see Fig. 6.1):

e Policies, such as allocation of time, within-class ability group-
ing, and student standards. These are the rules and structures
set by the teacher within which educational activities proceed.

e Processes, such as teachers’ management efficiency during class,
interactive instructional decisions, and teaching behaviors.
These are the events and activities that occur during instruc-
tion which cannot be fully anticipated by policies or rules set by
the teacher.

e Classroom climate, such as students’ views of class standards
and the ease of getting help when it is needed.

Each successive feature of instruction is less controllable by the
teacher and more influenced by students. Classroom policies are
analyzed first, because they are relatively static and are the most easily
measured features of instruction that can be altered by the teacher’s
conscious planning. Teacher policies “set the stage” for instructional
processes and classroom climate. Processes are reviewed next, since
they cannot always be anticipated by the teacher, are more difficult to
measure, and are greatly influenced by the classroom’s policies.
Nevertheless, during class, the teacher can make conscious decisions of
what to do next and how to do it. Classroom climate is analyzed last
because it is least within the control of the teacher. It is influenced by
many factors, including student characteristics, classroom policies, and
classroom processes.

This chapter reviews relevant research in the policies, processes, and
climate domains and suggests a number of considerations which might
be included in a comprehensive system of instructional indicators.
Then, on the basis of research and practical considerations, priorities
are assigned to those aspects of instruction that are most logically com-
pelling and concluded on the basis of instructional research to be the
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Fig. 6.1—Domains in an instructional monitoring system

most important. Major aspects of instruction that currently defy our
abilities to monitor are also noted. The chapter concludes with a brief
consideration of (1) what a parsimonious set of instructional indicators
would look like, and (2) the value decisions involved in selecting such a
set.

INSTRUCTIONAL POLICIES

The goals of the classroom (see Chapter 5) and teachers’ working
conditions (see Chapter 4) partially determine instructional quality.
But the teacher must also make class-level rules (“policies”) that can
enhance or inhibit students’ learning. Because these policies can be
developed prior to class or decided after class has ended, they are more
under teachers’ control than are other aspects of instruction. Teacher



INSTRUCTION 127

policies concerning time allocation, student standards, instructional
tasks and activities, and student grouping are reviewed below.

Time Allocation

Elementary teachers must allocate the time available for instruction
among various content areas. Teachers can vary enormously in their
time allocations—Berliner (1984), using observations, found that one
second grade teacher allocated 16 minutes a day to mathematics
instruction, while another teacher with the same amount of time avail-
able allocated 51 minutes to mathematics. Goodlad (1984) found that,
by teachers’ own estimates, elementary school children’s average expo-
sure to science in one school was more than three times that in
another. 'The average school differences Goodlad found mask even
larger differences between classrooms—Schwille et al. (1981, cited in
Berliner, 1984) found that one teacher who enjoyed science taught 28
times more science than did a teacher who said she did not enjoy it. -

At both the high school and elementary levels, time allocation could
be measured crudely by whether certain topics are covered at all. Con-
tent coverage is related to student achievement, whether measured in
pages covered or percentage of test items taught (Brophy, 1986; Borg,
1980; Good, Grouws, and Beckerman, 1978; Cooley and Leinhardt,
1980). The IEA’s studies have found that U.S. secondary students
achieved comparatively less in areas in which teachers stated their stu-
dents had covered less of the material on the test (e.g., Husen, 1967;
Murnane and Raizen, 1988). Therefore, indicators of instructional pol-
icy can and should assess both time allocations and content coverage.

Student Standards

Student standards comprise those policies related to teacher expec-
tations of individual students. Thus, homework policy can be con-
sidered an area of student standards. Homework is also relevant to
time allocation and content coverage, since it allows students more
opportunity to practice skills and to develop understanding of concepts.
Walberg and Fraser (1986), using National Assessment of Educational
Progress (NAEP) data, found homework to be a significant predictor of
17-year-olds’ science achievement; other research has shown that
homework also correlates positively with achievement in elementary
mathematics (Brophy, 1986; Good and Grouws, 1977, 1979). While
research suggests that topic coverage is the most important instruc-
tional influence on achievement outcomes, homework has shown a
weaker but rather consistent relationship to student learning
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(Coleman, Hoffer, and Kilgore, 1982; Horn and Walberg, 1984; U.S.
Department of Education, National Center for Education Statistics,
1985d). Measures of amount of homework could easily be obtained by
having teachers estimate the amount of homework assigned, completed
by students, and graded by the teacher.

Another important, but more difficult to measure, aspect of student
standards is the grading system adopted by teachers.. Doyle (1983) has
argued that the “immediate task of teaching in classrooms is that of
gaining and maintaining the cooperation of students in activities that
fill the available time” (p. 179). One of the most powerful ways teach-
ers have of gaining that cooperation and demonstrating what is truly:
important in class is to say that it will be graded. In fact, the class-
room can be thought of as a marketplace where students exchange per-
formance ‘for grades (Becker, Geer, and Hughes, 1968; Doyle, 1977,
1983; Shulman, 1982). This suggests that measures of content cover-
age should include questions about whether assignments.were given
and gradéd on particular topics. At a minimum, data collection instru-
ments should include a question about how often assignments are
graded. o

Another aspect of grading which might be monitored is the set of
comparative criteria by which assignments are graded. Slavin (1978,
1983) found that a traditional grading system can contribute to declin-
ing motivation of students who get poor grades. He notes that the
grading system is particularly deficient for lower- and middle-ability
children’s motivation because it encourages students to adopt norms
relative to excellence. For example, students may dislike those who try
hard in class because such behavior affects the standards by which all
class members are evaluated. In addition, the grading system promotes
student attempts to lower the standards by which they will be
evaluated by negotiating decreases in the risk and ambiguity of assign-
ments (Doyle, 1983). This research suggests that we would want to
know whether a student’s performance is compared with an ideal stan-
dard, with other students’ performance, or with the student’s own per-
formance earlier in the year (i.e., he or she is given credit for improve-
ment).

Instructional Tasks

A crucial dimension of student standards is the nature of the tasks
that are assigned. The tasks and experiences of pupils who are learn-
ing mathematics and science can vary considerably. Pupils who learn
taxonomic classification solely by memorizing names from a book have
had, in some sense, completely different instruction from that of pupils
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who cover the textbook in conjunction with experiences in dissection or
taking field trips. Furthermore, exposure to mathematical and scien-
tific experiences is thought to have a large influence on students’
motivation and eventual achievement. For example, Kahle (1983; see
also Chapter 7 of this volume) found that black students do not engage
in as many science activities as other students. Consequently, they do
not have the experience with which to formulate attitudes toward sci-
ence. Possibly as a result of their lack of experience, the students in
Kahle’s research found science less useful out of school, were less
aware of scientific methods, and were less confident in the ability of
science to solve current or future societal problems.

Because of the potential importance of mathematics and science
activities, they should be monitored in an instructional indicator sys-
tem. For example, the 1981 NAEP asked students whether they had
conducted an experiment that lasted more than a week, used a tele-
scope,. experimented with chemical reactions, or read science articles in
magazines: These items could be modified to refer solely to in-class
experiences. o :

Another important, but difficult-to-measure, indicator is the nature
of the problems students must solve in the context of class activities.
Doyle (1983) has proposed a distinction between the risk and ambi-
guity of student tasks. Risk is the degree to which the student is likely
to fail once the problem is defined; ambiguity is the degree to which
the student is required to discover the problem that needs to be
addressed and then define it. Task ambiguity is important in teaching
students “higher-order” thinking skills (Sternberg and Baron, 1985;
Bransford et al., 1986). In a word problem appropriate for developing
such skills, students need to define the nature of a problem by asking,
“Is there a right answer?” “Is there enough information to solve the
problem?” “Is there extraneous information?” “What approaches to
the problem seem appropriate?”

The importance of including the risk and ambiguity of assignments
in an indicator system is underscored by achievement findings which
suggest that the assignments students receive are not ambiguous
enough to demand certain important thinking skiils. Results from the
NAEP (Carpenter et al.,, 1980) indicate that students have difficulty
identifying the unknown, determining whether the data given are suffi-
cient or redundant for the solution of a problem, and devising a
problem-solving plan.

The distinction between risk and ambiguity suggests that student
assignments should not be classified solely according to topic covered
or the experiences they require. Tasks should also be classified in
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terms of the problems they present for interpretation and completion
of the assignment.

Another fundamental aspect of academic tasks is whether they
require students to deal with concepts that have already been invented,
rather than on the processes that truly comprise “knowing how” in
mathematics and science (Romberg, 1983). For example, Romberg pro-
poses that, regardless of the mathematical content covered, students
should be given assignments that involve four activities common to all
mathematics:

o [nventing activities, in which the student must create a law or
_relationship.

. ‘Abstracttng activities, in which students are requ1red to develop
" conceptions further from concrete experience.

o Proving activities, in which students must prove a theorem w1th ,
_enough rigor that anyone who understood the proof would agree

<. with it. . :

) Applytng activities, in which. students must practice using

mathematics to solve a problem in other domains.

Romberg’s notions suggest that consideration should be given to the
development of indicators of classroom assignments that include not
only coverage of material and ambiguity, but also the degree to which
students are required to perform the essential activities of mathemati-

cians and scientists.

* It is probably infeasible to attempt to develop nationally useful
" measures of these aspects of assignments. For example, it would take
expert judgment to determine whether a particular assignment was
“ambiguous” or “risky”; an “application” or merely an exercise; or
whether the teacher had given students enough help that they were
really developing proofs “by themselves.” A formula that might be
quite difficult to prove for younger students might seem quite easy for
older students who are mathematically more mature.

More important, the number of thinking assignments is not as
important as whether thinking assignments are given at the correct
time for students to make optimal use of them (i.e., in the so-called
“zone of proximal development,” Vygotsky, 1978). Thinking assign-
ments given before students are mathematically ready could discourage
students rather than promote their thinking skills. Judging whether
teachers assigned the correct kind of task at the correct time would
require enough skilled observers to stretch the financial capacity of an
indicator system. Therefore, these indicators are not recommended at
the present time, although they would be worthy of consideration if the
measurement difficulties could be overcome.
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Instructional Grouping Policies

Teachers’ grouping policies should be included in a monitoring sys-
tem, for a number of reasons. Teacher policy with respect to grouping
determines which students will be involved in specific classroom
interactions. Also, teachers’ impressions of the groups they have
formed influence other instructional policies concerning grading, home-
work assigned, and time allocation. Shavelson (1983) has found that
once reading-ability groups are formed, the high groups may be paced
as much as 15 times faster than the low groups. The resulting differ-
ences in content coverage can be enormous (Berliner, 1984).

There also may be qualitative differences between teacher ‘expecta-
tions for different groups. For example, Oakes (1985) quotes several
low-track mathematics and science teachers concerning goals_‘for their .
students (from Oakes, 1985, pp. 80-83): T

That they [students] know that their paychecks will be correct when
they receive them. Punctuality, self-discipline and honesty. will imake
them successful in their job. They must begir: and end each-day With
a smile. To be able to figure their own income tax [at the] end of the
year. (Senior high low-track math) i

Self-discipline, cooperativeness, and responsibility. (Senior high low-
track science) ‘ :

More mature behavior—less outspoken. (Senior high low-track sci-
ence) : =

In comparison, teachers’ expectations for highftréqk students were
considerably different (from Oakes, 1985, pp. 80-83): -

How to think critically—analyze data, convert word problems into
numerical order. (Senior high high-track math)

Determine the best approach to problem solving. Recognize different
approaches. (Senior high high-track math)

Problem-solving situations—made to think for themselves. Realizing
importance of their education and use of time. Easy way is not
always the best way. (Senior high high-track science)

There are undoubtedly qualitative differences in expectations of
teachers for high- and low-ability within-class groups as well, given the
differences in pacing of these groups found by Shavelson (1983).

Another reason for including classroom grouping in a monitoring
system is that grouping affects the kinds of processes that occur among
students during class. Webb (e.g., Webb, 1980, 1982, 1984a, 1984b,
1984c; Webb and Cullian, 1983) has explored the group processes
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associated with benefits of mixed-ability grouping on student achieve-
ment in mathematics and computer courses. In a 1980 study, Webb
compared the problem-solving processes and achievement of five
“groups” of eleventh grade students—those uniformly high, medium, or
low in ability, mixed-ability groups, and students working alone. The
students were required to calculate a general expression for the total
number of dots in an array of hexagons in which the outermost hexa-
gon had N — 1 dots on each side. Webb then developed a model for
those group interactions which were shown to influence the individual
students’ test performance (Fig. 6.2).

Whenever a student in’ Webb’s study made an error that was
corrected with an:éxplanation, the student subsequently solved a- simi-
lar problem on®the posttest. Those who made errors and were

corrected without an explanation did not solve the posttest question . -

correctly. Likewise, students who asked questions and received correct-
explanations subsequently solved the posttest problem, whereas those
~who received no explanatlon failed on.the posttest. This initial p'h'ase 5
of Webb’s research showed that in order to learn, students must expose -
their misunderstandings and be corrected with explanations.

A second aspect of Webb’s 1980 study’ attempted to determine which
groups were most likely to have the beneficial correction-explanation
cycles associated with learning how to solve problems. She found that
students in uniformly high- or low-ability groups rarely offered expla-
nations to each other. Students in high-ability groups who understood
the problem evidently assumed that everyone in the group was able to
solve the puzzle. They attempted to challenge themselves Ly solving
the problem in the shortest time possible. Students in low-ability
groups, on the other hand, decided that they had no possibility of
answering the question and merely wanted to get the task completed
even if their answers were wrong (Webb, 1980, p.78):

Student 1: “Do you understand it?”

Student 2: “No.”

Student 3: “I don’t either.”

Student 4: “I don’t know how we got the four. But it’s cool.”
Student 1: “Should we do the third one?”

Student 2: “We don’t know how to do the last one.”

Student 3: “We got a formula. Isn’t that enough?”

Student 2: “Okay.”

The individuals who benefited most from group work were high- and
low-ability students in mixed-ability groups. In these groups, the high-
ability students apparently benefited from helping the lower-ability
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students, whereas low-ability students who received an explanation
learned how to solve the problem. Somewhat surprisingly, middle-
ability students benefited more from uniformly middle-ability
groupings—perhaps they felt less inhibited about exposing their
ignorance in these groupings. In conclusion, the important factors in
increasing students’ mathematical problem-solving ability was their
willingness to expose their ignorance if they did not understand, and
whether or not they received explanations.

There is further evidence to suggest that ability grouping should be
monitored. Slavin (1983) concluded from a review of 46 experimental
studies that .mixed-ability groupings, combined with specific. group
rewards and between-group competition based on all group members’
learning, can mitigate the tendency of the traditional grading sy=tem to
discourage lower-shility students. ‘Within-ciass games or tournaments
between heterogeneous grovms ars particularly effective for low-ability
students, because-if all students’ a.hieveseisi centributes to the jcore
of .an entire group, members.will care aboul . nd premoie the ace 2mic-

performance of peers. In this case, students are motivated to hel;:-each
other not merely get through the course, but actually learn: the
material. In one of several studies supporting Slavin’s contention,
Hamblin, Hathaway, and Wodarski (1971) found that the frequency of
peer tutoring and the amount of student achievement increased as a
proportion of students’ rewards based on the lowest three members’
scores. Sherman and Thomas (1986) also found that low-ability high
school mathematics students performed better when they had coopera-
- tive in-class games. »

In contrast to Slavin’s findings, some investigators have found the
effects of ability grouping to be positive. Kulik and Kulik (1982)
analyzed findings from 52 studies of secondary school ability grouping
and found small differences which suggested that secondary students
generally achieve more in grouped classrooms. The results were clearer
for high-ability students, especially when these students received
enriched instruction in honors classes. There were essentially no
achievement benefits to average and below-average students. However,
Kulik and Kulik found that students in grouped classrooms develop
more positive attitudes toward the subjects they are studying.

Although investigators disagree about the effects of ability grouping,
it appears useful to ask teachers about the academic track of the par-
ticular class; whether within-class ability grouping is used; the amount
of whole-class, small group, and individualized instruction used; and
whether peer tutoring is used.

Classroom tracking status and types of within-class ability grouping
should be included in even a minimal system of instructional indi-
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cators. Although these variables cannot be measured perfectly, a sec-
ondary school teacher should be able to tell whether the class is of
mixed, low, or high ability; certainly an elementary teacher would be
able to tell whether within-class mathematics and science groups are
used. This information would provide useful indicators of trends that
are occurring in the nation’s mathematics and science classrooms.

Summary of Instructional Policies

A monitoring system should iriciade indicators of time allocations
and content coverage, student standards, the type of instrizctioizal tasks
students are assigned,-and grouping policies. While all of these aspects
of instruction are difficult and expensive to monitor in comprehensive
detail, all could be reported more generally via less burdensome ques-
tionnaire methods.

Although instructional policies are relevant to policymakers’  con-
cerns; it is the instructor who adaots them to the circurnstances of par-
ticular classrooms. A skilliui insiracteor can ol whether students in a
class require more time or homework to master a particular topic or
can handle ambiguous problem-solving activities. The process of
adapting policies to the needs of students is an art that currently defies
our ability to construct indicators. Thus, the indicators recommended
here should be considered descriptive of central trends in instruction.
More content coverage and more homework should not necessarily be
1nterpreted as “better” in all classrooms.

The discussion of instructional policies has reviewed aspects of
instruction that can be planned prior to class or dealt with after class
has ended. There remains the question of whether indicators could be
developed concerning what occurs during classroom time itself, when
teachers are explaining concepts and dealing with student behavioral
problems, and students are asking questions. Because classroom
interactions are somewhat unpredictable, instructional processes are
less under teachers’ direct control. The next section deals with indica-
tors of these aspects of instruction.

INSTRUCTIONAL PROCESSES

A classroom policy that calls for a certain amount of time to be allo-
cated to a topic can be frustrated if the teacher allows distractions to
eat up class time. A decision to have students work with laboratory
equipment can be wasted if the teacher cannot efficiently deal with
unanticipated misunderstandings about the purpose of the task
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assigned. This section on instructional processes considers three indi-
cators of what occurs in class: (1) the efficiency of time usage, (2) the
adequacy of teacher decisions, and (3) the behaviors and teaching
methods displayed by teachers.

Efficiency of Time Use

Time must be structured properly for students to learn (e.g., Fisher
et al., 1980). Teachers who schedule equal amounts of time for partic-
ular topics and who are equally adept at covering material may
nevertheless differ in their abilities to get students actively engaged in
the material. When students are not engaged in tasks of appropriate
difficulty, time is wasted. For elementary schools, Berliner and associ-
ates (e.g., Berliner, 1979; Fisher et al,, 1980) have distinguished among -
allocated time, which is the time teachers reserve for instruction,
engaged time, which is the time students are observed actually working
on academic tasks, and academic learning time, which is the time stu-
dents spend engaged in tasks of appropriate difficulty (as evidenced by
their getting a large percentage of problems correct). Since student
achievement is most affected by the last two kinds of time usage (e.g.,
Berliner, 1979; Brophy and Good, 1986; Fisher et al., 1980; Good and
Grouws, 1977; Stallings, 1980}, teachers’ ability to manage student
activities and select exercises of appropriate difficulty for students has
empirical support as an indicator of instructional process.

One implication of the research on academic learning time is that
students learn more when teachers manage well and prevent distrac-
tions from academic tasks. Also, indicators should reflect how teachers
manage time among in-class activities. Harnischfeger and Wiley
(1980) propose that time allotment among activities in elementary
classrooms can have a large influence on achievement. According to
their model, it is important to know not only how much time students
spend engaged in various topics, but also how long they spend in tran-
sition between academic activities.

Despite its importance, efficiency of time use is difficult to measure
adequately without great expense. Research projects that include con-
sideration of management efficiency (e.g., Fisher et al., 1980; Leinhardt
and Greeno, 1986) have utilized observations over many days, videotap-
ing, and pre- and post-interviews with teachers. These methods are
particularly expensive, since multiple observations must be made for
each classroom in order to obtain adequate reliability (Shavelson,
Webb, and Burstein, 1986), and multiple observers are needed to assess
interrater agreement. In addition, reliability and validity of observa-
tion schemes may vary depending on the kind of classroom observed
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(Shavelson and Dempsey-Atwood, 1976). The multiple sources of error
in observations (e.g., Shavelson and Dempsey-Atwood, 1976; Shavelson,
Webb, and Burstein, 1986) and their high cost makes observations
unwieldy for an indicator system. Similar problems exist for estimates
of how much time is actually spent in activities such as whole-group or
individualized instruction. Shavelson, Webb, and Burstein found that
the level of detail needed to measure efficiency of time use adequately
could be prohibitive.

The high cost of observation systems suggests that simple question-
naire indicators of instructional time might be used instead. For exam-
ple, students, teachers, or observers could estimate the proportion of
time spent in management routines, in disciplining students, or in
academic tasks while in class (engaged time). Alternatively, they could
estimate the proportion of time students spend practicing exercises for
which they get a high proportion of problems correct (academic learn-
ing time). These measures can be used only as long as it is understood
that research needs to determine sources of measurement error and
degrees of bias. Teachers’ memories of students’ engaged time and .
academic learning time are not very reliable (Berliner, 1976), and stu-
dents’ memories of their engagement in class may reflect their apti-
tudes rather than how long they actually were engaged (Peterson et al,,
1984).

These cruder indicators are recommended for inclusion in a monitor-
ing system because management efficiency is related to student
achievement, and because trend data could provide clues as to whether
educational policies have had an impact on management efficiency.

Teacher Decisionmaking

Measures of the efficiency of time usage could provide an indication
of the quality of instruction, but they would omit the importance of
teacher decisions in determining instructional quality. Teachers must
make relatively instantaneous in-class decisions about methods of
presenting materials, how to answer student questions, and when to
shift class activities. These decisions may have a large impact on stu-
dent understanding, as they may affect the clarity of presentations and
the time allocated to students for understanding the material.

It is difficult to evaluate teacher in-class decisions because there is
no way to monitor the appropriateness of a teacher’s judgments
without reference to a myriad of highly context-specific circumstances.
Doyle (1985) suggests that classrooms are marked by three characteris-
tics:
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* Multidimensionality, which refers to the large quantity of events
and tasks in classrooms. A classroom is a crowded place in
which many people with different preferences and abilities must
use a restricted supply of resources to accomplish a broad range
of social and personal objectives. Many events must be planned
and orchestrated to meet special interests of members and
changing circumstances throughout the year. Records must be
kept, schedules met, supplies organized and stored, and student
work collected and evaluated. In addition, a single event can
have multiple consequences: Waiting a few extra moments for
a student to answer a question can affect that student’s motiva-
tion to learn as well as the pace of the lesson and the attention
of other students in the class.. Choices, therefore, are never
simple.

» Simultaneity, which refers to the fact that many things happen
at once in classrooms. While helping an individual student dur- -
ing seatwork, a teacher must monitor the rest of the class, ac-
knowledge other requests for assistance, handle interruptions,
and keep track of time. During a discussion, a teacher must
listen to student answers, watch other students for signs of
comprehension or confusion, formulate the next question, and
scan the class for possible misbehavior. At the same time, the
teacher must attend to the pace of the discussion, the sequence
of selecting students to answer, the relevance and quality of
answers, and the logical development of content. When the
class is divided into small groups, the number of simultaneous
events increases, and the teacher must monitor and regulate
several different activities at once.

» Immediacy, which refers to the rapid pace of classroom events.
Gump (1967) and Jackson (1968) have estimated that an
elementary teacher has over 500 exchanges with individual stu-
dents in a single day and, in a study of first and fifth grade
classes, Sieber (1979a) found that teachers publicly evaluated
pupil conduct with either praise or reprimands on the average
of 15.89 times per hour, or 87 times a day, or about 16,000
times a year. In addition, Kounin (1970) found that order in
classrooms depends in part upon maintaining momentum and a
flow of classroom events. In most instances, therefore, teachers
have little leisure time to reflect before acting. (Doyle, 1985,
pp. 394-395).

Three other aspects of teacher in-class decisionmaking are the
unpredictability of events such as interruptions and distractions, the
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publicness of teacher decisions, as students see how other students are
treated, and the history of classrooms, as early meetings often determine
the nature of the course for the rest of the year. These characteristics
render teacher decisions difficult if not impossible to monitor on a
nationwide basis. Nevertheless, there are a few indicators that might
be used experimentally, such as pages of text covered in a typical day
or number of student questions answered by the teacher. Because of
the context-dependence of teacher decisions, it would not be possible to
claim that for these indicators “more is better.”

Teacher Behaviors and Teaching Methods

An alternative to monitoring classroom decisions would be to count
those teacher behaviors or teaching methods that have been related to
student achievement. This strategy has its own weaknesses. Whereas
the research on classroom management suggests that the relationship
between time in direct instruction and achievement is. monotonically
increasing, the research on specific teaching methods shows that some
methods yield results that are curvilinear—in ‘the range normally
observed, more is usually better, but at a certain point, more of a.cer-
tain behavior or process could be counterproductive. For example; the
Beginning Teacher Evaluation Study found that in the classrooms that
were observed, students did better if exercises given to them allowed
for a high rate of success. This generalization is limited, however:
Assignment of tasks on which all students get perfect scores would be
wasteful. Other instructional variables known to correlate with
achievement suffer the same flaw. For example, Brophy and Good’s
review (1986) suggests the following teacher behaviors as instruc-
tionally effective:

1. Redundancy/sequencing. Achievement is higher when infor-
mation is presented with a degree of redundancy, particularly
in the form of repeating and reviewing general rules and key
concepts. The kind of redundancy that is involved in the
sequential structuring built into the study reported by Smith
and Sanders (1981) also appears important. In general, struc-
turing, redundancy, and sequencing affect what is learned
from listening to verbal presentations, even though they are
not powerful determinants of learning from reading text.

2. Clarity. Clarity of presentation is a consistent correlate of
achievement, whether measured by high-inference ratings or
low-inference indicators such as absence of “vagueness terms”
or “mazes.” Knowledge about factors that detract from clarity
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needs to be supplemented with knowledge about positive fac-
tors that enhance clarity (for example, what kinds of analogies
and examples facilitate learning, and why?); in any case, stu-
dents learn more from clear presentations than from unclear
ones.

3. Pacing/wait-time. Although few studies have addressed the
matter directly, data from studies of early grades seem to
favor rapid pacing, both because this helps maintain lesson
momentum (and thus minimizes inattention) and because
such pacing seems to suit the basic skills learning that occurs
at these grade levels. At higher grade levels, however, where
teachers make longer presentations on more abstract or com-
plex content, it may be necessary to move at a slower pace,
allowing time for each new concept to “sink .in.” (Brophy and
Good, 1986, p. 362)

Clearly, the value of these relationships is confined to a certain
“normal” range—redundancy is helpful, but at a certain point it inter-
feres with the pace of the class. Clarity may be useful in most cir-
cumstances, but spelling out too much of what is expected could inter-
fere with students taking initiative or learning for themselves how
problems should be approached. It might also require more time to be
clear, again interfering with the pace of the class.

Because of the curvilinear and context-dependent nature of the rela-
tionships between student outcomes and the kind of teacher behaviors
reviewed above, we recommend that most teacher behavior be excluded
from the monitoring system at the present time.

Summary of Instructional Processes

Simple questions on efficiency of time usage, and to a lesser extent,
teaching methods, should be used to develop indicators of management
efficiency, the adequacy of teacher decisions, teacher behaviors, and
teaching methods. In the short term, this leaves few measures of
instructional process for a monitoring system. However, this recom-
mendation is based on the considerations of policy relevance, cost, and
the context-dependence of classroom interactions. Special studies
might develop more useful measures of instructional process, in con-
junction with efforts to create better indicators of teacher and curricu-
lum quality.
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CLASSROOM CLIMATE

As noted earlier, a major problem with traditional measures of class-
room process is that the appropriateness of a particular behavior or
decision depends on the context in which it is embedded and the type
of students in the class. Furthermore, particular instances of class-
room process are not as useful as tendencies that may build up over
long periods of time. One strategy for circumventing these difficulties
would be to ask students to make judgments about classroom processes
based on their long-running experience with the classroom’s “climate.”

Two relevant lines of research have evolved concerning class cli-
mate. One set of studies, exemplified by the work of Walberg (e.g.,
‘Walberg, 1969a, 1969b), was conducted to evaluate a new physics cur-
ricallum and to identify correlates of student achievement. A second
body of research, exemplified by the work of Moos (e.g., Moos and
Moos, 1978; Trickett and Moos, 1973, 1974), examined the influence of
environments on absenteeism and motivation.

Classroom Climate and Student Achievement

Walberg (1969a) analyzed data collected from classes of a sample of
57 physics teachers across the nation who had agreed to participate in
a study of the Harvard Project Physics course. The study included
data from the Learning Environment Inventory, personality scales, the
Biographical Inventory (Taylor and Ellison, 1967), the Henmon-Nelson
Test of Mental Ability (Lamke, Nelson, and Kelso, 1960), and data on
the fraction of girls in the class and the number of students in the
class. These independent variables were correlated with outcome
measures such as science understanding (Cooley and Klopfer, 1961),
science process (understanding of the “assumptions, activities, prod-
ucts, and ethics of science,” p. 536), interest in science activities (Hal-
pern, 1965), and a measure of voluntary activity in science (Cooley and
Reed, 1961). Student perception of the difficulty of the class was the
best classroom climate predictor of science achievement, whereas stu-
dent satisfaction with the class was the best predictor of interest in
physics. Further analyses (e.g., Walberg, 1969b) showed that these
relationships held even after other variables were statistically con-
trolled for. Walberg concluded that:

To encourage high rates of growth in achievement and understanding
in classes, the social environment must be intellectually challenging,
a condition which does not inhibit affective and behavioral learning,
since cognitive and noncognitive growth are independent. To en-
courage high rates of non-cognitive growth, classes must be satisfying
and socially cohesive. (p. 448)
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In later research using NAEP data on the science achievement of
13-year-olds, Walberg and associates (Walberg et al., 1981) found that
a 21-item measure of classroom social-psychological environment was a
strong predictor of achievement. Of the predictors used in this study
(socioeconomic status, motivation, quality of instruction, social-
psychological environment, and home conditions), social-psychological
environment appeared as “the only unequivocal cause of science learn-
ing in the data” (p. 233). A subsequent review of the effect of social-
‘psychological environments on learning (Haertel, Walberg, and Haer-
“tel, 1981) suggested that classroom climate may also be associated with
mathematics learning. Although it is questionable whether Walberg
“and associates were justified in inferring cause from their data, this
7gwork underscores the potential importance of classroom climate as an
indicator in a monitoring system. “

\,_;Classroom Climate and Absenteeism

In a second line of research, Moos and Moos (1978) explored the
relationship between classroom climate and absenteeism. Students
absent from class are less likely to learn what is presented that day
(Morgan, 1975), and those who attend class less receive lower grades
(Kooker, 1976) and are at a greater risk of later dropping out of high
school (Yudin et al., 1973).

Trickett and Moos (1973, 1974) found that students were more satis-
fied with classrooms perceived as having high student involvement,
high affiliation, and clear rules regarding classroom behavior. Moos
and Moos (1978) used the Classroom Environment Scale to further
evaluate the relationships between high school classroom climate and
other pertinent variables. They found that the relationship dimension
(i.e., involvement, affiliation, and teacher support) significantly corre-
lated with mean grade point averages. Classes with high absenteeism
were perceived as high in competition and teacher control and low in
teacher support. Causal connections should not be inferred from these
data, however, because students who are better motivated or more
academically able may also see their classrooms as having better rela-
tionships and more teacher support. In addition, the teachers in the
more effective classrooms may have initially made clear the rules and
expectations, which later encouraged students to try harder. Neverthe-
less, Moos and Moos believe that the Classroom Environment Scale
could help identify classrooms that are “at risk.”

In summary, research suggests that classroom climate could be a
useful addition to a system for monitoring classroom processes. The
Learning Environment Inventory would have the advantage of being
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validated for its usefulness in research in science classrooms, and it has
been shown to be correlated with achievement.

Summary of Classroom Climate

As an indicator of instruction, classroom climate has the important
advantage of providing an inexpensive way to monitor otherwise diffi-
cult aspects of classroom interaction, such as the relationship of teach-
ers’ expectations to-student abilities. As an indicator of instructional
quality, however, classroom climate has several important weaknesses.
First, students often do not know or appreciate what science or
mathematics really is, so they may prefer classes that provide inap-
propriate “instruction (e.g., classes that emphasize memorization).
Second, it is hard to pinpoint what a teacher could do to change the
climate of a classroom for the better, since classroom climate includes
students’ relationships with each other as well as with the teacher.
Therefore, the policy relevance of classroom climate is debatable.
Finally, classroom climate measures are - difficult te aggregate in a
meaningful way, given the evidence that different types of environ-
ments may be optimal for different instructional purposes (e.g., Wal-
berg, 1969b). We concluded that climate measures should be used
experimentally, as proxies for more difficult-to-measure aspects of
instruction, such as the appropriateness of teachers’ expectations.

SUMMARY AND CONCLUSIONS
Priorities Among Instructional Indicators

The instructional indicators discussed here should be considered in
terms of the larger indicator project of which this chapter is a part.
This project has developed seven criteria for selecting features of
schooling to incorporate into an indicator system: An indicator should
(1) describe a central feature of the educational system, (2) provide
information about current or potential problems, (3) provide policy-
relevant information, (4) measure observed behavior rather than per-
ceptions, (5) provide analytical links among important components of
schooling, (6) generate data from measures generally accepted as valid
and reliable, and (7) provide information that can be readily under-
stood by a broad audience (Shavelson et al., 1987).

On the basis of these criteria, the following indicators of instruction
have been recommended: Among instructional policies, time allocation,
content coverage, student standards, scientific and mathematical
experiences given to students, and grouping policies should be moni-
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tored. Each of these features is comparatively easy to measure objec-
tively, and all are policy-relevant because they are largely in the con-
trol of teachers. Among instructional processes, efficiency of time usage
and certain teaching methods should be monitored. However, the diffi-
culties of measuring these aspects of instruction well and their com-
parative lack of policy-relevance suggest that these indicators are of
less value to a monitoring system than are instructional policies.
Among classroom climate indicators, perceived difficulty of the class-
room, businesslike atmosphere, and the emotional warmth of the class-
room could be monitored on an experimental basis, possibly in the con-
text of cyclical studies designed to improve the quality of instructional
indicators. = :

Lower priorities are assigned to instructional processes and class-
room climate because these factors are less susceptible to policy inter-
ventions, more -difficult to measure reliably and objectively {(in fact,
classroom climate is by definition a perceptual measure), and less
readily understood by a broad audience. In contrast, instructional poli-
cies are easier to understand, influence, and measure. :

A Final Word: Goals and Choice of Indicators

This chapter has proposed indicators of instructional policies,
processes, and climate. Choices among instructional indicators require
value judgments concerning which educational goals are most impor-
tant. Three candidate goals would be (1) coverage of content, (2)
encouragement of student understanding and problem-solving, and (3)
promotion of positive attitudes and training for groups of students who
have traditionally had difficulty in mathematics and science classes.
Table 6.1 summarizes several indicators which would be most relevant
to each of these goals. This is not meant to imply that a classroom
that is successful in promoting one of these goals will necessarily fail to
promote the others. Nevertheless, there certainly will be occasions
when taking more time to make sure students truly understand a con-
cept can slow the coverage of content, and other occasions in which
overemphasis on promoting a warm classroom atmosphere could
hamper other instructional purposes (e.g., Brophy and Good, 1985;
Peterson, 1979).

If content coverage were considered the most important goal of
instruction, then among policies, the classroom’s time allocations, stu-
dent standards, and grading policy would be crucial indicators. Among
processes, management efficiency and classroom pace would be impor-
tant indicators. Among features of instructional climate, perceived dif-
ficulty of the class and the businesslike atmosphere of the class would
be important to monitor.
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Table 6.1

INSTRUCTIONAL INDICATORS MOST RELEVANT TO PARTICULAR
GOALS OF INSTRUCTION

Understanding and Positive Attitudes and
Content Coverage Problem Solving Equitable Outcomes
Policies
Number of assignments Quality of assignments Grouping policies
Student standards Grading policies
Grading policy
Time allocations
i Processes
Management efficiency Sensitivity to student Enthusiasm. and warmth
R understanding of teacher
Classroom pace Challenges to student )
: : preconceptions
Clarity of teacher’s
presentations
Climate
Perceived difficulty Atmosphere in which Cohesiveness
questions can be asked
Businesslike atmosphere Competitiveness
Student involvement,
satisfaction

For those who view the goals of understanding and problem-solving
as most important, the quality of assignments would count more than
the number of topics assigned. For example, it would be important to
know whether students were learning the mathematical processes of
invention, application, and proof {Romberg, 1983). An emphasis on
understanding and problem-solving would justify the exploration of
classroom process considerations such as instructors’ behaviors and
methods, including sensitivity to student understanding, explicit chal-
lenges to student preconceptions, clarity of presentations, and en-
couragement of understanding. Clearly these are difficult processes to
measure objectively. The climate variables associated with understand-
ing and problem-solving would also be slightly different than those for
content coverage. An atmosphere in which questions could be asked
would be a crucial variable to monitor, but one for which it would be
difficult to develop policy-relevant measures.

The goal of fostering positive attitudes in children and promoting
equal outcomes for minority and lower-ability pupils would result in a
third, slightly different set of indicator choices. In this view, grading
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and grouping policies would take on comparatively more importance.
Among teacher behaviors and methods, the enthusiasm and warmth of
the teacher should be particularly useful indicators if equity were the
most valued goal of a monitoring system. Among climate variables, the
classroom’s cohesiveness, competitiveness, student involvement, and
student satisfaction would be particularly important to monitor.

The recommended indicators would implicitly cover variables of
import to all three of these instructional goals. Yet the recommended
list gives considerably greater weight to indicators of relevance to the
goal of content coverage, primarily because the features of instruction
most relevant to student understanding, problem-solving, and attitudes
are more difficult to measure objectively within reasonable cost bounds.
‘Because-of this, new efforts should focus on development: of indicators
 of the “fuzzier” features of instruction, particularly those relevant to

“student! understanding, problem-solving, and equity. These efforts
might be conducted in conjunction with cyclical studies. designed to
create beftter measures of achievement, teacher quahi Y, and curriculum
“"quality. :



Chapter 7

OUTCOMES, ACHIEVEMENT, PARTICIPATION,
AND ATTITUDES

Neil Carey and Richard Shavelson

This chapter 1nform°~ the design of an indicator system for precnllege
mathematics and science education by addressing two broad questions:
(1) What md1v1dual level indicators of outcomes, participation, and
attitudes should be included? (2) Can these indicators be monl*ored,
adequately with present measurement capabilities? -

The domain of individual outcomes includes students (1) ac meve-
ment, l.e., knowledge understanding, and use of concepts and skill$ in
mathematics and science; (2) participation within and outside of school
in mathematical and scientific activities; and (3) attitudes and self-
confidence concerning these subjects. :

ACHIEVEMENT INDICATORS

When pohcymakers and the general public thlnk about the quahty
of education—in science, mathematics, or any other field—they typi-
cally focus on achievement, as measured by scores on standardized
tests. This focus ignores the influence of other elements in the educa-
tion system, and their interactions, on achievement.

Nevertheless, achievement outcomes are generally seen as the final
“proof” of an education system’s quality, in terms of the larger goals
that society has in supporting education. And achievement test scores
are the most readily available and easily gathered indicators of achieve-
ment that we currently have.

The Relative Potential of National Achievement Tests
for an Indicator System

Which national achievement tests seem most promising for a
national indicator system in terms of their extensiveness, sampling,
and relevance to mathematics and science curriculum? In this section
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we assess the strengths and weaknesses of the available tests on those
dimensions. The tests are briefly summarized in Table 7.1.!

National Assessment of Educational Progress. The National
Assessment of Educational Progress (NAEP) provides the most exten-
sive, ongoing evaluation of the mathematics and science achievement
of nationally representative samples of students. NAEP mathematics
assessments have used a content-by-process matrix for organizing the
achievement objectives covered (NAEP, 1981-82; see Appendix 7.1 for
a list of objectives covered by NAEP). In the 1981-82 assessment,
mathematical processes such as knowledge, skill, understanding, and
application/problem solving were measured for mathematics up to, but
not including, calculus. Numbers, variables and relationships, shape,
size and position, measurement, statistics/probability, and technolosy
were covered.. NAEP’s science assessments also use ‘a process-bi-
content. matrix to order their several hundred specific objectives. The
1976-77. matrix (reproduced in - Appendix 72) prov1des an overv1ew of
how these objéctives are organized.

Most of these objectives appear quite relevant for the ‘purposes nf
developing achievement indicators for a monitoring. system. The.
recently instituted balanced incomplete block spiraling design provides
a method of student and item sampling for testing these many objec-
- tives without overburdening any single student. It also permits, for the
first time, the estimation of relationships among the results of the hun-
dreds of exercises (Messick, Beaton, and Lord, 1983).

- Longitudinal Studies. Another important. data source for moni-
toring mathematics and science education is the longitudinal studies
sponsored by the Center for Statistics (formerly the National Center
for Education Statistics, NCES). The National Longitudinal Study
(NLS) tested a nationally representative sample of high school seniors
in 1972 and periodically collects data on aspects of their career
development and academic attainment. However, the utility of the
NLS data is limited for monitoring mathematics and science achieve-
ment: Not only are the achievement data out of date, but science
achievement was not tested.

The second of these longitudinal studies, High School and Beyond
(HSB), is a survey of nationally representative high school sophomores
and seniors. The first HSB survey was taken in 1980, and follow-ups
have been performed every two years. A companion to the NLS, HSB
was intended primarily to investigate trends in achievement between

'Private sector achievement tests such as the Stanford or California Achievement
Tests are omitted from Table 7.1 because the development of a “crosswalk” hetween the
various tests in the near future is highly unlikely, making them currently unsuitable for a
national monitoring system.
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NELS Math: 8th, 10th, 12th
grade; 1988, 1990,

1992.

Science:  8th, 10th,
12th grade; 1988, 1990,
1992.

Strengths:  Longitudinal and  cross-

sectional

Weaknesses: May have too few items to
reflect high school curriculum. Has
weaknesses common to multiple-choice
tests (see above).

IEA Math: Ages 13, 17;

1964.

. Science: Age 14, final-
year secondary; 1970,
1983.

Strengths: Relatively large number of
items. Compromises made because of
international scope lessen the degree to
which IEA reflects implemented or ideal
curricula, but this problem is attenuated
by the careful attention to teachers’
responses concerning which exercises stu-
dents should be able to do. o

Weaknesses: Not nationally representa-
tive. Evaluations not dome at regular
intervals. Hsas weaknesses common  to
multiple-choice tests (see above!. :

Strengths: Kelatively large number of
items. Compromises made bLecause of
international scope lessen the degree to
which [EA reflects implemented or ideal
curricula, but this probiem is attenuated
by the careful attention to teachers’
responses concerning which exercises stu-
dents should be able to do.

Weaknesses: Not nationally representative
sample. Evaluations not done at regular
intervals. Has weaknesses common to
multiple-choice tests (see above).

SAT, ACT Math:  College-bound
high school students,

more than once a year.

Strengths: Sample of college-bound stu-
dents.

Weaknesses: Self-selected nature of sam-
ple makes SAT and ACT inappropriate for
drawing inferences about students in gen-
eral. Because the tests are meant to com-
pensate for differences among high school
curricula, they were deliberately designed
not to reflect high school curriculum; they
are thus primarily aptitude tests.
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SAT, ACT Science: College-bound  See description of mathematics portions of
(cont.) high school students; SAT and ACT.
more than once a year.

State-developed  Coverage depends on  Strengths: Because these these tests are
tests the state, and some- developed at the state level, they have the
times the district. greatest potential for reflecting imple-
mented curricula. States’ responsibility
for education makes it politically feasible
for them to mandate more extensive test-
ing. State data can be useful for illustra-
tions of what is occurring nationwide.

Weaknesses: Differences in content cover-
age and iime of administration among
states make state data, at present, unlikely -
in the near term. for nationwide monitor-
“ing. Political and practical obstacles must
be overcome if* more homogeneity of
achievemert testing is to be accomplished.

1972 and 1980, and to “include curriculum-specific ‘ measures of
achjevement that, when given to the same students in 1982, would per-
mit the computation of gain scores from the 10th grade to the 12th
grade” (Heyns and Hilton, 1982, p. 91). However, the tests that were
finally used (Appendix 7.3) were the result of compromises designed to
preserve comparability with the 1972 battery while also introducing
curriculum-sensitive achievemnent measures. There is strong evidence
that regardless of their titles, they measure verbal and quantitative
ability (Heyns and Hilton, 1982; Rock et al., 1985; Shavelson, 1985).

A third nationally representative longitudinal data set that might be
useful for monitoring outcomes is the National Educational Longitudi-
nal Study (NELS), which was first fielded in spring 1988. This longi-
tudinal study began with a cohort of 26,000 8th graders who were
tested in mathematics, science, English composition, and social studies.
They will be tested again in the 10th and 12th grades, with follow-ups
every two years, for a total of 10 years. The 8th, 10th, and 12th grade
tests will include common items for bridging purposes; Item Response
Theory (IRT) procedures will allow comparisons on the same scale for
sets of items. Along with the achievement measures, further data will
be collected from high school transcripts, students, teachers, parents,
and school administrators. School dropouts will also be followed longi-
tudinally at two-year intervals.
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International Association for the Evaluation of Educational
Achievement (IEA). The IEA conducts cross-national mathematics
and science achievement assessments at irregular intervals.
Mathematics achievement was assessed in 1964 and 1981-82. The
most recent study covered arithmetic, algebra, geometry, statistics, and
measurement for 8th graders, classified according to whether the
assessments measured computation, comprehension, or application and
analysis. These classifications were also used for the 12th grade items,
which covered sets and relations, number systems, algebra, geometry,
elementary functions/calculus,. and probability/statistics (see Cross-
white et al., 1985; McKnight et al., 1987). : :

The IEA also conducts assessments of 9-, 13-, and 17-year-olds’

biology and physical science achievement. For the two assessments,
1970 and 1983, 26 items for grade 5 (9-year-olds) and 33 for grade 9
(13-year-olds) are the same. The utility of these data are diminished
by the fact that only 50 percent of the schools in the 5th grade sample
and 36 percent of the schools in the 9th grade sample respondesﬁ in
1983 (Raizen and Jones, 1985).
" The infrequency and irregularity of the 1nternat10nal assessments,
the difficulties with gaining U.S. schools’ participation for the science
assessment, and the possible lack of curriculum validity of the tests
(since they must be sensitive to international -curricula guidelines)
make the IEA studies of somewhat less value than the NAEP for a
national mathematics and science monitoring system. Nevertheless,
the IEA is an invaluable resource for cross-nstional achievement com-
parisons and for the extensive data collected on the content of courses
in the U.S. sample.

College Entrance Examinations. The American College Testing
(ACT) program and the Scholastic Aptitude Tests (SAT) were
developed to assist colleges in selecting students—a process that would
be difficult without standardized tests because of the diversity of cur-
ricula and grading practices across the nation’s secondary schools (e.g.,
Braswell, 1978; Haney, 1984, 1985; Jones, Rowen, and Taylor, 1977).

The SAT is taken by about 1 million students each year. Along
with the aptitude portion, which provides mathematical and verbal
scores, students take three achievement tests, one in mathematics
(usually level 1), one in English composition, and one in another sub-
ject area, usually history and social studies. However, there are also
achievement tests in biology, chemistry, and physics.

Each of the SAT mathematics examinations contains 50 questions
and requires 60 minutes. The Mathematics Level I examination covers
questions in “algebra, geometry, trigonometry, elementary functions,
mathematical reasoning, logic, and number theory” (Jones, Rowen, and
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Taylor, 1977, p. 206). Thirty percent of the test covers algebra, 20 per-
cent deals with plane geometry, and 16 percent requires knowledge of
coordinate and solid geometry. Only 12 percent covers trigonometry,
and 22 percent covers miscellaneous topics (Jones, Rowen, and Taylor,
1977). The Level II test contains 20 percent algebra, 20 percent coor-
dinate, solid, and transformational geometry, 20 percent trigonometry,
25 percent functions, sequences, and limits, and 15 percent logic, prob-
ability, and elementary number theory (Jones, Rowen, and Taylor,
1977).

Smaller proportions of students take the ACT and the SAT’s science
achievement tests. The SAT and ACT achievement tests have been
designed to be brief and curricularly neutral. These features are
advantageous, at least in principle, since they do not disadvantage stu--
dents due to curriculum content. Moreover, the tests were designed to
supplement, rather than supplant, information on students’ transcripts.
However, these advantages for college selection are corresponding
weaknesses for a national monitoring system: The tests. include. rela-
tively few items, so that there is little breadth or depth of topic cover- -
age. They also fail to provide nationally representative data on the
college-bound population, let alone the broader population of interest
to a monitoring system. ‘

State-Developed Tests. A final alternative for monitoring
achievement is to “piggyback” onto state-developed tests. However,
the close relation of state tests and curricula makes cross-state com-
parisons very difficult (Burstein et al., 1985).

Mathematics appears to be the most promising subject in which to
piggyback on existing state tests, since there is less diversity in
mathematics than in science curricula (Guthrie and Leventhal, 1985).
Furthermore, whereas virtually every state operates a testing program
in reading and mathematics, considerably fewer states test for science
achievement (Burstein et al., 1985).

Based on actual state tests, test manuals, and other details such as
dates of test administration, Burstein et al. (1985) concluded that few
mathematical topics were tested widely enough across states to be can-
didates for cross-state comparisons or national monitoring. They
found that the best candidates for an exploratory study of the use of
state mathematics data for national monitoring would include either
numeration or measurement at grades 7 through 9. Even this most
promising candidate might be somewhat difficult to implement: Of the
40 states that test at grades 7 through 9, only 25 administer their tests
in the spring, so 15 states would have to change their schedules.

Burstein and his colleagues concluded that the feasibility of using
state data for state-by-state comparisons “depends” (p. 6-1), partic-
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ularly on whether expansions in state testing programs result in greater
overlap in testing conditions among states. Their discussion implies
that linking state data would be feasible if greater overlap were to
occur as states continue to modify their assessment programs.

The potential for piggybacking on existing testing efforts is consid-
erablee.  NAEP stands out as particularly useful because of its
nationally representative samples of students, large item pools, and
extensive experience in developing and validating items for use in its
assessments. Unlike IEA, NAEP has a reasonably short and depend-
able assessment cycle. Unlike the college admission tests, NAEP does
not collect data from a self-selected sample. While state-developed
tests could prove useful, the practicality of using them depends on
greater homogeneity of testing practices.

Our discussion to this point has focused on the virtues of tests
defined in terms of the depth and breadth of topic coverage and the
adequacy of the student sample tested. To decide which tests are
potentially most useful, we must establish the criteria that tests must
meet to provide valid indicators of mathematics and science achieve-
ment.

Criteria for Measuring Achievement in Mathematics
and Science

Test scores can provide valid, unambiguous indicators of achieve-
ment only ‘if the tests measure more than students’ aptitude for
mathematics and science. Effective tests must also capture, in some
way, students’ conceptual understanding and problem-solving skills,
that is, their ability to apply their knowledge and understanding. As
Fig. 7.1 indicates, to capture all of the relevant dimensions (and allow
for other influences on test performance), tests must have: cognitive
fidelity, process relevance, curricular relevance, and aptitude relevance.

For the purposes of an indicator system, we consider the criterion of
cognitive fidelity particularly crucial, since it requires that tests be able
to assess students’ knowledge and conceptual understanding. Research
on learning in mathematics and science suggests why understanding
and knowledge are central to achievement:

¢ Conceptual understanding influences students’ attention to vari-
ous aspects of lessons. For example, students may listen to a
presentation on photosynthesis but fail to attend to the impli-
cation that plants produce their own food (e.g., Anderson and
Smith, 1986).
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Curriculum Relevance
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Process Relevance

Curriculum/instruction
to which student has
been exposed

Activities engaged in by
scientists and mathematicians,
including problem solving,
*higher-order™ processes

Aptitude Relevance

Achievement Tests

Individual differences not
+ -readily modifiable via
education

Cognitive Fidelity

Actual understanding of the
student, including -
misconceptions

Fig. 7.1—Criteria for evaluating achievement tests

¢ Conceptual understanding influences students’ judgments about

phenomena in laboratory work. For example, students may
have difficulty “seeing” that objects of different mass fall and
hit the ground at the same time because the students believe
that heavier objects should fall faster (Champagne, Klopfer, and
Gunstone, 1980).

Conceptual understanding may influence planning and use of
concepts and skills, as when lack of understanding of scientific
method inhibits students’ abilities to do the logical manipula-
tions necessary to design a controlled experiment (e.g., Feibel,
1978).

Conceptual understanding can influence the goals students set
for themselves, as when students believe the goal of solving
physics problems is to find an appropriate formula and solve
the equation, rather than reasoning from first principles (e.g.,
Clement, 1979a,b; Larkin et al., 1980a; Heller and Reif, 1982).

Research also indicates that mathematics and science learning often
involves a fundamental restructuring of previous conceptions. For
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instance, a student who learns biology must discard the initial impres-
sion that dolphins are more like fish than mammals in favor of a more
abstract representation of the relationships among species.

The second important criterion is process relevance. To meet this
criterion, tests must be able to assess students’ application of concepts
and skills deemed important in the practice of mathematics and sci-
ence. Often students who can understand textbook equations such as
F = ma are unable to use this knowledge to plan problem solutions
(e.g., Larkin et al., 1980a). Achievement in mathematical and scientific
problem-solving involves sustained reasoning and a great deal of atten-
tion to planning and organizing a problem solution, as well as deter-
mining what the problem is, how the problem should be represented
and thought about, and how to interpret potentially ambiguous evi-
dence.

In measuring problem-solving achievement, whether a student
derives the correct answer may be less important than how that answer
was derived. Successful problem-solving often involves more than one
attempt at a solution, and each attempt may require goal setting, com-
parison, and planning steps. From this perspective, the purely compu-
tational aspects often emphasized in multiple-choice achievement tests
may be the easiest and least important parts of many mathematical
and scientific exercises, because they do not require representing the
problem, goal-setting, and planning which make real-world problems so
difficult. Instead, these exercises involve relatively routine substitu-
tions of numbers into formulas. We argue that these problem-solving
steps and the conceptions underlying them should be assessed more
fully and efficiently than is presently done because of their importance
in mathematical and scientific activities.

Curricular relevance, while an important criterion, is not quite as
crucial as the first two—tests should measure achievement on impor-
tant mathematical and scientific topics even if they have not been
covered completely in all curricula. Nevertheless, curricular relevance
is desirable because an indicator system should reflect changes influ-
enced by schools, that is, by the curriculum to which students are
exposed (Heyns and Hilton, 1982; Shavelson, Webb, and Burstein,
1986; Welch, Anderson, and Harris, 1982; Wolf, 1979). Abilities
developed outside of class are important for individuals, but they tell us
little about the system of education.

Aptitude relevance is the final, and least crucial, criterion. Aptitudes
should be considered because they facilitate achievement, and are thus
contextual variables for understanding why some classrooms have
higher achievement than others. However, aptitudes should be given
second priority in the outcome portion of an indicator system because
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they are less responsive to educational intervention than achievement
and are therefore not instructional outcomes.

It is important to note that a test which meets one criterion might
not necessarily meet another. For example, a process-relevant test will
lack curricular relevance if students have not been taught problem-
solving skills. Our multiple criteria lead us to suspect that monitoring
outcomes may involve a series of achievement tests rather than a single
one.

Assessing the Current and Potential Usefulness of the Tests

Although NAEP appeared to be the most obvious test to use for a
national indicator system, it shares certain weaknesses with the other
tests, judged by the criteria we have just discussed. The tests generally
fail to meet the criteria of cognitive fidelity, process relevance, and cur-
ricular relevance. Analysis of these shortcomings may help to identify
. potential means of addressing the weaknesses.

Cognitive Fidelity. All of the achievement tests surveyed have a
certain degree of cognitive fidelity because, other things being equal,
students who have a deep understanding of mathematics and science
concepts will perform better than others. Nevertheless, despite the
best efforts of the test makers, the cognitive fidelity of present-day
tests is limited primarily because they were not designed to measure
students’ understanding directly. Furthermore, the ability of the tests
to determine whether students can understand and apply mathematical
and scientific concepts is hampered by their reliance on multiple-choice
formats.

Scores on multiple-choice tests often suggest that students have
greater conceptual understanding than they actually have. For exam-
ple, the 1972-73 NAEP used the problem shown in Fig. 7.2 to assess
the ability of 9- and 13-year-olds to “understand and apply the funda-
mental aspects of science in a wide range of problem situations.” A
student could answer this question correctly without having an accu-
rate conception of the relationship between water displacement and the
weight of an object. For example, the student might merely reason
that a brick placed on a pillow pushes further than a light piece of
wood, thus arriving at the “correct” answer. Moreover, students might
be able to answer this question correctly but not be able to predict
which of two objects of the same weight, but different displacement,
would be more likely to float (Feibel, 1978). Students often confuse
weight and density in a variety of ways when asked questions like this.

One aspect of mathematical knowledge that is becoming increasingly
important to monitor is the ability to estimate (e.g., Usikin, 1980).
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>

The three solid objects shown above have the same volume.
If they float as shown in the diagram, which one weighs
the most?

Object A

Object B

Object C

They all weigh the same

Itis impossible to tell without additional information

| don’'t know

JHoood

Source: NAEP (1976-77),p. 10.

Fig. 7.2—Question from the 1972-73 NAEP designed to assess
understanding and application of the fundamental aspects
of science in a wide range of problem situations

Multiple-choice tests might be deficient in measuring this ability as
well. For example, the 1981-82 NAEP included the following problems
relating to estimation:

5. [Estimate the quotient for each of these division problems. Do
not take time to calculate the answer using paper and pencil.
Choose the answer closest to your estimate.

A. 20/207 —0.1 B. 300/5 — 60
— 0.01 — 600
—1 — 6,000
— 10 — 1,500
— I don’t know — I don’t know
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Students might decide that they would rather work out the problem,
taking more time. In this case, the problem ostensibly measures an
important aspect of understanding mathematics, but there is no control
over whether students are actually doing what the problem asks.
Furthermore, in real-life mathematics, it might be important for a stu-
dent to be able to evaluate whether a particular answer seems “about
right,” rather than choosing among a set of alternatives.

The least expensive alternative for improving the cognitive fidelity
of current multiple-choice achievement indicators would be to add
items to NAEP that have distractors keyed to various misconceptions
(e.g., Messick, Beaton, and Lord, 1983). For example, the question in
Fig. 7.3 presents alternatives, developed as a result of interview
research by Clement (1979a, 1979b), that would clearly demonstrate
whether students have misconceptions about force. Choice of answer A
would demonstrate a misunderstanding of both the relationship
between force and acceleration and the First Law of Motion.

This recommendation has had precedents. Messick, Beaton, and
Lord (1983) also recommend this as a direction for NAEP to follow.
The practice of reporting common student misconceptions based on
multiple-choice test results has been followed in Australia, where the
yearly report of examiners includes not only the percentage of students
getting each item correct, but an analysis of the commonly chosen dis-
tractors and the conceptual difficulties indicated by these choices.

Testing for understanding and keying multiple-choice alternatives to
misconceptions has several advantages. It demonstrates to students
and to the public the need to understand and not merely calculate
answers. Also, teachers can use test results to justify spending more
time training students to think rather than merely to insert numbers
into formulas. Finally, if students are encouraged to develop correct
conceptions of sometimes counterintuitive aspects of science, they are
likely to become more expert in solving physics problems. Experts
spend more time thinking of an appropriate problem representation
than on the computational aspects of problems (e.g., Larkin et al,
1980b; Heller and Reif, 1982).

Using computers may provide a more costly but possibly more useful
long-run approach to improving the cognitive fidelity of tests. As an
alternative to the paper-and-pencil, multiple-choice format with four or
five misconceptions as distractors (exemplified in Fig. 7.3), Brown and
Burton (1978) have developed computer models of dozens of “bugs” in
students’ understanding of subtraction. Others (e.g., McArthur (1985);
Sleeman, 1982; Sleeman and Smith, 1981) have been developing com-
puter modeling capability for additional topics in mathematics and sci-
ence. If efforts such as these are successful, the knowledge of
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A rocket is drifting sideways from P to Q in outer space.
It is not subject to outside forces.

. 5

——

o R

When the rocket reaches Q, its engine is fired to produce a constant
thrust at right angles to PQ. The engine is turned off again when'it -
reaches R.

Question 4

Which of the folowing:(A,B,C,D,E, or F) best represents the path of the

rocket? ’

- P |

A B Q :
._—\‘__ .
P Q

c b P Q
—_—\ w—
P Q

E E P Q

Source: Clement (1982).

Fig. 7.3—Problem with alternatives keyed to student misconceptions

misconceptions and “sticking points” could be used to (1) generate
better multiple-choice distractors or (2) allow the computer to test
achievement interactively. These efforts may be particularly important
for problem areas that students can misunderstand in a great number
of ways.
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The computer may be particularly useful for improving the cognitive
relevance of achievement tests because of its ability to almost instan-
taneously create new representations of a problem (Shavelson and
Salomon, 1986). For example, in NAEP’s flotation problem (Fig. 7.2),
the computer could enable several representations of the problem to be
used, each one based on the answer the student gave earlier. Pupils
who chose Object B might be asked whether this would be a reasonable
choice under certain conditions, such as (1) when all the objects have
the same weight, but B has twice the volume of the others, (2) when all
- the objects have the same volume, but C has twice the weight of the
others, or (3) when the liquid is oil rather than water.

Pursuing the reasoning of students who answered correctly might
- show that some: of them have less complete understanding than their
‘original answer indicated. Conversely, students who answer
-erroneously might be shown to know more than their original answers

indicated.

< The -ability to condition the test’s next action :on the student’s
~response could have other advantages as well: For example, response

alternatives concerning why the student gave a certain answer could be

conditioned on the student’s previous response. Or questions based on

incorrect responses could be included that would allow the students to
- discover their mistake.

Another major advantage of the computer for increasing the cogni-
tive fidelity of tests is its ability to time student responses and present
alternatives in a planned sequence. For example, in the NAEP estima-
tion problem cited above, the computer could time students’ responses
and combine time and accuracy to measure their estimation ability. In
another variation of this problem, students might he given each alter-
native and be asked whether it “seems right” for the problem.

A related development is computerized adaptive testing (e.g.,
McBride, 1985). Although not keyed to specific misconceptions, this
technique promises to enable students’ abilities to be assessed with
fewer questions because the computer can choose items that are gen-
erally closer to the ability level of the student. The ETS is currently
developing this technology for individualized diagnostic testing (e.g.,
Ranbom, 1985).

Process Relevance. Process relevance refers to the degree to
which a test assesses students’ ability to use concepts and skills to
state and solve problems. A student might understand a scientific or
mathematical concept but still be unable to solve significant problems.
Various studies suggest that multiple-choice items, while adequate for
monitoring some important aspects of the use of concepts and skills
(cf. Aiken, 1982), cannot indicate enough about students’ abilities to



162 INDICATORS FOR MONITORING MATHEMATICS AND SCIENCE EDUCATION

solve problems. Consequently, existing tests generally fail to satisfy
our criterion of process relevance.

One serious weakness of the multiple-choice format is that distrac-
tors can inadvertently make a question easier or more difficult by sim-
plifying the respondent’s task to a choice among alternatives. The
item makes the student’s job easier if it suggests an approach he or she
would not have thought of independently. Even when a test has been
carefully edited, clever students can often get several answers correct
via a process of elimination, thereby limiting the amount of informa-
tion we actually gain in giving tests that purportedly measure
problem-solving ability. Conversely, since students work under time
pressure, the presence of attractive (but erroneous)-distractors in an
item might make the problem more difficult than it-would have been if
it were presented in free-response format.

Another serious problem with multiple-choice questlons is that they
do not tell how the student derived an answer. In problem-solving, it

-may be just as important to know that students performed reasonable
steps as to know that they got the correct answer. Sometimes students
carry out procedures correctly but make small computational errors;
sometimes students respond correctly through fortuitous but erroneous
reasoning.

Perhaps the worst problem with multiple-choice items is that they
encourage test writers to devise questions that involve few steps or
only knowledge of facts. Sternberg and Baron’s (1985) recent analysis
of problem-solving suggests that, in general, “higher-order thinking”
includes recognizing that a problem exists and defining the nature of
the problem. This is particularly true in mathematics and science.
But the multiple-choice test format usually provides a representation of
the problem to enable the student to solve it in a reasonable amount of
time. Furthermore, by providing answer alternatives, the test
developer implies many of the basic problem-solving steps to be taken.
Consequently, it has been contended (e.g., by Frederiksen (1984)) that
multiple-choice tests do not measure problem-solving abilities, and that
when they do, they do not measure thinking processes completely.
Frederiksen notes that the multiple-choice format influences the
developer’s task selection, which in turn influences the cognitive
processes required to perform the tasks.

It is difficult to overcome the tendency of multiple-choice items to
assess factual knowledge rather than the ability to use concepts and
skills. For example, Levine, McGuire, and Nattress (1970) gave explic-
it instructions to item writers to create items that measured problem-
solving skills in orthopedic medicine, such as interpretation of data,
application of principles, or evaluation. Despite these efforts, most of



OUTCOMES, ACHIEVEMENT, PARTICIPATION, AND ATTITUDES 163

the test items were judged to require mainly recall. Ward, Frederiksen,
and Carlson (1980) compared multiple-choice and free-response mea-
sures of ability to formulate scientific hypotheses. They concluded that
“the free-response and machine-scorable versions . . . clearly cannot be
considered alternate forms of the same test, since the correlations
between corresponding scores from the two forms are low” (p. 26).

Recognizing these difficulties, the National Science Board (NSB), in
Educating Americans for the Twentieth Century, urged that greater
emphasis be placed on developing “standards for achievement in basic
problem-solving skills and in science content” and also on “evaluation
of achievement by testing process skills and 1ntegrated knowledge as
well as facts and concepts” (p. 36).

There are several ways to develop tasks that demand more realistic
problem-solving skills than are required in present-day tests. One
“alternative is exemplified by an experimental section of the 1972-73
NAEP. The section required students to participate in a number of
individualized activities administered by a trained interviewer,; includ-
ing “the use of scientific apparatus to conduct testing procedures and
simple experiments, the application of knowledge to the observation of
materials in order to make generalizations and the demonstration of
principles by using models” (NAEP, 1975).

A number of other methods have been developed to- measure
problem-solving processes in the past few decades, including clinical
interviews (Piaget and Inhelder, 1969), process tracing (having subjects
“talk aloud” as they solve a problem), tab items (where the subjects
must choose from a series of predetermined steps.-how they would
respond), and stimulated recall (in which the respondent views a video-
tape of his or her problem-solving behavior and explains why steps
were undertaken in certain ways) (Shulman and Elstein, 1975).
Schoenfeld (1982) has developed methods of assessing mathematical
problem-solving based on detailed analysis of students’ written solution
attempts, including counts of the number of potentially successful
methods tried and the degree of success in performing the steps
required in each method. Frederiksen and Ward (1978) have reported
some success in developing a test of creativity in designing and analyz-
ing psychology experiments.

All of these procedures for measuring problem-solving ability are
costly, because they require trained interviewers or extensive protocol
analysis. Advances in cognitive science and computer technology may
allow many of these procedures to be performed inexpensively with the
use of a computer. For example, in the chemicals task reproduced in
Appendix 7.4, designed to assess experiment-building skills, the prob-
lem is to find which combinations of chemicals make a color, and to
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determine the role of each chemical in creating the color. Students
“run experiments” to see the results of any combination of chemicals,
until they feel they have enough information to solve the problem.
ETS has also recently pilot-tested some computer-based simulation
problems (ETS, May 1987).

Variations on the chemicals task could also be developed. For exam-
ple, a computer might simulate the effect on a pendulum of changing
its mass, height, and length. Students could “run experiments” in the
computer simulation, changing these variables until they felt they had
enough information to decide on the relationship between these factors
and the period of the pendulum.

The chemical and pendulum exercises meet Mchre and Babbott’s
(1967) criteria for useful simulation tasks by requiring multiple data-
collection steps and avoiding clues that are artifacts of the test tech-
nique. They satisfy the criteria upon which multiple-choice items were
evaluated, in that they would avoid artificiality, allow monitoring of

~solution processes, and involve more than factual knowledge - (presum-
ing the student was new to the task). These tasks would appear amen-
able to scoring according to whether (1) the results of all possible com-
binations were requested, (2) redundant information was requested,
and (3) appropriate conclusions were drawn.

These computer tasks also have essential properties requ1red for
assessing problem-solving skills more successfully than is possible with
present-day multiple-choice tests: The computer tests keep track of
the students’ problem-solving processes while allowing them to design
their own experiments and draw their own conclusions. The computer
version of the chemicals task, for example, has many of the advantages
of the experimental “hands-on” tasks given by NAEP in the 1972-73
Principles and Procedures science tests, without the disadvantages of
requiring trained interviewers, expensive protocol analysis, or time-
consuming setups of actual equipment. Although it would take time to
devise tasks that have the same advantages for assessing other kinds of
mathematical and scientific skills, the fact that some useful tasks have
been devised suggests that others could be created.

Three arguments can be raised against the methods we have pro-
posed for increasing the process relevance of achievement indicators.
One argument is that computer-based methods are too expensive to
develop and use on a nationwide scale. The cost of computing has
dropped dramatically in recent decades, however, and it continues to
drop, so cost considerations should probably be explored only after
pilot projects and fundamental research have determined whether use-
ful computer items can be developed on a small scale. We should be
more concerned about the likelihood that the lack of better measures of
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problem-solving ability could be an excuse for not teaching it (e.g.,
Frederiksen, 1984).

A second argument is that the correlation between multiple-choice
tests and more valid tests is so high that we might as well use the
less-costly alternative (e.g.,, Whimbey, 1985). This argument is based
in large measure on “higher-order thinking tests” which require sub-
stantial reading ability. But reading ability is not problem-solving per
se. Some good readers might do well on a multiple-choice test and still
be unable to solve significant problems in the real world.

A final argument against supporting research into better measures of
the use of concepts and skills is that students are already having so
much trouble with present-day measures of problem-solving (as demon-
strated by the NAEP problems already cited) that creating more realis-
tic and difficult problems would be fruitless. But some of the trouble
might be associated with current testing technology itself.

We believe that the greatest benefits to be derived from the develop-
ment of new testing technologies will be that they will encourage
schools to teach and students to learn how to solve problems. The
NSB’s Educating Americans for the 21st Century recognized the power
and influence of standardized tests: “Properly modified, these can have
considerable effect in hastening the hoped-for improvements in teach-
ing of mathematics in grades K-12” (p. 5).

Curricular Relevance

State-developed tests and NAEP most successfully meet the cri-
terion of curricular relevance. College admission tests are primarily
aptitude tests designed to supplement information in the student’s
transcript. Moreover, the self-selected nature of the test takers makes
these tests poor candidates for a national indicator system. The
national longitudinal studies are also limited in their curricular
relevance, since they attempt to measure student achievement with
brief tests in different academic areas, and the assessments for
mathematics and science are necessarily too brief to reflect much about
the curriculum to which a student is exposed. They, too, are better
measures of verbal and quantitative aptitude than of mathematics and
science achievement.

State-developed tests appear to have the greatest curricular
relevance because they reflect a surer sense of the curricula to which
students have been exposed. This is fine for in-state indicator systems,
but it has a serious drawback for a national indicator system in that
there is little overlap in the content areas that are stressed in different
states’ tests (Burstein et al., 1985). The viability of this option
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depends on future developments in coordinating state assessments,
which may not take place.

This leaves NAEP as the most promising short-term alternative in
terms of curricular relevance. But because NAEP continues to be
altered, the data from past and subsequent assessments may not be
dependably comparable. Further, NAEP’s efforts at improving its cur-
ricular relevance are constrained by the fact that it is a national assess-
ment and there are large differences in content coverage among text-
books, (Freeman et al., 1983) and by wide variations in the portion of
the curriculum that is not text-governed (Freeman et al., 1983).

Designers face two important challenges in trying to improve the
curricular relevance of a national assessment. - First, such attempts will
necessarily involve value judgments concerning the choice of the “core”
knowledge and skills to be emphasized in the assessment. Chapter 5 of
this volume details some of the perils of trying to decide on “core”
knowledge. While the content of tests could be influenced through
various means (e.g., blue ribbon panels), the political implications
raised are beyond any one agency’s complete control. Second, control
of education is delegated to the states and local districts, and they
might resist being compared on the basis of a test into which they had
little or no input. The political considerations involved here are
beyond the scope of this chapter. Oakes and Carey provide a fuller dis-
cussion of them in Chapter 5.

With these constraints in mind, we can identify three options for
improving the curricular relevance of achievement tests. The first
would be to include, in each assessment, a questionnaire that asks
teachers to specify which topics on the test had been covered in class.
This option, exemplified by IEA’s latest mathematics assessments,
seems to be a workable means of assessing curricular relevance,
although the accuracy of teacher reports has not been well-established.

A second option would be to include an analysis of student tran-
scripts and grades in the achievement indicators. Transcript analysis
is costly because of the differences in course sequences in school dis-
tricts, but rough classifications could be made.? However, even if the
cost of transcript analysis could be justified, there are no general stan-
dards for assigning grades: “While grades may provide some sense of
the different performances of students 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 year to year . . . identical

2Adelman (1983) used a classification system developed by Evaluation Technologies
(1982) to study transcripts from the Study of Academic Prediction and Growth and the
New Youth Cohort of the National Longitudinal Study of Labor Market Experience
(High School Classes of 1975-81).



OUTCOMES, ACHIEVEMENT, PARTICIPATION, AND ATTITUDES 167

grades clearly do not imply identical performance” (Raizen and Jones,
1985, p. 113).

As Raizen and Jones (1985) point out, some university admissions
offices maintain databanks with comparative data on high school
grades and university performance, which they use to adjust grades
from particular high schools. Because staffing and grading patterns
change at schools, we are uncomfortable with the assumptions of such
a system, even if this data source could be applied to more than a small
sample of schools.

Given the difficulties with the two options, we would consider
teacher reports to be the best available alternative in.the near term for
monitoring, if not improving, the curricular relevance of achievement
tests.

PARTICIPATION INDICATORS

Participation refers to outcomes such as choice of students to enroll
in mathematics and science courses and become involved in extracur-
ricular mathematics and science activities. We include these indicators
because increased participation in mathematics and science is a goal in
its own right. In addition, participation indicators predict subsequent
achievement and foreshadow longer-term phenomena such as choice of
college major or career, and they probably reflect attitudes toward
mathematics and science to some degree. We do not discuss longer-
term phenomena such as career choice, because these are highly influ-
enced by factors outside of precollegiate mathematics and science edu-
cation. Engineering, for example, may become a less desirable career
option if a slumping economy or change in government policy causes
engineers to be laid off in large numbers.

We recognize that participation is also influenced by student back-
ground and social context. The choice to enroll in elective mathemat-
ics and science courses may be influenced, for example, by college
entrance requirements and parental and community expectations. We
label participation as an outcome because it reflects choices of students
to gain certain mathematical and scientific experiences.

Within-School Participation Indicators

Course enrollment is an important participation indicator because
coursework determines, in large measure, how much science and
mathematics content students are exposed to. In their review of the
literature on the relationship between course-taking and achievement,
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Raizen and Jones (1985) found that mathematics achievement scores
are related to the number of mathematics courses taken, even when
adjusted for race, sex, socioeconomic status (SES), and students’ earlier
mathematics scores (see also Horn and Walberg, 1984; Welch, Ander-
son, and Harris, 1982). Coursework is important for determining
achievement in science, as well. For example, school effects on
achievement are considerably larger for science than for reading
(Welch, Anderson, and Harris, 1982; Wolf, 1979).

There would be difficulties in using course enrollment as a sole indi-
cator, however, because course titles are not standardized across
schools, and the content of identically titled courses can vary dramati-
cally. Nevertheless, analyses of course data from High School and
Beyond and NAEP (cited earlier) show that when rough course
categories are used, this indicator can be used to gauge relative prog-
ress in mathematics and science education. ;

Just because a student goes to class does not necessarily mean he or
she 'pays attention in class. Thus, attention while material is being
covered might be considered an important aspect of participation. For
elementary schools, Berliner and associates (e.g., Berliner, 1979; Fisher
et al.,, 1980) have distinguished among allocated time (the time teachers
reserve for instruction), engaged time (the time students are observed
actually working on academic tasks), and academic learning time (the
time students are observed to spend engaged in tasks of appropriate
difficulty, as evidenced by their getting a large percentage of the prob-
lems correct). Since student achievement is most affected by engaged
and learning time (e.g., Berliner, 1979; Fisher et al., 1980), there is
empirical support for using student attention in class as an indicator of
participation.

The difficulty with using engaged time as an indicator is that it has
traditionally been measured by observer judgments. One alternative
would be to use student reports of their own attention and what they
think about in class. Peterson et al. (1984) found that students’
reports of attention, understanding, and thinking about class material
were predictive of classroom learning, whereas observers’ judgments of
student attention were not. However, we do not recommend student
reports of attention in class as an individual indicator because those
reports are highly related to the students’ aptitudes (see also Peterson
et al., 1982). Until or unless research clarifies the nature of that link,
student reports will provide ambiguous and possibly misleading indica-
tors. And, of course, students might lie about how much they pay
attention in class.

A final indicator of within-class participation would be whether stu-
dents have had particular mathematical and scientific experiences. For
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example, the 1981 NAEP asked students whether they had experi-
mented with something for more than a week, used a telescope, experi-
mented with chemical reactions, or read science articles in magazines.
Although NAEP’s phrasing does not limit these activities to within-
class or outside-of-class participation, this kind of data might be useful
because it has been proposed that females and ethnic minority students
are disadvantaged by not being exposed to the same quantity and qual-
ity of science experiences as are white males (Kahle, 1983; see also
Chapter 8 of this volume).

Extracurricular Partlclpatlon

An indicator system that includes only class-taking and attention in

class would be missing the importance of extracurricular science and =

mathematics activities. Research suggests a relationship between such
activities and achievement and has also found that these activities are
sometimes more indicative of later-life accomphshment than classroom
successes are (Munday and Davis, 1974).

Shavelson’s (1985) study of Department of Defense Dependent
Schools found that students in academic programs, who generally
achieve better than other students in mathematics and science, were
most likely to participate in intellectual extracurricular activities (e.g.,
school newspaper or mathematics clubs). Similarly, Munday and Davis
(1974) found consistent but weak correlations between high school
extracurricular activities and later career achievements.

Other research suggests that extracurricular activities increase stu-
dents’ “time on task” on mathematics and science activities, a con-
struct which is central to theories of the influence of education on
achievement (e.g., Harnischfeger and Wiley, 1976). Besides increasing
time on task, these activities may help students acquire problem-
solving abilities that are not taught in class, such as deciding on a topic
to address, on the nature of the problem, and on relevant ways to
address the question. Finally, outside activities may help students
develop physical intuitions for certain subjects such as physics. For
example, Steinkamp and Maehr (1984) suggested that boys’ experience
with hobbies such as repairing cars may help explain why some of
them understand physics better than many girls do.

Just as extracurricular participation may affect achievement, it may
also affect attitudes. Extracurricular activities provide an opportunity
to experiment with ideas or projects in a nonevaluative environment,
allowing students to take risks they might avoid if they knew they were
going to be graded on their work. Such activities may also help stu-
dents gain self-confidence and develop specialized interests not
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emphasized in the general mathematics and science curriculum. The
fact that one has voluntarily participated presents a powerful motive
for convincing oneself that mathematics and science are fun and that
one is proficient in them (Festinger, 1957).

Extracurricular participation may not only affect attitudes, it could
also be considered an indicator of attitudes. It may be especially useful
in determining which high-ability students are most enthused about
mathematics and science.

Despite the studies suggesting that extracurricular activities might
be important for achievement and attitudes, the nature of this relation-
ship is not fully understood. It could be that achievement and atti-
tudes influence participation, rather than vice versa. Further -analyti-
cal research is needed in this area to enable monitoring the health of
the system, and to gain a better understanding of the influence of vari-
ous mathematical and scientific activities. '

Overall Assessment of Participation

. Participation can be measured by course enrollment, attention in
class, within-class mathematics and science experiences, and extracur-
ricular mathematical and scientific activities. Because of the problems
with measuring attention in class, however, we would suggest that only
the other three be given serious consideration as indicators. Course-
taking deserves highest priority because of its curricular relevance and
relative ease of measurement. Additionally, course-taking data are
already collected by NAEP, IEA, and the Center for Education Statis-
tics’ longitudinal studies. Indicators of whether students have had
various mathematical and scientific experiences, such as those included
in NAEP, would also be worth including in an indicator system.
Finally, extracurricular mathematical, scientific, and technical activi-
ties appear to be an important indicator, both of additional learning
opportunities and of attitudes.

We must note one caveat: Education is not the only important
influence on participation in mathematics and science. Student back-
ground, economic conditions, parental expectations, and community
support undoubtedly play a large role in determining the degree to
which students elect to take classes or participate in extracurricular
mathematical and scientific activities. Nevertheless, participation is an
important construct because it is crucial to later achievement and
eventual career choice. Elective participation in courses might be par-
ticularly crucial, since there is evidence that for the average student
mathematics and science are less amenable to learning on one’s own
than are subjects such as English or social studies (Welch et al., 1982).
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ATTITUDE INDICATORS

Attitudes must be considered in a monitoring system because it is
widely believed that (1) attitudes can foreshadow students’ decisions
about whether to continue taking mathematics and science courses,
particularly females and minority students; (2) attitudes influence stu-
dent achievement; and (3) possession of certain attitudes can assist in
mathematical and scientific problem solving. Despite the weak evi-
dence for these claims and the difficulties of measuring attitudes, an
indicator system must include some attitude indicators because other-
wise it would be widely perceived as incomplete.

The domain of attitudes includes a large number of potential indica-
tors. In the following sections, we consider three broad categories: (1)
attitudes toward mathematics and science; (2) self-confidence in one’s
ability to be successful in mathematics and science; and (3) “scientific
habits of thought.” Each category will be reviewed for its potential
importance to a monitoring system, and for the adequacy of our
present ability to measure it. We conclude with recommendations -
about the attitude measures that should be included in an indicator
system.

Attitudes Toward Mathematics and Science

Attitudes toward mathematics and science consist basically of stu-
dents’ attraction to these fields, i.e., opinions about the desirability of a
scientific career, the perceived usefulness of mathematics and science
to one’s career, interest in and enjoyment of these subjects, and beliefs
about the capacity of mathematics and science to alleviate important
social problems.

One primary rationale for including measures of attitudes toward
mathematics and science is that positive attitudes result in increased
enrollments in relevant coursework. In turn, increased enrollment
results in a larger pool of mathematicians and scientists and a more
scientifically literate public (Welch, 1983). However, the validity of
this assumed chain of causality has not been systematically evaluated
in any major reviews of the literature. Instead, reviews have evaluated
the relationship between attitude measures and achievement (e.g.,
Haladyna and Shaughnessy, 1982; Raizen and Jones, 1985; Welch,
1983), the results of past attitude surveys (e.g., Hueftle, Rakow, and
Welch, 1983), the reliability and validity of measures of attitudes (e.g.,
Munby, 1983a), and ways to improve attitudes (e.g., Haladyna, Olsen,
and Shaughnessy, 1983).
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However, results of research on attitudes toward mathematicians
and scientists have suggested reasons why some students do not pursue
scientific careers. Roger Johnson (in Ward, 1979) cites a 1956 nation-
wide poll of high school students in which 30 percent of the respon-
dents stated that you cannot expect to raise a normal family if you
become a scientist, 27 percent said that scientists are willing to sacri-
fice the welfare of others to further their own interests, 25 percent
expressed the belief that you have to be a genius to be a good scientist,
25 percent said that scientists are “more than a little bit odd,” and 28
percent said that scientists do not have time to enjoy life.

These student responses concerning their stereotypes of scientists
and mathematicians largely reflect the influence of society rather than
the educational system (e.g., Blosser, 1984; Gardner, 1975), so. we sug-
gest that attitudes about mathematicians and smentlsts should have
low priority in a system of educational indicators.

We think considerably more effort should be devoted to developmg
measures of students’ descriptive perceptions of the fields of mathemat-
ics and science. Assessments of students’ qualitative impressions of
“what mathematics and science are like” would provide clues concern-
ing the nature of the mathematics and science instruction that stu-
dents are exposed to in school, and as such, would be more indicative
of precollegiate coursework than would students” impressions of scien-
tific careers.

The second NAEP mathematics assessment used a scale for 13- and
17-year-olds called “Mathematics as a Discipline,” which asked stu-
dents to-state the degree to which they agreed or disagreed with state-
ments such as “Mathematics is made up of unrelated topics,”
“Mathematics helps one to think logically,” and “Doing mathematics
requires lots of practice in following rules.” IEA’s Second Interna-
tional Mathematics Study’s “mathematics as a process” scale showed
that U.S. students believe mathematics helps them think logically, is a
good subject for creative people, and is a discipline where new
discoveries are being made. Nevertheless, the data also indicated that
8th grade students strongly tend to look at mathematics as a set of
rules to follow and memorize, although 12th graders showed somewhat
less of this tendency (Crosswhite et al., 1985).

There is controversy concerning the degree to which attitudes
toward science as a discipline can be measured validly. Haladyna and
Shaughnessy (1982) conclude that a few well-validated instruments of
attitudes toward science exist (e.g., Neale, Gill, and Tismer, 1970;
Haladyna and Thomas, 1979). However, Munby’s (1983a) more exten-
sive and focused review is considerably more critical. Munby analyzed
56 Likert-type attitude scales and found that 21 had no reported
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reliabilities, and only 21 had been used in more than one study. The
analysis of tests’ validities was even more critical—only 7 instruments
had been validated by two or more psychometric methods, and only 4
instruments contained no cognitive (as opposed to attitudinal) items.
Munby further concluded that even the 7 “survivors” of the analysis
were suspect on one basis or another.

Another aspect of attitudes toward science is students’ assessments
of whether they enjoy mathematics and science classes in school. The
rationale for including these attitudes is that enjoyment of mathemat-
ics and science classes foreshadows further course enrollment and
influences eventual choice of careers. NAEP and IEA have both mea-
sured these perceptions. For example, the 1981-82 NAEP science -
assessment asked students whether science classes were fun, and how
often classes made them feel happy, interested, or curious. Students
also indicated how easy their classes were and how comfortable they
felt in class. Hueftle, Rakow, and Welch (1983) ‘compared these data
‘with the edrlier assessment and found that both 13- and 17-year-olds -
found science classes less easy, comfortable, and interesting than did
respondents to the 1977 assessment. These negative trends were
counterbalanced somewhat by 13-year-olds’ virtually unchanged per-
ception of the usefulness of science classes and 17-year-olds’ more
favorable opinions concerning the usefulness of science classes, their
science teachers, and scientific careers, compared with respondents in
the 1977 assessment. The fact that 17-year-olds were less positive
toward their classes but more attracted to science careers suggests that
enjoyment ‘of science might not necessarily translate into higher likeli-
hood of entering a science career. ‘ ‘

Another rationale for including students’ attitudes toward their
classes is that positive attitudes contribute to student achievement.
However, this claim is suspect. The generally weak correlation found
between attitudes and achievement (e.g., Haladyna and Shaughnessy,
1982; Horn and Walberg, 1984; Welch, 1983) argues against a linear,
causal relationship and may even support the interpretation that mea-
surement difficulties preclude testing causal hypotheses adequately.
Welch (1983) reports that the median correlation between achievement
and science in the IEA studies was +0.20, a meta-analysis of 49 studies
by Haladyna and Shaughnessy (1982) found a median correlation
between achievement and attitudes of +0.15. Kahle’s (1982) analysis of
1977 NAEP science data showed that minority students had positive
attitudes toward science, science-related careers, and scientific
research, which have not been accompanied by higher enrollment or
achievement. Willson (1983, reported in Raizen and Jones, 1985) has
suggested that even the weak relationships that exist between achieve-
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ment and attitudes are due to achievement’s effect on attitudes, rather
than vice versa.

A third rationale for including students’ attitudes toward their
classes is that such attitudes influence their willingness to participate
in subject-relevant extracurricular activities. However, Kahle’s (1982)
findings throw that interpretation into doubt. At age 17, more blacks
than whites found science seldom or never boring (27 percent vs. 17
percent) and found it always or often fun (30 percent vs. 26 percent),
and more blacks always or often liked to go to science classes (48 per-
cent vs. 35 percent). Yet “these same black students had fewer science
experiences, found science less useful out of school, and were less aware
of scientific methods and how scientists work. Furthermore, they were

less confident in the ability of science to solve current or future prob-
lems” (Kahle, 1982, pp. 541-542). . E

NAEP and IEA have also assessed students’ interest in mathemati-
-“‘cal and scientific careers. NAEP’s 1981 science assessment (Hueftle, -
. Rakow, and Welch, 1983) found that 13-year-olds were more likely in

-.. 1981 than they were in 1977 to agree that working in a science-related -

field would be fun and something they would like to do; they also were
more likely to agree that the education and training needed to enter a
scientific field would be worth the effort in the long run and would
open job opportunities. On the other hand, they were also more likely
to state that such a career would take too much education and that
scientific training would not be worthwhile if one did not go into a
“scientific field. Seventeen-year-olds in 1981 were also somewhat more
favorable toward careers in science, although they also thought that
such careers would be lonely. These results suggest that attitudes
toward science classes may be somewhat independent of students’ atti-
tudes toward science careers: Whereas opinions of their science classes
had generally declined during the 1977-81 period, students were
becoming more interested in scientific careers.

Evidence on the importance of assessing students’ feelings toward
science and mathematics careers is promising, but equivocal. On the
one hand, interest in careers might be an important indicator of
further course participation. For example, Berryman (1983, cited in
Chapter 8 of this volume) found that girls who are interested in
mathematics and science careers are more likely to take classes in
these subjects. On the other hand, being positive toward mathematics
and science careers is not always enough to assure that students will
get the experiences needed to pursue such careers. In the 1976-77
NAEP science assessment, for example, more 13- and 17-year-old
blacks than whites expressed positive attitudes toward scientific
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careers, yet blacks were far below whites in science experiences and
awareness of the scientific process (Ward, 1979).

A final aspect of attitudes toward science is the degree to which stu-
dents believe science can help solve society’s problems. Although ques-
tions on this issue are undoubtedly asked because they are thought to
affect students’ career choices, a less commonly expressed reason for
measuring attitudes toward mathematics and science has been fear that
negative attitudes could eventually result in lower levels of public sup-
port for research in these fields. This reason is reflected in the
1976-77 NAEP’s questions for 13- and 17-year-olds which ask about
‘the importance of “studying the size of large groups of stars,” “studies
~about migration habits of bees,” “research into better ways to produce
fertilizer,” and “research to develop vaccines for epidemic-type
dlseases” (ETS, NAEP Demonstration Package, Year 8, p. 16). - Other
questlons that fall into this category include questions about whether
science research has produced useful information about what foods to
eat, how tuch the application of science can help prevent worldwide
starvatlon, and the degree to which science is personally useful outside
of class.

‘The rationale for including measures of students’ view of the useful-
ness of science to society can be questioned. In the 1981 science
assessment, for example, 17-year-olds, who were more positive about
science careers than the same age group in 1977, were also less confi-
dent of science’s ability to solve world problems (Hueftle, Rakow, and
Welch, 1983). This suggests that career preference is more strongly
influenced by factors other than whether the career will contribute to
society.

Self-Confidence in Mathematics and Science

Self-confidence refers to students’ perceptions that they have the
capacity to achieve in mathematics and science and that they can par-
ticipate in mathematical and scientific careers. Research suggests that
students’ feelings of confidence can have important influences on their
participation and achievement. From the psychological literature, Ban-
dura (1977) has suggested that expectations of success determine
whether people will attempt to solve a problem, how much effort they
will expend, and how long they will persist when there are obstacles to
meeting their goals. Minority and lower-SES children may be particu-
larly prone to debilitation resulting from low self-expectations (e.g.,
Gurin et al., 1969; Oakes, Chapter 8 of this volume). More generally,
studies by Schunk (e.g., 1981) have found that perceptions of com-
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petence predict both persistence and performance in mathematics
among previously low-achieving children.

Research suggests that self-confidence can be important in science
classes, as well. Simpson (1977, cited in Kahle, 1982) states:

As students move through various grade levels feelings towards them-
selves play an increasingly important role in how they do academi-
cally. These attitudes form gradually, and once formed tend to be
stable. Success in Junior High School science, and to a greater
extent in High School science, is thus a product of a set of complex,
accumulative feelings derived from earlier success and failures. (p. 42)

“Tt- has not been established exactly how students come to have.self-
, confidence in mathematics and science, but it is likely that children’s
‘attributions for their success or failure influence their later choices and
their persistence in attaining goals (see Weiner, 1972; 1977, 1979;
Stipek .and Weisz, 1981). For example, children usually persist less
when they beheve their failures are due to lack of ability. than if-they
attribute failure to lack of effort.  Chipman and Thomas (1984) note
that: women .are less likely to attribute success to their.own..abilities,
and .they suggest that this might make past success less llkely to
inspire them to expect future successes.

NAEP and IEA have included measures of students’ self-conﬁdencen
in mathematics and science. NAEP’s Second Mathematics Assessment
asked students to indicate whether mathematics made them feel ner-
vous and how.difficult they found topics such as estimating answers to
problems. The 1981-82 science assessment asked whether working in a
science-related. field was something students felt they could do.
Between the 1977 and 1981 assessments, there was an increasing ten-
dency for 17-year-olds to think that working in a science-related field
was “something I could do” (55.8 percent in 1977 vs. 64.5 percent in
1982) and to agree that there are science-related jobs that they could
learn to do (77.0 percent in 1977 vs. 81.9 percent in 1982). These
NAEP questions are ambiguous: They confound the perception that
jobs in science exist with the student’s perception that he or she is
capable in science. The IEA’s Second International Mathematics
Study contained less ambiguous measures of self-confidence: Students
were asked to agree or disagree with statements such as, “I am not so
good at mathematics” or “Mathematics is harder for me than for most
people.” Although the IEA questions are more clearly relevant to self-
confidence, their phrasing is not as relevant to students’ perceived
career choices.
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Attitudes as an Approach to Thinking

Some attitudes, such as curiosity, perseverance, flexibility, objec-
tivity, and open-mindedness are thought to facilitate achievement.
Judging by educators’ statements of their aims, the development of
attitudes toward thinking has been and will continue to be an impor-
tant goal of education. Gauld (1982) cites a multitude of statements
that stress scientific attitudes as a major goal of education (e.g., Whip-
ple, 1932; Henry, 1947; Henry, 1960; Educational Policies Commission,
1966; N.S.T.A., 1971). Burnett (1944) called this goal “scientific mind-
edness,” Noll (19‘3u, cailed it “the habit of scientific, thlnkmg,” and the
tional Policies Commission {i366;" f'"llPu it “’ﬂ‘u: spirit of sci-

The most recent reports of commissions u,w echoed earlier

“‘ence.

ﬁndmgs such as the NSB (1983) call for the design of 1nstruct10n that

“ would conxrlbute to the development of “SLudenﬁs capacm for
problem solving and critical thinking in all ‘areas of learning,” and
“development of perticular talents for mnovatlve and '*reatlve hink-

ing” (p 44).

Researchers ‘have also con31dered approache% to thlnl«’mg as anor
tant. In their review of the large body of research on scientific atti-
tudes, Gauld and Y'ukins {1980, cited in Blosser, 1984) identified turee
broad groups of attitudes in terms of an approach o thinking. One
group, which they label “general attitudes toward ideas and informa-
tion,” refers to traits such as curiosity, open-mindedness, and
creativity. The second group, “attitudes related to the evaluation of
ideas and information,” includes objectivity, intellectual honesty. and
" caution when drawing conclusions. The third group, “commitmert to
particular (scientific) belief,” refers to loyalty to truth, belief in the
understandability of nature, and belief in the existence of natural
cause-and-effect relationships. Nay and Crocker (1970) developed an
inventory of scientific attitudes which includes all three of these areas
(Appendix 7.5).

Approaches to thinking have been emphasized largely because such
attitudes are considered useful to students who later become mathema-
ticians and scientists. Another rationale is that such attitudes help
students understand the nature of science and mathematics and
represent desirable traits for all people (Gauld, 1982). Scientific
approaches to problems are also thought to be effective for solving
problems in everyday life:

As we consider the future responsibilities of citizens, we will probably
agree that helping children to become more co-operative, more
responsible, more “open-minded,” and, at the same time, more
“critical-minded” is certainly worth the effort. (Henry, 1947, p. 87)



178 INDICATORS FOR MONITORING MATHEMATICS AND SCIENCE EDUCATION

Nevertheless, there has been little emphasis on approaches to think-
ing in recent national and international surveys of education. NAEP
(e.g.,, NAEP, 1977-78) has tended to measure students’ attitudes
toward mathematics and science in school, self-confidence and enjoy-
ment of these subjects, opinions about the worth of these disciplines to
society, and beliefs concerning mathematics and science as disciplines.
None of these attitudes could be considered relevant to approaches to
thinking or scientific attitudes as described by Gauld and Hukins
(1980).-

The IEA’s assessments have also deemphasized measures of atti-
tudes. "The Second International Mathematics Stud: (Crosswhite et
al., 1985) included scales called “mathematics ‘and myself” (which
measu1ed self-confldence in mathematics), “matiremarics and society”
(which measured students’ views of mathematics as uszzful and impor-
tant), “mathematics and gender” (which measured students’ views of
mathematics as a male domain), and “mathe matics as’ a proceSSV
(which measured whether students thought ma:. :ematics. was good for
creative people, helped them thmk logically, or was a growing disci- -
pline). As with NAEP’s attitude questions, none of these: IEA meas-
ures directly emphasized approaches to thinking, such as students’ atti-
tudes toward information and the evaluation of ideas, or their commit-
ment to logical thinking.

There appear to be valid reasons for NAEP’s and IEA’s lack of
emphasis on attitudes as approaches to thinking. First, it is difficult to
develop valid measures of students’ approaches o thinking. For exam-
ple, the IEA’s first international assessment of science discarded 8 of
12 original attitude scales because only four had sufficient reliability
(Comber and Keeves, 1973; Welch, 1983). Gauld (1982) suggests that
there are few available measures of scientific attitudes, and attitude
measures in general have been brought into question by critical
analyses (e.g., Munby, 1983a).

A more important reason for deemphasizing approaches to thinking
is the lack of a relationship between the image of the scientist espoused
in goal statements and the nature of science as it is practiced. Gauld
(1982) cites studies of the psychology of scientists (e.g., Roe, 1961,
Mahoney, 1979) and case studies of scientific discoveries (e.g., Swen-
son, 1970) to argue that most taxonomies of scientific attitudes
preserve a stereotypical conception of scientists that is far removed
from the way successful scientists actually operate. For example, Mit-
roff and Mason (1974) studied 42 scientists doing research related to
the Apollo moon missions and found that the best of them were both
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emotional and objective, open-minded and tenacious, depending on
context:

The single dimension which most served to differentiate between the
scientists was that of “speculativeness” or “willingness to extrapolate
beyond the available data.” At one end of the spectrum were the
extreme speculative scientists who in the words of the respondents,
“wouldn’t hesitate to build a whole theory of the solar system based
on no data at all”; on the other extreme were the data-bound scien-
tists who “wouldn’t be able to save their own hide if a fire was burn-
ing next to them because they’d never had enough data to prove the
fire was really there”. . .. One of the most significant things about
“these 'differences is that the more outstanding a scientist was, as
judged by his peers, the more he lay near the speculative end ‘of the
scale. Conversely, the more “mundane,” “typical,” or “run-cf-the-
-mill” scientists fell toward the “data bound” end of the scale. -

At the same time the more speculative scientists are also the kinds of
scientists Who "are more ‘likely to become rigidly committed to their
. ‘ideas once'they have produced them. Contrary to popular misconcep:
__tion, it is the “lesser” not-the “greater” scientist, who is more likely
to have an “open mind.” The greater the scientist the more likely he
is to develop a line and to push it for all it is worth. (Mitroff and
Mason, 1974, from Gauld, 1982, p. 113)

Overall Assessment of Attitudes

The wide variety of attitudes suggests that priorities should be
assigned regarding which of them are most important for an indicator
system. We would suggest that the system should include (1) interest
in mathematics and science careers, (2) perceptions of the process of
doing mathematics and science, and (3) perceptions of the students’
own mathematics and science classes. Career interest could be an
important indicator of whether students are getting “turned off” at an
early age, although our findings suggest that changes in the economy
probably affect career choice as much as do in-school experiences. Per-
ceptions of the process of doing mathematics and science and percep-
tions of mathematics and science classes could reveal whether students
feel they are profiting from the types of experiences they receive in
their classes.

We would place lower priority on attitudes toward scientists and
mathematicians because these attitudes in large measure reflect cul-
tural stereotypes unrelated to the school system; in any case, these atti-
tudes apparently have less relationship to career choices than does
interest in mathematics and science careers itself. It would be more
important to find out whether students plan mathematical and scien-
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tific careers than whether they admire mathematicians and scientists.
In many students’ opinion, “science is generally viewed as an impor-
tant and critical endeavor, but it is one to be pursued by somebody
else” (Welch, 1983). Lower priority should also be placed on percep-
tions of the worth of research or the usefulness of mathematics and
science to society, since these do not appear to have a large impact on
career choice or course participation.

Among self-confidence variables, both attitudes toward one’s com-
- petence, such as those assessed by the IEA, and feelings that one can
participate in mathematical and scientific careers, such as those mea-
sured by NAEP, appear to be relevant. If attitudes are to be included
in an outcome indicator system, self-confidence should be monitored
along with attitudes toward mathematics and science.

We believe that measures of attitudes as an approach to thinking
should not be included in an indicator system. Our review suggests
.that the attitudes portrzyed in measures of approaches to thinking are
.unrelated to the real activities of good scientists. Furthermore if such
.attitudes, are supposed to facilitate achievement,. then achlevement
itself is what should be measured. -

.Finally, because of the difficulty of measuring attltudes we believe
that measures of participation in coursework and in extracurricular
mathematical and scientific activities are essential to any indicator sys-
tem. While measures of participation, particularly in extracurricular
activities, are most sensitive to the attitudes of the gifted and highly
motivated, we believe that these items provide important, concrete
indicators of those students’ attitudes. In contrast, paper-and-pencil
questions concerning self-confidence and attitudes toward mathematics
and science classes might be most useful for tracking changes in the
feelings of lower- or middle-ability students.

SUMMARY AND CONCLUSIONS

The most important mathematics and science education outcome
indicator is achievement. Achievement is widely considered by poli-
cymakers, politicians, and the public to be synonymous with educa-
tional “effectiveness,” but we believe it encompasses far more than
what is measured by traditional multiple-choice tests. Achievement
indicators should include measures of student knowledge, understand-
ing, and application of problem-solving concepts and skills.

In the short term, achievement outcomes could be monitored by
using data collected through NAEP, the national longitudinal studies,
IEA, college admission tests, and state-developed tests.
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In the long run, the present reliance on multiple-choice tests limits
the ability of nationwide achievement assessments to monitor student
understanding and problem-solving skills. We recommend further
research into improving the ability to assess student understanding and
problem-solving skills. Because testing exerts a profound influence on
education, the application of testing research in a monitoring system
could improve education dramatically, and could also help to monitor
those aspects of achievement that are most crucial.

Student participation is the second most important indicator of edu-
cation outcomes. Participation indicators should include measures of
student course-taking; extracurricular mathematical, scientific, and
technological activities; and mathematical and scientific experiences:
We recommend these indicators but note that participation is highly
influenced by factors other than schooling and should be interpreted .-
accordingly. o , ‘

Although research has presented little evidence the: siiitudes are
essential 1o an indicator system, & system =withoui -some attitude mea:
sures would be perceived as incomplete. The most important agtitudes
to include in a system are students’ perceptions of the process of doing
mathematics and science, interest in mathematical and scientific
careers, liking of their mathematics and science classes, and self-
confidence in their abilities to do mathematics and science or partici-
pate in mathematical and scientific careers. Each of these attitudes
can be related to students’ precollegiate education experiences or has a
logical relationship to future career choices. In contrast, we recom-
mend against including measures of students’ attitudes as an approach
to thinking, of their stereotypes of mathematicians and scientists, or of
their opinions about the ability of mathematics and science to solve
significant social problems.
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Appendix 7.1

MATHEMATICAL PROCESSES INCLUDED IN THE 1981--82

NAEP MATHEMATICS ASSESSMENT

I. Mathematical Knowledge

A.

How well can students recall .and recognize facts, defini-
tions, and symbols?

II. Mathematical Skill

A

W ED o

@

How well can students perforen paper and pencil compu-
tations, including computations with whole numbers,
integers, fractions, decimals, perrcents, and ratios and pro-
portions?

How well can students perform. algebraic manipulations?
How well can students performm geometric manipulations
like constructions and spatial visualizations?

How well can students make m-easurements?

How well can students compute: statistics, probabilities, or
combinations?

How well can students perform mental computations,
including computations with whole numbers, fractions,
decimals, and percents?

How well can students estimatie the answers to computa-
tions and measurements?

How well can students perform computations involving
whole numbers, decimals, fractions, and percents using
hand calculators?

How well can students read flowcharts or basic computer
programs?

III. Mathematical Understanding

A.

B.

C.

How well can students translatte a verbal statement into
symbols or a figure, and vice versa?

How well do students understaind mathematical concepts
and principles?

How well can students select an appropriate computa-
tional method such as paper/pemcil, mental, estimation, or
calculator?
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IV. Mathematical Application

© " ® powp

How well can students solve routine textbook problems?
How well can students solve nonroutine problems?

How well can students apply problem-solving strategies?
How well can students estimate the answers to applica-
tion problems?

How well can students interpret data and draw conclu-
sions?

How well can students use mathematics, including logic,
in reasoning and making judgments?

How well can students use the hand calculator to solve
application problems? :
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Appendix 7.2

MATRIX OF SCIENCE OBJECTIVES
FOR THE 1976-77 NAEP

Hundreds of aspects of science in the forms of facts, concepts, laws,
principles, conceptual schemes, inquiry skills, appreciations, attitudes,
and opinions (some with no “correct” or “incorrect” answer) have been
systematically selected to sample the various cells of -the matrix.
Aspects of science were judged by leading science educators to contrib-
ute to important goals of science education because they met the cri-

" teria below. - :

Criteria for Aspects of Science to Be Included in the 1976-77 -
NAEP Science Objectives - :

To be included in the science assessment, aspects of science must meet
one or more of the following criteria. They must:

1. Contribute substantially to the understanding of the
nature of a subject area (considered important by leading
professionals), or ,

2. Entail key concepts for large bodies of knowledge (e.g.,
integrative concepts showing interactions and intercon-
nections), or

3. Have broad application beyond the curricular science
area, or

4. Be personally relevant and applicable—contribute to the

survival, well-being, and quality of life of the individual,

or

Be useful in potential career preparation, or

6. Contribute to an effective base for decisionmaking at all

levels of society (i.e., regarding persistent societal prob-

lems), or

Contribute to the understanding of self, or

8. Contribute to understanding the nature, potential, and
limitations of science.

o
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Appendix 7.3

ITEMS ON 1972 AND 1980 HSB SURVEYS

Test Items?

Testing Time

1972 1980 (minutes)
. Senior Battery B
Vocabulary (15) ~=“Vocabulary, Part 1 (identical with 5
1972 test) '
Vocabulary, Part 2 (12 new items 4
; with broader range of difficulty) ‘
Picture Number (30) Picture Number (15 of original 5
i _ 30 items)
Readifig (20)- Identical 15
Letter Groups (25) Omitted
Mathématics (25) Part 1 (19 items the same as 15
1972, 6 easier)
Part 2 (8 more difficuit items)
Mosaic Comparisons (116) Mosaic Comparisons (89 of 6
original 116 items)
Visualization inn Thres Dimensions 9
(16 items)
Sophomore Battery
None Vocabulary (9 from 1972 test and 12 7
new items increasing range)
Reading (8 from 1972 test and 12 new 15
easier items)
Mathematics, Part 1 (18 from 1972 16
test and 10 new items increasing
range)
Mathematics, Part 2 (10 emphasizing 5
achievement)
Science (20) 10
Writing (17) 10
Civics Education (10) 5

SOURCE: Heyns and Hilton, 1982.
®The number of items is shown in parentheses.
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Appendix 7.4

EXAMPLE OF A COMPUTER SIMULATION FOR
TESTING HOW WELL A STUDENT CAN
PERFORM A CONTROLLED EXPERIMENT!

Beakers can be

moved and turned Wher: indicator G from

to pour. eyedropper goes into
a proper mixture, a
result is obtained. -

" Indicator
solution

The result is
yellow on a

U U U] U ses
B C D

|
i
\%

st

A
G A

To discover to a certainty that only two of the mixtures would produce
a color, the subject would have to try all 15 possible combinations of
chemicals: GA, GB, GC, GD, GAB, GAC, GAD, GBC, GBD, played by
the different chemicals—the indicator G, the neutral A, the reactants B
and C, and the inhibitor D. Subjects who tried all combinations and
identified the roles of the various chemicals were guided by a well-
developed formal operational strategy. Subjects who did not achieve a
color result, or who only got one color result, were not guided by formal
operations.

This program is a computerized version of Piaget’s task. It records and
optionally prints out a hard copy of the solution strategy of the subject.
The program also simulates Piaget’s clinical or qualitative approach in
that it is designed to permit identification of the problem-solving strat-

1¥rom Life Science Associates.
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egy used, rather than merely determine whether the subject got the
answer correct according to the criterion of formal operations. This is
accomplished by giving the subject the option of quitting the task
whenever he is satisfied with the solution, and by asking why he is
satisfied, and about confidence in this solution. At appropriate steps in
the interview sequence, the subject is given the option to return to the
task. These changes in satisfaction, confidence, or strategy are indi-
cated on the hardcopy printout that describes the subject’s behavior.
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Appendix 7.5

AN INVENTORY OF SCIENTIFIC ATTITUDES*

1. Interests
(The motivation for a person to become a scientist and continue
to be one.)

1.1 Understanding natural phenomena

1.11 Curiosity

1.12 Fascination

1.13 Excitement

1.14 Enthusiasm )
1.2 Contributing to knowledge and human welfare

1.21 Altruism

1.22 Ambition

1.23 Pride

1.24 Satisfaction

2. Operational adjustments _
(Primary behaviors which underlie competence and success in
science, and performance at recognized standards.)

2.1 Dedication and commitment
2.11 Perseverance (persistence)
2.12 Patience
2.13 Self-discipline
2.14 Selflessness
2.15 Responsibility
2.16 Dependability
2.2 Experimental requirements
2.21 Systematism (methodicalness)
2.22 Thoroughness
2.23 Precision
2.24 Sensitivity
2.25 Alertness for the unexpected
2.3 Initiative and resourcefulness
2.31 Pragmatism (common sense)
2.32 Courage (daring, venturesomeness)

4From Nay and Crocker, 1970, pp. 61-62.
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2.33 Self-direction (independence)
2.34 Self-reliance
2.35 Confidence
2.36 Flexibility
2.37 Aggressiveness
2.4 Relations with peers
2.41 Cooperation
2.42 Compromise
2.43 Modesty (humility)
2.44 Tolerance

3. Attitudes or intellectual adjustments

(Intellectual behaviors which are fundamental to the scientist’s

contribution to or acceptance of new knowledge.)

3.1 Scientific integrity
3.11 Objectivity
3.12 Open-mindedness
- 3.13 Honesty
3.14 Suspended judgment (restraint)
3.15 Respect for evidence (reliance on fact)
3.16 Willingness to change opinions
3.17 Idea sharing
3.2 Critical requirements
3.21 Critical-mindedness
3.22 Skepticism
3.23 Questioning attitude
3.24 Disciplined thinking
3.25 Anti-authoritarianism
3.26 Self-criticism

4, Appreciations

(Relative to the foundations, interactions, and dynamics of sci-

ence.)
4.1 The history of science
4.11 The evolution of scientific knowledge
4.12 Contributions made by individual scientists
4.13 The exponential growth of science
4.2 Science and society

4.21 The social basis of the development of modern sci-

ence

4.22 The contribution made by science to social progress

and melioration
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4.23 The relationship between science and technology
4.24 The interaction of the “two cultures”
4.3 The nature of science
4.31 The process of scientific inquiry
4.32 The tentative and revisionary character of scientific
knowledge

4.33 The strength and limitations of science

4.34 The value of one’s own contribution and the debt
owing other scientists

4.35 The communality of scientific ideas

4.36 The aesthetics and parsimony in scientific theory

4.37 The power of individual cooperative effort

4.38 The power of logical reasoning (rationality)

4.39 The causal, relativistic, and probabilistic nature of

phenomena

5. Values and/or beliefs
(In the realm of philosophy, ethics, politics, etc.)
5.1 Philosophy
5.11 The universe is “real”
5.12 The universe is comprehensible (knowable) through
observation and rational thought
5.2 Ethical
5.21 Science is amoral, but scientists have the responsi-
bility to interpret the consequences of their work
5.22 Humanism is the highest ideal
5.3 Social
5.31 Science must serve the needs of society
5.32 Science flourishes best in a free and democratic
society



Chapter 8

CREATING INDICATORS THAT ADDRESS
POLICY PROBLEMS: THE DISTRIBUTION
OF OPPORTUNITIES AND OUTCOMES

Jeannie Oakes

Throughout this volume we have stressed those generic features of
schooling that will provide valid and useful information about: precol-
lege mathematics and science education. This chapter departs from
that agenda to illustrate how indicators might shed light on a particu-
larly critical policy issue and to suggest how the technical features of
indicator systems can affect their ability to address policy problems.

Policymakers and the public have become increasingly concerned
about the failure of women, the poor, and non-Asian minorities to par-
ticipate or achieve as much as white males in mathematics and science
education—a problem that has long worried educators. These differ-
ences manifest themselves early and become more pronounced as chil-
dren proceed in school. Indicators have the potential for helping poli-
cymakers and educators to better understand this problem and to tar-
get reforms at those features of schooling linked to it. The data neces-
sary to develop such indicators are described in other chapters, e.g., on
resources, school context, curriculum, classroom practices, participa-
tion, and outcomes. However, these indicators can be useful only if we
collect, analyze, and report data in ways that permit policymakers to
examine and compare the experiences and outcomes of particular stu-
dent groups. That will require designing sampling frames for new data
collection efforts that permit estimates for important subpopulations
and expanding the sampling frames of current data collection efforts so
that they will also permit separate analyses of these groups. Addi-
tionally, indicators central to the participation of women and minori-
ties should be reported separately to make information about the prob-
lem and potential solutions more accessible to decisionmakers.

This chapter outlines the policy problem in more detail, discusses
the specific schooling conditions that may contribute to the group
disparities we find, and identifies how indicators might provide useful
information about this critical policy issue.

Ana
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WHY DEVELOP INDICATORS ABOUT
UNDERREPRESENTED GROUPS?

Public concern has been fueled by an outpouring of reports over the
past ten years on improving elementary and secondary schooling. Edu-
cating Americans for the 21st Century, for example, linked the ability of
American schools to upgrade the quality of mathematics and science
education to the willingness and ability of the educational system to
better educate the low-achieving groups. The report cautioned that
their attainments will become an increasingly critical factor in the
nation’s scientific and technological strength.

That issue is one of the two major questions prompting policy atten-
tion: First, how will these groups’ typically lower levels of achievement
and participation affect the national welfare as the demand for a scien-
tifically trained workforce increases? Second, does this phenomenon
constitute evidence that women, the poor, and ethnic minorities do not
have the equal educational opportunity that government policies have
sought to ensure? Regardless of how great or little the effect addressed
by the first question, the possibility of inequity remains a serious con-
cern.

Evidence of unequal outcomes is, of course, of itself not enough to
establish schooling inequities. However, persistent disparities in
mathematics and science achievement do establish that schools have
been considerably less successful with some groups of students than
with others. The substantially unequal participation and achievement
among groups (and the significant increases in outcome discrepancies
over time in school) provide noteworthy signals that schooling factors
may contribute to the inequities. Given current policy concerns, indi-
cators are needed to monitor educational opportunity and the system’s
progress toward higher levels of educational achievement and participa-
tion among “at-risk” groups.!

THE POLICY PROBLEM

National statistics on academic achievement, high school comple-
tion, acquisition of college degrees, occupational status, and income all
reveal substantial disparities among racial, ethnic, and socioeconomic
groups. The most extreme disparities appear in science and mathemat-

IConfusion exists about the definition of “at-risk” students. Here, “at-risk” refers to
female students, non-Asian minorities, and the poor—those groups whose established
patterns of lower levels of school and adult accomplishments in scientific and quantita-
tive fields put them educationally at risk in these subject areas.
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ics, as has been eloquently detailed in several recent reports.> Further,
in these subject areas, the disparities extend to gender as well.

The Larger Policy Context

These disparities are of increasing policy concern, given projected
demographic changes in the United States over the next several years
and changing demands in the nation’s workforce (Levin, 1986).
According to demographic projections, the youth cohort is decreasing
and the poor and minorities will comprise a larger proportion of it. At
the same time, the demand for a better-educated workforce continues
to increase. For example, between 1976 and 1983, jobs for scientists
and engineers increased at three times the rate of overall U.S. employ-
‘ment, and the annual employment growth in computer specialties dur-
ing these years was 17 percent (National Science Board, 1985). And
these figures may only scratch the surface of the potential for expan-
sion in technological employment. Even as this sector of the workforce
has-increased, the proportion of the U.S. population-trained in science
and engineering has slipped markedly compared with our technological
trading partners—Japan, West Germany, France, and the United King-
dom (Bloch, 1986).

The convergence of these trends brings new worries about how the
typically low educational attainment of women, the poor, and minori-
ties in science and mathematics may affect the national economy and
security. Equally important, the educational attainment of these
groups directly reflects upon the federal government’s long-standing
responsibility for ensuring the provision of equal educational opportu-
nity.

The Extent and Implications of the Problem

It is clear that not all students (regardless of race, class, or gender)
have sufficient aptitudes or interest to become scientists or mathemati-
clans. However, the disparities for women and non-Asian minorities
are so great that there can be no doubt that considerable science and
mathematics talent is being lost from these groups. During the past
two decades, women and, to a lesser extent, minorities have made
important progress in narrowing these gaps. Nevertheless, the dispari-
ties are still great:

2E.g., American Association for the Advancement of Science (AAAS), 1984; Achieve-
ment Council, 1985; Berryman, 1983; Chipman and Thomas, 1984; Darling-Hammond,
1985; National Alliance of Black School Educators (NABSE), 1984; Scientific Manpower
Commission, 1983.



CREATING INDICATORS THAT ADDRESS POLICY PROBLEMS 195

e Women, blacks, and Hispanics consistently perform below the
levels of white males on measures of end-of-high-school
achievement in mathematics and science. Poor children do less
well than their more affluent peers (NCES, 1985a). Not only is
the overall pattern of differences disturbing, perhaps even more
distressing is the persistence of the greatest disparities on mea-
sures of higher-level mathematical skills and problem solving
(NCES, 1985a).

e Minority achievement is even lower, absolutely and relatively,
than test scores imply, for two reasons: First, a dispropor-
tionate number of blacks and Hispanics are not in school and
thus are not represented in measures of high school achieve-
ment. Second, those who drop out are typically .among the’
lowest achievers, so their test scores would potentially widen
the difference between minority and non-minority = average
scores (see Chapter 9 of this volume).?

e Although women and men enter college at relatively equal rates,

* black and Hispanic high school graduates are less ‘likely than
whites to enter college. Further, those who do enroll are more
likely than whites to attend two- rather than four-year colleges.
This pattern of disproportionate school attainment is reflected
at every juncture in the educational pipeline. The gaps in the
percentages of blacks, Hispanics, and whites completing four-
year college programs and entering and completing graduate
school continue to widen. Disparities between women and men
appear at the highest levels—far fewer doctoral degrees are
awarded to women (NCES, 1985a).

e Women, blacks, and Hispanics are underrepresented as college
majors in science, mathematics, and engineering and as recip-
ients of bachelor’s, master’s, and doctoral degrees in those
fields. They decreasingly choose quantitative fields of study as
they advance in school and are decreasingly represented as
advanced degree holders (Commission on Professionals in Sci-
ence and Technology, 1986).

e As a consequence of the above, women and non-Asian minori-
ties are significantly underrepresented in the science,

3High School and Beyond (HSB) data reveal higher sophomore-to-senior dropout
rates for blacks and Hispanics than for whites—16.8, 18.7, and 12.2 percent,
respectively—and rates of 22.3, 13.2, 10.7, and 7.0 percent from the lowest to highest
socioeconomic status (SES) quartiles (NCES, 1985a). These statistics underestimate the
differences, since many minority youth leave school before grade 10. Census data from
1982, for example, show high school non-completion rates for then 20- to 24-year-olds as
23 percent for blacks and 40 percent for Hispanics, compared with 15 percent for whites
(U.S. Department of Commerce, 1982).
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mathematics, and technology workforce. In 1984, for example,
fewer than 25 percent of the employed scientists and engineers
were women. Fewer than 7 percent were Blacks, Hispanics, and
American Indians (although these groups make up 20 percent of
the total population) (National Science Foundation, 1986).

Patterns of lower achievement and underparticipation for women
and minorities begin early in the educational process, and the
discrepancies among groups grow larger the longer children remain in
school. Race and SES differences in mathematics achievement are evi-
denced by age 9, are clearly in place by age 13, and continue to
increase during senior high school (NAEP, 1980; Jones, 1984).

Small gender differences appear on some measures between the ages
of 11 and 13 (Maccoby and Jacklin, 1974), with the earlier differences
occurring among the most able students (Benbow and Stanley, 1980,
1982). Widespread gender differences are evidenced later in students’
school careers, in senior high school. National Assessment. of Educa-
tional Progress (NAEP) data on mathematics achievement support this
pattern (even though they measure different student cohorts) (NAEP,
1980; Walberg, Fraser, and Welch, 1986).

Race, class, and gender discrepancies in participation in mathematics
and science also increase over time in school. They become most evi-
dent in secondary school, when curriculum track differentiation and
course choice become available to students: Women, non-Asian minor-
ities, and the poor enroll in fewer courses and more lower-level courses
than white males and Asians (NCES, 1985¢). ,

The striking differences in college enrollments, choice of fields for
study, and adult participation in the mathematics, science, and tech-
nology workforce pose serious challenges for all levels of precollegiate
schooling. The possibility that educational policies and practices may
actually play a role in these unequal results for various groups of stu-
dents warrants the development of indicators of those schooling factors
that may be related: (1) differences in educational resources and
teacher quality, and (2) differences in actual school experiences for the
at-risk and other groups. Disparities in these schooling inputs are of
considerable policy interest in themselves. But, as shown in the dis-
cussion below, existing differences may, in fact, also be related to out-
come disparities.
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EDUCATIONAL RESOURCES FOR DIFFERENT GROUPS
Resource Disparities

Children living in communities with low levels of property wealth
and personal income typically attend schools that spend fewer dollars
on schooling (e.g., per-pupil expenditures). These relationships appear
to persist even in those states where school finance reforms have
attempted to equalize schooling resources (Carroll and Park, 1983). In
some cases, in fact, per-pupil expenditures between neighboring high-
and low-wealth districts differ by as much as a factor of two (see
Chapter 2 of this volume).

Unequal funding patterns are particularly relevant to race- and
class-equity concerns, since most minority and poor children attend
schools in low-wealth communities or in central cities, where the com-
peting demands for tax dollars are great. Resources available to cen-
tral city schools are especially important because of the high propor-
tion of non-Asian minorities who live in inner cities: In 1983, 71 per-
cent of blacks and 58 percent of Hispanics lived in these areas (Ameri-
can Council on Education, 1983). The proportion of minority enroll-
ments in large city school districts has increased dramatically in the
past 15 years—in some cases, it has doubled—and current projections
suggest that these trends will continue. As a result, the pattern of
unequal funding in the nation’s schools means that poor and minority
children will have less access than their more advantaged counterparts
to well-maintained school facilities, highly qualified teachers, smaller
classes, and instructional equipment and materials—important educa-
tional resources that funding dollars buy.

Moreover, poor and minority children have been more negatively
affected than others by recent changes in educational funding policies.
First, the reduction of federal assistance to education over the past
decade (including that for compensatory programs and impact aid to
desegregating school districts) has reduced the resources available to
poor and minority children (Levin, 1986). Second, changes in the
means of distributing federal funds have further diminished programs
and services to disadvantaged children. The Educational Consolidation
and Improvement Act (ECIA) of 1981 lessened the regulation and mon-
itoring of Chapter 1 compensatory funds with respect to both targeting
aid for particular populations and ensuring comparable spending in tar-
get and non-target schools. Additionally, by combining the Emergency
School Assistance Act program (aimed at assisting desegregating school
districts) with a number of other programs into enrollment-based block
grant funding, ECIA further reduced funds and programs for urban
schools and minority children (Darling-Hammond, 1985).
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At the state level, decreased public willingness to provide support for
schooling (best exemplified by the “tax revolt” that began with the pas-
sage of California’s Proposition 13 in 1978) has led to substantially
fewer dollars being available for education overall. In many advan-
taged school districts, community groups have offset these reductions,
at least in part, by establishing educational foundations to raise addi-
tional funds. These, however, are not the districts where most poor
and minority children live. Even though we are now witnessing some
increases in state funding in conjunction with educational reforms, few
urban districts have been able to recoup their losses from the previous
decline.

At the local level, declining enrollments, particularly in. urban
schools, have further reduced available tax dollars. Pressures for

-reducing educational budgets have caused many urban districts to cut

back on the maintenance of facilities and purchases of textbooks and
equipment, and some have closed schools altogether. Under these cir-
“cumstances, the first item to be curtailed is likely to be spending for
science-specific resources, including the equipment and supplies neces-
sary to provide science laboratory experiences and participation in
museum-sponsored programs and activities and the purchase of up-to-
date science texts.

Recent studies have documented clear inequities in the number of
microcomputers available for student use at different schools, and the
ways computers are used vary for different subpopulations of children
(Becker, 1983, 1986; Furr and Davis, 1984; Winkler et al., 1984). In
1986, only about 40 percent of middle schools in low-SES communities
had as many as 15 microcomputers, whereas in high-SES communities,
two-thirds of the middle schools had at least this number (Becker,
1986). The fewest microcomputers were available in elementary
schools serving predominantly poor children and/or minority children,
and at these schools, smaller percentages of children actually used the
computers. Additionally, fewer poor and minority schools had teachers
who were computer specialists. These schools were more likely to use
their computers for “drill and practice” and less likely to use them for
instruction in computer programming (Darling-Hammond, 1985).
Gender differences in access enter the picture at this within-school
level. In secondary schools, girls appear to have lower participation
rates than boys (Furr and Davis, 1984), and boys outnumber girls by
three to one in before- and after-school use of computers (Becker,
1986).
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The distribution of educational resources is an essential indicator of
schooling inequality for poor and minority students. School funding
indicators must be analyzed and reported separately according to the
racial and socioeconomic status of each school’s student populations
(see Catterall, 1986, for a discussion of educational finance indicators).
Additionally, indicators of students’ access to science laboratories, com-
puters, and up-to-date science and mathematics textbooks, both across
school types and within schools, are particularly important to monitor-
ing equity in precollegiate mathematics and science education.

Disparities in Teacher Quality

Differences in the quality of teachers who provide mathematics and
science instruction are another possible source of disparities in partici-
pation and outcomes. Most observers suggest that minority and poor
students have less exposure to high-quality teaching because predom-
inantly minority and poor schools are less able to -attract qualified and
experienced teachers. A recent report of the California Commission on
the Teaching Profession argues that disproportionately high numbers
of poor and minority students are taught during their entire school
careers by the least qualified teachers (California Commission on the
Teaching Profession, 1985).

Gaps in the distribution of teacher quality may be particularly criti-
cal in mathematics and science. In 1981, over half of the newly hired
teachers in these fields were either not certified or lacked the qualifica-
tions for certification in the courses they were to teach (NCES, 1983).
Because of the shortage of trained mathematics and science teachers
and the particular difficulties urban schools face in attracting teachers,
teacher quality in these subjects is likely to be particularly inadequate
in predominantly poor and minority schools.

While there is little in the way of hard evidence to document the
effects of teacher-quality differences on student achievement outcomes
or rates of participation, few disagree that teachers are an important
part of the educational process. Highly qualified teachers are perhaps
the most critical educational resource (see Darling-Hammond and
Hudson, Chapter 4 of this volume). Thus, the existence of a teacher-
quality gap among schools serving different student population groups
is, in itself, an important dimension of the distribution of educational
opportunity. As such, it should be a primary target for monitoring
equity in precollegiate mathematics and science education.
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SCHOOL EXPERIENCES OF DIFFERENT GROUPS
Critical Factors

It is important to pay attention to both what conditions may erect
barriers to the achievement and participation of at-risk groups and
when these barriers first appear. Both aspects require an understand-
ing of the typical paths to participation and end-of-high-school
achievement.

Achievement and interest in mathematics and science in elementary
school affect class placement in junior high or middle school, particu-
larly in mathematics (Rosenbaum, 1980). Students who exhibit high
levels of interest, prior achievement, and/or ability are often placed in
classes that prepare for or even begin high school course sequences.
For example, many junior high schools offer pre-algebra and algebra
for. high-achieving students, and a few even offer. geometry (Oakes,
1985)." On the other hand, students who exhibit substantial lack of
interest and/or low levels of ability and achievement are often-assigned
to remedial, review, or practically oriented classes. .

Achievement in junior high school influences high school course
enrollments. High-achieving students enroll in college-preparatory. or
academic programs that require both a greater number of courses in
mathematics and science and sequenced courses in these subjects that
include advanced concepts and processes. Lower-achieving students
enroll in vocational or general curricula that typically require fewer
courses (Guthrie and Leventhal, 1985). Many . non-academic
mathematics and science courses are non-sequential, low-level, or
remedial (Oakes, 1985).

After students complete high school graduation requirements, their
enrollment in non-required science and mathematics courses depends
on their interests, attitudes, and prior achievement (Lantz and Smith,
1981). Teacher and counselor encouragement (usually based on these
characteristics) may influence students’ decisions to persist (Cicourel
and Kitsuse, 1963; Rosenbaum, 1976; College Entrance Examination
Board, 1986).

High school mathematics and science course completion—both the
number and level—is the strongest influence on students’ end-of-high-
school achievement and, for the college-bound, their preparation for
college-level work (calculus-readiness in mathematics, for example)
(Walberg, Fraser, and Welch, 1986; Welch, Anderson, and Harris,
1982). For college-bound students, end-of-high-school achievement is
the strongest influence on choice of major. Mathematics preparation
may be particularly critical, since admission to many science and quan-
titative fields requires readiness for college-level calculus (Sells, 1982).
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Choice of college major leads directly to attainment of degrees in quan-
titative fields and participation in mathematics-, science-, and
technology-related careers.

While these patterns may appear obvious, they hold the keys to suc-
cessful schooling in mathematics and science. In particular, three
seemingly interrelated factors are critical to high levels of accomplish-
ment for all students: (1) access to mathematics and science instruc-
tion; (2) early achievement in mathematics and science which, in turn,
leads to further instructional opportunities; and (3) the development of
attitudes such as confidence, interest, and willingness to study
mathematics and science. Moreover, high expectations and encourage-
ment from parents and school adults and contacts with academically
oriented peers are important influences on these factors. By looking
more carefully at how girls, minorities, and the poor diverge from suc-
cess patterns, we can identify pivotal targets for monitoring equity.

The Cycle 6f Access and Achievement

Curricular Paths. Growing evidence indicates that schools’ judg-
ments of students’ intellectual abilities play a major role in differential
allocation of learning opportunities (Guthrie and Leventhal, 1985; Lee,
1986; Oakes, 1985). As a result of these judgments, the access students
have to mathematics and science knowledge is affected early in their
school careers. In elementary schools, students who are slow to catch
on to mathematics are often placed in “slow” groups or remedial pro-
grams. Students who learn more easily go to “fast” groups or high-
ability classes. At the senior high level, judgments about students’
ability influence decisions about curriculum track enrollment—whether
students are placed in college preparatory, general, or vocational
courses of study. Curriculum track enrollment, in turn, is a critical
factor both in course-taking (Lee, 1986; Rock et al., 1984, 1985) and in
the quality of the curriculum content, instructional practices, and
learning environment (Oakes, 1985).

Schools usually explain these class and track placements and the
subsequent differences in learning experiences as appropriate and
necessary, given quite apparent differences in students’ ability to learn.
However, growing evidence suggests that the ways elementary schools
respond to students may help to “fix” students’ perceptions of their
own ability to learn and, over time, may actually exaggerate initial
differences among them (see Rosenholtz and Simpson, 1984). More-
over, the group a student is placed in will influence both the pace and
the content of instruction he or she experiences, and these differences
affect what and how much the student will actually learn (Barr and
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Dreeben, 1983; Hallinan and Sorenson, 1983). In particular, students
who are not in the “top” classes can be held back by their class place-
ments (Slavin, 1986), with the result that some students leave elemen-
tary school ready to begin preparation for high school mathematics
concepts and skills, while others still lack understanding and skill in
basic facts and operations.

In secondary schools, tracking is most often found to work to the
academic detriment of students in low-ability classes or non-college-
preparatory groups (see, for example, Calfee and Brown, 1979; Espo-
sito, 1973; Findlay and Bryan, 1971; Noland, 1985; Rosenbaum, 1980).
Further, national data suggest that at the high school level, whether a
student'is enrolled in an academic (college-preparatory) or non-
academic program has an independent effect on achievement. Place-
ments in higher and lower tracks cause students who are initially simi-
lar in background and aptitude to exhibit increased achievement differ-
ences (Alexander and McDill, 1976; Alexander, Cook, and McDill,
1978; Gamoran, 1986). The net effect appears to be cumulative, since
‘students’ track placements are usually quite stable and long-term. -Stu-
dents placed in low-ability groups in elementary school are likely to
continue in these tracks in middle schools and junior high schools;
these students typically wind up in non-college-preparatory tracks in
senior high school (Rosenbaum, 1980; Oakes, 1985). ~

These findings about curriculum tracking raise the possibility that in
their efforts to accommodate differences in ability with different educa-
tional experiences, schools may actually exacerbate the differences
among students by limiting some students’ opportunities to learn.

Race, Class, and Curricular Paths. The first signs of black and
Hispanic students’ divergence from successful curriculum paths appear
early in elementary school. By age 9, minority students score substan-
tially lower than whites in both mathematics and science (Carpenter et
al., 1984; Hueftle, Rakow, and Welch, 1983).

In elementary and middle schools, poor and minority students are
more likely than whites to have initial difficulties and be placed in
low-ability and remedial classes or in special education programs (Per-
sell, 1977; Rosenbaum, 1980). Whites and upper-SES elementary stu-
dents are more likely to be identified as able learners (and more often
as “gifted and talented”) and placed in enriched or accelerated pro-
grams (Darling-Hammond, 1985). As a result, the poor and minorities
may have less access to the topics and skills that would prepare them
for successful participation in academic sequences in senior high school
mathematics and science.

The paths of many poor and minority children continue to veer off-
course in junior high school. As a consequence of their poorer elemen-
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tary school performance, these students are often assigned to remedial
programs as they begin their secondary education. During these mid-
dle school years they have little access to the topics and skills that
would prepare them for academic sequences in senior high school
mathematics. Neither do non-Asian minorities (and most probably the
poor as well) close the mathematics-achievement gap with whites, even
in those low-level topics and skills that have been the focus of their
remedial instruction (NAEP, 1983). This pattern appears in science as
well, since junior high schools often differentiate science curricula for
high and low achievers, frequently basing these grouping decisions on
students’ mathematics achievement (Oakes, 1985). Again, non-Asian
minorities and the poor are more likely than others to end up in low-
achieving groups. .

-These patterns continue into senior -highi school, with blacks,
Hispanics, and poor students enrolling more frequently in vocational
and general (non-academic) courses and whites and high-SES students
‘more frequently in academic curriculum tracks (Rock et al., 1985) and
high-ability classes (Oakes, 1985). These curriculum differences relate
to differences in course offerings at various types of schools, to dif-
ferent course-taking patterns in mathematics and science for various
groups, and to considerably different learning experiences within the
classes the groups take.*

Different Course Offerings. The courses that high schools actu-
ally offer place limits on what students actually take. This obvious
conclusion is an equity concern, since poor and minority students are
more likely than others to attend schools with limited offerings in
mathematics and science. HSB data show that, nationally, schools
serving predominantly poor and minority populations offer fewer
advanced and more remedial courses in academic subjects, and that
they have smaller academic tracks and larger vocational programs
(Matthews, 1984; NCES, 1985a; Rock et al, 1985). Schools that
emphasize vocational and/or general track programs are less likely to
offer advanced courses in science, mathematics, and foreign language
than schools with extensive college-preparatory programs (Rock et al,
1985).

4Gender does not appear to have significant effects (independent of race) at the
elementary level. Although there are some early warning signals, with boys slightly out-
performing girls on some measures, achievement levels are relatively equal in both
mathematics and science throughout the elementary grades (Carpenter et al., 1983; Huef-
tle, Rakow, and Welch, 1983). Gender differences in course participation do not appear
in junior high school, and at age 13, girls’ mathematics performance continues to equal
that of boys (Carpenter et al., 1983). Girls, however, do fall behind boys in science, with
significant differences found in their achievement (Hueftle, Rakow, and Welch, 1983).
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These findings parallel NAEP data, which show that course-taking
patterns vary among schools with the ethnic makeup of their student
populations. At schools with substantial black populations, fewer
mathematics courses are taken, on the average, than at schools with
substantial white populations (Jones, 1984).°

These patterns of course offerings undoubtedly relate to the lower
levels of achievement typically found at these schools. Minority and
low-SES students are generally lower in achievement by the time they
reach secondary school, and schools respond to those differences with
programs they see as educationally appropriate. But what is of partic-
ular interest here is that placement in these programs continues a cycle
of restricted opportunities, diminished results, and exacerbated differ-
ences between low-track students and their higher-track counterparts.
“The restricted courses available to students at predominantly poor and
minority schools also severely limit the opportunities of the academi-
~cally able students who attend these schools. Even if they represent a
relatively smaller proportion of the student body, these students are
denied mathematics and science opportunities simply because of the
schools they happen to attend.

Variations in Course-Taking. For all students, course-taking is
the most powerful school-related predictor of achievement, particularly
in mathematics (see, for example, Welch, Anderson, and Harris, 1982).
Precollegiate course-taking patterns are clearly related to fundamental
race, class, and gender differences in science and mathematics attain-
ment. However, the precursors of differential course-taking patterns
are different for minorities than for girls. Until high school, girls
appear to achieve in mathematics at levels that do not disproportiona-
tely disqualify them academically from taking advanced courses in
mathematics and science. Blacks and Hispanics, on the other hand,
fall behind in achievement early in their school careers and are less
likely to enroll in academic tracks or to attend schools that require
them to take classes that would prepare them for advanced work.

As Table 8.1 shows, substantially lower percentages of poor and
non-Asian minorities complete academic courses of study in mathemat-
ics and science (either concentrating—i.e., completing several advanced
courses—or completing four-year college-entrance requirements in

5t should be noted that recent analyses of HSB data reveal no discrepancies in
course-taking when schools with 10 percent or greater black or Hispanic enrollment are
compared with schools enrolling fewer than 10 percent minorities (NCES, 1985b). How-
ever, these HSB data are likely to be misleading, since 1980 data show that three-
quarters of all black students attend schools where minority enrollments exceed 30 per-
cent (Jones, 1984). Lumping together all schools with 10 percent or more minority
entollment may obscure important differences in course offerings and course-taking
among those schools.
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Table 8.1

ACADEMIC COURSE-TAKING PATTERNS,
BY SES AND RACE

(Percentages of students exhibiting pattern)

SES Race

Course High Middle Low White Black Hispanic

Academic

" mathematics 69.1 45.7 25.1 51.5 28.1 28.9

Academic

science 58.3 36.9 19.6  40.7 26.1 23.8

Computer S '

. science 174 124 8.4 13.8 10.5:7 8.0
"SOURCE: National Center for Educational : Statistics:" -

(1985h). : B .

Table 8.2

ACADEMIC COURSE-TAKING PATTERNS, BY SEX
(Percentages of students exhibiting pattern)

Patterns in Science and

Math Course-taking Male Female
‘Math ‘ ‘ '
Concentrator 9.3 9.0
(53.1) (46.9)
Four-year college bound 34.7 38.5
(46.8) (52.3)
Science
Concentrator 11.6 7.1
(61.4) (38.6)
Four-year-college bound 26.6 28.8
Computer science
participant 13.6 11.4
(53.8) (46.3)
SOURCE: National Center for Educational Statistics
(1985b).

*The upper figure represents the percentage within the
entire sample of students; numbers in parentheses represent
the percentage of students within each pattern with the
designated characteristic (male or female). For example,
53.1 percent of all the math concentrators were male.
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these subjects). Differences are also substantial in computer science
course-taking.

Gender differences in course-taking follow a different pattern.
While relatively equal numbers of high school boys and girls partici-
pate in academic and non-academic programs, the extent to which they
concentrate or simply meet a more limited college-preparatory require-
ment varies. As Table 8.2 shows, boys are more likely than girls to
concentrate in mathematics, science, and computer science. Therefore
their course-taking outdistances that of girls.

While gender differences follow a consistent pattern, they are sub-
stantially greater-in science than in other areas; within sciences, the .
greatest- discrepancies . exist in - physical sciences.. = Differences in.
mathematics reflect differences in enrollment in the. most advanced
courses—trigonometry .and pre-calculus (Fennema, 1984): Taken
together, these differences in enrollment are likely to represent sub-
stantlally less experience for girls in quantitative study. - .. -

~The HSB data:on gender differences parallel findings. about differen-
tlal course participation from NAEP. The NAEF. dats indicate.that
boys-leave high school with one and one-half times more: pre-calculus
preparation than girls. And in 1980, only 15 percent of black and
Hispanic students had completed trigonometry, compared with 27 per-
cent of whites and 50 percent of Asians (Armstrong, 1981).

For both minorities and girls, considerable evidence supports the
influence of lower levels of participation on achievement. Analyses of
-NAEP data have shown.that the differences in the number of high
school courses taken by black and white students account for a consid-
erable part of the differences between black and white 17-year-olds’
mean achievement scores (Jones, 1984). HSB data showed the strong
relationship. between course-taking and achievement to hold, even
when students’ prior achievement in mathematics is controlled for
(Wisconsin Center for Educational Research, 1984).

The level of courses taken is also an important factor in subsequent
achievement and postsecondary participation in mathematics and sci-
ence (Sells, 1982; Peng et al., 1982). Analysts have found differences
in the level of courses taken by minority and white students (Jones,
1984). Blacks and Hispanics (with lower achievement at high school
entrance) are disproportionately enrolled in low-level high school
mathematics and science courses; whites are disproportionately
enrolled in advanced courses (NCES, 1985; Peng et al., 1982).

Sex-related achievement differences are also largely explained by
greater course-taking by boys than girls (Pallas and Alexander, 1983).
Again, this relationship appears to hold when analysts control for prior
mathematics achievement (Wolfe and Ethington, 1986). This is
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consistent with evidence that boys’ superior test performance is not
matched by gender differences in classroom performance levels. When
girls do enroll in mathematics courses, their course grades are as high
as boys’ (Pallas and Alexander, 1983; Benbow and Stanley, 1980, 1982;
DeWolf, 1981). Some might argue, of course, that this occurs because
only the relatively fewer high-ability girls actually enroll in advanced
mathematics courses. NAEP data showing nearly equal mean
mathematics achievement scores for 13-year-old boys and girls provide
some evidence to counter this argument. NAEP scores suggest that it
is only after differential course-taking. patterns appear that girls and
boys exhibit different mathematics “ability.” »

Failure to-enroll in courses (for girls) and failure to achieve at levels
that enable..enrollment (for minorities). are critical areas for.monitor-,
ing. Indicators should monitor race, class, and gender differences. in
curriculum' paths (ability-group assignments, remedial program partici-
pation, assignment to programs for the gifted.and talented, curriculum
. track placement,-and course participation) in-mathematics and science .
. at severalcritical junctures in elementary and ‘secondary. sehooling:
..~ early in the elementary grades; at the -upper elementary level; during

. junior high and middle school; and at two critical points in senior high,
10th and 12th grades. Tenth-grade course-taking will assess early pro-
. gram assignments (academic or non-academic) and specific. course
enrollments; 12th grade assessments will capture participation in
advanced and non-required courses. .

-.s...Cleatly, ecourse offerings and. course-taking patterns represent a criti-
- ¢al interaction of student background characteristics (race, class, and
ability as assessed by schools), schooling opportunities, and school per-
formance. How these factors come together in poor and minority
schools appears to restrict the chances these students have to learn sci-
ence and mathematics. Because a bottom-line requirement for equity
is that students have courses available to them, equity indicators
should describe the mathematics, science, and computer science courses
offered and the percentages of students of various groups enrolled in
them, and should provide enough information to permit comparison
with other schools. Even though we may not be able to disentangle all
of the influences on course offerings, course-taking, and program place-
ment, these clearly are indicators of both future achievement and the
progress being made toward overcoming participation and outcome
disparities among groups.

Uneven Classroom Opportunities. To understand students’
actual opportunities to learn science and mathematics, analysts must
explore classroom characteristics as well as school-level characteristics.
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What students experience in their science and mathematics class-
rooms, from the earliest grades through senior high school, is likely to
influence both what they actually learn and whether they continue
along the precollege mathematics and science pipeline. The quality of
students’ day-to-day experiences is shaped to a large extent by factors
such as the instructional goals and objectives teachers hope to accom-
plish; the knowledge and processes teachers make available for stu-
dents to learn; the books, materials, and equipment used to aid student
learning; the classroom learning activities teachers arrange; and the
support and resources available to teachers. Understanding the quality
of the science and ma‘h:ematics experiences requires understanding
how these several dimensions of schools and classrooms work together
to create-opportunities for studesnts to learn and the extent.of combina-
tions of school program characteristics offered to various groups of-stu-
dents. o . .
Considerable evidence suggests that classroom experiences are likely
~ to-differ- both-among schools and among students: within the same
school. "NAEP - data, for example, indicate that: black studenisare
- involved ‘in fewer science activities in their classrooms (Kahle, 1982).
“. Further, some case-study evidence suggests that the.curriculum content
- within subjects taught to students in predominantly poor and minority
-schools i§ essentially different from that taught to white ‘and middle-
and upper-class children. These content differences suggest that
advantaged children are more likely to learn essential concepts (as
. opposed:to isolated facts) and tc be taught that academic knowledge
< will:be important to their future iives (see, for-example, Anycn, 1981;
Carnoy and Levin, 1985). Even children who are identified as gifted
but attend low-SES schools appear to miss out on the enriched curricu-
lum offered their peers who attend high-SES schools (Hanson, 1986).

Further, there may be critical differences in the opportunities to
learn science and mathematics content in classrooms of different groups
of students within the same school. Recent studies of the distribution
of classroom experiences among academic (college-preparatory or
high-ability) and non-academic (general or low-ability) classes in sci-
ence (Guthrie and Leventhal, 1985) and mathematics (Oakes, 1985)
show considerable differences in the opportunities afforded these two
groups.

A Study of Schooling (Goodlad, 1984), for example, found that teach-
ers exposed students in mathematics classes at different levels to sub-
stantially different topics and skills. Students in upper-level classes
focused primarily on mathematical concepts; low-level classes focused
almost exclusively on computational skills and mathematical facts.
Marked differences were also noted in the use of class time and the
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quality of instruction. Students in high-track classes were given more
instructional time in class, and teachers expected them to spend more
time doing homework. High-track teachers were more enthusiastic,
their instruction was clearer, and they used less ridicule or strong criti-
cism. Moreover, the climates of high- and low-track classes differed in
ways that are likely to limit the opportunities of students in the lower
groups. Students in lower-track classes were less friendly to one
another; teachers were more occupied with matters of discipline and
control. The pattern of classroom experience shown in these data
secmed to enhance the possibilities of learning for those students
already disposed to do well and to inhibit the learning of those st
dents most likely to have difficulties (Oakes, 1985).

Minority students who are placed in low-ability classrooms heve lim-

ited contacts with academically able peers. Track -membershi> influ-
ences students’ peer associations inside the classroom, in extracurricu-
- lar activities, and in friendships (e.g:; Alexander .and McDil!. 1976,
"Rehberg and' Rosenthal, 1978; Rosenbaum, 1976): - Oue inportant
dimension of these friendship choices is the academic orientztion of
" students’ neers (Vanfossen, Jones, and Spade, 1985). ’eer relation-
ships are important for school effort and academic aspirations (see; for
example, Coleman, 1961), and achievement gains are more iikely in
peer groups oriented toward academics (McDili and Rigsby, 1973; Per-
sell, 1977).

A final factor related to classroom experiences is that teachinz strat-
egies in ‘mathematics and science may have quite differ nt effzcts on
different groups. If this is the case and if the most ccmmonly used
instructional methods are those that advantage whites and boys, then
unequal participation and performance might be linked to the use of
these methods.

There is some evidence that boys are advantaged by conventional
mathematics and science teaching strategies, such as whole class
instruction and competitive reward structures, and girls and minorities
benefit from strategies using cooperative and “hands-on” activities
(Kaagan, 1980; Lockheed, 1984; Peterson and Fennema, 1985; Slavin,
1983). Moreover, there is some evidence that the latter types of
strategies—e.g., stress on using mathematics to solve everyday prob-
lems, instruction based on work in projects, and emphasis on the utility
of mathematics and its relation to future education and jobs—while
often used in successful intervention programs aimed specifically at
increasing minority and female participation in mathematics and sci-
ence, are not typically found in regular classrooms (Malcom, 1986).

Because of the probable influence of classroom learning opportuni-
ties on achievement and participation, their distribution also warrants
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careful monitoring (see Chapters 4, 5, and 6). Indicator data must per-
mit analyses of important teaching and classroom constructs, by the
race, class, and gender of affected students. However, while these data
will provide essential information on the distribution of classroom
learning opportunities, considerable additional research is needed to
establish the differential impact of classroom practices on girls, racial
minorities, and the poor, and to explore practices that will lead to
greater equity. Equity in science, mathematics, and technology curric-
ulum and teaching should be a central focus of research accompanying
and supporting the development and implementation of monitoring
systems. Further, inquiry is needed into school and classroom inter-
ventions aimed at equalizing learning opportunities, achievement, and
participation. Once characteristics of successful interventions are iden-
tified, we should develop indicators of them for monitoring classroom
experiences. SR g

Expectations and Treatment by Schoo! Adults.: Teachers and
counselors influence student participation -and achigvemaznt with their
expectations, advice, and encouragement. Teachers encourage- or
discourage future course-taking and higher achievement in their day-
to-day interactions with students. Counselors provide or withhold
important encouragement, knowledge about career opportunities, and
knowledge of sources of financial support for college (Chipman and
Thomas, 1984; College Entrance Examination Board, 1986).

Many studies show that expectations influence attainments (see the
series of studies following Rosenthal and Jacobson, 1968) and that a
student’s track level and “track label” influence teacher expectations
(see Persell, 1977). We also know there are important differences
between school adults’ expectations for boys, whites, and middle- and
upper-middle-class children and those for girls, blacks, Hispanics, and
poor children (Persell, 1977). The most successful groups of students
(males) have been traditionally (although perhaps decreasingly) the
object of higher expectations for mathematics achievement, and also
the recipients of greater counselor encouragement (Casserly, 1979) and
greater praise and reward for achievement (see Stage et al., 1985).

Some studies have found evidence of more subtle differences: Teach-
ers interact with boys more frequently than with girls during
mathematics instruction and provide greater encouragement for boys in
science and mathematics. These differences have been particularly
noticeable among groups of high-ability students (Parsons, Kaczala,
and Meece, 1982). Some studies suggest that differential teacher treat-
ment is partially responsible for differences in boys’ and girls’ partici-
pation and achievement in mathematics and science (see Stage et al,,
1985). Work supporting this conclusion shows that teachers who
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actively encourage girls through exposure to role-models, give sincere
praise, and support the value of mathematics for high-paying, high-
prestige careers do have a positive influence on girls’ attitudes toward
mathematics (Casserly, 1979).

Subtle day-to-day school interactions, support-giving, and expecta-
tions may be impossible to monitor with indicator data. However, as
in classroom instruction, we need research in this area to guide moni-
toring activities. This research might focus on differential school
expectations and their effects and also investigate how school interven-
tions can increase adult support and encouragement for the mathemat-
ics and science achievement and participation of girls, minorities, and
poor students. These studies could enable the development of indica-
tors of interventions that successfully attack the problem of differential
expectations and encouragement. These indicators could then provide
information about the extent to which the educational:system is inter-
vening to promote race, class, and gender equity.

INFLUENCES BEYOND SCHOOL

Much has been written about the very real disadvantages that poor
and minority children bring to school with them and about the effects
of gender stereotypes on women’s education and career choices. This
section discusses family and attitudinal influences on the achievement
and participation of women, the poor, and minorities. While these fac-
tors do not alone couse low achievement and underrepresentation, they
do interact.with what students experience at school. The sources of
any inequity are likely to lie in the nexus of student characteristics and
school opportunities.

Family Influences

Social and economic factors are critically important to understand-
ing lower achievement levels and underrepresentation of women, the
poor, and minorities in mathematics and science. There is consider-
able evidence that minorities’ and women’s high school performance
and postsecondary plans closely relate to their families’ economic
status (Chipman and Thomas, 1984; Dunteman, Weisenbecker, and
Taylor, 1979). Family income relates to the level of education stu-
dents’ parents attained, and parent education is an important predictor
of womens’ and minorities’ school success (Berryman, 1983; Malcom,
George, and Matyas, 1985). We find this relationship, for example, in
minority students’ participation in mathematics and science. Unlike
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first-generation college students, minority college freshmen whose
parents were college educated choose quantitative majors with about
the same frequency as whites (Berryman, 1983). Closely connected to
levels of parent education are parents’ expectations and aspirations for
their children and the encouragement they provide; the effects of these
factors, too, are significant for women and minorities (Chipman and
Thomas, 1984; Malcom, George, and Matyas, 1985). Primary language
is another important factor. Hispanic students, especially those whose
native language is not English, appear to do less well in mathematics
and science (McCorquodale, 1983), but this probably reflects family
income and education levels as well as primary language, since non-
English-speaking Hispanics are among the (economlcally) poorest stu-
dents in American schools.

Much of the educational difference between minorities and whites
disappears when analysts control for family income and parent educa-
tion. Nevertheless, SES does not fully explain achievement. There is
some evidence of differences in science achievement between mincrity
and white senior high students, for example, even with SES, schoéol
experiences, and prior achievement controlied (Walberg, Fraser, and
Welch, 1986}. A similar “unexplained” achievement difference exists
between genders (Chipman and Thomas, 1984; Fennema and Car-
penter, 1981; Maccoby and Jacklin, 1974; Stage et al., 1985; Walberg,
1986).

Attitudes and Self-Perceptions

Speculation about the relevance of attitudes and self-perceptions
arises from research suggesting that individuals pursue areas they value
and in which they expect success (see, for example, Chipman and Tho-
mas, 1984). Among the hypothesized factors for women’s and minori-
ties’ lower achievement and participation in quantitative fields are
gender- and race-linked differences in (1) liking for math and science,
(2) relative interest in people and things, (3) perceived utility of science
and mathematics, (4) stereotyping of these subjects as the purview of
white males, and (5) lack of confidence in abilities. Few of these fac-
tors have been researched extensively, however, and findings about
most are as yet inconclusive. (Malcom, George, Matyas, 1985). Also,
far less is known about these potential influences on minorities than
on women. Nevertheless, a brief look at these factors is useful because
of their possible interactions with student behaviors and school pro-
grams.

Interest, Liking, and Valuing. Early interest patterns appear to
have some connection to differential race and gender participation in
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quantitative fields of study (e.g., choice of college major) (Chipman and
Thomas, 1984). Some analysts reason that because students usually
experience mathematics, science, and technology as abstract and
disconnected from other people, they are more appealing to white
males than to women or minorities. Closely related to this
“people/things” dichotomy is the issue of cognitive style. Some studies
have found evidence of gender and ethnic differences in field-
dependence (i.e., learning highly influenced by the context in which
knowledge and skills are embedded) and field-independence. These
style differences are widely perceived as cultural in origin, with Hispan-
ics most often characterized as field-dependent learners. It has been
posited that lower Hispanic achievement in mathematics relates to a
preference for more wholistic and less abstract learning conditions,
conditions not typically found in mathematics classrooms (Ramirez
and Castaneda, 1974; Valverde, 1984). Women, too, have been charac-
terized as field-dependent learners. '

Because there is some evidence that the students who enjoy
mathematics and science are the ones who are most successful in these
subjects (Antonnen, 1969; Bassham, Murphy, and Murphy, 1964; Scho-
field, 1982), researchers have also examined the connection between
race- and gender-linked liking patterns and achievement. In these
studies, boys consistently express more positive attitudes about
mathematics (Sherman, 1980; Sherman and Fennema, 1977). This
work offers some support for the association between gender and
achievement because one finding has been that girls typically like these
subjects less (Armstrong, 1980; Creswell, 1980). However, the direc-
tion of causality between liking and achievement has not been estab-
lished. Although some evidence exists that for girls, changed attitudes
toward mathematics accompany and sometimes precede a change in
achievement (Fennema and Sherman, 1977, 1978), it would not be
surprising to find that doing well in a subject leads to more positive
attitudes.

However, “liking” may not be relevant to increased minority student
performance, since even when minority students say they like
mathematics, their performance and achievement do not appear to
reflect this (Kahle, 1982). In contrast, the value placed on mathemat-
ics may have important links with later participation, for both women
and minorities (Chipman and Thomas, 1984). Valuing and liking are
not the same, of course. The first is probably indicative of the per-
ceived importance of a subject; the second, of how enjoyable it is.

Perceived Utility. There is some evidence that minority students
have less expectation than whites that mathematics and science will
prove useful in jobs, schooling, or everyday life (Matthews, 1984).
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Further, boys perceive mathematics as useful more than girls do; and
these perceptions relate to differences in their course-taking patterns
(Sherman, 1980; Sherman and Fennema, 1977; Hilton and Berglund,
1974). A relationship between perceived usefulness and participation is
reinforced by data showing that girls who are interested in science- and
mathematics-related careers are more likely than others to pursue
study in these subjects (Berryman, 1983).

Stereotyping of Math, Science, and Technology. Girls who see
mathematics and science (particularly physical science) as masculine,
and therefore not particularly relevant to their lives, may be less deter-
mined to do well in these subjects (Stage et al., 1985). This perception
of mathematics is related to achievement differences (Sherman, 1980;
Fennema and Sherman, 1978; Dwyer, 1974), as girls sometimes lower
their expectations for success when they see tasks as masculine
(Lenny, 1977). This sex-stereotyping can occur as early as primary
grades (Vockell and Lobonc, 1981). Girls may also be deterred by what
they see as both current and future social costs in aspiring to
mathematics and science careers (Chipman and Thomas, 1984). One
such cost is anticipated additional conflict between male-dominated
careers and child-raising (Ware and Lee, 1985). The relevance of sex-
stereotyping is given some support from programs successfully using
female role-models to increase girls’ participation in mathematics
(Brody and Fox, 1980; Tobin and Fox, 1980). These programs stem
from evidence that girls have little exposure to adult women engaged in
mathematics and science and who are confident about their mathemat-
ics abilities (see Stage et al., 1985, for a review).

We know less about the possible effects of minority stereotyping of
science, mathematics, and technology as white domains. There is some
evidence that this is the case (Matthews, 1984), but few analysts have
explored the relationship between stereotyping and minority achieve-
ment. Further, there is considerable speculation that the lack of
appropriate minority role-models in mathematics and science may be
an important factor in minority underrepresentation (Johnson, 1984).

Confidence. Considerable evidence shows that while boys and girls
are likely to be equally motivated to achieve, girls are less confident
that their efforts will lead to successful performance (see, for example,
Lantz and Smith, 1981; Hudson, 1986). Other work suggests that girls
give up more easily than boys after experiencing failure or difficulty,
are especially insecure about succeeding on tasks requiring high ability,
and are less persistent on unfamiliar or difficult tasks.

Specifically, boys are more confident about their mathematics abili-
ties than are equally able girls, and they exhibit more confidence while
solving problems on mathematics achievement tests (Hudson, 1986).
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Closely related are findings that girls are more subject to “math anx-
lety” than are boys (Stage et al., 1985). Sex differences in confidence
levels emerge at junior high school, just prior to the appearance of
enrollment and achievement differences (Stage et al., 1985), and at just
about the time important gender-role decisions are being made. Not
surprisingly, confidence relates consistently to differential course-
taking (Stage et al., 1985). The links between minorities’ confidence
levels and mathematics and science learning have not been studied in
depth.

WHAT WE DO NOT KNOW ABOUT RACE, CLASS AND
GENDER EFFECTS

While some theoretical work has suggested that race, class, and
gender are inseparable and interactive influences on children’s mea-
sured abilities and educational and occupational attainments  (Grant
and Sleeter, 1986), we know little about the combined effects of these
characteristics. We have considerable data on the experiences of
minorities and women, but rarely are data for subpopulations of these
groups collected or analyzed separately. There is little data, for exam-
ple, to document gender differences within minority groups—
differences between black women and black men or differences among
black, white, Hispanic, and Asian women, for example. There are even
fewer studies of differences among subgroups in all three categories—
differences among groups of low-, middle-, and upper-SES black
women, for example.

The data are useful for monitoring, since some evidence suggests
that subgroups may exhibit quite different patterns. For example,
gender differences can operate differently among black and white stu-
dents. While more white boys enroll in advanced high school
mathematics courses than do white girls, some studies have found the
opposite patterns among black students (e.g., Matthews, 1984). More-
over, even though more black women than men begin college studies in
science and mathematics, fewer of them earn advanced degrees.

There are other important knowledge gaps. Little information is
available on the experiences of important racial and ethnic subpopula-
tions. Mexican-Americans, Central Americans, Puerto Ricans, and
Cubans are typically lumped together as Hispanics, while the Asian
category usually includes such culturally diverse groups as Chinese,
Vietnamese, Japanese, and Hmong (Malcom, George, and Matyas,
1985). Further, some issues have received considerably less attention
from researchers than others. We know less about the science partici-
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pation and achievement of women and minorities than about their
involvement in mathematics. We know less about racial minorities’
mathematics and science participation and achievement than about
women’s. In fact, much of the information on minority achievement
and participation has been extrapolated from studies of gender differ-
ences (Matthews, 1984). Among minority groups, we know less about
Hispanics and other minorities than about blacks.

One of the most puzzling questions is whether children’s opportuni-
ties for achievement and participation are affected more by race or by
socioeconomic background. Race has received the bulk of the atten-
tion, since racial discrimination has been the subject of many court
actions and federal programs. Moreover, the task of analyzing the edu-
cational status and experiences of poor and minority children sepa-
rately is complicated, since many of the poorest children in this coun-
try are black and Hispanic. However, inferring the status of poor chil-
dren in this country from the circumstances of black and Hispanic
children grossly and stereotypically oversimplifies matters. - Not all
black and Hispanic children are poor; not all poor children are minori-
ties. '

Recent analyses of HSB data illustrate the importance of SES.
With other school and home factors (including race and ethnicity) con-
trolled for, students’ SES (defined by education levels of parents,
father’s occupation, family income, and household possessions)
accounted for a substantial amount of the difference in students’
mathematics achieverment (Rock et al., 1984). We find similar parallels
in SAT scores (Darling-Hammond, 1985).

Despite our relative lack of knowledge about the interactions of race,
class, and gender and their combined influence on schooling experi-
ences and outcomes, the data do support one conclusion: Both in and
out of school, those resources, experiences, and attitudes that
encourage and support white boys in mathematics and science also
appear to encourage girls, minorities, and poor students. Prior achieve-
ment, course-taking, expectations of parents and school adults,
academically oriented peers, interest in science and mathematics, per-
ceived future relevance of these subjects for career and life goals, and
confidence in ability are inducements for achievement and participa-
tion among all groups of students (Lantz and Smith, 1981). Race-,
class- and gender-related differences may be caused less by some
unique needs of women or minorities than by the fact that these groups
typically have less access to the positive factors that promote high
achievement and continued participation. This is a critical caveat for
understanding the causes of low achievement and underrepresentation
and for developing indicators to monitor educational equity.
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INDICATORS FOR MONITORING UNDERREPRESENTED
GROUPS

A national monitoring system should be capable of reporting indica-
tors of school processes and outcomes by gender, race, SES, and all
their combinations. With this capability, equity indicators might pro-
vide some insights into how educational policy could weaken the influ-
ence of student background characteristics on mathematics and science
outcomes.

The most important equity indicators will be those that monitor the
progress of the schooling system in raising the current low levels of
achievement of women, the poor, and minorities in mathematics and
science and increasing their representation. An essential subset of
these indicators, then, will be data that report the distribution of essen-
tial educational conditions (e.g., school, classroom, and teacher charac-
teristics, curriculum content) for at-risk subpopulations as well as for
currently more successful groups.

Given the state of knowledge about inequities in mathematics, sci-
ence, and technology education, indicators must be reported by race,
gender, and SES. The data should be collected by race, class, and
gender of students at the individual level; and by race, class, and
gender composition of their student population at the school and class-
room level.

Equity in the Pool of Prospective Scientists
and Mathematicians

Indicators should be disaggregated by at-risk groups to provide
indices of the “bottom line” for equity monitoring. They should track
by race, class, and gender the outcomes of schooling related to contin-
ued participation and success in mathematics, science, and tech-
nology—high achievement, successful course completion, and aspira-
tions. They should report:

School completion or dropout rates.
Number and level (college-preparatory vs. general or remedial)
of science and mathematics courses completed by high school
seniors.
e Percent of high school seniors intending to pursue college
majors in science, mathematics, and technology.
e Achievement of high school seniors in science and mathematics.
e College entrance exam (SAT/ACT) scores.
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Equity at Critical Junctures in the Precollege Pipeline

Indicators should also capture educational participation rates,
achievement, and attitudes at pivotal decision points on the path
through school. The following indicators should be disaggregated by
at-risk groups to capture information at critical schooling junctures—
following earliest exposure and middle and high school grades where
decisions about future course-taking occur:

o Achievement in science and mathematics at grades 4, 8, and 10,
reported as means and the distributions of various groups in
quartiles. »

o Self-selection factors—interest in science, mathematics, and
technology; confidence in abilities; parental encouragement at
grades 4, 8, and 10.

e Attitudes toward further science, mathematics, and technology
study in school and toward careers in these fields at grades 4, 8,
and 10. '

o Course participation—number of semester hours and levels of
courses (ability track) in science and mathematics for various
groups at grades 8 and 10.

Equitable Science and Mathematics Learning
Opportunities

The following indicators should be disaggregated by at-risk groups to
monitor those school conditions that relate to differential participation
and outcomes for various student groups:

s Key resource indicators, by school type (e.g., schools serving
different race and SES student populations): per-pupil expen-
ditures, teacher salaries, pupil/teacher ratios, class sizes.

e Instructional time in science and mathematics at elementary
schools of different types.

o Course offerings in science and mathematics at secondary
schools of different types.

e Ratio of enrollment of students from various groups in
mathematics and science courses of different kinds to their
representation in the school population. (For example, black
students represented x percent of the student population, but
only x percent of the enrollment in calculus classes.)

o Science and mathematics resources available-at schools of dif-
ferent types.
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e Teacher quality at schools of different types.

e Curriculum in science and mathematics available to various
groups of students (e.g., in districts, schools, and classrooms
serving different race and SES student populations).

e Instructional processes in science and mathematics available to
various groups (e.g., in classrooms serving different race and
SES student populations).

School Interventions to Promote More Equitable Outcomes

Of secondary, but substantial significance is the monitoring of
school efforts to interrupt typical patterns of low achievement and
underrepresentation. These intervention indicators are considered sec-
ondary only because the primary indicators should reflect their results.
The “true test” of a successful intervention lies in measures of quality
school processes and outcomes; however, we do need indicators that
document the extent to which schools, districts, and states are attempt-
ing to promote greater equity in mathematics and science. Data about
the following dimensions of school interventions should provide useful
information about the extent to which these programs are being used
in schools:

e Supplemental programs to boost achievement of girls, minori-
ties, or the poor in science and mathematics (e.g., after-school
tutoring, parent involvement).

e Extracurricular programs to promote participation in science,
mathematics, and technology (either school-based or in
cooperation with museums, universities, etc.) and to increase
interest, promote course-taking, provide information about
careers, provide role models, increase student and parent expec-
tations, etc.

e Staff development aimed at changing classroom science and
mathematics instruction to better serve girls, minorities, and
the poor.

e Curriculum development or adoption aimed at providing materi-
als designed to increase achievement and participation of girls,
minorities, or the poor.

e Special guidance programs aimed specifically at increasing
interest, confidence, expectations, and career awareness Or
encouraging course-taking patterns that will permit college
entrance and quantitative majors.
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Until we have a more precise understanding of critical program
features, these data will at least provide descriptive information about
interventions now under way.

AVAILABILITY OF INDICATOR DATA

Developing equity indicators for an educational monitoring system
would not require a new area of data collection. A number of current
data collection efforts now gather information that could be useful.
Some current sampling frames are not adequate for collecting data on
important subpopulations, and sample sizes are likely to be too small
to permit analyses of subgroups within race, class, and gender
categories, but the following data sources should be examined for their
potential usefulness in equity indicators and for their possible modifi-
cation to permit subgroup analyses:

" o The decennial census, ‘which collects data about illiteracy,
school enrollment, and educational attainment by minority
group and gender.

e Data collected by state educational agencies about the resource
allocations (per pupil expenditures) and the minority and SES
composition of school districts.

e NAEP data, which provide information on achievement by
gender and ethnicity and about teaching strategies.

¢ National longitudinal studies (NLS, NELS) at the school and
teacher level, which can be used to assess school conditions and
outcomes by minority and SES composition of student body—
e.g., teacher quality, curricular quality (course offerings), and
enrollment patterns. Student-level data collection efforts can
also provide information about individual students’ school
experiences (counseling advice, teacher encouragement, etc.),
attitudes, aspirations, enrollment, and achievement by gender,
race, and SES.

e National Teacher Surveys (NCES), which can be used to iden-
tify teacher qualifications as well as the race, ethnicity, and
gender of mathematics and science teachers (to measure the
availability of role-models for women and minorities).

e National School Administrator Surveys (NCES), which provide
data regarding school conditions by student body, race, and
SES composition—course offerings; course requirements;
mathematics and science laboratories; special programs (e.g.,
math-science magnets); and so forth.
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e Data from the two NCES surveys (Teacher and School), which
can provide information about teacher characteristics, qualifica-
tions, and attitude by school minority and SES composition.

RESEARCH NEEDED FOR DEVELOPING AN INDICATOR
SYSTEM

The highest current priority for an indicator system is the ability to
disaggregate data about all aspects of the educational system by race,
class, and gender (and various combinations of those classifications).
Disaggregation of the indicators recommended above should accomplish
this goal. However, to develop disaggregated indicators that provide
insights about how and why particular distributions occur and that can
inform educators and policymakers about effective interventions, addi-
tional research in the following areas is required:

e Measurement of how school conditions influence differential
patterns of student participation and achievement—curriculum
offerings, facilities and resources, teacher quality, tracking sys-
tems, etc.

e The differential distribution and impact of classroom learning
processes—teacher expectations, teaching methods, learning
tasks, teacher/student interactions, curricular content, reward
systems, classroom climate, peer interactions, etc.

Guidance and counseling practices.

Characteristics of school interventions that are successful in
increasing the achievement and participation rates of women,
poor, and minority students.

e Non-formal educational experiences that may provide out-of-
school avenues to competence and related occupational attain-
ment of at-risk groups (Ferris, 1981).

e Assessment of educational values, parent aspirations, stereotyp-
ing, perceived utility of science and mathematics education, and
their interactions with schooling processes.

o Assessment of the dynamics of family schooling and occupa-
tions for race, class, and gender groups (Guilford and Hartman,
1981).

» Assessment of historical, social, and social psychological influ-
ences on students’ motivation and persistence in schooling.

o Assessment of historical and social influences on schools’ cur-
ricular, instructional, and guidance responses to diverse groups
of students.
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CONCLUDING REMARKS

For both ethical and practical reasons, monitoring educational
equity is an essential focus of a national indicator system. Neverthe-
less, we must exercise caution with such a politically sensitive issue.
While its overarching value is little disputed, the specifics of equity are
controversial. Decisions about what constitutes educational equity and
what government interventions represent appropriate policies for
achieving it are highly charged. Equity implies fairness or justice, but
little agreement exists about what educational conditions are fair and
just. ‘

Various conceptions of educational equity have emerged over the
past 150 years, conceptions that translate into quite different educa-
tional policies: (1) providing equal access for all to the same
schooling—free public education and common curriculum (e.g., the
nineteenth century “common school” or more recent desegregated
schodls); (2) providing separate and different, but equal, educations to
various groups (e.g., racially segregated schools, magnet schools, or dif-
ferent curricula within schools for students of different abilities); (3)
providing equal educational resources to all groups—conditions likely
to lead to equal outcomes for equally capable individuals (e.g., school
finance reforms aimed at equalizing spending among schools and dis-
tricts); and (4) providing equally effective resources to all groups—
conditions likely to equalize results—by using additional resources to
overcome the initial difficulties of disadvantaged groups (e.g., federal
compensatory programs, bilingual education, and special education)
(see Bell, 1972; Coleman, 1968; Levine, 1975; Gilmartin, 1981).

Each of these views implies quite different educational goals and
educational processes. However, indicators must be relevant to equity
more generally, since specific definitions and policy concerns may shift
over time. Information is needed that will inform policy without
predetermining what that policy should be. The most pressing need is
for data that can assess the extent of the disparities in school processes
and outcomes, ground the discussion of national goals for equity (and
its specific definition), and track progress toward the attainment of
those goals.



Chapter 9

SCHOOL COMPLETION AND DROPOUTS

James S. Catterall

INTRODUCTION

In the United States today, an average of 85 percent of high-school-
age children attend school, and about 75 percent complete their high
school education with their original classmates. Somewhere before or
during high school, 25 percent drop out. Although a higher completion
rate is clearly desirable, the numbers receiving -diplomas place the
United States far beyond most developed nations in the school attain-
ment of its citizens. However, these national averages cloak the wide
variation in completion and dropout rates among states, between urban
and non-urban areas, and across racial, ethnic, and economic groups.
In some areas, almost 50 percent of students fail to finish high school,
and the dropout rates among different racial and ethnic groups can
differ by as much as 30 or 40 percentage points. These rates and their
unequal distribution raise a host of social, political, economic, and edu-
cational issues—including questions of equity.

Despite the general concern over these issues, we have very incom-
plete knowledge about the dropout phenomenon, its causes, and its
effects. What we do know suggests that information on dropouts may
prove important for interpreting other data about the state of
mathematics and science education in this country. This chapter (1)
explores the potential importance of dropout information for a national
indicator system aimed at assessing that state and (2) weighs the need
for such information against the difficulties of acquiring it.

By definition, school dropouts cease to participate in the science and
mathematics education offered by the schools. Thus, the nature and
extent of dropout behavior must be considered in any comprehensive
assessment of achievement in mathematics and science education.
However, the importance of these data for an indicator system appears
to depend on the primary intent of the system. If concepts of general
literacy in mathematics and science are the primary concern of the
system’s sponsors and audiences, then dropout indicators should be
included. If the primary concern is education’s potential for enhancing
scientific and technological advancement, then dropout behavior is
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largely irrelevant, except for the effect that it might have on average
achievement test scores.

If general literacy is the primary concern, gathering the necessary
data will be a serious challenge. At present, we have few readily avail-
able or usable statistics on dropout behavior. There are several reasons
for this paucity of data: no consensus exists on an operational defini-
tion of “dropout”; data collection practices are idiosyncratic; and
uneven attention is paid to dropout information across the states and
school systems. Consequently, needs must be weighed against the an-
ticipated costs of acquiring dropout information. For some indicator
system agendas, the costs of better data are probably not worth incur-
ring. ,

The following discussion considers the possible justifications for
including dropout statistics in an indicator system for science and
mathematics education, reviews the relevant research,. and describes
the current state of dropout information collection by government
agencies and school systems. : -

SHOULD AN INDICATOR SYSTEM INCLUDE DROPOUT
STATISTICS? ‘

Cutting-Edge Skills or Scientific Literacy

There are two obvious concerns that might motivate an indicator
system. One is the degree to which students prepare themselves to
participate in the scientific community: Are students undergoing train-
ing that makes them potential contributors to knowledge? Or are stu-
dents receiving sufficient mathematics or science training to prepare
them for careers as school mathematics or science teachers? The other
is the degree to which students become scientifically literate: Can
they, for example, appreciate the meaning and importance of scientific
debates surrounding public policy issues, such as current deliberations
regarding the AIDs epidemic?

We assume that increased public interest in science and mathemat-
ics training reflects concern about the United States’ competitive posi-
tion in the world economic and political arenas. Technological
advancements contribute to military and defense capabilities and may
foster the productivity essential to deliver goods at home and abroad at
competitive prices. The health of major U.S. industries, such as auto-
mobile manufacturing, is perceived to be threatened by foreign nations,
such as Japan, where scientific training and technological development
are considered superior to that in the United States. Improved tech-
nology is also thought by many to be the critical ingredient in
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stemming the flow of U.S. manufacturing operations to countries where
labor is abundant and less expensive. Technological advances can
render American labor more productive.

Because we know that dropping out is concentrated among students
who are academically “estranged” and low achievers, it seems logical
that dropout data would be only marginally useful for indicator systems
concerned with the advancement of knowledge, technological develop-
ment, and the training of future teachers. The students who pursue
science and mathematics as college majors are a subset of the 25 per-
cent or so of all youth who attend four-year baccalaureate programs.
Only a small fraction of this subset continues on to postgraduate train-
ing and research careers, or to careers as mathematics or science teach-
ers. ‘Since low achievers are rarely destined for such adult paths,
whether a tenth or a third of them drop out has little bearing on the
outcomes of interest. ' ;

However, all citizens can benefit from scientific and mathematical
literacy. It can contribute to individual quality of life and greater
social welfare by helping people manage personal finances, make
informed purchases, understand personal and public health issues,
know how machines and chemical processes work, avoid potential
hazards in their use, and so on. Dropping out almost certainly affects
the level and distribution of science and mathematics literacy in our
society, because the underlying concepts are probably more available to
those who stay in school than to those who quit. Dropout data should
thus be of interest in indicator systems concerned with these outcomes
of education.

Regardless of the primary intention of indicator systems, dropout
data will probably be significant on one dimension: Scores on achieve-
ment tests will no doubt be scrutinized by science and education moni-
tors (see Chapter 7 of this volume), and the interpretation of these
scores should reflect any changes in the student populations being
tested. Academic requirements for high school completion appear to be
increasing in many schools, districts, and state systems (U.S. Depart-
ment of Education, 1984b). At the margin, making school harder is
likely to have the independent effect of pushing low achievers out. If
fewer of them attend school, average results on schoolwide tests of sci-
ence and mathematics achievement will probably show gains., This is a
case where dropout information could help analysts interpret other
indicators in the system and where its absence could lead to erroneous
conclusions.
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A Cautionary Consideration

The concern with dropouts takes as given that those who quit school
will have lower science and mathematics literacy than those who stay.
However, research is only beginning to produce any empirical basis for
this. Arguments claiming deficits in the literacy of dropouts are
grounded largely on reasoned intuition. The most important thing that
can be claimed about the potential ties between dropping out and
learning in mathematics and science is the obvious: Those who drop
out do not have the same opportunity to learn whatever curriculum
brings to those who stay in school.

The little research that has been done on dropouts’ knowledge and
skills supports this reasoning. However, the research results remain

“far from. conclusive. Little attention has been paid (absolutely and
relative to research on other domains) to dropouts’ achievement in
mathematics and science. The High School and Beyond (HSB) survey
(discussed in more detail below) included a brief test of mathematics
characterized as 8th grade level (Heyns and Hilton, 1982).. This test
yielded little insight into the effect of curriculum on the relative perfor-
mance of dropouts and those who remained in school. The HSB test
battery also included a brief test of scientific reasoning and concepts,
but no analyses have emerged reporting the results of the science test
alone for dropouts versus finishers.

The mathematics tests used for the earlier Project Talent study were
also quite rudimentary (Combs and Cooley, 1968). Project Talent
reported the few available academic achievement results that tie drop-
outs to mathematics learning, and these results did not yield anything
surprising or distinguishing. Lower average achievement scores were
reported for those who drop out, and the deficits were not markedly
different for mathematics than for other areas tested. Lower composite
test scores for dropouts (across multiple test domains) are also reported
by Youth in Transition researchers (Bachman, Green, and Wirtanen,
1971) and by those analyzing HSB data (National Center for Educa-
tion Statistics, 1985¢c; Alexander, Natriello, and Pallas, 1985).

Perhaps the best work in this area is a recently published analysis of
the results from a battery of cognitive and vocational tests admin-
istered to a representative national sample (N = 12,000) of American
15- to 23-year-olds (Bock and Moore, 1986). In this survey and testing
effort, called Profile of American Youth, subjects completed tests of
mathematics knowledge, arithmetic reasoning, and general science,
among others. Across the tests, subjects who had completed some high
school generally scored about one-fourth of a standard deviation below
subjects who completed high school but did not go on to college. A
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notable exception relevant to this discussion was that in tests of quan-
titative attainment, non-poor white and black high school completers
showed the smallest score increments over those who had only some
high school. The authors interpret this to be a result of “the concen-
tration of general courses relevant to Arithmetic Reasoning and
Mathematics Knowledge in the first two years of high school” (p. 69).
The achievement profiles provided in that study also document basic
differences across white, Hispanic, and black youth which suggest that
for Hispanics and blacks, deficits caused by droppmg out will com-
pound existing achievement disparities.

The relatively smaller differences in scores for those who drop out
and those who only complete high school suggest that dropouts inay be

" “forgoing: fewer Aearmng opportunities in mathematics and science than-

one would expect. It would appear that children in these two groups
do not tend to enroll in what might be cailed the hallmark mathemat-
ics and science courses, namely two years of aigebra, gecmeiry, and
advanced analysis or calculus in mathematics, and’ blology, chemistry,
and physics in the sciencés. Nor, one would surmise, do these young-
sters study computer-related topics in any depth.- The general and
vocational tracks populated by dropouts and “terminal graduates”
would probably not include such classes. For this reason, the differ-
ence, for science and mathematics literacy, between dropping out and
staying to graduate is tied to the specific nature of general and voca-
tional curricula. That is, the effect of dropping out on the quality and
distribution of mathematics and science education depends on what
dropouts would actually be doing in school if they, instead, remained to
graduate.

This appears to be rather unexplored territory from the perspective
of dropout research. Just what is the nature of the mathematics and
science curriculum for the low achiever, i.e., for the general or voca-
tional track student? And of interest to the sponsors of projects
involving mathematics and science indicators is a related question:
What should this curriculum contain if it is intended to promote scien-
tific literacy?

A REVIEW OF RESEARCH ON DROPOUTS

This section presents the essential findings of the dropout literature,
much of which has some bearing on what indicator systems might gain
by incorporating dropout data.
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Historical Perspectives

For 65 years following the turn of the century, the fractions of
American adolescents attending and graduating from high school
increased steadily, and a once elite enterprise became a mass institu-
tion. Just over 6 percent finished high school in 1900—by 1940, about
half were finishing. Today about 75 percent graduate on schedule, and
85 percent of high-school-age children attend high school. The percen-
tage graduating peaked in 1965 at just over 76 percent and has been
very stable at about 75 percent for the past 20 years (National Center
for Education Statistics, 1985d).

These assessments are generally based on counts of diplomas
~ awarded each year in comparison with 9th grade enrollments for the
same age group 3 to 4 years earlier. It appears that more than half of
those who do not graduate with their classmates eventually secure.a
high school equivalency certificate under the General Educational
Development (GED) program, or through state equivalency programs.’
In the past two or three years, isolated claims of increasing dropout
rates have been heard, but national data for this recent period are not
available.?

This picture contrasts sharply with the experiences of other
developed nations, where many students are diverted into specialized
vocational programs by the time they reach age 14. In these countries,
fewer than 30 percent typically graduate from secondary schools.
Japan is a singular, comparative exception; about 85 percent of Jap-
anese youngsters finish the equivalent of high school (Kirst, 1984,
p- 8).

The national averages do not reveal the considerable variation in
graduation rates from state to state and locale to locale. In 1979-80,
when the national graduation average was about 72 percent, the frac-
tion was as low as 60 percent in Florida and Mississippi and as high as
85 percent in Minnesota and Iowa (NCES, 1984, p. 58). Some states
have extreme internal variations in dropout rates. In California, for
example, analysts claim that the overall attrition rates exceed 50 per-
cent for some school districts and are nominal in other districts (Cali-
fornia Assembly Office of Research, 1985). It is also reported that the
dropout rates in Los Angeles high schools (grades 9-12) alone range
from about 5 percent to more than 50 percent (Los Angeles Unified
School District, 1985).

'National Center for Education Statistics, 1984; see Table 1.24, p. 60.
2See Wheelage and Rutter, 1985; also California Assembly Office of Research, 1985.
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Research on Dropouts

Research on school dropouts has been reported regularly but not
voluminously over the past 20 years. Events of the 1960s turned major
policy interest toward issues related to the equality of educational
opportunity in the United States. A natural consequence was the
growth of academic and professional curiosity about who completes
school. It did not require research to establish that low achievers and
economically disadvantaged minorities were comparatively likely drop-
out candidates. Research has focused on a more detailed understand-
ing of the correlates, causes, and consequences of leaving school before
graduation.

Researchers curious about dropouts have faced some daunting hur-
dles. There are limited primary databases available, and what exists
tends to go little beyond idiosyncratic reports of school completion
rates. Additional data that might distinguish school leavers from per-
sisters, such as individual characteristics and school program informa-
tion, are not built into the counting exercises conducted by most
government agencies and school districts. o

Probing large samples of dropouts is simply beyond the means of
any but the most generously endowed research efforts. When pupils
are in school, they can be sampled and queried efficiently, given a mod-
icum of cooperation on their part and on the part of school officials.
When dropouts leave school, they are difficult and expensive to follow.
This has meant that most of what qualifies as generalizable research
on dropouts has depended on a few very large-scale data collection
efforts—surveys large enough in scope to catch dropouts along with
others in their nets.

A small amount of this broad-based work derives from Census
Bureau activities, particularly the 1976 Survey of Income and Educa-
tion (discussed below). The core research on dropouts has utilized a
handful of national longitudinal surveys of adolescents, which were
conducted generally for the purpose of probing transitions between
youth and adulthood in our society. These surveys are Project Talent,
1960 to 1964,3 the Youth in Transition Survey, 1965 to 1970,* the Sur-
vey of Youth Labor Market Experience (YLME), 1979 and ongoing,®
and the High School and Beyond (HSB) survey, 1980 and ongoing.’ A
fifth well-known survey, the National Longitudinal Survey of the High
School Class of 1972, has not yielded information on high school

3See Combs and Cooley, 1968.

4See Bachman, Green, and Wirtanen, 1971.
5See Rumberger, 1983.

6See Jones et al., 1983.
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dropouts, chiefly because the initial sample was surveyed in the winter
of the senior year in high school—too late to capture much of the drop-
out phenomenon. In addition to the core of dropout research based on
these studies, researchers have mounted numerous smaller-scale efforts
which when considered in the large, tend to echo the dominant themes
of the more ambitious studies.

The large-scale surveys differ from more modest dropout data collec-
tion efforts in their systematic follow-up of those who drop out. Many
of the less-intensive efforts have succeeded in gathering arrays of base-
line information on subjects but were confined to linking this antece-
dent information to dropping out decisions because the researchers did
not hear again from the dropouts involved. As a result, this research
has tended to concentrate almost exclusively on the individual charac-
teristics associated with dropping out—and not on what dropping out
has meant in the subsequent lives of dropouts.  However, more inten-
sive follow-ups have recently begun to be made of those who dropped
out.

A second important note is that in the longitudinal-design research
a “dropout” is generally defined as anyone who was no longer enrolled
in school at the time of a follow-up survey and who also had not at
that time received the high school diploma. For a variety of reasons,
this definition may not correspond to that used by states or school dis-
tricts in cataloguing their own student behavior.

General Findings of the Research

Background Factors. The socioeconomic status (SES) of the
pupil’s family is chief among the characteristics associated with drop-
ping out. Reporting on Project Talent, Combs and Cooley (1968)
found that more than half of both male and female dropouts came from
the lowest SES quartile. They also found that less than a fourth of the
male dropouts and less than a fifth of the female dropouts came from
the upper half of the SES distribution. About 60 percent of the drop-
outs in the Youth in Transition Survey hailed from the lowest two of
six socioeconomic levels identified for the sample (Bachman, Green,
and Wirtanen, 1971).

The core of research on dropouts also documents the ties between
minority status and dropping out, although the independent effect of
minority status or ethnicity is not firmly established because of its col-
linearity with low SES. Analyzing data from HSB, Peng, Takai, and
Fetters (1983) report sophomore-to-senior-year dropout rates of 18.0
percent for Hispanics and 17.0 percent for blacks, in comparison
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with 12.2 percent for whites and 3.1 percent for Asians or Pacific
islanders.

Steinberg, Blinde, and Chan (1984), in their work with data from
the 1976 Survey of Income and Education, observed that ethnicity,
apart from SES, is a more important factor in dropping out for
Hispanics than for children from other ethnic or racial backgrounds.
They also reported that language minority status is an important
independent contributor to dropping out, especially for Hispanic chil-
dren. Here, rates of “not completed and not enrolled in school” among
a national sample of 14- to 25-year-olds were 11 percent for the total
sample, 18 percent for all with non-English background, and 40 percent
for those whose dominant language use was not English (p. 117)..

Other pupil background factors that appear to be consistently tied to
dropping out (with intuitively predictable coefficient signs) across the
core dropout literature are specific home-environment measures, such
as the presence of books (negatively related to dropping out), the pres-
ence of both parents in the home (also negatively related), and the
number of siblings (positively related).

Academic Achievement. Various negative academlc performance
indicators have been associated with subsequent dropout decisions in
these studies. Low achievement test scores, low grade-point averages,
and prior grade retention have all shown substantial correlations with
dropping out. In a multivariate analysis with YLME data, Rumberger
(1983) found that race and ethnicity had no effect on dropping out
when academic achievement was controlled. This finding was repli-
cated in Pallas’ (1984) extensive treatment of HSB data.

Based on the earliest of the major surveys, Project Talent, Combs
and Cooley (1968) reported that 55 percent of the male and 40 percent
of the female 9th graders who dropped out had scored in the lowest
quartile on a composite measure of academic ability. The academic
ability test battery used in that study had 19 sections covering such
skills as reading comprehension, mathematical computation, abstract
reasoning, mechanical reasoning, memory, and visualization (p. 355).
For each of 19 subtests administered in the 9th grade, students who
subsequently dropped out scored significantly lower (p < .01) than a
comparison group of students who finished high school but who did not
go on to college. Eighty percent of the male dropouts and 74 percent
of the female dropouts scored in the bottom half of all students taking
the test battery.

The Youth in Transition survey probed a nationally representative
panel of 10th grade males beginning in 1966 (Bachman et al., 1971).
Among its subjects, more than half of the eventual dropouts had been
held back for one or more grades prior to the start of grade 10. This
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compares with a prior grade retention rate of 24 percent for school fin-
ishers in the sample. Primary grade retention and absenteeism were
also found to be tied to dropping out (Howell and Freese, 1982; Stroup
and Robbins, 1972).

Additional indicators of academic performance were also considered
by Bachman. About half of the students reporting D grade averages
for the 9th grade eventually dropped out, compared with 2 percent of
those reporting A averages. The students also took tests of reading
(the Gates reading test) and vocabulary (the GATB-J test of vocabu-
lary). Mean student scores on these tests differed significantly and
predictably among groups: Dropouts had the lowest scores, with pro-
gressively higher scores for dropouts who eventually finished high
school, high school finishers with no additional schooling, and gradu-
ates continuing on to college. Bachman also reported that the drop-
outs are less distinguishable from “finishers” than from students who
go on to postsecondary education. This pattern is replicated in the
more recent HSB data. , .

The HSB study is the most comprehensive data collection effort for
analysis of dropout-related issues in the United States (Jones et al.,
1983).  Sponsored by the National Center for Education Statistics,
HSB surveyed approximately 30,000 high school sophomores and
28,000 seniors beginning in 1980. Follow-up surveys were conducted in
1982 and 1984, and further follow-ups are planned. A very rich array
of information was collected for each student—student background
characteristics, attitudes, school characteristics, in-school experiences,
beyond-school experiences, and so on. Students also were tested using
a battery of six short tests covering verbal and mathematical domains,
writing, science, and civics (see Heyns and Hilton (1982) for a descrip-
tion of the HSB tests).

The HSB survey is unique in its attention to dropouts. About half
of those who dropped out after they were surveyed in the spring of
their 10th grade year were found and surveyed as part of the 1982
follow-up. (About 14 percent of the original sophomore sample
dropped out.) In addition to completing comprehensive follow-up sur-
veys, both dropouts and those remaining in school were retested in
1982, using the same battery of tests.

A variety of observations concerning academic performance and
dropouts have been generated with HSB data, and many more will
undoubtedly emerge as analyses of these data proceed. Not unexpec-
tedly, dropout rates among HSB sophomores varied inversely with test
performance. Of those scoring in the lowest composite test score quar-
tile, the dropout rate was about 25 percent. Dropout rates decreased to
15.3 percent, 8.6 percent, and 3.7 percent for students in successively
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higher test performance quartiles. (Recall that these rates apply to a
two-year period only—late sophomore to late senior year.) Self-
reported class grades were also related to dropping out. Students re-
spectively reporting mostly As, Bs, Cs, and Ds experienced correspond-
ing dropout rates of 2.9 percent, 8.1 percent, 18.5 percent, and 42.5 per-
cent.

Alexander, Natriello, and Pallas (1985) have presented the most
comprehensive discussion and analysis to date of relationships between
cognitive performance and dropping out, based on HSB data. Their
stringently controlled models provide evidence that dropping out has
independent negative effects on cognitive growth (as measured by the
six-test battery). They further suggest that these effects tend to be
larger in test domains that are linked to high school curricular offer-
ings (among the HSB tests, civics and writing), and that the negative
effects of dropping out are more pronounced for both Hispanic-origin
and economically disadvantaged students. This last result corresponds
interestingly to the research of Heyns (1978) which found that summer
learning losses are greater for the same disadvantaged groups.

Reasons for and Consequences of Dropping Out. Two addi-
tional themes are apparent in research on dropouts. The first concerns
the reasons why youngsters leave high school before graduation. The
best systematic inquiries in this area are based on two of the surveys
described above, which asked large numbers of dropouts why they left
school (HSB, reported in Peng, Takai, and Fetters, 1983; and the Sur-
vey of Youth Labor Market Experience, reported in Rumberger, 1983).

A wide range of self-reported reasons emerges in these surveys. Dis-
like of school and having poor grades head the list of volunteered rea-
sons and stand apart as the most frequent responses. As many as 45
percent of dropouts cite such reasons. Pregnancy or marriage plans
influenced about one-third of the female dropouts in both samples,
with pregnancy more frequently mentioned by minority females and
marriage plans by white females. Inability to get along with teachers
was cited by 16 percent of HSB 1980 sophomores. Having to work to
support a family was offered by only 11 percent.

Another major research theme is the effect of dropping out on the
individuals involved and on society. A number of recent studies have
documented a variety of disadvantages accruing to school dropouts in
their lives beyond school. On average, dropouts work less, earn less,
and occupy lower-status occupations than their school-finishing peers.
The labor market performance of dropouts has been associated with
social costs, in terms of forgone economic activity and forgone govern-
ment revenues. Dropouts also appear to be more involved in a variety
of socially burdensome and personally costly behaviors—higher
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dependence on public assistance and public health services, more
involvement in crime and crime-related services (such as courts and
correctional systems), and lower rates of political participation. The
causal relationships between dropping out and these outcomes are
debated. Levin (1972) and Catterall (1986) provide extensive discus-
sions.

THE STATE OF DATA ON DROPOUTS

_This section addresses the questions of how dropouts are defined in
practice, what data are currently available on dropouts, who generates
them, and how useful they might be er" purposes of science and
‘mathematics indicator systems. ~ '

Defining Dropouts

Our worki;ngv,y implicit definition in this éésay has ibéen that a drop-
out is simply a student who leaves school without obtaining a high
school diploma. The various agencies that gather data on dropouts

have defined the term in different ways.
Louisiana legislation defines the dropout as:

Any student who exits school, for any reason except death, before
graduation or completion of a regular curriculum which leads to a
high school diploma, and without transferring to another school.
(Louisiana, Revised Statutes 227-330)7 .

In California law,

Dropout rate means the percentage of pupils enrolled in any of
grades 7 to 12, inclusive, who stop attending school prior to gradua-
tion from high school and who do not request, within 45 days of leav-
ing high school, that their academic records be forwarded to another
school. (California, Senate Bill 65, 1985)

The denotation of dropout is straightforward and causes little
confusion—the dropout has left school and is not progressing toward a
diploma. In practice, schools, districts, and states implicitly define
dropout behavior in various ways, and their reporting of dropout
behavior presents knotty problems for an indicator system.

Some locales and states seldom collect or report information at all,
but when they do, the collection reflects highly variable decision rules,
illustrated by all of the following:

"This definition was provided by officials in the Office of the Superintendent of Edu-
cation.
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o The grade levels tracked vary. Dropout rates may be reported
for particular grade levels and are alternatively shown for
grades 10-12, or 9-12, or 7-12, depending on local requirements
or preferences.

e Schools may or may not require transcripts of previous school
work for new enrollees, particularly at lower grade levels such
as grades 7 and 8. This results in abandoned schools not know-
ing that a pupil has reenrolled elsewhere.

e There is no standard length of time between a pupil’s initial
_;absence and the declaration of dropout status. Does a week’s

.absence constitute dropping out? Is a pur: .1 who ‘enters a high
‘school equivalency test preparation program s1x months after
‘leavmg school considered a dropout?

» There is no standard length of time that a student must be
‘enrolled and attending a particular school prior to dropping out
" so that he/she is considered a dropout frcm that school. Is a
student who enters and then leaves a scheol within a- ‘week this
school’s dropout or a dropout from his or her previous ‘school?

Research on dropouts raises other definitional issues as well. Most
of the relevant published research and analysis does not depend on
institutional reporting, but rather is based on the major surveys.
described above. In longitudinal research surveys, dropouts are gen-
erally defined as individuals enrolled in school at one wave of a survey,
who are subsequently not enrolled in school and not in possession of a
diploma in a later wave of the survey. This approach generates dif-
ferent levels of attention to just how long a survey subject has been out
of school, to subsequent reenrollments, and to the individual’s pursuit
of alternative “completion” arrangements. And dropout rates gen-
erated in longitudinal surveys are, of course, sensitive to the timing of
survey waves.

Most analyses of Census Bureau data classify dropouts as respon-
dents who report eleven or fewer years of schooling completed. We
would suspect that individuals responding to Census surveys might
tend to overstate their attainment levels and also to equate the comple-
tion of a General Educational Development (GED) certificate with
twelve years of formal schooling. In fact, Census Bureau estimates of
dropout percentages in the young adult population are considerably
lower than observed dropout rates (Rumberger, 1986).

A final implicit definition of dropouts is assumed by recent reports
of state-level data. The three Wall Charts of comparative state educa-
tion statistics issued by the U.S. Department of Education (1984a,
1985, 1986) include state high school completion rates that were
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calculated by comparing the numbers of graduates in each state in one
year with 9th grade enrollments four years earlier. Dropout rates can
be calculated by subtracting the completion rate from 1. (Of course,
not all non-completers are dropouts—some take equivalency diplomas,
some leave the country, some are deceased, and so on.)

National Data

The quahty of dropout information in the United States cerresponds
to its.level:of collection. National school completion figures are the
most dependable and regularly generated. They are:based largely on
the efforts:of the Census Bureau to catalogue school enrollments. It is
. important te- note that national-level data are not derived from upward

aggregatlons of state and local figures. Instead they are drawn from
major ‘censiises, a®variety of one-time surveys,® and annual national
surveys that probe school participation. Tabulations ‘of these: anmual
. surveys are issued’in Series P-20 of Current Populatlon Reports and
are now titled, f‘School Enrollment: Social and Economic Characteris-
tics of Students.” They have been published for each October for more
than 30 years.

Dropout rates are not specifically reported in these documents, but
the total enrollments by grade level from year to year allow us to
deduce overall attrition rates and are used by the National Center for
Education Statistics (NCES) when it reports school completion data
periodically in its compendia of school statistics.” The translation of
overall attrition patterns to national dropout rates involves a small
amount of error because of the data’s sampling basis and also because
of migration of school pupils across national boundaries. No sugges-
tions of particular bias in these national data have been raised in the
literature. Full reports for each October are published about three
years after the surveys. Advance reports based on the October surveys
are issued a year or two following each survey in the same P-20 series.

Data on national-level school completion are also included in the
more comprehensive population counts conducted for each decennial
census. We are able to catalogue the education levels of individuals at
various age levels on the basis of their responses to Census inquiries.
Reports of these data include distributions of educational attainment
for adults (fractions completing various amounts of education, includ-

8E.g., the 1976 Survey of Income and Education.

¥See particularly various issues of the Digest of Education Statistics and the Condition
of Education, published annually by the National Center for Education Statistics, Wash-
ington, D.C.
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ing the categories “8 or fewer years of school” and “1 to 3 years of high
school,” and so on).

State and Local Data

State and local data on school dropouts are piecemeal at best. The
figures reported above for several states were based on a specific NCES
effort to analyze 1980 Census data along with results of attrition
counts. .Only in decennial census material can we discern the fra('tlons
of the most recent should-have-graduated school cohort that were
granted . d1plomas across the 50 states. Data for local dlstn"ts are

- based primarily ion studies sponsored by district 0ff1c1a}c These .

- ies are idiosyncratic in their methods and purposes, as well 23 theix

'\'regularlty Some school districts do not collect or report dropom data
. ‘The U.S. Department of Education currently draws state-i'y- ‘state
: gcornpansons of school completion, the comparisons represented in the

o Wall Charts mentioned earlier (1984a, 1985, 1986) For these 50 state

g icomparlsons, completron rates were calculated on the basrs of 9th gradt
‘enrollments. in each state versus numbers of ‘diplomas granted -fou:
years later. The reported completion rates range from about 60 per-
cent to over 90 percent.

- The generally spotty nature of state-level data is apparent in a
recent survey that assessed the nature and extent of information col-
lection and public policy attention to school dropouts at the state level
.. across the 50 states (Catterall, 1988). An immediate conclusion of this
work is that one-fourth of the state departments of education develor
no regular information on school dropouts at all and do not have
immediate sources to turn to for such information (other than com-
parative grade level enrollment figures). Another is that steps are
under way in some states to improve dropout data collection.

Several technical hurdles have inhibited the development of better
state-level information on dropouts, and many of these problems also
extend to local efforts. First, the states do not engage in the sort of
census activities carried out by the federal government, nor do they
benefit individually from the Census Bureau’s annual October surveys.
These efforts are designed to construct a national picture, but their
sampling strategies do not result in representative state- level profiles.
Four regions of the country and three community types constitute the
geographical units of analysis for these reports.

States and local districts have additional problems keeping track of
the attainment levels of their own school-age youngsters. Schoolchil-
dren are geographically and institutionally mobile. In a recent year,
between 10 and 20 percent of school-age youngsters, depending on
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region of the country, changed domiciles (Bureau of the Census, 1983,
p. 20). The west and south recorded high mobility rates, and the
midwest and northeast had comparatively low rates. Fewer than half
of these movers remained within the same metropolitan area. In addi-
tion, some pupils change schools while retaining the same residence.

All this mobility means that both the states and individual school
districts have large numbers of students leaving and entering schools at
various grade levels, including their high schools, each year. (A high
school principal interviewed by the author reported 4,000 different stu-
dents attending a 2,000-student school in a single academic year.)
Some, but not all, 0'" the leavers are dropouts. Simple attrition figures,
which are frequenth the only basis of local reports, and scho« i enroli-
ment data generally do not describe dropping-out pat’ erns. 1r an mdx-
vidual state or district very well. :

This situation implies that if states and loc(.htles Wi 1ted tc generatu
comprehenswe and accurate portraits of dropping out from year te
year, they . would have ic follow schocl leavers mtean« ly to m,termme

_whether they have ir: fact dropped cut. This mighr. involve active
searching for leavers, which is an individual, labor-intensive, and
“expensive prospect—and a practice that is not regularly carried out
anywhere. The most being done now is some sort of record-keeping on
the expressed destinations of pupils (which are in various ways and to
varying degrees recorded) and on requests for transcripts from the sub-
sequent schools of school-leavers. When a pupil departs and no tran-
script request follows, he or she may be classifiad as a ¢ zopout.

These data have a hit-or-miss quality, since travscripts are not
always sought when a leaver enters another school, and some leavers
wait a great while before reentering. Further, making district-level
sense of such data would require additional reporting and aggregating
procedures, as would state-level compilation beyond that. For data
generated from the bottom up in this manner to be comparable across
districts and states, uniform definitions of dropouts would have to be
adopted—an issue many districts have not even settled for their own
informational purposes.

Most states and districts have not been prompted to allocate the
substantial resources it would take to collect data for addressing drop-
out issues. And whether they should allocate them is a reasonable
question. How much effort should a school or system put into classify-
ing those who are gone? And from which ongoing activities should the
needed resources be reallocated?
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Implications for an Indicator System

The most important implication is that if developers of science and
mathematics indicator systems want dropout information, they will
have to collect it themselves. There is some, but not much, data on
dropouts of interest to indicator system developers and their audiences
that are simply awaiting collection and reporting. A minimal prototype
indicator system that relies on compiling existing data in useful ways
will not attend very precisely to issues of school completion across
states, schools, or districts. State-by-state figures can be approximated
from enrollment counts at various grade levels compared with counts of .
diplomas awarded (the Wall Chart approach). But existing district and
school data:cannot lead to a reprasentative picture because of extreme
idiosyncracies in methods and incidence of collection. Annual naticnal-
completion rates can: be ascertaired, but these have limited utility for:
any comparison purposes.

The U.S. Department of Education is in the process of improving its
dropout data collection practices. The Department’s Center for Statis-.
tics and the Council of Chief State Scheol Officers have ‘convened -a
joint task force for this purpose. Certainly the desires of known moni-
toring efforts for dropout information are likely to be rather similar;
their sponsors could speak with a concerted voice to the Department of
Education on this issue, and all could benefit from the results. How-
ever, we have seen no indication of commitment to a wholesale restruc-
turing. of dropout data collection across the nation.

Alternatively, and if resources allow, srojects might build specific
data collection strategies into their own prototype schemes. Because
the data problem is rooted in every school and district, it is doubtful
that a single indicator system will inspire or fund the large-scale
changes required to effect systematic dropout reporting. An alternative
approach would be to identify a limited sample of schools or districts
across the nation that are surveyed thoroughly and regularly for drop-
out data, along with other desired information. These “Neilson
schools”!? could become the basis of year-to-year tracking on a number
of indicators. For these schools, steps could be taken to ensure uni-
form pupil follow-up procedures, uniform definitions of dropouts, and
other standardized assessments. The costs of such a scheme would of
course depend on the numbers and locations of schools involved, the
intensity and sorts of data collection, the degree to which local
cooperation would yield inputs to the effort, and so on.!!

ONamed for the television ratings scheme of the A. C. Neilson Company.

"The Center for Statistics has proposed such a school sampling scheme, tentatively
titled “The Elementary/Secondary Integrated Data System” (see Center for Statistics,
1986).
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CONCLUSIONS

The relevance of school dropout data to an education indicator sys-
tem depends on the purposes of the system. If monitoring the upper
bounds of mathematics and science achievement is the purpose, the
system will have little need for dropout information: Few high achiev-
ers leave school without graduating. However, dropout information is
important for monitoring average levels of achievement. Because drop-
outs tend to be low achievers, dropout rates will influence average
achievement scores.

Dropout indicators wouid seem to be even more important if the sys-
tem is intended to asses: general scientific literacy. We assume that
people who leave school will have less chance than people who finish
school to learn the underlying concepts of mathematics and science
that may be practically useful in life. However, that assumptior: may
be questionable. Some analyses of test scores have found fairly small
differences in achievement between high school dropouts and non-
college-bound graduates. These results suggest that to judge the effect
of dropping out on scientific literacy, an indicator system would need
rather specific informatior on the kinds of curriculum to which drop-
outs and “terminal” graduates are exposed. '

If a monitoring system is concerned with distributions of science
literacy across racial, ethnic, and economic groups in the United
States, information on dropouts would be germane. If dropping out
results in deficits in scientific literacy, the effects are not evenly dis-

tributed across U.S. society. There appears to be a much higher
incidence of dropping out among Hispanics and blacks, and any drop-
out deficits are added to consistently evident differences in achieve-
ment across these groups, when grade levels attained are controlled.

Any education indicator system that requires good state or school
district comparisons on dropout behavior faces an expensive challenge.
Existing data collection practices cannot provide adequate information,
and it is reasonable to presume that improving the current state of
dropout information would require a substantial allocation of resources.
The education policy community in general has not reached the conclu-
sion that better dropout statistics are worth the price. It is not clear
that specific efforts, such as one aimed at assessing the state of
mathematics and science education, will find independent reasons or
resources to take up the challenge.



Chapter 10

THE POLICY CONTEXT

Lorraine M. McDonnell

INTRODUCTION

Unlike concepts. such as curriculum content, student-achievement, or
even school climate, “policy context” seems quite nebulous im relation-
‘to a national system for monitoring mathematics and science educa-
tion.  Yet the policy context—the political system’s articulation of pol-
icy goals and their translation into concrete actions through either the
allocation of resources or the imposition of regulationsl—is a crirical-
factor in designing a national indicator system. :

The policy context, in fact, provides the major ratlonale for develop-
ing an indicator system. When a commission of the National Science
Board recommends that all students should acquire a set of specific
mathematics and science skills or a state legislature requires that all
high school students take two years of mathematics and science
courses, they signal what outcomes need to be measured and establish
standards against which reported outcomes should be:judged. - Uniess
an indicator system can generate information that aids the process by
which such policy choices are assessed, it will not survive as a publicly
supported endeavor. But the policy context influences more than just
the types of data to be collected; its actions can also affect the direc-
tion that different indicators take over time. When policymakers
adjust teacher salaries, select textbooks, or pursue a variety of other
initiatives, these actions may be one of the factors that helps explain
observed changes in schooling outcomes.

The policy context, then, plays two distinct roles in the design of an
indicator system. First, it provides the major rationale for developing
and operating such a system. Meeting the information demands of pol-
icymakers is a primary function of indicator systems, one that shapes

1This definition includes both the political process that generates policy decisions and
the output of that process, the policies themselves. It also recognizes that education pol-
icy is enacted and implemented in a federal system where each governmental level has its
own set of policy needs and interests. As the discussion in this chapter demnonstrates,
this characteristic has major implications for the design of a national indicator system.
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what information is collected, how it is reported, and in turn, the level
of political and financial support available.

Second, the policy context constitutes a key component of any edu-
cational indicator system, because specific policies can change the
major domains of schooling in ways that affect educational outcomes.
For example, federal, state, and local policies largely determine the
level and type of resources available to education. Although their
effects on most other components of schooling are less direct, these
policies can also influence who is allowed to teach, what content is
taught, and even how it is taught. What is perhaps most striking
about the education reform policies of the past few years is that they
have moved the influence of policy further down into the educational
system than has traditionally been the case. In the past, policy typi-
cally focused on how schools were financed and governed; now its scope
also includes what is taught and who teaches it. Consequently, the
larger policy context needs to be included as an integral part of any
indicator system measuring the condition of mathematics and science
education. : :

This chapter analyzes the information preferences of policymakers
at the national, state, and local levels and suggests how these can be
accommodated in the design of an indicator system. It then discusses
the ways that policy actions may affect the contours of mathematics
and science education. The purpose of this discussion is to demon-
strate how important these factors may be in explaining observed
changes in educational outcomes, and also to acknowledge how difficult
1t is to measure the independent effect of any single policy or even the
aggregate effect of several policies.

INDICATOR SYSTEM RATIONALE: PRODUCING
USEFUL POLICY INFORMATION

The Lessons of Past Experience and Research

The current interest in developing educational indicators is not new.
The U.S. Office of Education was established in 1867 “for the purpose
of collecting such statistics and facts as shall show the condition and
progress of education . . . and of diffusing such information [to] pro-
mote the cause of education throughout the country” (cited in Warren,
1974, pp. 204-205). Interest in the development of social indicators
revived in the 1960s and early 1970s, but despite a flurry of scholarly
and governmental activity, the movement quickly died. Its history,
however, provides some important lessons for current efforts to create
a national indicator system in mathematics and science education.
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In the early 1960s, officials at the National Aeronautics and Space
Administration (NASA) recognized that manned space flight might
have a profound effect on American society. Consequently, a number
of researchers explored the possibility of developing social indicators to
monitor the effect of space flight, on the grounds that “for many of the
important topics on which social critics blithely pass judgment, and on
which policies are made, there are no vardsticks by which to know if
things are getting better or worse” (Bauer, 1966a, p. 20). The NASA
project spurred an indicator movement that featured social statistics
and was expected to play “the same role in depicting the social state of
the nation as the economic indicators depict its economic health”
(Hauser, 1975, p. 17). The movement found a friendly home in Lyn-
don Johnson’s Great Society and in Richard Nixon’s vision of the “sci-
ence of government” in the planning process for the twenty-first cen-
tury. It was further stimulated by the Department of Health, Educa-
tion, and Welfare’s Toward a Social Report (1969), the Office of
Management and Budget’s Social Indicators (1974), the National Sci-
ence Board’s Special Commission on the Social Sciences, and the
enthusiasm of the- social science community (see Hauser, 1975; Shel-
don, 1975; Sheldon and Moore, 1968; Sheldon and Parke; 1975).

Despite this early enthusiasm, however, the social indicators move-
ment soon died. Nevertheless, it contained an important lesson about
the relationship between policymakers’ needs and the process of indica-
tor development. The social indicator producers of the 1960s and
1970s failed to “deal with the style, objectives and constraints of
decisionmakers,” and information users failed in “not establishing the
systems which would permit them to choose information ‘they needed
to make use of it” (de Neufville, 1975). This experience demonstrated
that education indicators must be developed iteratively with decision-
makers to ensure that the information produced meets their needs.

A second lesson learned from the social indicators movement is that
the expectations of both information providers and users were overly
optimistic. Given a general lack of theory about the determinants of
many social conditions and a limited ability to measure those condi-
tions reliably, it was unreasonable to expect that a balance sheet such
as that produced with economic indicators could be developed. Simi-
larly, the measures included in an indicator system are too broad in
scope to be used in the evaluation of individual policies or programs.
As the other chapters in this volume indicate, the limitations of theory
and measurement apply in much the same way to the development of
educational indicators. Research about schooling is not sufficiently
advanced to support a strictly predictive or causal model. Existing
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measures, particularly of student achievement, teacher quality, and the
instructional process, are seriously inadequate.

In sum, past indicator efforts have shown the need to accommodate
both the technical requirement that indicators be reliable and valid and
policymakers’ needs for them to be useful. Without the former, the
system will lack credibility and analytical power; without the latter, it
will lack political and financial support. Past efforts also showed the
need for reasonable expectations about what an indicator system can
and cannot do. At this point, an indicator system can realistically pro-
vide a broad picture of the status of mathematics and science educa-
tion, identify emerging problems, and suggest possible options for
addressing those problems. It cannot, however, document a clear,
causal link between different policy interventions and the desired out-
comes of mathematics and science education.

Just as past experience provides lessons for the de51gn of an educa-
tional indicator system, so does a body of research that has examined
the conditions under which policymakers are likely to use research-
based information (e.g., Lynn, 1978; Lindblom and Cohen, 1979).
Knowledge utilization research has indicated quite clearly that those
who assumed that a knowledge-driven model of research application
derived from the physical sciences would also be valid for public policy
were naive. Research and the information it produces do not progress
in a linear fashion from basic to applied and on to practical policy
applications. The information generated from an indicator system or
any other type of research endeavor becomes just one more resource
that policymakers can use as they attempt to balance competing
interests in an essentially political environment. Weiss (1979) charac-
terizes what is probably the most valid depiction of knowledge utiliza-
tion by policymakers as an “enlightenment” model:

Here it is not the findings of a single study nor even of related stud-
ies that directly affect policy. Rather it is the concepts and theoreti-
cal perspectives that social science research has engendered that per-
meate the policymaking process. (1979, p. 429)

The notion of information influencing the terms of political
discourse is particularly important for an indicator system. One of the
most critical functions such a system can serve in the policy context is
to provide a common framework and set of concepts that policymakers
can use in considering mathematics and science education policy.
Members of the policy community are beginning to talk about changes
in SAT scores in ways that resemble their discussions of economic
indicators. However, the sophistication with which economic poli-
cymakers use information is not yet matched by education policy-
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makers. A major reason for this is the absence of a comprehensive sys-
tem of educational indicators—the information that is typically avail-
able now consists largely of unrelated pieces. An ongoing, widely used
indicator system could help introduce into policy discourse more
sophisticated notions of student outcomes and a better understanding
of the relationships among those outcomes and aspects of the schooling
process over which policymakers have some control.

Usefulness to the policy community depends on much more than
just the availability of research results. It hinges on many factors,
including which indicators are included in a monitoring system, how
they are conceptualized and measured, the level to which they can be
disaggregated, and the way they are analyzed and reported. How these
issues are addressed in the design of a monitoring system depends on
prior decisions about the audience to be served and the:.purpose the
‘system is'to fulfill. B

‘kIndicato'r S'y"stem Audiences

The question of audience revolves around (1) the extent to which a
monitoring system should serve policymakers, as compared with a tech-
nical community, and (2) who within the policy community should be
served.

Technical vs. Policymaker Audiences. Earlier attempts to build
social indicator systems demonstrate how critical policymaker use and
support are to the survival of an indicator system. At the same time, it
is the technical community that will generate and interpret indicator
data. Therefore, any indicator system must meet the needs of both
groups.

Yet those needs are not entirely similar. One of the most important
differences lies in the kind of models each community requires. In
assessing the underlying model for an indicator system, the criterion
for the scientific community is, Does it explain? Researchers want a
model that specifies indicators with theoretical relevance and causal
impact. The criterion for the policy community, on the other hand, is,
Does the model work as a predictive device? Policymakers have less
need to know why certain factors are related to each other; they just
want to know whether or not the factors they can influence con-
sistently alter the direction of valued outcomes. The time frame for the
two communities differs also. Scientific canons require that research-
ers perfect their models over what may sometimes be a long time
period. The short-term demands of pressing policy problems and elec-
toral cycles require that policymakers proceed on the best available
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information, even though that information may not be fully predictive
or theoretically elegant.

Needless to say, these two approaches are not dichotomous, but
rather represent two ends of the same continuum. The areas of com-
monality between the two communities are usually greater than the
differences. And at a very pragmatic level, straying too far in either
direction on this continuum can cause serious problems: Without
policy-relevant indicators, such a system will not survive; without a
theoretically sound model, policy prediction will be flawed and may
result in politically costly mistakes. What is important, then, is that
the needs of both audiences be considered in designing a monitoring
system.

The needs of both audiences can be addressed in a number of ways.
For example, the system can incorporate the best currently available
data on key indicators to provide timely information. for palicymakers.
At the same time, developmental work can be condicted in those areas
where reliable indicators are not yet available. As better indicators are
deveioped, they can be incorporated into the operational system. This
two-track approach would accommodate both the short-term needs of
policymakers and the desire of the technical community to produce
more valid indicators. Similarly, institutionalizing an indicator system
with a predictable collection and reporting cycle would allow the pro-
duction of time-series important to research endeavors and would also
ensure that policymakers receive information on a schedule suited to
their needs.

Different Policymaker Audiences. Even within the policy com-
munity, however, information needs are not completely similar across
governmental levels. Consequently, the level of the policy system that
should be addressed becomes an issue. A national indicator system
would be financed by federal funds and would have to meet the needs
of federal policymakers (e.g., Congressmen and staffs of Executive
Branch agencies such as the National Science Foundation (NSF) and
the Department of Education (ED)). Yet the role of the federal
government in mathematics and science education is very limited.
Whether the outcomes the federal government values in this area are
to be achieved will depend on what states and localities do. Therefore,
at least to some degree, all three levels need to be addressed. However,
because each level has different information needs, significant oppor-
tunity costs are likely to be incurred in trying to meet all the needs
with a single indicator system.
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Defining Expected Outcomes

The issue of different policymaker audiences with different interests
and needs is also manifested in the identification of outcomes that an
indicator system should measure.

To a large extent, the expected outcomes of mathematics and sci-
ence education are defined by practitioners and researchers within the
education community itself. The outcomes they specify are typically
quite precise and cover the full range of mathematics and science-
related knowledge. For example, in its 1980 Agenda for Action, the
National Council of Teachers of Mathematics made eight general
recommendations that were then divided into 48 more specific ones,
outlining in detail the desired outcomes of mathematics instruction
(viz., specific kinds of problem-solving skills, the mastery of ten basic
skills, and computer literacy) and the curriculum and pedagogical
approaches to achieve those outcomes. Similarly, researchers studying
science and mathematics education make explicit assumptions about
desired instructional outcomes (e.g., science education should produce
changes in students’ conceptual thinking rather than the learning of
specific facts) (Anderson and Smith, 1986).

However, when educators pressure the political system to translate
their goals into policy objectives, or when political and business leaders
themselves articulate goals related to mathematics and science educa-
tion, the policy context begins to play a role in defining expected out-
comes. This role is important not only because of its implications for
identifying the educational goals that are likely to receive financial and
political support, but also because the policy community’s definitions of
expected outcomes help delineate the parameters within which the edu-
cational system will be accountable to its constituents. How these
expected outcomes are translated into policy objectives may affect the
relative emphasis accorded possible outcomes (e.g., postsecondary
attainment vs. basic-skills achievement, subject-matter competence vs.
problem-solving skills) over time and in different places. The policy
context may also play a role in defining the amount of change expected
in mathematics and science outcomes.

Policymakers may influence not only the type and level of outcomes
selected, but also the way those outcomes are expected to be achieved.
However, in contrast to the precision with which the education com-
munity typically defines desired outcomes, the objectives articulated by
the policy system may often be quite vague and diffuse.

If we look beyond Congressional and Executive Branch policymakers
to the larger federal policy community that includes the NSF, we find
that expected outcomes for mathematics and science education have
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been defined quite specifically at the federal level, in comparison with
most state policy. This fact, combined with the very limited role the
federal government is currently playing in education policy, presents a
serious dilemma for the designers of a national mathematics and sci-
ence indicator system. On the one hand, the recommendations coming
from NSF, ED, and other federal agencies about what mathematics and
science education should be accomplishing and how those goals can be
achieved are quite precise. At the same time, the federal government’s
limited, and now even more diminished, role in education means that
whether these goals are even pursued depends almost entirely on state
and local policy action. But because the concept of a national indica-
tor system is at least implicitly derived from federal expectations about
what mathematics and science education should accomplish. (National
Science Board (NSB), 1983), this disjuncture between the precision
with which policy goals are articulated and how they are to be met
must be considered quite carefully in deciding the functions an indica-
tor system can play, how expected outcomes will be defined and mea-
sured; and the extent to which the policy context can be adequately
captured.

Federal Definitions of Expected Outcomes. Over the past five
years, various federal agencies have stated explicitly what they believe
the outcomes of mathematics and science education should be. A
Nation at Risk (National Commission on Excellence in Education,
1983) argued that high school mathematics and science instruction
should equip students with the following skills:

¢ In mathematics, [the ability] to (a) understand geometric and
algebraic concepts; (b) understand elementary probability and
statistics; (c¢) apply mathematics in everyday situations; and (d)
estimate, approximate, measure, and test the accuracy of their
calculations.

¢ In science, [an elementary understanding of] (a) the concepts,
laws, and processes of the physical and biological sciences; (b)
the methods of scientific inquiry and reasoning; {c) the applica-
tion of scientific knowledge to everyday life; and (d) the social
and environmental implications of scientific and technological
development.

* In computer science, [the ability] to (a) understand the com-
puter as an information, computation, and communication de-
vice; (b) use the computer in the study of the other basics (sub-
jects) and for personal and work-related purposes; and (c)
understand the world of computers, electronics, and related
technologies. (National Commission on Excellence in Educa-
tion, 1983, pp. 25-26).
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Although it emphasized the need for students to learn more
academic content, the Commission stressed that the educational objec-
tives recommended in A Nation at Risk should apply equally to the
college-bound and to those not planning to continue their formal edu-
cation after high school (1983, p. 25).

In 1983, the NSB Commission on Pre-College Education in
Mathematics, Science and Technology also made similar, though more
detailed, recommendations about the desired outcomes of mathematics
and science education. It too stressed instructional objectives that
apply not only to college-bound, preprofessional students, but to all
students. At the most general level, these outcomes included “the abil-
ity to write for a purpose, apply higher-level problem-solving skills, and
analyze and draw conclusions, rather than minimal basic skills such as
the rote memorization of facts” (NSB, 1983, p. 12).

In the same report, the NSB Commission recommended that the
federal government 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.” The Commission further recommended that this
mechanism build upon the current National Assessment of Educational
Progress (NAEP). It argued that achievement and participation should
be measured against the Commission’s primary objective—*“the highest
quality education and highest participation level in the world by the
year 1995.” The Commission then made clear that “quality education”
should be defined according to the outcome criteria it had specified.

At first glance, this recommendation seems quite straightforward
and appears to provide sufficient guidance to those charged with
designing such an assessment mechanism. However, upon closer exam-
ination, two problems emerge. First, it does not specify the extent to
which the expected outcomes articulated by federal agencies such as
ED and NSF are the same as those that states and local districts
expect their students to achieve, and toward which they are directing
policy and practice. If the outcomes expected by states and local dis-
tricts differ from those of the federal agencies, then not only would the
information produced by a national indicator system lack external
validity, it would be of little use to either policymakers or practitioners.
Unfortunately, there is currently no systematic information about what
states and local districts expect mathematics and science education to
accomplish, or about how those expectations vary across the country.

A second problem is the extent to which the expected outcomes are
likely to change over time, either absolutely or in their relative impor-
tance, and how such change might be accommodated by an indicator
system. Even if the expected outcomes defined by NSF and ED were
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consistent with state and local outcomes, they are clearly not immu-
table. New technological developments and the changing needs of the
national economy necessitate the redefinition of mathematics and sci-
ence objectives. Shifting political priorities also lead to redefinition.
NSF’s own history of precollegiate mathematics and science education,
which moved from an emphasis on more effective training for future
scientists to a combined focus on this objective and greater scientific
literacy for all students, demonstrates the importance of an adjustable
indicator.

State and Local Definitions of Expected Outcomes. Somewhat
ironically, state and local definitions of expected outcomes are often
not as precise as those articulated at the national level, and much less
is known about them. Yet state and local action exerts the strongest
influence on the shape of mathematics and science education.

States vary considerably in the extent and specificity with which
they have defined mathematics and science objectives—for example,
Georgia recently mandated a statewide basic curriculum, and in
preparation for its development by the state board of education, the
Governor’s Education Review Commission outlined student outcomes
in several areas, including mathematics, science, and computer educa-
tion (see Appendix 10.1). ’

Although a growing number of states are moving in the same direc-
tion as Georgia, the majority do not have a statewide curriculum. But
several of those that do have articulated, at least implicitly, expected
outcomes through such mechanisms as statewide assessment testing,
the type of courses required for graduation, and curriculum guidelines
developed at the state level. These mechanisms relate to the input and
process variables discussed below, but their specific focus and the skills
emphasized also suggest which science and mathematics outcomes are
considered important by state officials. While the number of states for
which such objectives are at least implicit is growing, some states still
do not specify expected outcomes in any form at all, or do so only in
the area of minimal competencies.

Although anecdotal evidence indicates significant variation among
the states, we lack systematic information about state goals in
mathematics and science education. For example, most states publish
curriculum guides that can serve either as capacity-building instru-
ments suggesting how particular subjects might be taught or as part of
a state mandate to ensure that students acquire certain academic com-
petencies. Yet there is little current research about what is included in
each of those guides, the extent to which they actually affect local
practice, or how they vary across states.
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Even when state policymakers take specific actions such as increas-
ing the number of courses required for graduation, their expectations
about what a policy should achieve are not always clear. Conversations
with legislators and state board members suggest that they support
these changes because of a sense that students should obtain more
scientific and technical knowledge. They also recognize that the nature
of the workforce is changing due to technological developments, and
they believe that their states’ economies will benefit from a more scien-
tifically literate population. Beyond expressing these general beliefs,
however, many members of the state policy community (partic-
ularly those outside the educational establishment, such as legislators)
have not defined precise outcomes for the initiatives they have enacted.

In addition to curriculum guides, statewide assessments provide
insights into what state governments view as the expected outcomes of
mathematics and science education. As of June 1987, 40 states were -
testing students in mathematics, and 29 were testing in science, with
the number in both categories growing (CSSQO, 1988). Although we .
- lack information about the comparability of science tests across states,
recent research has compared the content of statewide assessments in
mathematics. Burstein et al. found that of the 22 states that test in
grades 1-3, 14 test in 4 out of 5 major skill areas; in grades 4-6, 9 of
the 36 states with assessments test in all 5 skill areas and 19 more test
in 4 areas; in grades 7-9, 34 states test in at least 4 skill areas. In
grades 10-12, however, 18 states do not administer any type of
mathematics test (1985: 4.13). In addition, 11 states include higher-
order subskills as part of their mathematics assessment for at least one
grade-level category. Burstein et al. acknowledge that their analysis of
statewide assessments is only an initial exploration, but continuation
of such research may be an effective way of determining which instruc-
tional outcomes are the most widely accepted across the country and
therefore the most likely candidates for inclusion in a national indica-
tor system.

If our knowledge about how state governments view mathematics
and science objectives is limited, our information about the local level
is virtually non-existent. As at the state level, most information about
what local schools and districts view as desirable outcomes comes, by
inference, from an examination of local tests and curriculum. Even
this inferential exercise, however, is limited by a lack of sufficient data.
Relevant studies are typically based on school-level evidence or on a
detailed content analysis of curriculum and testing materials. For
example, Goodlad reports great curricular similarity among 38 schools
in the teaching of mathematics. He concludes that in the schools of
his sample, mathematics is a “body of fixed facts and skills to be
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acquired, not . . . a tool for developing a particular kind of intellectual
power in the student” (1984, p. 209). Goodlad also noted a lack of cer-
tainty about the importance of science as a topic of precollegiate study;
an amorphous science curriculum at the elementary level; and a dis-
juncture between the actual topics studied and the expressed intention
of teachers to instill scientific and critical thinking skills in their stu-
dents (1984, pp. 215-216).

Somewhat at odds with this picture of uniformity across the curricu-
lum are studies comparing the content of textbooks and standardized
tests. In studies of 4th grade mathematics, Freeman and his colleagues
found significant diversity of content and little overlap between the
most frequently used texts and standardized tests, suggesting a lack of
consensus about what should be taught (and, by: implication, what
should be learned) at that level (1983). Similarly, Burstein et al. con-
firmed the contention of some states that NAEP does not adequately
reflect their own curricula (1985).

Once: again, we are left with three basic questions: - (1) What do
states and local districts believe should be the outcome of science and
mathematics education? (2) How much do these expectations vary
across the country? (3) How consistent are they with federal goals? . It
is also unclear whether the curriculum and tests from which outcome
goals have been inferred reflect the actual expectations of policymakers
and their constituents, or whether those audiences either have not ar-
ticulated precise objectives or have failed to link policy goals with prac-
tice.

In sum, the political system’s choice of policy objectives is critical in
defining the expected outcomes that a national indicator system will
need to measure. Unfortunately, the precision with which the federal
level has articulated such outcomes is often not reflected at the state
and local levels. In addition, more systematic data are needed about the
range of state and local goals and how those goals have been translated
into policy and practice. Relying only on the federal outcomes would
result in a system that has little relationship to the governmental levels
that actually determine the contours of mathematics and science edu-
cation, and one that poses serious external validity problems.

Taking into account the expected outcomes of mathematics and sci-
ence education from the perspective of the policy community involves
not just the empirical task of identifying how those outcomes are
defined, but also the normative one of deciding how much weight
should be given to them. For the most part, policymakers do not want
to specify, in any but the most general way, educational outcomes.
However, when state and local officials articulate more detailed policy
objectives, as they are doing now, it usually means that they believe
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professional educators are not performing adequately. Whether this is
a fair or accurate assessment is an issue that cannot be resolved by
designers of a national indicator system. They must accept the fact
that professional judgments have to be accommodated within the
norms of democratic accountability as they apply to schools. Probably
the most effective way for system designers to balance these sometimes
competing values is to establish a process for defining expected out-
comes that is viewed as legitimate by both practitioners and policymak-
ers.

» »IndiCator System Uses

The tradeoffs involved in addressing different policymaker audiences

-become clear when we examine the various uses an indicator system

can serve. These could conceivably include any or all of the following

purposes:

e To provide a broad overview of the status of mathematics and
science education in the United States.

e To serve as an accountability mechanism by reporting data
about how well schools and students are performing.

e To improve policy and practice by providing information about
which approaches seem to be working.

Clearly, neither NSF nor the designers of any other indicator system
can control the uses to which the information generated is put. How-
ever, they can design the system in ways that minimize the likelihood
that data will be used for purposes they deem inappropriate (e.g., by
the selection of indicators, the level at which they are disaggregated,
and how they are reported).

We interviewed about twenty policymakers representing potential
users within the Congress, Executive Office agencies, NSF, ED, and
state government. In addition to questions about their individual
information needs, we asked what they consider to be the most impor-
tant purpose an indicator system might serve. Their responses are
summarized as part of the discussion of each potential use.

Providing a Broad Overview. The provision of an overview of
mathematics and science education is probably the function of greatest
interest to national policymakers. Such information could be used by
NSF and ED officials in their “bully pulpit” role (Jung and Kirst,
1986). They could discuss in greater detail how American students are
performing in comparison with students in other countries and how
mathematics and science instruction and achievement have changed
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over time; they could use indicator results to exhort states and local
districts to do better. Such information would also provide federal offi-
cials with guidance about where to target their own limited program
efforts. For this purpose, the mathematics and science indicator sys-
tem would function much like NAEP currently does. It would collect
data representative of different regions, types of school districts (e.g.,
urban/rural/suburban), and students (by race, sex, grade level, etc.),
but would not provide information specific to any individual state.

State and local policymakers would find such a system of only lim-
ited value. Like NAEP results or the national commission reports that
have been issued over the past several years, this type of indicator sys-
tem might serve as a prod to state and local action, and it could be
used by supporters of educational reform as one rationale for new ini-
tiatives to improve mathematics and science education.. However, once
such measures were enacted, national data that could not be disaggre-
gated at least.to the state level would be of little or no use to the policy
community. Te .inform local practice, indicator system data must also
be disaggregated in such a way as to. allow comparisons:across different
types of schools and districts.

An alternative that still serves primarily the overview function is an
indicator system analogous to individual states participating in NAEP,
with the data then reported on a state-by-state basis (Alexander and
James, 1987). Such a system would focus primarily on outcome indica-
tors and the resource and process measures associated with particular
outcomes. -Because it would not be designed for accountability or pol-
icy modification purposes, this system would not measure in any detail
policy-specific variables such as the use of state curriculum guides or
whether textbooks and student assessments are consistent. Rather,
this system would allow states to compare the performance of their stu-
dents with that of students elsewhere and would give a general sense of
modal inputs and classroom practices (e.g.,, amount of instructional
time on particular subjects, teacher qualifications, etc.) in the state. At
this time, such a general picture would be useful in many states. For
local districts, however, the indicator system would provide only gen-
eral information about the relationship between practice and effects in
districts of similar size and characteristics.

Despite these limitations, an indicator system designed to provide a
broad overview of mathematics and science education could play a
major role in policymakers’ efforts to define more precisely the policy
problems that confront them. One dimension of problem definition
consists of a basic set of facts that most people can agree upon (e.g.,
that student test scores have declined, that fewer college students are
choosing mathematical and scientific majors). The marshaling of such
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facts is facilitated by the existence of relevant indicators that describe
the state of the policy system and provide benchmarks for comparing
current conditions with those of earlier times or different places (King-
don, 1984). Good indicator data can, for example, inform policymakers
about the scope of a problem, e.g., whether it is widespread or confined
to a particular ethnic group, age level, or geographic area.

However, the information that fewer students are becoming science
majors tells policymakers only that a problem exists. If they are to
address a given problem effectively, they need to know what factors
affect the outcomes of interest. Consequently, an indicator system
must provide information not only about particular outcomes (e.g., stu-
dent participation in mathematics and science courses), but also about
factors believed to be linked to those outcomes. It must be based on an

-underlying model of the educational system that identifies variables of
‘interest to policymakers and specifies, as well as possible, the relation-
ships amiong them.  Policymakers can use such information to define a
problem and to idesify. th:-factors most likely to be related to ant
observed change. In this sense, an indicator system can aid-the prob-
lem definiiion process, since better indicatars would présumably lead to
more precise definitions of policy problems and s more informed choice
of solutions. ’

In sum, a system that provides an overview can s an important
resource for policymakers. By providing a mechanism fcr comparing
trends over time, such a system can signal whether or not the:e are
sufficient numbers of students in the scientific manpower pipeline. By
generating information about relationships among key factors in the
educational system, the indicator system can also identify the grade
levels at which a problem is beginning to surface, the types of students
who are most affected, and whether changes in such factors as teacher
qualifications or curriculum content are likely to remedy the problem.

Indicator system information is just one factor, however, and usually
not the most important one, in shaping policy decisions. What poli-
cymakers actually do about a problem such as the scientific manpower
pipeline will depend on how critical they consider this problem to be in
relation to other policy problems; their own beliefs about how people
become scientists; and the political resources they have and the con-
straints they face. This caveat is not meant to discourage the develop-
ment or to lessen the assumed importance of an indicator system.
Rather, it is to suggest that system designers are likely to produce a
much more effective system if they understand the role of information
in a policy context.

Without exception, the policymakers we interviewed said that
describing the condition of mathematics and science education is the
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most important function an indicator system can serve. They believe a
broad range of information should be included in this descriptive or
overview function. Respondents talked about wanting to know what
the “health” of mathematics and science education is, and needing a
system that identifies trends that may help in anticipating future prob-
lems. In addition to an interest in general trend data, respondents
were particularly interested in information about those factors over
which they can exert some leverage. Within this general framework,
they want data that will help inform the choices they need to make,
given limited resources. For example, they want information about the
tradeoffs involved in using money for teacher salaries as compared with
buying laboratory equipment or reducing class size.

Serving as an Accountability Mechanism. An indicator system
that permits comparisons across states .could ostensibly function as a
kind of accountability mechanism. It could provide policymakers and
the public with information about how well students. in a particular
state are performing on standardized achievement measures and how
their participation levels in mathematics and science education com-
pare with those in other states. This information could then be used in
assessing how well various policymakers and practitioners are doing in
providing high-quality mathematics and science education and impos-
ing rewards or sanctions for that performance. In other words, the
accountability function moves an indicator system beyond serving as
simply a source of information to actually using that information to
demand or stimulate improvements in schooling.

However, the use of a national indicator system for such a purpose
presents several problems. First, there is the question of whether a
federal agency like NSF ought to be involved in the process of holding
states and local school districts accountable for what is essentially a
state and local function. The policymakers we interviewed uniformly
argued that accountability for mathematics and science education
should not be a function of a national indicator system. In their view,
accountability, beyond that needed to make certain its own programs
are operating appropriately, is not a federal responsibility. At the same
time, respondents believe that the federal government can provide
information that states might use as part of their own accountability
systems. . .

In addition to the question of appropriateness, there is the issue of
feasibility. Since mathematics and science education is ultimately
delivered in individual schools and classrooms, an effective accountabil-
ity mechanism requires that data be collected at that level. Although
some states collect primarily district-level data, most recognize the
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need to collect school-level and even student-specific data if they are to
influence and monitor the educational change process.

Political accountability also assumes that government officials are
held responsible not only for the general performance of the system,
but also for the policies they enact and implement. Consequently, an
indicator system that monitors for accountability purposes would need
to collect data related to specific policies (e.g., on teacher training,
textbook selection, course requirements). Given the cost and adminis-
trative capacity required to collect such data in even one state, it is
unreasonable to expect that a national indicator system could accom-
modate the level of detail needed to hold individual states and districts
accountable. In addition, a national indicator system may assume con-
siderably less variability across jurisdictions than actually exists.
States and local school districts have different political traditions that
define acceptable policy actions; they also vary in the nature and
extent of their educational problems, and in the policy instruments
they use to address those problems. Even if a national indicator sys-
tem were sensitive to such variation, it would minimize differences
because of the way educational indicators are measured. ;

The federal government thus can design and operate a national indi-
cator system to provide a broad overview of the status of mathematics
and science education, but the system is unlikely to be an effective
accountability mechanism. Although it can prod states or local dis-
tricts to encourage higher-quality mathematics and science education,
the federal government lacks the authority to punish or reward perfor-
mance. A national-level indicator system also cannot provide the level
of detail about individual schools or specific policies needed for true
accountability. Consequently, such a system could not replace state
and local efforts, and accountability will almost certainly continue as a
state and local responsibility.

Improving Policy and Practice. Because it also measures the
factors associated with particular outcomes, a monitoring system might
be useful for identifying approaches that seem to work in improving
mathematics and science education. The policy community could use
this information to modify or fine-tune its activities. Policymakers we
interviewed felt that since improving practice is clearly within the mis-
sion of NSF and other relevant federal agencies, this would be an
appropriate function for a national indicator system. Respondents
argued that NSF should provide information about practices that are
consistently related to valued outcomes for students, and that this
would be an appropriate function of a national monitoring system.

However, improving policy and practice, like providing accountabil-
ity, raises major feasibility questions. To target resources effectively or
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to modify policies, policymakers need information about unintended
consequences and potential problems at the individual district level, or
even the school or classroom level. Past research has shown that
understanding the relationship between top-down policy and local prac-
tice often requires micro-level data. Consequently, the aggregate indi-
cators of a national monitoring system may not measure state policy
and local practice variables in sufficient detail to enable the identifica-
tion of effective approaches to mathematics and science education.

Nevertheless, an indicator system can provide a general framework
within which to examine effective practices. For example, a series of
small-scale studies could be designed to focus on the school resource
and process variables that, at the aggregate level, show a positive rela-
tionship with desired outcomes. In other words, the indicator system
data could be used to determine what domains ‘of schooling were the
most fruitful to examine, and the in-depth studies could conceptualize
the variables of interest in the same way as the indicator system does.
In-this way, data from the two sources could be integrated. The indi-
cator system data could suggest which relationships to explore, and the
in-depth studies could probe those factors that are difficult to measure
validly with aggregate indicators. The more intensive studies could
also examine feasibility issues, such as the relative costs of different
approaches, the professional capacity required to implement them, and
any unintended consequences that might result.

In sum, providing a broad overview of mathematics and science edu-
cation is the most important purpose a national indicator system can
serve for the policy community. General trend data and information
about key components of the educational system would be a critical
resource for policymakers as they attempt to identify and define policy
problems. Although the information a national system would generate
would be only one factor shaping policy decisions, the system could
play a significant role in influencing what mathematics and science
education issues are considered anc. what policy solutions are proposed.

The role that a national indicator system is likely to play, however,
as either an accountability mechanism or an impetus for policy adjust-
ment will be a diffuse one. The general consensus is that the account-
ability function is not an appropriate role for the federal government.
In addition, a national indicator system will not be able to assess
whether particular state or local policies are producing their intended
effects or whether resources are being used effectively. But if a
national indicator system includes more intensive analyses of specific
schooling components, it could inform the policy community about
which generic approaches are associated with improved mathematics
and science education. Policymakers are currently searching for alter-
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natives to mandates, but they lack sufficient information about the
extent to which other approaches such as incentives or local capacity-
building strategies are likely to be effective. An indicator system, in
conjunction with several well-focused, in-depth studies, might be a very
useful source of such information. It cannot, however, assist poli-
cymakers in modifying the design of specific state or local policies.

Some Consequences of Producing Useful
Information

As the discussion thus far indicates, any system that generates
policy-relevant information will be used in a political environment
fueled by competing values and interests, and system designers need to
be aware of how such a system might affect the. policy context. For
example, educational indicators can assist in identifying problems that,
once recognized, become candidates for government action. -Those
wishing to expand the role of government will use these data to
advance their position, while those espousing a more limited role may
seek to discredit the data. Indicator system designers and managers
must recognize that their data may become politicized, but they also
need to guard their own independence and neutrality. Others, not sys-
tem managers, give the data political meaning.? Similarly, if indicator
data clarify the current status of mathematics and science education,
that information might affect public support for schools. However, the
direction in which support levels might be affected is not immediately
obvious. One could hypothesize that positive tréends might increase
support levels. But it is equally plausible that indicators of relatively
high achievement in mathematics and science might result in public
complacency. Regardless of the direction in which public opinion
moves, indicator system data may affect support levels and thereby
constrain the range of available choices. Policymakers may be forced
to act when they did not plan to, or they may be pressured to consider
a particular set of alternatives.

Indicator data can also lead policymakers to focus on one aspect of a
policy problem at the expense of others (MacRae, 1985). For example,
indicator information might direct attention to those components of
schooling that are easiest to measure, at the expense of more complex
aspects. Moreover, the use of indicator data is likely to generate (or at
least highlight) a set of opportunity costs. As Wildavsky argues, move-
ment on any indicator can be maximized, as long as society is willing
to ignore all other indicators (1979).

%] am grateful to Paul Hill for stressing the importance of this point.
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The impact that an indicator system can have on how policymakers
and the public view education should not be an argument against mak-
ing such a system policy-relevant. However, it does emphasize the
need to be attentive to the nature of the policy context. System
designers can influence the way their information is used by the way
they disseminate it. For example, focusing on one indicator to the
exclusion of others can be mitigated by stressing the relationships
among key components of schooling. As Bardach (1983) notes, all pol-
icy information is context-dependent. Whether and how it is used
depends on the environment into which it is disseminated. Conse-
quently, system designers can influence how information is used by
understanding the needs of different audiences and the broader policy
context in which indicator system information is disseminated (e.g.,
what other issues are on the policy agenda, how authority is distrib-
uted, what resources are available).

Not only does the policy community provide a major ratlonale for
developing an indicator system, its actions can affect ‘the major
domains of schooling, and in turn, how indicator system data are inter-
preted. These effects are discussed below.

THE POLICY CONTEXT AS A MONITORING SYSTEM
COMPONENT

The policy context becomes an indicator system. component when
policymakers enact and implement policies designed to change key
aspects of schooling. These actions may then become factors that help
explain changes in input, process, and output variables. In choosing to
increase the number of science courses required for high school gradua-
tion, mandating that teachers obtain an undergraduate degree in an
academic discipline rather than in education, or providing additional
funds for updated texts, the political system chooses to pursue its pol-
icy objectives in a particular way.

This approach or combination of approaches must be taken into
consideration in the design of an indicator system: It may be signifi-
cant in explaining variations in system outcomes across geographic
areas and types of students and change over time. Policy actions can
affect the type and level of inputs, and, if successfully implemented,
they may also influence school processes. One task in designing an
indicator system, then, is to identify those policies that are likely to
affect relevant input and process variables and determine whether they
have been implemented and are thus capable of actually affecting
mathematics and science education.
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Policies Exerting a Potential Influence
on the Central Features of Schooling

At the federal level, both ED and NSF fund programs in mathemat-
ics and science education. NSF is currently spending about $90 million
annually on precollegiate programs to develop instructional materials,
prepare teachers, and provide informal science education in out-of-
school settings such as museums. ED spends about $119 million, pri-
marily to help local districts improve inservice teacher training and
retraining in mathematics and science. Because these programs are so
small relative to state and local efforts, their effects are not likely to be
observed in a national indicator system or to influence the substance or
level of major input and process variables. a o ;

Rather, the policy that will have an effect on these variables will be
state and local policy. We have already discussed state assessments as
an area of growing interest. These assessments can potentially affect
what is taught and how it is taught. Preliminary evidence suggests -
that current state assessments exert the greatest effect on the elemen-
tary school curriculum (e.g., the sequencing of mathematical skills
across grade levels); at the high school level, the greatest effect is on
the lowest-achieving students. However, as more states and local dis-
tricts move beyond the testing of competencies in basic skills to stand-
ardized subject-matter assessments, the effects of state assessments on
the curriculum are likely to grow.?

Thirty-seven states have increased the number of mathematics
courses required for high school graduation, and 28 have increased the
number of science courses. Of the states that have graduation require-
ments in mathematics, 2 require one course, 32 require two courses,
and 10 require three courses for high school graduation. The majority
of states with science requirements (30) mandate two courses for high
school graduation; 8 states require one course; and 4 require three
courses. These state policies compare with the NSB Commission’s
recommendation that high school students be required to take at least
three years of mathematics and three years of science and technology.

The implementation of new course requirements is by no means
straightforward: Course content can be diluted, and classes can be
taught by unqualified teachers. Nevertheless, research indicates that
students learn more if they are exposed to more content (Wolf, 1977;
Good et al., 1978; Brophy and Good, 1986; Raizen and Jones, 1985).

3As part of a project for the Center for Policy Research in Education (CPRE), re-
searchers at Rutgers, RAND, and the University of Wisconsin-Madison examined the
effect of state policies on local schools in six states and ten schools in each of those
states. The findings cited here are included in OERI State Accountability Study Group
(1988).
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Thus, we should expect these new standards policies to shape the indi-
cators in a national system.

However, the effect of the new requirements is unlikely to be uni-
form across all students. For example, most increases in state course
requirements do not affect college-bound students because those stu-
dents were already meeting (and often exceeding) the new state
minimums. These students are more affected by increased university
admissions requirements, the most common change being an increase
in the number of required laboratory science courses. State course
requirements for high school graduation, on the other hand, are signifi-
cantly affecting lower-achieving students. Preliminary evidence sug-
gests that these students are taking more academic courses, although
they are- often lower-level courses, such as general’ or consumer
mathematics and general science. At the same time, however, urban
schools report higher course failure rates (20 to 35 percent of the stu-
dents in some schools fail at least one course a semester), and a greater
need for remediation. Given these rather significant and widespread
differences across types of students, a national indicator system would
be expected to reveal changes in such factors as course enrollments
and, eventually, in achievement, and that shifts in state policy would
account for much of the change. At the same time, we would expect
that the effects of standards policies on indicator system outcomes are
likely to diminish over time as more states require the same number
and type of courses, thus reducing the current natural variation.

A number of states are moving to implement a more uniform curric-
ulum across all districts, at least for the teaching of basic skills. This
effort could very well mean that state-developed curriculum guides,
which traditionally have exerted little impact on local practice, may
become more important in shaping classroom processes. One poten-
tially powerful way for states to shape local curriculum is through
efforts to make curriculum guidelines, textbooks, and statewide assess-
ments consistent with each other. As noted, several states conduct
statewide assessments, and 21 have state-level textbook adoption poli-
cies (Anderson, 1984). Even in states without a mandated basic curric-
ulum, efforts are being made to exert greater influence over what has
traditionally been a local process. California, for example, has
developed model curricular standards for high school mathematics and
science instruction, including examples of the type of literature and
problems to present to students. The state is also moving toward mak-
ing its assessment tests consistent with this curriculum and stressing
higher-order thinking skills. In addition, the California State Board of
Education has required textbook publishers to upgrade science and
mathematics texts as a condition for state adoption. Whether states
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will be successful in changing classroom practice remains to be seen,
but this new emphasis on shaping instructional processes and content
should be taken into account in designing an indicator system.

Two other variables that are ostensibly open to policy manipulation
are instructional time and teacher characteristics. A Nation at Risk
and Action for Excellence both recommended that the length of the
instructional day and year be extended as a means of improving educa-
tional quality. Those recommendations have been criticized because
research indicates that the quantity of instructional time is a relatively
minor factor in explaining student achievement, as compared with how
that time is spent (Karweit, 1983; Levin, 1983). States and-local dis-
tricts have made modest changes in the length of the school year,
usually increasing it to between 180 and 190 days—significantly less
than the 200 to 220 days recommended in A Nation at Risk. -Similarly,
states have either required or provided incentives for increasing the
school day to six or seven periods. However, the seven-hour school day
recommended in A Nation at Risk is by no means the norm. State and
local reluctance to extend the school day and year stems not'so much
from agreement with the cautions of researchers as from the cost
implications of such changes. Estimates indicate that extending the
school day by 20 percent (from 6.5 to 8 hours) would cost more than
$20 billion annually; lengthening the school year from 180 to 220 days
would also cost more than $20 billion (Odden, 1984). Consequently,
states have made only minor changes in the quantity of instructional
time and have tried to influence its quality through staff development
efforts that sensitize teachers to how classroom time might be used
more effectively. These efforts are neither widespread nor systematic
enough to be measured reliably in an indicator system. Clearly,
instructional time and its use constitute a significant factor in an indi-
cator system, but one that is unlikely to be affected by the larger policy
context.

Over the past few years, every state has enacted policies altering the
ways teachers are to be trained, evaluated, or compensated, and many
have made significant changes in all three areas. There has been a
particular focus on mathematics and science teachers because of
reported shortages in these areas. How these policy initiatives might
be represented in an indicator model is still quite problematic, however.

Policymakers assume that the aggregate effect of all the new policy
measures will be to improve the quality of the teaching force and, in
turn, student academic performance. But these initiatives vary signifi-
cantly from state to state; they assume a long time horizon to achieve
their intended effects (i.e.,, 10 years or more); they are several stages
removed from the factors that exert a direct effect on student
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achievement; and in some cases, they represent unexamined assump-
tions about the link between policy and effects (e.g., the relationship
between performance-based compensation and student achievement).

Therefore, while gross measures such as the proportion of teachers
teaching outside their field of certification or teacher salary levels
might be included in an indicator model, a more complex representa-
tion of the teacher policy context is probably not only unnecessary at
this point, but also difficult to conceptualize and measure. This is not
to argue that teacher-related variables should not be included in an
indicator model, or even that policy-specific variables related to teach-
ers should not be considered at some future time.. Rather, it is to sug-
gest that at this point, teacher policy is too variable and volatile to
affect in any systematic way either the teacher variables or the system
outcomes likely to be included in an indicator model. This situation
will probably change as we learn more about the relationships among
teacher policies, instructional processes, and student effects, and as
. teacher policies are modified to reflect more accurately teachers’ pro-
fessional orientations and incentive structures. Right now, however, it
appears that the distribution of teacher characteristics, like instruc-
tional time, is not a domain that is significantly shaped by the policy
context.

Measuring the Effects of the Policy Context

Incorporating the policy context into a national indicator system is
not an easy task. By purpose and design, an indicator system attempts
to measure key features of schooling in a uniform way across states,
local districts, schools, and students. Yet educational policies, even
those addressing ostensibly the same problem, can differ significantly
across jurisdictions in their intended effects, the instruments used,
their targets, and their time frames. Consequently, teacher policy and
student standards cannot be measured in a completely generic way.
Moreover, an indicator system is designed to measure the core features
of schooling. Even though the actual numerical value of these indica-
tors may vary over time and place, the way the indicator is defined
remains essentially the same. The focus of public policy, on the other
hand, can vary significantly over time and place, depending on poli-
cymaker and constituent priorities. For example, in the 1970s, state
policy focused almost solely on school finance; in the 1980s, it shifted
to student standards and teacher policies. In the coming decade, policy
may focus on how schools are organized and governed or on the curri-
cula they teach. The challenge for an indicator system, then, will be to
capture the effects of these major policy shifts, while still concentrating
on the core (and essentially stable) features of schooling.
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Finally, both the current state of research and the nature of public
policy place significant limitations on the incorporation of the policy
context into an indicator system. The body of research on policy for-
mation and implementation accumulated over the past 15 years has
established the conditions under which policy is translated into school-
and classroom-level practice, but it does not address the links between
changes in practice and changes in outcomes (e.g., Elmore, 1978; Ber-
man and McLaughlin, 1978; McDonnell and McLaughlin, 1980). On
the other hand, microlevel research on teaching and learning and on
the organizational climate of schools typically specifies the relationship
between practice and effects, but says little about the impact of policy
on those domains (see the other chapters in this volume for the
relevant discussion). It is only within the past few years that these two
strands of research have begun to be integrated, so the links from pol-
icy to school practice and on to student effects are not yet well under-
stood.

The nature of policy itself places significant limitations on the
integration of policy into an indicator system. Policy analysts typically
think of a particular policy as embodying a set of causal assumptions
which assume that if policymakers take “x” action (e.g., enact regula-
tions, appropriate funds), then outcome “y” will occur. However, policy
implementation research has indicated quite clearly that such causal
assumptions are rarely borne out in practice. To begin with, policies
may be enacted but not implemented; or they may be implemented in
different ways across targets; or they may produce varying effects on
different subpopulations. All of these scenarios confound a linear con-
ception of policies and their effects. In addition, because many educa-
tion policies are designed to improve outcomes, such as student learn-
ing, which are influenced by a complex set of factors, the independent
effect of any single policy intervention is often difficult to determine
(Berryman and Glennan, 1980).

These problems suggest that there is no straightforward way to
ensure that the policy context is included as an indicator system com-
ponent. However, there are four strategies that can be used in the short
term, while research on the links among policy, practice, and effects
continues.

First, as an adjunct to the national indicator system, there should be
a mechanism that periodically tracks state and local policy develop-
ments. Such a system would need to identify (1) significant changes
in state policy and emerging trends in local policy; (2) what the policy
community views as the intended effects of those policies; and (3) the
extent of their implementation. These data could then be linked to
indicator system data on those core features of schooling that the
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policies are expected to influence. Although policies may vary con-
siderably from place to place, we would expect that some policies are
sufficiently widespread and similar to exert a discernible effect on
major schooling domains (e.g., policies regulating course requirements
and student assessments). The policy tracking mechanism would sen-
sitize indicator system users to possible explanations for changes in key
indicators.

Second, capturing the effects of the policy context reinforces the
need to include a variety of school process measures in a national indi-
cator system. Many policies cannot be expected to produce their ulti-
mate effects (e.g., changes in teaching behavior or in student attain-
ment) for at least five to ten years. However, it is reasonable for poli-
cymakers to ask whether or not components of schooling such as the.
qualifications of incoming teachers or course offerings and content
have changed in ways that are consistent with the intent of their poli-
cies. An indicator system of the type described in this volume could
provide such useful policy information. Data about changes in input
and school process factors cannot inform policymakers about whether
their policies “worked” in some ultimate sense, but they can indicate
whether those changes are moving schools in desired directions.

A third way to deal with limitations stemming from the nature of
public policy is to make certain that an indicator system contains mul-
tiple effects measures. By using a number of measures, each of which
contributes a different facet of information about the status of
mathematics and science education, we can limit the effect of
irrelevant factors and develop a more comprehensive and valid picture
of policy effects (Campbell and Stanley, 1963). Including such mea-
sures as student course participation, in addition to achievement, will
not completely solve the difficulties inherent in identifying the effects
of specific policies, but it will make the estimates more precise.

Finally, an indicator system that takes into consideration the policy
context should include a set of adjunct studies that explore the policy
implications of the data the system generates. Such studies would pro-
vide a very important feedback loop into the policymaking process.
Through them, policymakers could learn about the effects of the poli-
cies they have already enacted: Are they producing their desired
effects on the core features of schooling? Are they producing different
effects on different kinds of students? Are they generating unintended
consequences? At the same time, policy studies could signal emerging
trends and problems that policymakers will have to deal with in the
future. Such studies would combine indicator system data, information
obtained from the policy-tracking mechanism, and perhaps, in-depth
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case studies of either particular schooling domains and the policies
currently affecting them or categories of policies and their effects.

CONCLUSIONS

This analysis of the policy context suggests that the legitimacy of a
national indicator system will ultimately depend on how its usefulness
is judged by the policy community. That community will support such
a system politically and be willing to participate in it if its members
believe the system takes into consideration their concerns; its outcome
indicators reflect federal, state, and local goals; and aggregate policy
effects, to the extent that they influence the core features of schooling,
can be measured.

Particularly important is ensuring that NSF’s notion of desirable
mathematics and science outcomes is compatible with the more diffuse,
though no less important, objectives embodied in state and local policy
and practice. In their national leadership role, agencies like NSF and
ED can significantly influence states and local districts in defining
what they expect mathematics and science education to achieve. Yet
support for a federal effort, at a time when the federal level is defi-
nitely the junior partner in education, depends on NSF making certain
that its suggested approaches take into consideration the preferences
and capacity of the governmental levels that have actual responsibility
for educating students. By acknowledging that the policy context
represents both the major rationale for the system and a critical com-
ponent of that system, indicator efforts in mathematics and science
education can avoid the mistakes of past endeavors and can provide an
analytical bridge between the worlds of policy and practice.
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ILLUSTRATIVE STATE-LEVEL DEFINITION OF REQUIRED

The following definitions of basic-skill outcomes for students in
mathematics, science, and computer education are excerpted from the
report of the Governor’s Review Commission in Georgia. The letter I
stands for Introduce (initial instructional activities); D stands for
Develop (activities that elaborate and expand the skill); R stands for

INDICATORS FOR MONITORING MATHEMATICS AND SCIENCE EDUCATION

Appendix 10.1

BASIC-SKILL OUTCOMES

Reinforce (activities that strengthen an already acquired skill).

Grades

K-4 5-8 9-12°

I D R
I D R
I D R
I DR
I DR
I DR
I D R
I D R
I D R

In the area of Mathematics, the student is

able to:

perform, with reasonable accuracy, the computation of
addition, subtraction, multiplication, and division,
using natural numbers, fractions, decimals, and
integers.

make and use measurements in both traditional and

metric units.

use the mathematics of

— integers, fractions, and decimals

— ratios, fractions, and percentages

— roots and powers

— use basic algebraic concepts (such as missing
addends and unknown variables) and geometric
concepts (basic shapes and geometric relations).

make estimates and approximations and judge the
reasonableness of a result.

formulate and solve a problem in mathematical terms
select and use appropriate approaches and tools in
solving problems (mental computation, trial and
error, paper-and-pencil techniques, calculator

and computer).
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K-4 5-8 9-12

I

I
I

Grades

D

D
D

R

R
R

use basic concepts or probability and statistics (for
example, understand the likelihood of events occur-
ring, know how to compute the average).

In reasoning and solving problems, the student
is able to:

identify and formulate problems.

propose and evaluate ways to solve problems.

locate and evaluate information needed to solve
problems.

distinguish between fact and opinion.

reach a valid and supportable conclusion.

The computer has emerged as a basic tool for acquiring and organizing
knowledge, communicating, and solving problems. To compete successfully
in postsecondary academics and in the increasingly technological workplace,

I

I

(a) I
I DR
I DR
I DR

I D
I DR
I,D DR

D,R

D,R

D,R

D,R

D,R

R

the student leaving high school is able to:
demonstrate a basic awareness of when and how
computers may be used in daily life.

demonstrate a basic knowledge of how computers
work and of common computer technology.
demonstrate some ability to use the computer and
appropriate software for self-instruction, problem
solving, work processing, and collection and

retrieval of information.

Science instruction should enable the student to:
understand that matter has structure and is found

in various conditions.

demonstrate a basic understanding of energy, its
nature, its limits, and its uses.

understand that machines extend the physical capaci-
ties of human beings.

demonstrate a basic understanding of the interrelation-
ships between people and the earth and its natural
resources.

exhibit a basic scientific understanding of the
varieties of living organisms and the relationships
among them.

use the basic principles of decisionmaking as outlined
in the scientific method of problem solving.

“Instruction made available to all students, but participation not required.
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) _-Cognitive fidelity, in achievement tests,

: -.-154-156, 155f, 157-161
. College entrance examinations, 152-153
.~ Common School Movement, 1
Community resources, 30f (see also
Resource indicators)
. as indicator, 35
.. Computerized adaptive testing, 161
Computers
'availability of, 198
. basic-skill outcomes, 268-269
_in improving cognitive fidelity of
tests, 159-161
measurement of problem-solving
ability, 163-165
Computer science, federal goals in,
248-250
Computer simulation, for testing in
science, 187-188
Conceptual understanding, 155-156
Content
breadth of coverage, 104
definition of, 104
depth of coverage, 105-109
sequencing and presenting, 109-110
Context measures, as school-level
indicators, 41-43
Costs (see also Budgets; Funding;
Resource indicators)
of computer-based methods, 164-165
of observation systems, 136-137
school-day, 263
Council of Chief State School Officers,
3n, 29, 239
Course enroliment, as achievement
indicator, 167-168

Course offerings, school differences :
203-204
Course requirements, 114
state/local, 261-263
Course-taking patterns, by SES, rac:
sex, 203-204, 205¢
Creativity test, 163
Crime, dropouts and, 234
Current Population Reports, Series ]
236
Curricular goals, teachers’, 111
Curricular levels, 99-100
Curricular relevance
in achievement. tests, 154, 155f, 1
157 .. o
assessment of, 165-167

" Curriculum :

. access to knowledge and; 49-51 -
changing concepts of best; 101-1(
concepts.and, 104f, 106-110, 108f
definition of, 96, 104
effectiveness of, 103-104 -
federal government and, 102

 importance as indicator, 20
movement toward uniform, 262-2
need for problem-solving emphasi

110
press for achievement and, 54-55
statewide, 250
teacher autonomy in determinir:g,
Curriculum domains, defining, 1041
Curriculum indicators
and development problems, 97-10
mode and sequence of presenting,
109-110
need for, 96-97
need for multiple approach, 121-1
policy indicators, 112-114, 115
practice indicators, 114-118, 120
priorities in, 119-121
recommended, 112
textbooks and materials as, 110-1
Curriculum material indicators, 116—:
120
Curriculum policy indicators, 112-11¢
115
Curriculum politics, 101-102
Curriculum practice indicators, 114-1
120
Curriculum quality indicators, 116-11
Curriculum tracking, 201-203
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Data, need for teacher quality, 93
Data availability

dropout, 234-240

indicator, 220-221

resource indicators, 36-38, 37t
Data collection, 11

on dropouts, 229-230
Databanks, university, 167

Decisionmaking, teacher participation in,

91
Demographic data, on teachers, 85
Descriptive perceptions, of
mathematics/science, 172
Digest-of Education Statistics and the
- LCondition of Education, 236n
Dropout indicators, need for, 223-226,
..240
" Dropout rates, 223, 232-233, 236
California definition of, 234
Dropout research; review of, 227-234
Dropouts, 195 .

: academic achievement and, 231-233
data-collection practices for, 239
definition of, 234-236
and graduation requirements, 56
in indicator system, 23
national data on, 236-237
reasons given by, 233-234
state/local data on, 237-238

Educating Americans for the Twentieth
Century, 163, 165, 193
Educational Consolidation and
Improvement Act (ECIA), 197
Educational indicators (see alsc specific
indicator)
definition of, 5
need for federal involvement in, 1-2
need for system of, 245
Educational indicator systems, design of,
1-24
Educational system model, 13-16, 14f
resource inputs for, 29-32, 30f
Educational Testing Service (ETS),
computer-based simulation
problems, 161, 164
Educational production function
research, 26
“Effective school,” studies of, 45
Emergency School Assistance Act
program, 197

Enthusiasm, teacher, 77
Equal opportunity, low-wealth
communities and, 197-199
Equity indicators, 217-220
availability of data, 220-221
research for developing, 221
Estimates of School Statistics, 33
Expenditures, achievement scores ar
43-44
Experiments, class, 129
Extracurricular activities, 49°
as indicator, 169-170

Family background; 36
as resource indicator, 34"

* Family influences, socioeconomic fac

and, 211--212
Federal agencies, goals in mathemati
science education, 248-250

‘ Federal governmernt, curricula ‘and rc

of, 102

“Field trips, 51

Fiscal allocations (see Budgets; Fund
Resource indicators)
Free-response measures, 163
Funding, 246, 261 (see also Budgets;
Resource indicators)
disparities for different groups,
197-199

J GATB-J vocabulary tests, 232

Gates reading test, 232
Gender differences
and attitudes, 212-215
in course participation, 203n
in course-taking, 203-204, 205¢,
206-207
in science achievement, 212
General Educational Development
(GED) program, 228
certificate, 235
Georgia Governor’s Review Commiss
250, 268-269
Goals, 131
development of attitudes toward
thinking as, 177
policy and curriculum, 113-114
of political system, 247-248
of principals, 56
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of science/mathematics education,
111, 247-250
teachers’ curricular, 111
Grading system, 128
Graduation rates, high school, 228
Graduation requirements, 55-56, 79
Grouping policies, 55 (see also Tracking)
and access to knowledge, 50-51
as indicators, 131-135

Handbook of Research on Teaching, 86
Harvard Project Physics course, 141
Henmon-Nelson Test of Mental Ability,
141
_Heuristics, 109-110
High School and Beyond (ESB), 148,
149¢, 151
on academic tracking, 54
analyses of course data, 168
dropout data, 230-233
mathematics/science tests, 226
survey, 229
test items on surveys, 186-188
time study, 48
High School and Beyond (HSB)
National Longitudinal Studies, 84
Hispanics
category, 215
dropouts among, 231
Hobbies, 169
Home instruction, 52
Homework, 49, 127-128

Indicators (see also specific type)
definition of, 4-5
of equity, 217-220
limitations of, 7-8
requirements for, 10, 10n, 11
Indicator systems
as accountability mechanism, 256-257
as broad overview of
mathematics/science education,
253-256
components of, 6f
criteria for features of, 143
definition of, 5-7
development of, 8-12
identifying research-based indicators,
12-16
in improving policy and practice,
257-259

in measuring effect of policy cont
264-267
need for, 245
need for dropout statistics in,
224-226
outcomes to be measured in, 247-
requirements of, 7-8
technical vs. policymaker needs f
245-246
uses of, 2563-260
Indicator Systems for Monitoring
Mathematics and Science
Education, 3n
Inputs, definition of, 13
Institutional press,-42n, 42-43
Instruction i
definition of, 123 |
effective, 86
‘goals of, 144-146, 145¢ ;
Instruction time, teaching quality.an_
8789

‘nstructiorial indicators, 123-146, 12
" classroom climate as, 141-143
goals of instruction and, 144-148,
145¢ ‘
grouping policies, 131-135
policies as, 125, 126f, 126-135, 13
processes as, 135-140
recommendations for, 143-146
~ tasks as, 128-130
instructional policy, importance of,
20-21
Instructional time, policy manipulati
of, 263-264
Interest patterns, socioeconomic
influences on, 212-213
International Association for the
Evaluation of Educational
Achievement (IEA), 105, 150¢,
course-taking data, 170
measures of attitudes, 178
Second International Mathematic
Study, 115, 172, 176
Item Response Theory (IRT), 151

Knowledge access (see Access to
knowledge)
Knowledge utilization, 244

Learning Environment Inventory, 14
142
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Liking patterns, race- and gender-linked,
213

Local emphasis indicators, 118-119

Longitudinal studies, 73, 84, 148, 149¢,
150t, 151, 166, 220, 229-230

Los Angeles, dropout rates in, 228

Louisiana, definition of dropout, 234

Mathematical knowledge, and ability to
estimate, 157-159
Mathematical processes, in NAEP
Mathematics Assessment, 182-183
Mathematicians, attitudes toward, 172
. Mathematics-
achievement differences and
perception of, 214-215
basic-skill outcemes, 268-269
piggybacking on state tests, 153-154
students’ views of, 178
value placed on, 213-214

- Mathematirs and science

attitudes toward, 171-175
descriptive perceptions of, 172
influences on participation in,
170-171.
“Mathematics as a Discipline,” 172
Mathematics courses, and schools with
blacks, 204
Mathematics education (see also Science
:and mathematics education)
federal definitions of goals in,
248-250
state/local definitions of goals in,
250-253
Minorities
achievement in mathematics/science,
195
classroom opportunities and, 207-210
and curricular paths, 202-203
dropouts among, 230-231
indicators to monitor achievement of,
22-23
participation in mathematics/science
education, 192, 193n
Misbehavior, 54
Misconceptions
in measurement, 159~-160, 160f
student, 106-107
Mobility rates, among dropouts, 237-238
Models
of arithmetic concepts, 107-108, 108f

of educational system, 13—16, 14,
of resource inputs for educations
system, 29-32, 30f
of science/mathematics educatio
13-16, 14f
of teacher-quality effects, 68-70,
Motivation
class environment and, 141, 142
of education providers, 27
Multiple choice
measurement of mathematics abi
with, 157-159 ‘
misconceptions and, 159, 160f -
weaknesses of, 161-163
Multiple curriculum p;oblem, 97-10:

National achievement indicat.ars, 9n

National achievement ‘tests, 147-154

149¢-151t (see also specific tes
usefulness of, 157-167 .-

‘National Acronautics and.Space

Administration (NASA), 243
National assessment, political
implications of, 166
National Assessment of Educational
Progress (NAEP), 148, 149¢, 1
154, 161, 163, 249, 252
analysis of course data, 168
course-taking data, 170
. curricular relevance in, 166
mathematics achievement data, 1
mathematics assessment, 50, 172,
182-183
measurement of attitudes, 178
measurement of problem-solving
skills, 164
multiple choice and conceptual
understanding, 157, 158f
science assessment, 173, 174, 175,
science objectives, 184-185
scientific experiences as indicator
169, 170
National Center for Education Statis
(NCES), 32, 148, 220, 221 (see
Center for Education Statistic:
on attrition rates, 236
on dropouts, 232-233, 237
National Commission on Excellence :
Education, 248



324 INDICATORS FOR MONITORING MATHEMATICS AND SCIENCE EDUC

National Education Association (NEA)
data collection, 33-34
on misassignment, 82
National Educational Longitudinal Study
(NELS), 150¢, 151, 220
National indicators, requirements of, 6-7
National indicator system
history of development of, 242-245
policy context, 271-312
National Longitudinal Study (NLS), 148,
149¢, 220
curricular emphasis, 50
National Longitudinal Study of Math-
ematical Abilities (NLSMA), 73
National Longitudinal Survey of the
High School Class of 1972,
229-230
National Research Council (NRC}, 3n
Research Agenda on Mathematics,
... ~Science, Technology, 93
National School Administrator Surveys,
220
National Science Board (NSB), 163, 248
Commission, 2
Commission on Pre-College
Education in Mathematics,
Science, Technology, 1, 249
Special Commission on the Social
Sciences, 243
on standardized tests, 165
National Science Foundation, 2-3, 246,
247, 248, 267
National Science Teachers Association,
78
National Teachers Examination (NTE)
area tests, 72-73
National Teacher Surveys, 220
A Nation at Risk, 248, 249, 263
“Neilson schools,” 239, 239n

Objectivity, 177

Observation systems, cost of, 136-137

Occupational support for teaching, 68-70

and teaching quality, 87-92

OERI State Accountability Study Group,
261n

Office of Management and Budget, 243

Ontario Assessment Instrument Pool,
115

Oregon, 35

Outcome indicators, 21-22
Outputs, definition of, 13

Paperwork, teacher dissatisfaction v
90-91
Parent education, 36, 212
Parent involvement, in instruction,
Participation indicators
assessment of, 170-171
extracurricular, 169-170
science and mathematics, 167-17
within-school, 167-169
Per-capita income, 35
Per-pupil expenditure, 35
Performance assessment, of school
systems, 27
Physics k :
curriculum and achievement stuc -
hébbies and, 169

* Piaget’s task, computerizad version ¢ *

187-188
Piggybacking state-develiped tests,
153-154
Policies, as instructional indicators,
126f, 126-135, 133f
Policy context
definition of, 241n
as influence on schooling, 23-24
measuring effects-of 264-267

* Policy decisions, teacher «uality

indicators in, 94
Policy indicators, curriculum and,
112-114, 115
Policymakers, value of indicator syst
to, 253-260
Policy problems, disparities in
science/mathematics among
groups, 193-222
Political issues, in mathematics/scie
curricula, 101-102
Political system goals, and mathemat
science education, 247-248
Press for achievement, 42-43, 42n, 5
administrative priorities and, 56
curriculum and, 54-55
exit/promotion criteria and, 55-5!
operationalizing, 63-64
Principal, leadership role of, 59-60
Principles and Procedures science tes
164
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Problem perception, 110
Problem-solving
group work and, 131
heuristics, 109-110
measurement of processes, 161-165
nature of, 129
need for emphasis in curriculum, 110
Process relevance, in achievement tests,
154, 155f, 156, 157, 161-165
Process tracing, 163
Processes
definition of, 125
as instructional indicators, 125, 126f,
135-140
Professional development, teacher
opportunities for; 91
Profile of American Youth, 226-227
Project Talent, 226, 229
dropout data, 230, 231
Project 2061, 101
Proposition 13, importance of, 198
Promotions, 55-56
Public Law 94-142, 32
Pupil/teacher ratios, 33-34

Race, and curricular paths, 202-203, 205¢
Race, class, and gender (see also Gender
differences)
combined effects of, 215-216
as equity indicators, 217-220
~ teaching strategies and, 209-210
Reading ability, 165
Reading test, 232
Recall, stimulated, 163
Remedial programs, 51, 202-203
Representative Revenue System (RRS),
35
Research, input-output, 26-27
Research Agenda on Mathematics,
Science, and Technology, 93
Resource indicators
availability of data on, 36-38, 37t
need for, 25-29, 38-39
per-pupil expenditures as, 32
recommended, 37¢, 38-39
selection of, 29-35, 30f
teacher salaries, 33
Wall Charts of education statistics,
28-29
Resources (see also Funding)
and access to knowledge, 47-48

and achievement scores, 43-44

definition of, 25

importance as indicators, 17-18
Retention patterns, teacher, 70

Salaries, teacher, 92
Satisfaction, teacher, 77
Scholastic Aptitude Tests (SAT), 28
150t-151¢, 152-153
School characteristics, school qualit:
and, 60-64 (see also School-le
indicators)
School climate, 45-46
School culture
and commitment to learning, 53-
infiuence of, 45-46 ‘
“Schocl Enrollment: Social and
Economic Characteristics of
Students,” 236
School intervention, for equitable
cutcomes, 219-220
Schooi-level indizators
context measures as, 41-43
interaction among, 61, 62f
limitations/usefulness of, 64-65
need for, 46
School organization
importance as indicator, 18-19
policies, 44-45
School systems, comparative evaluati
of, 27-28
Science and mathematics education |
also Mathematics education)
achievement indicators, 147-166,
180-181
attitude indicators, 171-180, 189-
disparities among racial, ethnic,
socioeconomic groups, 193-19¢
longitudinal studies, 148-151
national achievement tests, 147-1
149¢-151t
participation indicators, 167-171
student attitudes toward, 174-175
Science classes, attitudes toward,
172-174
Science concepts, how learned, 106-1
107f
Science education
federal definition of goals in, 248--
state/local definitions of goals in,
250-253
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Science objectives, NAEP matrix of,
184-185
Science research, students on usefulness
of, 175
Scientific accuracy, of curricular content,
116
Scientific attitudes, 177-179, 189-191
Scientific thinking, as educational goal,
177
Scientists, attitudes toward, 172
Second International Mathematics
Study, 178
Self-confidence
aids to, 170
measurement of, 175-176
race- and gender-linked, 214-215
Sequencing, 113, 114
Social Indicators, 243
Social indicators, 4
history of, 242-244
limitations of, 7-8
Socioeconomic status (SES), 34, 36
achievement and, 22-23
course-taking patterns by, 203-204,
205¢
dropouts and, 230-231
interest patterns and, 212-213
Southern Regional Education Board, 80
Stanford Achievement Tests, 148n
State Departments of Education, data
collection, 33
State-developed tests, 151t, 1563-154
curricular relevance in, 165-166
State Education Assessment Program
(SEAP), 3n
State/local objectives in mathematics/
science education, 250-253
State/local policy
effect on education, 261264
need for tracking, 265-266
States, dropout data from, 237-238
Statewide assessments, 251-252, 262
. Student background characteristics, 44
Student outcomes
curriculum and, 103-104
importance as indicator, 21-22
Student reports on attention,
understanding, thinking, 168
Students, as resources, 34
Study of Academic Prediction and
Growth and the New York Cohort

of the National Longitudinal
Study of Labor Market
Experience, 166
Study of Schooling, 208
Study-of-Schooling Sample, time an
49-50
Supply and demand
status of mathematics/science
teaching program, 79-81, 80f
teacher quality and, 78f, 78-84, 8
Survey of Income and Education (1¢
229, 231
Survey of Youth Labor Market
Experience (YLME), 229, 231

Tab items, 163
Taxation, 35
Tax revolt, 198
Teacher policy, grouping and, 131-1:
Teacher quality, 56
disparities in, 199
definition of, 66n -
importance as indicator, 19-20, 6
in mathematics/science, 85-92
model of effects of, 68-70, 69f
relation to teaching quality, 69-7i
69f '
Teacher quality data, need for, 93
Teacher quality indicators, 71-85
assignment as, 82-83
attrition as, 83-84
certification area, 74
demographic characteristics, 81-8
educational background, 72-74
experience, 74-75
professional associations, activitic
75-76
recent educational enrichment, 7¢
recommended, 84-85, 92-93
supply/demand and, 78f, 78-84
traits and attitudes, 76-77
work history, 83
Teachers
behavior and methods of, 139-14(
definition of mathematics/science
education of, 72-74
effectiveness of, 92-95
enthusiasm of, 77
goals for students, 111
influence of expectations of, 210~
interest of, 74
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needs of, 57-58
policy manipulation of characteristics
of, 263-264
reports by, 167
responsibilities of, 57
retention patterns, 70
role in classroom time use, 136-137
role in decisionmaking, 137-139
role in making policies, 126-128
salaries of, 33, 36
shortages of, 67, 79-81
supply and demand, 67
training of, 68
Teaching, definition of, 123n
Teaching behaviors, effectiveness of, 86
Teaching conditions, 42-43, 57-60
access, press, and professional, 60-64
operationalizing professional, 64
Teaching effectiveness, 85-86
Teaching experience, 74-75
Teaching loads, 33, 34, 36, 90
Teaching quality
class size and, 89-90
in mathematics/science, 85-95
money and, 92
and teacher quality, 69-70, 69f
Teaching quality indicators, 85-95
working conditions as, 90-91
Teaching strategies, and student race,
class, gender, 209-210
Technological employment, expansion in,
194
Test performance, group process
relationship to, 133f
Test scores, as achievement
measurement, 154-157
Textbooks, 110-111, 113, 114, 252,
262-263
deleting material from, 117t
quality of, 116-118
Thinking, attitudes as approach to,
177-179
Time
and access to knowledge, 48-49
as achievement indicator, 168
efficiency of classroom use, 136-137
instruction, 87-89
teacher quality and, 57-58
teacher role in allocation of, 127
Toward a Social Report, 243
Track level (label), 210

Track placements, 201-203
Tracking, 134-135
access to knowledge and policies
50-51
systems, 54-55
Transcript analysis, 166—167, 166n
Tutors, 51

Understanding scientific concepts, 1
U.S. Department of Defense Depenc
Schools, 169 .

U.S. Department of Education (ED)

246, 247, 248, 267
dropout collection practice, 239
Wall Charts of education statisti
28-29 ’
Wall Charts of state statistics,
235-236
Wall Charts on dropouts, 237
U.S. Department of Health, Educati’
and Welfare, 243
U.S. Office of Education, 242

Vocabulary test, 232

Wall Charts, 28-29, 235-236, 237
Wisconsin Center for Education
Research Analysis of HSB da:
105
Women (see also Gender differences;
indicators to monitor achievemen
22-23
participation in mathematics/scie
education, 192, 193n, 194-196

Youth in Transition Survey, 229-23(
on dropouts, 226, 231-232





