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" PREFACE

. This project was born about a year ago in a climate of uncertainty about
the state of science and mathematics education in the United States. The
frequent references to a ncrisis in science education® may have been a bit of
hyperbole, but one can find little basis for rejecting the concern about
declining test scores, lack of attention to improving the curriculum, low
student interest in science and mathematics, and shortages of well-trained
teachers. DOuring the past year, public concern rose as our apparent downward
slidz in.the economic competition with other countries increasingly was
perceived.to be an outgrowth of inadequate 'education, and as a seemingly
unending number of reports issued from various committees, task. forces, and
commissions about U.S. education. o ' .

; Given these events, it is not surprising that there should be a sharp’
rise in public expressions of concern about education, and especially science
and mathematics education. This public concern, in turn, has led to much
political activity. Many néw bills providing new funding for science and

- mathematics.education have been presented for debate in the U,S. Senate qnd

House of Representatives. In contrast to the Sputnik era of a quarter century
ago when responses to similar concerns were mainly at the federal leyel,
extensive activity now is occurring at the state level. Legislation is being

considered and passed, task forces and commissiors are deliberating (often at

. the behest of governors), and assistance is being of fered to local school -

districtc. considering such actions as increases in graduation requirements. .
Literally dozens of different actions for improving science and mathematics
education are being considered by -various political groups frei the local to
the national level. _ o o

_ . Within-this climate of urgency for action, there is also considerable
uncertainty about which of the many proposed interventions will “produce the
most bang for the-buck," or for that matter, produce any “hang" at all.

Fortunately, there are steps that can be taken ‘to systematically anc 1ogyca11y

analyze the situation based on estimates of the costs involved and ‘research . .
findings about the potential success of various actions to produte educational

‘change. The project described in this report was initiated to-produce just

such an analysis. The techniques used for the analysis deserve considerable
explanation in and of themselves, but for that information the reader is
referred to Chapter 1 of this report. ) , -

Additional information about the format of this report, however, s’
appropriaté here. The bulk of the report, Part 1, is focused upon science
education, while Part 2.is quite short and addresses mathematics education.
The project was.originally conceived as a science education study drawing upon

-“the extensiye work done by the firet author in integrating the results of

nearly eight hundred s¢ience education research studies. Because of ‘the
interest of the agency sponsoring this. project, the Coloradn Department of
Education, mathematics was added even though it was recognized ‘that the
project -personnel did not have the same existing intimate knowledge of, the
research in that area- Fortunately, the nature. of the analysis designed for

science education has many facets that overlap substantially with what would

he done in doing a comparable analysis for mathematics .education. Because

_several points in the analysis ,are subject specific, i.e., focused upon the

©  particular subject matter of science, it was decided to conduct the amalysis .

Lo
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in detail for science and then add information on mathematics at several
particularly key points. The report format that evoived from this process is
apparent from reviewing the Table of Contents. Specifically, the analysis for -
science education is in Part 1. The following section, Part 2, explains ways
in which the project results can be safely extrapolated to mathematics and

cases in which some different conclusions may be appropriate because-of the

hsubject specific aspect of the work.

-~

“Finally, it should be notedthat Part 3 is as much an appendix to the
report as anything else. It reports the results of a Delphi: study using a
series of questionnaires sent to a‘group of leading educators in Colorado to
gain- their judgments as to the effectiveness and feasibility of interventions
for improving science and mathematics education and the appropriateness of
various instructional goals for science and mathematics. It is of interest. as
a separate report and -was used as a source of information for writing the
first two parts of this report, ' ' , : _

As a result of this report organization, some readers may choose to read:
only Part 1 and obtain-the information of interest to them, i.e., information’
about science education. The person interested im mathematics education will
need to read both Parts 1 and 2 to receive the full scope of the report.

Still other readers may have sufficient interest in. the results of the Delphi
study that they would choose to read Part 3 as well. _

. As with most projects of this scope, it was the work of more than one
person and the various roles should be acknowledged here. First of -all,
Cynthia DelLarber has played a key role. A staff member of the Colorado
Department of Education, she has served as a liaison with that agency. (The
Department has provided the majority of the project's financial support; the.

“remainder of the support came from the University of Colorado.) Her role has

been more. than a iiaison, however, in.that she has been involved in the actual
project ‘work. As.a policy analyst, she was well prepared to obtain needed
information from a variety of solfrces. In addition, she played the Key.role
in obtaining and analyzing information acquired via the Delphi study. Her

work has been.handled.with competence and dispatch. William R, Munsell served

as -a graduate research assistant on-this project during the Fall 1983 and was

‘particularly instrumental in collecting and processing the information for the

cost analyses used in this report. ,

Additional participants in the project were an advisory group of nine
people who met on three occasions to provide advice, react to the conceptual.
£ramework. developed up to that point, provide many important suggestions as to
how the work should proceed, and react to the writtern materials which emerged

from the nroject. . This group .included David Armstrong, Director of the Center
for Interdisciplinary Studies; ‘David Hi1l, Chairman of the Geography

Department; George Maler, Associate Dean of the College of Engineering;'and* '

Wesley Yordan, Chairman of the Economics Department, all from the University

. of Co1orado;,Roscoe'Davidsbn, Superintendent of the Englewood schools; Norris

‘Harms, Educational Consultant; Charles McNerney, of the Departmant. of

Mathematics at.th§ University of Northern Colorado;- Eric Miller, junior high
school science teacher with the Boulder Valley Public Schools; and Harold
Pratt, Science Supervisor of -the Jefferson County schools. ‘A1l these-people

.made impcrtant contributions, but. additional note should be. taken of the

contributions of two people who did work beyond the specific group meetings.

- Norris Harms helped to conceptualize the results of the first stage of

questionnaires in the Delphi study, and Wesley,YOrdan helped identify the type
of economic. analysis needed for the project. .. - :



~ Since the overall design of the project, the analysis decisions, and the
writing of the entire repori were the work of the first author, none of the
persons acknowledged above can be held responsible for what is presented in
this report, Their contributiond were many and significant, but the first
author must take rasponsibility for the final product.

Ronald D. Anderson

‘January 1984



' EXECUTIVE SUMMARY

]

The education of American students in science and mathematics today is
inadequate; numerous reports have documented that students are not
sufficiently well prepared for living in an increasingly scientific and
technological world. As with other complex public issues, a careful cost-
effectiveness analysis potentially can identify promising solutions for the
nerisis" in science and mathematics education.

The process employed involved an assessment of both the cost and’
effectiveness of dozens of actiéns or interventions proposed as.solutions.
Early steps included identifying the objectives of the actions, the
alternative interventions, and measures of their effectiveness. Once
estimates of cost and effectiveness had-been made, models relating costs and
effectiveness were developed and recommendations prepared. In -the process
competing value judgments were recognized and, taken into account. -

The Process _ ' : : S ‘ ‘ ..

The first step in the process moved beyond the varying definitions of the /

nproblem" by formulating a set of objectives encompassing the many ; ‘ ]

interventions under consideration. Three objectives were selected as ‘ )

representative of the intent of the many proposed interventions receiving !

public attention today. ' : B
a. Quantity. -Increase the amount of time in which students are engaged
~ 7n Jearning science. ' - ) o

b. Qualitv. Increase the quality of instruction in science classes: |

c. Appropriateness. [Increase the "match" between actual classroom

. objectives and those objectives most appropriate in today's world.

" The interventions proposed in various quarters for improving science
education are numerous.. For purposes of this analysis, they.were grouped into .
eleven categories and each of the eleven categeries was' attached either to-the
one of the thrée above objectives it most closely fit or -it was associated
with a fourth grouping. labeled as facilitating interventions; i.e., categories:ii.
of interventions that, though not necessarily promoting directly the - 4

LN

attainment of any of these objectives, potentially are of benefit 1n-changjn§ fﬂT}‘

some aspect of schooling that in turn will foster attainment of one or more of \,'a
these objectives. The eleven categories’of interventions, grouped by - Sl
objectives, are presented-be]pw. o T oo

A. .Interventions primarily related to Objective #1: "Quantity . i\
1. Increasing student requirements . ' '

B. Interventions primarily related to Objective #2: Quality

Preservice preparation of teachers o Lo
Enhancing. teéaching as a career.

Improving instructional practice , » :

" Inservice education o o : .
Improving materials, facilities and equipment, : :
‘Assistance from business and industry

AU WM =
« o e
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"¢c. Interventions primarily relate¢ to Objective #3: Appropriateness
- 1. Improving school curricula . ‘
D. Facilitating interventions
1. Improving local leadership
2. Testing programs
3. Public education '

Listed within these elever. categories were sixty-eight specific
interventions. For example, the increasing student requirements category
included such specific interventions as increasing graduation requirements,
lengthening the school year, increasing homework, and increasing the _
proportion o’ class time devoted to instruction., An analysis was done to
estimate the cost of implementing each one and to determine a rating of its
effectiveness ba§ed on research data and such other information as was
available. - As single interventions, few gave much promise of being both low
in cost and high in effectiveness. ' | ,

Conclusions )
The major conclusion of this analysis is that it is pointless to seek
solutions; to the problems of science education in the form of sinﬁle
interventions. The situation is systemic; solutions must be sought in the.
form of combinations of interventions with full regard for the interactions
among these jnterventions. . For example, inserviceé education for teachers has
little potential as a‘single intervention, -yet it probably is a critical
componernt of a combination of interventions intended to produce most changes
in the classroom. In combination with such other dctions as curriculum
development and effective leadership from principals, there may be substantial
potential’ for educational improvement. The removal of a critical element from
this-endeavor (i.e., inservice education), however, may negate the effect of

. the total set of actions. An action which by itself may have minimal effect

may, by its absence in another setting, result in a minimal positive effect
from other interventions. .

Dealing with these combinations of interventions and their interactions’
requires a conceptual framework that relates the interventions. This '
_structure was acquired from the research on effective schools, implementing
educational change and the leadership of principals.. The implications of this
research are that (1) combinations of interventions are necessary, (2) the ’
completeness of this combination may be critical, i.e., the absence of one
particular intervention may seriously impair the effect of -the package of
several interventions, and (3) a muiti-level approach is needed, i.e., some
actions should be taken at the building level, some at the district levél,

_.some *at the state level, and some at the federal level. Further implications

of this research are that all change endeavors should be coordinated, and
focused upon the local level where possible. A multi-level approach requires
state and federal actions, but all action at,these levels should be taken with
full recognition of the importance of local "ownership” and. commitment.

t




A State Plan

The core of the recommendat1bns is.a state plan of action intended to
foster local initiative and draw federal assistance into a concerted state
endeavor, It will require strong leadership at this level, Among the

coordinated set of state-level interventions constituting this program are to:

--provide funding and professional assistance to local leadership.
and science’ education improvement programs '
--fund improved teacher education programs

--provide training for local district personnel on curriculum development

and implementation,
--fund multi-district consortia for curriculum development
--provide information for local school board members on needed
" improvements in science education

~--provide conferences for local district testing personnel on appropriate

science tests ‘
--establish a.science test item bank with items on the applications of

science knowledge 1 » B ' :
--provide awareness conferences and other. information for local account-

ability committees concerning science. education improvement ‘

. --establish leadership for the above interventions which will enable them

to proceed in a coordinated manner with appropriate modifications as
~ indicated by evaluation and communication with local education
. personnel. '

Local Action

The basic intent of these coordinated ‘interventions is to stimulate local
initiative in a systematic manner which promotes -the quantity, quality, an
appropriateness objectives. Local leaders will be encouraged to pursue a
‘systemic approach including attention to several means of achieving each
objective. T . X ;

Quantity

--increase graduation requirements in science.
--increase homework (coordinated with classwork)

--help teachers in more fully utilizing instructional time

|

Quality 2

--foster teacher recognition and professional development, and an
improved professional environment - :

--improve teacher recruitment and selection

--provide in¢reased supervision and assistance focused upon the
improvement of instruction

--introduce'improved‘instructiona1 practices

--conduct inservice education which supports ﬁhe other interventions
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--support local science curriculum development

Facilitation

--initiate improved program evaluation and programs of science education
improvement '

--initiate careful selection and preparation of principals and
supervisors.

Federal Actionu

Federal action should-be sought which fosters the local and state . ,
endeavers described above. Specifically included are the following actions.
--provide inservice and summer teacher institutes that are tied to and
supportive of local district improvement 2ndeavors
--support curriculum developmept projects with particular emphasic on the
application of ‘science knowledge \
--fund consortia of school districts for developing curricula for their
schools o ,
- --fund research to increase the knowledge base needed for appropriate
~ curricula, analysis of science education problems, and identification
of actions needed for improvement . :
--provide an awareness conference for test publishers on the need for
items emphasizing the applications of science knowledge '
--provide funding to sustain state programs as described above.

A Systemic Approach K - ‘ .

.The proposed state plan is a coordinated response to a systemic problem;
the°basic intent is to foster local initiative utilizing all resources:

“available, including federal funds. Each intervention in the total plan

contributes to an overall approach; an intervention or two selected from each’
level of this listing and implemented in the absence of the. others does not-
hold much promise of a significant impact. '

Mathematics

The analysis and recommendations for mathematics are quite similar to
those presented above for science with the exception of those pertaining to
the appropriateness objectives The question of what mathematics is most
appropriate for students to learn is a different question from the analogous
question for science. ' ,

(5}
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PART 1. A COST-EFFECTIVENESS ANALYSIS OF INTERVENTIUNS
FOR IMMROVING SCIENCE EDUCATION :

Chapter 1. Cost-Effectiveness Analysis:
‘An Aid to Policy Decisions

The specific technique employed.in this endeavor is cost-effectiveness
analysis. Before simply describing its application to the problem at hand, it
may be well to examine briefly the process itself; what is it, and what are
its advantages and limitations? With this background, it then will be
possible in the remainder of this chapter to examine more fully the
‘relationship between decision-making in the political realm and policy
analysis using a variety of techniques sometimes referred to as "rational
techniques" by students of policy analysis (Carley, p. 3).

Defined broadly, cost-effectiveness analysis is "any analytic study
designed to assist a deiision-maker in identifying a preferred choice among
possible alternatives.,"”™ More narrowly defined, it involves "a comparisan of
“alternative courses of action in termszof their costs and their effectiveness
in attaining some specific objective."™ ‘

Cost-effectiveness analysis sometimes is considered a variation of cost-
benefit analysis, an approach which analyzes alternative actions in terms of -

cost and benefits, both measured in dollar terms. Cost-effectiveness analysis ' .

measures costs in dollar terms but evaluates outcomes in other units. "Cost- '
effectiveness analysis tries to show how a given level of benefit can be .
achieved at a minimum cost, or to show how the maximum. benefit can be achieved
at some given level of cost. The keynote of both of these prob]egs.is that it
is not necessary to attach any explicit money value to benefits."” The
methodology cannot be prescribed as a precise set of standard: procedures but
must be viewed as a general approach with a sequence of general steps. They
include: T * :

. -Definition of objectives

. Identification of alternatives

Selection of effectiveness measures

Development of cost estimates

Selection of a decision criterion 4
Creation of models relating cost and effectiveness.” e

ot B W N
- - - L]

Other ané]ysts such as Quade describe the process in simi%ar terms although
the number of steps and their sequence may vary slightly.” ¢

Objectives

_ _ The definition of objectives is a particularly crucial starting point
since the remaining steps are built upon the particular objective specified.
Stated improperly, the objectives can produce an analysis that misses the
intended target. In the case of the‘project at hand, .this step is
“particularly important since the objectives were not specified in precise

AN
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. terms and provided to the analyst in advance as givens. Instead, reference

often is made in rather general terms to the. problems faced in science and
‘mathematics education today and an expressed desire to find cost-effective
steps for bringing about improvement and thus alleviating the problems.

Alternative Actions

Identification ofra]ternative'actions was a relatively easy step for .this™~
project in that large numbers of them have been advocated and widely reported
in the. popular and professional literature. While objectives have not been
stated precise]y,:numerous'a]ternative”jnterventions_have been widely
advocated. A key step in this project was developing a list of such
interventions (a representative list, though not exhaustive) and organizing
them in some manner that would make them amenable to cost-effectiveness
analysis. .- : ' ‘ N .

‘%

-~ Effectiveness Measures - - s - a

Widely publicized problem statements, as well as tha specific objectives
implied by proposed interventions, point to a variety of effectiveness ™
measures. While for many projects a single effectiveness measure may be’
appropriate, in this endeavor a total of three distinctly different ones were
employed. They relate to (1) time engaged in learning, (2) student learning
‘as measured by tests, and (3) changes in curriculum goals. Although not
‘mutually exclusive, these three effectiveness measures by-and-1arge deal with
different objectives and different intended. changes in science and mathematics’
education. The rationale for choosing thes@ three is developed later in the
report. ’ . ' :

Cost Estimates

-2

A variety of costs must be taken intoeaccount in estimating the price of
_ a particular intervention. Some costs are direct and others are opportunity.
. costs; some costs are borne by the taxpayer, some by teachers and still others
by students. - In genera12rneasonab]y'good estimates- of these costs. can be
obtained. Specific means by which they.are calculated.and summarized to
“provide a final cost estimate for a particular. intervention are described in

.'Chapter'3.

s

s v

A Decision Criterion
"Three types of valid criterion from which the analyst must choose are: -

1) maximize effectiveness-at ‘a given cost; 2) winimize cost while attaining a.
given effectiveness; or 3) some .combination of tiiese two which recognizes a o
- tradeoff of‘%ost'gor effectiveness to maximize a selected-utility function of -~
the two factors."  The latter approach. was chosen in this study; the ~

complexity of the situation-dictated this choice, =~
" .- : - N
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Creation of Models .

Having completed the above steps, there still remains the problem of
identifying analytical relationships among costs,feffectiveness, and the
context in which the. interventions are to be initiated. This task was
particularly difficult in this project because the analysis indicated early
. that .the long list of single interventions under consideration could not be

treated as single interventions. The situation is highly systemic and some-
combination of interventions must be examined within the context of school
districts having a wide range of cultural, socio-economic and political
~variations. ‘ ; K - . .

~ . Having described the essence of the cost-effectiveness analysis e

methodoldgy as it ‘pertains to this project, -it is well to turn attention

‘briefly to some of the advantages and limitations of the approach. The
obvious advantage of the technique is its potential for identifying those
interventions which can be done at lesser cost and produce effects worthy of
the expenditure. The nature of the€ political process is such that it tends to
focus on the direct expenditure of tax dollars with insufficient attention to-

- opportunity costs and costs tg such groups as teachers and ‘students. The more
objective process of cost-effectiveness ana1ysis_focuses attention upon all
costs.. The. advantages of this analysis with respect to effectiveness probably

v are even greater; the usual tendency is to make many assumptions about the
~ effectiveness of proposed interventions. Each intervention seems to have its
advocates and the nature of the political process is such that. particular

- interventions often win out because of who is promoting them, or other
political factors, rather than Some objective.appraisa] of their effects. ~In
this project, extensive efforts were ‘made to use objective data, drawn from’

“careful empirical research whenever possible, to draw conclusions about the

: . effectiveness of a particular intervention. T
A -second major advantage of -a rational technique is its clarification of -
* the value judgments involved. “This exp]icit'specification of causal .
relationships can also help to expose value judgments which all parties to a .
decision bring to that decision. . " (Carley, p. 67). iyalue judgment or

‘ideology,within:ratjoﬂa] techniques is inevitable and value neutrality ,

impossible. . . Tt is essential that value judgments be expected and made
as explicit as possible in the analysis" (Carley, p. 71). Value judgments are
numerous and prominent #n this particular analysis."This*prominence is.
illustrated by the fact that one of the three objectives deals with changing

the;god1s'of_instruction in the schools. " The pervasivenéss’of‘va1ue judgments

was highlighted even moreé by the results of a series of questionnaires given

" to selected Colorado leaders as a subsidiary part of this gverall analysis.
The results showed sharply that there are two rather distinct camps in our
.gociety with respect to the goals of science education. o

As valuable as this.process of analysis is, it has its limitations.

- First, any analysis. is necessarily incomb]ete.',There are obvious limitations
of time and money. In-addition, one must recognize that even with adequate
resources there is no way to treat all of the factors thatﬁimpinge”upOn'the*
‘situation. Too many factors are intangible and the result is that the analyst.
must emp]oy.his_intuition‘and judgment, -even though the decision-maker who
refers to the analysis at a later time rightfu!1y may choose to apply.a

mmmts and intniftinn:
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~ Second, the process of cost estimation is not as precise as it may appear
on the surface. "Unfortunately, the preparation of cost estimates remains. for
the larger part an art. Methods are, to a great extent, adapted to the
problem at hand. Many subjective elements are included in the cost estimate.
'The availability and reliability of data are always variable. In sum, the
individual skill, experience, an?onatural resourcefulness of the cost analyst
emerge as the critical factors.” : v ° :
Third, measures of effectiveness necessarily are incomplete.. Quade notes
that in general, "One.cannot be as confidéii'about the accuracy of estimates
of effectiveness as. about cost estimates.” That generalization about cost-
effectiveness analysis applies in particular to this specific endeavor.
Measures of educational effectiveness in which one can place confidence are
notoriously difficult. to.find. A variety of such measures have been used in
this. study and they are presented here with considerable confidence, but one

~ -must not attribute to them more-precision than they deserve.

. A final limitation is the fact that there is no satisfactory way to
forecast future events in our society or educational system. Future events
may alter the conditions which were- assumed for this analysis.. While not as
big a problgg as some-of the other limitaticns noted above, it must be
recognized. . ‘ ~ L

“Having defined the process of cost-effectiveness analysis and noted some
of its advantages and limitations, attention can be turned again to the
relationship between the decision-maker and the analyst. .The task of
conducting the analysis described above has been assigned _to someone referred

"to here as the analyst. - When completed, the results will be given to ‘decision-

‘makers who will use it to some degree or another in the political process.
Wwhile conducted largely independently of the political process, the results of
the analysis are intended to be used in the political arena. "The role of
policy analysis is to enlighten the policy process from its particular
perspective, which is not expected to be completely comprehensive. Such
enlightenment may take the form of espousing one explicit welfare function

_over another, based on its particular merits, or it may. simply, but
importan}%y, involve exposing new facts and details which fuel political

. debate."”" A particular benefit of phisvana1ysis is- consistency in fhe means

of determining the cost and ef fectiveness of various alternative

interventions. . It also has a cost to the decision-maker, that of making’
explicit the i'cision-makef's objectives and exposing them to the scrutiny of
other people. Such ~scrutiny may be costiy in, the.political. process but it

- also has the advantage of making it possible to hold others more accountable
for their actions when decisions are made on rather explicit objectives. '

~



" one may care to admit. "In reflecting on today's pol

js. So in formulating a set of -.objectives for i
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Chapter 2. Analysis of Science Educatioh
Interventions: Conceptual Framework

‘ | With the previous description of the cost—effecfiveness ocess as'a
basis, attention can be turned to the conceptual framework fo this particular
analysis ,of the cost-effectiveness of interventions for imprpving science . -

education. The interventions under consideration inclute mgst of the major

~actions proposed by various commissions, .task forces, cofmjttees and political
leaders in the last two years. ’ o 42‘ . '
A cost-effectiveness analysis of alternative means reaching some

objective requires -that one know what that objective 577%Such a statement

seems qpvious, yet identification..of objectives is myre/often overlooked than
tical rhetoric about
education, as well as commission and committee reporty, it is easy to recall
talk about costs. Each presidential candidate is proposing so many hundreds =

" of millions of new dollars for certain activities to |improve education. Yet

careful delineation of what changes can be expected as a result is quite rare.
It may seem at times that the “throw money at the,prqb]emﬂ approach is being
used with the expectation that something good will .result. The objectives

. _gerierally are not well defined.

It also should be :i%@d that it is pdssibie to do the cost portion of a

‘cost-effectiveness analy.. - without well defined objectives, but it would not

be possible to do the effectiveness analysis without well defined objectives.
We not only must know what the Yoblem is that is being addressed, but we must
know what results are being sought to bring about some solution to the
probtem. Tn practice, the processes of defining the problem and identifying
the objectives probably benefit somewhat from being done simultaneously.. .
Although one may'start by defining a'prob1em,.specifica11y_de]ineating the
desired results or objectives helps to more precisely define what the problem
interventions intended to
improve science education, one must consider whether. these desired results -are
solutions to our real problems. . - : :
pAfter careful consideration, three objectives were selected as representa-
tive of the intent of ‘the many interventions which have been proposed to -

improve science education. They are as.follows.

a. Quantity: Increase.the“amount'of time in which students are ‘engaged
= 7n Tearning science. ' . . : : '
b. . Quality:  Increase the quality of instruction in science classes.
~c. Appropriateness: Increase the "match® between actual classroom
-‘objectives and those objectives most appropriate in today's world.

Before examining these objectives one by one, note that they are all expressed/
in terms of instruction rather than 1earning. This was a deliberate choice /f
reached after much consideration. One might argue that the. objectives shouyd‘
be expressed in terms of student learning since that ultimately is our -goal=-
to increase student learning. But for purposes of this.cost-effectiveness
analysis it is better to use objectives expressed .in terms of instruction/,
because the connection-between the intervention and theSe instructional /

outcomes ds more direct and ‘there is a better basis for conducting an analysis.

that will show relative costs and effects. The ultimate concern abou%/,
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learning is important, however, and, cannot be ignored. 50, one should

" consider carefully instructional- goals. of the schools and be sure that they
are truly the ones desired, based on what is known about the relationships
petween instruction and learning. They can’be examined one by one.. _

A current concern is that our students need to know more science, and
research shows a very direct relationship between the'qmounf of time devoted .

"to learning and the amount of learning that takes place. The frequently cited
"time-on-task® research, as weli as findings embedded in numerous other
research studies, points to this conclusion. This research base, one that

" goes beyond conventional wisdom, is importart because it firmly establishes

_ that-additional time spent learning will be effective and that a-"point of
diminishing returns" is pot likely to be reached in our typical school @

settings. So, it is with Considerable confidence that we set one of the '
instructional- objectives as increased time engaged in. learning with the
expectation that it will result in greater Tearning. . '

The second objective of increasing the quality of instructf&n;is more -~ .’

.difficult to define and more difficult to demonstrate as having an -impact on
learning, but it appears, nonetheless, to be important. Calls for increased
quality of education generally. refer to increased teacher competence in terms,
of knowledge of science, skill in teaching, or dedication .to the job. Only
occasionally does increased quality refer to better facilities,:equipment and
materials. Since this-matter of gquality includes so many dimensions, it is

“not feasible to make a simple demonstrable link between quality.of instruction
and learning. There is evidence for a link between learning and some of these
indicators of quality, but that issue is the heart of the cost-effectiveness
analysis itself. “Many of the interventions which have been proposed for .
improving science education are focused upon what has been labeled here as®
quality. In this analysis, each -intervention is examined individually as to
its potential impact on student learning based on the research information.
available. _ S, '

The third objective of appropriatengss deals with the question of what
should be taught; the science taught should be that portion most appropriate
for students in-today's world. On the surface it is a simple matter, but in

~rea++%y~+t~ismn0%7-beeauseaix_is,basedﬁupnnﬁyalue;judqments. In ‘addition, the

value judgments held by different individuals generally are based upon a
variety of assumptions and conventional wisdom which often do not hold up :
under careful analysis using the results of research. In addition to the cost-
effectiveness analysis ggg se, considerable attention must be devoted to what
might be termed value clarification, i.e., determinirig the basis of various’
value judgments about what knowledge is of most worth and sorting out the
" erroneous assumptions “and inaccurate pieces of conventional wisdem so one’can
arrive at valid judgments. : R : _ ' .
It may be helpful to examine briefly some examples of competing value
positions. Some people would argue that the science taught should be whatever
is most representative of the particular science. discipline under S
consideration; the expected student outcome is an understanding of the
structure of the discipline, its- major principles and concepts, and’' some of
the details needed to understand the "big picture." Scientific knowledge is
valuable for its own sake. Others would argue that the science, taught should
be that which is most important for meeting the personal needs of students.
‘Biology, for example, should emphasize: the knowledge: which is of most help in
understanding the human body and mak ing decisions -about. personal.-health, »-

. nutrition and the prevention of diseasef= With this focus, instruction on

(]
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decision making and using biological knowledge to make these decisions would

be taught directly as part of the curriculum. Yet another focus would be to

emphasize ‘that knowledde which is of grectest value in addressing societal

~ issues such as, energy, world food supplies, the environment, nuclear power,
national security, and health, among others. Students would learn the science

knowledge needed to address these issues and proceed further to learn how this

knowledge would be used in addressing these issues. Again, decision making

. and problem solving would be relevant as students learn the process of

applying knowledge to identifying the pptimum solution among many competing

':_alternatives with respect to the given societal -issue.

It also must be recognized that what is appropriate knowledge for one
type of student may not be the fost appropriate knowledge for students with
different backgrounds or goals. An adequate analysis must give attention to
this possibility and allow for differences among students. Furthermore, these
orientations, i.e., attention to academic preparation, personal needs, hd
societal  issues, and so on, are not mutually exclusive; one focus does not
have tc be eliminated entirely to allow for another. A thorough analysis must-
take account of the various alternative emphases .and combinations of them.

' Now that the three objectives have been described, attention can be '
_ focused on- the process of cost-effectiveness analysis, er. se. Conceptually
. it is a simple process. Each possible intervention or ac jon to_ improve
science education can be analyzed to determine what it will cost to implement”
~and what effect it-can be expected to have. In practice it is more complex .
because of a lack of geod information, in mary cases, and the potential '
interaction among the interventions. A framework for this analysis, which
gives the simple conceptual view; is shown in Figure 1. . = :
_ In the lefthand column is a place to list .the many interventions to be
considered. Across. the top are the three objectives discussed previously.
Under each of the three objectives is a place to indicate the expected cost -
and expected effect of each intervention for that particular objective. Thus, -
for each'intervention‘}here is a place for cost and effect informatibn with
respect to all three objectives. In the case of most interventions, however,
there will be a significant impact on only onre of the objectives;,mos%*often
an intervention has little potential for meeting more than one objective.

The Key part of the cost>eFfect*venessfaﬂﬂ%ys4s—isveb%ainingathe_needed_;__
cost and effectiveness information. ‘The best information is empirical data
acquired in typical school _settings. Cost information, for example, can be -
obtained from representative school systems, federal or state agencies or
other.organizations which have introduced an intervention. In cases where an
intervention has_not'been-used'previous1y,_estimatés can be made based upon - /
descriptions of what the .intervention is. e T o
. valid effectiveness information generally is more difficult to obtajn.
The best source is.well designed experimental studie: w=aich provide data“on,
the effect of the given intervention as' compared to the effect of conventional
practice without the intervention. -The educational research -literature i
extensive; it is a larger and better data base than often realized. Efforts
must be exerted, however, to seek- out the data relevant .to the effect of. a
particular intervention. AR B e ﬁ/

- In spite of all -these efforts, however, gaps will. remain for which no’
- empirical data are available. In these cases the'analyst .is left with no
option but estimates. while such estimates probably are an inadequate basis
for all decisions .about particular interventions, they may be adequate for

eliminating some potential interventions as so lacking.in promise’as to be
_ . ‘ / :

/,
S/
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unworthy of a careful test, while other interventions may be identified as
“having sufficient promise to be worthy of such tests.
" Having described the cost-effectiveness process in broad outline,

- attention can be turned to the set of interventions being considered in this

anatysis. The number of possible interventions is large, a.fact that:-is
‘evident to anyone familiar with even a few of the many recent comnission
reports, .proposed pieces of legislation, and political statements. In this
project an attempt has been .1ade to be inclusive, considering as many
interventions as possible, yet 1imiting the endeavor enough to make it
manageable. This approach has been pursued by grouping the possible
interventions into broad groups; eleven in number, and including within each
group at least the major possible interventions. In some cases, the '
interventions included for analysis include essentially all the major

interventions under sarious ‘consiceraticn by any leader or leadership group.
; g

In other cases, the number of possible interventions is 1arge'en@ugh that all
cannot be included. The list of eleven intervention categories 'is _shown below

along with* examples of specific interventions in each category. (The number

and letter combination used to.label each of the eleven categeries is derived

- from an onganiiationa] pattern imposed in the next chapter, .but is included
‘heredto;make cross-referencing easier.) ' : . s

A.1. Increased Student Requirements. Improving the amount of student
Tearning in science and mathematics through such means as: o
a. increasing the graduation requirements in science and mathematics
. “for all students,- . | .

b. increasing college admission requirements in science and mathematics -

for all incoming freshman students,
‘c. “increasing the length of the school day or the scheol year,
d. increasing the amount of homework, . : s
e. ipcreasing the proportion of total class time that is devoted to
' instruction, o

" f. increasing the proportion of schgdu]éd school days actua]\y'dgsbted

to classes, and , 3 .
. g. 1increasing the academic requirements (grades) for student
participation in—athtetics—— T e -

B.1l. breservicé Prepafatidn of Teachers. ‘Improving the preparation of neWw
: Science and mathematics teachers through such means as:
a. new standards for preparation programs,

.b. greater science and mathematics rqu1rements for elementary schoq1 "

teachers, : _ - : :

c. specialized preparation programs for science and matpematics]
teachers in grades 4-6, “

d. more courses emphasizing the applications of science- and

. mathematics, . o T o
e. more "hands-on" work as part of teacher education programs, -
e f. placing student teachers only with outstanding teachers,
g. stronger enforcement of the requirements that districts hire enly

fully credentialed . teachers (not- hired on emergency certificates),

: and: o
h.. loans or® scholarships for persons preparing to be science or.
mathematics teachers. . ' : «

v
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B.2.

B.3.

B

Ennancing Teaching as a Career. Enhancing teaching as ‘a career through |

such means as: S .

a. increasing the salaries of teachers in all fields,

b. increasing the saleries of teachers in science and mathematics to be
~ competitive with alternative employment, ‘ ‘ :

¢. establishing performance pay for teachers,

d. ‘providing an improved professional environment within school
districts, ' - ’

. a. developing other incentives for attracting and retaining teachers,

£. initiating campaigns to enhance local teacher recognition and -
© respect, } - ' .
g. improving teacher .recruitment and placement services,

*h. involving teachers with researchers in collaborative educational

-research,

. i. more emphasis on'professidna1 growth, jné]uding'better supervision '/

and evaluation-of teachers, and

~j. reducirg work loads, i.e., fewer students per class and fewer

classes peﬂ' ay.

Improwed Instructiional Practices. Improvihg instruction through such
means as: N v T ' _ :
a. improved stuQEnteteacher'ratios,

2

b. mastery learning, and

c. . computer-assisted instruction. -

Ihservice Education of Teachers. Improving the inservice education of
teachers through such means as:”. ‘ '

a. summer institutes for science and mathématics teachers at all levels.

(with federal or state funds),

b. . academic year, full-time institutes for science -and mathematics
teachers (with federal or state funds), , 1

c. “institute classes" in late afternoon and evenings during the school
year :(with federal or state funds), ‘ : ,

d. inservice education courses on the applications. of science and

' B.5.

—*‘-"ma.th‘ematilcs, ] . R . ,VM_/_
e. inservice education classes on higher level aspects of, science and '
mathematics, - : S . S
f. -inservice education courses:on teaching m.chods, ' ' ‘
g. inservice. education programs coordinated with local endeavors (with
federal or’state funds), ) Co e :
h. teacher centers where teachers can work together on program
development as well as inservice education, oo

{. extended year contracts for teachers for prpgfam_development work, .

~ j. improved teacher evaluation.as a basis for professional growth and

inservice education, and

k. sabbatical leaves for professionaﬁ'growth; ,

ImproVingﬂMatéfialsl,Faci]itﬁes and Equipment. Improving the quality of . :

Sscience teaching, by providing more and better materials, facilities and

equipment through -such means as: . : : _ ,

a. state or federal funding of local district needs, and- .

b, local district increases in budgets for materials, facilities: and.
equipment. . S - ‘ ' 3

4

# X
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8.6. Industridl Assistance. Improving science and mathematics education
Through various forms of assistance from business and industry such as:

a. providing seed money for- educational projects, :

b. providing cash awards for individually determined programs of
personal and prgfessiong1 development which are sponsored by and
named for particular industries, v

c. donating equipment; S

d. loaning .lecturers or workshop leaders to schools,

e. rotating employees into classroom teaching for a time,

£ assisting in evaluating curricula, -

g. providing industrial internships for teachers for 2 months in
summer:, and : ' : :

h. hiring teachers as part-time (e.g., summer) employees.

9

'C.1. Improving School Curriculum.  Improving the school curriculum through
means such as: } - : -,
"a. developing more! courses showing the applications of science and .
mathematics for| personal uses and.solving problems, ' '
b. developing moreprigorous science and matHematics courses for college-
bound seniors, ' _ . ‘
c. reducing the number of "frill* courses, o
d. federal funding of new curriculum development projects, .
e. revising the "old" NSF science courses by expanding or replacing
portions with Tocal materials, R . : _
f. ' developing mode] curriculum patterns for districts to consider (by
federal or state agencies or professional associations), '
g. providing training for local districts on how to develop curricula
‘and implement: them,
h. developing regional consortia of schools and universities to .develop
- curricula, : o ' o ' :
. j. states or:groups of states setting new standards for the textbooks
: to'be adopted, and - . ‘
N P iTproving program'eva1uation.

D.1.  Improving Local Leadership. Provf@Tﬁ@‘@?éater—%eadersh4ﬁ~fe¢—seienee-____
: ang.maEHEmat1cs education through such means as: _
a. increasing the number of science and mathematics supervisors within
) local schoel districts, R , o .
b. . weighting program development more heavily in the- job descriptions. -
of district science and mathematics supervisors, ‘ c :
c. weighting science and mathematics program development more heavily
in‘the job descriptions of general curriculum personnel, and '
d. state or federal funding of local district. plans for providing
greater leadership. - o |
'D.2. Testing Programs. ‘Improving instruction through new tests which- are
more consistent with science_instructibna1 goals through such means. as:
a. awareness conferences and trainingiin test‘preparation_for~district-
level personnel who develop tests for their districts i
' b. developing banks of appropriate test items and making them available
for local school district personnel to draw upon,- and

R4
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AT
¢. informing establ “shed citizen-accountability groups of the need for
this. improved testing and encouraging them to use their influence to
assure that appropriate modifications in tests are made.

I

Public Educatioh.' Generating greater public understanding and support

of K-12 science and mathematics education through suci means as:

@, various media advertising to promote the idea of students taking

more courses in science.and mathematics, ,
b. television programs for students such as 3-2-1 Contact, and
c. preparing publications for elected officials, such as school board
" members, which describe the current problems with science and
mathematics education and means for solving these problems.




Chapter 3. Projectéd Costs and Effectiveness
- of Single Interventions

# While they are grouped within the indicated eleven categories, each
specific intervention in each category must be examined individually to.
determine its projected cost and effectiveness. As noted earlier, however,
limiting the analysis to separate individual interventions would be
inappropriate because of the systemic. nature of the situation under
consideration. Thus, in the next chapter of this report,.attention will be
turned to the value of various combinations of interventions. A specific
analysis for each single intervention, however, must be done first.

For purposes of describing the projected costs and effectiveness of the
interventions, the eleven categories are grouped within four clusters.  These
four clusters are the three objectives~deseribedaearliErw(quantityT:qua]jtyja,
and appropriateness) and a fourth cluster designated as facilitating ,
interventions. Each of the first three of these clusters contains one or more
categories of interventions which are expected primarily, though not , .
exclusively, to directly promote attainment of that particular objective. The
fourth cluster, facilitating interventions, contains tategories of - .
interventions which, though not necessarily promoting directly the attainment
of any of these three objectives, potentially are of benefit in changing some
aspect of schooling that in turn will foster attainment of one or more of
these objectives. The four clusters and the categories of interventions

~ contained within each one are presented in Table 1. .

Estimating the cost of a particular intervention requires that attention:
be given to possible costs to a variety of agencies and individuals such as..
federal and state government and local school district expenditures, teacher’
and pupil costs, and costs incurred by industry in the case of donations from

‘that sector. The type of costs included are both direct costs and opportunity

coSts. Table 2 contains a definition of each-of the cost categories includinQ*

state and local district expenditures (S & L), federal.expenditures (F),

expense and-opportunity costs incurred by teachers (T), educational.

which each was calculated are contained in Appendix-A. A su

opportunity costs for pupils. (EOC), expense and opportunit for—pupils—
and their families (P), and costs incurred by industry (). ‘ -
i A full description of the costs for each intervention and/the basis ‘on
d in ary of these

costs is’ given here in Table 3 where S & L and F have been spimmed together
under the column headed "Tax Monies" and the EOC and P cate ories have been
summed together under the category labeled "Pupil Cost." {j . '

VA1l costs presented in these tables are presented as the cost per pupil
per-year. Some costs were substantial sums which were prorated over a number

~ of years. .For example, the cost of remodeling a school clasgroom to convert

it to a science laboratory was prorated over a ten-year span. In another. .

_finstance; inservice education was assumed to have.a "life" of five years and -

was prorated over that period of time. The only costs not presented in this °
manner. were the costs of public education (one of .the eleven intervention’
catégories). In most cases, the cost.per pupil per year is in essence the

st of providing the particular intervention for the sake of one class in
which that student will be participating over the period of one school year.

For example, an_idterventionAwhich causes the student to take an additional

s
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Table 1

Interventions Grouped by Primary Objective -

¢

Interveﬁ;ions Primarily Related to Objective #1: Quantity
1, IncréasingGStudent Requirements |
v;i;terventions‘Primarily'Related fo‘Obgective #2: Quality
1. Preéervice Preparation of Teachers

2.v°Enhancing Teaching as a Career

3 Improving‘Instructional Practice'

' 4.? ihservice Educatioh

'5.- Improving Materials, Facilities and Equipment

6. Assfsfénce from Business and IndUSfry

Intervéntions'P}imarily RéTated to 0bje¢£ive #3: Appropriatenéss

o

1. Impro?ihg School Curricula

Facilifatingulntenvenfiégs
1. .Impfoying'Local Leadership
2. Testing Programs - . o ' .

3. Public Education ~




Table 2

Definitions of Cost Categories

2

: 3
Al

Code Cost Category Description 4
g & L - State and local Includes all direct expenditures by school }
: district districts, the source of which generally is
expenqitures state or local funds. It also includes dny

direct expenditures by the state for programs
initiated at that level.: -

F Federal.ekbendj- *  Includes all direct expenditures by the federal'
tures ' government for:the given intervention. To
c whatever extent federal funds indirectly

support an intervention -through regular school ™
district budgets, it is included in S &L -~

- ahove. It also includes the cost of tax
reductions received hy industry for their -

donated assistance as described below. @
T - Expense.and Includes aﬁl‘direct expenses --incurred by
v -~ opportunity - . ;;eachers“or prospective -teachers and
) costs incurred “oppdrtunity costs resulting from their
by teachers participation 'in the'interveq;ion.
EOC ~ Educational oppor- Reduction in non-science eduE%tion'due to
tunity costs reallocations of time and resources-to sciedce
for pupils education. It is valued at its cost.
- -f————Pé—n———m—Expeasé—and_oppona___lt_includes_all_eipense and opportunity-costs
v _ tunity costs - incurred by either pupils or their families
' for pupils and ° with the exception of educational -opportunity -
their families °. costs contained in EQC above.. . S
I Costs incurred by Costs incurred-by industry as a“result of their ’
' industry - . donations to science education reduced by the

amount of_ the tax benefits they receive for .
their donation. : PR .

ToT  Total " Total of all of the above categories. -

s
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Table 3 . -
Costs of Single Interventions
(Dollars per Science Student per Class per Year)

¥

 Teacher Pupil  Industry
| Tag‘S -Cost Cost :Cost o
Intervention ’ ' . © Total
(S &L (P and -
amaFy M eeey )

A. Quantity o
1. Increased Student Require-
ments n -
a. Increase graduation . _ _
requirements (1 course) $30.02 " $600.00 _ $630.02
b. Increase college . )
admission requirements i . -
(1 course) .. 30.02 ~600.00 630.02
c. Increase length of 2 A , :
school year (4 weeks) 333.40 . 536.00 . 869.40°
" ¢! Increase length of ‘ S ‘
school day (1 hour) 500.00 -~ 401.99 =~ 901,99
d. Increase homework _ 1.59 ... 100,50 © 102,09
N e. “Increase percentage : - .
) of class time used - ‘ '
‘o for_instruction . 1.59 : 1.59
. f. Increase scheduled days . R L
used for instruction , o 60.00 ‘ 60.00 ., -
g. In€rease academic : : : ©
requirements for parti- : : _ o
cipating in athletics o 301.50 301.50

. B. Quality O :
1. Preservice Preparation of
Teachers o o _
“a. New standards for teacher o . : 3
* preparation programs . 2.88  $8.96 . 11.84 o
b. Greater science require-: : : o - _—
ments for elementary . ' /;//>/f//f/f
teachers . 1.15 . 3.58 _ T 4.73
c. Specialized science _ :
teachers in grades 4-6 2.88 8.96 11.84 -
‘4. More courses emphasizing - ‘ . S
_ applications of science - 1.39  3.58 L _ 4,97 N
o . e. More "hands-on" work in - ‘ S S
1, /// ~ teacher educatiom = . _ . R _
% - _programs : . 1099 + 10.99

A
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Table 3 gcohtfnued)

Teacher  Pupil Industry
Tax $ Cost Cost Cost

~ Intervention _ : = Total

(5 &L | (P and
and /) (D) eocy M

13

1. Preservice Preparation of . . C-
- Teachers (continued) : .
' f. Student teachers only -
with outstanding ; . . o
cooperative teachers <. 0,18 0.30 0.48
g. Employ. only fully o
certified teachers - _ N/A
h. Interest-free loans for - ' L -
- prospective teachers 11.39° - : 11.39 -

2. Enhancing Teaching as a
- Career ’
a. Increasing sa]ar1es of :
" all teachers ($3000) $26.88 _ $26.88
b. Increasing salaries of - . -
- science teachers ($3000) 2.15 o - 2.15
. Performance pay 3.58 : 3.58
. Improved_professional . '
environment . _ _ ' N/A
e+~ Local- teacher PeCOGNTm o e ;

a0

tion campaigns. 0.08 ‘ 0.08
f. Improved teacher recru1t- ' . _ - T ‘
ment and placement - 0.09 ) o 0.09
g. Involve teachers in . ' ' :
collaborative educa- R . _ -
. tional research 2T 5.35 ’ o - 5,35
.. h. Better superv1s1on and ' ‘ - . o
evaluation : 3.58 " . 3.58
i. Reduced workload L 240.00 , ' 240.00
- - :
3. Improving Instructional ~
~ Practice
a. Improved teacher student - N
ratio , 240.00 240.00 -
b. Mastery learning 1.82 $0.27 . . . 2.09
- c..Computer-assisted ' o L : 5 ,
f_1nstruct1on : L N/A
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Table 3 (continued)

o Teacher Pupil  Industry
Tax § ., Cost Cost Cost
Intervention Total
' (S &L (P and
and F) ) ec) D)
4. Inservice Education of
Teachers :
a. Summer institutes for . _
teachers . 2.57 0.09 ‘ , ~2.66
b, Academic year, full- - : > -
~ time institutes 44,15 7.09 . 51.24
c. Late afternoon or evening . _
institute classes 2.18 0.27 2.45
d. inservice on application -
of science - 1.82 0.27 2.09.
_e. inservice on more i
advanced aspects of s
science - 1.82-  0.27 2.09
f. Inservice on teaching ' _ '
"methods $1.82 $0.27 $2.09
g. Inservice coordinated :
with. Jocal development 1.82 0.27 . 2.09 -
h. Teacher centers B 2.11 0.27. . 2.38
i. Extended year contracts -
for program development 6.42 6.42
j. Improved teacher ' -
" evaluation ' 3.58 . 3.58
k. Sabbatical leaves 23.12  ° 23.12
5. Improved Materials, Eauip- /
ment, and Facilities '
a. Improved materials, equip-
ment, and facilities . 5.30 5.30
6. Industrial Assistance
a. Seed money for educa- g ' .
~ tional projects ©0.72 $1.07 1.79
"b. Providing cash awards 0.72 1.07 1.79
« ¢. Equipment donations . . 0.72 1.07 1.79
d. Loaning lecturers and. ’ S
workshop leaders to. o
- . schools . 0.49 e 1-0.73 1.22
"e. Rotating employees into ' o~ _ Y
classroom teaching - 30.46 T “%5.70 C . 76.16

e
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" Table 3 (continued)

Teacher Pupil  Industry

CTax $ Cost Cost Cost
" Intervention . ' - Total
| (S&L (P _and
amar) T ey P
6. Industrial Assistance

(continued) :
f. Evaluating and o . S

~developing curricula . 0.12 o 0.18 0.30
g. Summer employment for S : '

" teachers . 4.94 7.40 - 12.34

C. Appropriateness ¢ .
1. Improving School Curricula
a. Developing more courses
-with science applica- -
tions (local) , 0.59 ' 0.59

a: Developing more courses
with science applica- =

tions (federal) . 0.05 ) 0.05
b." More rigorous courses for ‘ ' =

college bound (local) . 0.59 . 0.59
b: More rigorous courses for -

college bound .(federal) ™ -$0.05 $0.05.
¢. Reducing number of _ ' ‘ ) . ¢

"frill" courses ‘ : ' : . ‘ N/A

d. Federal funding .of new
" curriculum development
. projects _ ,
e. Revising "old NSF" , , , . .
courses locally - 0,30 - : 0.30
f. Developing model cur- o ' - .
- riculum patterns for ' : _ .
districts . 0.05 - 0.05
g. Training for local v : o 5 :
~ personnel on curriculum: :
development and imple- ) : ' _ :
mentation ~0.13 o , - 0.13
“h, Regional consortia for : o _ ' :
curriculum development - 0.30° ' 0.30
i, New standards for text- . o :
book adoption - - 0.05 , - 005
_j. Improving program ‘ , : A o .
evaluation o 0.03. - o 0.03 . .

0.06 . - 0.05

- 30°



Table 3 (continued)

- o

Intervention

Tax §

Teacher
~Cost

Pupil  Industry
Cost Cost

Total

(S&tL
and F)

(M

(P and :
eoc) (Y

D. Facilitation
1. Improving Local Leauershjp

a’

b‘

Increasing the number
of science supervisors
Revised_job descrip- .

. tions, for local science

supervisors

. Revised job descrip-

tions for general
curriculum personnel

. State or federal funding

of local leadership

~development program
. Training for school

board members

2. Testing Programs

a.
b.
C.

. for test publishers *
d.

Awareness conference for
local testing personnel
Test item banks for
local personnel
Awareness conferences

Informing -local
,accountability
/committee members

?

3. pdblic Education .
a. Media advertising to

promote science
education

. Science television

programs for public

. Adult education courses

on science and -
tgchnology

3.00

0.75

0.75

3,50
0.05

$0.01

0.02

0.01 -,

0.05

<0.01
0.35

3.00-
;.o.fsl
0.75

3.50°

'0.05 -

DR PRSI

so.%g
0.02
0.0l

0.05

<0.01
0.35

N/A

PR

.'31'
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course. in science is an intervention that affects one class of the student's
school day over the period.of one, school year. .. .. :
While the cost calculations assume an "average
is recognized that the costs and feasibility of many interventions will vary
with the size of district. In most cases these variations do not signifi-

_cantly alter the conclusions drawn from the analysis. In those cases where it

does, this effect upon the ‘conclusions is discussed in connection with the
specific intervention, e.g., curriculum development or testing programs.

", Many readers may be inclined to attach more importance to the costs
contained in a particular column -than some others. For example, the taxpayer
or political leader may be inclined to give most weight to tax monies expended
and attach lesser importance to a matter such as "Pupil Cost" in the form of

opportunity costs or lost wages .to ‘the student as the result of spending more

~time in school. While various individuals may have different value judgments -
in this regard, one should not lose sight of the fact that all the- costs

described in this analysis are costs to society and that other individuals may

well_have-different _values_as _to_their relative importance.

Wi gized school district, it

_ The reader may wish to refer to Table 3 while reading this chapter since
costs are only described in general terms in the chapter narrative,  For
purposes of discussing the various interventions, however, these general
descriptions of costs as low, medium, or high may be most appropriate. In

some cases; of course, more precision. can be attached to the information for a

given intervention, but when one considers the substantial variations in the
conditions under which it could be implemented, caution should be’ exercised
about implying too much precision, . _ R

The criteria for effectiveness vary among- the objectives; they will:be
discussed within the context of .each objective. On.the pages which follow,

the cost and effectiveness of .each intervention are address ,
within the four clusters of objectives. . At the end of the chapter, several
matrices will be presented which portray the relative costs and effectiveness.
of each of-the, single interventions within each of the clusters of objectives.

A. Interventions Primarily Related to
‘Objective #1: Quantity

[

The criterion for effectiveness of the various ihter?entions proppsed,fdf;v v
this objective is time engaged in learning. It could be argued that the basic .

criterion should be scores on tests of student learning, but to facilitate - :
this analysis, the criterion idealiy-Shou]d have as close a linkage as. -
possible with the intervention. ~The criterion of time engaged in learning has

been shown by considerable research to be highly related to student learning. .
So the criterion of increased time engaged in learning will be used in lieu of

increased student learning. . ,
" A1l of the ‘specific interventions under consideration with respect.to

‘Each one is examined indjviQua11y as to its cost and effectiveness. Note that
this category involves significant costs for both the taxpayer and students;
both costs are considered. : : . - SR o

“fﬁigwiiféFVEﬁfﬁﬁﬁviFé”in'the*category~of*+ncreas+n —student—requirementss———

o -




' 29 : ) o
a. lncredsing the graduation requirements in science for all students.
This intervention consists of Increasing the required number of science

““Esufgég”iﬁ“jqﬁTdf”and“senﬁorwhighwschoo1s. For example, a-senior-high.that ... ...

currently requires one science course for graduation may increase the .required
number to two courses. ’ _ e
Costs: The costs for this intervention are medium for the taxpayer.and

‘high for the pupils. Theoretically at least, the students will simply take

less of some other courses so they can take more science., Thus, the total

" number of teachers, clgssrooms,}textbooks, etc., will not change. But there

are some real costs, including what may be called transition costs. A
substantial cost would be remodeling classroom space to provide sgience
laboratories-and stocking them with the necessary supplies and equipment.

There are.other less visible costs of this intervention. One is the loss
of student learning in areas other than science. . To whatever extent other

‘courses are not taken because—of-the-new-science requirement, the student

loses knowledge from the -other area. In essence it is a simple trade-of f but
it still must be recognized as a cost, since there are other interventions

“*"”’Tﬂﬁfﬁ'ﬁaféﬁfﬁ§117’Wﬁ11‘ﬁncrease"time~for—sc%ence—thatfdoénobfhave~this'eost7-i--ﬁ%

" yat another: potential cost (not included in the cost calculations) |
relates to the current shortage of qualified science teachers.’ To whatever
extent additional science teachers must be hired from among candidates with
substandard qualifications, the overall quality of U.S. science teaching is
lowered. Similarly, if non-science teachers in a particular district are

reassigned to teach science because their major teaching area has lost

enrollment due to -the increased sciencevrequirements,_the overall quality of
science teaching is lowered. In some cases it'may be feasible to retrain non-.
science teachers so they are qualified to teach science, 'in which case the

**"""costf+nvo+ved-may~be~thatwé£vnexnainjng,__Boih;tosis,yxhe~£Q5ts of retraining

teachers and the cost of inadequate science teaching due to-a lowered quality
of teaching, are real costs. - , ,

_ Effectiveness: The effectiveness of this intervention.in terms of the
given objective Js potentially high. To whatever extent the new science
requirement is higher than the amount previously taken it will result in

students being engaged in science learning for a greater period of time.

Further analysis, however, leads to some important rgservations about the
potential effectiveness of this intervention. Most of the college-bound
students in a typical school already are taking more than the minimum required
amount of science. Thus, the increased requirements will have . little-effect
on this portion, roughly half, of the school population. The group it will '

. affect is largely the non-college-bound students, sometimes referred to as the

general or non-academic student., Since increasing the scigntific' literacy of

all students is generally regarded as an important goal, this intervention

SET11 seems to be an attractive one, but some other considerations appear.

Heed also must be paid to another of the- three objectives, namely the L
appropriateness objective. Is, the current science curriculum of high schools
designed for the college-bound students or is it appropriate for all students?

It probably is not appropriate for all students, so the appropriateness issue . .~
also must be dealt with before a final answer can be given on the

éffecETVEHE§§~6TffﬁT§“ﬁKYtTEUTarfinterventﬁon: This—s ituation—illustrates—the
systemic nature of the issue at hand and ‘leads to a final conclusion:. this

‘ntervention will have high effectiveness in increasing the amount of time o
engaged in science learning if the appropriateness objective also is attained., =




30

. b. Increasing college admissiop re uirements in science for all incoming
freshmen. < Tntervention consists of increasing the number of nhigh SC 00
<Cience courses a student must have taken before a‘college or university
admits them for study. The number -currently required for admission to .
colleges ranges upward from zero, a'not uncommon minimum, to a high of two (in
all but a few unusual situations). : , :
Cost: -The cost analysis for this intervention is similar to that of . .the
previous intervention, i.e., medium. for the taxpayer and high for pupils. -
' Effectiveness: Since this intervention must, be implemented by individual
colleges, 1ts impact on the number of studants taking more science in a given
high school ‘is likely to be relatively small, or at least very gradual; unless
(1) the number of colleges making the change is large ‘and (2) the increase n
requirements is not only beyond CUrrentﬁrequirements”but”beyond“what~the*v~'**“*w~"*f%
incoming students currently take. The effectiveness of this intervention is
difficult to determine without .data on both current requirements among
colleges and on the number of credits in high school science among incoming ;
~college freshmen.. -Several institutions recently have incrggsed their _—
"adMiSSibn"?éﬁﬁﬁ?ﬁﬁéﬁf§”f?ﬁﬁ“twaftaffhréé”years‘ofisciehce: - '
Imp]ementation'of.this-intervention probably will vary widely among :
colleges. The many colleges (about 40 percent) with an "open-door” approach,
i..e., admit any high school graduate, probably will not introduce a science
requirement since -it would require a fundamental change in a basic
institutional pelicy. Most.of ‘the colleges having certain requirements for
admission also compete with each other for students during this non-growth
era. Thus, they often are reluctant to increase admissions requirements of
this nature unless their "competition" is doing so also. Only a minority of .
institutions of higher education probably are in a position to take unilateral
;ﬂactﬁon“on‘a'thange~of~th%sﬁnature. — =S o '
~ Colleges probably will take action on this intervention if it appears it
-will improve their own programs. In that regard, college personnel are
.advised to review the research on the effect of high school -preparation in.
science on college science performance, information which will be examined .

'3 : .

briefly in a latter section of this report (see page 53).

c. Increasing the length of the school day or the school year. This :
interventTon consists of jncreasing the amount o time students are in school
each day or lengthening the school year by some number of days or weeks. .This
action could be taken at either the state or- Jocal level, although state
‘action is probably the key since state financial support for schools commonly
is tied to student attendance. : . '

Cost: The cost of this/intervention is high for both the taxpayer and ~ °

pupils. For the.taxpayer, the cost is approximately a prorated portion of the
current non-capital expenditure portion of the cost of s hooling. The current
non—capi&al annual per pupil expenditure in Colorado is Qapproximately -
$3,000,°5 Assuming a 180~day sschool year, the additional per pupil cost of

" extending the school yeag/wou1d be approximately $83-per week. Similarly, if
the school day were extended by 17 percent,

. , i.e., by adding one more class to
" each student's schedule or lengthening each class by 17 percent, the -
anticipated cost would be an approximate 17 percent ‘increase in the non-
.capital expenditures portion of the budget or an annual increase of - '
approximately $500 per student. For the pupil, the opportunity costs are high
“if either the school day or the school year is lengthened. ' N

/
/

N -
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Effectiveness: Assuming that students would participate in an extended
schooT day or school year.at the same rate as the current program, this
intervention would be effective in increasing the amount of time students
would be engaged in learning science. ' This intervention is not differential
with respect to science. The time engaged in learning would increase
proportionately for all subject areas. The impar. is quite predictable and
measurable. Since non-capital expenditures constitute the largest portion of
school budgets , the cost and effect are close to direttly proportional.

d. Inéreasing the amount of homework assigned to students. This
intervention consists of a change 1n the instructional practices of teachers.
While basically a simple increase in the amount of _homework assigned,.a change
in the character of the homework probably should be considered also. -

Costd: The cost of this intervention is quite low for the taxpayer and
" medium Tof students. It has virtually no impact on most parts of the, budget,
even for supplies. Consideration should be given, however, to the cost of
inservice education for teachers ip how to develop valuable homework,
“activities which are an integral part of the classroom instruction and have
the highest probability of being done by the students. To whatever extent
such changes in instructional practice are related to changing the curriculum,
there may be some costs relative to curriculum improvement. A1l things
considered, however, it is a low cost change. '

Effectiveness: Although one cannot simply generalize the results to the
high. school setting, there is research conducted at the college level which
offers some insights as to the potential of this intervention. The research
literature on college teaching shows that what a college professor does to
influence how students use their time.outside of class has more impggt on -
—student--learning than any other aspect oF their instructional work. Other

‘research at the secondary school level shoys directly that increased homework
can be used'to increase student learninga’ To whatever extent the high
school teacher can influence students to do more work outside of class, there
_ is ‘every reason to expect it willenot only increase the amount of time engaged

. in learning but increase learning-as well. When compared to the amount:of

time spent in class, an additional 20 minutes per day engaged in learning

outside of class is a substantial amount .of time. This arbitrary figure of 20

minutes per day is-picked for illustrative purposes only, but the basic point
is to emphasize that an increase in homework from zero to 20 minutes per day
or -from 20 minutes, per day to 40 minutes per day, is a substantial .increase
and has the potential, if done properly, of significantly increasing the -

amount of time students are engaged in learning. , : .

The success of this. intervention is probably dependent upon some of the

other potential interventions. For. example, improving local .leadership may be

necessary to provide the stimulus and assistance to put this intervention into
practice. Similarly, inservice education focused directly upon this
intervention may be necessary and a change in the school curriculum may be of
help. These interrelationships give further impetus to the idea that the
tptal process of making change in the schools is systemic. ° . -
. e. Increasing the pro drtion of total class time devoted to instruction.
" This_intervention consists -0t TOS ering teacher behavior change suc at more
time is devoted to instructional activities and less to socialization, N
administrative details, and maintaining order. These other functions are '

important, but the bas:'c thrust of this intervention is that student time will
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be devotedras much as possible to learning. Research indicates that the

average amount of class time in which students are actively engaged in

learning varies greatly from tigcher to teacher, from as low.as 50 percent to ...,
a high-approaching 90 percent. ' : . )

‘ Costs: The cost of this intervention is low for both taxpayer and
student. costs .for the school are essentially those of motivating teachers
and helping them acqyire the new behaviors needed to make this change. These
costs basically are for well designed, targeted, inservice education and
additional supervision and support to assist in implementing the desired
changes. - ‘ , .

Effectiveness:, The effectiveness of this intervention, if implemented,

_is high, as indicated by two pieces of data. The first is the wide variation

in the;current'peitehtage'of”timE‘"onﬁtask"*as indicated above. Secondly,

_data on the effectiveness of training programs designed to help teachers in -
this realm indicates change can be made. ,

" f. Increasing the proportion of scheduled school days actually devoted
‘to classes. Ts intervention consists—ofrequcing-the-num er—of class—
‘periods or entire school days devoted to "non-instructional® activities such
as pep rallies, assemblies, and other special activities.
‘Costs: The cost of this intervention is low for every party involved; it
is basically the loss of student involvement in other activities. ’
Effectiveness. - The effectiveness of this intervention, in increasing the
amount of student time engaged in classroom work is largely a function of the
extent to which- it d4s implemented, To whatever extent a particular school

.

dogs devote a large amount of time to.such "non-instructional activities,"

, there is .the potential for making an effective change. .The amount of time .
e devoted—to—assemb}ies—and-similar-school activjtjes_igra;ngpresentative
" suburban school district was found to be 4.1 percent.”” _Fg¥s amount of time,
less than 14 hours per week, is not large enough that a significant amount of
.additional instructional time could be found here.

. g. Increasing the academic requirements (grades) for student articipa-
~ tion in athietics. T ervention consists of increasing the minimum .. - .
. grades required of a student before he or she may participate in the athletic .
program, . , : . ' o o : -
Costs: The cost of this intervention is low for the taxpayer and medium
~ for the students. affected. It is essentially the loss of athletic experience
on the part of some students who would no longer qualify to participate in

athletics. . . S :
v Effectiveness: The impact of this intervention on the amount of time
* ' students spend in learning (whether ir or outside of class) is hard to .

determine. The strong desire many students have for participating in

athletics, however, may indicate it could be a significant motivator. _The
current requirement basically is that a student be doing passing work in four
subjects. In Colop do, a student cannot have failed more than one course the
previous semester. The number of students whom this intervention would ‘
affect, however, probably is quite small; it would affect only a small A
minority of athletes unless the requirement were raised substantiallys——— - e

<
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B. Interventibns Primarily Related to
~ Objective #2: Quality

. As indicated earliér, quality of instruction is more difficult to define
than quantity of instruction and it is more difficult to demonstrate that
whatever we define as quality has an impact on learning. Calls for increased
quality of education most often refer to increased teacher competence in terms
of knowledge of science, skill in teaching or dedication-to the job;
occasionally increased quality refers to better facilities, equipment and
materials. Since quality includes so many dimensions, it is not possible to
make a simple demonstrable link between it and learning. Various indicators ¢
“of quality must: be addressed:one by one in connection with particular S
interventions. Each will be examined individually as'to its pntential impact
on.student learning based on available research information. The single
interventions in this section are -grouped within six categories including
preservice preparation of teachers, enhancing teaching as a career, improving
instructional practice;“iﬁ@é?Vﬁté‘édUﬁﬁtjUnTMTmprovﬁng'materiaﬂsjffatiTTt1esi“'w““f“*“
and equipment, pnd assistance from business and industry. The costs.of the.
interventions in these six categories are to the taxpayer or the teacher. -
Since these costs can shift from one to the other relatively easily depending
upon district ppﬂicy (e.g., payment or non-payment of teachers for C
participation in certain types of inservice education), no attempt is made
below to distinguish between these two categories. : :

|

o .
1. Preservice Preparation of Teachers

These ‘interventions are jnten&%d to improve the preparation of science
teachers prior to their initial employment. They pertain to all aspects of
.the college program including (a) general liberal arts background, (b) study’
in the major field, e.g., physics, chemistry, biology, or geology, and
(c) preparation in professional education. Each of a series of interventions
for improving.some aspect of this preparation is analyzed here in terms of -
cost and effectiveness. ' B ' :

-

. ..a. ‘New standards for teacher preparation programs. The proposal is that
units of state governmenﬁ'cerfi?yingofeacﬁerS'esfagl1sﬁ new standards for |
preparation programs and enforce them in the credentialing process. Opinions
vary as to what form these new standards should take and the intervention has
to be analyzed in these somewhat undefined terms. Whatever the specifics,
however, the intent is that the standards be more rigorous and demanding.
Costs: Thetcost of this intervention is low unless it requires the
development and/or addition of new courses in a college program. If it is oo
simply a matter of requiring .teacher education students to take certain
courses they did not take in the past} the impact on enrollments in courses in
~most institutions would be minimal and not result in significant programmatic
changes. If, as assumed here, the new standards require the development of
new courses or an increase in the Tength of “theprogram, “significant costs are
_involved. R : ‘ :
Effectiveness: . In-order . to evaluate the effectiveness of this “
intervention, one must have some -knowledge of the relationship between such
preservice preparation and teacher's subsequent performance in the classroom.




© 34

The relevant research findings are almost exclusively correlational so drawing
cause and effect conclusions is problematic. In addition; the correlations

" between preservice preparation and teaching performance are very Tow. It is

- important to note, however, that these correlations are higher than the
correlations between teaqhing performance and other teacher variabées. The
research shows that the better teachers cannot be identified on th Jbasis of
personality characteristics, for example. The research indicates, however,
that differentiation can be made among teachers to some extent based on their.
science background, their preparation in professional education, and thei
general academic performance in college. "The low correlations (on the order
of .3 and at most .4, indicating a degree of association between 9 percent 3n%
16 percent) do not give great hope that tggcher preparation programs are a  f
place where dramatic-changes can-be made. Nonetheless, it Is important to
select and prepare teachers who are able students themselves, have a strong
science background. and who have good preparation in professional education.
Both the medium cost and the positive correlations referred to above point to.
this as an intervention that should be pursued even though the resulting

smount—of-change may not be as large as. for some other_interventions. .

One must also recognize that other factors besides the nature of teacher

.preparation programs control the background of the teachers who are employed -

by local school districts. Teacher supply and demand probably control this.
variable more than the minimum standards established for teacher education ,
. programs. In addition, one must look at the nature of the specific activities v
‘included within a teacher educatioh program. Specific changes in these

activities are reflected in'some of the other interventions within this

category .and will be addressed specifically in that context.

. b..—Greater_science requirements for elementary school teachers. The . ‘
. intent of This intervention is to require that e ementary schoo steachers —
receive more science training in their teacher‘preparatégn programs. A Lo

. typical minimum requirement now is two science courses.

Cost: “The cost (low) ‘is the loss on the part of the future teacher of
some other knowledge:that would have been gained in whatever other courses are
being replaced or the cost of an increase in the total length of . the teacher
education program. Assuming that the student was enrolled in a state -
university or college, there is an additional ccost to the state of providing -
that, education. The additional cost to the student would be tuition, living

" is devoted to further

expenses, and 10ss of income during the time wqﬁch
schooling. : : _ . o
Effectiveness: The .positive, though low, correlations between science

background and teaching peyformance hold out some promise for this interven-
tion. One may also speculate ' that a teacher .with more background in science
would be more inclined to spend time teaching it. Since current data indicate
that science typically is not taught as much’ in elementary school as official
guidelines would indicate, this potential impact of the intervention may also
be of consequence. Consideration of this. possible impact leads once agdin to
the systemic view of making changes in science educaﬁion. 1f one of the

priorities ‘is to teach more science in elementary schools, this intervention -
~31s0 should be tied to such interventions as district efforts to_increase the .

L . amount of time elementary school science is taught. e )
¢. Specialized preparation programs for science teachers in grades 4-6.
- The inten

t 1s to-prepare teachers who are science specialists for grades %-0.

38
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Suggesting this action implies concurrent attempts to departmentalize
instruction in the upper elementary grades so teachers may specialize. by
teaching area. It fis assumed that such an elementary teacher would have a
minimum total science background of 30 semester=hcurs or mere,” T 7 T
Cost: The cost (low) of this intervention is the loss of knowledge in

other areas resulting from a shift away from other of courses in the
prospective teacher's college program. [f this preparation ultimately leads
to employment in a specialized position teaching mainly science, the loss of
‘background in other areas is not of major consequence. If such shifts in
school practice do not occur, the cost may be significant due to a lack of
preparation for teaching other subject areas in the elementary school
curriculum, s

_Effectiveness: In view of the previously cited positive, though small,
correTations between science background and teaching performance, this
intervention is viewed as having a positive but small effect.- Its full
benefits require programmatic changes in schools as well.

]

_ d.._ More courses emphasizing the applications of science. This

intervention consists of adding to the teacher prepacaf1on program courses -
focused on the applications of .science, i.e., not just limited to science per
se as in the typical science major. These applications would include many
Tmportant aspects of technology, applications of science to the personal.needs
of people in-such areas as health, energy conservation, and common
technological devices, and such societal issues as ruclear power, ¢
environmental concerns, world food supplies, and national security. The
typical college science major currently is lacking in attention to such
topics. =~ - - " '
Cost: Although a few courses of this nature have been added to the

curriculum in many co?TégES‘and"unﬁversﬁtﬂes~acrossWthe—eoun%nyT—the;number in_

a typical institution is relatively small. ~To whatever extent this -
intervention simply requires .shifting to existing sections of courses of  this
nature, the cost (low) to students is the loss of information in some
eliminated area. To whatever extent such course$ must be added to the
‘curriculum, the institution faces course development costs. They include
faculty time and expenditures for new library materials and laboratory
" equipment needed for the courses. - Implementation-of this intervention may be
facilitated by development of model courses in selected institutions. Federal
grants to a iimited number of institutions may.be valuable in stimulating the
spread of such courses. o

Effectiveness: °This intervention is related more to the objective of
appropriateness than it is to quality. Given the extensive efforts probably
required to bring about changes in appropriateness, as will be described in a
later section of this report, this intervention by itself is probably of
little consequence. On the other hand, this.interventionfpotentia11yvcou1d be
a'significant contributor to a multifaceted endeavor to bring about change
with respect -to the third objective--appropriateness. . ‘ g

e. More "hands-on" work as art of teacher education programs. The .
basic point of this intervention 1s to make teacher e ucation courses less
theoretical and mofe "practical,” e.g., directed more toward development of
~materials, planning for instruction, and working with K-12 students in actual
school situations. . ~ o

RARE
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Cost: The cost of this intervention hay be resources for developing

‘modifications to an existing program without chaiging its.length or it may

require lengthening the program, It is a medium cost intervention,

U egfectiveness: There ‘are considerable -indirect data- indicating-this
intervention would have a positive impact, but the magnitude of the
improvement is difficult to assess. Based on the limited information
available, if fully implemented it probably has more potential for improving
teacher education than any other single intervention in this category. -

f. P1atin? student teachers only with,outstanding cooperating teachers.
This action implies grealter care in sé ecting cooperating teachers W which

student teachers are placed to insure that the cooperating teachers are truly

i

. outstanding and not just. average. It assumes that.placements currently are

not made on this basis as much as they could be.

' Cost: Two costs are involved in making such a change. One is the

greater expenditure of time by university personnel in locating such teachers.
The second cost is somewhat increased transportation costs for the student
teacher. This increase in cost is low and is based on the assumption that

these more selective standards w111‘?éﬂ0+re*goﬁng“farther"from~the"universityw"~¥—~
to locate the cooperating teachers. ‘ ‘ o
Effectiveness: There are few empirical data to establish the

differential effects of placing student teachers with "outstanding"

, cooperating teachers as compared to "ordinary" teachers, although the

" conventional wisdom is that there is a major difference. Inferences from ‘
. somewhat related research, e.g., studies of "modeling" for teaching particular

teaching behaviors, support the contention that there is a difference. The
magnitude of change likely to result is \argely in the realm of spgcu]dtion.

Stron ef—énforcement—oﬁ-the—Fequinements—ihat_schooJmdjstricts;hiref«,__._

‘ g.
only fully credentialed teachers, 1.e., not hire teachers on "emergency . :
Certificates” or "letters of authorization.” Data from a survey conducted by -’

the National Science Teachers Kssociation indicates that approximately .
50 percent of the science teachers hired,in the United.States for the 1982-83
school year were_not fully credentialed. The intention of this intervention
is ‘to restrict school district's freedom to hire such teachers. .
Cost: The cost of this action is low unless one carries it to its
ultimate conclusion and faces the choice of having either a less than fully
credentialed teacher or no teacher at all. Under these circumstances the cost
of the intervention could well be having no teacher and eliminating =
instruction in the given science classes for that ‘year. A possible long-range
consequence is higher salaries paid to teachers in order to attract ones:

having the full credentials.

Effectiveness: This intervention is probably of little effect simply
because when taced with the choite between no science instruction and science )
instruction which is of marginal quality, essentially all schools will opt for .|

marginal quality rather than no instruction at all.” .

<

 h. Loans or scholarships for persons preparing to be science ‘teachers. .* . -
‘This intervention 1s offering financial incentives to studénts who choose to S

enter a preservice science teacher preparatﬁvn‘program;—the*intentris—tojf~~“«—4%§

~attract students who would not otherwise enter them, Such financial

incentives could be either interest-free loans or scholarships of  varied
amounts. : : : .

c
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"Cost: The cost of “this intervention’basically depends upon the amount of P

the financial incentive chosen. If interest-free loans were offered, the cost
. would be the interest eXxpense; if scholarships are offered, the cost would be

the amounts of the scholarships. On an interest-free loan basis, it is a
medium cost intervention. . = | - |

Effectiveness: The effectiveness of this intervention is difficult to
determine. The Best indication probably is gained from the effects of similar
programs, such as the ROTC scholarships provided to students entering those

programs. Data on the effectiveness of these programs are not'égﬁstantia1,
but ROTC personnel-are of the opinion that.they are attractive. :

’

2. Enhancing. Teaching as a Career

The attractiveness of a particular career is a function of many factors

v including salary and o}herlcompensation, recognition and prestige, and the
very jndiyidua];matter of persona1.satisfaction gained from the activity
itself. The intent of these interventions is to make teaching more attractive
through intreased-financia1°compensatibn£_greater'prestige and recognition,
and what may be called nhetter working. conditions" resulting .in greater )
personal satisfaction. The expected result of this intervention is increased
quality of teaching for several reasons: .there_wou1d be fewer teachers .

- employed with less.than full credentials; there would be greater opportunity
for employers to select better -candidates from among a bigger pool of g

candidates; and the persons employed as teachers would have more motivation to
do a quality job and more opportunity to do so because of their "working
conditions." Each specific intervention is evaluated as to its cost and
ef fectiveness in increasing the quality of teaching.

. .a.. Increasing the salary of teachers within all fields. The intent is
to raise the salaries of teachers Tn all fields with a resultant increase in
the quality of education. This increase would’ be across-the-board for-
teachers in-all fields at all levels of experience. ' -
Cost: The cost of this intervention is-high. Since a high.percentage of
schooT district.expenditures are for'teathers'-salafiés, an across-the-board
increase of, say, $3,000 would result in a substantial increase in school
district budgets. ' : : : o
Effectiveness: The effectiveness of this intervention is difficult to
. assess; to a large extent such assessment.is speculation. .Moreover, in doing "
u_this;angly§i§ji£;i§_important to digtinguish between long-term and short-term
effects. If the saTEFTES‘Of'311~teaehen5~wene7nai§ed;substantially,,it is
reasonable to expect that a smaller percentage(of[persons currently employed
as teachers would leave the profession to seek other emp]gyﬁent. The extent
to which the quality of teaching would rise as .a result of this greater
retention is difficult to determine. To whatever extent the better teachers
are leaving at a higher rate than poorer teachers, halting. this exodus. would
be inf]uential, It-would also be important to restrict this exodus if the
more-experienced teachers are the better teacher< but the correlation between
years of teaching exper ence and teaching performance is low. Based on .
<" available information, it would appear that as a short-term intervention this
one is not likely to have a major impact. . . ¢ . :
This intervention is more important from a long-term standpoint if it
improves the quality of people attracted to a teaching career. As indicated

o
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earlier, background in the -subject field and preparation in professional
education are related to teaching performance. Thus, to. whatever extent the
number of people employed on “emergency certificates" is reduced, the quality
of teaching should be higher. Assuming that higher salaries do attract more
people, the quality of teaching should rise. Assuming also that hiring )
. officials.are able to discriminate and select the better teachers, the quality
of teaching should rise because these hiring officials will have a larger
group of candidates from which they can -select. If there are more persons
credentialed as teachers than .there are employment opportunities, there is an
opportunity to increase the level of quality by this judicious hiring. ’

~ The likelihood that higher salaries will result in greater job
'satisfaction and thus better quality teaching is difficult to assess.
Research indicates that among the three main motivators of teachers including
salary, ang7per50na1 satisfaction from the job itself, the latter is the major
motivator.” . This information still does not establish the extent to which
salary is a motivator, however, and we have little information upon which a
convincing argument can be made that this increased motivation would result in
noticeably higher quality teaching. The major benefit of this intervention
probably is the former one, attracting better initial hirees. : :

b. Increasing the salaries of teachers in science to be competitive with
alternative employment, This intervention is essentially the same as the-
‘previous one except it is limited to teaching fields, such as science, where
there is a shortage of teachers. : ' / : o

-

Cost: The cost of this intervention is the same as the previéus one with

the exception_that it is applied only to those areas in which there is a -
shortage.. As a result, it is a high cost action. If applied only to those
fields and not.to those where supply and demand are in balance or where the.
number of teachers available is larger' than.the number of jobs, this
intervention would pertain to\the physical sciences and earth sciences, but
not to biology. Additional cégts may be associated with any conflict arising
from differential pay by subject field, a matter of some controversy among
teachers. o o

Effectiveness: The analysis of the effectivehess of this intervention_ is_

similar to that of the previous one. It also should be noted that there is
considerable variation across the.country in the shortage of science teachers.
. The potential effectiveness of this action in a particular region, state, or.
individual school district should be judged in terms of the supply and. demand
situation pertaining there. e o ' o
c. Establish performance_pay for_teachers. -This intervention entails
basing salary increases for teachers upon their teaching performance, in
contrast to basing them simply upon the teacher's educational level and number
“of years of teaching experience as is the current situation in most school .

districts. Performance or merit'could be determined by administrative

~ personnel through a variety of means including student's performance on tests.

Cost: The cost of this intervention could be relatively low if. one

distribution will change. Under this assumption increases would be made upon_
the basis of performance. The costs associatedqwith‘the'intervention are for -
developing a system of détermining meritorious performance. °

o Effectiveness: -The effectiveness of this intervention 1s dependeht.fikst
of alT on the .ability of administrators to determine meritorious perfdrmance.

A

assumes that total salary increases will remain the same and only the means of '
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Given that the correlation between administrator ratings, student ratings and
increases on student test scores is quite low, this consideration is of some
consequence. Assuming it is possible to make these judgments, the
intervention's long-term effectiveness is prgbably dependent upon the extent
to which it causes good teachers to stay in the profession and poor teachers
to leave because their salaries are not competitive.. 3

d. Providing an improved professional envirdnment within schoo! ‘
‘districts. This intervention consists of "improved working conditions" such
as fewer lunchroom’and hall duties, better office arrangements, better
sécretarial support, and a reduced nuymber of different "preparations," i.e.,
fewer different courses per day. These specific items are illustrative of a
broader class of improvements. o
: Cost: ‘The analysis of the costs of this. intervention can be done in
terms of specific examples listed above as illustrations-of this type of
intervention. Assuming that monitoring activities such as supervising -
Yunchrooms and halls will be done by non-teaching personnel and that teachers '
will use the time released for additional preparation and student assistance .. -
and not to teach additional classes, the cost of this intervention is the cost
. of ‘hiring the non-teaching personnel. If teaching is not changed and teachers
are not freed up for additional preparation, however, there is a savings due
" to the difference in pay between teachers and non-teaching personnel. ™
‘ The cost of additional office space is something that probably is =
effectively addressed only in the context of copstructing new buildings and
will not be addressed here. Additional clerical and secretarial help
amounting to one such additional person for each 10 teachers is assumed in
this analysis. = . | . L
Effectiveness: The effectiveness of these actions is difficult’to.
assess; basically we are left with speculation. 1In general, it can be said
that these ‘interventions are favored by teachers but there is little hard
evidence to suggest a dramatic effect on the attractiveness of teaching as a -
career or upon the learning that occurs in a given teacher's classroom. At
the same time, the cumulative effect of many such actions over time may be an ’
important contribution to the overall status of teaching as a career. There. |
are growing indications that actions which reduce the isolation of teachers
from profescional colleagues are of value. ‘ . ' s

2]

“e. Initiating campaigns to enhance local teacher. recognition and
respect. < This interveantion consists of such actions as programs to honor a
"teacher of the year" in a particular school or district and public relations
campaigns to develop-a more positive public image of teaching as a career.-
"~ TTCost: -The Yow costs of “teacher recognition programs generally involve

administrative and secretarial time to publicize the program, obtain

nominations, screen and select the nominee(s) and make the presentation. ~To"~ . .
whatever extent the recognition carries a monetary reward, this. would be an' =
additional cost. Most such campaigns are conducted with—the-personnel-—already—
“employed in the district and the cost is-modest. The cost of a public. -
~relations campaign, however, could be rather large depending upon the scope of . .

-.-the efforts.

+ . Effectiveness: The effectiveness of these interventions iz difficult to
assess and largely a matter of_speculation. S ‘ .

i
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"~ f. Improving teacher recruitment and placement services. This '
intervention consists of better procedures gor identifying, selecting and
employing.new teachers on the part of school districts and the provision of
placement cervices on the part of institutions of higher education or other
agencies. T ' _ ' '

, Cost: The costs of these endeavors can range from essentially zero to
several hundred dollars per teacher depending upon the Jevel of additional
. effort expended by recguiters'or placement'personne]. Essentially, however,
it is low cost. ’ : T : ' '
Effectiveness: . In terms of overall impact on education in a large area
such as a state or the nation, these efforts are unlikely to have much impact;
other factors control ‘the guality of teachers entering the profession. In °
terms of a given local school district, however, jncreased endeavors. may
improve its competitive position Wwith respect to other school districts., In
other words, a school district with a particularly good. recruitment program -
may be able to obtain more than its "fair share” of the available quality
teachers. ’ : : )

2 5

g. Involvin teachers with researchers fin collaborative educational
research. This 1n€ervenf1on would involve teachers in educational research
projects in conjunction with professional researchers.. The intent is to train
teachers to some extent in the research process and gain their participation -
in research. The expected benefit .is both better research and professional
growth for the teachers. ' : ; o
“ Cost: To whatever extent this approach simply displaces current
resources from one type of personnel to another type, the overall cost of the
- research remains the same. Training teachers to give them the needed research
~ expertise would require funds and there.are.opportunity costs for the '
_teacher's involvement. Essentially, however, it is a medium cost
intervention. o T R

Effectiveness: One of the penefits of this endeavor could be better
quality research. In terms of benefits to teaching, a possible outcome for
teachers -is a better understanding of the educational process and related .
insights' about the most effective ways to teach. Assessing the extent of this,
impact is-rather difficult, though large gains seem unlikely. One other
benefit. of this activity may be increased income for teachers if it involves
work beyond their regular teaching duties. Supplemental income for what is a
direct professional activity with potential professional growth:-benefits is a
positive outcome of this endeavor. ' : B N

~————h—More-emphasis—on_ rofessional_growth, including better su ervision
and evaluation of teachers.- This interven Ton 35 directed’ toward improved
: pro?essnonalrpractICe through better,supervision and evaluation by princ1pais

-~ -and other-jnStructiona1"1eaderS; ST

~  Costs: . A significant cost of this intervention is inservice education
for administrators t0'prepargkthem better for new endeavors. Even so, it is
'sti11 a low cost intervention. : R R :
Effectiveness: The effectiveness-of this endeavor was addressed to a
considerable extent under ¢ above. In addition, fur@her.benefits to students

.could accrue simply-from improved professional practices Jearned and adopted,

independent of any-pay increases that may or may ‘not be involved under a merjt
pay system. Studies of educational supervision indicate that changes can be

[}
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made.- This intervention/relates somewhat to another category, improving
-school leadership, whic? will be addressed in a later section of this report.

i. Reduce work loads, that is, have fewer students per class and fewer
classes per day Tor each teacher. While this intervention has the potential
 oF enhancing teaching /as a career, it°is more likely to be utilized as a
"direct attempt.to impfove the quality of dinstruction. Thus, this intervention

witl be addressed in a future category devoted to improved instructional
practices (3.a below). : ‘

3. Improving,Instructional,Practices

~ The interventions in this category are changes in the standard _
instructional practices employed in schools. A list of all such possible
interventions would be very long, longer than feasible to address in this
document. For this reason, only three are included as examples, each’
distinctly different from the others. Some instrUction3T~Eﬁiﬁ§és can be
- implemented by teachers on their own, even though -assistance in making change
would be helpful. Other interventions in this category would require action .
by both teachers and administrators, while still others-are largely under the
control of administrators or pdlicy makers. A1l of them directly affect the
nature of student experiences ‘in.-the classroom. . R
- a. Improved teacher-student ‘ratio. THis intervention, essentially the
same as 2.1. above, would result in- smaller classes for teachers. The intent
would be improved instructional quality through reducing the number of
students in each class. . ' L ‘

Costs: The costsof this action are very high, affecting both ‘school
district operating budgets and capital expenditures. - Smaller classes increase
the need for teachers as well as classrooms. Thus, at least as an order of ‘
magnitude approximation, the educational cost per pupil increases in -
proportion to the teacher-student ratio. Reducing cldss sizes by 10 percent
means the cost of education will increase by a percentage approximating '

10 perCent_ I T s ’ B ’ oo
: - Effectiveness.. A substantial body of research on class size establishes
« that 7t s related to student learning. The many studies on this topic were
- integrated through meta-analysis by G]a§§ et al., and the results reported in
~ their book entitled, School Class Size. Although learning is correlated.
with class size, within the range of class size typically found in American ‘
schools. one would not expect from this meta-analysis.of research that reducing
the average class size in a' school district from, say, 30 to 27 (10 percent)
would result in a substantial increase-in learning. Its impact would be low.

. . .
/ b. Mastery learning.” This intervention consists of implementing the
instructional approach commonly referred to as mastery learning. It is-
" included here as Hn-examgle of a substantial number of instructional practices
~ which could be adopted; though mastery.]garning-has been_shown to be more. . .
effective than, most new instructional approaches in-terms of student learning.
’ " Among its characteristics are well defined, specific instructional outcomes,
instruction focused upon these objectives, and reteaching until such time as
the student has acquired the desired outcomes. The rate at which a student
proceeds is determined by the time it takes for him or her to "master" the

. . : - por
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‘,‘instruction n sc?%nce mostly have not yielded dramatic results.®
" learning is essentially equivalent to that in traditional classes. So for the .

objectives. Among the characteristics of this instructional approach are
frequent testing and immediate feedback to the students, Similar

- instructional approaches sometimes are found under different names such.as the

Keller plan. o :
-Cost: The costs for implementing this approach are relatively low. The
most significant costs are teacher training in this instructional approach and
¢upport from knowledgable supervisors in implementing the process.
Effectiveness: Research shows this instructional approach to be very

effective. 1n a meta-analysis of research on different instructional systems
used in science education, this approach stood out among others under
consideration. Students in experimental classes using this approach had an
average performance on cognitive achievement tests equivalent to studeﬁgs at
the 69th. percentile in the control groups to which they were compareéd, The
effectiveness is significant, and the costs are low. There are indications

- from other research, however, that the benefits of this approach are due to.a -
larger amount of time devoted to learning by students. -Thus, the benefits of
this technique may be obtainable by other approaches which result in greater
student "engaged time.": T :

¢. Computer-assisted instruction. This intervention includes all the.
various approaches to learning with the assistance of a computer, such as
computer-managed instruction, computer-assisted instruction-and others, ~It.~-
mﬁ?f’ﬁé“diffé?éﬁtiﬁfédj”howeVer;TTrom“instructfon“ﬁbvﬁtffﬁé*EﬁﬁﬁUfEF”ﬁF’ﬁUW‘tﬁ‘
use it, In the latter case, students are learning about. the computer iiself
~or how tg use it for any of a wide variety ¢f purposes other than education .

itse1f.//In'the.former case, the one of interest here, the| computer is simply

a vehicle .to assist in learning any of the subjects‘in‘the;currfculum-fin this

case,/science.

V/Cost:- The costs of this form Qf‘instfuction are high. The co§t‘of the -

t——

_equipment is substantial and the cost of developing the software needed for
instructional purposes is high. At the present time, there is a serious lack
of guality software for teaching science. o - S ~
' Effectiveness: Studies of the effectiveness of computer—as§asted .

Student

short term, this intervention is not very encouraging. Costs' are high and . -~
learning could be expected to stay about the same rather than improve. For .-
the long term, computer-assisted instruction may have much more-potential,
Examples of computer-assisted instruction can be found inh certain settings -
with certain materials that are quite effective, . There currently is much ..
“activity in this realm but how long it will take for this intervention to -
become cost-effective is still a matter of speculation. -

~\Ih\sqrﬁmary;'improved instructional praCticég are interventions with a .
wide range of potential-in. terms-of their cost effectiveness. Although most

of these possible interventions have not been .specifically analyzed here,
information has been provided illustrating that there are -instructional

" “approaches wWith the -potential of being quite effective. It may be one‘df‘thei 

more fruitful areas for seeking greater .quality of teaching. -

K
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" quatity of instruction.

institutes described ahove except for their length,
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4. Inservice Education of Teachers . _ o R J[
. I ;

This category of jnterventions encompasses education intended to improve

the professional competence of currently employed teachers. The rather’ /

lengthy list of interventions presented here includes several which focus on ¢

the form of the inservice education; several which focus on the topic of the
nal forms’ of

inservice education, and others dealing.either with less convent1o

.

.inservice instruction or inservice education related to other means of

" promoting professional growth. The differences between some of the forms of

inservice education described below are-small but they are often viewed as
different types and thus will be treated separately here. '

~ a. Summer institutes for science teachers. This intervention includes
the “institutes” operatea during the summer By the National Science Foundation
(NSF) during recent decades.. Focused mainly on science Knowledge with only
occasional attention to pedagogical issues, they were intended to upgrade the
competence of science teachers. - _
Cost: . Institutes of this nature were operated by -institutions of higher
education with financial support from the federal government. An additional
cost to the teacher would be the difference between the stipend and what this - .
_teacher could earn in some form of summer employment. This lost income o

0>potentia11y would be_offset to some extent by a salary increase due to

"?étéﬁVThg“academTC“creditﬁﬁor*partieipatingwin«theﬁinstitutemandAthus;movingwﬁ;fw,v_
up on the salary schedule. A cost to the school district is the salary FEE
increase paid to this teacher as a result of the credit earned. A1l told, it
is still a low'cost intervention.. _ B - e
o Effectiveness. The teacher institutes, both summer and other. forms to be .

- discussed below, were highly popular among teachers; they liked them and’

‘thought. them to be valuable. Empirical studies of institutes in a variety of ¢*
settingé;~however,-did,§Yt3arovide much evidence of positive impacts on the

’ In fact, there were even evidences of a negative
impact., as surprising as. that evidence may be.. All told, ‘we have essentially,
no evidence to support a claim that summer- institutes, at least as practiced

in the past, are effective in improving the quality of instruction in the :

schools. ' o v . . o

i

b.. Academic ear.” full-time institutes for scienée‘teachers. This

intervention consists of .inservice education activities similar to the summer . -

“ Cost: The academic yegr institutes were discontinued earlier than the.
surmer institutes.. Thus, direct cost information based on experience with' :
them would have to. be adjusted for inflation. Basically, however, the costs
on a per person, per unit-time basis are the same as the .summer institutes.. ™
The loss of salary for the teacher is large, of course, even. though these '

 institutes carried.a $2,700. stipend. A1l told, it is a high-cost . o

intervention. - LT o T
- Effectiveness.. Data on theheffgctiveness3gf academic year institutes is
more positive than cited for summer institutes above but to a large extent- .

their impact is unknown. , _ .

: c. "Institute classes" conducted in the late afternoon or_evening dU*ingf"
the schooT year. Sponsored by the same funding agency, But offered on a part-
Time basis 1n the 1ate.§fternoon-or gvening’whi]e the teacher is fully

'.
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employed, these activities have provided essentially the same type of
instruction as other forms of *NSF institutes. ' :

, " Cost: The cost of'thq;jnstruction jtself is about the-same as that
provided in the summer programs. Because no teacher stipends were provided
and attendance at these classes typically does not reduce the chance for other
employment, -the total costs are somewhat less. School districts also face the
resulting additional costs from,teacher‘s upward movement on the salary - -~
schedule. In summary, it is a low-cost intervention. ,

Effectiveness-_No-information is available other than that cited above.
‘for the other types of Linstitutes." - : . '

d. Inservice education courses on the a lications of science. This
intervention 1s; 1nservice e\ucét1pn cTasses on the applications of science,
i.e., science useful in addressing personal needs of students or societal
-issues. It is-the first of three.interventions listed here which address
“particular inservice .education topics. E .

~Cost: This endeavor is low in cost. The cost js estimated from the
tuition costs of continuing education courses in ‘which ‘tuition covers the
tota] cost of education. -This cost sometimes is paid by the teacher and in _

other cases by the employing school district. An additional cost.to the ..
<chool district would result.if academic credit moved the teacher up.on the ey
__salary.schedule... .. N L o
_ Effectiveness: Effectiveness depends on the nature of the school . 7
curricutum, and the extent to which ‘greater emphasis is sought in’the -
. curriculum for the applications of .science. . If following the traditional’’
“curriculum, the content of such an inservice class would-not-app1y»very,m B
‘directly to a school system. In this case,”a substantial impact upon teaching
- and- learning is not likely. On the other hand, if changes-are ,being sought
with respect to objective #3, Appropriateness, to .give greater emphasis to the
applications of science,. this particular intervention may be of con iderables -
value. Even though the evidence suggests inservice education is unlikely to.
provide much curricular change itself, there is ‘reason to expect it would be a.
: critical element in a broad-based, multifaceted approach to attaining \ "
~objective #3. This point will be addressed"fUrther in connection with
interventions for objective #3, Appropriateness.

Inservice education classes focused on more advanced levels of
e purpose of. this endeavor 1s to give teachers more a vanced

. 8.
~.science. - 1ih |

understanding of their teaching field. The classes would provide information
on various ‘aspects” of science, and move. theteachers beyond their current
knowledge. This instruction would be similar to that provided under the '
institutes qescribed-in 4.a., 4.b.,\and 4.c, above. ' r

Cost: :The cost would'be the .same as.the previous intervention.
- Effectiveness: Information -presented earlier indicated a low but ,

" positive correlation between a teacher's knowledge of science and teaching -

effectiveness. Thus, there is a basis for thinking auCOursejincreasing‘thg«:}i

—

f;fa++a—v-$eachenis~backgnoundwﬁnﬂscjenceMWoulgmbe,effgg;iyg@in increasing student

learning. - This benefit would be in addition to any motivational value for the
teacher., There is some additional -information, however, indicatingwa'p0551b1e
point of diminishing returns from increased science knowledge as- it lpertains
to a teacher's effectiveness. Some studies have shown, for example, that ‘
beyond 16 to 20 semester=-hours in the particular science,being taught, it is

difficult to find a‘relationship between teaching effectiveness anq;g

7. o, . . . . 3
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_teacher's knowledge of the particular science.. There are additional SV
" considerations, however, since science is a rapidly 'changing field and a
teacgher's previously. current knowledge can become outdated in ‘a matter of
years. . ‘Thus some amount of inservice training or other- means of learning is
necessary for a teacher to maintain an accurate and- up-to-~date understanding .
° of the field. There are other -dimensionsenot always evident in tests of
' _student knowledge. Several observers have noted, for example, that an
important function of K-12 science courses is to eliminate some of the
misconceptions students have about basic phenomenad and avoid introducing new
misconceptions. There is evidence suggesting that the absence of such )
: misconceptions is important for students if they are to be successful in°more
advanced levels of science. For these two reasons, one is -cautioned to not
quickly dismiss the importance of -science knowledge beyond what will be
~acquired in the initial 16 to 20 hours of college instruction in the field. -
Still, there is-not strong empirical evidence to support the effectiveness.of
a large amount of advanced training in .a given science field. - :

_"f. Inservice education classes on teaching methods. This intervention
consists of inservice education cTasses addressing various aspects of teaching
methodology and instructional practice. Specific pedagogical topics could ‘be
any of a large number .including those mentioned earlier, such as- how to employ

" mastery .learning and how to increase ;@e'amount‘of time in which students are .

r%ww«e~n~actively1engaged,in,Iearning. e Ty o T
- ‘ Cost: The costs of this intervention are the same as those described in
d above. ' ow o .

 Effectiveness:  The effectiveness of this' intervention must be evaluated
both-as a single intervention and as part of a larger multifaceted endeavor to
y produce instructional change. The evidence on the .effectiveness of single -
& isolated inservice education courses is not strong. .On the other hand, B}

- inservice education may be éh:essenpial_e]ement'1n an overalil process of .
implementing change.. Infact, some objectives, such as changing selected -
teaching practices or changing some -aspect of the curriculum, may be quite
complex and.inv01Ve‘$evena]'intervéntjbns, one or more of which, such as:
inservice education, ‘may-be criticatly important. Research on the process .of
implementing educational change provides support~forwthewproposjtion4that-

~ inservice education may.be an endeavor which by itself is of minor value but. - -
in another context is one of the’ foundational building blocks of a-successful
process .of change. It is yet another example of the'systemic’ nature of the -

. situation, & topic to,beéaddressed again in a ]aterfsectionQPF-this report.

[
i
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rdinated with local development :
endedvors. . ' ' st of Tive is of an..
2. TUnconventional form or i ¢
programmatic-endeamor-in the schools."
_ inservice education .classes: offered in
" the school district. For example;—a ne _
‘assisted by inservice education spegifically designed for ‘that purpose.

his-partitular-one consists.of,

tonjugction. with program dgygjggment'in .
curricular program may bé"introduced

Cost:_The cost of this form of.inservice ¢lass would be .essentially the
same .as the cost of inservice cldsges described in d above. R
" Effectiveness: The effectivy ness-of .this .type of inservice education
_ course cannot be Judged independently of its specific role ‘in the overall
, - program development endeavor. T#g'systemic nature of attempts to bring about

;o
e
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program improvement is such that its effectiveness can only be judged in that .-
.context. ‘ o ‘ " '

h. Teacher centers where teachers can work togetheir on pro ram -
.development as well as participate in Tnservice education classes. This
Tntervention also is related to a Broader set of activities, namely program
development included in a teacher center. :Such centers sometimes are largely
ind provide inservice education the

under the control of ‘teachers themselves a
teachers. define as important for: their work.
“ Cost: Again, the cost of the inservice education itself is essentially
the same as indicated in d above, with some additional expenditures for
program development or other teacher center activitiess R o
Effectiveness: It.is difficult to provide a measure of the effectiveness
of the inservice education work itself in that its potential.impact is largely
a result of its relationship to-other program development work being conducted
simultaneously. S L

i. Extended year contracts for teachers for program development work.
The basic feature of this intervention is to employ teachers Tor an a itional
number of weeks beyond the standard tedaching year to develop new curriculum -
materials and conduct other program development work. ' ' -

Cost: The cost of this action is simply a prorated extension of the

£ffectiveness. This intervention has the potential of enhancing teaching
as a career as described earlier; it also has .some potential for increasing

‘-»-theﬁquality of - education directly. Its main potential, however, may lie in

attaining objective #3, Appropriateness. If a more appropriate curriculum-is =
being developed, this approach facilitates its actual development and produces
active teacher cooperation in the process. ' ' : o
* . j. Improved teacher evaluation as a basis for professional growth and
inseryice education. . This Tntervention consists of a teacher evaluation
. process to be used in identifying areas of teacher strength and needed
improvement. . , e L =
Cost: The cost of this intervention is described in connection with the .
merit pay intervention in section 2.c..above. It is low cost. .
Effectiveness: Little information is available on the effectiveness of
this Tntervention as the basis for inservice education. S C

k. Sabbatical .leaves for the rofessional .growth of teachers. In its '~
. most common form, this intérven Ton consists of one semester Of eave at full
pay -or one year at half pay for teachers to. pursue their professTbna1.growth.' 
~.The activities can take on ‘many forms (generally with the approval of the
school diStnict~adminfstratiod)vSUCh as educational travel,. curriculum . -
development work, or attending a college or university to;obtain.ag‘advancedA.'
degree. : ' . : - . S .
 “Cost: The cost of this intervention is basically the cost of a teacher's

“sarary (1nc1uaing‘frTngefbenefﬁtsﬁ—fof-One-ha¥£—e£—the_schnol_xear; This cost .

might be reduced by.the savings from hiring as a replacement a younger an

retatively ineXperiepced teacher who is at the bottom of the salary schedule. .
It is a high cost intervention. e T s ‘ o
Effectiveness: There are'no little empirical data available on the

effectiveness of this intervention in improving the -quality of teaching.
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5, ImbroVing‘Sciencé Maferial§;
+ T Equipment and Facilities

In contrast to other categories of interventions, this one includes only - .
one basic intervention, namely improving materials, facilities and equipment
available for science instruction in the schools. The word “materials" refers
to consumable items used in science classrooms; most are paper products
although there are a substantial number of consumable. supplies used in
laboratory work, such as chemicals. Textbooks also are included in this
category. Equipment refers to durable materials with a relatively long life
span used for demonstrations or student laboratory work. Examples are Bunsen

" burners, glassware, and electrical meters. Facilities refer to the furniture
and rooms where science instruction is conducted.

Cost: Determining the expenditures which are -part of this low cost

, “intervention requires information on two general topics: (a) the costs of -
“materials, equipment and facilities, and (b) the current availability of such
. _items in the schools. Data obtained by one large school system with a good
‘science program indicate that the average cost of expendable materials for an
activity-oriented elementary school program is $2.50 per student per- year. A
typical cost for textbooks is $14.00 and they commonly are used in school
systems for six to seven years before they are replaced. The current
: condition of materials, equipment and facilities in schools is ¥omewhat-
~w~w«w-4»difficultho_detenminel_,Cpnlersations with ‘science teachers and supervisors
~ lead to the conclusion that many, although not all, school systems have most-— -
. of the basic equipment they need to conduct their program. "The same could be
. said of consumable supplies, although to a jesser degree. The major ' 3t
cenior high schools. seem to have most of the facilities they need for
conduqting.a_good science program. More would be helpful, but a general base -
of adequacy in.this regard is fairly common. A1l of -this discussion’about
costs rests on the assumption that the current program will continue as is;, ¢
i.e., the number of students taking science courses will not expand and the !

curriculum will not be changed in any major way. If one or..both of these
. _assumptions do not hold true, i.es, . if the number of science.courses taken by |
~ students expands and the curriculum is modified to make, it more appropriate
- for all students, additional costs are involved. It would be necessary in
some cases to build or remodel facilities to provide adequate classroom and
laboratory facilities for teaching science. Similarly, this expansion
probably would result in a need for more laboratory equipment, both for
demonstrations and student laboratory activities... . T o :
 Effectiveness: Though the available information is sketchy, it does not
provide great hope that the quality of school science programs will improve in
~"a major way simply by the infusion of more materials, ‘equipment and ’
- . facilities. This conclusion is based on the status of these resources  in the-
“4. " schools -as described above and- the lack of a research basis for saying'that'a
' " greater amount of materials and équipment is important for improving science
Jearning; there is a lack of data indicating substantialdy increased learning -
= would result from providing more of these materials. . Also, providing -
——f-f~—7—4fadd$%4onal_matenials~dnes,ngi_ﬂgggSsari1y mean they will be used. The
o “clearest data on this situation are available with respect to elementary
schools. New science programs initiated Jn the 1960s ‘and 1970s used a
substantial amount of equipment as well as materials.. Massive efforts were
made to put these programs into effect in many school systems across. the’

country. Data available today indicate that in many of these cases the

<
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equipment is, sitting largely unused. Thus, there |is some empirical basis for

saying that equipment is not the critical element lin the system; it is not the

| determining factor.

.® This analysis concerning effectiveness rests on the assumption that the
curriculum will not change significantly. The situation obviously is . '
systemic, however, and major attempts to improve the curriculum of the schools .
may result in a need for different materials and equipment than the schools ‘
currently use. Thus, rather than 10oking at this intervention singly, it may

- be best to consider other .interventions, such as increased student:

requirements and a changed curriculum, as the more basic interventions with
materials, equipment and facilities being only cost factors to account for in
the cost-effectiveness analysis of these other interventions.

r

6. Industrial Assistance
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'E;Ednd~monitoring projects. will be invo]fed.

© true of whatever activities would be squorted through: this intervention. The",
. "bastc question of| the purpose to which bpe money will be put is largely~
;. una ' o - R : ,

‘addressed in' this, report make it quite blear some interventions have

~ personal and professional developmen
_parficular indusiry.

. This category of interventions includes several ways in which business
and industry can assist in improving science education in the schools. They
are of three genere1 types: (1) ‘donating money or equipment. to assist the

-schools in various ways, (2) donating the time of personnel to assist the
schools in some manner, and (3) offering employment to teachers during non-

teaching times. Specific interventions in each of the three groups are.

/discussed,below.ewManyMof.theseminterVentions are low. cost but the cost to a

particular industry may be quite high relative to their budgets if they were
to jnitiate them for a substantial number of teachers. E

:fafk Providing seed money for educational‘projects§ The ‘intent is for -

business or industry to provide a certain amount off"Eeed money" for

initiating special educational projects not easily funded from the regular .
school budget. Such projects may be. experimental in nature but with the

‘Y¥ihotential of becoming permanent sqho§1 activities if they prove successful in

!their experimental’ form.

LY Cost: The cost basically is determined by.the amount of such‘assnstancej

3 )
broviaea, It could be very small or quite ‘large. In addition, if projects o
this nature .are chosen’cdmpetitive1y,ithe‘administrative costs ‘of selecting
3 - Effectiveness: Determining the effectiveness of this intervention is
véry difficult since it depends upon the purpose to which the funds are put.
The results of the cost-effectiveness analysis of the many .interventions

1

coﬁsiderab1e potential and others very Jittle:~ The same in all likelihood \{

-~

¢

rograms of }a”;’j
named for.- a—"

1e_1inten v 1s.to provide funds:to -

support programs off personal and professional development for teactiers. The

¢
"‘ cl PP
+ Y be Providin

nswered here. |

cash awards for individually determined.

‘nature of. the activities may resemble some of those described in the section .

5“,on Enhancing Teaching As a Career or Inservice Education; the specific

T

activities will be determined on an individual teacher basis.
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Cost: A program of this nature could be established at many levels. Thé .

most expensive form would require funding for teachers' salaries while absent
from teaching duties as with sabbatical leaves described previously; others
~ would be more modest. Along with salaries would be the cost of the _
. professional growth activities themselves. The cost of such activities also
is highly variable but could easily reach $5,000 over a period of an academic
-year if it involved considerable travel and highly specialized training.
Effectiveness: The effectiveness of this.endeavor likewise is very:
difficuTt To determine because it is highly dependent on the nature of the
specific activities, and by definition these activities-can vary widely. In
_keeping with the systemic nature of the situation and the analysis of other
interventions, it can be said that generally the most effective interventions
are tied to some other positive action and are not done in isolation. The
question of effectiveriess must be addressed individual by individual;
information on the potential of-many specific actions by .individuals can be

acquired from the cost-effectiveness analysis of other interventions in this
report. . . ’ ' :

c. .Equipment donations to $chools by industry. On occasion, business
and industry have obsoléete or unneeded equipment which they are willing to
donate-to the schools. To whatever extent such equipment is useful for
instructional purposes, these donations can be an asset to the schools.

Cost: There are two basic; costs to this endeavor. - One is the cost to
industry of donating this equipment, the salvage value of the equipment., A
second cost is a loss to the public of tax revenues when the industry "writes
of f* the salvage-value of the equipment as a tax deduction. .

. ' . . Effectiveness. Interviews With science supervisors in the state of -
Colorado do not provideestrong evidence for’ the effectiveness of this

intervention. The common opinion; based upon past experience,  is that most of
the equipment received in this manner is not particularly useful. Its )
original purpose was such that it"does not have a lot of utility in the
classroom and in addition, this donated equipment often.is in poor. condition.
) wSuch'donationsqdccasionallxldo result in schools receiving equipment of
- substantial value to them. ~On balance, however, this intervention does not
_ have much potential for making a'marked improvement in science teaching.
d. Business and industry loaning lecturers or workshop leaders to
~schools. is intervention is T of. three fhat provides the time of
. Business personnel to the schools -free of charge.. Its intent is to. provide
the needed expertise in selected important areas. =

Cost: The cost of this endeavor is basically the salary, benefits and.
support costs of maintaining the employee, prorated over the period of time
this person is involved in the schools.

Effectiveness. Since lectures and workshops' vary dramatically in dua]ity,
and purpose, it is difficult to evaluate the effectiveness of this particular -

intervention. A reasonable maximum benefit one might.anticipate is the
maximum benefit occurring from inservice teacher education. . In addition, °

__;___;ﬂh;imities_for students. have the potential for-aiding their learning if the

topics are well chosen, the content is coordinated with other parts of the

" curriculum, and-the personnel are"conscientious about the task.

L greemeeeees

‘. .Rotating business and- industrial ‘employees to.classroom teaching for

: <&

certain-time periods. Thjs”endghvor is intended to alleviate the shortage of O
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qualified science teachers by using personnel from- industry as teachers. It
is assumed that such employees with strong:science backgrounds would have
sufficient teaching skills that they could enter such employment on a .
temporary basis and provide quality instruction. o
" Cost: The major cost of this intervention is the differential jin pay -
. between a teacher's salary and the existing sg]aryidTvthe employee from
industry. Under a common version of this intervention, business would cover
the additional cost. A further cost to business would be the loss of talent
in an area where they also may face a shortage that cannot be replaced at a
comparable level. It is a high cost intervention. R :
Effectiveness: The effectiveness - of this intervention is dpen to
considerable question, Previously cited information about the teacher
,characteristics that correlate most highly with success as teachers indicates
that both background in science and professional education .are related to
success as teachers. In general, the personnel identified for this type of
intervention could be expected to have the background in science but it is
unlikely that they would have the preparation incprofessiona1 education. A
different level of educational expertise is required for this intervention
than in e above where business personnel would come in for short periods of.
time and do.their instructional work within a context established by . —_

professiona1 teachers.

£, Assisting in evaluatin and developing.curriculum. The intent is to
have business and 1ndustrial emp oyees participate in. t e on=going-process—of-—
-evaluating and developing curricula. They would not ‘take over 'the process but.
broaden the range of expertise involved in the task. To whatever extent those
personnel were.trained.in-science,ang_technology, they would bring important.
competences. . . . o, .. R S
Cost: The cost esgentia11y would be the salary, bengfits_and‘supportvfgg
services provided for tHegemp1oyee in his/her position in ‘industry. It is-a
s low cost intervention™ ™~ g - e e T
e n Effectiveness: The effectiveness of this intervention is related more -to
‘ “objective #3, Rppropriateness, than it is to the objective of quality. ' '
Evaluating the curriculum to determine the extent to which it is focused on. -
; the most appropriate content and objectives is a crucial task and requires the
=\ _insights of a wide diversity of people from many segments of society. _Studies
: ~ show that-the perspective held by science teachers is basically that of . '
_university stientists under whose tutelage they were socialized as college,
students. The more. technology and app]ications-oriented perspective of
_personnel from industry, as well as the viewpoints of people from a wide
variety of other segments of society, are important in the democratic process
~ of determining what should be taught. To whatever extent this intervention
S provides a portion of this diverse collection of opinions, it is of value for
objective #3 concerning the appropriateness of the curriculum, ST

B g e ase s cov s P P
-, §g. Providin industrial internships for the emplo ent of teachers 1n..
the isummer . e Tor scientifically oriented industries to employ. .

teacpers For 'a period of time, say two months, in. the summer. The .purpose is
to. enhance teaching as a career by providing~addit10na1‘eﬁb]oymentfand*f i
remdving” the forcedsperiod ofyprofesSiona1.unemp]@ymentvfaced'byjmostfteachéf!
each summer. Iniaddition, this intervention will providé»them'with;exﬁeriendg

* 7 in aﬂsc;encg-re1gted industrial setting which will enable them to be better
‘teachers of science and technology. - S :

28

X2

i




-applications of scientific knowledge is about 5 percent.

\ 51
Cost: To whatever extent science teachers can step into positions which
industry needs to fill on a temporary basis, and do so without substantial
training, this intervention would have not cost.’ In reality, the training
required for most industrial positions and the infeasibility of employing
someone only for short periods of time arbitrarily determined by the school

.

“calendar, is such that thefe would be costs involved. In most cases, filling
positions in this manner would not be the optimum approach and some additional

costs would be incurred by business, although these costs could vary
substantially from one setting to another. It is possible that some year-
around positions which are vacated extensively during the summers because of
vacations taken by the regular employees could be filled on a temporary basis -
by teachers. On average, it is 4 medium cost intervention.

Effectiveness: Although difficult to define in specific terms, it
dppears this intervention, if it could be implemented, would be of
considerable benefit to science teachers- and the teaching of science in the’
schools. It has the benefit of enhancing teaching as a career by eliminating
the forced unemployment faced by'mo%t teachers for nearly one-fourth of the

_year. The employment that most teachers -are able to find for this period,of

time usually does not require the scientific or educational skills of their
profession.” A further benefit of this intervention is the professional ‘growth

of the teachers involved; it potent§a11y could provide them a setting. in.which

they would learn an extensive amount about the applications of science, how
technology influences our society, @nd some of the career options. open to
students. ¥ ‘ . ' S ‘

°

]

C. Interventions to Attain _ C
Objective #3: Appropriateness

The third objective, appropriatenesé; brings us directly to one: category

. of intervention, namely, improving the school curriculum. The existing

research results in this area are informatives

! ’ h
" astablishes quite clearly that the science curriculum in the schools of this

country is defined by the textbooks in- use; teachers teach whatever is in the
textbooks. Choices are often made from among what is contained in the book

because it contains more than what can be covered3in a particular course, but -

rarely is a significant amount of material added. Secondly, the widely used

textbooks in this country give little attention to the processes of science or

the applications of;science;*sciehce-re]ated personal needs or societal issues
receive little attention. Based on reviewing several studies, it appears that
a good estimate of the average amount of science class t%ge3gevoted to these

> Science
basically is viewed as important for preparing for the next level. of
scheoling, not because it has gome direct value in and of itself or for other

_applications of the knowledge. These rather strong statements have a clear-

cut research base; they are based on observations of the "real world." It is
within the context of this reality that questions concerning the curriculum
must be addressed. They involve a substantial number of value judgments _
although there is a substantial amount of empirical research information that

* must be considered in making these judgments. Without careful attention to
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the empirical research, it is easy to adopt value judgments which are based
. upon erroneous conventional wisdom. ° .

improving the School Curriculum . - . ‘ : .

This group of interventions, the only. one addressing the appropriateness
objective, includes two general types of interventions. The first directly
addresses particular changes in the curriculum,- In essence, it is based upon
“yvalue judgments as to what is appropriate. The second type of intervention
focuses on particular mechanisms for bringing. about desired change.

Note that all interventions described below for improving the school ~ -
curriculum are low cost compared. to the "quality" interventions described in
“the previous section. : ' :

a. Developing more courses showing the applications of science for
ersonal needs and_addressin <ocietal Jssues. 1his intervention is intended
to broaden the curricuium through courses giving more attention to the _
applications of science. - Science knowledge per ¢é is not to be eliminated but

presented in a somewhat different context. gﬁ—bTEk a rather arbitrary number

as a point of departure for th4s~ana4ysis;~4et—ﬂt—be~said—%hat—the_intent.ls_,__;__
to switch from the current 5 percent of time in science classes devoted to '
applications of the knowledge to 25 percent of the time. This percentage is

less than studies indicate teachers and the general public think would be

ideal. ‘ ' ' : : 4 '
~ Cost: The costs of developing such courses vary dramatically. _
Inexpensive examples can be identified; a locally developedlcourSe recently
received an award from the National Science Teachers Association yet was 4
developed at:a cost gg approximately $25,000 (Jefferson County Schools' Topics
in, Applied Science). In contrast to this example are courses developed with
NSF funding a decade or two ago at a cost of $2 or $3 million. -The $25,000
and the $2 or $3 million figures illustrate the vast range of the costs of
developing a new curriculum package. ~ T 7 .

Effectiveness: Assessing the effectiveness of new courses moves one
directly into the realm ZT value judgments; a choice must be made concerning’
the emphasis given to the applications dimension. The argument advanced here
ic that this applications dimension is highly important. Space does not allow
a detailed argument in this regard, but it can be sketched in broad strokes.

It begins with the nature of the world in” which we live today; it is
increasingly scientific and technological -in- nature. Many personal needs of
people cannot be addressed adequately without science knowledge and our :
.society faces many science-related issues which cannot be addressed adequately
without substantial science knowledge. - The argument goes a step further and
is based upon what research says about the transfer of learning. Students do
not ‘automatically transfer the science knowledge learned in the abstractyin .
conventional science classes to the personal applications or situations noted
above. They learn to apply science knowledge to meeting personal needs and
identifying.optimum.so1utions”t0 science-related societal problems by
practicing this process of applying the knowledge. o '

. If-the argument expressed in the above paragraph is strongly held by many

leaders and educated people in our society, and it is, why is this view not
reflected more substantially in the curriculum of the schools? It is an
important question and worthy of digressing sltightly from- the agenda at hand
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to gain some perspective. Surveys of ‘teacher opinion, for example, show that
teachers generally do agree with this argument; they say that the applications

" of science are important. In practice, as noted earlier, it is not a

significant part of their teaching. When pressed to explain why they do not
include it more in.their teaching or why they do not choose textbooks that
give it more attention, teachers will respond that they do not have enough
time because there are so many parts of this body of science knowledge they
must teach students so they will be ready for the next level of schooling, be
that senior high, college or whatever. Rggearch shows that this is the strong
opinion of the vast majority of teachers. On the other hand, research also
shows that the science knowledge learned at one level of schooling generally
is not critical for the next level of schooling. For example, numerous
studies have shown that having or not having taken chemistry in high46ch001uis
not a significant predictor of student success in-college chemistry. ’
Another example: medical schools which in recent.years have changed their
_entrance requirements to-admit students without a .strong science background,
in addition to other students who do have. the science backgrougd, are finding
that both types of students do equally well in medical school. Research
shows quite clearly that the preparation notion is strongly held and it also
shows _there is little empirical basis for it. Teachers do not have to spend
all of their time teaching the body of scientific knowledge in the abstract
3nd in isolation from other considerations. Research offers no reason to
resist shifting from the current 5 percent of class time devoted to the
applications of science to some higher percentage, say 25 -percent, or even
more. There is no reason of substance for avoiding numerous topics which
currently are seriously neglected in the curriculum because of the perceived
need to prepare for the next level of schooling by Tearning the largest
possible amount of abstract knowledge. Among the avoided topics which could
be given attention are how scientific knowledge applies to personal needs, how
scientific knowledge applies to a wide variety of societal issues, the
processes by which scientific knowledge is acquired, something about the real’
life struggles of researchers, information about the limitations of scientific’
knowledge, problem solving and decision making in a scientific context, and
how to think and learn on one's own outside the classroom. a

b. Developing more rigorous science courses for college-bound students.
The intent of this intervention 1s to develop new courses and instructional:
materials having a more advanced level of science knowledge than current
advanced courses taught in U.S. senior high schools. They would be in
addition .to, or in replacement of, current college-oriented physics and
chemistry courses common to almost all school districts ‘and the second year
advanced placement courses in biology, chemistry and physics found in some
senior high schools. - . ' :

Cost: As in the case of intervention a above, the costs of developing a
course of this nature vary dramatically from relatively inexpensive to very
expensive. To a large extent such course materials do exist, however, and the
cost involved is not so much for developing the materials as it is installing
them in the schools’. . : : o o '

Effectiveness: The question of effectiveness of this intervention is

- again a value Judgment about appropriateness. Two factors derived from

empirical research are relevant to this issue. One is the previously cited
research indicating that taking the current .college preparatory science

" courses in high school is not i sigmificant predictor of success in college
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science courses., Based on the results of this research, there seems to be
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little reason to think that more of the same would lead to more success in
college. ' .

A common interpretation of current research is that the top approximately ™
5 percent of students in the U.S. perform equally as well as the top 5 percent
of students in Japan and other highly developed countries.: The same cannot be
said of other students in U.S. schools; the typical Japanese student, other
tha~ the top 5 percent, performs better than U.S. students. This information
indicates that the major need is not to have even more rigorous work for the
very top ability students but the need is to provide better science
instruction.for students of all levels of ability. A recent study conducted
by the Office of Economic Research of the New York Stock Exchange Jidentified

the high quality of primary .and secondary education in Jggan as the single
most important factor 1n i%s-higﬁ economic productivity.ﬂE

This ‘statement is not intended as ar argument against an increase in the
quality of instruction wherever possible :in all types of science courses. The

point of this argument is simply that developing more rigorous courses (i.e.,

" changing the curriculum in this regard) is not an effective move for making

the curriculum in U.S. schools more appropriate for its students.

: c. Reducing the number of “frfll" courses. This intervention is offen
_espoused, but usually without specifying what frill courses are in mind. The

courses so identified typically are not science courses. The usual targets,
are courses commonly considered less "academic." With respect to the science
curriculum, this intervention in practice turns ou. to be essentially the same
as one ‘addressed earlier in this report, namely -increasing the required number
of courses in science. If the number of required science courses is .
increased, thee is less room in a student's program for other courses, whether
they be "frill" courses or substantial courses in some area other than

" science. Thus, the cost-éffectiveness analysis of this particular

intervention is essentially the.same as for the earlier recommendation on
increasing the graduation requirements in science. The reader is referred
back to that portion of this report (#A.a.) for further consideration of this

[y

" d. Federal funding of new curriculum deve]b ment rojects. The intent

is to use federal funaing to ésta Tsh new curricuium deve opment projects

patterned after the NSF-funded projects of the past quarter century. The
purpose would be to develop ‘new curriculum materials. to meet current needs.
Cost:. If established at the same level of funding as the earlier
projects, these new endeav05§ are estimated to cost between $500,000 and
$3,000,000 in 1983 dollars. . . ' o .
Effectiveness: Research ‘has established that the curriculum development
projects of the past- generation were successful in two senses. In terms of
student learning on cognitive measures, and a variety of measures of other

student attainment, such as laboratory skills, and understanding the

methodology of science, empirical research shows that the new curricula were

“more successful than the "traditional" curricula they replaced. A statistical
“integration of the results of over 100 comparative studies shows that the '

average student in the new curricula performed at approximately the 62
percentile of the students in the control groups. These research results,
based on studies including over 45,000 students across the country, were clear
in their results.. The new curricula also were successful {in another sense;
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the content was different from the traditional curricula they replaced.
Furthermore, many of the textbooks produced by the major commercial publishers
‘changed in content over time to be more like the new NSF-funded projects. The
new curricula made a new content available and influenced the major textbooks
appearding in subsequent years. In conclusion, there is strong evidence to
indicate that new curriculum materials could be developed 'which would be .
successful with students and would have a new content emphasis in keeping with
the important goals espoused for tomorrow's students. .

e. Revising the "old" NSF science curricula by expanding them or
replacing portions with locally Jeveloped materials. 1he intent is to develop
oW CUrTYcuTa but to do 1t on a smaller scale. Essentially, it would be
taking the NSF-developed curriculum materials of the past generation and
modifying them in accordance with current goals of science instruction. This
approach assumes the extant NSF materials have many good portions but could be
improved by major modification. ' o
- Cost: The cost of the projects for modifying extant curriculum materials

- should Be considerably less than the full-scale curriculum development’
projects cited earlier. Costs would vary substantially depending upon the
extent of the modifications, but an arbitrary figure useful for general
planning ﬁﬁf§6§é§’E6UTdTB€”6ﬁé:fﬁT?d*tG*UﬂefH&Tf*thé‘tost“of*a“tot344y*new
endeavor. : ‘ ’ :

- Effectiveness: If the assumption is correct that major portions of the
existing NSF curriculum project can stand as they are, and if one further
assumes that the successful past experiences of developing materials can be
repeated with a new emphasis, there is every reason to think new projects
could be successful in developing materials which match current objectives,
such as those” emphasizing applications of science. ' ' :

f. Providing training for local school districts on how to develop and
implement curricula. This Tntervention will provide training for local school
JT5trict Teaders on developing new curriculum materials at the local level and

- introducing them to classes in these districts..- - o
Cost: If one assumes that this particular intervention involves training
only and not the funds for the development and implementation work following
_ the training, the costs are not forbidding, though substantial. Assuming that
—this training is provided for one educational leader from each of the 181
schoolidistricts in Colorado, with the exception of the 20 largest districts
where. an average of 3 persons per district would be trained, the total number
of trained people would be 221. If one further assumes the scope of this
training is equivalent.to six semester-hours of course work, the cost would be
calculated on the same basis-as for inservice education classes described
previously. . : IR '
Effectiveness: Based upon the results of research on curriculum .
development and implementation activities during the past couple of decades,
it appears the effectiveness of this approach would vary substantially
depending upon -the aspect under consideration. The curriculum materials
development aspect is considerably more complex than the implementation
aspect. Baggd on information about the skills used in curriculum
> development ' and knowledge of ‘the qualifications of personnel in smaller
school districts, it appears unrealistic to expect significant materials
- development in smaller school districts. On the other hand, .in some of the
larger districts with personnel having the required training and experience, a

[
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certain amount of materials development is a feasible expectation.
Implementation of new curricula, on the other” hand, is not only feasible but
required in even the smallest districts if positive curricular change is to
result, In this regard, it is well to note that research establishes the
importance. of local initiative and commitment if such change endeavors are to
succeed. Change endeavors imposed ‘from outside the district by either a

ncarrot® or "stick" approach are not likely to be successful. o

g. Establishing regional consortia of schools and universities to :
develop curricula. s Intent 3s to establish consortia of school districts '
and universities to develop new curriculum materials and put them into
practice. Between the schools and the universities, the full range of
expertise required for successful curriculum development should be available.
It is further assumed that consortia of this nature, focused upon a particular
region, can have the close links with member schools necessary for developing
materia]s-mj?ch fit the needs of the schools and are realistic for

implementing under the specific local conditions.

© | Cost: Like the curriculum revision endeavors described in e above, this

approach-to curriculum development gnd.1mp1ementation appears less costly than
full-scale curriculum development projects. Some portion of sthool district

personnel time already is devoted to curriculum improvement. ~To whatever
-extent this personnel time could be utilized more effectively under the
- auspices of the consortjum, it would not .be a new cost but simply greater
productivity from current expenditures. Additional funds would still be
necessary, however, from federal grants, state funds, or contributions of
local school districts. I _ .
‘Effectiveness: Research on the federally funded curriculum development *
endeavors of the past quarter century indicates the development work itself
ggnera]]y was quite successful but the.implementation of these programs in
school systems frequently fell short. This research and other research on
.implementing change in schools points- up the importance of local initiative
and "ownership" as well as the need for a variety of specific tactics
requiring intensive and extensive local school district participation. If the
consortium under consideration here has the high quality personnel

- characteristic of past curriculum development endeavors, extensive
. participation and control on the part of local school districts, and -

sufficient resources for putting the programs into.effect, there ‘is L
considerable reason for optimism about 'its effectiveness. . . ..

h. - States or groups of states setting new standards for adoptin
textbooks. The intent of this intervention 1s that states having statewide
textbook adoption (or preferably.a group of the major states) would establish
new standards for textbook content. Rather than focusing simply on format,
graphics,and politically sensitive issues (e.g., evolution and creation)
common’ .to recent textbook adoption committee proceedings, these standards
would address the curriculum.content issies noted in sections C.a. and C.b.
above. By insisting that the books contain certain materials before they ,
would be -adopted, the major commercial textbook publishers could be "forced"
to produce new materials with different objectives. LT :

5 ‘Cost: The cost of this intervention would be relatively small. Existing
" textbook adoption committees already-have a budget for meeting and :
- deliberating, as well as holding hearings to get opinions from the public and
professional educators. With a relatively modest increase in budget, they
. 1 ‘
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could collaborate with such groups in a few other key states and arrive at a
joint agreement on what they would announce ahead of .time to publishers as
requirements for new materials. The only additional major cost would be the
development costs incurred by the publishers in meeting the new standards.
Since publishers already are devoting significant money to developing new
materials, a new orientation resulting from this process does not imply a~
significant increase in the cost of the textbooks when brought to the
marketplace. Such additional costs would be a very low percentage of the cost,
of the books. : N

Effectiveness: Research has established that publish¥ng companies do
respond to ﬁge.requirements established by state‘textboo%/gdoption : )
committees. There is substantial evidence ‘to support the proposition that 7
publishers would comply if several key states, such as California and-Texas,
united together to insist upon particular features of science textbooks before

. considering them for adoption. Other. curriculum development endeavors such as

described in d and f, however, may be necessary before a state would have
operational definitions of what they want. Lo e

i, Developing model curriculum paﬁterns for districts to consiﬁer; The
intent of this intervention is that federal or state agencies, possibly in

cocpératfon~wﬁth”profess+ona4wasseedatdonsﬁvdeve%ep~medelvunit5~onﬁconceptuaj :

‘frameworks for curriculum materials which® could be used as. a basis for Jocal

school district development efforts. =
Cost: The scope and character of this development work "is similar to

"that described in e above. Thus, the cost would be similar to e. The intent

is to develop model portions of a curriculum rather than an entire curriculum.
Effectiveness: The effectiveness of this intervention is based upon the -
assumption that local school districts actually would develop curriculum
materials if models were available to them. Although some of. this curriculum
development work has occurred in few school systems. across. the country, the
number is relatively small and thus the assumption seems somewhat. tenuous.

j. Improving program evaluation. The intent is that local school
districts develop more thorough evaluations of their curriculum programs.
Some evaluation endeavors of this nature identify what actually is presented
in the classroom, what is intended by the policy makers who adopted the
curriculum, and what content is included in the district testing programs.

The assumption is that this evaluation will identify discrepancies between

_what.is desired, what-ris-vac—‘cual]-y,-fcaught/w-in-vtheﬂ..c.l,assr_oom,ﬂ.and,.'what»,v..is/k..te.s.,ted,.ww

This -information potentially will aid decision makers in making better
decisions. about curriculum changes’ to be sought. ‘ 8
Cost: The cost of such evaluation endeavors is low. . : "
Effectiveness: Little information is available on the effectiveness of

this specific intervention although evaluation is.a rather standard part of

goal setting and planning, activities shown by research to be present in
effective schools. : : ’ :
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is assumed that the science supervisor role, like other leadership roles, can
be defined to focus -upon true leadership or it can be defined to give
attention more to routine duties having little leadership impact.
Cost: On the surface at least, this intervention costs little. In

.practice, however, it may have costs at many levels from the school board on’
down through the administrative hierarchy to the science supervisor. This
assertion is made because supervisors generally cannot play this_desired role
unless supported by ‘the general level of -expectations within the district and
by the behaviors of people at many levels. Assuming this support exists,
there are other costs, such as for inservice tiraining to help the supervisor
develop the skills necessary .to play this ‘1eadership role. There may be
additional costs such as the cost of providing support staff to whom more
routine duties can be delegated to free the supervisor for leadership
activities. ' ‘ '

v Effectiveness: Like the previous facilitating intervention, the

ef fectiveness of this one is difficult to judge because of the systemic nature
of the situation. The intervention probably has large potential, but .it would
be naive to believe this intervention could be implemented easily independent
of support at all levels within the school district including the board of
education.

s °

c. Weighting science program develo ment and implementation more heavil
in the job descriptions of genera _curriculum personnel. e intent of this
 TnTervention 1S similar to b above with the exception that the

responsibilities under consideration are in the hands of general ‘curriculum
personnel having a broad range of responsibilities rather than in the hands .of
personnel whose primary responsibility is just science. -

Cost: The costs associated with this intervention are essentially the
same as those described in b above. . :

‘ Effectiveness: The effectiveness ‘of this intervention is essentially the
same as portrayed in the analysis for b above, if the personnel have the
necessary science background and experience needed to fill the role
competently. c

- d. State or federal funding of local district plans for providing o
reater leadership 1n Science education., 1he intent of this intervention is
?o provide external funding for Tocally developed programs' of improving

science education.’ Funds would be awdrded on a competitive basis according to
research-based criteria about the essential features of successful local ~°
endeavors of curriculam development and implementation, and improvement of
instructional quantity and quality. Such endeavors typically would draw upon
resources from outside the school district, such as personnel from a college
or university or a consortium such as described in C.g. above if .available,
‘but the initiative would be at the local level.

"~ Cost: Estimating the cost is difficult because it could be initiated at
very Tow or very high expenditure levels. As an arbitrary figure, an
externally funded endeavor could be ‘supported somewhere within the range of
$2.00 to $5.00 per student; thus it probably is a medium cost intervention.

"Effectiveness: Again, estimates of effectiveness for this -intervention
are difficult to make. Examples can be .found of local leadership -development
" endeavors that have beefi highly successful and other examples can be found
where little evidence of change is apparent. On the other. hand, the extensive
research results showing that local initiative and leadership are critical for

i
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‘the success of.program improvement endeavors indicate the intervention should
be pursued. Not all endeavors of this nature are successful, but without them
substantial change is, unlikely. ' :
Three characteristics stand out as important criteria to be applied to
this intervention. First, the plans pursued must be locally developed and an
integral part of the district's overall plans for implementing change.
Second, the plans must reflect the characteristics research shows to be -
important in educational change endeavors. Third, the plans must be long-
term. There is little reason to think that a one-year endeavor of this nature
would be very successful. current research leads to the conclusion that such:
efforts must persist for approximately five years before significant. changes- .
become somewhat institutionalized on a district-wide basis.

o e. Training for school board members with respect to science education.

‘rne intenT 15 to provide training Tor schoo! Board members concerning the
process of improving science education. Funds for this endeavor would be .
provided by federal or state sources. The assumption of this intervention is
that long~term programs for initiating fundamentail change must have the
support of the top policy making boards. It also is assumed they need

additional information about the situation and are desirous of having it.

Cost: THiS éﬂdeavor—wou+d*take~one~daywand;—to—fﬁgjdnxaie_tnaielq_!gglg____
be provided at regional locations within the state. The.cost is low. '

_Effectiveness: By itself, this particu]ar'intervention may not produce
much but, as part of a broad-based systemic. effort this endeavor, or 'some
variation of it, may be critical if change is to be initiated and sustained.
An alternative to this specific intervention is a similar activity on a

reducedqsca]e as part of the annual state §chool boards' convention.

2. 'Testing Programs.

This category of interventions includés means of promoting change through
district-wide. science testing programs. The thrust of these local
_interventions is not to expand the amount of testing or change the testing
" program per se. The intent is to change the nature of what is being tested -in -
science S0 it is as consistent as possible with the curriculum of the school
district. - As a result, this collection of facilitating intervention 1is ‘
directed mostly at objective #3, i.e., making the curriculum as appropriate as
possible, even though testing programs also may have an Jdmpact on the-quantity
and quality objectives. IFor purposes of this analysis, the extent of the
district testing program;is taken as a given; whatever that role, the focus is
" simply upon the content”qf-the items. - - .

a. Conductin awareness conferences and training sessions in test
reparation For district] testin srsonnel. The intent 1s to train local
Tstrict testing personnel to betiler match the content of their tests to the .

school curricula. If the curriculum is to be changed, ‘i.e., the content made
more appropriate, district level science, tests also. must be changed because of
~ their influence on the extent to which teachers will teach given. topics. The
proposed conferences and training sessions, would inform the testing personnel
of _changes taking place/in science instruction arnd provide them with training’
in how to write, or select from existing sources, test items appropriate to a
(Particular science~currﬁcu]um;' Such.conferences and training sessions could

f
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be conducted at the state level for district personnel, or if conducted at the
national level, the audience could be either local school district personnel
or state personnel responsible for state-wide testing in science., .

Cost: If conducted at the state level for personnel from districts
having their own district-wide tests, the number of participants in a state
ke Colorado would be relatively small, possibly’representatives from 20
school districts. Assuming that some districts’ would have two testing
specialists attending this conference, the cost estimates are based upon 30
participants. The cost is low. ‘ / ’

Effectiveness. The effectiveness of this intervention, in bringing about

.a shift In curriculum content is somewhat difficult to determine. The first
question in this analysis of effectiveness may be whether or not the
_participants actually would change the content of test items as a result of
attending the conference. In this regard, it would seem that their response.
would be highly dependent upon other actions being taken in their particular
district for producing curricular change. If such change were underway, they
would in all likelihood be quite receptive. On the other hand, .if curricular
change is not underway, they are unlikely to be receptive to changing tests
and thus "get out in front" of the change process in their district.

" Assuming that some curricular change is underway in a given district, and
*that4the—test&ng*personnei~ﬂre~ready—for~ehange—4nete§t-eentent—a%%ov—there—i&-——
considerable reason for optimism about the effectiveness of the conference in
helping testing personnel change the content of the tests. 'Persons holding -
these testing positions:generally have the testing expertise needed. to
capitalize upon the training. This analysis assimes that “appropriate test
items can be written or selected from other sources at a reasonable cost.

Such action is the subject of the next category of interventions listed below.

“b. Developing banks of appropriate test items and making them available
to local district testing personnel. Developing test items 1s a time ,
consuming and expensive process. As a result, even a commitment to preparing
new tests as indicated above may not be sufficient to bring about change in
testing programs in cases where district resources are limited. The intent of
this intervention is to alleviate that problem by making available banks of
appropriate test items. Although items emphasizing personal applications of
science knowledge and the use of science in addressing societal issues
occasionally are found, no extensive collection of such items is known to
exist which could serve as an -item bank. The intent of this intervention is
to overcome that lack and facilitate district attempts to develop more

- appropriate testing. » : '

Cost: The total cost of developing a bank of 300 ‘items is relatively
low. —Once this development work is completed, the test items could be placed
in one or more existing item banks from which school districts could draw.
The costs of developing the total. tests is assumed to be part of the on-going
process in a given school district, , ‘ ~

Effectiveness: The effectiveness of this intervention is expected 'to be
high where curriculum change toward more emphasis upon the applications of
science is underway and district tests are constructed locally. This
assessment of effectiveness also assumes an awareness of the fact that these-
items are available. :

c. Holding ‘an awareness conference for publishers of tests used in
district-wide testing programs. 1he intent is to make publishers of tests
. , , . : - .

2
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, a. Various forms of media!advértising to promote the idea of students -
taking more courses in science.| Rdvertisements could be prepared by
professional science or education associations and provided to the media to
use as public service advertisements. In a manner similar to promotions of
the President's Council on Physical Fitness, these advertisements could
advocate that all students takelmore’science and encourage the public to
provide the resources and other| support needed for the schools 'to expand their
science endeavors. An example of this advertising is recent radio “spots"
from the American Federation of Teachers. ' ,

Cost: To the extent that public service announcement time is available
for these advertisements, the cost is relatively low. Essentially it would be
the initial cost of preparing the advertisements. A possible source of funds
for this activity is donations/ from scientific and technologically oriented
industries. In addition to the development of such advertisements: by their
advertising departments, such firms may wish to donate a certain amount of
advertising time or space as a publjc service. o

Effectiveness: It is difficult to judge the effectiveness of this type

of campaign. An example of an analogous campaign is the one conducted by the
President's Council on Physical Fitness and Sports. Their 30~second '
television spots on NFL telecasts in 1976 re g]ted in nearly 14,000 written
reqlests—for _information on school programs. , '

b. Science television programs for the public. The intent is to provide
for the general public, Both children ana‘aauifs, Tore science programs which
develop a broader understanding of science and thus generate a broader. base of
support for science education in the schools. Such programs would be offered
-on network television, cable channels, and public stations. Whwle such
programming has expanded in recent years, this intervention is an attempt to
expand it even further. : :

Cost: The total costs are large. Production costs for a standard, prime-
time4 one-hour science program such as NOVA or Nature are about $400,000 per
hour ' and air ‘time is additional. On a per person basis, however, the costs
are quite modest. ' o B
_ Effectiveness: Assessing the effectiveness of this science programming

for the purpose stated here is essentially -impossible. In addition, there are
so many other criteria used in determining what programs will be aired that,
ion will not likely cause science

by itself, a desire to promote science éducati
programming to be broadcast.

c. Adult education courses for the public on science and technology. - -

The intent 1s to broaden public un erstanding of science and technoiogy and ’
. thus generate greater support. for science education in the schools. Thus, the
purpose of this intervention is essentially the same as b above.
_ Cost: Most adult education courses of this nature are offered on a "pay

their own way basis" by the continuing education units in colleges and
universities and to some extent by private educational organizations. To
~ whatever extent one wishes to promote such offerings beyond the level.
currently sustained by people's willingness to pay to attend, one would have
to reduce the cost of attending. We have little more than guesses as to how
much reduction in cost would be necessary before enrollments would be
increased substantially. The maximum cost would be the total cost of the
courses, - thus making them free. In that case, a reasonable estimate of cost

is the standard tuition.
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Effectiveness: Even if the number of offerings of this type were
increased substantially and large numbers of people participated in these
courses, it would be extremely difficult to assess the extent to which the
increased public knowledge had any effect upon the public's.interest in more
and better science education in the schools.

Summarizing the Cost Effectiveness
,In?ormaf§on Tor Single Interventions

“ In the previous pages, each of the specific interventions has been
described in terms of its cost and -effectiveness as a single intervention.
For each, a specific cost has been given,along with a discussion of its
potential effectiveness as a single intervention. This effectiveness has been
presented in somewhat less quantitative language than costs since the .
potential of an intervention often depends on the particular circumstances
under which it is initiated or the manner- in which it is used. )

When combining cost and effectiveness information to determine an

intervention's cost-effectiveness, attention also must be given to the extent

to which it can be used. For example, a particular intervention may cost
little to_implement and it may be highly effective within a certain range, but

there simply may be a very short range in which it can operate. A specifit
_example is reducing the number of "non-instructional activities" scheduled in -
"the school week. If only 4 percent of the current week is so.scheduled, there
is little opportunity to increase the time scheduled for instruction, even
though the little gain available c¢ould be acquired at small cost. The worth’
of a given intervention depends on a variety of factors.

Cost and effectiveness information is combined for each single interven-
tion and presented below in four matrices (Figures 2, 3, 4, and 5)--one for
each of the four major objectives: quantity, quality, appropriateness, and
- facilitation. In each matrix, each specific intefvention is given a location
designated by the letter or number and letter combination used for it earlier
in this report. This location in the matrix gives its relative cost and
effectivéness compared to the other interventions in the matrix. No scale is
given on either axis of the matrix simply because it may imply more precision
in the determination of cost or effectiveness than is appropriate for a given
action. The location of each intervention on the horizontal axis is based on
the cost information presented- in.Table 3-as compared to . the other ,
interventions for that objective (the cost scale for each of the four matrices
is noi the same and the scales are not -necessarily linear). Similarly, the.
verfical axis portrays relative effectiveness. In both cases, the axes are
divided into thirds designated as low, medium, and high. R
~ Because of the large variations in cost and effectiveness of.the
interventions, and the fact that choices must be made among the possible
interventions, only those falling in certain sectors of the matrices probably
should be considered. First of all, any intervention falling in the Tow-
cost/high-effectiveness sector should be given immediate attention. -

. Unfortunately, they are few in number. Second priority goes to those
interventions falling in the medium-cost/high-effectiveness or Tow-cost/medium--
effectiveness sectors. As.a third priority, consideration may be given to the’
medium-cost /medium-effectiveness sector. As a single intervention, those
falling in one of the other three sectors should be given low priority.. One
caution must be given in this regard, however; an intervention that does not

o
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Figure 2. Cost-Effectiveness Matrix for Single Interventions
: for Objective #1l: Quantity. . ‘

(See page 16 for a description of each of the interventions designated'in the

“matrix.) : .
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the ‘matrix.)
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for QObjective #2: Quality.

»
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ptior 5§ each of the interventions designated in .
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Figure 3. Cost-Effectiveness Matrix for Single Interventions
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Figure 4. Cost-Effectivenesé Matrix for Single Interventions
: for Objective #3: Appropriateness. _

(See ‘page 18 for a.description of each of the interventions designated in the
matrix.) ‘ ' ' : £
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- Figure '5. Cost Effect1veness ‘Matrix for Single Intervent1ons
' ‘ for Facilitation.
(Sge‘pageS‘lé-lg for a description of each of the interventions designafed in
the matrix.) . -
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look very attractive as a single intervention may be a critical component of
some combination of interventions to be discussed later in this report.
While a major theme of this report isithat jAterventions should not be
viewed singly but in combinations, some cqmmepts‘are in order regarding to the
single interventions displayed in the four imatrices for the four objectives as =
follows. o IE O ' T

. Quantity. In the matrix for single interventions for Objectiée #1:
Quantity (Figure 2), one intervention is found in the low-cost/high-
effectiveness sector, namely increasing the class time devoted to instruction.

There is research to indicate that this intervention will work and the cost of
the inservice education needed to bring it about is quite low when prorated
over a five-year period.  Even if additional supervisory support were utilized

in addition to the inservice education, the cost would remain very low -
compared to that of other interventions under consideration for increasig the
quantity of learning time.. A second priority intervention is increasing
homework for students.. Lower in effectiveness and higher in cost than the
former intervention, it still deseryes consideration. Finally, consideration’
can be given to the medium-cost/medium-effectiveness category in which are
found the interventions which would cause students to enrofl in more science
courses. While substantially higher in cost, particularly for the students,
the increase in science learning is substantial and also quite certain given
-an appropriate curriculum. They are worthy of consideration. o T

sector of this matrix (Figure 3). The low-cost/medium-effectiveness category,
" however, contains several interventions including better supervision and
~evaluation of instruction in the classroom, improved teacher recruitment and
placement, the initiation of improved instructional practices such as mastery
_learning, and certain forms of inservice education specifically coordinated
with other local development work or improved teacher evaluation procedures.
While considered here as singie interventions, many of them imply some
coordination with other initiatives; not surprisingly, many of them will arise
later in this report in a discussion of combinations of interventions. At the
next level of priority in this matrix is the medium-cost/medium-effectiveness
sector which includes several interventions related to teacher education.
While they are clearly long-term rather than short-term prospects for o
improving science education, the role of the teacher is so central to quality
education that these interventions should not be ignored.

Qua]itﬁ. No interventions-are found in the 1ow¥cost/high-effectiveness'

Appropriateness. While the scale used for costs in this matrix (Figure

~4) could have been arranged to spread the interventions across the whole

matrix in the cost dimension, the costs of all of the interventions in this
.category for improving the school curriculum are so low on a per pupil basis
(assuming type of local curriculum development is selected in-accordance with
district size) when compared to the quality interventions described above that -
they were displayed in a manner that indicates this very low per pupil cost.
The high effectiveness intervention in this matrix, new standards for textbook
adoption, does not pertain to Colorado, since it does not have a state
textbook adoption process. It pertains.only to a very few states where the
ponulation is large enough to be a significant market force and where the
process could be used to insure that the textbooks would in fact have to

change substantially.  The interventions included in the medium-effectiveness ’

Y
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category all 1nvolve mechanisms for develop1ng new curricula; there is a
variety of approaches. A crucial question that must be ra1sed in connection
with development of new curricula, however, is whether or not there is a ‘
process by which these new curricula will be implemented in the schools.
Though not specxflcally addressed here in the context of curriculum ’
development, this issue will arise again when consideration is given to a
comb1nat1on of 1ntervent1ons.

Facilitation. This fourth obJect1ve deals with interventions wh1ch make
it possible to bring about change in the schooPs; they should be viewed as
interventions which make possible the actions described in the three matrices

.. above. In thai context, many of these actions may be critically important and

essential, if the other actions are to succeed. - For purposes of this matrix

(Figure 5), however, these interventions are considered on the basis of their
effectiveness as interventions in and of themselves. In this context, it is.
not surprising that none of them appear in the priority sectors. -

i
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Chapter 4. Combinations of Interventions:

An Imperative for a Systemic Problem

Several.references have been_made in the previous chapters to the
systemic nature of the school situation in which improvement is being sought.
This perspective highlights the inadequacies of examining the situation in.
terms of single, independent interventions. An adequate analysis must account
for the power of combinations of interventions (the effects may not be simply.
additive) and interactions which may occur among the interventions. .

: If it is granted that the situation must be analyzed from the perspective
"~ of a combination -of interventions, one is still left with the question of what
conceptual framework should be used to organize this analysis. Fortunately,
the last two decades of educational research have yielded numerous findings
which, when taken together, can provide the needed Conceptual framework.
While such studies are numerous and diverse in topic, there are three streams
of research which have been particularly productive and have special potential
for providing the guidance needed ‘in this analysis. These three include ‘
research on (1) school effectiveness, (2) implementing educational change, and,
(3) the role of school principals. Each of the three will be examined to
identify major findings and implications of particular note for this analysis.

In view. of the extensive nature of this body of literature and the
existence of several extensive and carefully done reviews of the research in.
these areas, existing reviews have been used as the basis for developing the
conceptual framework described in this chapter. Four in number, they include
the following. ' o - . -

Gene E. Hall and Susan F. Loucks, “"A Devélopmenta1 Model for Determining
whether the Treatment is Actually Implemented," American Educational
. Research Journal, Summer 1977, Vol. 14, No. 3, ppP. 263-276.

Michael Fullan and Alan Pomfret, “Research on Curriculum and Instruction
Implementation,” Review of Educational Research, Winter 1977, Vol. 47,
No. 1, pp. 335-397. - , -

o
"

- K. A. Leithwood and D. J. Montgomery, "The:-Role of the E]émentafy School
Principal in"Program Improvement," Review of Educational Research, Fall
1982, Vol. 52, ‘No. 3, pp. 309-339. o

. Michael Cohen, "Instructional Management and Social fonditions in
. Effective Schools,” in the Fourth Annual Yearbook of the American
fducational Finance Association, School Finance and School Improvement:
Linkages in the 1980s, Allan Odden and L. Dean Webb (Eds.), Cambridge,
MA: §a|l1nger PubTishing~Co., 1983. ' I -
C , : - T T
' Although these reviews are focused mostly upon-the direct findings.of the
research on these topics, there are some instances in which the reviews extend
beyond simple reporting of research findings to making extrapolations from the
data to various school situations. This is a positive feature of these
reviews; even though these extrapolations are to some extent speculations
about the implications, of the research findings, they provide valuadble
insights as to the implications of the research for educational practice.
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In utilizing this.research, howéver, one must also recognize some .
limitations. The school effectiveness research (but not the implementation
research) has been done mostly at the elementary level and is focused mostly
upon reading and-mathematics skills. : -

“while the secondary school studies are generally consistent with the
findings from the elementary level, our knowledge base is much stronger
at the elementary grades. Because secondary schools generally differ
from elementary schools with regard to-size, variability in student
backgrounds, organizational complexity, goal diversity, subject itter
offerings, and developmental level of the students,. the application of
findings from g]ementary schiools to secondary schools needs to be made
with caution.? ' :

While these limitations must be recognized, the school effectiveness research
literature is quite extensive and provides a substantial basis for making
decisions as to the appropriateness of various interventions for improving
education. o o 4 _ : |
~In the following sections of this chapter, attention will be given first
to research on the character of effective schools, and secondly .to research on
the nature of successful processes for implementing educational change.
Finally, attention will be turned to the research on the role of principals
since this factor is shown in the former two categories of research to be
unusually important for both effective schools and for implementing
educational changev

’

Research on Effective Schools

Before examining the characteristics of effective schools as identified
by research, it is well to rote two general items that appeared in this
research literature. First, according to Cohen, "comparing the schools on the
resources that are available to them is not as meaningful as comparing the ,g4
schools on how well they organize and use their available resources. . . M
In other words, just providing additional resources to the schools is not the’
answer to increased effectiveness. Particular attention must be given to how
these resources will be used, for.what purpose, and by what means. Secondly,
note that some practices or variables pertain to the classroom level, while
others pertain to. the school level. A multi-level perspective must be

s

maintained. Later in this-chapter, this multi-level perspective will be

. extended to the school district, state, and national levels as well.

~“In his 1983 review, Cohen identifies three themes in the research

. literature on effective schools. The characteristics of effective schools Can

be grouped within the following categories: (1) effective classroom teaching
practices,.(Z) coordination and management of the instructional-program at the
building level, and (3) shared values-and culture among both students and

staff. These three themes will be ‘elaborated upon below in considerable’

detail based upon the review by Cohen.
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‘Effective Classroom.Teaching Practices

The effective classroom teaching practices.shown by this research pertain
to (1) teachers’ expectations of students and the role teachers occupy, '
(2) the classroom management practices followed, (3) an active and direct form
of instruction, and (4) careful attention to.a maximum amount of academic
learning time for students. With respect to teachers’ expectations and their

role definition,

Effective teachers believe they have the capacity to affect the learning
of -students. They take responsibility for teaching, and if necessary

. re-teaching, to achieye student mastery of the material. They are task
oriented, business-like, clear in their instructions to students, and in
general take charge by monitoring behaviors, choosing instructional
activity and developing a classroom with a distinct focus upon academic
matters. There is a sense of purpose and students are held
accountable.=

, These high expectations are encouraged and their attainment fostered by
“affective classroom management. These practices "keep students engaged in
academic tasks, and minimize classroom time lost due to disruptions,
transitions, and other prdcedural tasks. . . . Effective tegchers usefwell
organized and prepared lessons, which enab%T them to move through ‘
instructional activities at a brisk pace." ,

These high expeétations and classroom management practices are used in
support of yet a third characteristic, namely an active, direct form of
instruction by these teachers. .This. form of instruction is not highly
individualized and does not have a substantial discovery learning flavor. =
There are 'specific goals-and they are diligently pursued. .

" The fourth practice is careful sttention to the fullest use of academic
learning time.. The time allocated for instruction is important. "“Teachers S
who allocate more time to a particular content area have students with higger‘ s
achievement in that area, compared with teachers who allocate less time." K
Another characteristic of these effective teachers is that a high percentage
of the allocated time is actually engaged gg'learning. “The higher the
engaged time, the higher the achievement." It is also important to note
that .there are.major variations in engaged time among teachers. Studies have
shown these engagemen§4rates to vary "from as low as 50 percent to highs which
. approach 90 percent." o

-

" School Level Instructional
Management and Coordination

In addition to the characteristics of individual classrooms, effective
schools are characterized by two building-level matters. . First, Cohen
indicates that the curriculum and instructional program is "tightly coupled.” .
In other words, goals, objectives, instructional content and activities, and
the measures of performance are “carefully aligned." The whole school takes
_on a character consistent with the individual classroom practices cited

earlier. There are uniform time allocations within the school, shared goals

which carry more weight than individual teacher goals, common expectations

77



among teachers and other prggessidnal'staff, and testing is both important and

related to the instruction. ‘ " _ ‘
Because of its importance, the concept of principal leadership is

developed in some detail in a later section of ‘this chapter. In general,

. however, it can be said that the effective principals (1) have a strong goal-

orientation, i.e., they emphasize achievement, set goals, develop performance

standards for students, and express optimism about reaching these goals;

(2) take responsibility for organization and management of instruction,

including regular observation of teachers,:assistance with the problems of

instruction, and provision for staff development; and (3) byffer teachers from

interruptions, including limiting classroom intrusions, ~seeing tggt materials
and supplies. are available, and handling discipline effectively.

8

Shared Values and Culture

Effective schools are characterized by -shared values and culture
including such key elements as (1) a strong sense of community, (2) commonly
shared goals, (3) high expectations for stuggnts and staff, and (4) mechanisms
for maintaining common commitment to goals. In .particular, they share.two
important work norms. First, collegeality is important; “the work of teachers
is shared work." 5§Tso, there is-an gxpectation that improvement .is continuous

“and never ending.

Research on Implementing Educational Change

The change under cofisideration here is curriculum change, including:
changes in subject matter, ‘instructional materials, organizational structure,
and the role or behavior of teachers. In studying the process: of bringing
about such curriculum change, researchers also give atténtion to the.
professional staffs' knowledge and understanding of the -various components of
a particular innovation and the degree of value internalization that takes
place concerning such changes. T o o

The process of introducing an innovation or curricular change is complex;
the extent to -which proposed innovation actually occurs varies considerably
and generally is quite 1imited. In one study, for example, it was found that
wthe overall quantity of innovation effort was very low, about 16 percent;
that is, teachers displayed behavior congruent with the innovation about :
16 percent of -the time." 0On a five-point scale of quality, "the average staff
scores.for the twelve criteria range from a high cf 2./ to a low of . 1.3 with -
ten criteria below 9.0." There are decided variations in the extent to which
innovations are implemented in schools and t 3’éxtent'to.which particular
components of an innovation are implemented.”~ *There are different levels of
use of an innovation; . the actual presence of 28 innovation can be established
as a fact only by assessing.its use directly. Research.also establisheés
- that student achgfvement is related to the extent to which an implementation.
actually occurs. Research establishes rather clearly that the degree of
actual implementation of an educational innovation is generally much less than
described in the intended plans. :
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: °'An obvious question is why attempts to implement educational change S0
often fail. ' ' :

The main problem appears to be that curriculum change usually
necessitates certain organizational changes, particularly changes in the
roles and role relationships .of those organizational members most _
directly involved in putting the innovation into practice. That is, role
occupants are required to alter their usual ways of thinking about
themselves and one another and their characteristic ways of behaving
towards one another within the organization. :

Research- clearly establishes that the most difficult aspect of innovation is
bringing about changes in the roles of people. In ggntrast to role changes,
program and structural changes are relatively easy. One aspect of this
difficulty may be the inability -of principals and teachers to understand the
process in which they are involved. Research shows principals do not have a
good knowledge of the degree to which an implementation is occurring in their -
school. Similarly, the majority of teachers apparg&t]y have difficulty
identifying the essential features of innovations. ’

The complexity of the implementation process, particularly with respect
to. changing the roles of people, makes it difficult to prescribe ahead of time
the exact form an innovation eventually will take, A mutually adaptive
process involving the innovation, (the .user of the innovation, and the
institutional setting must occur. - .~ ‘ :

A characteristic of the innovation process particularly pertinent to this
analysié is the need for several factors in combination in order to bring
about an important change. Research shows that it is the combination and
interaction of a variety of factors that conggitute the essential ingredients.
for implementation of an educational change. "It is. important to note that
these factors -are interactive in the sense that they may be mutually
reinforcing over time, The resence of any one without the others w 1d
. probably limit if not elTminate 1ts effectiveness [emphasis addedJ. Having
Ydentified the importance of the combination and interaction of interventions,
attention can be turned to specific policies and practices-necessary for
producing change. ‘ ' :

policies and Practices for Implementing
' Educational Change- '

The following description of the policies and practices which research -
shows to .be effective in implementing educational- change are largely organized
within categories developed by Cohen. The first five of the following major
categories are his, although information obtained from other reviews is ..
"described below within this general framework. These five categories of
policies and practices for producing behavioral changes at the local level v
include (1) school improvement programs; (2) various strategies for increasing
the time devoted to instruction; (3) processes for selecting, training, and
developing principals; (8) mechanisms for more tightly focusing or coupling
the curriculum; and (5) structural changes based on school values and cuiture.
In addition, attention will be given in a sixth category to central school

19



10

“district policies and varioﬁs socio-po1itica],factors that influence the
process. - L - : . . :

School Improvement Programs

. An important local level step is initiating school -improvement programs.
Under such programs, an external -agent works with the school staff on’ :
implementation. Key features of such school improvement programs include the
following: (1) ‘the scheol building is the unit of change, (2) the process
focuses on prob]em.identification, (3) solutions come from a combination of
research findings and staff judgment, (4) specific plans forsémp1ementation
are devetoped locally,~and (5) the plans are then initiated. Altholgh ’
extensive research literature is not available to back it up, it appears that
"participation in the innovative process by those who are expected to ‘
implement the new program is widely thought to pe an effective strategy, and
of paramount importance."”~ The manner in which such school improvement
programs are conducted may be critical.

i
i
r

Strategies for Increasing

Tnstructional Time

A variety of /strategies can dncrease both allocated and engaged
instructional time. Among practices advocated for increasing allocated time
are (1).increasidb the length of the school day or school year, (2) increasing
the amount of homework; (3) establishing district policies on minimum
" allocated time, (4) auditing the use of classroom time, and (5) developing -
goals for a builﬁing or a district on the use of time. Potential strategies
for increasing gngaged time.include (1) inservice training, (2) improved
school discipline policies and practices, 396 (3) attendance policies and
practices whicnfencourage pupil attendance. ' ' '

Although jnservice training will appear again in this review of research,
findings, it probably is well to note at this point, that the form of inservice
training is anﬂimportant factor. "It appears that intensive inservice
training (as jistinct frum single worksheps or preservice training) is an
important strategy for implementation.” .The purpose and form of inservice
training must be considered; inservice education cannot simply be considéered
in a global %%nse without attention to- its distinct forms. -
! : ’ o

I
A
‘Principal Se%ection, Training- . ‘ , ) . : )
and Develgpment L v .

Y

; Since!research shows principa1s to be a most prominent variable in the -
im@]ementa%ion process, careful attention must be given to how they are :
se]ected,[ rained, and assisted in their professional development. Based on
these resq@rch findings, it would appear that policies and practices for
~implementjng educatfonal change must give prominent attention to (1) improved
s%]ettioh procedures which give-major attention to the instructional '
management capabilities of prospective candidates for the position,
(2) preservice training foctsed more on building-level instructional
anagemfht.ski11s than typically is found in current programs, and (3)
A A . o

i | . .
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“improved inservice education for princ§5a1s focused on building-level
instructional management competencies. :

Tightening the Focus of the Curriculum

-Because of the importance that the research on effective schools gives to

a tightly focused curriculum, policies and practices for implementing positive
educational change must include attention to such curriculum characteristics.
Cohen argues that these mechanisms could well include the following:

(1) district-wide testing programs that focus the curriculum on important
goals; (2) school-wide planning endeavors focused "on a limited set of
instructional goals"; (3) district-wide curriculum development; (4) district-
wide policies on high school graduation, promotion, instructional time, and
. expectations of high student achievement; and (5) plans and goals ygich have
been agreed upon-jointly at both the building and district levels. Other
_ research provides further information as to the nature_of such endeavors. "In
* our review of research, there are two characteristics of innovation that stand
out as being related to implementation. These are the explicitness .or plans
for explicitness associated with the innovation and t?ﬂ complexity or degree
and difficulty of change required by the innovation." " ~The research also
highlights the importance of feedback mechanisms within such endeavors. This
term refers to "the nature of the .interactive network during implementation. . -
.. It is somewhat global . . . . refers both to feedback structures and to -
norms supporting open feedback, as well as to interaction involving several
_constituencies such as teachers, consultants, administrators, and-ideally
students, parents and others. . &+ . Most research we examined cites the
absence o§5the feedback ‘retworks during implementation as a critical
. probTlem." With respect to testing programs, it should be noted that studies
of actual practice in schools show a relatively lTow overlap of the content of
tests and textbooks; it ranges between 14 and 50 percent. There clearly is
substantial room-for improvement:in this aspect. of the process of tightening
the fccus of the curriculum, : - :

Structural Features to Shape
School Values and Culture

Research shows that the values and.the culture shared within a school are
important determiners of school effectiveness. There .should be mechanisms. for
increasing the extent to which such values and culture are shared within a
school. (1) Efforts should be made to .increase building-level autonomy even
if it requires a reduction in the degree of uniformity found within a school
district. (2) Provision should be made for as much parental choice as
possible concerning their children's education. (3) Time must be provided. for
teachers to .engage in nshared work and collective decision making." ‘That is,
greater planning time must be provided by any of a variety of mechanisms.

Each of these three changes has the potential of developing a stronger- common
set of values within a school. Research has shown §pis commonality of purpose
- and .values to be important for effective schooling.’> The third of -the three
factors mentioned above with respect to values and culture is of particular
importance. Research shows this shared work79nd decision making is related
significantly to measures of implementation. : o



Centra] School District Policies

By and large, the above five categories are mostly building-level
- 'policies or practices, though several are a combination of building and
district levei. Additjonal mechanisms, can be pursued specifically at :the
district level. Research shows typical district=level policies do not
strongly influence implementation, primarily because they do not address the
“most critical factors. Among possible changes in typical current practice are
the following. . s _ T o
First, instead of promoting specific innovations, central policy makers
should be emphasizing broad-based programs ggg_providing corresponding
support for local development of specific forms of implementation,
thereby facilitating clarity and explicitness of programs on the part of
users. . . . Second, local experimentation should be encouraged during
implementation .to develop variance of innovations. . . . Third,

evaluation of innovative projects-at least during initial implementation

should be directed toward facilitating implementation in local system
capabilities. . . . Fourth, and cTosely related to the previous points,.
the incentive system for implementation would have to be drastically
altered at all levels, ' There is one finding that .stands oat in our
review,.it. is that effective implementation of social innovations
requires time, personal interaction and contacts, inservice training and

“other forms of pedple-based support. Research has shown 8-.',,there is
no substitute for the primacy of personal contact. . . .

. District policy makers also should give'darticularvattention to a
distinction found in the RAND studies of educational innovation. They .
"jdentified two contrasting. types of adoption process that characterized the
numerous projects they investigated. They terped these o ortunism and
-problem solving." ‘Opportunism describes projects: in whicE T7ttle local
commitment was evidenced and the endeavors were largely a.responseé to the -
possibility Qf-reCeiving‘additional'funds. Problem-solving projects were
those which .had locally identified need. The pr991em-so]ving projects led to
“greater changes as-a result of the innovation." o :

o

- _Research on the Role of Principals =~ - |
. . ’

Considerable research has been dofe on the role of principals as it
relates to their effectiveness in increasing student learning within a school -
or implémenting curricular change. The commonality found in both the research
on school effectiveness and the research on implementing change concerning the
importance of the principal requires that it be examined in. greater detail -
here. . S - Co, - S
.~ . To understand the principal's role, one must recognize that it is _

inherently complex and ambiguous. Central school district administrators .
often see principals‘as middle managers rather than educational Teaders.
" These central administrators tend to be conservative about change and want to
. jnitiate it themgelves rather than having it begin at the school level. Since
: research shows that such change is most effectively jnitiated at the building

]
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level, it is obvious that the principal's role has some inherent conflicts.
In addition, the principal faces proplems arising at levels below him or her.
Research shows that among the problems faced by principals are: (1) a lack of
knowledge and professional skiils on the part of teachers, (2) a lack of
‘teacher motivation to make significant changeg, and (3) constraints introduced’
by collective bargaining and union contracts. In addition, there is a
pervasive norm of teacher autonomy 17 the schools. Attempts to introduce
shared planning and work (important factors according to the research
literature) are in opposition to this norm, A further difficulty is that
principals have "minimal direct 50"5{01 over those aspects:of classroom life
that teachers find most rewarding."” ™ .The principal seeking to increase the
effectiveness of his or her school, or seeking to introduce significant
educational chgnge, faces numerous difficulties. .

while the typical principal (in contrast to the "effective” one) provides
leadership which is largely administrative, the effective principal also must
act as an instructional leader. Both kinds of principals must deai with '

" similar routine matters. Research shows, for example, that both give ~

‘significant'attention‘to mak ing adequate resources and materials available to
teachers. With respect to routine matters, however, effective and typical
principals differ cubstantially in the efficiency with which they handie them.
Typical principals report being drowned in a sea 0of "administrivia."”
"Apparently effective principals handle the routine matters efficiently and
move on :to spend considerable time in matters of true educational
teadership. o T B
o gffective pri=~:pal behavior can be examined in more detail within three
major categories pertaining to.(l)”goals, (2) factors affecting student
achigvement, <and (3) strategies eniployed to do their job.

*

El

<

°

Specific goals play a prominent role in the work of effective principals.
In addition to heing prominent, they-are focused upon particu]qr-priprities.‘\
"Effective principg%s place the achievement and happiness of students fivst in
“their priorities.” Students have the highest priority. A key point is “the
central role of goals and their use in distinguishing ef fective from typical
principals. . . - Effective principals use the process of planning and goal-
formulation to encourage participation by teachers in gecision making and.
actively solicit their opinions. . . . The goals themse]vesgaerve‘to clarify
_expectations for the implementation of program innovations." It is hard to
overemphasize the importance of goals as described here; their importance is -

prominent throughout the research litercature.

-Factors Affecting Student Achievement : : - T

Effective principals give high priority to those factors which influence

", studént achievement. *They use objectives as a focus for instruction and a

 basis for seeking improvemant in learning. .In addition, they make: time- ,

~allocation decisions based upon specific instructional objectives. Attempts
are made.to bring about: greater coordination of goals and instructional
‘methods.  Curriculum development work—~they initiate "and promote is focused . .
upon instructional goals. Since goals and gbjectives are prominerit in each of
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the statements just ci' here i th respect to the work of effective
principals, the impor =~ f the .previous discussion on goals becomes even
more apparent.

In addition to t scus upon goals, effective principals are concerned

about selecting and developing competent staff. They are willing to take the
time necessary to perform these responsibilities. Effective principals also
have a particular view toward the various sources of funds available to them.
Whether these sources be government agencies, special funds from their own
school board, or externally funded projects, effggtive principals view them.as
possible sources of funding for their own goals. - ‘

. Strategies

_ ngffective principals were exceptionally ab]gsstrategists. They could
jdentify effective ways of achiaving their ends." ~These effective ’
strategists have many things in.common as described below. ‘ ‘

The -strategies are at least partially derived from several strong belief
which effective principals shared. ‘They have a strong belief in the goals
they hold for their schools and are convinced the school system can tolerate
enough diversity that they can move ahead and take whatever steps are needed
to accomplish the goals in which they so strongly believe. These effective
principals alsc, are committed to-communicating their goals and selling: their
ideas to_the community and the staff, including the superintendent and whoeve
has control over needed financial resources. Effective principals also are
willing to share decision-making power and delegate authority, but it was dor
within a framework which they establish. They set up structures to foster:
teacher participation; teams are established to addre§§ curricular problems
.and regular and frequent staff meetings are. the norm. £ffective principal:
encourage their staff to set their own goals, 'gcluding goals for their
personal professiona] development as teachers. .

_Effective principa]s'encourdge professional development in their school

work with teachers o0n 1SSUes identified during classroom observation, and

arrange for and encourage teachers to participate in structured»prgfessﬁona1
development activities initiated for their school. In contrast, less °
effective principals have litt1é or no participation in teacher inservice
education activities. Effective principals assist staff members ‘in gainin
the resources needed to foster the teacher's own professional development.

. Effective principals collect a lot of information (much of it informal)
about what is going on in their schools. They closely monitor student
progress by reviewing test results, investigating cases of Slow stugant

“progress, and discussing with teachers the various issues jnvolved.
‘Effective principals are concerned about the needs of teachers in

contrast to typical principals who often do not .consider the values and

“emotions of teachers. Effective principals evaluate instruction, and help

teachers find the non-teaching time required to improve their instruction.
: “Effective‘princﬁpa]s are very active in facilitating communications
" between the school and community." Communication ‘at all levels is importani
it is focused upon attaining specific goa1§z not just fostering communicat i
and positive relations for th&ir own sake. N B
Leithwood and Montgomery summarize the information on effective .
principals in three items. . (1) The key ‘goal of effective"principa]s is

promoting student cognitive gnowth. (2) These principals work toward this

o
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goal "by attempting to influence a complex set of classroom-based and school-
wide factors." (3) Cooperative interpersonal relationships a§3 viewed as "an
instrument to goal achievement, not an end in its own right."

Implications of This Research

While the details of this analysis of the research on effective schools,:
mechanisms for implementing curricular change, and effective principals also
will be used in selecting combinations of interventions in the next section of
this report, there are three major implications to be identified here as
generalizations ‘upon which the further analysis will be based.

First, the importance of a combination of interventions is clear.
Specific interventions cannot be examined in isolation. Particular
" combinations must “pe utilized based upon what research says about appropriate
combinations and their interactions. - : ~

Second, the completeness of a particular combination of interventions may
be critical. The research indicates that the lack of a particular ‘
intervention from & given combination may be sufficient to eliminate
attainment of the goals to which the combination is addressed.

Third, whatever combination of interventions is selected, it must be
based upon a multi-level perspective. Some interventions must be introduced
at the classroom level, some at the school level, and some at the district
level. In addition, whatever interventions are considered at the state or
national level must give full and proper ‘attention to the various lower levels
at which research indicates the interventions can be effective.

In addition to these generalizations, there are specific actions which
are prominent within the three streams of research. . T

Integrating the Three Streams of Research -

Taken together, thege three stfeams of educational research reinforce the
importance of several kinds of action at the building and school district
level, They are summarized in the following lists:

Principal's Actions
. - .

o Develop schoo]-ﬁide goal setting and explicit planning for changé.

_ 0 Give high priority to supervision and evaluation of instruction.

o

Develop procedures for shared work.

Q

provide support services for teachers in implementing new curricula.

o

o

Use great care in se]ectipg new teachers.



Oc

o Develop feedback mechanisms for receiving information from within the
s¢hool. o '

»

o Initiate a school improvement program. | , .

District Policy

o Establish policies on graduation, promotion, instructional time, and
student expectations. - -

"o Establish an appropriate po]ity on school autonomy.

District-Level Actioné

o_Carefuliy select new principals on the appropriate criteria.

o Provide inservice education for principals focused upon (a) leadership
for effective schools and (b) developing goals and participation.

o Support the development of innovation- at the building level.

o Make the testing‘program congruent with instructional geals and the
curriculum, :

o Initiate and support curricuTum development at both the district and
building level.

o Provide inservice education for teachers at the district and'buildjng
level focused upon (a) teachers' expectations and roles, (b) classroon
management, (c) active and direct instruction, and d) learning time.

N

Combinations of Interventions

With the review of research on ef fective schools and impilementing ‘
educational change as a foundation, attention again can be turned to the
eleven categories of interventions and the most effective combinations of
selected actions from these categories. Each category of interventions will
be considered in the light of its possible role in a total collection of
intervention focused upon improving science education in a systemic manner.

~ Because of this systemic viewpoint, the effectiveness information . -
provided for each single intervention must be reappraised in light of its:
potential interaction with other interventions. As a result, the
effectiveness information may vary considerably from that provided for singl
interventions, even though the cost information is sti1ll largely valid and n
subject to significant change other than as two interventions overlap to suc
an extent that it. is cheaper to do the two in combination than singly.

Within each of the categories, .its overall impartance will be addressed
along with identification of specific individual interventions -and -
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- recommendations for action. specifically, in each category attention will be
given to (1) the degree of interaction among interventions, (2) the level or
levels (national, state, focal district, building, or teacher) at which the
intervention should be ‘nitiated, and {J) the time frame (long term or short

term) in which the intervention can be expicted to be effective.

Objective #1: Quantity

Increasing Student Requirements. The value of innovation in this area is
quite certain; it the amount of learning time is increased, an increase in
learning is almost sure to follow. Innovations in this category appear to
differ from the other categories in an important regard--they are less
dependent for their success upon being done in combination with other
interventions. The systemic nature previously mentioned so frequently cannot
be ignored, but these interventions are not as_ interactive as most others.
They also are shorter term than some others; once initiated, most
interventions in this category can be expected to influence learning quite
rapidly. Finally, it should be noted that .there are”interventions in this
category which can be approached at several levels; some, such as increased
‘engaged learning time and increased homework, can be initiated at the
classroom level while others, such as increasing the length of the school-
year, ‘can be initiated only at the district or state level. ‘

Because this category of interventions is not very interactive, the
analysis presented earlier for single nterventions still ltargely applies when
discussing combinations. Increasing engaged time, i.e., increasing the amount
of class time actually used for in<truction, probably is the most cost-
effective. The cost of acquiring 's very small, even if a much gredter
amount. of inservice education and .upervisory help is needed to jmplement the
intervention than estimated in this analysis. The cost nf increasing homework
also is relatively low, at least <in terms of expenditures of tax monies. It
also is worth pursuing. . )

Increasing science course regquirements, either through ¢raduation
requirements or college admission standards, is an additional viable approach,
but in,/terms of cos;—effectiveness, probably only should be considered as
additional steps to be taken after increasing learning as much as possible
through greater engaged time and more homework.. This intervention shoulu not”
be initiated, however, without parallel attention to the interventions related
to the appropriateness objective. ‘ T

If one wishes to increase the quantity of learning time for science even
further, the cost probably increases dramatically. Additional increases may
require such measures as increasing the length of the school day or the school
year; in this case the cost is great. There is little doubt- that these,
measures will increase learning, but our society must be willing to pay the
price involved. ' : . : :

»

Objective #2: Quality ' 4

. This objective nas several categories of interventions, some of which are
quite interactive with other categories and some which are not. Although '

_there are variations, most of these interventions are fairly long-term in

" pature. The level at which the intervention§s’ can best peQinitiated varies.

o

o
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The interventions for this objective will be examined category by category in. -
the following sections. . :

preservice Teacher Education. This category of interventions is not very
interactive, 1.e., it can be Considered quite independently of the other-
interventions. It is a long-term category, however, in that the impact will
take considerable time to be noticed. Changes in preparation programs will
not be instantaneous and the number of new teachers in any given school will
not be large for some years after teacher preparation changes take place.
while the state can initiate change through certification requirements,
initiative at the institutional level clearly will be essential. The
situation is analogous to that of initiating change in schools where research
shows that there must be initiative at the building level. »

" Several of the interventions in this category are rated as medium=-
cost/medium-effectiveness. Some interventions involve greater science. .
preparation for elementary teachers; research on the relationship between
science background and teaching effectiveness indicate promise for this
action. Lengthening of secondary teacher preparation also holds promise,
especially with regard to professional education. Research shows a positive
correlation between teaching effectiveness and both the amount of a teacher's.
science background and professional education preparation. Sinee science
certification in Colorado requires nearly 60 semester hours of science (and
the research gives some indication of a "plateauing" of the relationship
between science background and teaching effectiveness at less than 60 hours) -
and the amount of preparation in professional education may be as little as a
third of this amount, consideration should be given to increasing this
professional preparatior, In addition, there is a substantial collection of
research studies showing that the teaching approaches of science teachers can
be changed appreciably by we11: developed systems of training eved practice.

 Thus the intervention which refers to more "hands-on" work has gromise.

Finally, the inclusion of courses emphasizing the applications of sciev.e
knowledge for personal, societal or technological purposes hae promisg. 4
should be recognized as being more interactive than the othlr interyentions 1%
this category, however, in that realization of its full potential alsn will
require changes in the science curriculum of the schools: :

Inservice Educatior of Teachers. This category of interventions s
kiykly interactive in Th3® Tnservice education programs in general have not
evidenced high impact, while inservice education also has been identified as a
critical part of educational change endeavors. In essence, inservice
education set up as an isolated activity independent of other activities
probably will-produce few results, while inservice education set up as part of
a broader based implementation effort will be effective and in fact may ve
¢»3ential to the success of .the overall endeavor. Inservice education is a
relatively short-term intervention although the overall endeavosr for ,
implementing change of which it is a part probably has to continue over a
period of some years if the innovation is to become established. Inservice
education can be initiated at any one of many levels including the national
level (as with the NSF-sponscred institutes of the past quarter century), the
state level, the school district level, or even the schoo! building level. As

‘indicated previously, however,, successful inservice education appears to be

closely tied to building-level endeavors of a broader based nature. -This fact
does not mean successful- imservice education could not be injtiated-at the
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state or national level, but there is not a lot of reason'for optimism about
its impact unless it is closely related to broader-based, building-level
endeavors. ' - :

Improved Materials, Equipment, and Facilities. This intervention also
should be considered from .an Tnteractive perspective since there is little to
support the notion that substantial educational improvement will result
directly from increased materials, equipment, and facilities. This conclusion
may reflect the existence of a minimal base of such support in most schools.
To whatever extent materials, equipment, or facilities are missing from a
setting where they are needed for particular educational activities, they

‘should receive attention. Essentially, they should be viewed as important in

the educational process, but not the beginning point for significant
educational improvement. Financial 'support for this intervention can come
from the national, state, or local level, but the greatest impact from this
intervention will occur when they are tied to some specific local need.

Industrial Assistance. These interventions can be divided-into
assistance 1n The form of money and materials and personnel assistancei The
financial assistance available is not of a magnitude that can be expected to
make major improvements in the quality of science education. The available .
personnel assistance likewise probably is not large, *but it has 'the potential .
of adding a perspective to the professional expertise of the school district

_that is not typically present, particularly with respect to the applications
of scientific knowledge and its .relationship to technology. Thus, even though

the overall impact may not be large, its uniqueness is such that it should not
be ignored. N , .
Another intervention having significant effectiveness, but possibly high
cost, is summer employment for teachers. Its cost is highly dependent upon
the situation into which teachers would be hired and their productivity in
that setting. Because of its potential educational effectiveness, however,
ccmpanies should make every effort to determine if summer employment of
reachers can be initiated in ways which are not»prohibitive]y expensive,

R

Objective #3--Appropriateness

Improving School Curricuia. This objective, and the corresponding
category of Tnterventions, occupies a pivotal role in efforts to improve
science education. It is the most value laden; there is not universal _
agreement as to what the appropriate,curricu1um should be. This category of
interventions. also is moderatély interactive. Research on the .NSF-funded
curricului projects of the last quarter century shows the development of new

_curricula macerials, in and of itself, can be successful in terms of student

learning. Other gvidence indicates, however, that the impact of these
curriculum projects could have been much greater if better mechanisms were
employed for implementing them in the schools. Thus, to gain the full )
benefits of new curriculum development endeavors, substantial effort should be

_devoted to imp]emehtation’of the resulting products on a long-term basis.

The .experience of recent decades with respect to elementary school -

‘science programs highlights most promirently the need to coordinate curriculum
. development with implementation endeavors. Many science education leaders
consider the NSF-funded elementary school science curriculum projects still to

£
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be current, appropriate, and valuable for elementary school use.94 Their use
in the schools, however, is not extensive. At the elementary school level, .
the evidence is strong that a high emphasis must be placed upon facilitating
the use of. curriculum materials, not just developing them. . This need points
to strong district- and building-level attention to implementation efforts in
tandem with any production of new curriculum materials.

More than the other categories of interventions, this one probably should
be pursued at a variety of levels, including both federal and local. There is .
a need for curriculum materials giving more emphasis to the applications of
science. The federal role could include curriculum development projects,
operating in a manner similar to the earlier NSF projects, along with the -
development of models and resource materials that could be used for further
development at the state or local level. Development at the local level (or
through regional consortia. of school districts) is particularly attractive
because of its potential for closely coupled implementation efforts in local
school districts. Appropriate inservica education and local leadership, in
combination with the curriculum developmént endeavors, greatly increase its
potential. ’ - S

~Facilitation of Objectives #1, #2, and #3

The three categories of interventions presented here are intended to
foster attainment of cbjectives #1, #2, and #3 as described previously.
Obviously interactive, because of their orientation toward facilitating the:
effectiveness of other interventicns, these categories must be considered in
~light of their potential impact when combined with other interventions. They
can be initiated at various levels and be either short term or.long term,
although they tend toward long term.

Improving Local Leadership.  As single interventions, none of those
included 1n the category of improving local leadership received a rating above
" Jow 'in effectiveness. On the other hand, the research cited earlier on. -
offective schools and implementing change indicates quite strongly that this
local leadership is an essential ingredient that must be prasent 'if other
interventions are to have the desired effect. This Teadership probably will
come from people in a variety of roles within the school district. Whether
this leadership is provided by science sypervisors, general curriculum

directors, principals, or some combination of these persons, local school’
districts must give it high priority. When it is.not present, federal and
state agencies should channel resources toward providing the needed talent to
"grotect their investment® in other interventions they initiate. '

Testing Proecvam«. ~his ‘intervention is -interactive in the sense that it
can be an ins-rt. - id to changing the curriculum, Thus, it is closely tied
to objective #3 concerning the appropriatepess ‘of the curriculum, To whatever
extent new curricula are adoptéd with a somewhat different content than in the
~ past, district testing programs <a: assist: their acceptance by including test
items consistent with the rew curricula.. It is an important step for local
school distrizts (or §tates in those cases where they have state testing .
programs) to take.in support of curricular change. It is. a long-term endeavor

' rapidly and changes which

in that the focus of testing programs rarely changes
are made’can bde expected to persist for® some time.

d
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public Education, This category of intervention is interactive with the
others since public opinion and taxpayer decisions are the base upon which
American education is built. Without public support for improvements in
science education, little improvement is likely. As a category of
interventions, however, it is not as prominent as most. To a large extent,
the people who wish to impréve science education in this country are not in a
position to dramatically change public, values. They must proceed mostly on °
the basis of the values society turrently holds. There are important steps
which can be taken to educate the public, of course, but they will more likely
arise out of a broader context of concerns rather than from endeavors designed
to directly improve science etfication.

3



Chapter 5. Recommendations

Having dealt with the costs and effectiveness of many potential
interventions and combinations of interventions, one is still left with the
questions of which particular interventions should be initiated, by whom, and
under what circumstances. Obviously the most cost-effective interventions are
the ones of choice, but the interactions among the interventions, and the many
variations in how a given one could be implemented, all point to the need for
further judgments. Such value judgments are the core of this chapter. It is
recognized at the outset that someone'else may make a somewhat different set
of choices based.on the preceding cost-effectiveness analysis. This
possibility is no reason, however, to back away from making the judgments. - In
view of the extensive investment in the analysis up to this point, it would -be
irresponsible not to do so.. , ,

" gayer ] basic considerations enter into these recommendations., First, it
is assum:d that the recommended interventions will be initiated in a
coordinated manner. Research findings cited previously substantiate the
importance of this approach.. While in some cases a different intervention may
be substituted for the one presented, it must be recognized that failure to
. provide an adequate substitute may negate the impact of some of the other

recommended interventions. : -

Second, it is assumed that state or federal level interventions will be
initiated in a manner that fully recognizes the importance of local
initiative. While some interventions can be made independently at these
higher levels, the majority of actions require major local involvement. The
manner in which the federal and state interventions are made becomes crucial
to their success. It is recognized that there is more than one level at which
some interventions can be made, but in such cases, wownership," commitment,
and investment at the lower of the levels almost always is necessary if the
intervention is to succeed. : :

LY

A State Plan

The focus of the regommendations presented here s a state plan of action
for improving science education. Imbedded within it are recommendations, for
local and federal action. -

In view of the strong emphasis upon .local initiative.in the previous -
analysis, and the responsibility given local districts in many states for
education, one may question why the focus is on the state. Certainly, it
“ would be. possible for a local school district, at least the larger ones, to
. make essentially all of the cost-effective interventions if it had the
" financial resources and will to do so. ' -

A basic reason for this initiative is that states are constitutionally
responsible for education. Aggrogriate.1eadership from the state can foster
local initiative; it can encourage, assist, and stimulate without dictating
local actions or limiting their choices.. Local leaders still must grapple
with all the issues involved; the outside resources can help them in doing so.
 «.»ther reason is the quality of work that can be done in many arenas when

- are people involved from a variety of settings. Even for larger school
. u3,- outside stimulations generally are a positive influence. A vision
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for the future, goals, and alternative plans for action which reflect indepth
knowledge of science, technology, and even educational practice simply are not
present to the fullest extent in all school districts. A final. reason is the
economy of scale in taking some actions, such as development of curriculum
materials, at a higher level. Tne per pupil cost can be strikingly different.
' But why should this leadership come from the state rather than the
federal level? - The main reason i the current tide of events. Across the
country states are assuming growing responsibility for education. As the
movement increases, the federal initiatives that do develop are likely to
assume a growing state involvement. Another reason for state leadership is
its greater proximity to the local level, an important consideration in view
of the importance of local initiative. A final reason for not depending ,on
federal action is the apparent low probability that actions will be taken at
that level in the immediate future having the systemic orientation highlighted
by the analysis presented above. Strong leadership at the state level appears
to have the greatest potential for significant improvement in science
oducation at the current time. ' '

Kgy Elements of the Plan

While containing a collection of specific recommended actions, the
proposed endeavor is characterized by a systemic orientation--simultaneous
attention to the full range of objectives (quantity, quality, and '
appropriateness) and means of attaining them together. The following specific
interventions should be viewed in that light, not as a list from which to pick
and choose. : ' 4 :

This state initiative must be a dynamic_ongoing program in which
leadership is exercised 1n The form of clear-cut goals, ongoing assessment of
progress, communication and cooperative prlanning with Tocal leaders and
_provision of the resources and assistance needed by local districts in meeting
the desired objectives. 1he desired approach 1s analogous to that described
Tn the research itterature for effective principals. A1l the details cannot
‘be spelled out ahea sof ;time, The plans must be open enough and the
leadership efrvectife enough that actions can be modified over time. A given
state, of. course,(will need to carefully develop its own strategy to involve
the appropriate people and establish reasonable timelines and budgets. This
endeavor will require a leader, such as a state science supervisor, whose time
is allocated tu the task and who has excellent leadership skills. Within this
context the following interventions are proposed as the basis of a state
program, ' '

a

) : ) .

1. Provide funding and professional assistance to local. school districts for
developing local leadership-and science education improvement programs
leading to attainment of the quantity, quality and appropriateness
objectives. , . :

2. Fund the improvement of teacher education programs including (a) the’
addition of more "hands-on" activities in professional education and .
(p)-more instruction in the sciences which deals with its applications.

3. Pnovide’%raining for local school district personnel on curriculum
development - and implementation.

4. Fund the establishment of .consortia of school systems, uggversities and
other groups within the state to engage in curriculum deVelopment.,
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i

Develop new standards for the adoption of science textbooks that give
greater emphasis to the applications of science. (not applicable to
Colorado) : '

provide information for local school board members on needed improvements
in science education. '
provide conferences for local school district testing personnel to assist
them in developing tests that will give more emphasis to the applications
of science and be consistent with local science curricula. '
Fund the development of item banks, with test items on the applications
of science knowledge, from which local districts can drdw items.

Provide awareness conferences and publications for local accountability
committee members which will inform them of the needs of science
education and describe means for improving it. ,

Establish leadership for the above interventions which will ‘enable them
to proceed in a coordinated manner with appropriate modifications as
indicated by evaluation and communication with local educational
personnel..

The basic purpose of the,above plan is to imprové science education. in

lucal school districts. The success of this state endeavor will be measured
by the extent to which local interventions are initiated to at%gjﬁ greater
Th

quantity, quality, and appropriateness of science instruction.

e intent is

to encourage the implementation of coordinated local programs composed of the
~ following interventions. ' S

Objective #1: Quantigy

1. Increase high school graduation requirements to include more science
than currently is required. : ‘

2. Increase the homework required in secondary school science classes.

3. Initiate actions to help teachers more fully utilize the

instructional time available in their classes, i.e., increase
"engaged time." : -

\

Objective #2: Quality .

4. Develop local programs of teacher recogni’ ‘on, professional
development, and improved professional env ronment,

5. Improve teacher recruitment and selection processes. o -

6. Provide better supervision and avaluation of science teachers. .

7 Introduce improved instructional practices such as mastery learning
or one or more other practices documented. by research to be :
successful. S v ) )

8. Conduct inservice education in support -of the various interventions
as needed. _ B , ,

9, Provide improved materials, equipment and facilities as needed .in
support of the other interventions. ‘

Objective #3: Appropriateness .

10. Initiate 1oca1hcurricq1Um development endeavors iu elementary and
secondary .school science, either in individual local schoe!
districts when they are large enough, or in consortia of districts.
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11, Initiate improved program evaluation in local school districts with
) particular attention to the appropriateness of goals, the degree to
which they are attained and means of improving the science programs,
12. Initiate additional supervisory assistance for science teachers
which is focused directly on the improvement of instruction.
L 13 Initiate careful selection procedures and professional development
: for principals. - ' '

The state endeavor also is related to possible federal interventions.
Existing federal programs should be viewed as possible sources of support for
activities included within the state plan or the endeavors of local school
districts. In addition, state personnel should seek to influence emerging
federal programs to focus upon the interventions shown by cost-effectiveness
analysis to be valuable for -the systemic effort being fostered by the state

plan. Specifically, the fb11owing federal interventions should be encouraged.

1. Provide inservice "institute" classes for science teachers which

" (a) update teachers' knowledge in science, (b) assist in the
implementatiop of new science curriculum programs in local school
districts, and (c) have an integral relationship to local school district
science education improvement endeavors.

2., Fund science curriculum development projects with particular attention to
‘those emphasizing the applications of science and . focused upon the general
student. o ,

3. Fund the establishment within states of consortia of school systems,

" universities and other groups to engage in curriculum development.

4. Fund research work which will increase the knowledge base needed for
(a) curriculum development of the type described in #2 above, (b) careful
analysiseof the problems of science education, and (c) identifying the

. actions needed to improve it. : , ' '

. 5. Provide an awareness conference for test publishers.on the need for. new
science tests giving greater attention to the applications of science.

6. Provide funding to sustain . state programs as described above.

In making the choices required for developing the above recommendation,’
cost has been considered, especially in terms of tne cost to the taxpayers.
-1t has been calculated in terms of the impact on the average total annual
expenditure per student. These data differ from the information provided
earlier in that the previous information was expressed in terms of the average
annual cost per student benefiting from the intervention; the cpsts presented
_below have been "spread across" all students in a district, including those
who do not benefit from the particular intervention. Thus, for example, an
intervention costing $13.00 per student and .affecting all students in 9th ‘
* grade, but only this grade, would, when "spread across" all thirteen grades (K-
©12), result in an increase of approximately $1.00 per student in the average
annual district per pupil cost of education. ‘Similarly, a federal expenditure:
of $41,000,000 would represent an increase of approximately $1.00 per student
in the average annual cost of educating all U.S. students since there are
approximately 41,000,000 students in the U.S. Some interventicns recommended
here would bg valuable for students other than science students;.extending the
proposed action to all students, of course, would increase the average annual,
per pupil cost of education. : o

*
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The interventions described above are estimated to increase the average
annual per pupil cost of education by $3.37, $0.81, and $1.47, respectively,
at the local, state, and federal level.” The total is $5.65 per pupil per
year, The details of these cost calculations are provided in Table A.3., in
the-Appendix of this report. , :

..The above total per pupil cost would be effected substantially if one or
more promising but relatively costly interventions were included, such as
.oxtended year contracts for all science teachers to engage in curriculum
development work or substantially higher salaries for science teachers to make
. them competitive with alternative employment. Such interventions are not
being discouraged here. It is simply that as a matter of first priority, the
above plan is presenterd as a cost-effective way to initiate a promising
program of improvement in science education. - C

cerious .attention should be given to additional support which complements
vl,e above program. The program could be supported at a higher level,

_+tended year contracts may be quite ¢ffective if initiated within the contsuit
_+ -his program, Higher teacher salaries may be important as a long-term
.. iement to the program. The specific actions listed as a program are a
- wrting point. This report says more about where to start than how far to
wi)e : . : ‘

\

A Final Word About
a Systemic Approach ” . , . i

' »

The importance of viewing the above recommendations as a totality rather
than a listing from which to choose a few interventions is difficult to
overemphasize. This perspective is supported by the research on effective
~schools and implementing educational change reviewed earlier. It also is
supported by -the analysis presented earlier, Requiring more science for high
school graduation, for exavple, without concomitant attention to the.
appropriateness of the curriculum poses potentially serious problems. This
requirement would affect mostly the non-college-bound student, yet the current
senior high school curriculum basically is designed for ‘the college-bound . «
student. Curricular change is needed along with ny ‘increase in requirements.

The question of what goals should be pursued {in science instruction
permeates the ertire analysis of this report. Everyone invalved with science
instruction in the schools must grapple. with this lissue. The research on
effective schools highlights the importance of a g‘al-orientation; yet the
results of the survey of Colorado educational leadérs described in a
subsequent portion of this report (Part II1I) show there are essentially two
different orientations to this question. The majority position is that the.
applications of science need significant attention in -the curriculum, but a
significant minority are not persuaded of this importance. The issue must b€
debated and whatever the outcome of the debate, a courseé must be struck based
"“on clearly understood goals, carefully developed plans of action, effective
* communication among all parties involved, and a resolve to put the plans- into
effect. In this manner, substantial improvement in science education can be.
pursued with optimism, -

In essence, the potential impact of the program of interventions .
described above is significantly greater than the sum of its parts. The costs
described above are rather minimal given  any serious comnitment to improving
science education. If costs absolutely must be reduced even further, however,
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.he total should be scaled down somewhat rather than eliminating some parts.
't is imperative that a systemic approach be maintained.
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PART I1. MODIFICATIONS OF THE ANALYSIS AS IT
PERTAINS TO MATHEMATICS EGUCATION

Although both science and mathematics are of concern for this analysis of
the most cost-effective means of improving education, the first and by far the
largest section of this report deals only with science. While it would have
been possible to report the results of the analysis in a report which combined
the analysis of the two teaching fields, the two fields have been separated
because (1) mathematics and science are fundamentally different in character
and (2) there are two different bodies of research literature for the two
fields.

In this part of the report, the previously presented analysis for science
education will be reviewed with specific attention to the ways in which the
analysis must differ for mathematics. This review will be done in terms of
(1) the single interventions, (2) the combinations of interventions, and
(3) the recommendations. In most cases the analysis for mathematics will show
results similar to science; in a few cases the results wili be different or
simply unknown.

Single Interventions for Improving
Mathematics Education

The single interventions for improving education will be examined
individually within each of the eleven categories in order to identify
differences between mathematics and science.

Interventions Primarily Related to
Objective #1: Quantity

The interventions related to this objective all are in the category of
increasing student requirements. None of these interventions is subject
specific; in other words, the analysis presented for science pertains to
mathematics as well. The per student costs for introducing these
interventions are the same in mathematics classes as in science classes. The
impact on total school budgets, and thus on the average annual pupil
expenditure in a district, state, or the nation,.of course, would increase if
the intervention were introduced for both mathematics and science. This
impact ‘on average annual pupil expenditures will be addressed with respect to
recommendations presented in a later section.

/'(N\
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Interventions Primarily Related to
Objective #2: Quality

1. Preservice Preparation of Teachers

In most regards, the situation for mathematics is similar to science.
Differences arise with respect to the nature of the intervention and the
context in which it is implemented in a few cases. The cost of initiating
greater mathematics requirements in the preparation of elementary teachers is
essentially the same as for science, but its effectiveness potentially is
different. In contrast to science, mathematics generaily is given major
attention in the elementary school curriculum and actually is allotted as much
time by teachers as the schedule would indicate. Thus, there is little reason
to think that a better mathematics background would result in teacners
teaching it more. In general, a better background in the given subject field,
be it science, mathematics or some other field, is desirable, but there may be
less eviderce of its importance in this case than in the case of science.
Similarly, the analogue of more college courses emphasizing the applications
.of science would be courses emphasizing the applications of mathematics. This
intervention also is related to objective #3 concerning appropriateness. It
is not clear that there is need for college courses emphasizing the
applications of mathematics, but the more general curricular issue will be
addrecsed later with respect to objective #3.

2. Enhancing Teaching as a Career

The analysis presented for interventions designed to enhance teaching as
a career holds for mathematics teachers as well as science teachers.

3. Improving Instructional Practices

The analysis presented for improving instructional practices also holds
for mathematics as well as science, but in either case there is less
specificity in this analysis than the previqus one concerning enhancing
teaching as a career. The second intervention in this category, mastery
learning, was in essence a place holder for a large collection of potentially
improved instructional practices. Because of the difference in the nature of
the subjects, differences in the efficacy of various instructional practices
could be expected as well. A thorough analysis of the many potentially
jmproved instructional practices which could be considered in either science
or mathematics is beyond the scope of this report. The substantially improved
learning resulting from some interventions of this type, however, such as the
previously cited results of mastery learning in science, must not be

forgotten. Interventions of this type have significant promise.

4. Inservice Education of Teachers

There is little in the analysis of interventions concerning inservice

education that would be expected to be different for mathematics than for
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science. While the evidence cited for the indifferent record of swamer
institutes was from the area of science, there is little reason to expect the
evidence in the area of mathematics to present a different picture. The
intervention regarding the applications of knowledge in the curriculum raises
the same issues about the goals of education mentioned earlier and will be
addressed more fully below with respect to objective #3. As in the case of
science, the systemic nature of the situation must constantly be borne in
m.nd; the intervention describing inservice education coordinated with local
development endeavors is especially attractive and will be considered further
when comoinations of interventions are addressed,

5. Improving Mathematics Materials,
Equipment and Facilities

As a single intervention, the analysis is similar for both science and
mathematics with the exception that the costs of non-text materials is
cubstantially less in mathematics than in science. Even more so than in
science, the addition of materials apparently is not the most critical factor
in improving instruction. '

6. Industrial Assistance

With the exception of donations of equipment, the analysis of this
category of interventions is essentially the same for mathematics as for
<cience. Even in the case of equipment, the situation is not that different
in that the donations of equipment available often are not that usable or
appropriate for instructicnal use.

Interventions to Attain Objective #3: Appropriateness

This objective and the related category of interventions, improving the
curriculum, differ more than the others from science to mathematics.
Appropriate goals of instruction are highly related to the particular subject
field. In exploring the question of appropriateness with respect to
mathematics, two findings from research are particularly significant. First,
as in the case of science, the research establishes quite clearly that the
mathematics curriculum in the schools is defined by the textbooks in use.
Teachers teach whatever is in the textbooks. Secondly, mathematics, as in the
case of science, is viewed as important for preparing for the next level of
schooling, not because it has become a direct value in and of itself. At this
point the analysis mg% part company, since what makes a subject valuable to a
person may vary consi erably from one field to another. In science, for
example, the case was made that personal applications of the knowledge and its
application to various societal issues should have more of a bearing on what
science is taught in the schools. In mathematics the issue may be similar in
one respect; it may be valuable to teach students more directly the use of
mathematical knowledge in personal applications. In another respect, it may
be quite different, in that mathematics may not be as overtly a part of the
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abate on many societal issues in the same way that science is. The extensive
cience knowledge required for cerious analysis of many of the issues faced by
ur society probably places a demand on the science curriculum that is not
laced directly on the mathematics curriculum. So, the debate over what
athematical knowledge is of most worth in the curriculum may take a
onsiderably different form than in science, but the debate, nonetheless, is
ritically important, It must take place and the outcome of the debate should
e allowed to shape the curriculum even if it means the curriculum is
ubstantially altered.

As noted previously with respect to science, this category includes two
eneral types of interventions. The first directly addresses particular types
f changes in the curriculum; they are based upon value judgments as to what
s appropriate. The second type of intervention focuses on a particular
iechanism for bringing about desired change. A particular shift in the focus
f the curriculum is assumed and the question becomes one of assessing the
jalue of particular mechanisms for producing this change.

The first three interventions in this category deal with particular
-hanges in the content of the curriculum. The costs are basically the same as
For science. The effectiveness of the interventions is not as predictable.

{n fact, these interventions, as described with respect to science, may be
inappropriate for mathematics. Thus it may be necessary to suggest totally
different interventions which are viable candidates for consideration as a
result of thorough debate over the question of what mathematical knowledge is
of most worth for various kinds of students. - This debate is beyond the scope
of this project and will not be pursued here. Suffice it to say that the
debate is critically important and should be pursued vigorously in the
interest of providing a sense of ‘direction for mathematics education.

The other interventions in this category pertain to mechanisms for
bringing about the desired curricular change. The analysis is essentially the
same as for science given that the particular curricular change has been
identified. Thus, if the goal questions can be resolved, one can proceed to
evaluate how best to pursue the desired change. As in the case of science,
the systemic nature of the situation is such that the interactions among the
interventions must be considered. This facet of the analysis will be
considered further in the context of other interventions and with full
consideration for potential interactions.

Facilitating Interventions

The facilitating interventions are not very subject specific; the
analysis presented for science can be used essentially as is for mathematics
also. Almost all cf the facilitating interventions are highly interactive;
they can be addressed most readily in the following section on compinations of

interventions.
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combinations of Interventions for Improving
Mathematics Education

The analysis of combinations of interventions for science was largely
based upon a synthesis of the research on effective schools and means of
introducing educational change. This same analysis applies to mathematics as
well. The major implications of that analysis are as follows. First,
interventions must be considered in combination, not in isolation. Second,
the combination of interventions cannot omit a particular one crucial for
making the combination effective. Third, whatever combination of
interventions is selected, it must be based upon a multi-level perspective,
including classroom, schoal, district, state, and national levels.

' As in the case of the single interventions, the major difference between
the analyses for science and For mathematics grows out of differences in the
nature of the curriculum content and the instructional goals. Thus, any
intervention related directly or indirectly to objective #3, appropriateness,
must be considered carefully for differences resulting from its subject-
specific nature.

Recommendations

As in the case of science, recommendations are based on the assumption
that all actions will be initiated in a coordinated manner and not considered
as single interventions. A state plan similar to the one proposed in science
also is nroposed for mathematics. It is similar in scope, has the same
general interventions (except as modified for the appropriateness objective as
indicated above), and costs essentially the same.
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PART II11. A DELPHI STUDY OF LEADER'S VIEWS OF INTERVENTIONS
FOR IMPROVING SCIENCE AND MATHEMATICS EDUCATION IN COLORADO

As a supplement to the cost-effectiveness analysis contained in this
-eport, a series of questionnaires was sent to educational leaders in Colorado
o determine their ovinions about the current status of science and
nathematics education in the state and actions that should be taken to bring
about positive change. Sometimes referred to as a Delphi study, the series of
quest’onnaires was designed as an iterative process in which information from
previous questionnaires is summarized and reported back to the respondents for
their reaction. It provices an opportunity to learn the opinions of others
and potentially be influenced by this information in forming their
conclusions. The process has the potential of achieving some consensus,
somewhat as in a group discussion, but without the possibility of forceful
individuals dominating the process. In addition to the possibility of forming
a consensus, of course, it has the potential of identifying areas where there
are differences of opinion with no consensus possible,

This endeavor was designed to gather people's judgments with respect to
four main topics. ‘

1. What are the major problems with science and mathematics education,
and how serious are they?

9. What goals should be pursued in science and mathematics education in
elementary and secondary schools? ,

3. What actions have the potential of improving science and mathematics
education? g

4. What are the perceived costs and effectiveness associated with the
various actions under consideration?

The opinions of -eight categories of peaple were sought as follows.

Superintendents and orincipals

School board members v

Curriculum directors and supervisors

Teachers

vocational educators (administrators)

Higher education personnel (administrators and science and
mathematics professors)

7. Colorado Department of Education personnel

8. Elected officials (Legislators who are members of the House and
Senate £ducation Committees and State Board of Education members)

AN H WM
e o o o o @

This endeavor sought the opinions of leaders in each of these categories,
not a cross section of individuals. Rather Than a random sample, nominations
of leaders in each category were obtained. For example, the superintendents
and- principals contacted were nominated by officers in various professsional
associations and by other individuals having an informed opinion about
occupants of these positions throughout the state. In addition to identifying
people in each category who are regarded as leaders and whose opinion is
respected by their peers, efforts were made to include people from the various
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geographic regions of the state and from various types of settings, such as
urban and rural, :

After the list of potential participants was developed, a letter was sent
to each person requesting his or her participation in the study., Of the 225
people contacted, 173 agreed to participate. Each of these persons then was
sent the first of a series of three questionnaires.

The approach followed allowed for followup of non-respondents to the
questionnaire while also preserving their anonymity. A postcard was provided
with each guestionnaire which the respondent was asked to return separately
from the questionnaire indicating that it also had been mailed. Only the
postcard contained the name of the person. Persons from whom no postcard was
received were sent a follow-up questionnaire in an effort to obtain as many
respondents as possible. The questionnaires were color coded to identify the
particular group (i.e., superintendent or principal, school board member,
etc., as described above), but no names were included on the questionnaires.

Questionnaire #1

The first questionnaire contained only open-ended questions, ten in
number, which the respondent was expected to answer by writing out phrases or
sentences. The questions were fairly broad and solicited the opinions of the
respondents with regard to the issues identified above as the main focus of
the study. No marked differences were obvious among the respondents in terms
of the group to which they belonged (i.e., school board member, teacher,
elected official, etc.). The responses are symmarized below.

When asked, "How well are we doing in pre-college science and mathematics
education? The headlines say there is a crisis; what do you think?" nearly
two-thirds of the respondents said the situation was a problem but were
reluctant to call it a crisis. The remainder of the respondents were divided
between calling it a crisis or no problem.

When asked to identify the most pressing issue facing science and
mathematics education today, the responses were many and included a wide
variety of answers. MWithin this wide variety of responses, One stood out from
the others because of the freguency with which it was mentioned. Although
expressed in different ways, this most pressing issue pertained to the quality
of teaching. ,

When asked how good a job fis being done in science and mathematics
education as compared to other areas of study in the schools, about 60 percent
thought it was the same while approximately 30 percent indicated we are doing
worse in science and mathematics and 10 percent think we are doing better.
Although the difference is very slight, the responses indicate comparatively
better performance in mathematics than in science.

when asked to identify what groups of students in the schools are being
served most poorly now (considering such variables as grade level, ability,
ethnicity, sex, and post-secondary educational or vocational plans), a wide
variety of variables were identified. Gifted students, average students, and
less gifted students were each mentioned about as frequently as the others.

In terms of grade level, elementary students were mentioned about twice as
frequently as middle school students who in turn were mentioned twice as often
as high school students. In general, the problem apparently is perceived to
be greater at the lower levels than at the higher levels. Minority students

" and female s&pdents were cited by some respondents as groups poorly served.
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Some respondents identified the "general" student as the one most poorly
served while a substantially lesser number referred to the vacademic" student
as the group most poorly served.

When asked to describe what “he goals of science and mathematics
education should be, a wide variety of responses was received, but a pattern
emerged., Respondents saw distinctions among groups of students, most often
noting a distinction between two clearly identified groups of students. One
group, sometimes called "academic," consisted of those 1ikely to go on to
colleges, often to major Tn science, mathematics, or engineering. There
appeared tc be a general consensus that the primary responsibility here is
providing a challenging college-preparatory course of studies in science and
mathematics to enable these students to compete and succeed in college.
Another group consists of those students unlikely to pursue such rigorous
collegiate coursework, but who will constitute the majority of our future work
force and citizenry. This second group was sometimes designated as the
"general" student. Many respondents believed the primary respunsibility
towards this group was teaching them those aspects of science and mathematics
most likely useful in their everyday personal lives, and also to prepare them
to be sufficiently literate about science and technology for their role as
voting citizens.

When asked what would most improve science and mathematics education, a
large number of different responses was received, Within this lengthy
listing, however, the most frequently mentioned responses pertained in some
way to teachers. When the responses were placed in categories, the most
frequently mentioned were higher quality teaching, higher salaries for
teachers, and improved teacher preparation.

The respondents to this questionnaire also were asked if the school
district by which they were employed (or if not an employee, the district in
which they resided) was likely to spend more money on science and mathematics
education to bring about some improvement. The majority of respondents had an
opinion on this matter, and of those who did slightly more than half said
"no"; approximately one-sixth said "probably," and the other one-third said
ndefinitely" their district would spend more money.

While these general responses were helpful, there were two areas needing
further attention which were pursued in the subsequent questionnaires, namely
further information about the goals which science and mathematics education
should pursue and the particular actions or interventions which are wost
likely to bring about improvement in the current situation.

Questionnaire #2

Based substantially on the response to the first questionnaire, a second
was developed which was more structured and focused upon three major areas.
It began with a description of the distinction noted above between "academic"
and “"general" students. The respondents then were asked the amount of change
they %elt was needed in school programs to meet the needs of these two groups.
The structured question made distinctions between science and mathematics and
between elementary, junior high/middle school, and senior high school. The
results of this query are summarized in Table 4. It is clear from these data
that the vast majority of respondents felt that change was necessary, but
moderate change was more attractive than major change.
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Tahle 4

The Anount of Change Needed in the Science and Mathematics
Education of Students As Rated by Colorado Leaders

Superin- Curriculun Higher
tendents School Directors Voca- Educa-
Categories b Prin-  Board & Super- Lional tion Elected

of Students  cipals  Members visors  Teachers Educators personnel  CDE Staff Officials Total
(16) (1) (14) (25) (6) (19) (6) ) (10

Academic Students

Elementary Sci, 122 1.2 0,93 1.6 1,00 L1 1,60 1,25 1,2
Elementary Math, 111 LI 0,79 1,39 1,00 1.2 1,40 1,25 1.1
Jr. High Sci, 1,33 1.5 1,00 1,59 117 L2 1,50 1,50 1,36
Jr, High Math, LI 150 1,00 1,48 1,17 1.3 1,50 1,50 1,32
Sr, High S¢i. 1.06 139 0,85 1,36 1,00 1,36 1,33 1.75 1.4
Sr. High Math, 0.4 1.3 0,64 1.3 0,83 1,53 1,33 175 1,21
General Students
Elementary Sci, 0,89 Ll 0,79 1,29 L1 0,95 1,20 1,00 1,0
Elementary Math, 072 1,00 0,72 1,08 .17 0,% 1,20 1,00 0,95
Jr. High Sci, 0,94 1.28 1.21 1,25 1,50 110 1,33 1,25 1,19
Jr. High Math, 0,83 1.4 1,07 1,40 1,50 1,2 1.3 1,25 1,24
Sr. High Sci, 1,00 1.8 1,36 LI LI 1,22 1.17 1,50 1,24
Sr. High Math, 1.0 139 1.43 1.3 - 100 1.2 1.33 1,75 1,29

Major Change = 2
Moderate Change = 1
No Change = 0
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The second section of the questionnaire dealt with the importance of
various goals one might have for science and mathematics education, The
various goals included understanding of fundamental principles of science and
mathematics, preparing students to deal with science-related societal issues,
preparing students to apply science and mathematics knowledge in their
everyday lives, and giving students a better understanding of science- and
mathematics-related careers. The responses to this structured question are
contained in Table 5 below. The most striking conclusion that comes from this
table is that, although there are some variations, seemingly everything is
important.

The third part of the questionnaire contained a detailed listing of many
possible actions or interventions for improving science and mathematics
education. These interventions were derived from the results of the first
questionnaire as well as other sources, and included most of the interventions
addressed elsewhere in this report. Respondents were given an opportunity to
rate both the effectiveness and the feasibility of each of the specific
interventions. The summary of these ratings in Figure 6 below includes the
of fectiveness and feasibility ratings of the total group of respondents for
each of the eleven categories. There is variation in the ratings for these
groups of interventions, more SO for the effectiveness ratings, however, than
in the feasibility ratings. The highest effectiveness ratings were given to
those intervention categories relating to teachers; they were rated
approximately midway between effective and highly effective. The lowest ratea
interventions, testing programs and improved leadership, were rated
approximately midway between somewhat effective and effective.

Questionnaire #3

The third questionnaire contained two parts, both built upon information
obtained in the previous questionnaire. The*first of these two sections dealt
with goals for science education; mathematics was not included in this part of
the questionnaire.

The goals section included information derived from recent research as
well as from the previous questionnaire. It was noted above that respondents
to questionnaire #2 generally thought all of the various goals were important.
The great majority were rated in the mid-range between important and very
important, with the few exceptions simply being rated important. None were
considered slightly important or unimportant. The questionnaire then went on
to raise some questions growing out of these judgments and some data about the
current science curriculum in the schools. It was noted that the current
junior and senior high school curriculum (whether for "academic” or "general
students) contains little on societal issues, personal apolications, or career
preparation. Several studies using different methods consistently show the
same results. The average amount of actual instruction time in science
classes devoted to all of these matters combined is in the neighborhood of
5 percent. This instructional time is proportional to the attention given
these topics in the current textbooks. There is an apparent contradiction
between the goals espoused by the respondents to this questionnaire and school
practice. The questionnaire then went on to raise the following question with
respect to the wacademic" students to which the respondents were expected to
respond in an open-ended fashion with their comments.
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Table 5

Average Rating of Various Goals for Science and Mathematics Education
by Several Categories of Colorado Leaders

Superin- Curriculum ‘ Higher

tendents School Directors Voca- Educa- O

& Prin- Board & Super- tional tion Elected

Goals cipals Members visors  Teachers Educators Personnel CDE Staff Officials Total
(18) (18) (14) (25) (5) (19) (6) (4) (109)

jamental Princi-
of science &
iematics
ademic Students 2.72 2.75 2.82 2.80 2.40 2.79 2.33 3.0 2.74
neral Students  2.56 2.38 2.36 2.48 2.00 2.42 2.17 2.25 2.40
nce Societal 5
jes -
ademic Students  2.50 2.38 2.36 2.76 2.20 2.26 2.33 1.25 2,41
sneral Students  2.28 2.29 2.36 2.64 2.20 2.16 2.33 1.50 2.32
sonal Applications
Science
cademic Students 2.5 2.06 2.15 2.44 2.00 1.79 2.00 2.0 2,18
eneral Students 2.39 2,28 2.36 2.56 - 2.40° 1.63 2.33 2,25 2.217
sonal Applications
Hathematics
cademic Students 2,50 1.94 2.53 2.28 2.20 2.05 1.83 2.75 2.24
eneral Students  2.72 2.61 2.84 2.56 2.60 2.26 2.33 2.75 2.58
eers--Science & - : ‘ - . )
hematics Related
cademic students 2,22 2.17 2.53 2.28 2.60 2.0 2.00 2.50 2.24
eneral Students  1.72 2.00 2.15 2.00 2.40 1.58 1.83 2.25 1.92

= Very Important = 3 I = Important = 2 SI = Slightly Important =1 U = Unimportant =»0




Effectiveness

(Highly Effective) 3.0

2.5

Enhancing Career
Preservice Preparatio
Inservice Educatio
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Improving Curriculum

(Effective) 2.0
Business Assistance

7
Improving Materials

Public Educatibn

1.5

Testing Programs
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(Somewhat Effective) 1.0
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Feasibility

3.0 (Definitely Feasible)

Preservice Preparation

2.5

Increas. Student Requirements

Nmproving Instruction
mproving Curriculum

Inservice Education

Public Education

Business Assistance

Enhancing Career

Testing Programs
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2.0 (Possibly Feasible?}

1.5

1.0 (Possibly Infeasible)

Figure 6. Ratings of Effectiveness and Feasibility of

Intervention

Clusters by Colorado Leaders
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"Would you advocate modifying the curriculum to take care of this
discrepancy? If so, in what way, to what extent, and why?"

It then was noted that enrollment figures show "general" students
typically take the minimum amount of science required tor graduation. Current
science programs are oriented to the “academic" students. This conclusion is
cubstantiated by analyses of the curriculum content and by studies of the
rationale teachers give for what they teach. If the " eneral" student is
required to take more science from the current school otferings, it will be
science designed for the wacademic” student. The question then posed was

nIs this problem one that requires change in the science curriculum? If
so, in what way, to what extent, and why?"

The responses to these two questions were categorized and are summarized
in Table 6. In general it can be said that the respondents see a need for
change in the curriculum for "academic" students by a margin of approximately
three to one. A need for change 1n The “orientation of the curriculum for
"general students is also favored, but the margin is less, not quite two to
one. .

Even more insight is gained from the reasons contained in the comments
made in response to the open-ended questions. There was considerable
uniformity in the rationale given by the respondents in each of the groups.
Their rationale provides important clues as to the nature of the debate over
science education goals and clearly indicates there is not a definitive
consensus as to what th orientation of the curriculum should be. The
respondents who felt z- .- the curriculum for "academic" students should have
more than the current 5 percent of time devoted to personal applications,
societal issues, and career preparation generally made arguments for their
importance in the curriculum. They referred to the need for more personal
applications and attention to societal issues and were persuaded the
curriculum needed to be "less theoretical." The amount of change suggested is
also of interest. Many respondents commented on the need to change and at the
came time cautioned that the change should not be too much. Science
instruction needed to be more related to life, but they were looking for a
modification to the existing curriculum, not a wholesale replacement with a
totally different approach.

The minority of respondents who felt the curriculum should not change
were convinced such changes would ndijute" the curriculum and that subject
matter needed to be emphasized. There were comments about the need to "clean
out" students and to have "discipline" as a goal for the curriculum, Some
felt that science-related societal issues should be addressed in social
studies rather than in science classes.

The reasons given for the answers to the question about the need for
change in the curriculum for * eneral" students reflected values similar to
those expressed above. The majority who felt a change was needed in the
curriculum argued that it needs to be more practical, less theoretical, and
have more of an experiential base. They were persuaded of the importance of
preparing students for voting and citizensnip. The curriculum should
emphasize "everyday science" with attention to vhands-on" experience and
exploration of scientific phenomena.
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Table 6
Opinions of Colorado Leaders as to Whether or Not

the Science Curriculum Should be Modified to Give more Attention
to Personal Needs, Societal Issues, and Career Preparation

Academic Students General Students
No No
Yes No Response Total .  Yes No Response Total
Supts. &

Principals 11 2 2 15 9 4 2 15
School Board

Members 13 5 2 20 - 8 8 4 20
Curriculum

Directors &

Supervisors 9 4 2 15 9 2 4 15
Teachers 9 3 4 16 7 6 3 .16
Vocational

Educators 3 0 0 3 3 0 0 3
Higher .

Education

Personnel 11 4 1 16 9 5 2 16
COE Staff 4 1 0 5 4 1 0 5
Elected

Officials 3 1 1 5 2 2 1 5

Total 63 20 13 95 51 8 12 95
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Those persons who saw no need fgr a change were persuaded that everyone
needs the “"academics" and the “fundamentals.” Along with these predominant
opinions were a few comments about the possibility of the general student
deciding to go to college in the future, and comments indicating the schools
already have enough general cotirses.

A second part to the third quastionnaire provided another opportunity to
rate the effectiveness and feasibi'ity of various interventions. Only the
more highly rated interventions from the previous guestionnaire were included
along with a few others which had not been included in the first
questionnaire. Those interventions from the second questionnaire included the
seven highest rated of the eleven previously used categories. When presented
in this third questionnaire, the various single interventions within each
category were listed in the order of their rating on questionnaire #2. With
this information about the rating of the interventions by other respondents
now at hand, the recipients of the questionnaire had an opportunity to rate
them again. The resulls of these ratings are summarized in Table 7.

Implications of the Findings

Two aspects of the findings of this Delphi study have particular
implications in the search for means of improving science and mathematics
education: (a) the educational goals held by educational leaders and (b) the
opinions of various means of improving education.

There is not a clear consensus on the desired goals of science and
mathematics education, a situation which may impair progress toward improving
this education. There appears to be a dichotomy between those who favor
significant attention in the curriculum to the applications of knowledge and
those who believe it should focus almost exclusively on fundamental knowledge,
independent of applications. This difference in values seems to pertain to
both "academic" and "general" students, '

In addition to these differences in values, consensus on the question of
goals is restricted by false assumptions about educational practice in the
schools and the nature of learning. For example, it is well documented that
only about 5 percent of the science curriculum in schools is devoted to
science-related personal needs, societal issues, or career preparation
combined, but most educational leaders assume the figure to be higher. It
would have been interesting to extend the Delphi study to ¢ fourth role and
include additional information which is not widely known about the very low
correlation between the amount of science taken in high school and success in
college science courses. Such information has a bearing on the debate over
goals.

It is important that the goals of science education be debated. Some
degree of consensus is needed if positive action is to be taken to improve
science and mathematics education  Such agreemen”. i an important '
prerequisite for good planning and for effectively implementing these plans
for positive educational change.

The second implication of these findings is that mobilizing effective
action for change may be impaired by differences between the opinions of
educational leaders as to effective actions for change and those identified by
cost-effectiveness analysis. Among educational leaders collectively, it does
not appear that many particular interventions stand out as the ones of choice.
There is a lot of variation among individuals, but even within various
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Table 7

Ratings by Colorado Educational Leaders of the Effectiveness of Various Interventions
for Improving Science and Mathematics Education

Super in- Curriculum Higher
tendents School Directors Yoca-  Educa-
& Prin- Board & Super- tiongl  tion Elected

[nterventichs  cipals Members visors  Teachers Educators Personnel CDE Staff (0fficials Total
(13)  (18) (14) |2) (3) (16) (5) (5)  (8)

1. Preseryice

PFEE&F&EWOH

a.-New standards 230 033 2.1 242 2,6 2,44 1,80 2,60 2.3
b, Greater sci. &

math, for elem,

taacher 247 2.6 2.29 2.42 2,00 2,32 240 2,60 2.4
C. More courses on
~ applications .39 2.0 2,3 2.9? 3,00 2,06 2.20 180 2.34

d. Specializ.d

prep, for |

grades 4-6 201 2.5 1.72 2,50 2,6/ 1.94 1,60 2,0 L1
e, More "hands~on* 2,62 2,3 2,00 2,50 3.00 1.9 1,80 I L
f. Loans or

scholarships 2% 2,05 1,86 1,83 1,65 1.81 2,20 1,60 1,99
0. Stronger enforce-

ment of full

credentials 2,01 2.2 1.79 217 2.3 2,28 1,80 1,40 2,09
h, Student teachers

with outstanding

coop. teachers 2,38 2,39 2.97 233 40 2,19 2,20 1,40 231

B60T
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Table 7 {continued)

Superin- - Curriculum Higher
tendents School Directers Voca- Educa-
& Prin-  Board & Super- tional tion Elected
Interventions  cipals Members visors Teachers Educators Personnel COE Staff Officials Total
(13)  (18) (14) (12) (3) (16) (5) (3) (86)
. Inservice Educ,
. Summer insti-
tutes 2.0 2l 2,02 2,42 2,33 2,31 2,00 2.0 2,03
, Inservice
courses on ~
applicetions 215 2.3 Ll 250 .33 2.13 2,20 2,0 2.4
, Inservice coord,
with Jocal
endeavors 2,22 21 1,93 2,50 2,33 1.67 1.40 1,80 2,02
d, Teacher centers 1.6 2,11 1.0d 2,0 L9 1,56 140 200 L9
. Improved teacher |
evaluation 15 2.4 2,14 2,08 1,98 1.63 1,60 2,60 2,09
, Inservice on
higher level | |
sci, & math. 1.4 1.9 1,46 1,33 1.3 1.44 1.40 2,20 1,59
. Extended year |
contracts 1.5 2,00 1719 2,00 2.33 1.94 1.60 1,60 1,85
. Academic year
institutes 184 .1 1,64 1,83 2,67 1,69 1.80 1,60 1,86
i, Late afternoon
or evening insti- | |
tute classes L7 1.8 5 U S 7 A X ) 162 1,60 1,20 1.6/
i, Inservice on
teaching methods 1.47  1.56 1,64 1,25 2.3 1,31 1,60 1,20 1,48
. Sabbatical
leaves 1,23 1,68 1,93 2.33 1,98 1,88 2,00 2,20 1.83
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Table 7 (continued)

Interventions

Superin- Curriculum Higher
tendents School Directors Voca- Educa-
& Prin-  Board & Super- tional  .tion Elected

cipals Members visors ~ Teachers Educators Persomnel COE Staff (0fficials Total
(13 (18) (14) (12) (3) (16) (5) (%) (86)

bty

d

=y

>

(g4

wa N

— —_

Csa

a Lareer

g —

. Increasing
salaries for
all teachers

. Other incentives
for teachers

. Improved profes-
sional environ,

d. Increasing
salaries for sci.

§ math, teachers

. Teacher recogni-
tion

. Performance pay

.- Collaborative
research

. Improving
teacher recruit-
ment

. Reduced work
loads

, More emphiasis on
profess. growth

1

o0 LW a1 a8 LS 2% a0 a6 nd
2428 0 233 00 2.8 2.60 180 03

ITIT

L6 a8 2,50 150 175 140 240 2,03

UL L 2B e aB Lo 20 L

La Ly L4 220 1,00 L3l 2,00 2,00 LY

L6 21 L 216 100 156 1,60 2,0 1.0
1.8 L& L8 209 .00 2,00 2.00 .60 180
2,16 261 22 .67 2.0 2,13 1,60 280  2.33
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Table 7 (continued)

Superin- Curriculum Higher
tendents School Directors Voca-  Educa-
b Prin-  Board & Super- tional Lion Elected

Interventions cipals Members visors  Teachers Educators Personne]  COE Staff Officials Total
(13)  (18) (14) (12) (3) (16) (5) (5) (86)

4, Inproved Instruc-
tional Practices

a, Mastery learning 220 228 L7120 267 22 00 a0l

b, Improved student/
teacher ratio 1.6l 21l 2,01 2,36 2,33 2,00 1,60 2.00 2,02

¢. Computer-assisted .
instruction 2,00 Ll 1,79 L L3 1,56 1,40 200 1.8l

5, Increased Student .
Requirements | o

3. Increasing grad-

uation require, 199 2.22 1,57 1,90 1,00 1,88 2,00 2,60 1,9
b Increasing class

time devoted to

instruction 216 . 260 229 240 Lo 2,06 2,00 240 2.28
¢, Increasing col- |

lege adnission

requirements Lan 200 2,30 100 18l 2,00 2,60 .05

d. Increasing home-
work 139 2,06 1,64 1,67 133 2,13 1,60 2,00 LY
e. Increasing length
of school day or ‘ | .
year 1,62 1.6l 1,00 0,90 L3 1,63 140 2,0 LA
f, Increasing school |
days devoted to
~instruction 2,01 2.2 1,79 1,60 1,33 1,94 2,00 2.0 1.9
g, Increasing aca-

demic req. for I
athletics 0,92 Lol LU .60 0.3 150 140 L4 LA
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Table 7 (continued)

Superin- Curriculum Higher
tendents School Directors Voca-  Educa-
b Prin- Board & Super- tional  tion Elected
Interventions  cipals  Membars visors Teachers Educators Persomel CDE Staff Officials Total
(13)  (18) (14) (12) (3) (16) (5) (5) (86)
. Improving School
Curriculum
. Developing more
courses with
applications 250 230 2.00 2,40 3,00 1,04 2,40 1,00 223
. Improving pro-
gran evaluation 2,23 2,41 2.3 2,10 2,67 1,81 1,80 1,60 Al
. Training for
Tocal districts
on curr, dev, &
inplenentation ~ 1,69 2,18 1.4 .60 2.3 150 1.40 1,60 L7
. Developing more |
rigorous courses 1,54 2,05 L. .60 187 1.81 2,00 2,60 L0
. Developing mode!
district curr,
patterns 1,77 1.8 186 210 Lo 1,81 1,40 1,60 1.84
. Reducing frill"
Courses 1,27 oM L2 1,90 1.6 2,06 1,80 2.60 LY
. Developing con-
sortia 1,31 1.8 1.6 1,80 1.66 1,5 2,2 .60 .69
. Fageral funding
of new curriculum
project 1) D T X A W X 2,00 L6/ 1.38 .40 L0 L¥
i, New state stan-
dards for
texthooks 0.8 L2 Ll LI 1,33 150 1,00 .00 Ll
j, Revising "old"
NSF corricula L3 130 L2l 1,60 (.66 0.75 1.00 L2 LU
19 124
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Table 7 (continued)

Superin- Curriculum Higher
tendents School Directors Joca-  Educa-
§ Prin- Board & Super- tional ~ tion Elected

cipals Members visors Teachers Fducators Personnel CDE Staff Officials Total

Interventions
(13)  (18) (14) (12) (3) (1) (5) (5) (06)

7, Industrial
Tesistance

2, Summer intern-

ships for |
teachers .09 233 A0 2,01 3.00 2,06 2,00 240 2.2

b, Lecturers &
workshop leaders 2,00 2.33 1,86 2,08 3.00 1.9 2,00 2,60 2.4

¢, Seed money for
projects 2,00 1,95 200 2.3 bl 175 2,00 2,00 203
d, Part-time employ- :
ment (€.9.,
summers) .92 1% LT 2.8 2.6 1,81 1,60 2.0 1%
e, Donating equip. 2.2 2,20 2,20 2,01 \ . B0 2
f, Assisting in
evaluating curr, 2.
g. Rotating
employees into
classroom
teaching 1,9 L. LY L0 2.3 0,89 1,60 2,60 160
h, Cash awards for o |
professional
development

™o

il

6 145 136 190 1.66 1.4 1,80 .60 L60

—
-

Highly Effective = 3 Effective = 2 Slightly Effective = 1 Not Effective = 0

N ,
. . . 126
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subgroups of educational leaders (e.g., principals or school board members),
most of these variations wecancel each other out" and agreement on a precise
course of action is not forthcoming. In such a context, action is often the
result of fads or the views of individuals who are particularly influential
politically. Thus, it must be expected that the process of arriving at good
political decisions will be arduous. Extensive efforts will be necessary to
bring to bear the results of cost-effectiveness analysis. The results of the
political process, of course, should reflect legitimate political

cons iderations and the specific contexts in which the actions will occur, but
ideally the vagaries of the political process will not override the results of

sound analysis.
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APPENDIX A. CALCULATING COST ESTIMATES

As indicated in the first chapter of this report, specialists in cost-
effectiveness analysis regard the process of cost estimation as more of an art
than a science. It is a process of making judgments about what costs will be
involved in each case and making estimates of them based on the best
information available. But they are estimates and should not be considered as
precise as some of the figures below imply. A cost estimate of $0.55 per
student should not be viewed as accurate to two significant figures; a more
accurate way of expressing the meaning of this estimate would be as a
confidence interval. AN intuitive judgment is that instead of $0.55, it would
be better to say something like, "We are 95 percent sure that the cost will be
somewhat between $0.35 and $0.75 per student." This level of precision, of
course, is not a problem for this type of analysis. The range of costs for
the interventions is very large, and great precision is not needed for one to
make comparisons of their costs in terms of their effectiveness.

In the tables which follow, cost estimates are provided (Table A.1l) as
well as the basis on which they were calculated (Table A.2). In the process
there are several means of estimating which reappear at several points; some
of these assumptions, procedures, and -estimates will be described here because
of their repeated use.

1. The useful life of remodeled facilities and new equipment was assumed to
be ten years. Thus, costs for such items were prorated over that period
of time. -

2. Inservice education was assumed to have a useful life of five years. One
basis for this somewhat arbitrary figure is the five-year period for
which a teaching certificate is renewed, at least partially on the basis
of credits accrued in the previous five years.

3. The average annual per pupil cost of education was assumed to be $3000.

4. The value of a person's discretionary time (outside of their regular
working time) was assumed to be one-half of their standard wage, a common
rule-of-thumb for this type of analysis.

5. A teacher's hourly rate of pay was based on an average salary of
$21,500/year and calculated as follows: $21,500 + 180 days + 8 hours/day
= $14.93/hour.

6. A supervisor's time was calculated on the basis of a $32,000 salary (an
average of the calaries for different types of supervisors reported in
Certified Personnel: Salaries and Related Information, Denver,CO:
Tolorado Department oF Education, Farll 1987) plus an additional 50
percent for benefits, secretarial time, supplies, and other support for
this position provided by the school district.

7. The cost of providing inservice education was estimated at $54 per credit
hour which is the tuition fee charged by the University of Colorado
Division of Continuing Education with the expectation that this fee will
cover all the costs of a course. .

8. The average salary increase for teachers as a result of taking credit
courses and moving up the salary schedule was estimated to be $57 per
semester hour. This figure was derived from data contained in Colorado

alary Schedules and Related Information, 1983,

School Districts' S
puBlisﬁea Dy the Colorago fducation Rssociation. 1he average was

-~

134



123

obtained by using the data from the 12 largest school districts and an
average number of years of experience of 12 years (the folorado average).

9. waggs fgr student employment were assumed to be the federal minimum wage
of $3.35.

10. The student-to-teacher ratio used is 18,6 students per teacher in a given
class period as reported by the Colorado Department of Education Status
of K-12 Education report. -

11. TTven a six-period day and the data in #10 above, the number of students
contacted by a secondary school teacher is 112 per day.

12. For college students, 2 full-time course load is assumed to be 15
semester credit hours per semester,

A third table, A.3, provides information on the calculations used to
estimate the cost of the recommendations made in Chapter 5. It describes the
increase in the average annual per pupil cost of education at the local,
state, and federal levels to implement these recommendations. More detail is
provided in the explanatory notes which follow the table.



Table A

Costs of Single Interventions by Cost Category*
(Dollars per Science Student per Class per Year)

Cost Category

Intervention S&L

EQC P Total

A, Objective #1: Quantity
1. Increasing Student Reguirements

d.

b

ncreasing graduation requirements

in science for all students $30,02
Increasing college admission

requirements in science for all

incoming freshmen 30,02
Increasing the length of the

school year by 4 weeks 333.40 -
. Increasing the length of the

school day by one period 500,00
Increasing the amount of homework |
assigned to students e LY
Increasing proportion of total

class time devoted to instruction 1,5
Increasing proportion of scheduled

school days actually devoted to

classes \

Increasing acadenic requirements

(qrades) for student participation

in athletics

*or definitions of cost categories, see Table 2 on page 30,

1%

Goo SN0

500,00 30,00
$536.00 89,0
LY 901,99
100,50 0.0

159
60,00 0.0
301,50 30L50

ﬂiljéfi RO



Table A.1 (continued)

Cost Category

Intervention 541

T EOC P Total

B. Objective #2: Quality
1. Presarvice Preparation of Teachers

2
b.

C.

New standards for teacher prepara-

tion prograns 52,88
Greater science requirements for

elementary school teachers LD
Specialized preparation progranms

for science teachers in grades 4-6  2.88

. Nore courses emphasizing the

applications of science 1.15
More "hands-on" work as part of
teacher education programs 186

. Placing student teachers only

with outstanding teachers 0.18

. Stronger enforcement of the

requirements that school districts
hire only fully credentialed
teachers

Loans or scholarships for persons
preparing to be science teachers

2, Enhancing Teaching as a Career

al

b.

Increasing salary of teachers

within all fields 161,29
Increasing salaries of teachers

in science to be competitive with

alternative employment 13.06

138

§0.0
0.2

11.39

$6.96 11,84

3.58 4,73
8.9 11,84
3.58 4,78

SZt -

2,10
0.30 0.48

11.39

Y

161,29

13,06

13




Table A.1 (continued)

Cost Category

Intervention S&L f

T E0C p | Total

,

14U

Enhancing Teaching as 3 Career
(continued)
¢. Establish performance pay for
teachers §5.36
d. Providing an inproved professional
environment within school districts
e, Initiating canyaigns to enhance "
local teacher recognition and

respect 0,08
f, Improving teacher recruitment and
placement services 0.09

0. Involving teachers with researchers

in collaborative educational

research | 5,35
h, More emphasis on professional

growth, including better super-

vision and evaluation of teachers .36
i, Reduce workloads (i.e., fewer

students/class + fewer classes/

teacher) 240,00

. Improving Instructional Practices

2. Improved teacher-student ratio 240,00
b. Mastery learning 1.8
¢, Computer-assisted instruction

§6.36
N/A

0,08
0,09

5.3
.36

240.00

240,00

§0.27 2,09
N/A

14

p= YA
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Table A.] (continued)

Cost Category

ShL F I E0C P Total

[ntervention
4. Inservice Fducation of Teachers
3. Sunmer institutes for teachers §1.53  sL.o4 - §0.09 §2.66
b, Academic year, full-time institute |
for science teachers | 12,26 3.8 1,09 b1.24
c. "nstitute ¢lasses" conducted in
late afternoon or evening during
school year 1,53 0,65 0.2 2,45
d. Inservice education on the
applications of science 1,82 0,21 2.09
o, Inservice education classes focused »
on more advanced levels of science 1.8 0,21 2,09 ¥
f, Inservice education classes on
teaching methods 1,82 0.27 2,09

g. Inservice education program
coordinated with Jocal development

endeavors 1,82 0.27 2,09
h. Teacher centers 2,11 0,27 2,38
i, Extended year contracts for program
developnent 6,42 6.42
i, Inproved teacher evaluation 3.58 3,58
k. Sabbatical Teaves 23,12 23.12
5, Iproving Science Materials,
~ Equipment and Facilities 5.3 - 5,30

142 BTt




Table A.1 (continued)

Cost Category

Intervention ShL F I EQC [ Total
6. Industrial Assistance
2. Providing seed money for
educational projects §0.72 §1.00  §L79
b, Providing cash awards 0.72 1,07 1,79
- ¢. Equipment donations by industry 0.72 1,07 179
d. Business/industry loaning
lectures/workshop Teaders to
schools 0.49 0.73 1,2
e. Rotating business and industrial
employees to classroom teaching 30.46 %70 76,16
f, Assistance in evaluating and
developing curriculum 0,12 0,18 0,30
g. Providing industrial internships
for the employment of teachers
during Summer ‘ 4.9 740 1.4
(. Objective #3: Appropriateness
1, Improving the School Curriculum
3, Developing more courses showing
“the applications of science for
personal needs and addressing
societal issues (Tocal) $0.59 0.59
a; Same as C.a. except federal 0,05 0,05 -
b, Developing more rigorous- science -
courses for college-bound students j
(local) 0.59
0,05

b: Same as C.b. except federal

U

-
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Table AL (continued)

Intervention

Cost Category

ShL

eoc

P Totl

1, Inproving the School Curriculum
(continued)

C.
d.

€.

J.
k,

Reducing the number of "frill"
Courses

Federal funding of new curriculum
development projects

Revising the "old" NSF curricula
by expanding them or replacing
portions with locally developed
material

Developing model curriculum
patterns for districts

Providing training for local
school districts on how to develop
and implenent curricula
Establishing regional consortia

of schools and universities to
develop curricula

States (or groups of states)
setting new standards for adopting
texts

Developing model curriculum

patterns for districts to consider

Improving progran evaluation

146

$0.30

0.03

0.30

$0.05

N/A
$0.05

0.30

0.03

0.30

147
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Table A.1 (continued)

Intervention

Cost Category

S4L

I E0C

P

Total

D. Objective #4: Facilitation
1, Improving Local Leadership

ds

[ncreasing the nunber of science
supervisors within local school
districts

Weighting program development and
inplementation more heavily in the
job descriptions of local school
district science supervisors
Heighting science program develoy-
ment and implementation more
heavily in the job descriptions

of general curriculun personnel
State or federal funding of local
district plans for providing
greater leadership in science
education

Training for school board members
with respect to science education

2, Testing Programs

d.

143

Conducting awareness conferences
and training sessions in test
preparation for district testing
personnel

Developing banks of test items and
making them available to local
district personnel

$2.40

0,60

0.60

3.50

0,05

0,01

0,02

2.0

0.60

0.60

3.50

0,05

0.01

0,02

OE1




Table A.1 (continued)

Cost Category

[ntervention S4L F T E0C p Total

2, Testing Programs (continued)
¢, Holding an awareness conference
for publishers of tests used in
district-wide testing prograns 50,01 §0.01
¢. Informing established citizen
accountability committees in local
school districts of the ncud for
improved testing $0.05 0,05

3, Public Education "
2. Various forms of media advertising "
to promote more science N/A
b, Science television prograns for
the public N/A
¢, Adult education courses for the
N/A

public on science and technology
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Table A2

Calculation of Costs for Single Interventions

Cost
Intervention  Category Explanation of Cost Calculations
A, 4L Based on interviews with school district adninistrators in two Suburban Denver
| districts in which classroons recently had been renodeled as science 1abora-
tories, the cost of such remodeling and purchase of equipment is estimated to be
$33,500, This cost is prorated over a 10-year period, The room i estimated to
be used 6 periods per day for average-sized classes of 18,6 students: $33,500 4
10 years + (18,6 x 6 students) = $30,02/student /year.
£0C The educational opportunity cost to the student is the value of another course
the student would no longer be able to take. It is valued at cost: 93000/
student/year + 5 courses/year = $600/student/year.
A.b. S 4L Same as A.a. above
EOC Same as A.a. above,
A.C. CLL $3000/student/year + 180 days x 20 days = £333.40/student/4 weeks,
p Value of student time required for a longer school year and thus lost from
possible sumer enployment: $3.35/hour x B-hour /workday x 20 days = §536.00.
Ay S 4L Lengthening the school day by one class. Assume student now has 6 classes and
then will have 7. $3000 + 6 = §500/student/year,
P Value of student tine required for a longef school day based on an increased

length of 1 hour in class plus an additional 1/3 hour for homework,  Assume
student tine is valued at 1/2 of what it could earn, i,e., 1/2 of mininum wage:

1 1/3 hours/day x 180 days x (3.35 ¢ 2) = $401.99,

113
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Table A.2 (continued)

ention

Cost
Category

Explanation of Cost Calculations

S&L

S&L
E0C

E0C

S&L

The cost of inservice education for teachers is assumed to be that of "full-cost"
tuition for continuing education classes. It is prorated over 8 vyseful life" of
5 years: 2 credit hours x $54/credit hours + 112 students # 5 years = $0.19/
student/year.

Teacher time for the inservice education is valued at its cost to the school
district based on 180 eight-hour days for a year's salary ($21,500 ¢ 180 days ¢
8 hours/day = $14.93/hour): 2 credit hours x 15 hours/credit x $14.93/hour +
112 students ¢ 5 years = $0.80/student/year.

Additional district supervision and help (1 day) based upon $48,000 for salary,
benefits, support staff, and services: $48,000 & 180 days + 112 students

¢ 5 years = $0.60/student/year,

Total S & L: $0.19 + $0.80 + $0.60 = $1.59.

Assume an additional 20 minutes/day/student and that student time is valued at
1/2 of minimum wage: ($3.35/hour + 2) X 1/3 hour/day x 180 days = $100.50/year.

Same as S & L for A.d. above.

Assume 2% of time valued at its cost of $3000 per student per year:
.02 x $3000 = $60.

Assume student will expend additional effort required for eligibility and that
this time amounts to 1 hour per day of work outside of class: 180 days x 1 hour/
day x ($3.35/hour ¢ 2) = $301.50.

Based on an assumed increase of 1 semester. If tuition equals 25% of educational
cost, then 75% is cost to state (tuition x 3, or $535 x 3 per semester):
(3535 x 3)/semester # 112 students # 5 years = $2.88.
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Table A.2 (continued)

Cost
ontion  Category Explanation of Cost Calculations

T The cost of education at a state institution is estimated to be $5500/year for
tuition, Viving expenses, etc.: §$2750/semester + 112 students/year + 5 years
= $4.93, '

Lost earnings while attending additional semester of college: 4 months x 21 days
x 8-hour/day x $3.35/hour & 112 students + 5 years = $4.03.

S&L Assume tuition is 25% of cost as in B.1.a. above and assuming that an additional
§ semester hours are required: $1605 x 6 hours/15 hours + 112 students ¢
5 years = $1.15. :

T Additional educational cost is for 6 semester hours. Use same assumptions as in
8.1.a. above: $2750 x 6 hours/15 hours & 112 students ¢ 5 years = $1.97.

Lost earnings are same as B.l.a. above multiplied by 6/15: $4.03 x 6/15 = $1.,61.
Total cost to teacher: $1.9} + $1.61 = $3.58,

Skl Same as B.l.a. above.

T Same as B.1,a. above.

S&L Assume 2 additional courses are required, then the analysis is the same as B.1.b.
above.

F Assume NSF~funded development of materials for this purpose at $10,000,000/year
and there are 41,000,000 students in U.S. schools (K-12): $10,000,000 +
41,000,000 + 5 years = $0.05.

T Same as B.1l.b. above.
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Table A.2 (continued) P

—

Cost
vention  Category

Explanation of Cost Calculations

_~

SkL

S&L

N/A

S&L
s S&L

158

It is assumed that additional instructor time costing $30,000 per year will be
needed equivalent to an instructor for a 3-credit-hour course:
$30,000 + 5 courses/year + 20 students/course + 112 students ¢ 5 years = $1.86.

Same as B.1.d, above.

Assume $100/student teacher for additional selection and supervision costs:
$100 + 112 students/year + 5 years = $0.18.

Additional trave) for student teacher: 10 miles x 15 weeks x 5 days/week X
$0.22/mile ¢ 112 students # 5 years = $0.30.

Assume cost of education ($3500/year x 4 years) is paid back over 10 years on an
interest-free loan with the cost of interest for the government being 9%.

[nterest Cost: $22,000(1.09)%0 - $22,000 = $30,081. $30,081/(1.09):0 = $12,707
(amount to be set aside now to pay for the total interest). $12,707 + 112
students per term + 10 years = $11.39.

Assume increase of $3000/year: $3000 ¢ 18.6 students = $161.29.

Assume 8.1% of teachers are science teachers and that salaries for them will be
increased $3000/year: $3000 + 18.6 students x .081 = $13.06.
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Table A.? (continued)

Cost
ention  Category Explanation of Cost Calculations

S&L Assume additional supervision of 1 supervisor at 1/4-time teachers:
$48,000 + 80 + 112 students/teacher = $5.36.
Inservice education for supervisor assuming average number of students/school is
664: 2 credit hours x $54/credit hour + 664 + 5 years = $0.03.
Cost of supervisor time to attend inservice: 2 credit hours x 15 hours/credit
hour x $21/hour + 664 students & 5 years = $0.19.
Total S & L cost: $5.36 + $0.03 + $0.19 = $5.58.

N/A

S&L For management of the process, assume 1 month time for 1000 teachers and
miscellaneous expenses of $5000: $48,000 + 12 + 1000 + 112 = $0.04.
$5000 + 1000 + 112 = $0,04, Total S & L: $0.04 + $0.04 = $0.08.

S&L Assume $1000 per person hired and that 10% of staff are hiredseach year. This
intervention would apply to all teachers: ($1000 x 10%/year) + 10 years #
112 students = $0.09,

S&L 40 hours/year x $14.93/hour + 112 students = $5.35.

S&L Same as B.2.c. above.

S&L Same as B.3.a, below.
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Fable A2 (continued)

ention

Cost
Calegary

Explanation of Cost Calculations

and

s &L

58 L

N/A

S&L

Reduce work toad by 10%,  Since most costs, such as teacher salaries and
facilities are a function of class size, assume that 80% of costs are appliceble
and are directly proportional: $3000 x 0.80 x 0,10 = $240.

[nservice education is priced at cost. Inservice education at the rate of
"ull-cost" tuition for a continuing education class (3 semester-hours-credit):
(3 x $54) + 112 students + 5 years = $0.29.

Increased salary from upward movement on salary schedule due to taking a credit
course. It is a cost to the district and a benefit to the teacher: $57/semester
hours x 3 hours ¢ 112 students = $1,53/year.

Total S & L cost: $0.29 + $1.53 = $1.82.

Cost to teacher because of time expended: 3 semester hours x 45 hours/credit x
($14.93/hour x 1/2) + 112 students + 5 years = $1.80.

Net cost to teacher: $1.80 - $1.53 = $0.27.

[ncreased teacher salaries from receiving academic credit (see B.3.b. above):
$1.53.

Cost of the institute based on $195/week: 3 weeks x $195/week & 112 students
+ 5 years = $1.04,

Cost: time lost - increased salary from participation, Cost of time lost:
3 weeks x 40 hours x ($3.35 x 2) & 112 students + 5 years = $1.44,

Net cost: $1.44 - $1.53 (see above) = -$0.09,

163

LET



Table A.2 (continued)

Cost
ntion  Category Explanation of Cost Calculations
S&L Increased salary from moving up on salary schedule assuming 24 semester hours of
academic credil are earned: 24 semester hours x $57 i 112 students = $12.26.
F Institute cost: $7000 s 112 students ¢ % years = $12.54.
Assume stipend for teachers of $300/week: $300 x 36 weeks # 112 students s
5 years = $19.35,
T Lost salary = salary - stipend: ($21,500 - $10,800) ¢ 112 students = $19.17.
Net cost = lost salary - salary increase: $19.17 -~ $12.26 = $7.09.
(S5
S&L Increased salary (see B.3.b. above): §$1.53. 8
F Cost of institute at $360 per semester class: - $360 & 112 students : 5 years
= $0.65.
T " Increased salary - time 10§t = net cost. Tihe lost: 3 semester-hours x , : 2

45 hours/credit x ($14.93 = 2) ¢ 112 students : 5 years = $1.80.,
Net cost: $1.80 - $1.53 = $0.27. ‘

S&tL Cost of class at rate of "full-cost" tuition: ($54 x 3) : 112 students :
5 years = $0.29,

Total S & L cost: $0.29 + $1.53 (see B.3.b. above) = $1.82.

T See B.4,c. above. -




Table A.2 (continued)

Cost
ention Category Explanation of Cost Calculations

Same as B.4.d. above.
Same as B.4.d. above.
Same as B.4.d. above.

same as B.4.d. plus an S &L amount for materials and supplies ($0.29) equal to
the cost of the inservice education, giving a total of $2.38.

S &L  Assume an annual salary of $21,500 plus benefits of 20% and a school year of 36
weeks. The intervention is assumed to be an extension of 1 week: $717/week #
112 students = $6.42.

6€1

Same as B.2.cC.

S&L The cost of the sabbatical is assumed to be 1/2 the salary and benefits of the
average teacher: ($21,500 x 1.20) + 2 ¢ 112 students ¢ 5 years = $6.42.

S&L Assume expendable supplies of $2.50/year. Assume ‘one-time purchase of equipment
and printed materials of $14/student to be prorated over 5 years: $14 ¢ 5 years
= $2.80. Total: $2.50 + $2.80 = $5.30.

F If corporate tax rate is 40%, then the federal government bears 40% of the cost
of what industry donates. 40% of the industry figure given below equals $0.72.

I Assume $1000 per teacher prorated over 5 years: $1000 + 112 students # 5 years
- $1.79. Tax benefits reduce this cost to 60% of this amount, or $1.07.

Same as B.6.a. above.
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~ Table 4.2 (continyed)

h

Cost
Intervention Category Explanation of Cost Calculations
B.6.C. Same as B,6.a, above.
B8, F For reasons given in B.6.2. above, this anount is 40% of the totl calculated
in Cost Category 1 below: 40% of §1.22 = §0.49,
I Assume 1 day of a professional whose salary is 330,000 and who works 220 days/

year. This time benefits 112 students: $30,000 + 220 days + 112 students
= §1.22. 60% of $1.22 = §0.73,

B.6.¢. ; The difference between a teacher's salary and an industrial employee's salary is
borne by industry: ($30,000 - $21,500) ¢ 112 students = §76.16, Because of
tax benefits, 40Y is borne by the federal governnent: $76.16 x 0,40 = $30.46,

H‘
h
.O‘.

l §76.16 x 0.60 = §45.70,

B.b.f. F Assume | week of industrial employee's time benefits 2000 students: $30,000 #
50 + 2000 = $0.30, Because of tax benefits, 40% is borne by the federal
qovernnent: 0,40 x $0.30 = §0.12,

I 0,60 x $0.30 = §0.18.

B.6.g. F Because of tax benefits, the federal cost is 40% of the figure calculated under
Cost Category I below: 0.40 x $12.34 = 34,94, .

I Assume that because of the short-term nature of the employment,ltheir value to

the employer is 75% of their teaching salary, Thus contribution is 25%;
(§21,500 x 10 weeks/39 weeks x 0,25) + 112 = §12.34. 0.60 x §12.34 = §1.40.
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Table A.2 (continued)

[ntervention Category

Cost

fxplanation of Cost Calculations

(.3

C.a.

(..

(o

C.d,
C.e.

C.h

Skl

ShL

ShL

Skl

170

Local curriculum developnent is based on an assumption of an 80,000-student
«chool district (only 8 large one probably s prepared to allocate the resources
required) and 3 course for 6000 students developed at o cost of §25,000 Which has
2 life expectancy of 7 years: §25,000 + 6000 students + 7 years = §0.59.

Fogera) curriculun developnent is based on an estinate of $2,000,000 to develop
3 course potentially usable by a1l students in the U.S. at a given grade Jevel

and having a 1ife expectancy of 7 years,
Same as C.a. and C,a. above,
Same as A.a. above.

Came a5 C.a. above,

This cost 15 assumed to be 1/2 of the cost of a nex locally developed course.
Thu the cost is 1/2 of that calculated as an $ & 1 cost in C.a. above.

[t is assumed that training will be provided for one leader from each of 181

«chool districts with the exception of the largest 20 which would have an average.

of 3 each, giving a total of 221, The scope of training is assuned to be
equivalent to six semester hours of course work and. is estimated to cost §54,

qiving a total of approximately $72,000, It i prorated over a1l studenis in one

state (Colorado) and assumed to have 3 useful Tife of 5 years:
$72,000 + 545,000 Students + 5 years = 0,03,

Assune that Tower unit cost obtained by several districts working together is
partially balanced by the cost of greater quality sought through & more. expensive
dovelopnent cost. If total cost 1S doubled but it is spread among 4 times as
many students, the unit cost will be.1/2 that described in C.a. above for local

curriculun development: §$0.59 1/2 = 90,30,

[
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Table A.2 {continued)

Cost ”
Intervention  Category Explanation of Cost Calculations
(4 C4L Assune a cost of $100,000 for developing new standards and that they apply to
2,000,000 students: $100,000 ¢ 2,000,000 students = $0.05.

G S4L  Similar to c.i. above, [f done at the federal level, the costs could be somewhat
Jower per student but this reduction probably would be counterbatanced substan-
tially by attempts to do higher quality developnent work.

C.k. SHL Assume $4000 for an every-d-year oxternal audit of district with 25,000 students:
§4000 4 25,000 + 5 years = §0.03,

D.l.a. 4L Assume | supervisor per 20,000 students now at 2 cost of $48,000 for salary,
benefits, support staff, and Services. Assune also that supervision is increased
to 2 supervisors for 20,000 students: 48,000 + 20,000 = §2.40,

0.1.b. SR Assume an additional 25% of time devoted to this function in a'situation where
there is 1 superyisor per 20,000 students: $48,000 + 20,000 students x 0.25
= 30,60, | .

D,1.c. gL Same as D.Lb. above.

0.1.4, g  Fstimated to be $3.50 per student,

4L Fach of five regional meetings is expected to cost $2500 including travel

1

expenses, honoraria for workshop Teaders and materials. Costs of travel for
participants is estimated at $10 per person {carpooling is assumed) for a total
of 900 school board members, The addition of & lunch for each participant gives
3 total cost of $26,900: -$25,900 # 545,000 students = $0.05,
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Table A.2 (continued)

Cost '

[ntervention  Category Explanation of Cost Calculations

0.2.4, 4L It is assumed that there are 20 districts with testing persomel on their staff
and representing 50% of the students in an average-sized state (Colorado). The
cost of the awareness conference is estimated at $2900:  $2900 + 272,000

students = $0.01.

0.2.b, S L The cost of developing items for an item bank is estinated to be $100/item for
500 items for a total cost of $50,000. Assume that the items are available for
use by all students in the state and they have a useful life of b years:

$50,000 + 545,000 students + 5 years = 5002,

2. F ssute a cost of $12,000 and @ beneficial effect for a1 stuents in the nation:
§12.000 + 41,000,000 < $0.01,

€V

D.2.d, The cost of printing and distributing naterials to 2900 committee members at §2
sach and $2000 for developing the materials is $7800. The cost of a conference
for this same people is estimated to be $20,000. The total cost is $27,800 and

is assumed to benefit all students in the state:
§27,800 + 545,000 students = §0.05.

D.3.a., D.,
and ¢. A per pupil cost analysis for these three interventions has not been conducted.

Some cost nformation i provided, however, as follows,

4 30-second public service announcement is estimated to cost $3600 to prepare,
erclusive of the cost of broadcast time,

The cost of science television programs are estimated to be $400,000 per
30-minute program,

Adult education classes are estinated to cost $54/senester hour for each
participant, ‘
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Table A.3

Calculation of Increase in Average Annual Per Pupil Cost
of Education to Initiate Project Recommendations
(Dollars/Pupil/Year)

Increase in Average Annual Per
Pupil Cost of Education
Cost per Science
Student per
Intervention Class per Year Local State Federal

State Actions
Essistance to local

districts -- $0.23 (a)
B.1l.e. $1.86 0.15 (b)
c.l.g. 0.03 0.03
C.l.h. 0.30 0.04 (c)
c.1l.1. 0.05 0.05
D.l.e. 0.05 0.05
D.2.a. 0.01 0.01
D.2.b. 0.02 0.02
D.2.d. 0.05 0.05
State leadership - 0.18 (d)
Local Actions
A.1.a. 30.02 $1.15 (e)
A.l.d. 1.59 0.13 (f)
A.l.e 1.59 0.13 (f)
B.2.d. ' N/A 0.22 (g)
B.2.f. 0.08 0.08
B.2.g 0.09 0.09
B.2.1 2.91 0.25 (h)
B.3.b. : 1.82 0.15 (i)
Inservice education -- - (J)
B.5. 5.30 0.43 (k)
C.l.h. 0.30 . 0.04 (1)
C.l.k. 0.03 0.03
D.l.a. 2.40 0.60 (m)
Selection of
principals -~ 0.07 (n)
Federal Actions
B.4.c. .0.65 : $0.65
C.l.a’ 0.59 0.24 (o)
C.l.h. 0.30 0.08 (p)
Research -- ' 0.29 (q)
D.2.c. 0.01 0.01
Funding of state B
programs - 4 0.20
(Totals) $3.37 $0.81 $1.47
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Explanatory Notes for Table A.3

Based on an estimate of a $125,000/year program: $125,000 ¢+ 545,000
students = $0.23.

Based on 8.1% of teachers being science teachers: $1.86 x .08l = $0.15.
Costs are allocated to 80,000 students rather than the original 6,000.
Based on an estimate of $100,000 to provide state leadership:

$100,000 + 545 students. = $0.18.

Based on an estimate that this increase will offset 1/2 of all graduating
seniors each year: $30.02 + 13 grades x 1/2 = $1.15.

This intervention is science teachers who constitute 8.1% of the teachers:
$1.59 x .081 = $0.13.

Based on an estimated cost of $100 per science teacher and an estimate of
230 students per science teacher (18.6 studéfits/teacher + .08l science
teachers/teachers) and 1/2 of the students in a district being secondary
students: $100 + 230 x 1/2 = $0.22.

Based on an estimate of 8.1% of teachers being science teachers:

$2.91 x .081 = $0.25.

Based on an estimate of 8.1% of teachers being science teachers:

$1.82 x .081 = $0.15.

Included in the cost of other interventions.

Based on an estimate of 8.1% of classes (teachers) being science teachers:
$5.30 x .081 = $0.43.

Same as "c¢" above. Local support of curriculum development is needed as
well as the state support.

. Some costs of supervision, mostly building level, are included in other

local interventions. Some additional central district supervision is
inciuded here--25% time for one person for each: 20,000 students:

$2.40 x .25 = $0.60.

It is estimated that one principal will be recruited for each 7,000
students each year at an increased cost of $500: -

$500 # 7000 students = $0.07.

Based on an estimated five curriculum projects operating at a given time
at $2,000,000 per year: $2,000,000 x 5 + 41,000,000 students = $0.24.
Support of local curriculum level is assumed at a cost equal to the total
of the local and federal shares listed above. :

Based on an estimate of $12,000,000 per year:

$12,000,000 + 41,000,000 students = $0.29.

Federal support of state programs, and indirectly local programs, of
science education improvement is estimated at $8,000,000 per year. It is
assumed that this-support will supplement not supplant the activities
specifically listed as state or local actions:

$8,000,000 + 41,000,000 students = $0.20.
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