MEMORANDUM

RM-2473-FF
OCTOBER 1959

SYSTEMS ANALYSIS AND EDUCATION

J. A. Kershaw and R. N. McKean

2te L1 D anpree

SANTA MONICA « CALIFORNIA






MEMORANDUM

RM-2473-FF
OCTOBER 1959

SYSTEMS ANALYSIS AND EDUCATION
J. A. Kershaw and R. N. McKean

A PANDeop

1700 MAIN ST » SANTA MONICA « CALIFORNIA « 90404



Copyright © 1959
THE RAND CORPORATION

Published by The RAND Corporation



-iii-

SYSTEMS ANALYSIS AND FDUCATION

Summary

The purpose of this exploratory study is to assess the possibilities
of making quantitative comparisons of education systems. By this, we mean
something a good deal different from controlled experiments with one
particular school policy or from the conventional surveys of educational
systems. We mean formal quantitative comparisons of specific systems with
variants of them in which changes and innovations are incorporated. In
this report, our concern will be with the elementary and secondary schools
onlye.

After having studied the educational process, the problems of measure-
ment, and the data that are becoming available, we conclude that it will
soon be feasible to make comparisons of this sort that can help adminis-
trators and others choose improved educational systems. It will be
necessary first, however, for more work to be done toward estimating the
"input-output relationships®™ in education —- that is, the relationships
between séhool characteristics (and other inputs) and the products. In
this report, the kind of analysis that offers hope of estimating the
input-output relationships is described, and the sort of formal comparison
to which we refer is illustrated.

The recommendation,‘however, is that attempts to make such analyses
and comparisons be postponed until the first year's results are available
from the study that is now being conducted by the University of Pittsburgh
and the American Institute for Research. This project, financed largely |

by the U. S. Office of Education, includes a large-scale effort to determine

N
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relationships between school characteristics and educational output. The
results and the experience gained from the study should be extremely

valuable for subsequent steps in the comparison of educational systems.
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SYSTEMS ANALYSIS AND EDUCATION

I. INTRODUCTION

The study we report on here has been very much in the nature of a
pilot or exploratory study. We have been trying out ideas, examining data,
reviewing literature, and talking to people who are familiar with the
problems of education, all with a view to deciding the extent to which
systematic quantitative analysis can contribute to better decisions

regarding education.

A. Explanation of Systems Analysis

Our concern has been with the possible applicability of what is often
called "systems analysis™ to some of the more important problems of
elementary and secondary education. Essentially, systems analysis is the
comparison of alternative means of carrying out some function, when those
means are rather complicated and comprise a number of interrelated elements.
Such analysis could often be called "economic analysis," since the aim is
to find the best use of one's resources, but the word "systems" is useful
in calling attention to the complex nature of the alternatives being
compared.

The purpose of comparing one system with another is to show which is
better. Or, more frequently, since quantitative analysis can rarely
embrace all considerations, the purpose is to compare systems in a way
that is relevant to a choice between them and helps one to decide which is
better. Only one of the systems compafed will ordinarily be an existing

one, for the object is to M™try out" innovations and new proposals in the



comparisons -- to compare a system as it exists with what it might be
after one or more proposed changes are introduced. Indeed one of the

main products of making such comparisons is the devising of new and better
variants -~ the designing of new systems.

By "system" we mean a set of interrelated factors that are used
together to produce an output. Thus an air force is a system; so is a
public school system, a university, a business corporation. All of these
systems produce some sort of output -- a deterrent capability in the case
of a strategic air force, educated people in the case of schools, saleable
products or receipts in the case of business corporations. These outputs
are typically difficult to quantify (although some would say that for a
business firm it is easy). These systems also have costs associated with
them, costs which may be expressed in dollars, or in labor of certain
specified skills, or in lives lost, or in smog produced, and so on.
Generally speaking the most useful measure of costs, when considering the
long-run operation of a system, is dollars, though this is not a perfect
measure. Finally, in all of these systems there are various ways of com~
bining the elements or inputs in order to produce outputs. This is what
makes the system interesting from an analytical point of view; it is
possible to vary the inputs and see what the effect is on output. We can
educate children, for example, by having one teacher for each child, or we
can do it by using one teacher for each fifty children. Presumably these
two different combinations will yield different outputs in terms of the
amount of education obtained by the children in each system. It is
characteristic of analytically interesting systems that there are many,

many ways of varying the inputs. In education, for instance, not only can
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there be different pupil-teacher ratios, but different salary schedules
and levels, different teacher training, building configurations, uses of |
television, degrees of emphasis on athletics, and so on almost to infinity.

In a successful systems analysis, the analyst can vary the inputs,
note the effect on both cost and output, and then decide that one system is
better than another. He can tell you that if you have a certain sum of
money and if you agree with him on what is to be produced, your money is
best spent on a combination of inputs he can specify because this combina-
tion will maximize output. Or, what is logically equivalent, if you tell
him what output you want, he can tell you how to get it at minimum cost.

This approach forces one to take explicit account of all the relevant
inputs or variables and to examine the system as a whole (or at least a
fairly large combination of interrelated factors). If successful, the
analysis would show how the impact of changes in one input is transmitted
both to other variables and to the output. And above all, it would enable
cost-output relationships to be seen more clearly. If in a school system,
for example, one decided to increase ability to read by a specified amount,
a successful study could show which of several possible systems was "best,!
that is, cost the leaste.

Such comparisons of systems, of course, are difficult to make. There
is no magic connected with "systems analysis'™; all the costs, alternative
processes, and output measures have to be worked out before the comparisons
can be made. The models or relationships needed to estimate the costs and
outputs attributable to alternative systems must be determined. Much of
this report will be concerned with the formidable difficulties we envisage

if alternative educational systems are to be compared. Mich of it will



deal with the cost analysis and statistical analysis that would be
necessary to find out the nature of the models or relationships. We thin¥
such cost analyses, statistical analyses, and, finally, systems comparisons
should be attempted, but it is distinctly possible that they will simply

not work because too many measurement problems turn out to be intractable.

B. Possibilities of Systems Analysis in Education

What is the relevance of all this to education? A great deal of
research has of course been done on preferred ways of teaching, organizing
schools, using audio-visual materials, and so on. But typically this is
in the form of descriptive surveys, in which experience and judgment are
the decisive elements, or it is "research in the small," an examination of
a few factors (such as the behavior of pupils in small versus large
classes). Some of it attempts to assess new proposals by using controlled
experiments. There is no intention to belittle this research; indeed,
much of it provides data that would be essential for the analysis of
alternative educational systems. But this kind of research cannot take
account of indirect effects (the impact of a changed variable on other
variables and thence on output), and there are rarely any costs attached
to the alternative practices studied. That the use of phonics makes
children learn to read more rapidly is helpful information. But it would
be still more helpful to‘find out whether using phonics to a greater
extent, decreasing class size, hiring special teachers, using teacher
aides, or buying new electronic equipment would be the best innovation in
the sense we discuss here -~ that is, would achieve the most from a

specified expenditure of resources. Additionally, these innovations may



have effects (adverse or favorable) on children's ability to learn
arithmetic, and these effects should be taken into account if it is .
possible to do so. It is this sort of complication that systems analysis
seeks to handle; piecemeal analysis cannot.

For this exploratory study we have tried to steep ourselves in educa-
tional problems. Most of our time has been spent trying to determine the
feasibility of the type of analysis we are discussing; in this endeavor we
were fortunate in being able to draw upon the special skills of many RAND
colleagues. We have read into the enormous body of literature (though not
as much as we would have liked); we have talked to educators in several
university departments of education; we have visited the Office of
Education, the National Education Association, the Educational Testing
Service, and various other organizations, researchers, and management
consultants who have worked on education problems. We visited the
Hagerstown school system to observe the television experiment in action.

Above all we spent several weeks studying the operations of a
particular school system., We were invited to use this system as our
laboratory.* It is of moderate size and we were able to visit all of its
schools and talk to many of its teachers and administrators. This was an

invaluable experience. Not only did we become familiar with how and what

records are kept, but we were shown the sorts of problems the administra-

tors face and the extent to which they understand the consequences of

* We are pleased to acknowledge our very great debt and to express our
sincereMthanks to the Santa Monica Unified School District, to its Board
of Education, to Superintendent Glen T. Goodwill, to Director of Research
Julius He. Stier, and to ‘all the administrators and teachers in the system
who gave so generously of their time and counsel.
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decisions they are forced to make. Some of the examples we use later in
this report stem from our experience in this school system, and our infor-
mation about costs and tests comes in part from its records.

Perhaps we should emphasize that we are still a long way from being
educational experts. Schools are extremely complicated organisms, and the
learning process is only dimly understood even by those who have spent
their lives studying it. If we have anything to contribute, it is not as
experts on education, but as interested outsiders who may be able to bring
to bear a new methodology on old problems.

As a result of our experience to date, we believe that it is possible
to make pertinent quantitative comparisons of alternative systems. These
alternatives would be different arrangements under which a particular
school system operates(* Some of these modes of operation would incorporate
changes that are under the control of the local school district, such as
changes in teachers! salary structure, methods of selecting teachers, the
use of television, the administrative salary structure, or curricular
requirements. Some of the alternative systems to be considered might
involve changes that are not under the control of local districts, such as
the nature of Federal and state subsidies, the degree of competition from
private schools, or rules for certification and the granting of credentials
to teachers,

To compare these systems and choose among them, we need to know both

We stress once more that we are talking about comparisons between a
school system as it exists and as it might be after one or more proposed
changes are introduced. What we propose would not permit comparisons of
two existing systems, except in the unlikely event that those two systems
were identical in all respects save one.



their costs and their outputs -- both what we can get from each system and
what we have to give up in order to have each one. We think progress can,
be made toward getting such information. Our plan of attack involves
determining the changes in output resulting from varying the inputs,
estimating the changes in cost resulting from varying the inputs, and
finally comparing the alternatives. We follow this sequence in the body
of our report. First we look at some of the difficulties in measuring f
educational output (Section II) and some ways of doing it (Section III),
then the problems of costing (Section IV), and finally the way comparisons
could be made (Section V). We then describe an important research project
now under way (Section VI), followed by some recommendations and impres-

sions of our own (Section VII).



IT. DIFFICULTIES IN THE MEASUREMENT OF OUTPUT

The specification and measurement of output in education are both -
difficult and essential. On these questions it is all too easy to get
lost in the depths of educational philosophy, for we are here face to face
with the question of what an educational system is supposed to accomplish.
On this there is little agreement even among educators. But our analysis
must be abandoned if we are unable either to say what education is trying
to do or to characterize one system as doing more of it than another. In
this section we want to examine the difficulties of both specification and

quantification.

A, Output Multi-Dimensional

Educators are usually concerned with several kinds of output that are
not commensurable. The following are major examples of these different
dimensions of output: learning in the standard subjects, achievement in
special and optional subjects, improvement in the ability to reason,
stimulus to intellectual curiosity, stimulus to M"creativity," development
of social poise, reduction of emotional disturbance, and improvement of
physical health.

Achievement in certain basic subject areas appears to be one of the
most important of these dimensions, though not the only relevant one.

Some of the other dimensions of educational output are correlated with

scholastic performance. For example, reduction of emotional disturbance is

usually reflected in improved grades and performance on tests. (Diagnosis
of emotional disturbance often rests in part upon the fact that a pupil seems

to be "under-achieving.®) As another example, increased learning in the
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basic subjects is usually, though perhaps not always, a stimulus to
intellectual curiosity. But other items such as improvements in social
poise or Mcreativity" may not be closely correlated with scholastic
performance.®* Considerations other than learning in the basic subjects
must play some role in decisions about various educational activities and
the allocation of expenditures among them. Indeed other considerations
are dominant in decisions regarding functions (e.g., the athletic program)
that have almost no connection with learning in the standard subjects.

Nonetheless, despite the qualifications, we take the position that
achievement in basic subjects is the most widely accepted and the most
important dimension of educational output. Learning in these subjects is
a necessary part of the foundation for accomplishing the things that most
people, individually or as nations, seem to want. We think, therefore,
that scholastic performance is an appropriate measure of output to use in
comparing educational policies. Analyses using this measure of cutput
would make possible the following type of recommendation to school
authorities: "You will presumably meet what you believe are minimum
standards for non-instructional programs and decide upon certain expendi-
tures more or less apart from this analysis. Insofar as you are interested
in increasing scholastic achievement, however, you can get more out of the
rest of your future budget by reallocating expenditures and modifying

school practices in a specified way. Also, if you wish to 'buy! greater

Achievement in the basic subjects is essential, however, to many forms
of Mcreativity." Besides, we really know almost nothing about how schools
or parents can generate (or suppress) "creativity." Until more is known
about these other output dimensions, we can hardly shape school policies
so as to increase these outputs.
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scholastic achievement, you can get a designated improvement (approximately)
by taking the following steps." Conclusions of this sort would facilitate
the formulation of good policy, easing the awesome and complex task of
weighing costs against outputs by giving information about at least part

of them.

B. Test Scores as Measures of One Dimension of Output

Scores on batteries of standardized achievement tests are fairly
satisfactory means of measuring learning in the standard subject areas.

At the high school level, for example, the Iowa Tests of Educational
Development cover performance in social studies, natural science, correct-
ness in writing, quantitative thinking, reading (in social studies, natural
science, and literature), general vocabulary, and uses of information
sources. The California Achievement Tests measure progress up to the
junior high school level in reading comprehension, vocabulary, language,
spelling, arithmetic reasoning, and arithmetic fundamentals.

There are, of course, numerous imperfections in test scores as
measures of scholastic achievement. These tests cannot and do not cover
all aspects of learning that are worthwhile in these subject areas. They
cannot ask all possible questions. Different batteries of tests, developed
by different organizations, differ in their coverage, and are subject to
different criticisms. Most persons would agree, nevertheless, that a
comprehensive battery like the Iowa Test gives a fairly good indication, on
the average, of academic achievement.

Another difficulty with the use of achievement-test scores (or

intelligence quotients, for that matter) is the uncertainty associated with
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individuals® scores., A student's score will depend upon his frame of mind,
his motivation, his health, and many other chance factors, and not merely
on the extent of his learning. The degree and period of retention of the
information and ideas learned will vary. "Retakes"™ sometimes result in
wide discrepancies between the first and second scores. The major impli-
cations of this uncertainty about the accuracy of particular scores,
however, are for the counseling of individuals rather than for the
appraisal of a system's performance. The chance factors make it hazardous
to take any single score too seriously in charting a student's plans, but
they do not make impossible an analysis based on a group's scores.

In this connection, it is revealing to see the way scores change when
the same type of test is given to the same students at different times.
Table 1 shows the scores of 10 individuals (chosen more or less at random
from high school students in the school system we studied) on Iowa Tests
taken in the 10th grade and taken again one year later. These tests are
designed so that scores are normally higher for pupils in a higher grade,
about two points per year. Note how frequently individual scores go down,
however, from one year to the néxt (see especially the performance of
pupils nos. 3, 4, and 7). Note too that spectacular improvements often
take place from one year to the next. Clearly, an individual's frame of
mind can affect his performance on all parts of the test, and special
factors (e.g., recent experiences or courses of study) can affect perform-
ance on particular portions of a test. These facts should give one pause
when counseling individual students on the basis of a few test scores.

But our concern will be with large numbers where individual errors will

balance out. Note how, even in this small sample of ten, the averages for
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the group change in a predictable manner.

Another difficulty in using test scores is that they do not measure
the effect on achievement of the educational process alone. Factors other
than school policies and practices influence academic performance. In
fact, pupils?! intelligence, motivation or ambition, and home environment
affect academic achievement far more than differences between schools.
Finally the amount of practice that pupils have had in taking tests has a
bearing on the scores. In other words, we do not have a ready-made
measure of this output of the school system per se, and the effects of

these factors must be Mallowed for' in order to isolate those influences

attributable to educational policies.

C. Test Scores Still Multi-Dimensional

Even if we confine our attention to this Mone" dimension of output --
that is, achievement in basic subjects —- it still turns out to be
multi-dimensional. For one thing the batteries of tests comprise several
components, and System X may do more for one form of learning, while a
variant of System X may accomplish more 1h terms of another branch of
learning. For another thing, the output of a school system comprises the
performance of pupils having various levels of ability. OSystem X may do
better for the gifted, say those with IQ's above 120, while a modification
of that system may do more for those with IQ's between 100 and 120.

This multi-dimensionality, however, is not as troublesome as the
complete lack of information about certain effects. For we can at least
make these measurements for the dimensions of academic performance
covered by the tests and consider them explicitly in the process of

reaching decisions.
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ITI. ESTIMATING INCREMENTAL OUTPUT FROM NEW SYSTEMS

If we elect to use test scores as a measure of output, the next step-
is to learn the effect on test scores of varying school characteristics --
that is, to learn the relationships between the inputs into the educational
process and the outputs of school systems. With a few exceptions, these
input-output relationships in education are simply not known at present.
Unless they can be determined, however, we cannot meake quantitative compari-
sons of very many alternatives. We must turn therefore to the possibilities
of establishing the quantitative relationships between the school character-
istics or inputs and the schools' outputs (academic achievement in basic
subjects being the one that we believe is most appropriate to use).

Generally speaking, there are two ways of trying to discover these
relationships. One way is to set up controlled experiments in which all
variables save one are held the same for two groups of students. Differences
in output can then be attributed to the factor that was not the same. Such
experiments yield useful data on input-output relationships, although it is
difficult to control all the relevant variables (e.g., the incentives of
the two groups, once they know khey are participating in an experiment).
Also it is expensive to explore numerous relationships in this fashion, and
at best such experiments do not shed light on the interactions when several
inputs are changed simultaneously.

Another way is to use the existing school systems as a huge laboratory.
We might look for two school systems that are alike in all respects save
one. One could then note the differences in educational achievement and

attribute these to the single dissimilarity. The major drawback here is
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the extreme difficulty of finding appropriate pairs of schools or systems
and of being sure of the similarities. Most of the variables are very
complex, and the discovery of such pairs would be difficult indeed. More-
over, it would be a shame to throw away all other data that one would be
forced to examine and draw inferences about only those few variables that
could be studied by finding such pairs of schools.

Or, again using existing schools as a laboratory, we might analyze the
differences in the levels of the various inputs and outputs of numerous
school systems. (Collectingkthe data would also enable one to study pairs
of schools, if there were any, that were similar in all respects except one. )
This statistical analysis would have to examine pupils' test scores as a
function of levels of the school variables, allowing for the effects of the
non-school factors that influence performance. "Analysis of covariance”
would be the appropriate method. Analysis of covariance refers to a special
statistical technique for studying the way outcomes vary with differences in
the levels of inputs, while eliminating the effect of the variation in cer-
tain existing variables that are not to be studied.* A large-scale analysis

*¥
of this type seems to us to be promising and to be overdue.

»

Alexander M. Mood, Introduction to the Theory of Statistics, McGraw-
Hill Book Company, New York, 1950, pp. 350-358, and G. W. Snedecor,
Statistical Methods, Jowa State College Press, 4th ed., 1946, pp. 318-339.

**As noted in Section VI, a study of this nature is being made by the
American Institute for Research. If this project yields the hoped-for
results, it will be possible to make useful comparisons of alternative
school systems.

In one fairly large-scale analysis, Samuel M. Goodman and his associates
have analyzed the effect of the schools, allowing for the influence of IQ
and home environment. The study showed among other things that the schools
do have significant impacts on performance (Samuel M. Goodman, "A First-Year
" Report on the Quality Measurement Project," State Education Department,
Albany, New York, December 1958, mimeographed).
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A. Large-Scale Statistical Analysis

This sort of study would try to relate, by means of a sequence of
analyses of covariance, a rather long list of school characteristics and )
control variables to the test scores of students. The control variables
or "covariates" are the non-school factors, such as intelligence and home
environment, that influence pupils' performance. In planning the analyses,
one would choose (with considerable care) which of several equation-forms
should be used. When the calculations were made, the first results would
indicate significant differences in the outputs attributable to variations
in the inputs. Indeed the detection of significant differences has usually
been the sole or primary aim of such analyses. (This and other preliminary
work would enable one to eliminate certain factors that had no detectable
influence on scores and to substitute other variables that appeared to de-
serve attention.) One could then go further, however, and derive estimates
of the size of these significant differences.* That is, the final results
would enable one to estimate the incremental effect of altering school
policies oni the test scores of pupils in various ability groups.

The study should be on a fairly large scale,‘al we see it, because not
much would be revealed unless a rather large sample of school systems was
used. As will be indicated, there are many school characteristics or varia-
bles that may influence pupils' performsnce and that should therefore be
included in the analysis. For some of these variables, one would want to
use several discrete levels. (As an illustration of what we mean, teachers'

salaries in each school system might be fitted into one of two levels,

* .
With some models, these estimates would come from a set of mathematical
relationships similar to regression equations.
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"high" or "low"; or, if three levels seemed to be advisable, "medium” could
be a third possibility.) One would have to make sure that the sample pro-
vided at least one school having each of the desired combinations of )
characteristics so that there would be pupils subjected to each combination
of influences. For instance, if one used only eight variables and allowed
each to have only two levels, there would be 256 possible combinations. To
speak realistically, we doubt if a very helpful analysis could be made with
a sample that comprised less than 500 schools. And, it should be remembered,
one would have to visit and examine a good many more school systems than the
number of combinations used in the final analysis. As far as the individual
test scores were concerned, one might draw within each school a random sample
of students (not less than, say, two hundred), whose scores would be analyzed.
The selection of the school characteristics to be tested should be done
carefully. One wants, of coursé, to get those that really have an impact on
the educational outcome, and it is not always easy to know which these are.
We are 1§pressed, for example, with the apparent fact that it is not clear
whether changing pupil-teacher ratios (at least within practical limits)
has any impact on pupil performance. Those characteristics we select will
reflect hypotheses we want to test. To cite a few examples, we think that
higher teacher salaries will attract better teachers, that higher principal
salaries will make for better schools, that greater academic training of
high school teachers will make for a better learning environment, and that
all these things will result in higher academic achievement of pupils. But
the analysis does not depend on the validity of the hypotheses; indeed it
will demonstrate the falseness of any that are invalid.

The school characteristics might include those shown in Table 2. In
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this table, possible units of measurement are suggested, and also, since
the "amount" of each school characteristic could not be permitted to vary
continuously, the number of "levels" that might be used for each of the
variables is indicated. Possible control variables, or covariates, are
presented in Table 3, again with units of measurement.

As Teble 2 suggests, the school characteristics that merit examination
are numerous, and fairly large groups of them must be present simultaneously
if interactions are to be detected and measured. It is possible that neither
of two characteristics separately influences the achievement-test scores but
that taken together they have a significant impact. In fact, additional
characteristics other than those in Table 2 should be included if possible.
For instance, some of the components of "academic atmosphere,” such as the
amount of emphasis on scholastic honors, may deserve to be treated as sep-
arate variables. Any factor that affects pupils' motivation may well be a
comparatively important one. If academic atmosphere turned out to have
considerable impact on performance, some of its components might be broken
out for closer analysis.

Another variable that might be significant is the degree of competition
with private schools or with superior public schools in the vicinity. This
factor might affect the motivation of parents and through them of school
officials. Unless school administrators feel some sort of pressure to im-
prove scholastic performance, they may devote most of their efforts to
accomplishing other things. In this circumstance, high salaries and favor-
able conditions will not necessarily result in superior performance. The
incentives of officials, and the institutional arrangements affecting those

incentives, arg likely to be important.



-19-

(oN xo0 s3x) 2

M .
€
(0009¢ ©2 00#S$

‘66£c¢ 01 oognd ‘66L1t 03
0024$ ‘66THE ©3 009E¢ ‘*B-3) 4

, ‘suo]180989ns 98syy WOIF saBusyo Auwew 238IOTP L1pajgqnopun
PINOA ®1ep JO L21TTQBTTEAB 9UY3} OSTB pue fpngs J3yrany *suollsafBns sATIBIULY ATegom a8 wuona\m

*998 ‘88TJIBJIQIT UT 8)00q JO Jaqunu

‘gq0ofqns OTWSPBEOR O POOASD

sanoy s8I0 JOo aPeiusdged ‘yoem xad
psudTss® YIOMSWOY JO 8In0Y 3F8IAB
‘uo1q19odmoo D}18BTOYSS PUB §IOUOY
uo siseydme uodn psssvy 37808 TBIOSdg

Jo{9m OTWapPBOB

727A sTedpoutxd s, wa38Ls JO 9FeIU3DISd

aA0Q® SY

QG6T-2G6T ‘sossvTD TT® ‘oFBIaAy

STeTIUDIBIITD
aABY ‘q0u 890p JO ‘850p Wa38Ag

sTqBITsapUN

ATaATqBTSI J0 ‘9BBISAB ‘OTqBITSSP

ATeATyBTSI 9q 03 paspn{ £37Te001

aA0Q® SY

QG6T-266T ‘satxerss doj pue
fFutuuifoq JO aBBISAB OT3OWULTIV

saoudsomyre OTWIPBOY

o8aTT0o ut sJofsm ,stedioutad

898880 AIB1USWSTS

Ul o198J I8yo8al-TT1dng

898880 AIBPUOOSE

uf OT3BI JoyoBa-TIdNnd

sqoafqne quaIsIIIP SuTUoBS
JoJ safJIeTes TBTIU3IJITA

228 JBTNOJ3IRd ® UT PUTATT
-JO-R1TTTANETP IO == 3800

gorreTes ,sTedToutTId

S9TIBTES ,BISYOBIL

(moT LxaA ‘moT
‘emipsm ‘y3Tq ‘-B°9)
8TOA] JO Jaqumy pajqeadsng

SHY0OS ISAL OL qALYIIY FE OL SIOILSIHALOVHIVHO TOOHOS

\m QUSWIINSBIN JO
811U Pa38aBdng

L]

= B83TqBTIBA P33BT3Y pu®

8018 TJI9208IBY) TOOYOS

*S TTIVL



-20 -

*MOTOqQ PaSSNOSIP 5q TITA UMTNOTIIND UT UOTJBTIBA nﬁna\m

11dnd xod quamyssauy TB31d8D

suou JO0 ‘QUITTE ‘°ATS
-u9qxX? 9q 03 pafpn( UOTBTADT®Y JO 38()

(sAT30973°UT ST J0)
10U 830p JO §98TX2 JaU}le Wo3shs JTION

To0oYuoS
u21H *Ir ut paxnbax doys JO €I9185WAG
(oN xo sax) yzew ‘aBenumy uftaxoy
‘ysTT8uy_uo syswydwe YITA ToOUSs WY UT
\p .87U9pn3s oTppTH, JOF JofeWw OTWIPBOY

18X
(AT9AT2093J9) 30U Op JO 18X ISYUITD
810afqns JOM10 MOI B PUB YIBW UT SIOBLL

Jood J0 ‘aBeIsA®
‘poo® 2q 03 pafpn{ SSSUDATLIOITH

wotseonps
U] £96JN0D UOTSUSIXD JO JaqumN

289TTOO U U3YB] 8asINOD OTWOPBORW
Jo1 wmeisfs qurod 1O 938IGAB 2PBID

(ponutquod) 2 TTAVL

S9T3TTTOBL
TeorsAud Jo L31Tend ‘aangyeN

UOT8TASTIL

wosAg ATISH JO 2O0U818 IXH

SUOTJRIIBA UMTNOTIIND JISYI0

Awnﬁuodhpv
fupdnosd snouasBOWOH

woq8hs oouwpind Jo LypTemd

898.IN00
uoTyeOoNpe U BUTUTBI} ,8ISYOBAL

,898JIN00 20oUBIBQNS,,
Ul $PJIODSI OTWIPBOR ,SISYIBIL



-21-

ayy ut gTTdnd TT® £q usYe] SUO 2ures 8YJ °q O3 SAVY PTNOM PI}OSTIE SBA 3839 IIAIIBUM

*0%9 ‘suopadixosqns
sufzefsw Jo Jaqumu ‘uorqednodo

‘norqeonps TeuUsTRd UO PISBQ XIPUL

/% 83893 JUSWAASTYDE
Jo Kxs338q UO £35J008 JO JO3D2A ‘yons

88 gTOOUOS AI8pucoas Jo s18ATBUB JIOF
QO\M ‘gqc9q BI 8710 ‘Levs ‘uo saxoog

* o1dures

JUSTMUOITAUS SWOH

83p8I? WIQ JI0 UL
Jo FutuuiBoq 18 JUSWIAITYO®

97q88TOUS8 ‘sTOOUO8 AIBpUOOSs
Jo sIs8ATBUB JOF ‘IO IOUIBTTTAIUI

/®

JuaWaINSBAN JO S3TUN PII8aTIng

SHYO0DS ISAL OL QALVTIAY F9 OL STTIIVIMVA TOMLNOD

83 TQqBTI8 TOIQUOD

*€ TIIVL



-22-

All this complicates the interpretation of the results in some ways.
Consider the possible effects of higher teachers' salaries. While nobody
appears to be able to pinpoint the qualities that make for superior teaching,
few would deny that capable administrators can recognize good teachers.
Higher salaries would attract a wider range of applicants, enabling the
officials to select and retain better teachers than would otherwise be
possible. The analysis of covariance would presumably show that higher
teachers' salaries mean better teaching and better pupil performance. Iir
administrators, however, are greatly concerned about other things -- such
as keeping plenty of excellent coaches in reserve to insure strong athletic
teams -- they may use the wider range of applicants mainly to select people
who are strong at something other than teaching. The results of the analy-
sis might simply show that, given the current motivation of administrators,
higher teachers' salaries mean only "slightly" better teaching and pupil
performance.

What we need, therefore, is to include in the sample some schools that
experience pressure -- perhaps from competition or from parentel efforts --
to improve scholastic achlevement. (Such pressure clearly exists in some
private schools.) To some extent this variable would be reflected by two
other variables already included in the analysis -- teachers' academic
records and an index to academic atmosphere. But if possible we should also
have indexes to competition with superior schools or indicators of admin-
istrators' motivation among the variables.

Note that several variables that could be manipulated, such as the
form of State and Federal subsidies or the nature of State certification

rules, are absent from Table 2. These variables operate through the other
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school characteristics, however, and the analysis would have some implica-
tions for the nature of these subsidies and rules, even though those factors
do not explicitly appear among the variables.

The collection of data would, of course, be an enormous job. To get
accurate quantitative information about these variables and the covariates
would require painstaking investigation in each school system and some
inquiries regarding each pupil's home environment. Consider the work in-
volved, for example, in compiling the ratings of each school on "academic
atmosphere,” or calculating each teacher's academic record from the trans-
cripts in the personnel files. Consider the difficulties of gauging the
disutility of living in a particular area or of measuring some of the other
varisbles listed in Table 2. Consider the oversimplification involved in
using averages (e.g., of pupil-teacher ratios) to represent a school's
characteristics.

Nonetheless, on the basis of this exploratory study, we believe that
the collection of sufficient meaningful data for a useful analysis is feasible.
Records of the training of teachers and administrators, for instance, are
usually available, especially for personnel hired in recent years. Appar-
ently the schools are accustomed to public scrutiny and have shown a general
willingness to cooperate in research projects.

One would have to make sure that the school characteristics associated
with each pupil were those of the school actually attended most of the time.
School A could hardly have influenced a student who just transferred to it
after spending the previous six years in School B. This problem might be
solved by using the characteristics of School B, or possibly by including

in the analysis only pupils who had been in School A for several years.
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Similarly it might be advisable to exclude those schools whose characteris-
tics altered markedly during recent years.

The scope of the analysis could probably be reduced by excluding the
rural and smaller school system. If any systems were excluded, of course,
the results of the analysis would not apply to schools of the types that
were left out. The reason for considering the omission of rural and smaller
systems is simply that, while these schools are numerous, they do not attend
to the education of very many pupils.

The scope might also be reduced by studying the elementary and secon-
dary parts of the system separately. If IQ scores are used to reflect the
ability of the children entering the school system, the part of the high-
school achievement-test scores attributable to the educational process must
be attributed to elementary plus secondary schooling. The number of school
characteristics that should in principle be associated with each pupil must
be relatively large, especially if the pupil has transferred several times.
It would make the analysis more easily manageable if achievement-test scores
in junior high school were used to help reflect the raw material (embracing
pupils' intelligence, motivation, and learning in elementary schools)

»
entering the secondary systems. In these circumstances, that part of the

high-school achievement-test scores attributable to the educational process

* This could be done only if the results of achievement tests taken in
junior high school were available. One would have to use existing test
scores rather than new test data, at least in part.

1Q scores could also be used as covariates to help reflect the nature
of the raw material. Pupils making the same scores on achievement tests
might still have quite different aptitudes for learning, which might show
up markedly in high-school performance.
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could be ascribed to secondary schooling and to the variables associated
with the secondary schools. The accomplishments of the elementary schools
could be analyzed separately, using IQ scores as a covariate reflecting tie
nature of the raw material entering school. In this case, that part of the
junior-high achievement-test scores attributable to the educational process
would be the result of elementary schools and their characteristics.

The sample should probably include private schools, but one should be
prepared to analyze the public schools separately or to introduce among the
variables some of the special characteristics of private schools. It is
doubtful that one could avoid a biased sample of pupils in these private
schools. While the covariates make allowance for the abilities of individ-
uals entering the schools, they may not reflect all the pertinent features
of the raw material entering private (and, to a lesser extent, public)
schools.* One important influence, for example, is the mutual stimulus that
a group of gifted students may generate. Thus with a fairly large group of
able students, scholastic achievement may be fashionable, while with a lower
percentage of good performers, scholastic achievement may be unpopular. Per-
haps the covariates in Table 3 should include the percentage of pupils
having IQ's over 120 as well as the IQ or initial performance of individual
students.

After the analysis is performed, the analysts should examine the data
to see if in fact the assumptions underlying the analysis of covariance are

(roughly) fulfilled. One main task in this connection would be to "test

* .

Some cities have permitted pupils to choose rather freely among the
public high schools. In such cities, the effects discussed in this para-
graph might be especially important.
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for randomness" after the collection of the data. That is, the analysts
should see if the covariates (e.g., IQ's, indexes of home environment) were
distributed among the cases or "cells" in an approximately random fashion:
The difficulty is that if people are able to select the schools to which
they send their children (and to some extent they do), we may have good
students choosing schools with certain characteristics whereas the analysis
would tell us that schools with those characteristics produce good students.
If biases did show up, the conclusions might have to be further qualified.
(Or, if parents are selecting the wrong schools and the most effective
schools showed up even better where this selectivity did not exist, the con-
clusions might be made a fortiori.) »

Collecting the test data (as well as the data concerning the school
characteristics and covariates) would also be a formidable task. One method
-- the usual one in analyses to date -- would be to administer a new battery
of tests to all the pupils in the sample. Another method that may become
possible, now that test programs are so widespread, would be to use existing
test scores from the school files. One difficulty with using existing
scores would be finding enough schools that administer the same battery
(such as the Towa tests) at the same grade level (say the 1llth grade). 1In
his sample of schools in New York State, Goodman found that about one-third
of the systems administered the Iowa tests of Educational Development (they
were given in each case in grades 10 to 12).* Another difficulty would be
digging out the test data. Of a semple of nine New York schools that ad-

ministered various achievement tests, only four kept records that were fit

*
Goodman, op. cit., p. 106.
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sources of data.* Scores were not always posted accurately or consistently
or put into individuals' folders. These difficulties, however, are becoming
less critical, and it may soon be feasible to exploit the growing collection
of test data.

Another question that occurs to many is this. The control variables
may, in a sense, be the most important in influencing output. It is prob-
able that all the other variables taken together will have only a fraction
of the impact on achievement that either IQ or the intellectual atmosphere
of the pupil's home will have. Since there will always be some statistical
error attached to the measurement of covariates, one wonders whether this
error might not swemp the effects of the school characteristics. It is our
belief, however, that this does not undermine the potential usefulness of
this kind of analysis. The use of covariates would still serve to sharpen
the analysis, in comparison with simpler forms of analysis, and useful
relationships could still be determined.

These are some of the points that would enter into the design of the
analysis. The hazards are many, but analysis of this sort is perhaps the
only practicable lay of even Egzzgghto get input-output relationships in
education. If such analysis did produce the intended results, they would
be immensely valuable. Note how subsequent experiments could be fitted into
the analysis. An innovation could be introduced in one of the schools in
the sample or indeed in almost any school, and after a period of time
achievement tests could be given. The characteristics of this school (with

the innovation) and the test scores could then be introduced into the

* via., p. 1k5-146.
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analysis. A new "cell" or combination of school characteristics would have
been created. Repeating the calculations with the new factor added could
then indicate the incremental output attributable to the innovation. By )
making use of this analytical framework, one could utilize "uncontrolled"
experiments, eliminating the need to try innovations as controlled experi-
ments.

Note that the returns from varying a particular input would not always
be constant. For example, an increased capital investment in a school
district that had extremely poor physical facilities might yield a notice-
able improvement in student performance; yet the same increase in capital
investment in a district that had adequate facilities might have little or
no effect on performance. Another way of saying this is that some of the
relationships in the models of these school systems will not be linear ex-

cept vhere small changes of school characteristics are involved.

B. Illustrative Test-Score Exhibits

Iet us see what the statistical analysis might show about the incre-
mental output from two changes in (or variants of) a hypothetical school
system which we shall call System X. This system and the variants are truly
hypothetical, though their features are based on those of real schools, and
they are supposed to represent systems that could in fact exist. For our
present purpose, we need not describe this hypothetical System X in great
detail, though this would be necessary if more refined estimates for numer-
ous variations in this system were to be made. It might be indicated that
the system is supposed to comprise 11 elementary schools, 2 junior high

schools, and 1 high school.
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Table 4 illustrates how the predicted effects ol certain changes in
System X -=- a 5 per cent salary increase, an 8 per cent increase in aver-
age class size, a curriculum change, and expansion of the guidance progr;n
-- might be exhibited. These changes represent alterations in the levels
of certain school characteristics examined in the statistical analysis, and
the estimates are assumed to have been derived by means of such a statis-
tical analysis.

The salary increase would presumebly give the system a wider range of
applicants from which to choose, especially of applicants trained to teach
science and mathematics in the secondary schools. (Such applicants are
not forthcoming in large numbers at existing salary levels in most dis-
tricts.) The result would be an improvement in the quality of imstruction
relative to the instruction the system could otherwise provide.

In the second change to be considered, it is assumed that the larger
classes -- within the range under consideration -- would reduce pupils’
achievement modestly because, in certain courses, less attention to individ-
ual students would lower performance. (Past studies suggest that this im-
pact is slight, which explains why the changes in test scores attributable
in Table 4 to the higher pupil-teacher ratio are modest.)

The curriculum change we propose to consider is discussed more fully
in Section VII. Briefly it stems from our feeling that there may be a
tendency in school systems to concentrate their meain effort om their very
best students and to overlook the middle segment -- say, the 4Oth to 8oth
percentile. Pupils in this middle group are oftem put in slower sections
and are steered to non-academic courses with the result that they tend to

fall even farther behind as the high school years pass. We think it
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possible that a reorientation of their curriculum might have substantial
pay-offs.

More specifically the curriculum change is the addition of an academic
major for "middle students” in high school. This would mean offering some-
what decelerated courses in algebra, geometry, a foreign language, science,
and English composition to enable more students who cannot gain admission
to one of the first-rank universities to prepare for entrance into one of
the many other colleges and universities. Also, the existence of this
academic course of study for "middle students" (in a high school that does
not already offer such a major) might encourage more pupils who are not
college bound to take advantage of their last opportunity to get a liberal
arts education. At present many of the middle students pursue majors that
will serve neither their vocational nor avocational needs, because the
college-preparatory major is so difficult -- and some of the other majors
are so easy. Some of these students could and would benefit from a liberal -
arts major that was not designed for fast-track pupils. For our illustra-
tive purpose, in any event, we assume that the presence of this course of
study would increase the amount of academic work taken by the middle students
and would improve the test scores of certain groupn.*

The fourth change used as an illustration in Table 4 is the expansion
of the guidance program by hiring an additional psychologist. For our

present purposes, we assume that this extra guidance service raises the level

»

It would also cost something, because some of these classes would tura
out to be small and the pupil-teacher ratio would probably fall. But the
extra costs will be considered in the next section.
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of this variable from "average" to "good" (the categories mentioned in
Table 2). The extra service would be available to all parts of the system.
It would still serve mainly the "problem pupils,” for even good guidence -
programs (within the range of services currently provided in most schools)
are forced to concentrate on pupils who cause trouble.

In Table 4 it is assumed that bolstering the guidance program in this
way would in the long run yield slightly higher test scores by the lowest
groups of students. (In reality, of course, some of the "problem pupils”
who could benefit from guidance are youngsters with high ability. Perhaps
it should be re-emphasized that the example is hypothetical. We have
arranged the numbers in what seems to be a plausible fashion, but until the
statistical analyses described in Section III are made, we can know very
little about the true effects of these changes on test scores. )

It might be noted that at worst the statistical analysis would probably
reveal more about what variables produce significant differences in output
(even if the anslysis failed to reveal incremental outputs). There is a
reasonable chance, however, that the analysis would produce what we really
need for systems comparison -- that is, data on the incremental outputs

from various systems and from changes in them.
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IV. ESTIMATING INCREMENTAL COSTS OF NEW SYSTEMS

»

In this section the aim is to estimate the extra costs attributable
to any set of changes under consideration. First of all, let us try to
set up a convenient framework for such cost estimation. In Table 5 we
present the costs of inputs to our hypothetical System X arranged so as to
call attention to certain features that we may wish to vary. A detailed
breakdown of these cost exhibits, which we shall not show here, would
serve as a check list of items that should be examined when estimating the
extra costs entailed by a policy change.

The amounts shown in Table 5 are estimated long-run annual operating
costs, allowing for depreciation of the type of facilities that are now
either existent or planned. These amounts represent therefore the average
annual costs attributable to long-run operation of the system when pro-
viding the planned type and level of services. Table 5 collects the major
inputs into combinations that carry out certain tasks or functions. Note
that this exhibit shows the extra inputs and costs required for instruction
in various subjects (art, home economics, industrial arts, music, physical
education, and academic subjects) at the secondary level. It seems to be
more useful to accumulate costs in this fashion -- in terms of functions
and outputs —— than to organize costs in terms of objects purchased or in
some other manner. As we shall try to show, the incremental costs of
providing designated functions (including parts of the curriculum) are

essential elements in a quantitative comparison of alternative systems.®*

*

Also, accumulating costs in terms of functions, i.e., "performance
budgeting,™ facilitates making judgments about the allocation of expendi-
tures, even if output cannot be measured satisfactorily. For discussions
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TABLE 5. LONG-RUN ANNUAL COSTS,® SYSTEM X, 19601's

Inputs

Central Administration and Services

General Administration
(salaries, supplies, etc.)

Depreciation on building & equipmt

Maintenance of facilities
Insurance

Educational Administration
Guidance Services

Health Services

Personnel Administration
Information Service, Publication

Research (on school operation)

Attendance & Child Welfare

Business Administration

Operations (gardeners, operation
of trucks, etc.)

Food Service (entire system)

Transportation of Pupils

Salaries & Operation of Buses
Depreciation & Maintenance
Insurance

Warehouse & Inventory Management

Salaries & Operations

Maintenance, Depreciation, Insurance

Elementary Instruction School #1

Instruction (salaries, supplies)
& Administration

Operation (Custodian, supplies,
utilities, etc.)

Cost

(thousands of
1959 dollars)

Subtotals

Total

Cost per pupil *
in certa%n
courses

(dollars/year)
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138.0

18.9

Maintenance, Depreciation, Insurance 44.7

Retirement

8.6

750 .70
12.1

136.5

12.3

210.2
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TABLE 5 (continued)
Cost Cost per pupil
(thousands of in certain °
1959 dollars) courses
Inputs Subtotals Total (dollars/year)
Elementary Instruction (other 10 schools)
Instruction (as above) and
Administration 1409.7
Operation (as above) 164.8
Maintenance, Depreciation, Insurance 417.0
Retirement 86,0 2077.5
Junior High School #1
Administration 6Le7
Operation of Plant (not allocable
to functions) 5042
Library 12.1
Testing, Counseling 20.8
Art 2109 65
Homemaking L2.7 83
Industrial Arts 50.6 82
Music 2705 50
Physical Education 5843 43
Academic Courses 318.5 667.3 66
Junior High School #2
Total (breakdown would be like
that above) 678.5
Senior High School
Administration 128.8
Operations (not allocable to
functions) 106.3
Library 28.3
Testing and Counseling 41.6
Art L7.9 111
Homemaking 37.1 109
Industrial Arts = 64.8 103
Music 27.9 89
Physical Education 146.5 60
Academic Courses 693.7 79
Driver Training 2542 210
Miscellaneous 80.0 1428.1

Grand Total® 5977.2
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TABLE 5 (Continued)

Notes:

8 These are intended to be average annual costs in the long run, allowing
for straight-line depreciation of various facilities. For many compari-
sons, one would want to count the cost of existing facilities as sunk
costs and also to discount the cost streams to allow for differences in
the time paths of the costs.

b These are the costs of these courses for the school year divided by the
number of pupils taking the courses. The costs include the annual cost of
the facilities, implying that, as far as long-run decisions are concerned,
these resources could be used for other purposes.

C Most schools (including those on which System X is based) provide
special instruction, such as classes for the blind or deaf; summer
sessions, which are growing in importance; and various special community
services. For our illustrative purposes, it seemed to be undesirable to
complicate the picture further by costing these functions.
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It might be noted that costs always depend upon the precise problem of
choice that is being considered. These particular estimates of incrementgl
cost apply if the alternatives considered are having one of these classes
versus using the facilities and inputs for some other purpose.

The check list of costs is a crude model of System X, indicating the
major inputs but no relationships among them. We must watch carefully for
these interrelationships when estimating the effects of new policies on
system costs. For example, a big increase in the pupil-teacher ratio
makes working conditions for teachers less desirable and is tantamount,
from the teacher's standpoint, to a cut in pay. We must recognize either
that larger classes will attract, on the average, less able teachers or
that one cost of having larger classes is the increase in salaries that
would be necessary to attract and retain the same quality of teachers as
before.

So much for some of the points to remember in costing alternative
systems. Let us examine a few simple variants of System X and the incre-~
mental costs (positive or negative) entailed by each. Table 6 shows these
incremental costs. The first variant incorporates a salary increase, with
the rest of the system unchanged. Assume that there is a unified salary
scale (that is, the same schedule applies to both elementary and secondary
teachers) and that we introduce a 5 per cent increase in teacher salaries.

Assume in this instance that administrative salaries remain the same. The

of performance budgeting, see Jesse Burkhead, Government Budgeting, John
Wiley and Sons, New York, 1956, pp. 133-181, or the Commission on
Organization of the Executive Branch of the Government [The Hoover
Commission], Budgeting and Accounting, U. S. Government Printing Office,
Washington, 1949.




-39-

TABLE 6. INCREMENTAL COSTS ATTRIBUTABLE

TO _CHANGES IN SYSTEM X

Change in Long-Run Annual Cost Attributable to:

5% Higher 8% Higher Addition of Expansion of
Teachers? Pupil-Teacher Academic Major Guidance
Salaries, 2 Ratio,b for Middle Pupils Program,d
System X System X (High School)® System X
+ $150,000 - $150,000 + $8,000 + $8,000

8 We assume a unified salary scale for the elementary and secondary
schools in System X,

P An 8% increase in the pupil-teacher ratio means here that the system
would get along with 30 fewer teachers, raising the ratio from 27.5
(11,000 & 400) to 29.7 (11,000 = 370). It would mean an 8% increase in
class-size on the average, not in each course, and it would entail
rescheduling.

C This addition of extra academic courses designed for middle-track pupils
is assumed to attract 50 majors each year from the non-college-preparatory
majors. When the program leveled off, there would be 50 seniors, 50 1lth
graders, and 50 10th graders involved, each taking special courses in
English, Science, Math and a foreign language. There would be a total of
20 new classes for the 150 students involved. We assumed that the enroll-
ment in these classes would come pro rata from the various non-academic
courses, but due to scheduling difficulties only 13 of these classes could
be dropped. The net increase in classes to be taught (taking into account
the costs per pupil of offering different courses) would increase long-run
annual costs by about $8,000.

d This expansion would consist of employing 1 additional psychologist and
paying the accompanying overhead cost that would be entailed.
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precise cost of this step depends, of course, on the experience and
training of the teachers who are actually in the system in future years. _
Small variations in turnover, however, would not greatly influence the
cost. To simplify the example, we assume that there are no significant
indirect effects on other inputs. This pay increase, which would directly
affect salary costs of all courses and schools, would raise total system
costs by about $150,000.

The second change to be used as an example in Table 6 is the 8 per
cent increase in the pupil-teacher ratio. This change would result in a
negative incremental cost, because the number of teachers required would
be smaller than it would be with a lower pupil-teacher ratio. The third
change is the addition of an academic major for middle students (discussed
in the preceding section on incremental output). This proliferation of
offerings in a high-school curriculum involves some less conventional
costing problems than the other changes. We have assumed that the .
enrollees in the new courses would be drawn pro rata from the non-academic
high school courses, resulting in a rescheduling of classes, which entails
some increase in the number of teachers and a rise in system costs as
suggested in Table 6.

The fourth variation in System X -- the expansion of the guidance
program -- would entail the extra long-run annual costs indicated in
Table 6. The extra cost would result chiefly from the employment of an
additional psychologist (overhead charges that would not otherwise be
incurred accounting for a small proportion).

To demonstrate sophisticated techniques of cost analysis is not our

main purpose here, and for the most part, these are comparatively
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uncomplicated examples of the calculation of the incremental costs
associated with a policy change. The calculation of extra annual cost
becomes more complex for policy changes such as the introduction of
television, because it would affect still more variables simultaneously.
Calculations also become more complex if one is comparing the building of
new facilities with the utilization of existing buildings and assets. If
care is exercised, however, it is feasible to make reasonable estimates of

the incremental costs of almost any adjustment in a school system.
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V. PUITING COST AND OUTPUT TOGETHER TO COMPARE SYSTEMS

With éstimates of incremental costs and incremental outputs from
changes in System X, how would one proceed to compare that System with a
variant incorporating some of these changes? In this section, we will try
to show just how one could take the information about output (Section III)
and the data on cost (Section IV), put them together, and compare alterna-
tive systems.

In order to make the systems comparable, one essential step is to
construct a variant that would cost the same as System X and then see
which system yields the larger scholastic achievement for the same cost.
(Or, alternatively, we could construct a variant that would yield the same
scholastic achievement -~ difficult to arrange in view of the multi-
dimensionality of such achievement -- and see which system accomplishes
this mission at lower cost.) It does not follow that the aim of such
analysis is to discover ways to cut the total budget or even to stay within
the limitations of existing budgets. In education the aim will usually be
to help choose the best way to use increments in school budgets. For, with
a rapidly rising school-age population and emphasis upon high-quality
education, school budgets will almost certainly go up during the coming
decades. These comparisons are aimed at helping us learn how to get the

most out of those future, higher budgetse.

A. Tllustrative Exhibits and Selection of Preferred System

We shall present two illustrative comparisons. In the first one, we
will- consider two of the changes in System X that were mentioned previously

(and listed in Tables 4 and 6) -~ namely, the changes in teachers! salaries
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and in the pupil-teacher ratio.
Let us construct a modification of System X, to be called System ¥, .
that incorporates the 5 per cent increase in teachers! salaries yet has
the same long-run annual cost as is planned for System X. To do this, we
have to make some other adjustment that would save $150,000 annually, since
that amount is the extra cost of this salary increase, according to Table 6
in the preceding section. Suppose we offset this extra cost by letting the
pupil-teacher ratio rise 8 per cent (Table 6 says that this would reduce
long-run annual costs by $150,000). The system would fail to replace 30
departing teachers (having an average salary of about $5,000 per year).
The average pupil-teacher ratio would rise from 27.5 (11,000 + 400) to
29.7 (11,000 + 370). This would amount to the 8 per cent increase in the
average pupil-teacher ratio, that is, in the size of the average class.
What about the effects on output? We would get estimates of these
effects from the kind of statistical analysis described in Section III on
"Estimating Incremental Output." We must remember that the estimates of
incremental output portrayed in Table 4 assume no other simultaneous
changes. But in System Y, there would be two simultaneous changes, and
the larger classes, which would be tantamount to a salary cut, would
partially offset the effects of the salary increase in attracting better
teachers. With data concerning this interaction,* however, we can adjust

the estimates of incremental output to allow for this effect.

® Quantitative information about such interactions as well as about
input-output relationships in general would be provided by the kind of
analysis described earlier. At this point we wish only to indicate how
systems could be compared if these relationships were established.
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Table 7 shows the net change in the scores attributable to the
"package™" -- that is, to the simultaneous increase in teachers! salaries -
and in pupil-teacher ratios. Note that System Y turns out to be
"dominant." For the same annual cost as X, it produces results better
than, or as good as, those under System X in every component of the test
and for each portion of the student body.

This is not to say that System Y is dominant with respect to all
possible arrangements. But it is to imply that Y has been redesigned
until it is better than X in all the specified respects. For example, if
Yts initial design yielded worse results than X in certain subjects where
performance was especially sensitive to class-size, it was possible to
make those classes smaller and others correspondingly larger until Y
yielded better performance in all subjects. In this hypothetical example,
that is, improvement is sufficiently marked to permit this outcome.

In the design of variants to be compared, one would have a good idea
initially about what inputs and school policies to trade for another.
From the data on incremental cost and incremental output, one could calcu-
late the extra output that would be obtained per dollar by adding inputs
or adopting new policies.* With a given budget, then, it follows that a
school could get more for its money by reallocating expenditures from
activities having a relatively low marginal output per dollar to those

having a relatively high marginal output per dollar.

* Indeed, if there were enough data in which one had enough confidence,
some of the modern mathematical techniques might be used to determine the
optimal system. In view of the uncertainties and incommensurable consid-
erations, however, it is desirable to exercise judgment at numerous points,
and to compare specific systems designed to be "acceptable" in other
respects rather than mechanically seek "optimality."
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TABLE 7. COMPARISON OF TWO ALTERNATIVE SCHOOL SYSTEMS

Scores Under Two Systems Having Same Cost.

System Y
System X Net Change
EMedian Attributable (Median
Parts of the Absolute to Package Absolute
Student-Body and Score - (Higher Salaries, Score -
Components of Test 11th Grade) Larger Classes)  1llth Grade)
All Pupils
Social Studies 11.0 + 0.2 11.2
Natural Science 11.8 + 0.6 12.4
Correctness in Writing 10.2 + 0.3 10.5
Quantitative Thinking 11.7 + 1.0 12.7
Reading - Social Studies 11.2 + 0.2 11.4
Reading - Natural Sciences 11.8 + 0.3 12.1
Reading - Literature 9.9 + 0.2 10.1
General Vocabulary 10.7 + 0.2 10.9
Composite Score 11.0 + 0.3 11.3
Use of Sources of Information 11.2 0 11.2
Pupils Having IQ's Above 120
Social Studies 13.4 + 0. 13.8
Natural Science 144 + 1.1 15.5
Correctness in Writing 13.7 + 0.5 14 .2
Quantitative Thinking 14.5 + 1.4 15.9
Reading - Social Studies 13.8 + Ooly 14.2
Reading - Natural Sciences 14.2 + 0.7 15.0
Reading - Literature 13.9 + 0.4 4.3
General Vocabulary 13.6 + 0.1 13.7
Composite Score 13.9 + 0.7 14.6
Use of Sources of Information 13.7 0] 13.7
Pupils Having IQ's from 100-120
Social Studies 11.2 + 0.2 11.4
Natural Science 11.7 + 0.5 12.2
Correctness in Writing 10.0 + 0.2 10.2
Quantitative Thinking 11.6 + 0.9 12.5
Reading - Social Studies 11.3 + 0.2 11.5
Reading -~ Natural Science 11.7 + 0.2 11.9
Reading - Literature 9.8 + 0.2 10.0
General Vocabulary 10.7 + 0.1 10.8
Composite Score 10.8 + 0,2 11.0
Use of Sources of Information 11.3 0 11.3
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TABLE 7 (Continued)
Scores Under Two Systems Having Same Cost

System Y
System X Net Change

%MEdian Attributable (Median

Parts of the Absolute to Package Absolute

Student-Body and Score - (Higher Salaries, Score -

Components of Test 11th Grade) Larger Classes) 11th Grade)
Pupils Having IQ's From 75-100

Social Studies 7.6 0 7.6
Natural Science 8.4 + 0.2 8.6
Correctness in Writing 7.7 0 Te7
Quantitative Thinking 8.2 + 0.2 844
Reading - Social Studies 8.0 0 8.0
Reading - Natural Science 8.3 + 0.1 8.
Reading - Literature 7.8 0 7.8
General Vocabulary 8.7 0 8.7
Composite Score 8.2 + 0.1 8.3
Use of Sources of Information 8.5 0 845
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One could not safely use these estimates of incremental output far

outside the range for which information was available. For example, one _

would have data on the effects of raising the pupil-teacher ratio from 22
to 24 or from 28 to 30; but it would not be safe to ascribe the same
effects to an increase in the ratio from 44 to 48 or from 56 to 60.
Furthermore, these estimates of incremental output per dollar could guide
the analyst in designing the systems but could not yield final answers by
themselves. For, as noted before, those numbers are based on the premise
that other things remain constant. To evaluate a package of changes, one
has to take the interactions into account, and estimate the impacts of
that particular combination of changes.

These may, of course, be better options. In this illustration only
two possibilities have been compared —- System X and System Y, the esti-
mated future budget being allocated differently in the two cases. If more
variants are examined, it may appear that some other combination of changes
would be superior to those represented by System Y.

Another Example

In the preceding example, we tried to show how one might construct
and compare hypothetical systems costing the same amount. Such comparisons
would help administrators decide on the allocation of future school
budgets. One might wish to confine his attention to alternative ways of
using a specified increment in the budget, taking the rest of the system
as given,

Let us look at another example in which we compare hypothetical
changes that cost the same amount. Again, we shall try to show how one

takes the information from the statistical analysis described in Section
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III and the cost analyses discussed in Section IV to make the comparisons
and provide a better basis for policy conclusions. This time we shall
consider the other two changes listed in Tables 4 and 6: the addition of
an academic major for middle students and the expansion of the guidance
program.

In Table 8 we consider spending an extra $8,000 annually for quality
improvement (in addition to the expenditures necessary to provide for the
expanding school-age population). The alternatives considered in that
table are bolstering the guidance program throughout System X or intro-
ducing an academic or college-preparatory major for middle students in
high school. The additional courses would cost $8,000 annually as shown
in Table 6. The same amount devoted to the guidance program in System X
would make it possible to employ one additional psychologist (as mentioned
in Table 6).

In this instance, we need not be concerned about interactions, since
we are considering either the one change or the other -- not a package
comprising both modifications. Thus we can take the estimates of output
directly from Table 4 and put them in Table 8. As the latter table
indicates, we do not have dominance in this case, and officials must make
the hard choice between improving the scores of the poorer students and

improving (to a somewhat greater extent) the scores of the middle group.

B. Interpretation of Results

In the interpretation of such analyses, one should not lose sight of
the qualifications mentioned before. The comparison of System X with the

variant System Y does not demonstrate conclusively that Y is better. Nor
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TABLE 8. COMPARISON OF WAYS TO USE BUDGET INCREMENT

FOR QUALITY IMPROVEMENT

Net Changes in Scores Under Two Innovations
Having the Same Incremental Cost

Net Change Net Change
Parts of the Attributable Attributable
Student Body and to More Academic to Expansion of
Components of Test Work in High School? Guidance Program
A11 Pupils
Social Studies 0 + 0.02
Natural Science + 0.03 0
Correctness in Writing + 0.1 0
Quantitative Thinking + 0.1 + 0.02
Reading - Social Studies 0 + 0,02
Reading - Natural Science 0 0
Reading - Literature 0 0
General Vocabulary + 0,02 + 0.01
Composite Score + 0.03 + 0.02
Use of Sources of Information 0 0
Pupils Having IQ's Above 120
Social Studies 0 0
Natural Science 0 0
Correctness in Writing 0] 0
Quantitative Thinking 0 0]
Reading - Social Studies 0 0
Reading - Natural Science 0 0
Reading - Literature 0 0
General Vocabulary 0] 0
Composite Score 0 0
Use of Sources of Information 0 0

Pupils Having IQ's From 100-120

Social Studies

Natural Science + 0.1
Correctness in Writing + 0.2
Quantitative Thinking + 0.2

Reading -~ Social Studies

Reading - Natural Science

Reading - Literature

General Vocabulary +
Composite Score +
Use of Sources of Information

.
b

[eNeNeNoNoRNoNoNoNo @)
cloNoNoNoRoNoNo NGORG]
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TABLE 8 (Continued)

Net Changes in Scores Under Two Innovations
Having the Same Incremental Cost

Net Change Net Change
Parts of the Attributable Attributable
Student Body and to More Academic to Expansion of
Components of Test Work in High School? Guidance Program®
Pupils Having IQ's From 75-100
Social Studies 0 + 0.1
Natural Science 0 0
Correctness in Writing 0 0]
Quantitative Thinking 0 + 0.1
Reading - Social Studies 0 + 0.1
Reading - Natural Science 0 0
Reading - Literature 0 0
General Vocabulary 0 + 0.1°
Composite Score 0 + 0.1
Use of Sources of Information 0 0

a
These innovations in the hypothetical System X are described in the text
and also in the footnotes to Table 6.
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does the comparison of the two ways of using the budget increment show
conclusively which is better. There are other pertinent considerations. |
But this sort of analysis reduces one set of important and complicated
considerations to a meaningful and relatively simple form -- making the
task of choosing at least somewhat more manageable,

Note too that the final comparisons have implications directly for
only one particular school district. However, the statistical analysis
of Section III would be pertinent to various districts?! policies, and
comparisons of various school systems -- variations on systems in small
towns, in large urban areas, and in various environments — could be made.
Each comparison would have indirect implication for school systems judged
to be "similar." In deciding upon policies under its own control, each
district would have to decide for itself what transfer value an analysis
of a similar school system had. In deciding upon Federal, State, or other
organizations?' policies, officials in each would have to decide what
over-all implications stemmed from analyses of specific school systems or

from the statistical analysis of input-output relationships.
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VI. THE PROJECT OF THE AMERICAN INSTITUTE FOR RESEARCH

As meﬁtioned previously, a statistical analysis very like the one
described in Section III is already under way. Since this study has an
important bearing on what we think should be done, we would like to
describe it at least briefly at this point. This study, begun during the
academic year 1959-1960 and expected to continue for several years, has an
initial grant of a half million dollars for the first year, most of the
financial support coming from the U.S. Office of Education. It is being
administered by the University of Pittsburgh and more directly by the
American Institute for Research. Professor John Ce Flanagan of the
Psychology Department at Pittsburgh is Director of the American Institute
for Research, and Dr. John T. Dailey, also a psychologist, is immediately
in charge of the project.

This study, entitled "The Identification, Development, and Utilization
of Human Talents," will cover some things in which we are not interested,
but one of the aims will be to relate various school characteristics to
the performance of pupils on specially designed achievement testse. About
500,000 pupils in about 1,400 secondary schools will be included in the
sample. The selection of the schools is now going forward, and the tests
are to be administered toward the end of the current calendar year or in
the spring of 1960. Calculation of some of the interesting relationships
should become available during 1960.

In this study, analysis of covariance will be used to determine
which school characteristics produce significant differences in pupil

performance and to estimate the magnitudes of these differences. In the
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early stages, other techniques will be used in developing hypotheses
about these school characteristics or, to put it another way, in narrowing
down the list of variables.

Most of the variables mentioned earlier in Table 2 will be included
in the American Institute analysis. Data on those and on a good many
other variables will be collected and put on cards so that variocusly
designed analyses can subsequently be made. As an example, the character-
istics will include whether or not each school uses one of the special
mathematics curricula or participates in any other special program. To
help in collecting these data, about 100 regional representatives will
visit the designated school systems. In quantifying the variables, as
many as 5 levels will sometimes be used. The sample (1,400 schools) will
be big enough to permit the use of a relatively large number of variables
and levels. (It should be recalled that preliminary analyses can be used
to eliminate some variables that seem neither to produce significant
effects by themselves nor to be interrelated with other variables.)

Considerable effort is going into the measurement of the control
variables or covariates. Among the tests to be given will be specially
designed components of IQ tests, so that one can put together and use as
a covariate the equivalent of any particular IQ test that he wishes to
use. Thus after the American Institute's project is completed, other
persons could analyze the data again, this time using a different IQ test
as a control variable., For the home-environment index, the researchers
will collect information about parental occupation, parental education,
and other factors, perhaps including the number and type of magazine

subscriptions and books possessed by the pupils! families. The various
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indexes will'be pre-tested in an effort to insure that they do reflect the
influences the analysts wish to measure. R

To avoid bias, the analysts will sort schools in each state according
to enrollment, urban-rural classification, and several other factors. As
we understand it, they will further sort out groups of 20 that are equiva-
lent in terms of size, urban-rural classification, and so on. One school
will then be taken at random from each group of 20 to get a stratified
5 per cent sample with all the states being represented. At the conclusion
of the analysis, the researchers will check to see if the covariates are
approximately randomly distributed.

The sample will include private and parochial schools. Initially,
there will be no scheduled exclusions. Detailed data on the schools will
be collected, however, so that it will be possible to exclude "anomalous"
situations if it is desired to do so. For instance, to hold geographical
conditions constant for special analyses, one could select particular
regions for separate study.

There are a number of differences between this study and the
possibilities described in Section III above. For one thing, to measure
output, the American Institute for Research will use a new battery of
achievement tests administered at one time to high school students, while
we had hoped it might be possible to exploit existing test data. Also, one
might even use changes in test scores over time as the measure of output;
alternatively, as more data become available, it might be possible to use
an initial set of test scores as covariates (along with IQ scores) and the
final set of test scores as the measure of outputs.

Another difference is that the American Institute project will
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include all the students of the schools selected in its sample, probably
without allowing for the characteristics of schools previously attended
by transfer students. It might be well to make such an allowance or to
exclude these pupils who had not been in a particular system for several
years. In the study of the American Institute for Research, however, one
item of information to be collected will be the number of years each
student has been in his present school, so that one could use the cards
for further analyses, perhaps eliminating recent transfer students.

There will undoubtedly be other differences in detail between this
project and the kind of analysis discussed in Section III. But at the
moment we are impressed by the sameness rather than the differences, and
also by the care with whicb the American Institute project has been

planned.

-
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VII. RECOMMENDATIONS AND IMPRESSIONS

A. Systems Analyses in Education

The foregoing sections have emphasized many of the difficulties and
the probable high costs that would attach to systems analyses in education.
In spite of this we think that statistical analysis to estimate lnput-output
relationships and, if this is successful, subsequent comparisons of educa-
tional systems should be undertaken. We think this way because, even if
these proposals are "long shots," they appear to be almost the only hope of
providing systematically a better basis for intelligent choices in education.
And the possible payoff is high. These choices are going to become more
important with each passing year as the flood of school-age children swells.
The nation is going to be hard pressed to supply high-quality education to
its youngsters, and, i1f it proceeds in an inefficient fashion, the process
will be both terribly expensive and unlikely to do the job. Moreover, even
if the analyses described above are not completely successful, they are
still likely to contribute a good deal of knowledge that is needed for better
decisions in education. The potential payoffs from such analyses, there-
fore, appear to be high enough to warrant incurring both the risk and the
expense.

In view of our earlier emphasis upon the difficulties that confront
the analyst, perhaps it should be noted that worthwhile proposed research
is rarely easy -- it would usually have been done long ago had it been
simple. It is always possible to show that there are forbidding obstacles
in the way of any ambitious undertaking. But important problems do not get

solved unless someone mskes a start on them. To be sure, the difficulties
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mean that sometimes researchers have to give up, sometimes the problem that
gets solved is not the one initially tackled or is not all of it, and some-
times the conclusions have to be qualified considerably. But the existen;e
of obstacles does not by itself imply that nothing should be attempted. We
think of the long session we had with two first-rate statisticians who
patiently explained to us the almost endless numbers of problems we would
face ~- all of them very difficult. At the end of the session one of them
said "Of course, if someone doesn't go ahead along these lines, it will be
a crime.”

In spite of the foregoing, we think it would be sensible not to launch
a new study until some of the results of the American Institute study become
aveilable. It may be that this will tell us what we need to know about
relationships between school characteristics and educational output; we
could then apply the appropriate cost functions, which the American Insti-
tute does not plan to do, and derive useful comparisons of school systems
with a modest expenditure of effort. If the American Institute should fall
short of this mark, which is surely not out of the question in a study so
embitious and complex, researchers would still profit a great deal from
their experience. Indeed, putting off a new study for 9 months to a year
might not ultimately cost any time to speak of, because the lessons to be
learned from the scheduled project would be so valuable in the design of
subsequent analyses. Accordingly, our recommendation is to keep in close
touch with the project of the American Institute for Research and meanwhile
to suspend judgment on vhether additional research is called for. We think
it almost certainly will be indicated, since this is a pioneering effort,

but the additional research can be more intelligently planned when the
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results of this current study are knownm.

Meanvhile we have one other recommendation pertaining to the possible
use of systems analyses in education. Even with a good analytical frane--
work with which to test various innovations, it is extremely important to
be able to draw on real experience in deriving the relationships of innova-
tions to outputs (and to costs). This means that the more experiments with
innovations, such as the use of television, the more realistic the tests
of new ideas will be. We urge, therefore, that experimentation of the sort
that has been going on in recent years be continued or expanded. In one
direction these experiments can be improved, namely, 5y adding a cost di-
mension. All these innovations are going to have to compete against others
and against the traditional methods of educating youngsters, and in deter-
mining the worth of any of them it will be necessary to know their costs.
This suggests the need for assessing cost as well as performance vhen an
experiment is conducted. Sometimes proper costing will require skill and
imagination, since the relevant costs may not be those attaching to the

experiment as it is conducted, but what the costs would be if the innovation

were being introduced by a school district as a regular practice. For
example, at Hagerstown where the large-scale television experiment is under
way, the relevant equipment costs are not those of the relatively fancy
transmitters donated by the‘companies, but of less elaborate transmitters

that would be adequate for the job.

B. Impressions Concerning Certain Policies in Education

We have come away from our experiences with a few impressions that we
would like to set forth briefly. These are not in the mainstream of our

report, which is to say that they do not bear directly on the systems
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analysis'qnestion. Nonetheless these impressions seem significant to us
in that they reemphasize the importance of certain variables that can be
controlled. There are three general points that we want to discuss.

The first concerns the salary structure, and to a lesser extent the
salary level, of teachers. It is quite general, particularly in unified
school districts but not only in them, for unified salary schedules to pre-
vail. That is to say, for teachers with the same amount of training and
experience, salaries are identical. The first grade teacher, therefore, is
paid the same as the 12th grade physics teacher. All teachers get salary
increases automatically as they gain experience (or as time passes), and they
also improve their incomes as they take more courses (in the evenings or
sumers) at a university (usually in education departments). We know of no
other industry that pays so little attention to the market situation when
establishing salaries.

Several consequences flow from this policy. The most significant is
that school districts are unable or unwilling to pay all teachers the market
price of high school teachers of science and mathematics. To do so would be
extremely expensive. Hence it becomes more and more difficult to attract
and retain adequate candidates for these jobs, and quality of teaching in
these areas often suffers. At the same time salaries at the elementary
level are more than adequate to attract good candidates -- for a young girl
or a married woman, teaching in her local school system at the elementary
level is a comparatively attractive opportunity. What is called for is the
adoption of salary schedules that recognize the realities of the market.
Specificaliy this means paying higher salaries to teachers of subjects

requiring skills that are scarce and in sirong demand elsewhere, and
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probably & generally higher level of salaries for secondary than for elemen-
tary teachers. The appropriate differentials in the salary structure should
be tailored to the actual market situation in which the school system finéa
itself. School boards are either going to have to do this or see their
high school education deteriorate in critical subjects. It is most unlikely
that communities will be willing to overpay elementary teachers enough to
attract the relatively scarce skills needed in the secondary schools. And
from all indications this situation is likely to get worse in the next
decade.

One fact that stems in part from this salary difficulty is that the
college records of secondary teachers are too often mediocre. There are
brilliant exceptions, of course, cases of dedicated people who are grateful
for the chance to teach the next generation and impervious to offers at
higher salaries. Unless salaries for the comparatively scarce skills are
raised, however, the proportion of secondary teachers who were weak per-
formers in college will rise. Moreover, unless teaching at the secondary
level is made more attractive, too many teachers will be teaching in fields
in which they did not major in college. In particular, the practice of
using physical education majors (whose curriculum usually has little intell-
ectual content) to teach academic subjects is likely to increase rather
than diminish.

To move in these directions would be unfortunate. To be sure, academic
performance in college does not insure that a person will be a good teacher.
But other things being even roughly equal, teachers with some academic
achievement are more likely to stimulate secondary students in intellectual

activities than teachers with no scholastic accomplishment or interest. As
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for the remedy, there is probably no basic cure for this situation until the
salary problem is faced and solved so that there is an improved flow of
candidates ér until the best quality of teaching can be used more widely )
and effectively, say by means of television.

Along these same lines, it might be noted that a disproportionate number
of physical education majors move eventually into important administrative
positions such as principalships. We have been impressed with the impor-
tance of the job of principal. The school takes its personality in good
part from its principal; he plays the major role in deciding the relative
emphasis to be placed on different parts of the educational program and in
choosing its staff. And, while some physical education people are excellent
principals, there is again the presumption that the academic leader of a
school should usually have a considerable amount of academic interest and
background.

To return to the teacher-quality question, a second point may be made.
As is well known, teachers frequently take evening or summer courses for
vhich they receive salary credit. For the most part these are courses in
schools of education, though this is by no means required. We found a strong
and almost uniform feeling among teachers that these courses are worth little
to the teacher -- indeed they are held in contempt by many. Our brief ex-
perience is certainly consistent with the frequently-made point that this
sort of training leaves something to be desired. Teachers take the educa-
tion courses rather than substance courses because they are easier and require
little or no effort. Perbaps the incegtive should be changed by giving extra
credit toward salary increments for substance courses. Such courses would

probably be more valuable, and if more credit were offered, many teachers
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would be persuaded to take then.*

Our third point concerns the curriculum, again primarily in the high
schools. H? have the feeling that high schools are often doing an accept:
able job in educating their best students. Those that have introduced
homogeneous grouping (sometimes called sectioning into fast and slow tracks)
are giving their best students a particularly challenging experience, and
for the most part are pressing these students about as much as they can or
should. As measures of their excellence, such high schools like to cite
the fine things these students do both before and after graduation. Pressing
the best students in this way is, in our view, very commendable.

But the schools that are doing well with their best students (say the
upper 20 per cent) are not necessarily at all the same schools that do well
with their middle students; indeed there may even be a tendency for an in-
verse correlation to exist.** This has led us to wonder whether many schools
are perhaps offering too little challenge to their middle students (say
those from the 40th to the 80th percentile in IQ). In many schools there is
a most important decision made at the beginning of ninth grade. At that
point, on the basis of achievement and of IQ, students are advised to take

the college preparatory major or not to do so. To some extent this decision’

* This discussion refers only to courses taken after certification has
been achieved. Perhaps, as has been widely urged, certification requirements
in meny states should be altered also. Teachers to whom we talked felt that
their practice-teaching had been very valuable, but that many of the other
required courses contributed little or nothing to their training. It seems
clear, too, that some good teaching prospects are repelled by what they re-
gard as the intellectually-unchallenging education curriculum which states
require for certification. :

*
For evidence on this point, see Goodman, op. cit., pp. 54-62.



-63-

E

is reversible in tenth grade, though no£ w;thout effort. Those advised to
go into the college preparatory c;fficulum take algebra and begin a foreign
language in the ninth grade (if they have not already taken such courses);'
are assigned to the fast tracks in courses with homogeneous grouping, and
concentrate in high school on math, science, language, literature -- in
general the liberal arts subjects.

Those who do not pursue this route take consumer arithmetic, no foreign
language, and quite often a course of study emphasizing the industrial arts
or homemaking. They normally take no mathematics after ninth grade and get
e minimum of liberal arts subjects. By the time these students graduate they
have fallen still further behind the top group simply because they have not
been pressed in their last four years. They have had little homework and
little intellectual challenge.* Our feeling is that somewhat more pressure
should probably be put on the "middle" students. Perhaps more of them could
and should be prepared for colleges other than, say, the top ten or twenty
universities. In any event, for those who do not go on, it can be argued
that their need for liberal arts education and appreciation is as great as
that of the college-bound group, since this is their last opportunity to
take such courses. Perhaps what is called for'is an academic major patterned
after the college preparatory curriculum;J£ut less intensive and less diff-
icult. It might include, for example, axcourse in algebra that covers less

ground and carries less homework.a.It may have developed that too great &

* In these considerations we think is the resolution of a puzzling pars-
dox. It frequently happens that a parent of a high school student will
bemoan the fact that her child is always overloaded with homework -- "he
spends hours every night."” Another parent, whose child gees to the same
school, is critical because "he never brings a thing home." This is quite
likely to happen if one child is in a fast track and the other is in a
medium or slow track.



;'\
hY ?‘

proportion of our efforts is now being,devofed to the extremes, the gifted
and the retagded. T »

These are simply the ilpreséionScof a couple of outsiders on some
points that have, for the most part, been widely discussed. These comments
may serve to point up seme of the variables in educational policy that are
important. They may serve also to suggest the extent to vhich we and others
rely at present on impressions. To go much further and get a better basis
for decisions about educational practices, we should try to establish
quantitative relationships between school charac?eristics and outputs and

then compare alternative educational systems explicitly.
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