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Elementary School Facility Needs

By Jean M. Flanigan, National Education Association

Abstract It is possible to make predictions, within wide limits, for elementary
school needs on the national level through 1968. Breakdowns by states and dis-
tricts are much less certain because of the variable of migrallon, and projections
to 1980 are wicertain because of the diftultirs of estimating birth rate. This
paper explores elementary school building needs intheimmediate and foreseeable
future as they art likely to be affected by these and other variables.

ANY NATIONWIDE PROJECTION of school building needs is di-
rectly related to the expectations of the country as a whole. A
growing economy, or a stagnant economy; an all-out attack upon
social ills, or no such effort; many dynamic changes in knowledge,
or few such changes -- all of these factors will affect the need for
elementary school construction. Economic mid social trends, now
unpredictable, may interfere with the projections we now make
on the basis of available data, yet we must make such predictions
because we remember two catastrophic periods in school building:
the depression of the 1930's, when many school districts found
that they had too many classrooms, and the period following World
War II, when classrooms were frequently too few.

However, to some extent, a surplus or lack of elementary
classrooms can be avoided if construction is planned on the basis
of the demographic, economic, and social information now available.
To explore the elementary-school building needs in the immediate
and foreseeable future is the purpose of this paper.

ELEMENTARY SCHOOLS

The grade pattern in elementary schools varies widely. Some
consist of kindergarten through grade 8, others of kindergarten
through grade 6; some schools have no kindergarten; others
terminate the elementary grades at 5 or at 7. The traditional
grade 1 through 8 pattern is still associated with the central cities
and rural areas. Table 1 shows the grades included in the typical
public urban elementary-school organization in 1958-59 (1).

Two sets of population figures are needed to represent both
major types of elementary school organization. The population
aged 5 through 13 is associated with the traditional kindergarten-
grade 8 school, and the group 5 through n with the school that

FIANIGAN, JEAN M. Research Associate, Research Division,
National Education Association.
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2 SCHOOL BUILDING RESEARCH

ends with grade 6. There is another dimension, or mix. This is
a result of schools housing both elementary and secondary grades
either as a temporary expedient because of overcrowding, or
because of planning.

TABLE 1 -- GRADES INCLUDED IN TYPICAL ELEMENTARY-SCHOOL
ORGANIZATION IN URBAN SCHOOL DISTRICTS, 1958-59

Grades 500,000
and
over

Population of school district
100,000- 30,010 10,000- 5,000-
499,999 99,999 29,999 9,999

2,500-
4,999

All districts
(weighted
estimates)

1-5
1-6
1-7
1-8

Total
Number of

districts
reporting

. . . . 1.9% 3.1% . . .
69.2% 80.5% 84.6% 80.1 1.3 66.7%
7.7 3.9 1.3 3,1 1.6 . .

23.1 15.6 14.1 14.9 24.0 33.3
100.0% 100.0% 100.0% 100.0% 100.0% 100.0%

Number I Percent
55 1.6%

2,661 77.0
68 1.9

673 19.S
3,457 100.0%

13 77 311 161 129 48

Building Needs

Here we must determine when a need is really a need. And
we must rule ')ut what might be called °public extravagance,* as
well as quonset huts, half-day sessions, and the like, as the
solutions to the need for additional school housing. We must also
assume that need can be created by physical obsolescence caused
by deterioration; by population shifts, both within and among school
districts; shifts in the boundaries of districts; and changes in
curriculum organization.

Time Span

The time span of recent population projections of the Bureau
of the Census carries through to the years 1965, 1970, 1975, and
1980. Highly accurate projections can be made for the nation as
a whole through 1968, since most pupils who will be in school in
those years have already been born. Breakdowns by states and
districts are much less certain, because of the variable of migra-
tion, and projections to 1980 are uncertain because none of the
elementary pupils of the late 1970's has yet been born.

Limitations of Data
In many cases, we can do little more than make educated

guesses about pertinent data on the profile of the existing supply
of elementary classrooms in terms of age, condition, and expected
date of Obsolescence, adaptability to a modern program, or loca-
tion in population centers. A nationwide school facilities survey,
conducted in the early 1950's, produced some data of this nature,
but the . estimates of need became involved in the political issue
of federal aid for school construction. There is a limited annual
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survey of numbers of classrooms in existence (elementary and
secondary combined), numbers built in the preceding year, and
numbers planned for the next year.

ACTUAL AND PREDICTED POPULATION

The Bureau of the Census has recently revised two of a series
of population projections by age group (3). Series II is based upon
the assumption that fertility will remain constant at the 1955-57
level through 1980, and Series III assumes that fertility will
decline to the 1949-51 level by 1965-70 and remain at that level
through 1980. These data are shown in Table 2.

TABLE 2-- CENSUS BUREAU PREDICTIONS OF POPULATION
AGED 5-13 AND 5-11 BASED ON VARIOUS FERTILITY LEVELS

Year
Series II Series HI

Population I Population
5-13 I 5-11

Population I Population
5-13 I 5-11

(thousands) (thousands)
April 1950 22,281 17,774 22,281 17,774
July 1960 33,057 25,583 33,057 25,892
July 1965 35,685 27,892 35,685 27,892
July 1970 38,637 30,375 36,881 28,619
July 1975 42,988 34,080 38,065 29,858
July 1980 48,940 38,851 42,106 33,423

Table 3 shows the population increase that will take place in
the same age groups.

TABLE 3-- CENSUS BUREAU PREDICTIONS OF
POPULATION INCREASE IN AGE GROUPS 5-13 AND 5-11

BASED ON VARIOUS FERTILITY LEVELS

Decade

Increases
Series II Series III

Population
5-13 I

I Population
5-11

Population I
5-13 I

Population
5-11

1950 to 1960. . .
1960 to 1970. . .
1970 to 1980. . .

(thousands)
10,776 7,809

5,578 4,792
10,303 8,476

(thousands)
10,776 7,809
3,824 3,036
5,225 4,804

It can readily be seen that this variance, in terms of fertility
level, will have a profound effect upon elementary-school facility
needs in the coming decades. A year ago, there was little doubt
that the high birth rate of the 1950's would continue, but now there
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are grave doubts that this will be so. The number of births for
1962, January through July, is down 2.9% or 71,000 from a com-
parable period in 1961 (5). The birth rate for the first seven
months of 1962 was 110.7 compared with 116.0 in 1961.

Many factors are thought to influence the birth rate: business
cycles, family size preference, and the extension of family planning.
However, the potential for another baby boom is present in the
number of young adults in the population. The size of this age
group will bring an increasing population, even if the fertility
rate declines.

ELEMENTARY SCHOOL ENROLLMENTS

Public and private elementary-school enrollments are now al-
most universal among the noninstitutionalized population (4). In
October 1961, 66.3% of five-year-olds were in school as were
97.4% of those aged six; 99.4% of those aged seven to nine; and
99.3% of those in the 10 to 13 age bracket.

Kindergarten
More five-year-olds are being enrolled as the number of

school systems supporting kindergartens increases. Between 1951
and 1961 the percentage of five-year-olds enrolled in school
increased from 53.8-66.3% -- more than did the college-age group.
If the same percentage of five-year-olds had been enrolled in
school as six-year-olds in October 1961, elementary-school en-
rollments would have been almost 1.3 million larger than they
actually were.

The cost of instruction and facilities in kindergartens is usually
less than the cost in other grades. Half-day sessions permit a
classroom to accommodate two classes a day. According to an
NEA survey of kindergartens in 1961, nine out of ten public kinder-
gartens did this. Eight out of ten were in main elementary-school
buildings, and seven of ten were in rooms specifically designed
for kindergartens.

Kindergarten attendance varies widely throughout the states.
In April 1960, more than 80% of the five- and six-year-olds in
six states were enrolled in school: California, Connecticut, Hawaii,
Michigan, New Jersey, and New York. In ten states in the South,
and in Idaho, Montana, and North Dakota less than 50% were en-
rolled.

Nursery Schools
Downward extension of the elementary school to the nursery

school level reached a peak in 1945 because of a high employment
rate among mothers. Federal funds were provided, but aid was
withdrawn in 1946. Recent legislation to re-establish such aid
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failed, and there is little pressure at this time for public nursery
schools. The possibility of a national labor shortage, or the es-
tablishment of programs to offer remedial Nirork to culturally
deprived children, makes it necessary for us to consider the nursery
school in long-range planning, even though it is doubtful that in-
creased enrollments will come from the age group under five
years.

Grades 7 and 8

Over the past decade, the trend has been to incorporate grades
7 and 8, and to a lesser extent grade 6, as junior high school
classes on a secondary basis. Therefore, the proportion of public-
school pupils in grades 7 and 8 in schools organized as elementary
grades declined from 50.4% in 1951-52 to 38.4% by 1958-59. This
has reduced the need for elementary facilities, and has provided
certain educational advantages.

A slight downward trend in reorganizing grades 7 and 8 into
junior high school type programs occurred as the postwar wave
of children passed on to crowd secondary-school facilities at all
grade levels. It is our opinion that the educational advantages in-
herent in secondary-type organization for grades 7 and 8 will
cause this downward trend to be reversed.

ENROLLMENT PROJECTIONS

Enrollment surveys by the Bureau of the Census show the en-
rollment status by level of school, and by age group for noninsti-
tutional population. This information is given in Table 4.

TABLE 4 ENRGLLMENT BY SCHOOL LEVEL AND
AGE GROUP FOR NON1NSTITUTIONAL POPULATION

School Level
Age 5-13 Ag.e 14-17 Age 18-20

195 1950 1955 1960 1950 1960

K-8 91.1% 93.2% 12.5% 8.8% 0.2% . . .
9-12 1.7 1.9 68.6 79.5 6.7 0.1%
College . . . . . . 2.2 2.0 . . . 6.8
Total enrolled . . . 92.8 95.1 83.3 90.3 . . . . . .
Not enrolled . . . . 7.2 4.9 16.7 9.7 . . . . . .

Total 100.0% 100.0% 100.0% 100.0% . . . a ,
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A recent study by the NEA projected elementary enrollments
for fall 1969, based on the following estimates:

Grades Age groups
5-13 14-17

K-8 97.5% 5.5%
9-12 2.0
K-12 99.5 .

This projection represents near-maximum enrollment in the
elementary schools.

The projected enrollment in public and private elementary
schools for fall 1969 totals 31 million --5 million in private schools
and 26 million in public schools. This estimate is based on the
assumption that 16.5% of the elementary pupils will be enrolled
in private schools in fall 1969, and that 80% of the enrollment in
grades 7 and 8 will be in secondary schools. This is an increase
of about 2 million pupils, or 8%, over the fall enrollment in public
elementary schools in 1959. For average classes of 30 pupils,
67,000 additional elementary classrooms would be needed, and for
classes of 25, 80,000 classrooms would be needed under this
estimate.

Obsolescence and Overcrowding

The bulk of today's need for elementary classrooms stems not
from additional pupils, but from large classes and obsolete facili-
ties. In the past, a depreciation rate of 2% per year has been set,
on thee assumption of a 50-year life-span for school facilities.
This is probably low. Estimates of construction needed to replace
obsolete structures have been running at the rate of 5% per year
of the available classrooms, and, since 1957-58, classrooms
needed to replace obsolete facilities have outnumbered those
needed because of increased enrollment.

About half of all existing elementary and secondary classrooms
were built after World War U. Most of these will continua in serv-
ice throughout the foreseeable future. Little is known of the ex-
pected date of retirement of the rest.

We estimate that about 60% of the classrooms in use are ele-
mentary. We cannot generalize about the percentage built after
World War IL The need for elementary classrooms, because of
enrollment growth, was greatest in the 1950's but, because many
communities built junior high schools instead of additional ele-
mentary facilities, elementary enrollment was siphoned off by
removing grades 7 and 8 from the community elementary schools.
In addition, elementary school buildings are probably over-repre-
sented in the total number of schools which axe obsolete, for many
have been kept in service long after they were scheduled for
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abandonment. Remodeling has no doubt postponed the obsolescence
of many elementary schools. A guess is that one-fourth of the
elementary classrooms in 1961, or from 150,000 to 200,000, will
need to be replaced or remodeled by 1970.

Many classrooms are far too overcrowded for good instruction.
The median elementary classes in March 1962 ranged from a high
of 33.1 pupils in the 18 largest school districts to a low of 20.5
in the smallest urban districts (2). If all classes in excess of 25
could be regrouped in 'classes of 25, we would need 115,000 ad-
ditional classrooms. If children in classes of more than 30 could
be regrouped in classes of 30, the requirement would be 35,000.

SUMMARY

From 252,000 to 395,000 classrooms, new or remodeled, will
be needed by 1970. This wide range of figures indicates the futility
of estimating nationally the results of decisions to build or re-
model, which must be made locally. If national estimates are
really needed, some way to establish contacts with the local school
districts must be found. Even a sample of from 400 to 500 local
school districts could provide information for projecting nation-
wide figures.
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Secondary School Facility Needs

By Stanton Leggett, Engelhardt, Engelhardt and Leggett

Abstract The need for school facilities on the secondary level is contingent upon
the rate of population increas4 population mobility, the degree to which high
schools will continue to hold their enrollmen4 and the use of changing educa-
tional techniques, such as television. This paper considers these factors and pre-
sents census estimates for students enrolled in high school through 1980. These
range from a low of 14,752,000 to a high of 17,388,000, depending upon the
future crude birth rate.

NO REASONABLY ACCURATE ESTIMATE of the need for second-
ary school facilities can be made for any extended period. There
are too many variables that cannot be assigned accurate values.
The problem of estimating future needs on the secondary level
involves facets ranging from the matter of estimating future en-
rollments, to a gauge of the changing capacity of school plants, to
the use of student and faculty time. The major factors involved
in determining the need for secondary school space are presented
below.

INCREASE IN POPULATION

Dr. Frank Notestein, at a meeting of the American Association
of School Administrators (3), placed the rate of growth of the United
States at the average of the world, or 1.7% per year, and stated
"if we are to continue to grow at the rate of 1.7%, three-fourths
of the babies born this year will live long enough to be part of a
United States population of half a billion. A few of them will sur-
vive to be members of a United States population of one billion."
Within this framework, the United States will double in population
every 40 years.

In September 1962, there were an estimated 11,700,000 students
in grades 9 to 12 in all types of school in this country. This was
an increase of 900,000 over enrollment in 1961-62 which, in turn,
had been some 700,000 larger than that of the preceding year. The
expectation (4) is that in September of 1963 there will be an in-
crease of 600,000-700,000 students, and in September 1964 a
further increase of 500,000.

LEGGETT, S.. ANTON. Partner, Engelhardt, Engelhaxdt and Leg-
gett, Educational Consultants; member, American Association of
School Administrators, National Society for the Study of Education;
Fellow, American Association for the Advancement of Science.
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SECONDARY SCHOOL FACILITY NEEDS 9

The U.S. Bureau of the Census estimates for future enrollments
in high school are given in Table 1. These data are for all schools,
public and private, and include grades 9 to 12 only. Because of the
variation in what is considered secondary education, and because
the Census Bureau projections are based upon age alone, there is
a gap between the estimates of elementary school need through
grade 6, and the estimates of secondary school need here stated
for grades 9 to 12. The latter figures can be used as an index of
the need for space, rather than as an absolute figure covering all
grades, 7 to 12.

In Table 1, the Roman numerals refer to projections (5) into
the future for the total population that involve, in turn, estimates
as to the crude birth rate in the future. The II series is based on
a continuation of the fertility level to 1975-80. The III series as-
sumes a decline in fertility levels from the 1955-57 level to the
1949-51 level by 1965-70, and then a constant level to 1975-80.

TABLE 1 -- PROJECTIONS OF SCHOOL ENROLLMENT FOR
THE CIVILIAN NONINSTITUTIONAL POPULATION FOR

HIGH SCHOOL GRADES 9 TO 12 BY PROJECTION SERIES

Year II A

1960 (Est.) 10,249
1961 11,044
1962 11,842
1963 12,568
1964 13,040
1965 13,226
1966 13,484
1967 13,817
1968 14,198
1969 14,551
1970 14,894
1971 15,223
1972 15,486
1973 15,677
1974 15,851

1975 15,985
1976 16,126
1977 16,329
1978 16,624
1979 16,977

1980 17,388

1

Projection Series
II e I III A I III C

(thoussmds)
10,249 10,249 10,249
10,919 11,044 10,919
11,587 11,842 11,587
12,197 12,568 12,197
12,586 13,040 12,586
12,711 13,226 12,711
12,915 13,484 12,915
13,194 13,817 13,194
13,519 14,198 13,519
13,820 14,551 13,820
14,110 14,894 14,110
14,395 15,223 14,395
14,615 15,486 14,615
14,779 15,677 14,779
14,925 15,817 14,890
15,042 15,776 14,838
15,178 15,674 14,729
15,368 15,554 14,614
15,664 15,509 14,584
16,002 15,563 14,643
16,385 15,678 14,752

SOURCE: Adapted from Table 1, U.S. Bureau of the Census, Cur-
rent Population Reports, Series P-25, No. 232.
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The letters A and C refer to percentage of children of high
school age who are attending school. Series A assumes a continued
increase in the percentage of students attending school. Series
C assumes that the percentage of high school age students attending
school will continue at the 1957-59 level through 1980.

It is roughly estimated that the high school enrollment in 1980
will be between 17 and 18 million. The rate of increase in high
school enrollment is expected to slow down following 1964-65.
The inc.rease in 1965 is expected to be about 150,000 as compared
to over 500,000 the year before and 900,000 in 1962. Through 1980,
the annual increase is expected to be about 200,000 per year, if a
moderate view is taken of Census estimates (4, p. 1).

In September 1962, the expected enrollment in grades 9 to 12
in all schools was 11,700,000. This consisted of 10,300,000 in
public high school; 1,002,000 in parochial scho.A.; 100,000in special
schools, such as on Indian reservations, military posts, laboratory
schools of colleges, etc.; and 298,000 in independent schools.

The U.S. Office of Education estimates that in September 1961,
there was a shortage of 142,500 instructional rooms in the public
schools. When broken down to secondary schools (as defined by
each state) 34.2% were in this category, and 23,000 additional rooms
were needed to make up for student loads in excess of capacity
and to replace unsatisfactory facilities. The increase of over
2,000,000 students enrolled in grades 9 to 12in all kinds of schools
between September 1962 and September 1964 will require the con-
struction of about 300,000 additional rooms. Subsequent to 1964,
with about 200,000 more students per year in the same grules
some 7,000 to 8,000 more instructional rooms will be needed
annually.

This picture is far from complete, for other factors than popu-
lation change influence the use of school facilities. We can say
that on the secondary school level, from 1962 to 1964, we will see
a great increase in the need for more facilities. Following a peak
in the middle 1960,s, the need for increased facilities will continue,
but at a reduced rate, if only population pressures axe considered.

CHANGES IN ENROLLMENT RATES

In making estimates of future enrollment, it is necessary to
evaluate to what extent eligible students will attend school. The
'holding power of all secondary schools was 83% in 1958-59, as
compared to 24% in public high school after World War I. "The
best available estimate is that only about 60% of those who were
in fifth grade seven years before actually graduate from high school
each year." (1, p. 5)

The demand for trained manpower is such that a nongraduate
from high school can be at areal disadvantage, but the strengthening
of the academic nature of the secondary school program may serve
to alienate many who remain in high school, although marginally.
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When high school emulates college, it may inherit the regrettable
washout rate found in colleges. Another factor affecting enrollment
is the repeal of compulsory attendance laws in some states in the
South. When the total picture is considered, it does not seem likely
that the gap between school eligibles and school attendees will
narrow much.

POPULATION MOBILITY

The net increase in enrollment in secondary schools may have
little relationship to need for facilities. The net increase is fre-
quently a result of decline in areas where adequate facilities exist,
and of heightened increases in areas where facilities are inade-
quate. It is likely that, with the urbanization and suburbanization
of the country, and the decline of the older population centers, the
need for secondary school facilities may not drop as sharply as
the forecasts of total enrollment indicate. Rather, the displacement
of people, urban renewal, development of new suburban areas, and
growth in various regions may compensate in good part for the
actual drop.

A special case, in a number of northern communities, is the
integration of schools in areas that are not integrated residentially.
This has vast implications in the already intricate problem of
providing school housing. In New York, it was found that leaders
among the children tended to accept the chance to attend school
outside their own residential areas, with side effects upon the
schools they had left (2). Increasingly, smaller communities have
sought, under this kind of pressure, to reduce the choices and
place all pupils of one grade level in one school, regrxdless of
location. The ultimate expression of this idea is in the .'r.:4.thoal-
city* which would have children transported by bus to superior
sites or locations, and to concentrate there, in a planned fashion,
educational facilities for a large number of children.

REORGANIZATION OF SCHOOL DISTRICTS

A study of public secondary schools (1, p. 22) made for the
U.S. Office of Education has shown that "80 per cent of the high
schools in 1958 had less than 90 students in the graduating class."
Although obviously a small percentage of the total number of high
school students are involved in this statistic, there is still a need
to reduce the number of overly small high schools. The same study
(1, p. 7) showed that, between 1952 and 1958, the number of public
secondary schools serving some of the grades from 7 to 12, with
enrollments of less than 200, had dropped from 13,142 to 9,466.
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At the same time, the number of secondary schools of 200 enroll-
ment and' over, had increased from 10,599 to 14,756.1

While some of the change is occasioned by schools increasing
from less than to more then 200 in enrollment, the greatest change
is caused by the consolidation of small schools to form larger
ones, and the closing of smaller schools as the rural population
dwindles. Much remains to be done in the consolidation of schools
to form larger educational units.

On the other hand, some of the urgency for formation of larger
schools has been removed by the development of new teaching
aids such as television, particularly where terrain and sparcity
of population make transportation difficult.

CAPACITY OF THE SCHOOL PLANT

The capacity of a school is a varial3le reflecting the nature of
the educational program it provides. Typically, a high school de-
creases in capacity throughout its life, given no additions to the
building, as spaces become more specialized and therefore less
utilized. Changes in emphasis in the use of buildings have also
been a factor, as in the decline of numbers of girls electing home-
making, or boys electing shop, as the emphasis becomes in-
creasingly academic. As more students tend to take more subjects,
it is likely that the capacity of the secondary school plant will con-
tinue to shrink. It is unlikely that an increase in capacity through
summer operation and a staggered schedule will materialize, not
only because this schedule would interfere with family life, but
because schools will be offering so much of value educationtilly
during the summer period that the voluntary attendance will
approach 100%.

UPGRADING EXISTING BUILDINGS

The need for school facilities on the secondary level is also
related to the improvement of the existing plant. We are currently
engaged in this kind of operation, with surprisingly large sums
involved, in areas where increases in enrollment are of lesser
moment, but where the necessity of retooling the buildings for
modern education is of paramount concern.

In summary, there is, and will be, a continuing need for new
facilities for secondary education; more so, perhaps, than the
long-term student population projections indicate. Throughout, how-
ever, it is the teachers and teaching that count. The facilities that
we have been discussing must, to a greater extent than ever,
support rather than hinder the on-going educational processes.

1 The two comparisons cited are not comparable since the first
. includes only schools with graduating classes, while the second
includes many large junior high schools.
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Higher Education Facility Needs

By W. Robert Bokelman and E. Eugene Higgins
U. S. Office of Education

Abstract. Major efforts must be made to increase the service, residentia4 and
instructional facilities of the nation's colleges. In making these effods, there must
be an evaluation of changing facility utilization; recognition of a need for in-
creased research facilities; and consideration of special residential requirements,
as for married students. It is concluded that approximately $31 billion will have
to be spent on physical facilities for higher education from 1962 to 1975.

THE CERTAINTY OF A LARGER COLLEGE-AGE POPULATION,
a vastly increased emphasis on advanced study and research, and
a backlog of obsolete buildings in need of replacement and repair,
form the basis for the projection of needed physical facilities in
institutions of higher education.

It is difficult to assess how much rising costs will be offset
in the future by the development of cheaper constfuction techniques
and better utilization of plant facilities. These and other develop-
ments may emerge to alter estimates of unmet needs.

Physical facilities, as considered in this paper, include costs
of equipment for the buildings, site development, and items such
as sidewalks and parking lots, as well as actual building costs.
In the past, physical facilities costs have accounted for about 20%
of the total annual expenditure for higher education. Current
annual expenditure for higher facilities approximates $1.25 billion.

In order to provide adequate physical facilities for the nation's
colleges, major efforts must be made to increase residential,
service, and instructional facilities; the accumulated backlog of
worn out facilities now in use wiped out through rehabilitation,
renovation and new construction; and of research and graduate
facilities and equipment expanded.

BOKELMAN, ROBERT W. Chief, Business Administration Section,
'and HIGGINS, E. EUGENE, Specialist for Physical Facilities,
Division of Higher Education, Office of Education, U.S. Depart-
ment of Health, Education and Welfare. Mr. Higgins is a member
of American Association of School Administrators, Association
of School Business Officials of the United States and Canada,
Illuminating Engineering Society, and National Council on School.
house Construction.
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NEEDS FOR SPECIALIZED FACILITIES

Fa ditties needs are related to shifts in the proportions of
resident and commuting, married and single, and graduate and
undergraduate students, as well as to modifications in institu-
tional calendars, scheduling, and space utilization. New techniques,
such as television, also have an effect on the kinds of facilities
that will be required.

Medical and dental facilities are not now sufficient to maintain
current standards of service. To maintain a satisfactorypopulation-
physician ratio of 757 to 1, the output of physicians must increase
(10). Between 14 and 20 new medical schools will have to be built
if the existing ratio is to be maintained. The cost involved here
is great, for a medical school requires a capital investment of
between $10 and $20 million, depending on whether a teaching
hospital must be included.

Related to the need for medical training facilities is the need
for dental schools. According to projections, the number of dentists
practicing in 1975 will be about 15,000less than will be needed (11).
To forestall such a shortage, facilities capable of graduating
6,180 dentists annually will be required by 1970. This will require
a 75% increase in training capacity.

RESEARCH NEEDS

Colleges and universities have greatly increased their research
activities since the end of World War II. In 1959-60, approximately
22.5% of their total educational and general expenditures went to
support organized research (12). This is more than double the
10.6% so expended in 1945-46.,

YEAR-ROUND USE OF FACILITIES

More and more institutions are operating all year. These will
have to make greater capital outlays to counteract the more rapid
deterioration of buildings and to provide a more satisfactory
environment (such as air conditioning) for summer work.

RESIDENTIAL REQUIREMENTS

There is a growing need for housing married students and for
associated auxiliary facilities, such as nursery schools and health
centers. A study by the Association of College and University
Housing Officers shows that nearly 40% of institutions responding
to a questionnaire have constructed at least some facilities for
married students' housing (1). The Office of Education's physical
facilities Survey reveals that 4.6% of college and university ex-
penditures for new housing in 1951-55 was for married students (2).
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Institutions estimate that during 1956-70, 9.7% of their expenditure
for housing will be for married students. Since about 2-1/2 to
3 times as much residence space is required for a married student
as for one who is single, and since there is an increasing number
of such students, proportionate increases in housing expenditures
are unavoidable. Further complicating the task of financing resi-
dential facilities is the increase in the proportion of women stu-
dents, since dormitories for women are more expensive than those
for men.

Urban universities must provide additional housing as they at-
tract more students from outside their immediate areas. Ad-
ditional residential facilities will also be needed by many junior
colleges. In 1961, about 240 of 276 private junior colleges pro-
vided some . residential facilities, as did a few of the 391 public
junior colleges (7, 8, 9). The community junior college, however,
with its proximity to students' homes, does not need dormitories
and related facilities. An increase in the number of these institu-
tions will continue to receive prime consideration by the states
as a means of alleviating the crowded conditions in existing col-
leges. Students who complete the training at the community junior
college will, if they then transfer to a four-year college, strain
the instructional and residential facilities of the institution to which
they transfer.

RELATED STUDIES

A study conducted by Long and Black (6) projects 1957-58
enrollments to 1970 and estimates the additional physical plant
facilities required to accommodate the anticipated enrollments. The
estimated increases over the 3,027,029 figure for 1957-58 enroll-
ment range from 2,017,000 to 2,851,000 in 1970, In addition to
estimating the need for expansion of facilities, Long and Black
consider the cost of replacing existing, substandard facilities.
Using a replacement rate of 2% per year, they estimate the cost of
replacement of facilities other than residential to be $240 million
per year, and replacement of residential ft.cilities, $80 million
per year. Between 1957 and 1970, between 02.19 billion and $15.26
billion will be required for physical facilities, exclusive of land,
equipment, and campus improvement.

The Council for Financial Aid to Education, in 1959, surveye,..1
the plant needs of 885 colleges and universities from 1957-67 (4).
The estimated cost of buildings, equipment, and improvements for
the 820 institutions that responded was $6.04 billion. Based on this
figure, it is estimated that the total cost of construction for all
institutions of higher learning during the decade would be $11.5
billion, or approximately $3,834 per student increase in enroll-
ment, exclusive of costs of acquisition and improvement of sites
and of replacement for deteriorated buildings.
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In the second of its five reports of studies dealing with physicalfacilities (3), the Office of Education included projections of build-
ings needed through 1970. This report estimates that for 1956-70
the cost of new construction to accommodate 2,823,000 additional
students will be $12.36 billion. Of this sum, it is estimated that
about $7.06 billion will be for instructional, research, general and
auxiliary facilities, and $5.30 billion for residences.

Another Office of Education study (5) indicates that 42.7% ofthe college facilities first occupied between 1940 and 1949 are
unsatisfactory and should be razed. This heavy rate of depreciation
is largely due to the use of temporary buildings dating from World
War II. The same study indicates that 18.6% of the buildings oc-cupied for the first time up to 1899 should be replaced, as should15.0% of those occupied between 1900 and 1919. Of those occupied
between 1920 and 1939, 8.3% are badly depreciated and obsolescent.

Considering residential buildings separately, 2448% should be
replaced: 54.8% of the married-student apartments and 15.0% ofthe residence halls for men. The same study indicates that 6.7%
of the college facilities first occupied between 1940 and 1949,17.4% of the buildings occupied up to 1899 and still in use in 1957,16.9% of those first occupied between 1900 and 1919 and 9.6%of those occupied for the first timo between 1920 and 1939 need
major rehabilitation. Considering reuidential buildings separately,
8.3% need major rehabilitation with 5.8% of the married-student
apartments and 9.9% of the residence halls for men in this cate-
gory. Thus, 21.0% of all college buildings need to be replaced, and
an additional 9% need major rehabilitation. If these requirements
for replacement and major rehabilitation are combined with those
for modernization, the estimated cost of such measures during
the period 1958-70 is projected as $4,782,650,000.

BASIC ASSUMPTIONS OF THIS REPORT
To determine the cost of needed facilities for any target date

is a complex problem in forecasting. Continued use of substandard
buildings has often delayed new construction. Too, a rational balance
among types of facilities must be maintained: classrooms and
laboratories, residence halls, office space, auditoriums, and other
auxiliary facilities.

Reliable data have been established on two important factors
in estimating future building requirements: the college-age popu-lation and the condition of buildings now in use. The proportion
of the college-age population that will be going to college is rea-
sonably predictable. Factors such as space per student and cost
per construction unit can be established. It is difficult, however,
to assess to what extent better utilization of existing campuseswill affect the total estimated cost, or the proportion of the college
population that will have to be housed. In projecting facilities
costs, these and other factors can be used only through arbitrary
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assumptions based on the record of the past, aal on one's best
judgement of the future.

Assumptions for Projecting Costs

The assumptions that have been made in projecting to 1975
the cost of necessary expansion and improvement of the facilities
of the nation's institutions of higher education are:

1. On January 1, 1961, the gross area of instructional buildings
was 408.3 million sq. ft., and the gross area of residential
building was 229.9 million sq. ft.

2. Because of obsolescence, 12.3% of the instructional buildings
(50.2 million sq. ft.) and 10.5% of the residential buildings
(24.1 million sq. ft.) need to be replaced. Related to this
assumption is the percentage of buildings of different ages,
as noted below:

Percentage of Buildings of Different Ages in Use
December 31, 1957

Built Public Private
Up to 1899 3.5 10.8
1900-1909 4.0 8.6
1910-1919 6.1 9.4
1920-1929 10.1 14.8
1930-1939 11.6 10.4
1940-1949 40.5 24.5
1950-1957 21.7 18.8
Not reported 2.5 2.7

3. In addition to the obsolete buildings mentioned above, 9.8%
of instructional and related buildings (408,275,680 x 0.098)
and 9.1% of residential buildings (229,925,000 x 0.091) are
presently in poor condition and functionally obsolete. The
number of additional square feet required for instructional
and related buildings will be 40,011,017; for residential,
20,923,175.

4. Each additional full-time student will reqUire an average
of 160 sq. ft. of space for instructional and related purposes.
This figure is developed from the 125 sq. ft. required per
full- and part-time student (3, p. 23).

5. Any present excess capacity in residential facilities in some
colleges is more than balanced by overcrowding in others.

6. Institutions will continue to provide housing for one-third
of all fdl-time students.

7. Of full-time students, 90 will be single.
8. Of the additional students furnished institutional housing,

10% will be married.
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9. Each additional, single student housed in institution-owned
dormitories will requlre 237 gross sq. ft. of space; eachstudent family, 572 gross sq. ft.

10. Construction costs of buildings will increase at the rate of1.8% per year.
11. Other capital costs, including costs of land, equipment,furniture, and campus improvements, will amount to 50%of building construction costs.
12. The cost of replacement of obsolescent and substandard

buildings will rise at the same rate as constructing a newfacility.
13. The cost of returning buildings to satisfactory condition will

be 50% of the cost of new construction.
14. The cost of facilities for health-related programs and spe-

cialized research will require capital outlays of $4.5 billion.
15. Obsolete Etna substandard facilities, and those functionally

obsolete, will oe remodeled, modernized, or replaced by
1970.

16. In addition to space expected to be remodeled, modernized,
or replaced by 1970, 1% of the space in use between 1961
and 1970 will require modernization each year, and the rate
will increase to 2% each year in 1971.

Assumptions Pertinent to Enrollment Projection
1. Fall enrollment will increase from 3,610,000 in 1960 to

8,677,000 in 1975. This compares to 4,207,000 in 1962.2. During this time, the proportion of full-time enrollment
will decrease from 65% in 1960 to 60% in 1975.

3. Total full-time enrollment will increase from 2,347,000 in
1960 to 5,138,000 in 1975.

FACTORS THAT MAY ALTER THE PROJECTIONS
Many unmeasurable influences may have marked effects upon

the projections resulting from the assumptions stated above. Fac-tors that may reduce the need for facilities include more effective
space utilization through changes in scheduling patterns, summer
use, and weekend use; the development of cheap building ma-terials; the development of more economical construction tech-
niques; advances in design; the interinstitutional sharing of fa-cilities; and increased use of new instructional media, such as
television, and of new instructional methods.

Increasing needs for and costs of facilities may be such factors
as inflation, as it is reflected in increased costs; additional func-tions assumed by institutions of higher education, such as adult
education; the emergence of new areas of study and research;
and the need to accommodate increased numbers of foreign
students.
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In considering the possible effects of any of the foregoing factors
on reducing the needs for facilities, account must be taken of
delays in communication, the lag in adopting new approaches, and
the length of time responsible officials will require, to give careful
consideration to questions of change. They cannot, without abdi-
cating their responsibilities, entirely substitute the experiences of
others for their own in matters of capital outlay. Therefore, most
of the factors which may reduce facility needs are likely to become
influential only in the later stages of the projections. Factors
that may increase facility needs are likewise intangible, and can
be applied only to the longer-range projection.

Based on the assumptions previously stated, Table 1 indicates
that approximately $31 billion will have to be expended from 1962
to 1975 for higher education physical facilities.

TABLE 1 -- PROJECTION OF CUMULATIVE TOTAL COSTS OF
NEEDED FACILITIES, 1962-75

(millions of dollars)
1962 . $ 2,261 1967 . . $13,893 1972 $24,819
1963 . 4,555 1968 . 15,942 1973 27,329
1964. g g 6,899 1969. . . 18,558 1974 29,093
1965. . 9,031 1970 . . 20,657 1975 31,106
1966 . . 11,343 1971 . . 23,034 Annual Avg. $ 2,222
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The School in the City: A New Look

By Jonathan King, Educational Facilities Laboratories

Abstract: City schools generally copy the architecture of schools in the suburbs
and do not utilize space in an economical manner. This paper expresses the view
that the problems of central city schools ant unique and require different solutions.
Joint occupancy is suggested as one solution to this problem. Schools sharing
physical facilities with other users, such as offices and apartments, are described

TODAY WE FIND THE PRESTIGIOUS SCHOOLHOUSE located out-
side the cities. An examination of the architectural journals does
not reveal that almost half the public school children in New York
State go to school in New York City, nor that Chicago's capital
outlay for school housing exceeded $130 million in a recent five-
year period (3). The typical city school now seems almost as
uncomfortable on its site as the school in the country did early
in this century. The image of the ideal school is now subtrrban-
exurban, and city schools are, in general, suburban schools
squeezed and forced into insufficient sites, but without grass and
trees. There is also some question as to the economics of two-
and three-story schools in areas where only the school board can
afford to build buildings so low.

OFFICE BUILDING-HIGH SCHOOL COMBINATION

There are some new types of school buildings which take a
very different approach to urban education than wouldbe reasonable
or economic in a suburb or small town. The New York Board of
Education has studied the feasibility of building a combination
office building and commercial high school in mid-Manhattan.
Cost estimates indicate that substantial economies will accrue to
the Board through the project when it is completed. Based on an
estimated eight floors of school, topped by about 30 floors of
commercial office space, the schoolhouse will be totally paid for
over a 40-year period and there will be a residue of from $1
million to $1,5 million remaining for the city in the form of tax
revenue. The financing is to be a joint undertaking, with the city
paying for the schoolhouse portion, and a private builder for the
commercial portion. Cost of excavation, foundation, and those

KING, JONATHAN Secretary and Treasurer, Educational Facilities
Laboratories; member, American Society for Testing and Ma-
terials, Acoustical Society of America, BRI.
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construction costs essential to both users of the building will be
divided. Maintenance cost will be charged to each of the users on
the basis of apportioned space.

The office occupants should not suffer from having a school
downstairs, since separate entrances and internal traffic pattawns
will be provided, and the children should not suffer from having
offices lbove them. Neither will the city suffer from having a
commercial high school in a commercial area, for that is where
it belongs. And if, over a 40-year period, rather than costing some
$10 million, the city receives some income from the project, there
are unlikely to be any substmtJal protests from the taxpayers.

The usual economic debate on the schoolhouse centers about
square foot costs and, occasionally, maintenance factors and de-
preciation. This joint-occupancy plan throws the discussion into
a totally new arena. This school is described at length in another
paper in this volume, *Incorporating Educational Facilities in
Buildings with Other Types of Occupancy,* by Michael L. Rados-
lovich.

SCHOOL-APARTMENT HOUSE UNITS

P.S. 9 in Queens is not immediately recognizable as a school
(1). It occupies the ground fluor of three buildings in a public
housing project. It was established in 1948 as a temporary mea-
sure, due to overcrowding of regular schools, which had come about
largely because the project in which P.S. 9 is located was a low-
rent project giving preference to families with children. Suffice
it to say that the New York'City Board of Education seems pleased
with P.S. 9.

Some of the experiences gained in P.S. 9 will be used in a
project designed with the school as an integral part. Concourse
Village, a union cooperative for 1,900 families, is being constructed
in the Bronx. The first section to be completed will include a
one and one-half story community center and schoolhouse. The
cooperative is paying for the total building cost of the school-
house, because it will also be used for adult classes and recreation.
The Board of Education will pay for the operation and maintenance
of the children's school, which will be a kindergarten and two
grades, with at least four classrooms. Total capacity is contingent
upon the project's population.

The second section of the project is now in the planning stages.
When finished, the whole project will house 5,000 families. This
section will have a kindergarten and six-grade school adjoining
a 40,000 sq. ft. playground. Financing and operation will be handled
in the same way as the school in the first section.

This concept of joint occupancy of space is not restricted to
public schools. Two private schools in New York are currently
engaged in serious planning of buildings designed for school and
apartment use. A third example is reported on in another paper
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in this volume, "An Economic Evaluation of a Combined School,
Apartment Building, and Medical Center Facility," by Stephen
Shilowitz.

CONVERTIBLE SCHOOLS IN PITTSBURGH

The examples mentioned above are ail in New York City, but
similar programs are being conducted in other cities. One of the
prototype joint-occupancy projects is Le Corbusier's Marseilles
(France) block, which has a nursery school on top of the building.
In a new residential development in Newark, New Jersey, designed
by Mies Van der Rohe, there is a nursery school on the third
floor.

The Pittsburgh (Pennsylvania) public schools have planned con-
vertible structures that can be easily remodeled into single dwelling
units or duplex apartments in a new Pittsburgh development. Origi-
nally, the possibility of fitting schools into residential structures
was considered, but the structural, module used for the residences
in the development is not suitable for the standard classroom. The
convertible nature of these schools is of value because often the
city school is built at the peak of population pressures in the area,
and sits partly empty thereafter. There are schools throughout the
United States which are underutilized because the complexion of
the neighborhoods has changed since the schools were built.

CHICAGO RENTS APARTMENT SPACE

The Chicago Board of Education is renting space in new housing
projects for elementary school use in order to meet the populottion
increase and to avoid the social problem of building projects to
take people out of the slums and subsequently sending the children
from these projects back into the slums to go to school.

Several years ago, contracts were let by the Chicago Housing
Authority for the construction of 4,415 apartments in the Robert R.
Taylor Homes, a slum-clearance project, and the Chicago Board
of Education authorized construction of schools on sites within
this and adjacent project areas. The housing project and schools
were scheduled for completion at the same time; however, the
housing was completed well ahead of schedule. This threatened
to flood the area with children before the schools were .completed.

In anticipation of the crush of enrollment ahead of schedule,
Chicago planners met with Housing Authority officials before the
apartment buildings were completed, and reserved 56 first-floor
apartments in 19 buildings to be used as temporary primary-
classroom space. In addition, nine apartments originally planned
for use as community space were used as temporary classrooms.

The apartments have been leased by the Board of Education
for two years at $110 per month. Partitions for the bathroom and
one bedroom are in place; all other partitions are left out. The
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kitchen sink and cabinets have been installed for use in the class-
room. Fluorescent lighting fixtures have been installed by the
Board of Education, to be removed when they vacate. At that time,
the Board will be responsible for finishing the apartments, adding
the missing partitions, and otherwise leaving the premises ready
for occupancy by a residential tenant.

The apartment units have much the same kind of advantages
as P.S. 9 in New York, i.e., proximity to homes and easy trans-
portation for the early grades. Disadvantages are present, too,
particularly the administrative difficulties caused by decen-
tralization.

SUMMARY

This is not intended to suggest that all schools should be part
of structures also used for other purposes, nor that all schools
should be built to be converted to other purposes. Rather, it is
intended to suggest that research on school building has a broader
context than is usually assumed. Many school systems have been
exploring convertible structures, portable structures, and other
ways of dealing with the changing numbers of pupils. These are
not the only answers to city school problems. However, joint
occupancy offers one avenue of attack on school housing problems
which has received extraordinarily little attention until now.

There axe those who reject without consideration anythingother
than the conventional one-, two-, or three-story schoolhouse in
the city, feeling that the scale of anything higher is unsatisfactory,
particularly for younger children. This is a difficult point to make
or refute, since we know so little about the reaction of peoplc,) to
building scale, but we do know that the city presents a different
setting for the building, and urban children have a somewhat
different reaction to buildings, because their normal habitat is
the city.

Those of us who have read Jane Jacobs' book, *The Death and
Life of Great American Cities" (2), know that the city is not like
the suburbs, and a solution for one is not a solution for the other.
Increasing the density of city area is not necessarily a bad thing
for the neighborhood, and may even contribute to the safety of the
area for both the school children and others concerned. We may
find, psychologically and from the standpoint of over-all com-
munity planning, that some of these approaches have more ad-
vantages than disadvantages.

A new kind of schoolhouse is looming up in the urban environ-
ment today. It may, along with other approaches to urban schools,
lead to design and building changes which will return some archi-
tectural excitement to the city school, contribute to new urban
planning solutions, and help solve some of the pressing social and
economic problems of the city.
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School Building Needs

Effect of Changing Educational Techniques
on Design of Facilities

By Charles William Brubaker, Perkins & Will, Architects

Abstract The design of educational facilities is ultimately a reflection of educa-
tional techniques. Team teaching, a trend toward smaller schools, individual
study, and new teaching aids are all having an effect upon facility design. The
trend is toward flexible and uncommitted use of apace and away from depart-
mentalization.

SCHOOL DESIGN IS CHANGING in response to new community
needs, new materials and methods of construction and especially
in response to changing educational techniques. This paper will
consider some of these changing techniques in terms of their
effect on the design of educational facilities.

EFFECTS ON CLASSROOMS

Many changing educational techniques are related to the team-
teaching concept. Team teaching is an attempt to improve instruc-
tion by giving two or more teachers the responsibility for one
group of students. These teachers use their combined talents
along with the expanded resources made possible by the use of
audio-visual equipment. The traditional, self-contained classroom
concept suggested rows of identical rooms. Team teaching, how-
ever, suggests the need for more varied and adaptable kinds of
space, because the team of teachers may wish to bring a greater
number of students together for a special lecture or demonstra-
tion, or may wish to subdivide a large group into many small
discussion groups. Therefore, new programs require new facilities:
clustered spaces, as opposed to inflexible walls, and large and
small group spaces as well as individual study spaces. The archi-
tect should recognize the need for new kinds of spaces that make
teaching most effective for the teacher, and learning most.effective
for the student.

Some day every student may have his own, special, educational
program and will progress at his own rate. At that time, non-
graded schools will be required. The architecture of many new
schools reflects this attitude. A freedom of space prevails, per-
mitting the development of unknown future programs. The rigid
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school has been superseded; permissive school architecture is a
significant new development.

Changing educational techniques inspire changes in existing
buildings. At Evanston Township (Minois) High School, we wereasked to create new large-group rooms, seating 120 students,
and new faculty office space, all within a building constructed
50 years ago. Fortunately, some large study halls existed which
were no longer useful for newer programs. Remodeling each of
these created one large-group room and one team headquarters
(faculty office space and a resource center for educational ma-terials).

The social science faculty cooperatively plans the teaching
program. On some days, four regular classes of 30 students meet,but on other days, special lectures are prepared, so 120 students
meet together in the large-group room. On still other days, per-
haps 10 groups of 12 students are created for small discussion
sessions. Thus, it is possible to remodel a school to accommodate
changes in teaching and learning.

Movable walls, which change the sizes and relationships of
spaces, car serve the concept of flexibility in educational pro-
grams. At the University of Chicago Laboratory High School, an
interesting experiment is being conducted in which six rooms
are interconnected by five different types of movable walls. Class-
room sizes can be adjusted as needs change. Also of interest atthis school are the carpeted floors, a high degree of flexibility
for communications and power supply, and emphasis on a large
library that is the study center for all students.

TREND TO SMALLER SCHOOL UNITS

In five years, through consolidation, 20,000 small schools in
America were eliminated. The resulting schools are larger, more
efficient, and provide more complete faculties and facilities; how-
ever, schools may tend to become too large. Therefore, new edu-
cational techniques are being tried in order to regain some of the
advantages of the smaller schools, where the individual student
can know and be known by every faculty member. In the schools-
within-a-school concept, the large secondary school is subdivided
to create a number of small units although certain facilities, such
as the gymnasium, are shared by all.

The new high school at Newark, Ohio, Is an excellent example
of this type of organization (see Figure 1). Three *little schools
have been constructed, each to serve 600 students. To accommodate
future growth, additional schools will be built on the property.
Each school provides space for instructional rooms, a large-
group room for assembly and dining* and a medium-group roomfor study and certain resource materials. The three schools
share one central library, one administrative and guidance area,
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a physical education unit, a physics and chemistry unit, and onemusic and drama unit.
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Figure 1-- The schools-within-a-school concept
illustrated at Newark (Ohio) High School.

INDIVIDUAL INSTRUCTION AND STUDY

Much attention is currently being given to the needs of theindividual student. How does he learn most effectively? How muchlearning occurs in large groups, and how much when the student'is working alone? Literature is filled with statements concerningour belief in the importance of the individual, but educationalfacilities seldom express this belief, although many new tech-niques are being explored. A few years ago, my partner LarryPerkins and I worked with educator and editor, Dr. Walter Cocking,to develop ideas in sketch form for individual study spaces. Somehave since been built at Chioago Teachers College, where there
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are hundreds of study carrels now in use on an experimental basis.
The college-age students seem to like studying in these individual
places. They have an opportunity to leave books and materials
there.

USE OF TEACHING AIDS AFFECTS SPACE

Chicago Teachers College also has a large lecture room-audi-
torium in which there is a two-screen, rear-projection system.
It is possible for one teacher, or a faculty team, to plan and
effectively present an illustrated lecture for a large number of
students. Other uses of new media are changing educational fa-
cilities. Films, slides, tape, television, videotape, teaching ma-
chines, language and learning laboratories, all are new techniques
which are creating new kinds of libraries.

Language laboratories, almost unknown ten years ago, have
given many thousands of students listening and speaking experience
formerly unavailable to them. Television, teamed with film, has
become an important teaching technique, although we are reminded
by John Scanlon of the Ford Foundation that "the television teacher
complements, not replaces, the classroom teacher.*

NEW CONCEPTS INFLUENCE DESIGN

One of the most significant changes has as its central idea
the *wholeness of learning.* Professor Jerome Bruner of the
Harvard Graduate School of Education has said that the proper
emphasis in education is "the structure of knowledgeits con-
nectedness and the derivations that make one idea follow another.*
In the new designs for a few colleges and universities we can see
this concept exerting a new influence on buildingdesign and campus
design, a trend away from departmentalization and the committed
use of space. As the city office building is constructed to serve
unknown future tenants, so can university facilities be built to
serve unknown future educational programs.



School Building Needs

Materials and Construction Needs
for Future Educational Facilities

By John W. McLeod, McLeod and Ferrara, Architects

Abstract In the United States, few of the materials used in school construction
have been designed specifically for that purpose. The author examines the British
CLASP system of school planning which is an effort to take advantage of mass
production, modular coordination, and buying in quantity. It is suggested that
there is a need for closer cooperation among industry, architects, and educators
in this country, and a nonprofit, national building products test station is
proposed.

FAR TOO FEW of the new products developed for use in the schools
were developed specifically for educational purposes and based on
solid research. Outside of specialized items such as chalkboards,
lockers, science equipment, and unit ventilators, more school
construction materials came to education by way of Madison
Avenue than from any other source. Since educational building
is now a major factor in total construction, this is unfortunate.

THE BRITISH CLASP SYSTEM

If these conclusions are valid, then consider what we would
do if we could start from the beginning to develop a whole series
of products, materials, and systems to fit a demonstrated and
well-researched set of educational building needs. In our private
enterprise system this would be a difficult task for education,
architecture, and industry to perform. In England, however, such
a thing has been going on for some years. Let us see if there are
implications for use in their research and development program
for school building-- the highly publicized °CLASP° system of
designing and building schools. The word CLASP is derived from
°Consortium of Local Authorities Special Program.°

I am not, in any way, advocating the adoption of such a system
here, but I am citing it as an example of how others are solving
their school building problems.

In information obtained from the British Information Service,
the experiment is described as a system of school planning which
began when a group of British local government authorities volun-
tarily pooled their resources to obtain the maximum benefit from
a system of prefabricated construction. It has evolved informally
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and is a voluntary organization, although it includes interestedgovernment departments.
The design system utilized in CLASP is based on steel framingwith a planning grid of 3 feet 4 inches. It was worked out by theNottinghamshire County Council in 1955 as a means to a moreefficient and economic school building program, and to overcomethe current shortage of building labor and materials. The steelframing chosen as the method of construction was adaptable tomany kinds of schools, and although all components were stand-ardized for quantity production on annual contracts, architectswere allowed considerable freedom.
The CLASP system is an effort to take full advantage of massproduction, modular coordination, and buying in quantity. It doesnot contemplate the prefabrication of whole buildings but dependson the use of basic elements, standardized as to dimensions anddetailed to coordinate with each other, while not limiting thearchitect's plan arrangement or exterior treatment.
Architects of local school authorities work together as a groupand estimate the total annual need for each component. Manu-facturers are then invited to bid on the annual program, with datesarranged for proper construction timing. When the individual pro-ject plans and specifications are put out for bids, the general con-tractors include in their bids the stated amounts of the previously

contracted components. The prefabricated steel frame mounts toabout 10% of the cost of the whole, and all of the components makeup about half of the total project cost. While the CLASP systemis based on light structural steel framing, other authorities haveused prestressed and precast concrete frames, and timber. It isnot necessary in the design of a project that the architect use everyitem on the component list.
This system has already spread to West Germany, and Italyis also interested in it. Two factors would operate against theadoption of such a system in the United States. The developmentof CLASP required a great deal of government intervention, andthe small geographical area involved in Nottinghamshire and sur-rounding counties covered no great climatological problems of thevariety that we experience.

BROAD SIGNIFICANCE FOR U.S. OF SUCH SYSTEMS
While the importance of component prefabrication systems maybe insignificant in terms of our national goals, they have someattributes of international significance, now and in the future.School building needs, worldwide, pose a great problem. Under.

developed nations look to the more fortunate countries for technical
and financial help with their school building programs. Britain,with its CLASP system, and other nations with similar systems,have school building packages readily available which can be ex-
ported where needed. Further, most other nations have government
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Miniitries of Education which guide national school building ac-
tivities. It is therefore possible for the underdeveloped countries
to carry on their business at the governmental level, not dealing
with private firms.

This poses a serious problem for our professional people
and our building industry. If we are going to hAp other nations
with their school building problems, we cannot afford to have our
own building industry placed in a non-competitive position, simply
because we have not given this problem sufficient consideration.
In addition, if our expanding productivity is to have an outlet, we
may have to look overseas. We need to examine this problem
closely, and at once. I believe that we can find solutions which
need not result in sterile designs, rigid controls, or the loss of
competitive spirit.

LESSER ASPECTS ALSO IMPORTANT

Some of the lesser, but Just as important, building products
also need our attention. In the matter of chalkboards, for example,
we have not kept pace with the times. In view of the growing demand
for flexible instructional space, we cannot continue to use the
fixed-in-place, traditional chalkboard. There are many excellent
vertical sliding; rolling; folding, and even mobile chalkboards in
Europe, most of them well designed and ingenious in operation.
The trouble in this country, I suspect, lies more with teachers
than with manufacturers, and is more a matter of economics than
of disinterest. Nevertheless, flexible spaces and flexible walls
are going to require flexible chalkboards, at a reasonable price.

An excellent example of cooperative research is found in the
Educational Facilities Laboratories' program to create better,
more sound-resistant, folding doors, or operable walls. The prob-
lem now is not with the products, but with the testing laboratories.
U you look long enough, you can find a testing laboratory that will
prove your door superior to all others. It might be a good idea
to establish a nonprofit, self-supporting, national building product
testing station in order to obtain unbiased data upon which to
specify and evaluate new building products.

One area needing attention is that of floor coverings. Asphalt
tile has done a good Job and carpeting has been used, though it is
thought of as a luxury. Research is needed to provide floor cover-
ings which are durable and economical, but which have the sound-
control qualities of carpeting. Research and development are
needed in the sun-shielding of windows. Air conditioning is still
another problem. We should not have to choose between air con-
ditioning and no windows or windows without air conditioning.
Instead, we should have the right to have both. We should also
give some attention to the increasing complexity of our mechanical
and control systems. It is not right to down-grade the educational

...
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,

and esthetic environment in order to provide for more and more
electronic marvels.

Perhaps our trouble lies in lack of communication. For years,
architects and educators have been meeting to try to solve their
problems, and the school buildings of America are testimony to
the fruitlessness of such excellent rapport. If architects and
educators could sit down with industry, from time to time, there
would not be the gap between the real need and the right products.

-



School Building Needs

Open Forum Discussion

Moderator: A. Benjamin Handler,* University of Michigan

Panel Members: Mrs. Flanigan and Messrs. Bokelman, Brubaker,
King, Leggett, and McLeod

Mr. Handler: Why do we require a "prestigious" school? Why not
build only to meet the need?

Mr. King: There is a fallacious cliche which states that school build-
ings don't teach; teachers teach students. I think any discerning
individual who walks into any kind of building learns something
from the building. He learns what kind of people go there, and
what kind of enterprise it contains. There is something down-
grading about having education conducted in slovenly, slip-shod,
run-down, depressing buildings. Children should feel, when they
enter a school, that they are in an institution that matters, that
the community cares about. The emphasis on economy per square
foot has stripped our schools tothe point that many of them show
that antisepsis, cheapness, and janitorial ease are the main goals
of school building. We can do better than that for education. It
deserves it and needs it.

Mr. Handler: What are the classroom needs of the 12- and 13-year-
olds --the junior high school group? What would this group add,
quantitatively, to the number of classrooms?

Mrs. Flanigan: We are approachingthe time whentherewill be eight
million pupils in this age group, and the transfer of seventh and
eighth grade children from the upper grades in elementary school
into junior high school units will have a large effect upon class-
room requirements at that level. This process, however, will
solve part of the problem of constructing additional senior high
school facilities.

James V. Latorre, Syracuse University: Do projections suggestthat
the increase in the number of students accommodated in public
community or junior colleges, and high school advanced place-
ment programs, may absorb most of the anticipated student

*BRI member
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population increases, leaving colleges and universities to re-place obsolete or temporary facilities?

Mr. Bokelman: The junior colleges are absorbing much of the in-
creased enrollment. There is a tendency for the colleges anduniversities to become more the upper level and graduate
schools. In many cases, freshman and sophomore enrollments
have declined in our larger institutions. The junior colleges, as
well as some liberal arts colleges, are *feeding* students into the
universities. In actual practice, we know that the larger schools
continue to increase in size.

In any university, there are a series of colleges, and it maybe that eventually one cluster will have a total enrollment of
50,000, grouped in different units. Michigan State University is
starting a pattern of putting classrooms in dormitories, par-ticularly for the first and second year students, since much ofthe work is prescribed. This is an interesting development tobe aware of in dormitory planning, particularly for institutions
with large enrollments.

To answer the original question, in theory the larger insti-tutions may be expected merely to replace existing facilities.
But, in actual practice, institutions are becoming larger. I think
that much of the increased enrollment in the future will be ab-sorbed by the public community colleges.

P. R. Achenbach, National Bureau of Standards: Are the changes inthe design of school facilities increasing the obsolescence fac-
tor in schools, and thus impeding our efforts to catch up, or keep
up, with the growing school population?

Mr. Brubaker: No. A school that was a goodschool in 1920 is prob-
ably a good school today. If it was a bad school when it was
built -- aesthetically bad, and cheaply built -- it is going to be a
bad school 20 years from now. I feel very strongly that a good
school does not get out of date quite that fast.

Fred Hildebrandt, Harley, Ellington, Cowin and Stirton, Inc.: What
has been, or is being, done to encourage self-education? This
could be a very important factor in meeting the °student popu-
lation explosion."

Mr. King: In some of the newer and better secondary school pro-
grams, there is a great deal of emphasis on independent study,
and at the same time new devices are being developed to make
such study easier. The whole field ofprogrammed learning deals
with learning individually, not in groups. There is also a grow-
ing dissatisfaction with the school library, and attempts are being
made to give the secondary school library more of a collegiate
character. The development of machines that can be used by
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people one at a time, audio-visual equipment that can be used
by individuals or small groups, programmed instruction, a more
collegiate pattern of library use in the secondary school, all will
help to generate more independent study and self-instruction.

P. R. Achenbach, National Bureau of Standards: What is the trend
toward two-shift use of classrooms and to 12 months a year use
of classrooms, to reduce the need for new classrooms?

Mrs. Flanigan: I see no trend in that direction, at this point, except
in school districts that are overcrowded. The tendency for
calendar-year use of schools is to use the summer months for
time for enrichment and for special classes, rather than for
purposes of space-saving or to reduce the need for additional
facilities.

Frank G. Lopez, Educational Research Services, Inc.: Do you know
of any attempts to evaluatG student achievement resulting from
large-group lecture rooms having projection facilities vs. other,
less-expensive techniques?

Mr. Brubaker: No. I think this points out what a small amount of
research is done in the field of education. It is a broad field,
and a good one for more research.

Rhees Burkett Architect: Do the prefabricated components of the
English CLASP system permit planning the flexibility of space
so demanded by team teaching?

Mr. McLeod: They do. One of the points they particularly stress is
that the CLASP system does not inhibit any kind of educational
planning.

William Lukacs, Architect: With respect to the Chicago school of
five rooms divided by movable partitions, are these soundproof
enough for good instruction? I have heard of none that are
satisfactory.

Mr. Brubaker: This particular example was experimental, and I
think the conclusion has been that many of the partitions have
been quite satisfactory. One has to recognize that you cannot just
isolate the acoustical problem by itself. It depends on whether
there is over-all noise in the building. For some reuon, schools
have traditionally demanded a lot more quiet than almost any
other type of occupancy. Offices are noisy, as are banks, dining
rooms, libraries, and other places which stfll afford privacy,
yet we are urpd to keep the classroom absolutely still, and this
aggravates the problem. This is a question that can only be an-
swered in terms of specific instances.
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John H. Herrick, Ohio State University: In your summary, are resi-
dential facilities the only exclusions? What about power plants,
service shops, nuclear reactors, farm buildings, etc., which are
provided in considerable measure in the larger universities?

Mr. Bokelman: In the totals, we include the principal buildings. Out-
lying buildings, such as barns, shops, etc., are ,..;xcluded. Our
totals represent primarily the teaching facilities, the adminis-
trative facilities, the heating plant-- those things on the main
campus that are needed to carry on educational activities.

George K. Garden, National Research Council of Canada: Are tech-
nical and business training schools classed as secondary schools?
If so, is there not anticipated a far greater increase in these
buildings tnan acadamic schools, due to the greater need for
technical development in our future commercial and working
forces?

Mr. Leggett: The technical and vocational schools are included with
the secondary schools. As students shift from one ldnd of school
to another, during times of high economic level, the schools be-
come conservative: everyone takes academic courses. In times
of depression, the majority take vocational courses. There will
probably be a slight shift away from academic registration and
toward a greater number of status-type shops, such as electron-
ics. Much of the true technical training will be at the post-high
school level.

J. C. White, Inland Steel Products Co.: Have EFL and Stanford es-
tablished a module for school construction?

Mr. King: The School Construction Systems Development Project
at Stanford University's School Planni.lg Laboratory is in the
process of doing this. The total problem of what a module is is

. a rather complex one. There are structural modules, mechan-
ical modules, planning modules, and others. I think there will
be several modules before the system is completely developed.

Mr. McLeod: The British CLASP system is based on the 3 ft., 4 in.
module. However, they do have increments on the 4 in. basis for
most smaller components. I believe they started with the 4 ft.
module in the initial stages of the experiment, and then reduced
it to 3 ft., 4 in.

Mr. Brubaker: We can learn a lot from the office building field. If
you study the literature on what has been happening, or carefully
look at the new buildings, you will see all sorts of fascinating
modules. These are usually based on lighting, fixture arrange-
ments, air conditioning, ceiling tile, etc., all very beautifully
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coordinated. In office buildings, there is good reason for doing
this, because when the building is built you do not know where
the partitions are to be located. I submit that this is going to
happen more and more in the educational field, and particularly
in universities. We are going to see more buildings constructed
as empty buildings suitable for offices and classrooms. Then,
certain departments will move in as tenants, use a floor for a
year or two, and perhaps move to other spaces, providing a ro-
tating kind of tenancy. With this system in operation, there is
motivation to work out good electrical, structural, and mechan-
ical modules.

Mr. Leggett: This strikes me as the real root of the matter. I think
that education must come to the point where it makes some de-
cisions, some declaration of where it stands. The typical money-
making commercial office space in New York does not erike
me as precisely the kind of space to inspire young people to
learn. I submit that a good school building should have some
spirit, the determination to stand for something, and not be just
a great, anonymous movability.

Mr. King: As with most enterprises, there is an acceleration in the
rate of change in education. We cannot continue to build buildings
that are so monumental, so immovable, so unchangeable, that
we will be stuck with 1962 or 1964 educational spaces for the
rest of the life of the building. In the past, it was very difficult
to build structures with any great degree of flexibility. They
became obsolete in 50 years or less. The buildings we are
erecting now may last for 200 years, and they will have to change
inside. It is ridiculous to think that you can project, at this point,
what your colleagues will be doing inside schoolhouses in the
year 2000. You must build a school in such a way that you can
accommodate education next year, ten years from now, and 50
years from now.

Mr. McLeod: I think the crux of the matter is this: in attempting to
provide flexibility, unless we have a real goal, and make it un-
derstandable to our clients, we are apt to confuse them. We are
given programs that make it necessary for us to build science
labs, and language labs, and then, as an afterthought, we are
strongly impressed with the fact that we must provide flexibility
in these areas. It is not impossible, but it is very difficult and
expensive, to move laboratories around after a period of years.
We need to think the matter of flexibility through a little further.
We can provide a degree of flexibility, but the people in the school
field must come to some decisions as to the extent of flexibility
and the extent Of change that will be necessary over the years.
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Panel Discussion

Strategy for Meeting Future Needs
Moderator: Walk C. Jones, Jr.,* Walk C. Jones, Jr., Architects
Panel Members:

William Chase, Specialist, School Plant Administration, SchoolHousing Section, U. S. Office of Education
Shirley Cooper, Deputy Executive Secretary, American Associa-tion of School Administrators
Msgr. O'Neil C. D'Amour, Associate Secretary, School Super-intendents' Department, National Catholic Educational Asso-ciation
Harold B. Gores,* President, Educational Facilities Labora-tories, Inc.
Frank G. Lopez, Vice President, Educational Research Services,Inc.
John R. Miles, Manager, Education Department, Chamber ofCommerce of the U. S.
Wallie E. Scott, Jr., Partner, Caudill, Rowlett and Scott, Archi-tects
Julius Weinhold,* Director of Physical Plant, Department ofBuilding and Properties, Cornell University
Granville W. Woodson, Planning Engineer, District of ColumbiaPublic Schools

Mr. Chase: In considering school facilities planning at the local,state and national levels, we must consider how these facilitiesare to be financed, and what part each of these jurisdictions willplay. Too often we seem to forget that we have children inschools, right now, that need attention. First, though, I wouldlike to take a look at the effective utilization of our existing fa-cilities, and at the possibility of combining the use of spaces.There is something to be said for the multi-use, joint occupancytypes of activity. The matters of combiningvarious school activ-ities, and of combining community activities with school activ-ities, deserve 'consideration. There are administrativeproblemsto be solved, but theycan be worked out. Our first task is to meetour present needs.

*BRI member
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We might also be more Careful in long-range planning. We
should do the necessary planning in such a way that we don't
duplicate facilities, or provide inadequate accommodations. We
hear a great deal today about team teaching, educational TV,
and tea Ling machines. All of these must be considered in the
planning of buildings. I think we should give some attention to
where we can use them at this time.

Another way to improve our situation is to do more research.
In one industry, it is estimated that $28 of gross profit is realized
for every dollar ...at is spent on research. We, in educational
circles, must get our funds from the taxpayers. However, if we
would do more research, we could improve our programs to the
point that we would have more efficient utilization of buildings.
It is unfortunately true that there is a great deal of duplication
in the research that is being done. an the Office of Education we
are trying to establish a clearing-house activity to prevent this.

One other suggestion would involve reorganizing our school
districts in such a way that we can obtain more efficient utiliza-
tion of existing administration and services.

Mr. Cooper: America is committed to educating all children, each
of whom is important. Every child has an inherent right to be
treated with dignity. There is wide variation in the interests,
aptitudes, and abilities of pupils; and the amount of information
essential for effective citizenship is increasing at a tremendous
rate. The skills people need in order to get and hold a job be-
come more complicated and technical each year. These are the
basic problems that everyone responsible for planning an edu-
cational program or a school plant has to face.

I recently met with a jury comprised of architects and school
administrators to analyze and review 250 plans for school build-
ings now under construction, or built during the past three years.
We met for the purpose of selecting the entries for the AASA
school building architectural exhibit. These buildings represent
the best and most forward-looking thinking in the entire country.
As this jury analyzed these plans, it seemed clear that architects
are struggling with many problems, one of them the problem of
bigness.

Included were plans for-72 high schools, and of these a num-
ber had capacities of over 2,000. There were four plans for
schools of over 3,000 capacity, and one for 3,800 pupils. To re-
lieve noise and congestion, to reduce regimentation, to provide
a safe environment, and to give each student a sense of personal
identity when so many people are brought together are large
problems for architects.
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Our society tends to submerge the individual in great groups
and big movements, so that he is in danger of beviming a unit
with merely a name and number. Architects of big schools are
struggling against this tendency. In the schools we are consider-
ing, much attention was given to space for personal guidance,
for small conferences, and for individual study carrels.

Attention was also given to the use of the teacher's time.
Almost three-quarters of the school budget is devoted to the
salaries of instructional personnel. To fail to use to good ad-
vantage the time and energy of highly trained and competent
teachers is a serious drain on the resources of the school com-
munity. Architects have given attention to innovations of instruc-
tion such as team teaching, and to the comfort and well being of
the teaching personnel. There were in these plans an increasing
number of office spaces, places where teachers could meet to-
gether to plan, work, and relax. Consideration was also given
to the use of new instructional materials and mechanical aids.

Much attention was given to the total thermal environment.
Only a few years ago the first completely air-conditioned school
building was entered in the AASA architectural exhibit. In the
plans submitted this year, air-conditioned schools were common-
place.

There was a growing emphasis throughout this planning on
academic achievement. Every parent expects his child to excel
in an academic program, and'..o be admitted to a prestige college
or university. This is the kind of excellence upon which a high
premium is placed today. However, not all children can live up
to such expectations. For this reason, there is great diversity
in instructional programs. The architects whose work we re-
viewed apparently were well aware of these developments and
problems, for in almost every plan there were indications of
studied efforts to design a plant with spaces, facilities, and total
environment adaptable to these challenges, problems, and needs.

A few buildings stood out above the rest. Everybody on the
jury recognized that these buildings would make pupils and teach-
ers feel comfortable and at home, make their work easy and ef-
ficient, and that they would be usable and comfortable in the years
to come. The jury wondered why such plans emerge so seldom.
Are they happy accidents, or do they result from some deeper in-
sight into the behavior of people? Perhaps more architects should
give more careful thought to the psychology of teaching and learn-
ing. Psychologists tell us that every person has some capacity
for creativity. The problem of the school is to release and en-
courage the creativity that is already in every person.

Msgr. D'Amour: There are times when the use of the word
"strategy" can cause difficulty. Often, the layman feels that he
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is caught in a strategy concocted by architects and school ad-
ministrators working hand in hand. Often, this is part of the
reason for the rejection of bond issues. It may not be a legiti-
mate reason, but it is a psychological reaction among the people.

The strategy for meeting our school building needs should
be predetermined by the facts of our national life, society, and
culture. Among these, I would emphasize the expanding school
population, the teacher learning process being in a state of flux,
and the increasing mobility of the American people.

We in Catholic education are particularly aware of the popu-
lation problem. Between 1945 and 1960, Catholic schools expanded
102%. During the same period, public schools expanded 52%. Each
year, we are forced to turn away thousands of students. Our
people are trying to meet this need, but they are demanding
economy. They want to obtain the most space at the least cost.
School administrators, in reacting to this demand, must omit
some of the niceties relative to air conditioning, heating, light-
ing, etc. We must struggle, in Catholic education, to have as
many student stations as possible, because we must take in more
students, and we must reduce our pupil-teacher ratio.

Not since the errly days of the so-called Progressive Move-
ment have education and the teacher learning process been so
fluid, and no one today seems to have certain convictions as to
the impact of developments like educational television, pro-
grammed learning, team teaching, etc. If these prove to be the
wave of the future, or even if they fail to be effective, they are
bound to have an impact on school building.

Again, there is the matter of shared time.Religion in educa-
tion is a crucial issue in America, and shared time is the idea
of restructuring American education so that the public schools
would handle those things for the churches that the churches do
not want to teach. This would involve serious changes in arch1,-
tecture because, for example, the public schools might teach all
of the. mathematics, science, and foreign languages. Very dif-
ferent types of buildings would be required if all of the children
are taken away from the parochial schools, just for these very
expensive courses which demand specialized resources.

Further, there is a question as to what the public expects of
schools in the future. Americans have been demanding, more and
more, that the schools assume duties previously performed by
other elements of society. Whether or not this trend continues,
one thing is definite: the architect, in planning school buildings,
must emphasize flexibility. He must also emphasize economy,
not by building cheap schools, but by building economical ones.
This is because of the mobility of the population. We have all
seen cities with beautiful school buildings in areas where there
are no children, and a lack of facilities in areas where they are
needed.
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Mr. Gores: This country can have, and does get, anything it wants.
Missiles, a moon landing, highways costing $50 billion, all are
obtainable. We get hospitals when we want them, and we can get
schools when we want them. Schools are seemingly of low pri-
ority, however, because the man in the street is not convinced
that failure to produce enough schools for America's children
will affect him personally.

The decision-making, in the matter of meeting future build-
ing needs, is done by the local voter who expresses himself in
a local context. There are over 30,000 school boards, each pos-
sessing great autonomy. If we are to meet our school building
needs, we must have further consolidation of the very small
boards. By the same token, we must find a way to decentralize
the larger boards so that more sensitive management can be
provided in areas where the population is clustered. Where the
present large school boards exist you will find most of America's
half-day school sessions.

There is great variation from school district to school dis-
trict in the matter of decision-making. For example, in New
Haven, Connecticut, the board did not initiate the drive for new
schools; it came from the mayor. On the other hand, voters in
Levittown, New York, voted against a new school building some
time ago, even though 90% of the cost would have been paid by
the state. In Boston, the revitalizing of the schools stems sub-
stantially from the drive for urban renewal. Therefore, it is not
the school board alone which supplies the educational leadership
to a community.

We must, in general, give up the concept of the single-purpose
school. The schools must serve everyone. We cannot merely
educate small children in the dayight hours for 1,000 hours a
year. Particularly in the cities do we need to create schools
that will, in turn, create neighborhoods out of collections of root-
less people. The schools in these neighborhoods should operate
as much as 4,000 hours a year.

Secondly, we need to abandon the habit of referring to educa-
tional space in terms of classrooms. We must think in terms of
zones of space. We need generalized space, made special by the
introduction of specialized equipment. This will reduce the rate
at which a building becomes obsolete.

Joint occupancy may be one solution to the space problem.
Another may be mobile space. The latter, however, has always
been thought of as a temporary thing, and has not been well-
constructed. We need high-qutality, transportable units which
can be joined together so that a child I as the sense of going to
a school. If you have ten boxes in a row, you have not created a
school, although you have ten classrooms, to be sure. A child
has a right to go to a school which says to him, "This is some-
thing which your friends and neighbors have provided for you
because they think you are important.* Because the site on which
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it is located may be temporary, architects 'and educators have
a tendency to consider it as a temporary solution; therefore, it
can be a second-rate solution. We need a first-rate solution.

The notion that 30,000 school boards, manyneedingthe same
kind of facilities at the same time, should go on alone as though
islands, is a fallacious one. We need to act in concert, and try
to solve our problems together.

Designers should have no qualms or guilt feelings about pac-
ing the design of a building ahead of its present occupancy, or
ahead of prevailingpractice. We need schools that are essentially
inventions. The occupants should of course participate in the
planning, but essentially the inventton takes place apart from
the moment in time when it is to serve.

School boards frequently do not sense that they are in a
stream of change; they say they need a new school to solve a
present problem. Rather, boards should regard the need for a
new school as helping to solve the problems of the future. After
all, the building will be in use until at least the year 2020. We
should be encouraged to make an intelligent, well-motivated
guess as to what problems a building will have at its half-life,
which now is well beyond the year 2000. We tend, instead, to re-
gard a building as a solution to a present problem. Many educa-
tors take pride in being able to wrap an envelope around this
year's program. This is cultural arrogance which leads to a
waste that a free society can ill afford, and hastens the obso-
lescence of what is done. We need to invent our way out of this
impasse.

Mr. Lopez: I would like to talk about matters of tactics and, in par-
ticular, with reference to higher education. Our colleges are
expanding at a great rate, and those in the city as well as those
in the country are experiencing the same kind of growth prob-
lems. The size, as enrollment expands, means that the buildings
virtually have to go up in the air, because travel time between
classes becomes too great when they are too widely separated.

The problem of introducing high-rise structures onto a col-
lege campus is easy to solve, so far as residences are concerned.
That is, the problems are fairly simple as far as transporting
students up and down from the top floors of buildings over seven
stories, or so. But these dormitory buildings then become liae
hotels, or motels. They don't seem like college buildings.

As soon as we begin to introduce collegiate characteristics in-
to these structures, we find that the college housing authority, or
the Housing and Home Finance Administration penalizes them. We
can only have a certain percentage of a college residence hall that
is nonrevenue-producing, because otherwise we can't borrow the
money to finance it. This is a problem that needs to be studied.
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When it comes to teaching space, we have the problem of vast
numbers of students all moving from class to class at one time.
Elevator systems will not handle this problem satisfactorily.
Difficulties in the scheduling of classes are created. Such prob-
lems may be solved by techniques of management and opera-
tions if they cannot be solved by techniques of constructiou and
equipment.

We also must measure space needs, based upon full-time-
equivalent students and upon the number of weekly hours of in-
struction. However, many institutions don't know what their
weekly load is. The norm for public, collegiate institutions in
California is predicted upon this kind of basis. It is one of the
few states in which there is a rational, understandable, scien-
tific approach to determine the square footage necessary for
higher education.

Another problem is that of enrollment. Is it necessary to
provide square footage for all college students in the same qual-
ity and quantity? Again, California approaches this problem
rationally. It has, even in the public institutions, a selective
admission system. The junior colleges admit certain kinds of
students; there are other admissions requirements for the col-
lege level and, in both instances, for terminal, professional,
technical training, etc. This is no bar to the student's carrying
on to a full four-year degree. He may enroll in a junior college
and, if he is of sufficient calibre for a full degree course, he is
admitted to a college or university. This is in contrast to other
states in which public colleges must admit anyone with a high
school diploma.

In considering the amount of space necessary, many argu-
ments have been advanced ih professional and educational jour-
nals about space utilization within college buildings themselves.
In this connection, the word *flexibility" has been used. I prefer
to talk about "adaptability," using a given space for several
purposes.

When we talk about general-purpose teaching space, we find
that a feeling has grown up among teachers in this country that
a teaching space is "mine." We can understandthat, but we can-
not permit this situation to exist much longer. Such an attitude
means that teaching space is restricted in its use. There is a
growing tendency to treat general-purpose teaching space as a
common facility which all may use. Then, it becomes necessary
to give the teacher an adequate facility for his own use, where
he may do research, study, and confer with students. This gives
rise to the need for an increased amount of office space. How-
ever, office space doesn't occupy nearly as muc square footage
as is necessary for teaching.

Finally, I would like to emphasize the need to evaluate many
of the new educational techniques that have developed. We are
under pressure to use the products of our society in education.
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However, we must be sure to evaluate the quality and limitations
of the products that are available.

We had occasion recently, in pursuing a contract with a state
college of education, to investigate the functions and capabilities
of large-group instruction spaces. Nowhere could we find any-
thing to disprove this statement: There is no evidence that the
social or spatial environment of a 100- to 300-capacity teaching
space, in itself, adds to ease of learning. The teacher may make
a great difference, but we cannot prove the fact that space, or
a social environment developed by a great number of students,
increases learning capacity.

Research also indicates that there is no significant difference,
in many subject areas, among lecture, demonstration, and dis-
cussion methods of teaching, as measured by subject matter
tests. In other words, the little research that has been done and
I have only seen a report of one objective experiment of this
kind-- does not indicate that, when a great number of audio-
visual aids accompany a lecture, achievement is any greater
than it is in a small seminar with personal contact between the
students and the instructor. We have, then, in the field of edu-
cation, very little research as to what is good; in the field of
equipment, materials, and construction, we have a tremendous
amount of research as to what is feasible. This imbalance ought
to be remedied.

Mr. Miles: I speak from the point of view of a person who has been
in clucation for 40 years, and as a school board member. The
immense amount of research and innovation possible in the field
of education is only beginning to be understood. I spent approx-
imately a year, following World War II, with the American Coun-
cil on Education, trying to summarize some of the educational
innovations which had been introduced during the war, and from
which we should have profited. It was a source of dismay to me
to watch countless college professors and school superintendents
walk back into the same pattern of behavior that they hafl left in
1942-43, and begin again to do the same things in the same ways.
Wartime demonstration that so much more learning could be
obtained in so much less time seems tohave caused little change
in the structure of American education.

We have so many "sacred cows." These --the pupil-teacher
ratio, the four-year high school'and the four-year college, the
age at which children should start school -- all have to be re-
flected in the schools we build. I make no apologies for school
boards. I believe them to be a necessary part of representative
government. However, among the first things one learns when
he serves on a board is that schools must reflect an understand-
ing of the varying kinds of youngsters coming from different
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environments, with a variety of ambitions and potentials. The
school building is either a means of revealing this, or of con-
cealing it.

Therefore, the strategy that Iwould urge is an increased em-
phasis on the quality of the school boards, and on communication
between the boards and the public. Anticipating the achievement
sought in building a school is the essence of getting public sup-
port for it. I deplore the logic which says, "We don't need that
kind of support; we can tell the public what they ought to have."
The public has shown that it will move when it understands what
is good for it, but this revelation must come from comprehen-
sion, conviction, and understanding; not from the decrees of
professional groups.

School strategy means, to me, that we must anticipate the
compulsions that are upon us, national and international., and
one of these compulsions is not merely continuing education, but
continuous education. This breaks with all of the sacred cows of
which I spoke. Diplomas are almost out of date, and any archi-
tect who hasn't found that out today is not a very good architect.

Too, we should not discount the business community. I have
met countless men who are on school boards, college and uni-
versity boards of trustees, foundation groups, etc., and I find
that they are quite willing to pay for good schools, provided they
can expect better education. In the business world it is a simple
dollars -and-cents matter to make the most of our resources.
There are so many demands on our tax dollars that the only
chance we have of getting good schools, roads, hospitals, urban
renewal, and all of the other things that we want, is to find a
way of doing it with maximum efficiency.

One of the first things I discovered, as a school board mem-
ber, is that we must evaluate our achievements. We do need to
evaluate the net worth of all such community efforts. When I
served on the board in my community, I discovered that nobody
had talked with the people of the community about the net worth
of the community. After a bond issue for a water system had been
approved, after several school bond issues had been adopted,
what was the net worth? What had the community developed as
a cultural pattern? The strategy lies right here; strategy begins
at home. In other words, evaluation of community achievement
needs to be converted into a public relations tool, to a degree
that we have not begun to accomplish in the school field. This
can be done, but it isn't a regular order of business with school
boards or school superintendents. Too many of them are just
too busy.

So, I would leave one thought with you: that in this technical
age, when there is a continuing and rapidly accelerating rate of
obsolescence in both materid things and skills, we must pre-
pare the people for a changing society in which flexibility and
adaptability are the order of the day. This is not a new thought.
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The statistics on mobility from 1940 to 1950 in the nine regions
of this country, from sheer, crude census figures, show that the
mobility of the people of this country is, in large part, a measure
of tl,eir self-confidence, bred of educational achievement. Cen-
sus figures show that in those regions into which most people
moved, the educational level of the people advanced twice as fast
as for the nation as a whole. In those regions from which there
was a net migration in the '40s, the educational level of the
people advanced only half as fast. Who moved from one region
to another? By and large, it was those people who had the con-
fidence to move into the new job opportunities of the plastics
industry, the electronics industry, the aviation industry, the
space industry-- in other words, the educated people.

This, then, is the strategy we shouldpursue: not only to con-
vince people of the economic necessity and the security require-
ments of education, but also to show them how this economic
value, this security requirement, can best be met by schools
which will enable their youngsters to learn more in less time,
to encompass today's rapidly exploding knowledge, and to put it
to use for human needs and human wants.

Mr. Scott: There are three things that are basic to attacking the
school problem, and these are the things thatthe architect needs
to know most thoroughly. First, end most important, he needs
to know the function of the place. In order to determine this,
there must be communication between the architect and the edu-
cator, the school board, the citizens, and even the students. He
needs to know what is going to go on in the building. When he
finds out what its function is, he can create quite an imaginative
shell around this concept.

Second, of course, he must get the very most for the school
building dollar. However, sometimes we have become too econ-
omical in many respects, to the point that it has proved more
expensive, in the long run, than if WO had spent a little more
originally. The janitor should have something to say about de-
signing a school, but his certainly should not be the controlling
voice.

The third consideration is the environment. The architect
neects to have an idea of what kind of space is best for learning.
I like the thought that children can learn more in a pleasant en-
vironment, in a beautiful building. Beauty is different to each of
us, I know, but I think there is something to the idea that school
should be a pleasant place to be. One should haw a good feeling
about it, and one should like to be there, and one should learn.

These are the three things that the architect needs to know.
If we can make him aware of these things, and communicate
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clbarly on these subjects, we will come much closer to being
able to meet the total school building needs.

Mr. Weinhold: I am going to approach this problem from the view-
point of a physical plant administrator of a large university. My
institution has about seven million square feet of floor space,
about 40% of which has been added in the past 10 years.

Our immediate objective is to plan for the next decade. We
must not lose sight of the fact that college buildings, once built,
remain with us for a very longtime. They are not torn down and
replaced except under extreme conditions. Therefore, let us
build into our buildings as much flexibility or adaptability as
possible, recognizing that during the next century there will be
many changes in educational requirements and teaching tech-
niques. Most probably, expensive remodeling will be needed at
a future date.

We have remodelec: buildings 80 and 90 years old, and we
have remodeled buildings which were never intended for the pur-
poses for which they are now being used. For example, we were
able to convert a school for mechanical engineering, with all its
laboratories, into a school for architects.

In my work, I am much concerned with the cost of our school
plant program. It is difficult to obtain money for operational
needs. The funds that we receive, in the final analysis, are pro-
vided by the American taxpayer. We get support from the fed-
eral, state, and local governments, all of which are supported
by taxes. We receive gifts from alumni, the public, corporations,
etc., yet most of these gifts are tax exempt, so the taxpayer en-
ters the picture again.

With few exceptions, I am sure we are building to meet actual
needs, and we are attempting to build as economically as pos-
sible. Initial cost is the control, but attention must also be paid
to operation and maintenance of buildings. It is often stated that
these costs are minor, but I find the approximate average spent
by some 86 universities and colleges, for operation and main-
tenance, to be 780 per square foot per gross area per year. This
regeesents about 9% of the total yearlybudgets of these schools.
If the floor area costs $20 per square foot to start with, in about
25 years we will have spent an amount equal to the original cost
of the building. Some of the items for which this 780 is spent
are: 190 for custodial service; 220 for heating, air conditioning,
water and electricity; 140 for repairs and maintenance; 40 for
grounds, trash and snow removal, etc.; and 50 for security.
These figures vary from school to school, but they do illustrate
the magnitude of operating costs. Any good design or plan should
make it possible for the physical plant administrator to hold
these costs to a minimum.
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We should not use new products untilthey have proven them-
selves. We should not install a .7ot of gadgets that, in the long
run, add little to make the building more suitable for education.
We should not build to meet concepts of unproven educational
needs. Let us not cut first costs of the building at the expense
of future maintenance. If our university has seven million square
feet, and we save only 50 per square foot per year, a saving of
some $300,000 will result. This could be used for higher faculty
salaries, or for the tuition of a number of additional students.

Another cause of concern is how to make the best use of our
land resources. Events during the last 10 years shouid give us
some warning. The small school of today may be a giant 100
years from now. A city planner is almost needed today for the
growing college campus, for these campuses are becoming young
cities in themselves.

In our case, in the process of expansion, we have had to push
out the boundaries of the campus to the point that a student is
hardly able to move from class to class in the time alloted. The
placement of dormitories is also limited by reasonable walking
distances. Whereas, in the past, we could build structures of
three or four stories, we must now go up in the air, or down in-
to the ground. Vertical expansion should be considered in plan-
ning for the future.

With land becoming scarce, and traffic and parking prob-
lems acute, it might also be well to consider the multiple use of
building sites, even on the campus. It might be desirable, for
example, to put parking underground, with four stories of class-
rooms above, thus retaining the advantage of not having to move
students by elevators. Possibly faculty administrative offices
might be placed above the classrooms, and dormitories at the
very top as has been done in some hotels with commercial of-
fices below.

Some suggest that automobiles should be banned from the
campus. This might add to the academic environment, but how
far can the faculty, many of whom are not youthful, be expected
to walk? This situation is accentuated if there is no mass trans-
portation on the campus. It would seem well, when planning a
campus, to lay out streets to meet future traffic needs. It is not
possible to tell, many years ahead, what buildings will be needed,
but at least advance planning provides a place to put them with-
out having to tear up streets and utilities.

Finally, a word of caution to institutions with scientific re-
search needs. An ample water supply must be assured. This is
becoming a problem. Much new research apparatus requires
cooling water in such quantities that the campuses have no meanS
of providing it. Also, it is difficult to maintain electrical supply
services of adequate size.

New research buildings should also be designed with great
adaptability. The day to day uses of these buildings in the future
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are not now known. With these thoughts in mind, we may be able
to provide buildings which will be more usable in years to come.

Mr. Woodson: The biggest problem in Washington, D. C., in connec-
tion with school plant deficiencies, results from deficiencies in
revenue. This is not going to be overcome without concerted,
determined, and overwhelming public pressure for additional
money. I would say that the American public is apathetic. It
does not react vigorously until a large portion of the populace
is personally affected by a particular problem. Here in the
Nation's Capital there is great concern today because we don't
have a better teachers college plant. Aside from a few organ-
izations such as the League of Women Voters, there has been
very little public support for this college. Not until the American
Council for the Accreditation of Teachers Colleges withdrew its
accreditation of our local college did the public express much
concern.

Another reas,m ilor this apathy is what might be called the
fragmentation of our society due to the movement of the wealthy
to the suburbs, and the lack of communication between the var-
ious economic segments of the population. Many ofthe wealthier
people have withdrawn their children from public schools. The
public schools are not of concern to them, yet these are the
people who normally are, for the most part, better educated,
and who have the greatest capacity for leadership.

This leaves us, in Washington, with a group of people whom
we call the masses. The masses in today's social structure are
people who are pretty well off, on the whole. They have many of
the material things in life, but one thing they apparently don't
have: enough appreciation for education and the spiritual and
cultural things that have value for the nation. Leadership talent
among this group is sparse.

As a result, the bulk of the people who need school facilities
fail to demand them. In order to get public support, and revenue
for new structures, we must find a way to increase the desire
of these people for a better education. If there had been enough
public support , an Aid to Education Bill might well have been
passed by the 87th Congress.

We, in Washington, could use Flome aid. Our request for
capital-outlay projects has been between $15 and $22 million a
year for some years; we have been getting from $6 to $9 million.
To put it simply, we must either raise taxes, find a new source
of funds, or change the priorities on how we are going to spend
the money that is available. Other things have been suggested
as a solution to Washington's problem, some of which are being
tried. We have experimented with team teaching, and this may
save some money. On the other hand, it may not, for it. is
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necessary to provide spaces, and these are not inexpensive. We
might use more new construction methods, such as prestressed
concrete. We might also use more modular construction, but
until this is used commonly by all school systems, it is not prov-
able to me that construction will be any cheaper than it is now.

Other things might immediately save money, such as the
adoption of a trimester system which would enable the schools
to be used all year. I don't know what reception the public would
give this thought, but if we lengthened our school year to 11
months, we might be able to reduce the number of years of
schooling. However, even with all of these ideas on schooling,
in Washington we ttre going to have to build new buildings to ac-
commodate a rising school population which does not show, yet,
any signs of tapering off. Then, when we might possibly have
enough seats to accommodate our present enrollment, we will
be faced with the problem of replacement of our structures,
some of which date back as far as 1869. I would like to say
again that, in Washington, the biggest problem is that of school
revenues.

Open Forum Discussion
Mr. Jones: Would you elaborate on the evaluation of the new teach-

ing techniques?

Mr. Lopez: We are engaged in doing some programming for soma
teachers college research buildings. Although we do not know
whether a large-group instruction space, automated and with all
the projection facnities possible, produces better results, we
are recommending such spaces in these buildings. We intend to
test both children and college students who use these facilities,
in contrast to a control group which will not be taught by means
of such facilities. We will attempt to determine how far these
groups advance, and how rapidly. I know of no similar expori-
ment in evaluating just how efficiently the numerous aids now
available tr.1 us are functioning. The real Importance of large-
group space may simply be in making it possible for large groups
to be exposed to a superior teacher.

Mr. Jones: What do you do about the acoustics in these new schoolser

Mr. Scott: We are doing a number of things. We are experimenting
with movable partitions, no partitions, no doors, semi-partitions,
etc., between areas and between groups of people, to facilitate
a particular educational program. In some cases, virtually no
partition at all between groups is working well, simply because
the people want it to work. In other cases, we have partitioning
systems that supposedly isolate areas for sound, and we still
have complaints. This may be due to loud-voiced teachers, or
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the type of activity that goes on, but good acoustics is a very
important thing. It also varies with the type of function you are
trying to isolate, and with the people involved, should noise
bother them. In one school, for example, the superintendent put
in what he called "musical perfume," where soft music played all
the time. This raised the noise level of the school, and seemed
to work well. In other cases, such an approach might fail.

Stuart Silverstone, Carnegie Institute of Technology: The suggestion
has been that it is often necessary to sacrifice architectural or
esthetic desires in order to bring about economy in today's
school plant. Why is good architecture synonomous with added
expense or uneconomical design?

Mr. Scott: I think the best architecture is free. One of the challenges
in architecture is to try to design a building that is a pleasant
place. A school building, for instance, should be a very pleasant
place. It should facilitate the functions you wantto perform, and
it should cost as little as possible. Such a building can still be
good architecture. However, some architecture costs a lot of
money, and is still not 'good," while other architecture that is
really very economical is often very good.

Mr. Jones: What about air conditioning, if students attend school
12 months of the year, particularly in the South?

Mr. Chase: It is necessary to know whether the air conditioning is
to be used in new facilities or old, how it affects the educational
program, and how it affects learaing. We seem to think, in terms
of a 12-month school yeax, that we need air conditioning only
for the summer months. I have been in many schools in April,
May, September, and October, when we could have used air con-
ditioning just as well as on some summer days. The emphasis
should be on how it benefits the program, and how we can get
the best learnIng situation for the money we axe spending. If air
conditioning is cne of the things that can do it, then it should not
be thought of in1,erms of how much it costs, or what we can save.
If we can recommend air conditioning on the basis of how it will
improve the educational program, it becomes one of the facets
of the learning situation, and one of the tools that is needed.

James Murfin, Kent State University: You have stated that we must
guess about the future. This is fine, but isn't it a little ideal?
Can we give a group, an archibct, anyone, the free rein you have
suggested? Will society allow us to attempt such a move?

Mr. Gores: It may be somewhat ideal, but what I failed to state is
that the people Wiould have maximum access tothe facts. I know
you cannot build schools much ahead of the people. My only plea
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is that better organized school boards can find a way of teliing
their story better. If the people are asked what kinds of schools
they want, they answer, "what we have been getting lately.* But
give them some facts. Then they can make a choice from among
reasonable alternatives. You can absolutely trust the choice of
the people, if they are informed as to the range of choices.

A. J. Chlada, Baltimore Public Schools: Is there any set percentage
of total educational space that may logically be constructed as
so-called mobile or portable space?

Mr. Gores: This is being worked out. Los Angeles has a public
policy that it will move toward 25% transportable space in its
school system. If averylarge high school, say for 2,000 or more
students, were to be built, 25% of that high school space will be
transportable. A common core would be constructed to serve
as the monumental central facilities which speak for the build-
ing to the neighborhc xi, and then perhaps 25% of the capacity of
that school would be housed in something that might be called
"satellite space." This way, the school system can recover its
equity at such time as the tide of enrollment ebbs. A recent sur-
vey in California indicated that, in a certain class of community,
schools are using up to 16% transportable space. The practice
will vary from place to place.

Joseph C. White, Inland Steel Products Company: The CLASP or
modular approach to school construction seems to be one answer
to building more schools for less money. How would this proc-
ess get started in the United States? Would it be by the school
boards, the architects, or the government?

Mr. Gores: In a free society it is always a problem whose job it is.
One of the functions we think our organization has is to make
risk capital available in the field of education. In this country
there is no national system, as in England:we are grass-roots in
our operational control, and we should remain that way. Could
we, nevertheless, bring some cooperative, across-political-
boundary action into play to determine what parts could be put
together in a building and thereby constitute a saving?

Not in stock plans, or buying a whole schoolhouse in a pack-
age, nor in the hand-crafted, individually tailored, piece-bp-piece
building that is typical of the other extreme, but somewhere in
the middle, lies the solution. For this reason, EFL made a grant
to Stanford University to pursue the matter. In this project, an
educator and an architect, working with a large committee con-
sisting of people of various disciplines, have formed what will
be the American free-enterprise equivalent, if possible.
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John F. Wagner, Catholic Building and Maintenance Magazine: Have
you any suggestions for implementing your tactic of achieving
construction by acting in concert?

Mr. Gores: We don't know. We tried it and it didn't work in a case
in which eight school boards, all with the same need at the same
time, acted together in a consortium. We made a grant to a uni-
versity to pull themtogether. We did prove some valuable things.
We discovered that school boards will work together, and that
architects will come together in the presence of school boards
and superintendents, and that superintendents will meet in the
plesence of other school boards. We had not been sure that they
would be comfortable in each other's presence. We were afraid
that people would make odious comparisonso and the man with
the most pleasant manner would charm everybody and get an
the business. However, it did not work out that way.

Actually, what happened is that they shared ponsultants
through the planning stage, but the pressure to gct a new school
in these towns was so great that the minute each building was
ready to bid, they broke out of the consortium. The greatest hope
for cooperative planning among school districts, architects, and
industry lies in the School Construction Systems Development
Project at Stanford University.

Mr. Lopez: EFL also put up money for experimentation in a small
town in Mississippi which wanted a school. It was to be a much
more advanced school than most in the state. There was an ex-
cellent opportunity, but they had no money for creating ideas;
this was the purpose of the grant. The school board decided that
this should be an air conditioned school. The architect and the
school superintendent were enthusiastic, but the State School
Finance Commission, hearing about the air conditioning, refused
all state aid. This, of course, complicated the picture.

Some thinv were cut out of the school that it would have been
nice to hrlude, but they were actually extras. The basic concept
was kliowed; there was no real loss in design. The school went

to bid, and we had estimatedthat the cost would be about $11
a square foot. The bids came in at slightly under $9 a square
foot. In the interim, because of the complete information the
community had received from the school superintendent and the
school board, a bond issue to the ithsolute debt limit was passed.
At $11 a square foot, it was calculated that they could build the
school, but they would have little available for chairs and desks.
When a $9 figure came in, $2 under the bond issue, they were
able to build the school and equip it. To top off this story, about
a month after the results of the bidding became known, the State
School Finance Commission reversed itself and said that, here-
after, any school in Mississippi that was air conditioned would
receive state aid.
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James Murfin, Kent State University: We must educate the people;
the population must be brought around to a realization, but how?
You and I know that this is the greatest problem which exists
with society: how do we educate them?

Mr. Miles: We in the Chamber lay down a constant barrage of prop-
aganda on the value of schools: the economic value, the cultural
value, the value to the development of and effective representa-
tion in government, and importance to the world of commerce.
We ran a survey in 1961 to which 700 Chambers of Commerce
replied. It dealt with 12 different types of public action, from
bond issues to raising tax levies, to pushing through consolida-
tion programs, to raising teachers' salaries. We asked, "Has
such a proposal existed in your community in the last two years?
If so, did you study the proposal? Did you take a position on the
proposal? Did you oppose or encourage it? Did the issue win or
lose?" We found in these communities that between 1,600 and
1,700 public issues had been raised in the previous two years,
and that the Chambers of Commerce in those places had sup-
ported a little over 1,200. They had been noncommital on about
350, and they had opposed between 60 and 70. Strangely enough,
the number that passed was about 1,200.

This suggests that the business community does have s.,me
influence, if it comprehends how and why you are trying to do
what you are doing. In other words, there is a communications
process available in most communities, if the people, including
the architect, the school superintendent, and the school board
will use it%

One of the things that bothered me, in a community in which
I once lived, was that the school board and the school super-
Intendent came to me after they had made up their minds what
was good for me, and tried to sell me on it. They didn't succeed,
because I wanted to be included in the planning from the begin-
ning. This is the attitude of most people in community life. Some
school superintendents don't like advisory committees; others
think highly of them. Whatever the approach is, we must start
communicating, evaluating, and converting our evaluations into
a public relations program. Get the press, the radio, the TV,
the men's and women's service clubs, and everybody else in
the act right at the beginning, and the people will support the
program.

Stewart Thompson, Architect: Imagine that you are the executive
superintendent for a newly-formed regional school district that
needs many new high echools. What specific teaching process
would you recommend: team teaching, conventional, conventional
with block periods, no grade, year-round, two-shift, etc.? Or
would you choose some of these, or all of these, and above all
make it flexible, for which you will get cones, hexagons, para-
lellograms and other fantasies of the nondirected architect?
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Mr. Cooper: This question would be decided by the kind of teaching
staff available, the program envisioned, the nature of the en-
rollment, and what the existing facilities are. We seem to be-
lieve that team teaching is something brand new, and that it is
the solution for everything. Or, we assume that a self-contained
classroom has something sacred and wonderful about it, or that
some kind of conventional teaching method should be discarded.
These are but devices, or ways to do a job.

The basic problem is to apply the ability that is in the teach-
ing staff to the job of instructing children in the way you want
them to learn.

The best way to do that is for the available leadership to con-
sult with the teaching staff and work out methods for attacking
the problem before the r. now and in the ensuing years. The
architect should have enough vision to design a building that can
be used for a wide variety of instructional procedures.

If I had even a few schlols to build at once, the most sensible
approach that I could maim would be to prevail upon the board
of education to employ a principal for each school before begin-
ning construction. He, with his staff, could begin working with
the architect. Then the architect, the educators, andthe citizens
of the community ought to come together, so there is a complete
understanding of what is being done. Then, you begin laying the
foundation for some design.

In addition to being a tool, an implement to permit people to
work, the school building itself is a powerful instructional in-
fluence. Wherever we are, surroundings do something to us.
They either make us hate the building, so we go out and throw
rocks at the windows, or they make us love the building, so we
cut the grass even though we are not asked to. An architect ought
not lose sight of this.

James Murfin, Kent State University: To study the problems of the
present situation of schools, and the relationship of the student
body to these schools, is an ideal situation. To study and philos-
ophize the solution, and then to apply this ideal to reality, is
something else. Where must we establish a line between study
and reality? How far can we go?

Mr. Cooper: I don't believe that any architect, any school board,
or any community of citizens has constructed a school building
anywhere within the last 100 years without some philosophy in
their minds upon whichto base what they did. They believed edu-
cation was important, or they would not have spent the money
to construct the building. Nobody lives without some sense of
values.

How far can we go? We can go as far as our values are re-
flected as faith in humanity, as ideals, as the purposes that we
want to achieve. Values do shift, but they shift very slowly.
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Certain circumstances may come along which conflict with one
or more of our values. Right now we have a conflict between
universal academic excellence and the importance of each in-
dividual. Some children can't achie're academic excellence. We
must balance this against our desire that everybody be smart
and pass the College Boards with a score of 700.

The most effective influence in shaping school buildings in
this country is coming from developments in industry, rather
than from the educators. The air conditioning manufacturers,
who have units to sell, are causing schools to be air conditioned.
The mechanical aids to instruction that we are using are not re-
ceiving as much impetus as they should from the educators.

I have handled architectural exhibits for 14 years. When I
first began dealing with school buildings, we had an epidemic: of
clerestory lighting. Any school that was worth anything had a
clerestory in it, Then, we moved on to glass block, and no school
that didn't have a few glass blocks in it could get into an archi-
tectural exhibit. Then, a bit later, we went into campus-site
building. Then, we began pulling them together again, with cov-
ered corridors. Now, we are enthusiastic about air conditioning,
and we are pulling the buildings back together again irto little,
compact units. Someone has said that this will be remembered
as the royal period of school building architecture, because any
building worthy of notice has a court in it somewhere in the
interior. These things did not come from serious educational
thinking. They came from the momentum generated by a good
new commercial product that came on the market. We bought it,
used it, got tired of it, and turned to something else. We must
came back to the basic consideration of the purposes we want to
achieve, of the abilities of the teachers, and hopes and ambitions
of the students. These should be the point of departure in shap-
ing a school building, rather than the quality of a product that
happens to be on di.; market at the moment.

Unsigned question: Exception is taken by you to flexible planning,
air conditioning, etc., as used by the public school systems, as
being expensive or extravagant for parochial systems. Is this
to be interpreted to mean that none of these can contribute to
better teaching, better use of space in the parochial school
system?

Msgr. D'Amour: "t acknowledge the need for flexibility In planning.
In respect to air conditioning, I feel th I in some areas of the
country it would be important and in other areas unimportant.
However, in the parochial school 5ystem, our first concern
must be the essentials. We need classroom space and we need
teachers. You might say that it is a choice between goods. I am
not deprecating the value of the luxuries in school building;
I am merely saying that in all school districts, particularly in
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a parochial school area, money is limited and a choice must
be made. Sometimes the expenditure of more money does not
give a better school. I recall that once I built a school costing
$10.20 a square foot. At the same time the public schools
were building next door at a cost of about $20.00 a square foot.
I would admit that the other school was prettier, having paneled
interior walls and bilateral lights. However, as a building for
education I do not feel it was better. Too often we equate a
good school with an attractive building. I would emphasize that
good teaching is the product of a good teacher. It is possible
to have a very inferior building and yet have very good education.

James Murfin, Kent State University: You have suggested that it
is economy and flexibility that will determine the schools of
today and tomorrow. Do you, feel that economy has dictated
the flexibility? How far can we go in flexibility? Gymnasiums
converted to classrooms through the use of folding dividing
panels have not worked in the past. Will they in the future?

Msgr. D'Amour: A school building is designed with flexibility
when it is adaptable to the various activities that are to go on
within it. An architect should design his building so that it can
be adapted to changes.

Unsigned question: It was intimated that Catholic educational build-
ing may be arbitrarily halted, or held to a set ratio of total
kindergarten to grade 12 enrollment. Is this a real possibility?

Msgr. D'Amour: This has happened already in the Archdiocese
of St. Louis. Officials there call it a policy of "containment."
I believe that they will build new schools; however, the rate of
expansion will be slowed to a considerable degree. I do not
believe that this will be a pattern for the nation. After all,
St. Louis is somewhat unique. The Catholic school system there
takes care of 90% of the Catholic youth at all grade levels.
Logically they can afford to curtail expansioa. This may be true
in other areas, but I do not believe curtailment will be generally
true. After all, no one can saythat it will take place, since every
diocesan system of schools operates on its own. Again, we
may have an expansion in one place, yet a containment in another.
For example, I believe that there will be a rather significant
expansion of Catholic schools in the New England area, be-
cause New England has been behind in Catholic education. Also,
the swing of the Catholic population into Florida and California
will cause an expansion. There will not be any national con-
tainment policy.



Case Studies of Design

Comprehensive Campus Planning
Abstract: The case histories of four colleges and a system of public schools are
considered from the point of view ofcomprehensive campus planning. Although
the principles of campus planning are basically the same in any situation, their
application may vary with different types of instftutions. Included in the following
detailed case studies of design in relation to long-range planning are two new,
commuting-type state colleges; a small, private, church-related institution; a large,
well-established state university; and a county school system.

Southern Illinois University,
Edwardsville Campus

By Gyo Obata, Hellmuth, Obata & Kassabaum, Inc., Architects

THE PROBLEM WAS TO DESIGN a new university campus for
5,000 students, with provision for growth to accommodate 20,000
students eventually. The site of the new campus consists of 2,600
acres of gently rolling, wooded farmland along the bluffs of the
Mississippi River southwest of Edwardsville, Ill. The new campus
will initially be designed for an all-commuting student body, since
all of the $25 million available from a state bond issue will be used
for academic buildings, site work and utilities, and none for housing.

EDUCATIONAL PROGRAM

Facilities were required for a four-year program, with provision
for a future graduate program. At President Delyte W. Morris' in-
sistence, we designed the spaces to avoid "departmentalized archi-
tecture as we've had departmentalized education." Design of the
new buildings had to provide functional, yet flexible, spaces in or-
der that no building would become obsolete should the educational
program change.

It is an easy task to develop an educational program, and to de-
sign buildings for specific needs, each department having its own
functional, inflexible buildings and spaces. In many cases, the re-
sults of this type of design are inefficiency, low utilization, and
even nonfunctional use of spaces, since programs change so quickly.
To design a campus for a growing and changing curriculum requires

OBATA, GYO. Principal in Charge of Design, Hellmuth, Obata &
Kassabaum, Inc., Architects; member, American Concrete Insti-
tute, AIA, American Society for Landscape Architects, Architec-
tural Historians.
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a great deal of research on the subjects of functionality and inter-
changeability of university spaces. In designing the campus at
Edwardsville we studied and classified all kinds of teaching areas
according to function.

DEVELOPMENT OF THE MASTER PLAN

Through a grant from the Educational Facilities Laboratories,
Southern Illinois University organized a number of seminars. Each
week, a different educator spoke to a group of SIU administrators,
faculty members and the architects. At these meetings, we discus-
sed various educational goals and their relation to campus design.
A seminar called EPEC (Environmental Planning Edwardsville
Campus) was also sponsored by EFL and the Maremont Foundation.
At the seminar some of our early sketches were reviewed from the
standpoint of esthetic environment. After these meetings, we be-
gan final sketches of the new master plan.

MASTER PLAN SOLUTION

Plans for future highways, in order to obtain major access from
all directions, were developed in cooperation with highway officials.
An outer loop to serve all areas of the 2,600 acre site was laid out,
as was an inner loop for the main academic area of about 220 acres.
Lakes were planned for three valleys on the site, for recreational
use as well as utility use in connection with tie air conditioning.

A clean distinction was made between the university proper and
the parking areas. Studies showed we neededparkingfor 3,000 cars
initially, and for 12,000 in the future. Two large parking areas,
surrounded by landscaping, were established. Only special service .

vehicles will be allowed in the academic area.
The heart of the campus is a mall surrounded by the library,

student center, communications center and administration center.
Two clusters of instructional buildings radiate from these four cen-
tral buildings. Figures 1 and 2 show the initial and final stages of
the site plan. From six building groups for 5,000 students, Southern
Illinois University can grow, within its 200-acre core, to a campus
for 20,000 students. Outside the compact academic area, space is
reserved for growth in the form of research area, professional
schools, community center, continuation center, recreational area,
physical plant and power plant, sewage plant, water treatment area,
airfield, agricultural research area, conservation research area,
and possible future residential areas.

DESIGN OF BUILDINGS AND BUILDING GROUPS

Library
The library is designed to be open-stack, with control points

at two major entrances. The building is designed so that stacks,
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reading areas, offices, and individual carrels can be placed any-
where in the building. A 30 ft. by 30 ft. waffle pan-reinforced con-
crete frame was chosen as the most economical and largest bay
for a load of 150 psf. A 10 ft. by 10 ft. module was selected, with
lighting and air conditioning available to each module for ilomplete
flexibility. All fixed elements in the building, such as eleva:ms and
mechanical rooms, are located at the sides of the building, so that
the entire interior is free for a variety of uses.

In order to effectively utilize natural light, the east and west
walls are staggered. Only north and south light is admitted. The
north wall is completely glass. The south windows are provided
with protective overhangs. Double glazing is used throughout in
order to provide effective humidity control. A space was left above
the ceiling for future installation of electric conduit. Space hae al.-
So been left in the basement to house audio-visual and electronic
retrieval equipment. Initially, this building will consist of three
floors and a basement, but there is provision for expansion to seven
stories.

To avoid long, horizontal loft spaces lacking architectural char-
acter, a 30 ft. by 30 ft. center bay was left open for three stories,
with a skylight above, to create a central exhibit area. The exterior
of the library reflects its functional aspects. The static elements
of the stairs, elevators; etc.; are covered in brick. All of the flex-
ible spaces have exterior walls of precast concrete, faced with a
one-inch quartz aggregate, or of glass. The library is the symbolic
central focal point of the university. When its height is increased
to seven stories, it will dominate the campus even more strongly.

Communications Center
The communications center consolidates, at one point on the

campus, approximately eight TV studios and a 400-seat theatre.
It will also house AM and FM studios and all of the data-processing
equipment used on the campus. The building is designed so that a
future auditorium for 1,500 students can be attached. A utility tunnel
leads from the communications center to the library for transmis-
sion of audio-visual instructional materials.

Instructional Buildings
The instructional buildings are designed to contain nonspecial-

ized classrooms, faculty offices and small seminar rooms, and
highly-specialized facilities such as science laboratories and an
art studio. The design approach was to place like functions in like
buildings.

The nonspecialized building group houses all of the nonspecial-
ized classrooms. The basic building has a 60 ft. span and is based
on a 5 ft. by 5 ft. module, so that partitions can be placed on any
module to create a variety of classroom spaces accommodating
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from 12 to 200 students. Each module will have lighting and air
conditioning, and a suspended acoustical ceiling for easyplacement
cf electrical conduits. This type of building also has all fixed ele-
ments on its periphery, so that the basic 60 ft. by 160 ft. space is
completely flexible.

Attached to two of the 60 ft. by 160 ft. classroom areas is the
faculty office building, also based on a 5 ft. by 5 ft. module. This
building also is nexible, allowing for a variety of office arrange-
ments. The entrance wing to this building contains lounges for stu-
dents and faculty, a necessary adjunct in a commuting campus sit-
uation. By placing all faculty offices together with the nonspecial-
ized classrooms, which do not require special utilities (except for
electrical conduits), economy was achieved in construction. The
utility towers in this building are of brick; the flexible area of con-
crete or glass. Only four major materials were used on the
campus: brick, precast concrete, gray glass, and dark, anodized
aluminum window frames. Therefore, consistent esthetic values
are maintained.

Science, Laboratory and Faculty Office Building
This four-story building has been designed to house all labora-

tories of the scientific disciplines. All ofthe laboratories, and their
furnishings, are completely interchangeable. At any 2-1/2 ft. inter-
val, utilities can be brought through the floor, and there is a sus-
pended ceiling providing space for all tilities. There is a fume-
hood exhaust for each laboratory. The building contains 32 24-man
labs and a variety of preparation rooms and lecture classrooms.
Attached to the building are two large two-story, sloping science-
lecture halls seating 300 students each, with faculty office space
for each lecture hall. Through a grant from the Educational
Facilities Laboratories, we have designed a laboratory furniture
system that makes it possible to alter a chemistry laboratory
for the use of another discipline, such as physics or biology, through
a system of interchangeable parts. A mockup of this equipment will
be ready for the Edwardsville campus in the fall of 1963.

University Center

The University Center will house all of the social, extra-
curricular and food service facilities for the new, commuting cam-
pus. There is access from all four sides of this building into a
central two-story lounge, lb of the campus. Off this skylighted
hub are the book and variety store, music and reading lounges, the
main ballroom and the student activities office. On the upper floor
are 12 guest rooms for visiting lecturers, meeting rooms, and a
restaurant. On the lower level, which opens onto a terrace, are a
snack bar and dining facilities. Off the dining area is a *scramble
feeding square" to facilitate the rapid serving °flood. As designed,
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this facility will serve 5,000 students in two hours. The lower level
also contains 16 bowling lanes and billiard and ping pong areas.

Administration Center

This building houses all of the administrative offices for the
Edwardsville campus. There is a large two-story lobby garden
through which visitors will pass when entering the campus. This
area will be used for student registration at the beginning of each
semester.

SUMMARY

After a two-year investigation of the design of this new campus,
we conclude that the university educational program Is a very com-
plex one, and the buildings must be designed so that they can
change with a changing educational program. They musthave spaces
designed to accommodate new technical equipment as it is developed.
The architectural, mechanical and structural elements must be
based on aflexible module, so changes can be easily made. Art must
have a prominent place on the campus. We have developed a master-
planned program of art work for the new campus. Areas have been
chosen both inside and outside the buildings to display art that may
be expected to become a real part of the campus and the learning
experience. We feel that this is criticalc In the visual and plastic
arts, as in architecture, a unified and meaningful experience for
the viewer is best achieved when esthetic questions are divorced
from internal requirements. We should never be satisfied with
merely designing a pretty façade, within which the functional pro-
gram elements are stuffed indiscriminately.

Grand Valley State College,
Allendale, Michigan
By Philip W. Buchen, Grand Valley State College

TODAY, HIGHER EDUCATION MUST IMPROVE THE MARKET for
college campuses needed to serve students who live in areas not
adequately served by existing institutions. College campuses are
an expensive commodity. The overwhelming cost of constructing a
new one is enough to make most state legislatures hesitate. More-
over, a college starting out with new students, and a new faculty
and staff, requires years to make full use of a campus initially com-
plete with all facilities. Buildings constructed to fill all of the dif-
ferent needs of a college, if they are made large enough to permit

BUCHEN, PHILIP W. Vice President, Grand Valley State College;
member, National Association of College and University Attorneys.
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the enrollment to expand, cannot be used to full efficiency at the
start, or during the period of expansion. Also, the extreme diffi-
culty of forecasting, long before the college has matured, the types
and quantities of space required it each special-purpose building
is almost sure to result in major and costly errors of judgment.

FOUNDING THE COLLEGE

Grand Valley State College was created by the Michigan Legis-
lature in 1960. It is located near Grand Rapids, outside the service
areas of other Michigan state colleges and universities. It will ad-
mit its first 500 freshmen in the fall of 1963. Each year thereafter,
;be college will add new and larger groups and it expects, after 10
years, to have 8,000 to 10,000 students. Its program will provide a
liberal education leading to an A.B. degree.

The college is dependent for its money upon annual appropria-
tions from the state legislature, and upon private philanthropy. We
have started with $1 million raised from private sources and a like
amount from the state. We accept the prospect of having to con-
struct our campus facilities in annual stages, at a cost no greater
than likely ann Al appropriations or private grants, and of a size
just adequate to meet imminent enrollment increases. In other
words, we cannot now afford the complete facilities which we ex-
pect to have after 10 years.

CAMPUS SITE SELECTION

The college site embraces 770 acres. The areawas acquired by
selection from among 16 different sites. This selection involved
offers of parcels already taken under option by the sponsors, so
that the price of the winning location was established competitively
before the winner was announced. This method allows for purchase
at less cost than if negotiations fr aprice come after the selection
is made.

The choice of the site was made on the advice of a committee
composed of educators, landscape architects, building architects,
and engineers. The qualities which prompted its selection were
central location, ample size, moderate price, andits environmental
situation and natural qualities. The site is in a rural area =con-
taminated by urban development, yet readily accessible by highway.

The tract has a mile of frontage onthe Grand River. A high bluff
along the river is divided by deep wooded ravines. Between the ra-
vines are small fingers oflevel land, backed by an expanse of gently
rolling, open land, as shown in Figure 1.

After acquisition, Johnson, Johnson and Roy, landscape archi-
tects of Ann Arbor (Mich.), were engaged to plan the general campus
development. They conducted studies of the terrain and determined
suitable uses for each part of the site. The development pattern
chosen makes primary use of the fingers of land, and places most
buildings at the edges of the scenic, wooded ravines.
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Figure 1-- The plan for the general campus develop-
ment of Grand Valley State College shows (1) entrances;
(2) campus drive and parking areas; (3) areas on the
plateaus between the ravines where learning centers
and collegiate centers are to be located; (4) academic
core for science laboratories, main library, and ad-
ministration building; (5) service building area; (6)
student athletic fields; (7) area below crest of bluff
overlooking river; and (8) location of first learning
center and first collegiate center.

CONCEPT OF FIRST UNIT

Following the choice of the pattern of site development came
consideration of the design of the academic buildings. For this pur-
pose, architects Meathe, Kessler and Associates of Grosse Pointe
(Mich.) were employed to work with the college staff and its land-
scape architects. The only feasible plan was to design one building
which would serve most, if not all, of the academic needs of the
first year's students. For this purpose, a structure was needed in
which students could attend all their classes and do all their study-
ing. By including faculty offices in this building, we would have stu-
dents and instructors associated in a continuous learning enterprise.
This organization would constitute a small, self-contained college,
offering good opportunities to correlate studies of different subjects.
It would also make the instructional program flexible, and encourage
independent work by each student under tutorial supervision.



STRATEGY FOR MEETING FUTURE NEEDS 60

We concluded that if one academic building offered these advan-
tages to our first group of students and faculty, others like it wouldserve as well for additional groups of the same size, to be added
as the college grew. We therefore agreed to develop the campus inannual stages, with functionally correct and adequately used build-ings at every stage of its development. The prospect of preservingthe virtues of a small college, even as we grow into a large insti-
tution, has encouraged us to carry this idea as far as it proves tobe workable.

Critical literature on higher education raises the complaint thatteaching at many colleges becomes depersonalized as enrollments
increase. Without a scheme of internal decentralization for a popu-lous campus, it is scarcely possible to avoid this criticism. Withoutarchitectural arrangements which allow small groupings ofstudentsand faculty in fairly continuous association, little chance exists for
many thousands of students and faculty members on a single cam-pus to achieve the desired scheme of internal decentralization.

SEPARATE LEARNING CENTERS

We expect to achieve this decentralization by having each build-ing designed to serve most of the academic needs of a particular
group of students and faculty. We tentatively call these buildings
*learning centers.* In every such building will be taught a varietyof courstA to meet the needs of the students aasigned to that onelearning center. The faculty in each building will be drawn from avariety of disciplines to teach the courses being taken by studentsat that location. Building assignments for students and faculty mayhave to change, but we shall try to avoid changing the compositichnof a group in one learning center until after it has continued to-gether for at least an academic year.

When we have developed a full four-year program, and have anumber of learning :enters in operation, we will determine the
most advantageous plan for assigning students and faculty.

DESIGN OF THE FIRST UNITS

The capacity of the first learning center is sufficient to accom-modate 500 students and a faculty of 24. A second building like it isbeing constructed for eventual use as another learning center, but
it will be used temporarily for administration offices, heating plant,
science laboratories, exercise rooms, and other functions which will
be centrally located in the few special-purpose buildings necessaryunder our plan.

Two lecture halls in the first building will each seat 100 stu.
dents. Four smaller rooms will provide space for seminars, and a
movable partition allows for combining two such rooms to form a
small additional lecture room. Faculty offices are located near theclassrooms so students can reach them easily for conferences and
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tutorial sessions. The learning center omits space for laboratory
facilities, since laboratories can be more efficiently provided in a
separate building. However, science lectures and seminars will
take place in the learning center.

The rest of the learning center is devoted to study space for stu-
dents. Study carrels permit each student to have a sound-protected
desk, equipped with private locker and storage cabinet. Here, he is
assured of better study conditions than are usually found in a library
reading room or residence hall. Library materials will also be
available within the study area.

The learning center is equipped with an integrated audio-visual
system. A closed-circuit television facility will serve every lec-
ture room and classroom, as well as the study carrels. The instal-
lation of complete audio-visual equipment should aid greatly in
decentralizing the academic facilities. The separateness of the dif-
ferent learning centers, and of the student-faculty groups assigned
to each, can be instantaneously overcome through the communica-
tions system. Lectures by a single instructor can be spread over
any number of buildings. In this way, the partial breaking up of
disciplines within the faculty by assignments to offices in different
buildings will be counterbalanced by having instructors for each
discipline drawn together through common use of the audio-visual
system.

COLLEGIATE CENTERS TO BF ADDED

In addition to the learning centers, the campus will contain sev-
eral "collegiate centers" to provkie common areas for eating, stu-
dent ectivities, and recreation. These will be added as enrollment
increases, one such center for every three learning centers. In this
way, the size of each collegiate center will be kept to enrollment
scale, and there will be better student relations than if all had to
congregate in a single, campus-wide facility.

At the outset, Grand Valley State College will serve only com-
muting students from within a radius of up to 40 or 50 miles. When
dormitories do need to be added, they may be designed only as
sleeping quarters. If so, study facilities will still be maintained in
the learning centers, and eating facilities in the collegiate centers.
Thus, a closer relationship should prevail between resident stu-
dents and those who will live at home and commute.

OBJECTIVES OF THE PLAN

In planning the campus in this way our goals are to achieve both
amenity and efficiency. Out of the financial necessity for planning
an add-a-building campus have come the benefits of architectural
arrangements which organize students into small, contiguousgroups,
closely associated with the faculty members involved in their in-
struction. Also, under this plan, a building can be put to intensive
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use as soon as it opens and for as long as it stands. We avoid the
waste of overcapacity at any time, and we escape the risks of pro-
viding special-purpose capacity which may later prove to be too
large or too small.

Ohio State University,
Columbus

By John H. Herrick, Ohio State University

OHIO STATE UNIVERSITY has completed a three-year campus plan-
ning study conducted jointly by the architectural firm of Caudill,
Rowlett and Scott and the University Office of Campus Planning.
The final plan, adopteJ by the Board of Trustees in February 1962,
provides a broad framework within which Ohio State or any of its
parts can grow or change, as future needs dictate. This program
will describe how we sought to relate the campus master plan to
the educational program of the institution.

RELATING THE CAMPUS PLAN TO THE PROGRAM

It is axiomatic that the design of a building should provide opti-
mum conditions for housing the activities conducted within it. This
requires not only careful analysis of the present program, but also
much prophetic vision. It is difficult to predict with accuracy the
uses to which academic buildings will be put, and such buildings
have no rapid write-off for depreciation to soften the impant of
obsolescence.

A campus master plan resembles a building complex, with the
individual structures representing rooms. It requires proper cir-
culation among these rooms,r and it mustprovide for expansibility
and adaptability within the total complex and within each of its parts.
One of the earliest steps in our campus planning study was a class-
ification of existing buildings based upon educational program
information provided by department chairmen, and upon field
investigation of many of the buildings. These inspections were to
determine the suitability of existing structures for educationalpur-
poses, and to formulate preliminary hypotheses as to the types of
educational uses to which each building could be put.

1110wOmmr01.4.11.10.1010
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FACULTY INTERVIEWS PROVE FRUITFUL

Six principals of the consulting firm and three representatives
of the Univeriity Office of Campus Planning interviewed approx-
imately 300 faculty members, deans, department chairmen, and
other administrators. These interviews were to ascertain the think-
ing of the educators concerning future programs of instruction, re-
search and service. By this means, we were able to gain helpful
insights into program changes being considered by individuals, de-
partments, and colleges. Perhaps the most significant outcome was
increased understanding, among the members of the entire plan-
ning team, of the many facets of educational thinking on the campus.

During the early interviews, and in subsequent conferences, the
planning staff explored a number of patterns of educational organ-
ization. This was necessary because there had not previously been
an organized effort to develop an educational master plan for the
University. Among the patterns considered and rejected was the
creation of a separate lower division, or basic college, in which
all freshmen and sophomores would be enrolled.

These discussions of educational organization were seemingly
inconclusive and the Phase Ireport of the study, published in August
1959, stated that there was "no probability of any substantial de-
parture at any early date from the present educational organization."
This conclusion produced a storm of objections. Its publication was
one factor in persuading the Faculty Council that the University
needed a permanent planning committee. The educational planning
committee, thereafter established, produced its first report in June
1962, four months after the campus master plan had been adopted
by the Board of Trustees. This committeeproposedfor faculty con-
sideration the establishment of a separate "university college* in
which all freshman and sophomore instruction would becoordinated.

This sequence of planning reports is not what most planners
would consider ideal, but it is one which realistic planners must
be prepared to face.

HINDSIGHT CREATES PROBLEMS

Other changes, proposed independently of the work ofthe Faculty
Council committee, have been suggested by persons who participated
in the planning conferences and interviews. It is possible that the
interviews and other campus planning activities provided at least
some of the stimulus that led to these tardy suggestions. To cite a
few examples:

1. The master plan provides more space for physical education
and intramurals than the department had reported as nec-
essary, but the Men's Division of the Department of Physical
Education now asks for three or four major structures not
suggested in the plan.



STRATEGY FOR MEETING FUTURE NEEDS 73

2. We have a proposal for the splitting off of astronomy from
the Department of Physics and Astronomy, and for the con-
struction of a separate building for astronomy which the
master plan does not include.

3. Soon after publication of the planning report, the dean of one
of the professional colleges, who had insisted over our own
protests that his college would not need additional space,
requested that we include in our capital improvements budget
for the coming biennium an expansion of his facilities to the
extent of approximately 20,000 sq. ft,

These examples are given in order to show that the program of
any comprehensive university is in a constant state of flux, and that
no campus plan can succeed which does na have sufficient flex-
ibility to permit substantial modification. For the most part, this
kind of flexibility is in our master plan, but the accuracy of our
judgment will not be tested for many years.

Let us examine some of the specific ways in which the approved
plan is related to the educational program of the University. The
term "educational program" covers the entire program encompassed
by the goals of the graduate school, five professional colleges, five
undergraduate colleges, and more than 80 departments.

PLAN FOSTERS INTERDISCIPLINARY ACTION

We have tried to merge the existing west campus and east cam-
pus, which are separated by a river and a four-lane highway, into a
single campus that is unified psychologically, intellectually, and
physically. After long discussion there was agreement throughout
the University that the campus plan should foster this sort of uni-
fication. The strength of a comprehensive university is found in
the vitality of interdepartmental and interdisciplinary research and
teaching activities.

A second educational concept underlying the master plan is that
the basic disciplines, the subjects which most students take regard-
less of the college in which they are enrolled, are at the heart of
the campus. These are surrounded by the applied fields, such as
engineering, law and medicine. Libraries, research facilities, and
administration serve both the basic and applied disciplinary aspects
of our program. Around the periphery of these areas of academic
interest are residence halls, continuing education facilities, athletic
facilities, etc.

Figure 1 shows how this concept was translated into a campus
plan. The basic disciplines are well centered, and the applied dis-
ciplines are peripheral. The Main Library at the heart of the basic
discipline area serve the needs of students in many fields, and pro-
vides technical services for other campus libraries. The seCond
level of library service is provided by area libraries, covering



74 SCHOOL BUILDING RESEARCH

II In

fir

,lott*
rza -

40111 133 'r

In= Basic Discip Hoes

MEE Applied Disciplines

0 Main Library

4E. Ana Libraries

Ii L

Figure 1, Functional relationships and major aca-
demic groupings proposed in master campus plan.

groups of related disciplines such as engineering and the physical
sciences. Departmental libraries, serving a single department, are
not shown. There is currently much disagreement on the campus
about the place of the area library, as distinguished from the de-
partmental library. Since this issue has not been settled, we assumed
for the purpose of our study that both would be provided. This was
reasonable, for departmental libraries are so small that they would
not unduly distort the building sizes used for the development of the
general master plan. However, as we move into the construction of
specific buildings, this issue will have to be resolved. Service build-
ings and other nonacademic facilities are to be moved from the
central academic area to locations not shown in Figure 1.

SOLUTIONS TO TRAFFIC PROBLEMS

We sought in our plan to ameliorate the problems inherent in
the increasing use of the automobile. This involved a separation
of urban and campus traffic, with each moving on its own streets.
The principal campus street is a loop that, for the most part, sur-
rounds the central academic area.

Another goal was to separate vehicular and pedestrian traffic.
This is accomplished by use of the loop road, and by zoning the
campus for parking which, within the central area, is mostly below

a
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grade. Exceptions occur only where above-surface parking ramps
can be entered without causing heavy vehicular traffic to cross pe-
destrian routes.

MASSING RELATED DISCIPLINES

We tried to bring related disciplines together, both basic and
applied. The odd shape of two of the zones, as shown in Figure 1,
reveals that some compromises were made necessary by the loca-
tion of existing, specialized structures.

We also provided an increase in the amount of space devoted to
research within the central academic area. This resulted from sug-
gestions by many departments that research and instructional facil-
ities should not be separated. While we have provided substantially
more space for research close to the teaching areas, more remote
facilities are available for research that would be inappropriate in
a central location.

AREAS FOR RELATED OUTSIDE AGENCIES

The plan proposes three major areas for University-related
agencies. North of the campus is a 48-acre site recently acquired
by the American Chemical Society for its Chemical Abstracts Ser-
vice. We hope that similar agencies can be attracted to this location,
making it an information center of worldwide significance.

West of the campus we want to encourage the development of
research-oriented industries. We have two buildings in this area,
one of which is rented to an industry in the cryogenics field.

South of the campus is the Battelle Memorial Institute, a major
research agency. We should like Battelle to have room to expand,
and we hope that a number of new, related agencies will be estab-
lished in the same vicinity.

SEPARATE "UNIVERSITY COLLEGE*

Finally, let us consider the idea of a separate organizational unit
for freshmen and sophomores. In the early stages of our planning
we concluded that there wasn't sufficient interest in such an organ-
ization to justify basing a master plan on it, although the educational
planning committee later recommended consideration of such a unit.
As recommended, the university college would have no buildings of
its own, but would be limited to the planning and organization of
curriculum, and the like. If the university college is thus defined,
the approved campus master plan is not inappropriate.

If, however, a decision should be made to establish a separate
lower division with its own physical facilities, major changes in
the master plan would be required. Separate and cohesive groupings
of lower division facilities, at a place where the present physical
education facilities could be effectively utilized, would be needed.
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It would be necessary to re-examine all building sizes used in the
master plan, except for those buildings devoted exclusively to upper-
division, graduate, or professional education. There would undoubt-
edly be some regrouping to make the most efficient use of existing
buildings, and some cases of extremely low utilization. The whole
concept of grouping like disciplines would be severely strained.

A decision of this kind would require that many aspects of the
master plan be re-done, and the final plan might be significantly
different from the one that has been adopted. It is not too late to
make such changes, but the point of no return will eventually come
when the University will find itself with no choice but to continue
the present pattern of educational organization, or to pay a high
price in wasted resources or educational inefficiency in order to
make the transition.

This paper has attempted to describe how one institution has
sought to relate the planning of its physical facilities to changing
educational requirements. No attempt has been made to gloss over
failures or difficulties. The important thing to remember is that
the two facets of educational planning and campus planning are in
constant interaction, and neither the educational plan nor the cam-
pus plan can ever be considered as final and fixed.

Elementary, Junior, and Senior
High Schools, Hancock County,
West Virginia
By William E. Kellam, Kellam & Foley, Architects

HANCOCK COUNTY IS THAT AREA of West Virginia which is sit-
uated between Ohio and Pennsylvania. The school district of Han-
cock County includes the City of Weirton, and covers the entire West
Virginia area north of Weirton to the state line. The community is
primarily industrial, with a limited amount of agricultural employ-
ment. The school program within this district has had an exception-
ally good history of substantial support from the various industries,
and from the populace as a whole.

A bond issue was passed in May 1961 for the purpose of con-
structing consolidated high school facilities in the county, tempo-
rarily incorporating a junior high program in a portion of one of
the high schools, and beginning anew elementary center. The School
Board retained the services of an educational consulting firm,
Engelhardt, Engelhardt and Leggett, to establish the requirements
and to make recommendations as to the future educational program
within the county.

KELLAM, WILLIAM E. Partner, Kellam & Foley, Architects;
member, American Institute of Architects.
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Early in the program, it was established that the county school
district would best be served by two new, consolidated high schools,
one to be located in the southern part of the county and designed to
accommodate 1,500 students initially. This high school is called
South High School, and is located close to Weirton. The other high
school, called North High School, will accommodate, initially, 600
students from the north and central county area. It is located near
Pughtown.

A small portion of the financial program, but an important part
of the educaticnal program, is to be devoted to beginning an ele-
mentary center in the northern part of the school district, in the
town of Chester.

FOOD SERVICE

Hancock is the only county in West Virginia not having a school
lunch program. It was important that provisions be made to feed
all of the public school children. Since no kitchens exist in the pres-
ent schools, the most efficient and economical plan was to construct
two central kitchens. One is to be located at South High School, and
designed to prepare food for 5,000 students. The other will be at the
new Chester Elementary School, and will provide food for the re-
maining 3,000 students in the county. All elementary schools will
be served from these kitchens. The food and utensils will be trucked
to the outlying schools, and the utensils returned to the kitchens
for cleaning.

EDUCATIONAL PROGRAM AND PLANT DESIGN
Both high schools have similar educational programs, and are

designed following the campus plan. In this paper, we will consider
rnost closely the educational thinking, programming, and architec-
tural planning of South High School. The school is being constructed
to absorb the shock of a greater enrollment. Initially, it will receive
only 1,000 high school students and 300 junior high school students.
The first increases in high school enrollment will gradually absorb
the space utilized by the junior high school, until the enrollment
reaches 1,500 at which time the addition of a single academic build-
ing to the campus will increase the capacity to 2,000 high school
students.

Three points should be noted regarding the background thinking
on South High School:

1. The law in West Virginia permits the operation of a junior
college branch in the county by a state institution of higher
education, utilizing high school facilities. The South High
School buildings are designed to accommodate a junior col-
lege program which will enrich the high school program by
the inclusion of the facilities involved.
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Figure 1 The campus at South High School, Weirton,
West Virginia, includes (A, B, C) academic buildings;
(D) gymnasium; (E) little theater, music, and industrial
arts; (F) administration, home arts, art, and com-
mercial; (G) library, languages, and sciences; and (H)
service and kitchen facilities.

2. South High School will include a central kitchen for the prep-
aration of food for 5,000 students.

3. The buildings and their facilities are, designed to be readily
adaptable to future educational programs. Changes in the
program can be accommodated by virtue of the flexibility in
the size of spaces, the several uses to which a single space
can be put, and the absence of stereotype identity in the pure-
ly academic teaching stations.

Since this high school is to be a consolidation of existing schools,
and considering the possibility of normal growth in the future, it
was decided that the overall planning of facilities should follow the
"little school" concept.

SITE SELECTION AND DEVELOPMENT

Due to th ,. large amount of land required for South High School,
shown in Figure 1, and the extremely hilly country around Weirton,
the number of sites suitable for its location was extremely limited.
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After careful study, a site of 56 acres was purchased by the Board
of Education. It is adjacent to a relatively new residential develop-
ment, in close proximity to the center of student population, and
convenient to the community for various utilization for public func-
tions. The topography of the site, together with the points listed
above, dictated a campus type of plant for the school. The school's
1,500 students will be housed in a series of three academic build-
ings or °little schools* of 500 students each. The master program
provides for a fourth "little school" when needed.

UTILIZATION OF SPACE

Each 'little school" serves its student body for classes in Eng-
lish, mathematics, and social studies. The principal or prime ad-
n,.:nistrator for the entire high school is located in a separate ad-
ministration building. An assistant principal and administrative
personnel will be housed in each °little school."

Probably the most interesting change in approach falls in the
area of guidance. The guidance program is decentralized so that
available guidance time is divided among the "little schools," and
the guidance people, instead of being abranch of the administration,
are members of the team of teachers to which they are assigned.
Thus, the students have individual identities to the guidance staff.

Adjacent to the central administrative room in each "little
school" are a teachers' workroom, lounge, and a conference room
which will serve as a teachers' diningfacility away from the multi-
use space where students will eat.

It is hoped that teachers in the °little schools" will operate as a
team and have common planning time. Suchteachers are not assigned
to classrooms. A staff center is located within the classroom area.
Here, each teacher will have a desk, files, and storage space. With-
in this room is conference space for teacher and student, or for
small group meetings. From this staff office, teachers wt'll go to
whatever classroom accommodates the class on his or her schedule.

Eight classrooms, each of which will accommodate 30 students,
are located within each unit of the "little schools.* Two classrooms
are divided by folding partitions to provide for small-group teach-
ing stations. Folding partitions are also provided between two of
the large classrooms , in two instances, thereby increasing the capa-
city to 60 stude.Its where necessary. Groups of up to 200 can be as-sembled in the multi-use room, which also serves as a cafeteria.
A small serving kitchen in each building will receive the food from
the central kitchen. This simple kitchen facilitates the use of the
multi-use room for community dining purposes.

The organization of the high school in this manner makes it easy
for a branch college to utiiize one of the academic buildings, for
the classrooms are free of high school teacher-station apparatus.
The two educational levels can utilize the same building without
hampering the use of the facilities by either.
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VERTICAL DIVISION OF CAMPUS

The campus is divided into two vertical levels. Public and auto-
mobile traffic enter the site on the upper level, on which is located
the administration building. This building also houses home arts,art, and commercial subjects. Also on the upper level is the little
theater building and tho upper portion of the library-science build-
ing. On the lower level of the campus are a service building con-taining the central kitchen, a gymnasium, and the three °little
schools,* together 'with the lower level of the library-science

The central kitchen uses wheeled carts to servethe food to eachof the *little schools.* Academically, the *little schools* funnel
the student traffic into the library, on the same level, and then it
moves vertically to the second floor of the library building, wherethe science laboratories are located. From this level, the student
can move to other special facilities areas. This focal building is
the only one in which vertical change between the two campus ele-
vations can be made. Outside traffic moves freely between the build-
ings by means of ramps or steps.

LIBRARY, LANGUAGES, SCIENCE FACILITIES

Immediately adjacent to the academic buildings is the library,
languages and science building. This two-story structure consists
of library and language laboratories on the first floor, and science
rooms and branch college administration space on the second. The
three major subjects taught in the academic buildings English,
social studies and mathematics --have assigned departmental cen-
ters in the library area. Staff members and students from the *little
schools* can 'use the areas adjacent to the library for concentrated
pursuit of their subjects. The language laboratories also have a
center for staff work and individual conference space.

The second floor of the library-science building houses twoscience laboratories for use in chemistry andphysics. Three otherson this floor accommodate the life sciences. One of these roomsis provided with a projection dome for use in astronomy. A specialprojects area is centrally located for both physical and life scienceprojects. On this floor, immediately accessible fromthe upper levelof the campus, is a small area devoted to branch college adminis-tration. This space is physically detached from the high school. Aseparate staff and conference room in the science area curies
through the detachment of a particular teacher from a particular
teaching station.
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ADMINISTRATION, COMMERCIAL,
AND ARTS DEPARTMENTS

Overall administration of the school is concentrated in the prin-
cipal's office, located in the administration, home arts, arts and
commercial building. This simplified administrative area consists
of general office, teachers' work room, and a principal's office.
The commercial office contains rooms for typing, stenography, of-
fice practice, distributive education, and two classrooms separated
by a movable partition to permit conversion toa single, large teach-
ing station. The home arts suite consists of a room for classes in
cooking, a living center with facilities for patio and outside teach-
ing, and a sewing center. Across the corridor is the art department,
with a ceramics center and outdoor sculpture court.

THEATRE, MUSIC, INDUSTRIAL ARTS

Across the campus from the library is the student activities
center, consisting of facilities for a little theater, music, and in-
dustrial arts. The student center consists of a lounge area, visually
open to the central campus, a student store, and a student bank.
The latter two are administered by the student body. The lounge
area is also the entry and main lobby for the little theater, which
seats 300. It is expected that the little theater area will be a multi-
purpose facility. It is possible to separate the major portion of the
platform area from the seating space, and utilize the seating area
for lectures, while simultaneously performing activities such as
TV production on the remainder of the platform. The TV control
room is located at the rear of the platform area.

The seating area within the little theater is extremely flexible.
Every two rows of seats are on the same platform level, one row
being on standard height legs, and the other on extremely short
legs, utilizing the edge of the platform for normal seat height. Each
row of standard height seats can be removed and replaced by tableb
for testing purposes, or for cabaret purposes during student func-
tions. The little theater separates the industrial arts area from the
music area. One large, 2000 sq. ft. bandroomhas permanent risers
in a semi-circular seating arrangement, and ample instrument,
robe, and uniform storage facilities. An office and library of more
than 300 sq. ft. also has listening booths for auditing tapes and re-
cordings. An ensemble room can be utilized by the little theater
as a dressing room.

The industrial arts area consists of spaces for wood and metal
arts. Both are provided with adequate material, storage space, fin-
ishing space, and project storage space. A separate room devoted
to graphics is adjacent to the wood arts area, and a room devoted
to mechanical drawing is accessible from both of the arts areas.
Between the wood and metal arts areas is a staff planning and con-
ference room, and a common classroom for group discussion
purposes.
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PHYSICAL EDUCATION

The gymnasium is in close proximity to all outdoor activity
areas. It contains a standard court with a side-court seating 1,400
people. A folding partition parallel to the long dimension of the play-
ing court divides the gymnasium into two standard basketball courts
when the seating is retracted. One court will be utilized by the boys,
and the other by the girls. The boys' locker rooms and two team
rooms axe adjacent to the boys' side of the gymnasium, and acces-
sible from a platform at the end of the main playing court, The
platform can be closed off fromthe gymnasium and used by the boys
for individual and group exercises, thereby creating two teaching
stations for the boys. The girls' locker room is adjacent to the en-
larged lobby in this building, which is designed for use as the girls'
exercise area, thereby creating two stations for the girls.

At the entrance to the gymnasiumbuilding is the nurse's station,
with two rest areas, an examination office, and a testing room. Ad-
jacent to the lobby of the building is a classroom for health educa-
tion. The space over the toilet areas contains a classroom of about
1,200 sq. ft. for driver training. The remainingbuilding on the cam-
pus contains the central kitchen, general storage facilities, and me-
chanical plant. All utilities are fed underground to the individual
buildings within the campus.

TRAFFIC CONTROL

The site has access from two streets into a common parking area
adjacent to the administration building. The parking area is located
for quick service to the central kitchen and service building. A sep-
arate drive for buses terminates at the academic buildings. The
entrance drives, parking areas, and bus drives are located on the
periphery of two sides of the site. There is no penetration of the
site by vehicular traffic, and the students move freely, without the
hazards of moving traffic. The walks within the campus provide
easy passage between buildings and between levels. Walks provide
access for emergency vehicles to two buildings on the campus which
are not available from drives or parking areas.

ENVIRONMENTAL CONSIDERATIONS

The school is located approximately one mile from the Weirton
Steel Mills, and will be subject to much atmospheric abuse. The
smoke from the mills is sulfuric, and this factor was a strong ele-
ment in determination of the physical shape and materials used for
roofing, The roofs are sloped so as to be self-washing and to rid
themselves immediately of the dilute acid precipitated into the at-.
mosphere. No objects penetrate the roofs except plumbing vents,
Air intakes and exhausts are placed in gabled ends of buildings. A
very dense, low-absorptive brick was selected for exterior wills.
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The design, products and material dictated by the conditions at
the South High School site were carried over to the physical plant
at North High School and Chester Elementary School for reasons
of economy in bidding and construction. The eight buildings at
South High School, four at North High School, and two at Chester
Elementary School were bid at the same time. Construction con-
tracts on the three schools were awarded in June 1962, and occu-
pancy of at least the academic buildings was scheduled for Sep-
tember 1963.

Eureka College
Eureka, Illinois
By John E. Severns and Ambrose M. Richardson, Richardson,
Severns, Scheeler Lk Associates, Architects

THE PROBLEMS INVOLVED in planning the small college are
best expressed in an observation by Sydney Harris, columnist
and author: *There is never enough time. There is never enough
space and there is never enough money.* However, without prob-
lems there would be little progress.

The problems and principles of physical planning apply to large
and small institutions alike. These principles recognize that any
physical plan must be an outgrowth of an institution's academic
program. The physical development to house its academic and
supporting functions can be no better than the goals of the insti-
tution, and the changing policies and programs which implement
these goals.

In addition, a physLal plan must provide for continued orderly
growth and circulation without the context of its relationship to
the community at large, and a recognition of the problems of
finance, existing facilities, and utilization of space.

We might outline the characteristics of the typical small
college; not the on, that is well endowed and academically ex-
cellent, but the one that needs help. This type of institution has
from 300 to 1,000 students. In 1972 it may have an enrollment of
from 900 to 3,000. Many such colleges originated as church-
supported schools. Their student bodies are largely resident, and
drawn from the church constituency and the immediate area.

The academic program is basically liberal arts, with a large
percentage of the graduates going into teaching and other service

SEVERNS, JOHN E. Partner, Richardson, Severns, Scheeler &
Associates, Architects; member, American Institute of Architects
RICHARDSON, AMBROSE M. Partner, Richardson, Severn.,
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of Architects.
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professions, although interest in the natural sciences is increasing.
The student-faculty ratio may range from 5-1 to 25-1. Twenty to 35%
of the current graduates take graduate work at other institutions.

The campus is characterized by mixed styles of architecture,
with buildings seldom disposed in accordance with any functional
relationship. The structures are generally more obsolete than those
of public institutions. They are low-rise, of two to four stories, and
small in frzea. Land coverage is on the order of from 20% to 25%.
Classroom space may be adequate for the need, and may even reflect
poor utilization, but special facilities are limited, and faculty accom-
modations may be completely inadequate. There are no standards
for space allowances for various functions, or for space utilization.

Fiscal policies may be rudimentary, and records incomplete.
The primary sources of income are tuition and support from the
church. Business and industry support is on the increase, as is
aid from foundations. Federal support for capital improvement is
almost entirely for student housing, food service, and student
union facilities. Research is minimal.

The staff is engaged in full-time, continuing academic planning
and no one is engaged, even on a part-time basis, in physical
planning and related activities. Under these circumstances, the
architect-planner functions as a catalyst, and may in time almost
become one of the "college family."

BASIC PLANNING CONSIDERATIONS

Orderly campus growth dictates that each discipline be free
to expand without limiting the expansion of other units, or dis-
turbing overall relationships. It is, however, necessary to consider
interim use of space by varied functions, since no discipline can
justify an entire structure of economical size.

The unpredictable supply of funds for capital expenditure fur-
ther complicates the problem. Efficient reuse and economical
renovation of existing buildings on the small, private college
campus may be less practical than on those of their public counter-
parts, due to age, size, and a generallylower level of maintenance.
Similarly, the utilities distribution system suffers by comparison,
and may not be readily improved. These problems may be more
acute than in larger institutions, but relative size is a mitigating
factor. For example, time and distance are not important consider-
ations in site planning for the small campus.

Generally, land acquisition is not an acute problem. The de-
mands on the large university for sites for research, extension
programs, etc., seldom exist on a small campus. We are thus
able to rule out two of the least predictable factors in the campus
planning spectrum. Perhaps most important, the scale of the campus
lends itself to the creation and maintenance of an appropriate
environment. There is intimacy of contact between student and
staff which does not exist in large schools. With these differences
in mind, let us consider the case of Eureka College.
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Eureka College is located in Eureka, Ill., a community of
2,500 about 140 miles southwest of Chicago. The college was or-
ganized in 1848 and chartered by the State of Illinois in 1855. It is
situated on a wooded, sloping site. In 1960, when this study was
made, there were 300 full-time equivalent students. It was pre-
dicted that enrollment would increase to 600 by 1970.

Although no comprehensive physical planning had been under-
taken prior to our retention as architects, the college had been
in the process of a major self-appraisal. The development plan,
then, was in some respects a crystallization of this self-analysis.
The planning process took the following course:

1. Establishment of clear definition of goals.
2. Analysis and inventory of existing facilities.
3. Analysis of enrollment and class registrations and schedules

to determine present utilization of facilities.
4. Development of basic academic and physical planning as-

sumptions.
5. Detailed analysis of space and functional requirements de-

veloped from these assumptions.
6. Development of land-use and circulation patterns.
7. Studies of development plan.
8. Study of long-range plan.
9. Recommendations.

DEFINITION OF GOALS
The definition of goals was achieved by consultation with the

administration and staff. Every effort was made to take an ob-
jective view of various aspects of growth, possible means'of
financing, potential changes in academic policy, and changes in
size and character of the student body. It was finally agreed that
the basic academic and administrative organization would remain
constant, and that except for housing, student union, and food
service facilities, which may be financed through government
programs, all funds would be derived from the church constituency
and from private business and agencies.

Since the college is sponsored by the Disciples of Christ, ex-
pansion is subject to the approval of the church, as well as to the
Board of Trustees of the College.

ANALYSIS OF EXISTING FACILITIES AND FUTURE NEEDS

The general goals were translated into definitive planning as-
sumptions and space standards. Existing facilities were evaluated
as to obsolescence and utilization. The projected enrollment was
converted into an adjusted course registration from which an esti-
mate of the number of classrooms and laboratories required
could be made. Projections of academic and administrative staff
established the requirements for office space. Supporting facilities,
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including food service, housing, student union and physical plant,were similarly projected. Adding the chapel provided a totalbuilding area for the campus. Land area projections were basedon physical education and recreation needs, parking, and thegeneral desirability of a 20% land coverage for buildings. Thesummary of these findings, together with the detailed estimatesof the space needs of the various disciplines, permitted develop-ment of a physical plan.

DEVELOPMENT OF LAND-USE AND CIRCULATION PLAN

As important as the projection of space requirements in thedevelopment of a comprehensive plan is the relationship of thefunctional areas to each other and to the total environment. Theserelationships should express the objectives of the institution, andshould allow for orderly growth of each segment within its re-spective zone. Also related to this land-use plan is the circulatorysystem for pedestrian and vehicular traffic.
The land-use and circulation plan includes seven zones: aca-

demic; chapel, union, and food service; parking; student housing;open land; physical education and recreation playing fields; andphysical plant.
The circulation plan envisions separation of pedestrian and vehic-ular traffic so that the academic block is a pedestrian "island* withtraffic and parking on the periphery. Service would be accomplishedby use of sidewalks designed for limited vehicular access.The land-use and circulation plan then became the foundationfor a series of plans intended to test the validity of the zone re-lationships, and develop appropriate building-massing and dis-position.
The academic plan evolved from the basic organization of fourdivisions -- humanities, social studies, natural sciences, and edu-

cation-psychology-- grouped around a core including the chapel,general college, and administration. Such a distribution of elementswould permit expansion in the various disciplines, yet wouldallow for orderly circuiation among classes. Further analysis ofthe existing academic structures, together with the supportingareas and possible routes of expansion, resulted in several possiblecombinations of building size and groupings. After these alterna-tives had been weighed by our staff and the college administration,
and an objective appraisal had been made, a preferred plan wasdeveloped and recommended to the Board of Trustees for approval.This plan is illustrated in Figure 1.

No plan, of course, is static, and it was therefore necessary toconsider long-range plans to assure that continuing orderly growthcould be possible within the framework of the proposed develop-ment plan for 1970. For this reason, allowance has been made fora long-range expansion of at least 50% beyond the 1970 projec-tions in all areas.
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Figure 1 -- Proposed development plan for Eureka
College in 1970. Key: (1) Chapel; (2) Library;
(3) Administration; (4) Burgess Hall, academic;
(5) Vennum Hall, academic; (6) Old Chapel, aca-
demic; (7) Old Gymnasium, academic; (7a) New
Gymnasium; (8) Future academic; (9) Student Union;
(10) Food Service; (A) President's residence;.
(H) Student housing; (PP) Physical plant.

RECOMMENDATIONS

In substance, the recommendations included: adoption of the
proposed plan as a base for further development; the establish-
ment of certain building priorities; the establishment of a planning
committee representing the faculty, administration, and Board;
and the establishment of a landscape plan. Emphasis was placed
on the need for careful architectural study to insure total campus
cohesiveness and the general compatibility of new buildings in
terms of form, general relationship, materials, and scale.

SUMMARY

Two years later, changes in some specifics of the plan
have been made. Enrollment is now expected to be 800 rather
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than 600 in 1970, because of the accreditation of the college by
the North Central Association in the summer of 1962.

A permanent residence hall has been deferred and a facility
of less permanent character substituted because of financial con-
siderations.

A new food service building, on the site proposed in the plan,
was dedicated in October 1962.

A library has been designed, and the project is in the fund-
raising stage at present. In each of these cases, the program for
the facility was modified somewhat from the planning study. All
these changes have been absorbed without loss of basic principle
or direction.

It may be said, with some justification, that such a procedure
for planning a college which only anticipates a growth of 500 stu-
dents over the next seven years is overly complicated and laborious.
An elementary school of similar magnitude would not be considered
a major planning or architectural problem. However, it should be
pointed out that the problems of planningfor an institution of higher
learning, no matter how small, warrant a great deal of considera-
tion, since those institutions are the very heart of our educational
future. It is fitting that we in the building industry recognize their
needs and our obligations to provide them with creative profes-
sional and technical services.

Panel Discussion
Moderator: William S. Kinne, Jr.,* Univeristy of Wisconsin

Panel Members: Messrs. Obata, Buchen, Herrick, Kellam, and
Severns, and:

Edmund J. Gleazer, Jr., Executive Director, American Asso-
ciation of Junior Colleges

George 0. Weber,* Director, Physical Plant and Supervising
Engineer, University of Maryland

Mr. Gleazer: I have a deep interest in planning educational facili-
ties. Today, we have the opportunity of establishing about 20
new collegiate institutions each year. Planning these institutions
from the beginning presents us with some remarkable oppor-
tunities. One thing that has concerned me a great deal, however,
is the lack of direction from the educational community itself.

*BRI member
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Our perceptions are limited. Architects and educators look
at educational planning from necessarily different viewpoints.
We should ask, What is the responsibility of a group such as
this toward the stimulation of critical thought, as we approach
problems of planning? What kinds of questions should planners
ask? How can we test our assumptions?

We do know that universities are changing in character.
There is a drive in Missouri to have the University of Missouri
establish itself in Kansas City and St. Louis, as well as in its
more rural setting in Columbia. The University of Michigan
has already established additional campuses in Dearborn and
Flint. In many of our major universities, there has been a
reduction in lower division enrollment. One of the new public,
state-supported universities being established in Florida will
have no lower division at all. Its source of enrollment will be
junior college graduates and transfer students.

We knew that there will be changes, yet many people working
in different disciplines are not acquainted with these changes.
I think one of the basic things to be considered is what we can
do about the assumptions upon which our planning is based.
Another is how we can utilize, or stimulate the utilization, of
experimental data. To what extent is research being done by
psychologists, sociologists, anthropologists, and others inter-
ested in human behavior? To what extent is this type of re-
search being made available to those who have responsibility
for establishing requirements and for worldng with architects
and builders?

Even on a university campus there is not always good
communication between the people responsible for planning and
those working in the behavioral sciences, yet the data produced
by these investigators has much to do with the effectiveness of
our planning. I am disturbed about our basic assumptions, how
we can test them, and particularly, the role of the professional
planner in asking the questions that will test these basic as-
sumptions and lead toward the utilization of the basic research
data coming out of the behavioral sciences.

Mr. Weber: To planners, I would say make a place for my col-
leagues, the physical plant administrators in the operation
and maintenance field, on your planning team. Their experiences
gained in living with the end result of the dreams of architects
and planners would probably be worthwhile.

Another thought I would like to present has to do with the
need for collective efforts in trying to come up with answers.
Our world is made up of compromise, and this must be recog-
nized when buildings and campus plans are being developed.
however, one must not get into a position where, because of
expedience and in an effort to make a project go, he gives in

jf
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on what might appear to be a very trivial point but one which,
in his opinion, is completely wrong. Keep the question open.
Ask for a little more study, on paper, before the'building be-
comes brick and mortar. For instance, would you think that
six inches more width in a single bedroom was a serious prob-
lem? In one case it stretched a nine-story domitory from 286
to 316 feet, and ran the price beyond the budget.

I fail to understand how architects can design what educa-
tors cannot describe. Individual architects have accepted the
challenge and fitted themselves into the picture. I know that
the American Institute of Architects has no publication on how
to properly program buildings for universities and colleges,
because I have tried to obtain it. Here is a needed piece of
work for architects, who have to take the brunt of all the blame
and responsibility for the end result.

For lack of proper guidance, many of us have resorted to
architectural programs developed out of sheer necessity, which
probably fall fax short of the ideal. But now, having been at our
institution for 17 years, I have seen what excellent teamwork
can result when everybody is consulted, and what dire results
ensue when the people who are going to use a building don't
have a chance to express themselves. Getting a widely variant
group together seems to me to be the answer to obtaining a
proper program, providing one person is then completely re-
sponsible for articulating the wishes of all.

Paul Achenbach, National Bureau of Standards: Are any school-
planning groups maldng efforts to incorporate fallout shelter
characteristics in new buildings on a dual-purpose basis?
What are your attitudes about the Federal Government's pro-
gram to provide shelter space for school children?

Mr. Severns: The library we have planned for Eureka College has
provision in the program for a fallout shelter, but it will be
built only if someone other than the college provides the
money. It will not spend its money for a fallout shelter in lieu
of expanded library facilities.

Mr. Kinne: What has been the attitude of the institutions with
which you have had contact concerning provision of space for
storage of civilian defense equipment, etc.?

Mr. Weber: We are close to Washington, which we think
would be the primary target. You have probably seen reports on
protection factors that your buildings offer. I think a program
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will be financed shortly to allow you to stock your fallout
shelters, and the protective ratios and capacities willbe posted.
We are in the process of developing an organization for moni-
toring, for wardens, etc. The Cuban crisis hastened us into
accelerating a normal trend of development. When we build a
building having a large basement area, we use reinforced
concrete in the ground, and we think in terms of dual use. We
are not, however, converting existing structures that do not
measure up to minimum protection ratios.

Mr. Severna: The University of Illinois Medical Center has been
asked to provide storage space. Its facilities have been sur-
veyed. The question, however, is one of available space. The
University is about four years behind in its building program,
and the space for any function is at a premium.

Mr. Kinne: Ohio State University Is already a very large institu-
tion. For how much additional growth does its master plan
provide? Is there a maximum size beyond which any one uni-
versity should not grow?

Mr. Herrick: We are providing in our plan a framework into which
the university can grow as required over the years. We have
no specific total, enrollment in mind. We used 44,000 for our
calculations on teaching space, office space, etc., thinkIng in
terms of 30,000 undergraduates, 10,000 graduates, and 4,000
professionals. Our plan could be adjusted to exceed this figure
by 10,000 or more, but our goal was to have a plan that would
work at any intermediate point between our present enrollment
and 44,000. We thought it best not to fix plans and rigid limits
in a way that might create intolerable conditions later, when
the size might need to be adjusted. I see no objective way of
determining the optimum size of an institution. If there is
such a size, I suspect that the larger institutions exceeded it
years ago. Bigness does have some advantages, such as making
it possible to attract research grants and highly-qualified
graduate students and faculty members. Bigness may not be
nearly so detrimental to the advanced or graduate student as
to the freshman or sophomore. Also, most college freshmen
have traveled extensively and TV, radio, etc., have broadened
their horizons with the result that they axe less perturbed
than their elders about the bigness of an institution.

Mr. Gleazer: The best study I know of dealing with optimum en-
rollment in a college was one made at Hamilton College in New
York a few years ago. It dealt with social and academic values,
as well as with economic ones. For that type of college, the
optimum size was found to be about 800. The University of
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California has come up with an estimated ceiling size of about
25,000, but this is a subject of great controversy, and will
continue to be so.

Milo D. Folley, Sargent-Webster-Crenshaw & Folley: Are the build-
ings at Southern Minois University air conditioned? What about
sun control for the administration building, with its large glass
areas? What about noise control in the open center well of
the library?

Mr. Obata: All of the buildings will be air conditioned. As to sun
control, we do have glass from 30 in. above the floor in the
faculty offices; however, we feel that these small offices should
have a view of the beautiful countryside. We do have a five foot
overhang on the buildings to control the south exposure. There
is no problem on the north, but we do have problems on the
east and west. Here, we will depend on venetian blinds. In
the matter of sound control in the library, it is felt that there
is enough control exercised by the librarian. The whole building
will be carpeted. Some tests on the background noise level
for libraries have been run, and it is felt that a limit of 35
decibels will permit people to move about without disturbing
others.

William Lukacs, Architect: At Grand Valley State College, what
happens to students in each building in their second, third, and
fourth years? Are different subjects handled in any one
building?

Mr. Buchen: Different subjects are taught in the same building.
That is the purpose of the learning center; to mix the faculty
and to mix the subjects taught. We would hope to mix the stu-
dents at different levels within the same building, rather than
draw a sharp line between students in different years, for we
think the intermingling of students at different levels is im-
portant to their education.

Mr. Kinne: In the planning for design of your complex in West
Virginia, what did you find as regards the pattern of the high
school? How many students were taidng their terminal educa-
tion, and how many were in a college preparatory program?
Did this have any particular effect upon the way you planned the
buildings in the complex?

Mr. Kellam: I think the percentage of college-bound students is
probably low within that school district. However, I don't think
the makeup of the high school itself was affected greatly by
the number of students going on to college. The fact that this
facility may be used as a branch college did affect, materially,
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the *little school* concept. This, we believe, will help the
college situation, as well as the high school situation, in terms
of what the school district is trying to do in its educational
program.

Unsigned Question: The case study of Eureka College is repre-
sentative of a rural or exurban density of land use. Is this
appropriate for an urban situation, particularly one with an
essentially commuting population?

Mr. Severns: We cannot hope to maintain a low density of land
use in an urban situation. Our experience in worldng with the
Medical Center of the University of Illinois, which is essentially
a high-rise group with about a 60% land coverage, and buildings
ranging from five to 14 stories, leads us to feel that although
it may not be appropriate in an urban setting to maintain this
low intensity of land use, it is quite important to maintain some
open area. Thoughtful disposition of buildings and appropriate
landscaping help create an environment which can contribute
greatly to the interchange between students and faculty, a bene-
fit so often lacking on the urban camims.

Mr. Obata: How high the building should be, and how spread out
the campus, depends upon the human scale -- how far you want
the students to go up, and how quickly, and how far you want
them to move horizontally. We have 2,600 acres at Southern
Illinois, but the compactness of the academic core was de-
termined by how far we wanted the students to go up (three or
four stories) and by the distance from the parking area to any
academic building. This limited our essential academic area
to 220 acres.

W. Wieting, Perkins & Will, Architects: Has the fire maxshal ap-
proved the open wells and stairwells on the Southern Illinois
campus?

Mr. Obata: We were concerned about this, and therefore we ob-
tained a special consultant on fire safety. He has checked all
of our fire stairs, our open wells, etc. In some areas, we have
had to install sprinkler systems. However, our consultant
worked closely with the State Fire Marshal, and we have re-
ceived approval of these buildings.

Unsigned Question: What importance do you attach to wide dis-
semination of planning information within the institution, to the
legislature, and to the community at large?

Mr. Herrick: We decided that we had to have wide dissemination
of information among the faculty, partly in reaction to the *star
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chambers approach that prevailed earlier in our institution as
well as in many others. During the course of our study we
distributed to ti faculty what we called °campus planning
bulletins," which ...ecgan with an announcement of the purpose
and nature of the study and the general procedures, and ended
with a summary of the final report. We received a great deal
of faculty support as a result of these. We also made numerous
reports to community groups and to legislative groups. I think
we have, for the first time in many years, a good relation with
the city. For example, the City Planning Commission was a
part of our team at certain stages, and there were no proposals
for change in street pattern or expansion of the campus that
it did not know about and concur with prior to publication of
the report. We are now in the fortunate situation that any pro-
posed variance or chanp in zoning in the university district
is referred to us, before it ever goes to the City Planning
Commission for a decioion. This is a very favorable climate
in which to work.

A. R. Hough, Hough Manufacturing Corp.: Would you comment on
the practicality of the multi-building plan in West Virginia
winter weather?

Mr. Kellam: The decision in this case was arrived at by every-
one involved. It was not something that we pushed off onto the
school board as a design feature. Its serious consideration
was the result of the site we had to work with, and the educa-
tional program. However, this certainly is not to say that the
educational program determines the shape a building musttake.
Any number of architects can take an educational program and
come.up with their own particular physical solutions.

Mr. Hough: Have you had any reaction on the part of teachers to the
substitution of the "home office* for the °home rooms concept?

Mr. Kellazn: There has been none. Of course, the buildings are
not yet completed. The teachers and some of the staff par-
ticipated in the discussions which took place, and their com-
ments seemed to be very favorable.

Unsigned Question: Has the ultimate retirement of proposed units
been given any consideration in any current planningprograms?

Mr. Kellam: Not in our case. We are planning the replacement of
certain existing one- and two-story buildings which create a
high degree of land coverage in order to make more efficient
use of the land. This is the principal reason for replacement,
but we are not planning any new buildings with a definite date
of obsolescence.
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Mr. Severns: At Eureka we are contemplating removal of some
structures that are either presently obsolete or that will
become obsolete. No definite time limit has been set at present.
We anAcipate, in the case of housing, retaining them for from
two to fi7e years.

William Lukacs, Architect: Please describe the *scrtunble" dining
room in the student center as to operation, service, seating,
clean-up, etc.

Mr. Obata: In contrast to the standard cafeteria, in which the
slowest peroon in the line establishes the speed, in a *scramble*
system there are a number of serving stations and several
cashiers. The system works well, and we anticipate being able
to serve some 5,000 students in a matter of two hours. Diners
sit at tables of their choice, and there are two exit points where
they leave their trays and soiled dishes.

Mr. Kinne: I should like to call attention to the fact that I am, as
you will note in the program, a consultant for the University
Facilities Research Center, a group which has largely been
subsidized by Educational Facilities Laboratories, Inc., and
sponsored by the Western Conference of Big Ten Universities
and the University of Chicago. We have a number of publica-
tions which are available free. These deal with design criteria
for college and university buildings. If anyone would like to
avail himself of these publications, he can write to me at the
University of Wisconsin. I will be very glad to add individuals
or firms to our mailing list for publications now in print, or
to be published. There are a number of new ones in the offing.
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Evaluation of Climate Control
and its Contribution to an

Effective Educational Program
By Floyd T. Christian, Pinellas County, Florida
Board of Public Instruction
Abstract: This is a comparison of two schools, one equipped with air conditioning
and one without, in terms of cost of maintenance and depreciation, educational
outcomes, and the incidence of physical illnesses and psychologicalproblems
among pupils. Two junior high schools were employed in the study, each meeting
similar standards of area, enrollment, and cost of construction. The schools are
described physically, and the mechanics of theprojectare considered. Preliminaty
findings are reported.

EARLY IN 1959 OUR STAFF CONCEIVED THE IDEA of building
two equal facilities for junior high school students, air conditioning
one, so that their reldive merits could be studied.

The idea was introduced as a climate control project, and
received favorable support in the local news media. The state
superintendent and school plant director were also enthusiastic
about what we proposed to do, and they helped make minor changes
in state regulations to facilitate the project.

DESIGN OF THE TWO SCHOOLS

Charles Colwell was commissioned to design the nonair-con-
ditioned building, and he developed plans for a sound, traditional
school, Pinellas Park Junior High School. In our area of the country
"traditional" means a building constructed so as to take advantage
of natural breeze.

James Bruce was commissioned to design Oak Grove Junior
High School, the climate-controlled school. It was stipulated that
the design must be similar to the building designed by Mr. Colwell
in terms of the amount of space allocated for different school
activities, and costing not more than $9.00 per square foot.

THE RESEARCH DESIGN

With the preliminary drawings of the physical facilities avail-
able, our research director began to construct a research design
which would thoroughly investigate the two schools over an extended,
CHRISTIAN, FLOYD T. Superintendent, Board of Public Instruction,
Pinellas County, Florida; member, American Association of School
Administrators, Florida Education Association, National Education
Association.
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period of time. Since this type of project was novel, there was
some minor modification of the original research design. As sub-
mitted to and approved by the U. S. Office of Education, it contains
the null hypotheses that there is no significant difference between
a climate-controlled school and a nonclimate-controlled school
(a) in the cost of maintenance and depreciation, (b) in certain
educational outcomes when certain other factors are controlled,
and (c) in the incidence of certain physical illnesses and psycho-
logical problems.

Under Public Law 531, the U.S. Office of Education agreed to
supply $57,000 to help us carry out the three-year study. Our
research project is entitled "An Evaluation of Climate Control as
a Contributing Factor to an Effective Educational Program.* This
is a three-year study in which we are examining compactness
combined with climate control, versus the campus or wing-type
school with natural and mechanical ventilation.

With the project begun, we received further assistance from
the School Facilities Council and our County Board of Health.
Also, while the results of the first year of research were being
accumurated, the American Society of Heating, Refrigerating, and
Air-Conditioning Engineers supported an extension of the actual
field research for an additional year. The research project began
in October 1960.

COMPARISON OF THE TWO SCHOOLS

The floor plans of the two schools compare well in terms of
area. Figure 1 presents a comparison of the two schools. Areas
allotted to functions within the schools are very similar. According
to definitions of the American Institute of Architects, the gross
area of Oak Grove is 70,481 sq. ft. and that of Pinellas Park is
74,678 sq. ft. Details on areas and costs of capital investment have
been reported in the June 1962 issue of the ASHRAE Journal.

These research schools include the 7th, 8th, and 9th grades.
This age group is flexible and highly adaptable, yet the students
are in a highly difficult transition period, that between elementary
and senior high school.

Pinellas Park School

Let us consider some construction points of Pinellas Park,
the pod-type, nonair-conditioned school. This plant has a mall
that serves as a central gathering and traffic area between each
two pods of eight classrooms. The malls connect with walkways
leading to the gymnasium, cafeteria, auditorium, and library
sections. There is an abundant use of glass on all sides of each
classroom pod. The bottom third of each window is opaque.
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Figure 1 -- Plans for the Oak Grove and Pinellas
ParK schools show (a) administration area; (b) band
area; (c) classrooms; (d) dining facilities; (e) library;
(f) stage; (g) gymnasium; (h) home economics area;
(k) kitchen; (1) lockers; (p) power plant; (s) shop;
(v) electric vault.

There are eight duplex classrooms in this building. A duplex
is two standard-size classrooms divided by a folding door pro-
viding excellent acoustical protection. Two teachers may work
separately with their students, then push back the door and unite
the groups for an experiment or an audio-visual presentation..

The standard classroom contains approximately 750 sq. ft. The
ceiling is exposed, with prestressed concrete beams. In each
classroom are 2 ft. x 6 ft. louvered skylights. In each corridor,
serving two regular classrooms and one duplex room, are two
plastic sky domes and a 4-ft. exhaust fan.

The Pinellas Park industrial* arts building contains a typical
Junior high school shop in which are taught woodworld.ng and a
small amount of craft work. This building is amply skylighted,
and has two-foot windows on the east and west, along the entire
length of the building.

The gymnasium-auditorium building is unique. Starting at the
west end, first are the shower rooms, then the gym bleachers and
the gym floor. Next, there is a 60-ft. door opening into a teaching
auditorium seating 200 students. Beyond the auditorium there is
a stage 15 ft. deep, and another folding door which opens into a
cafeteria seating 400. This is used for assemblies, testing, PTA
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meetings, and community events. This building can be opened for
its entire length and accommodates 500 people.

Oak Grove School

Oak Grove Junior High School is the compact, climate-controlled
school. From the east, a solar screen protects the classroom mall
along the first set of four classrooms. As we move north along
the east wall, we next find a student entrance and at its right is
the library. Beyond the library is the administration section entrance
and at its right is the library. Beyond the library is the adminis-
tration section entrance and to the right of this are offices and
teacher work areas. The main office of this school is an attractive
center, well-designed for accessibility to other offices. As in
Pinellas Park, the classrooms are approximately 750 sq. ft. and
there are single and duplex arrangements. In each classroom is
a unit ventilator opening into a chaseway running the length of
the building. The chaseway supplies fresh air and carries all
piping and wiring. Since this was our first air-conditioned building,
we may have used more glass than necessary. We also left operators
on the lower sections of the windows. The ceiling has glass fiber
acoustical tile with 4-in, mineral wool batts above it, a 9-in, dead
air space, and a built-up tar and gravel roof. Ceilings throughout
this school are 9 ft. 4 in. high.

Students use a main east-to-west mall that is 32 ft. wide, as
well as 12-ft. halls leading south into the classroom areas. Leading
north from the main mall are two 22-ft. malls serving the adminis-
tration, cafeteria, gymnasium, shops, and teaching auditorium.
There are lockers along the walls of these passageways. Students
can go to their lockers and change classes within three minutes.
An evacuation of the school in emergencies takes only 42 seconds,
since all malls lead directly to the outside. Students do not get
wet on stormy days during class changes, as they do in the tra-
ditional building. In addition, at the end of each classroom hall is
a covered bus-loading area.

All passageways have ample 4 ft. x 4 ft. plastic sky domes.
There are 88 of these in the roof of this school, which has four
different elevations. None of the passages is air conditioned, so
there is little effect on cost of operations from allowing so much
sunlight into these areas.

A separate building at the north of the plant houses the cooling
and heating equipment. We have learned to allow ample room in the
equipment centers, as a means of labor saving, both in construction
and in service. The cooling equipment consists of two 60-ton con-
densers driven by gas-fired engines. Another 60-ton unit will be
installed as enrollment expands to 1,200 students.

Hot water for the cafeteria, showers, and heating is supplied
from a gas-fired boiler. For heating and cooling, water is circu-
lated to the units by a two-pipe system.
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MECHANICS OF THE RESEARCH PROJECT

The recording of temperature and humidity is basic to the
entire project. We therefore installed three inside instruments
and one outside instrument at each school to constantly record
temperature and relative humidity. The charts in each of the in-
struments are changed every morning. These are collected peri-
odically, interpreted, and a tabulation rendered. Eight recordings
a day per instrument are retained, and these findings are converted
into wet-bulb temperature-humidity index and effective temperature.
An attempt will be made to arrive at a new index of temperature-
humidity conditions to describe tne junior high school physiological
environment. This index will then be related to other phases of
the study.

As well as keeping daily temperature and humidity records,
we developed a record system to let us know how fully a school
is utilized. There are many benefits to be derived from such a
record, especially the provision of more accurate design figures
for our architects and engineers.

The educational program required a firm base in order to
ascertain the gains, if any, within the schools. In four academic
areas, committees of teachers were selected to develop study
guides. These guides encompass the junior high school curriculum
in our school system of 106 schools. The 140 teachers concerned
with the project use the guides to keep close together in their
course content.

Several commercially-produced tests of achievement were
analyzed to see how well they would measure achievement in the
curriculum called for in our study guides. The Metropolitan Battery
was selected, with the provision that a local supplement be con-
structed to fill in the untested areas of our curriculum. To cover
the testing schedule, we have used alternate forms of the Metro-
politan, and have developed five forms of the local supplement test.
This battery of tests is given at the beginning and at the end of a
school year at both regular and summer sessions.

This research project attracted much attention. We have had
thousands of visitors tour the project. Some who have been con-
templating air-conditioned schools in their own systems have spent
three or four days with us. An instrument was designed by which
we could obtain an estimate of the reactions of randomly selected
visitors to both types of school environment, in order to allow us
to arrive at an objective analysis of the impact of the schools
on the visitors, as well as a definite analysis of the 11 items the
visitors are asked to scale.

During the eight months prior to the beginning of actual re-
search, trial data indicated that we needed another nonair-
conditioned control school to give us a larger school population.
The control school selected was Tyrone Junior High School, a
recently constructed finger-type school. This school has about
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1,500 students whose past achievement scores compare favorably
with the students at Oak Grove. The addition of Tyrone to the study
brings the total student population to 3,500. This allows for the
inclusion of many more cases in various parts of the research,
when we need to match groups of students with those in the ex-
perimental school, Oak Grove.

FACTORS OF STUDENT HEALTH AND COMFORT

Other parts of the study deal with student health, use of the
clinic, absenteeism, and discipline. The responsibility for collecting
this information has been assigned to professional personnel in
each school. Health data are reported weekly, and graded into 44
different types of absenteeism. Provision is made for recording
frequency of absenteeism by sex, grade, and duration. In addition,
a card is made for each student who has three absences for the
same illness. The nuise then visits the home of that student and
obtains a history of the ailment. Reviews of this information will
be checked for possible connection with the classroom environment.

It was theorized that during the hot months there would be fewer
disciplinary problems at the climate-controlled school. Therefore,daily records are kept of infractions of discipline according to
18 classifications. These data are also recorded in terms of grade
and sex, with additional data on whether the infraction occurred
before, during, or after lunch. The division by time of day is tosatisfy an often-expressed theory of educators that discipline
infractions will be fewer in the afternoon in a climate-controlled
environment.

Within the three schools a voting form is completed by students
selected at random throughout the day, all during the school year.
Students complete this form in about a minute by circling one letter
on each scale to indicate their vote on temperature and humidity
as it exists at the time of voting. Actual room conditions are
obtained at the time of voting by the use of a sling psychrometer.

FINDINGS TO DATE

So far, we have issued one project report on capital costs, which
was printed in the June 1962 issue of the ASHrt,AE Journal. The
gist of that report is shown in Table 1.

By the standards of the American Institute of Architects, the
area cost was alittle higher at Oak Grove for a completely equipped,
air-conditioned building, but on the basis of cubic feet the cost was
less. Locally, we extend these definitions to include the double-
loaded corridors at full value. According to this calculation, the
climate-controlled school was considerably less expensive in terms
of both area and volume. The per-student figure is only another
way of presenting unit cost.
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TABLE 1 -- COMPARISON OF CAPITAL COSTS1
Treatment of Data Oak Grove Pinellas Park

Sq. Ft. Cu. Ft. Sq. Ft. Cu. Ft.
AIA gross area definitions
divided into costs $9.92 $0.582 $9.56 $0.618
AIA definitions plus all
double-loaded corridors
at full value 9.10 0.540 9.42 0.610
Same as (2) above, plus
roof overhang at 1/3 value 9.08 - 8.99 -
1 Based on the design capacity of 930 students in each school,

the cost per student at Oak Grove was $751.77, and at Pinellas
Park, $767.58.

In addition to the original research project, we are conducting
many side studies. Our accumulation of data is great and, for some
of these data, we are depending on consultants to devise methods
of data-processing and analysis- One of our most important re-
wards is in the thousands of visitors who exchange ideas with us
and compel us to be thoroughly versed in what we are doing, in
order to be able to answer their many questions.

At this time, only vague findings on other sections of the final
report are available. Analysis of the summer school and full year
of school operation shows a surprisingly low operating cost for
the climate-controlled building. We had to take into account an
extremely mild winter in which there were only approximately
15 days when any heat was required at Oak Grove. On some of
these days, only enough heat was used to take the ()hill and damp-
ness out of the air. The total cost of 12 months' operation at Oak
Grove was $37,075.26, and at Pinellas Park, $38,203.73.

There is much similarity in the costs, even though both of these
schools were designed for 930 students. These figures include a
six-weeks summer school held at Oak Grove, which Pinellas Park
did not conduct. During the regular school year, Oak Grove had
approximately 800 students, and Pinellas Park about 1,100.

Of the given total costs of operation, energy costs and Btu's
consumed for 12 months are shown in Table 2.

TABLE 2 -- ENERGY COST AND ENERGY CONSUMPTION
FOR 12 MONTHS OF OPERATION

Energy Source Oak Grove Pine ll Park
(Btu' s ) (Btu's)

Natural and LP gas $2,174.98 2,680,000 $2,399.83 1,237,209
Fuel Oil - - 1,072.77 1,349,426
Electricity 7,135.96 787,353 6,471.06 759,102

Total $9,310.94 3,467,353 $9,943.66 3,345,737
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And, finally, these data are expressed by factors, as shown in
Table 3.

TABLE 3-- FACTORS OF 12 MONTHS'
TOTAL COST OF OPERATION

Dividing Factors Oak Grove Pinellas Park
Design enrollment $39.87 $38.59
Average daily attendance 50.37 34.70
Square feet 6.00 5.56
Cubic feet .034 .035
Man-hour-use .037 .027
Cu. ft. per design student 32.02 34.86

Here we have broken down total costs, since architects, engi-
neers and school administrators might want to see the coLts pre-
sented in different units. The final report will carry all of these
data much further, and include the third school, Tyrone.

The achievement data for the first six-week summer school
show a trend, the degree of which is not yet firmly established, in
favor of the climate-controlled building. However, until the data
are fully processed, we may not make conclusive statements con-
cerning their significance.

The Pinellas County Board of Public Instruction is overwhelm-
ingly in favor of air conditioning for our schools. Our building
program calls for more than 200 new classrooms a year, and these
will be designed for air conditioning, with some equipped initially
and others later. All of our major school plants now being built
and in the future will be completely climate-controlled. Our re-
search and observations have indicatedthat we can build and operate
these schools at less expense than traditional schools. I am con-
vinced that the educational values and other factors such as dis-
cipline, attendance, and teacher and student morale, are greatly
enhanced in the schools which are now air conditioned.
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School Environments Research and
Evaluation of Windowless Classrooms

By C. Theodore Larson, University of Michigan

Abstract: How various environmental relationships affect learning is a source of
concern to educators. A yardstick to indicate the comparative effectiveness of dif-
ferent school environments is needed. This paperpresentsa preliminary report on
a case-study of two schools: one with windows, the other without. The effects on
learning, if any, of windowless classrooms are being studied in order to compare
the relationship of school fenestration with other environmental relationships so
that a relative scale of environmental values in education may be obtained.

THE UNIVERSITY OF MICHIGAN, on a part-time basis for the
past two and one-half years, has been exploring the question of
how the learning process is affected by different school euviron-
ments. This is an interdisciplinary study which is known on the
Michigan campus as the SER or "school environments research"
project. It has been supported bygrants from the Ford Foundation's
Educational Facilities Laboratories, Inc.

SEARCH OF LITERATURE

The study began with a review of the literature. Some 700
publications dealing with different aspects of environment and hu-
man behavior were selected and put into summary form. Most
of these references describe laboratory experiments rather than
actual learning situations. Very few treat a "space* or environ-
ment as a totality which can be controlled or modified for the
benefit of its occupants and their activities.

Considerable information is available as to the effect of light,
temperature, sound, air composition, and air movement on hu-
man comfort. Meteorological, research is giving us knowledge of
weather-and climate-control. Indeed, if the prevailing environmental
conditions are known, both indoors and outdoors, it is easy to
predict whether teachers and children will feel comfortable or
uncomfortable and then make the adjustments needed to achieve
the desired level of comfort.

The significant question, however, is not how physical comfort
is affected by environmental variations, but what effects variations
in physical comfort may have on learning. This is still a matter

LARSON, C. THEODORE. Professor of Architecture, University
of Michigan; member, American Documentation Institute, American
Institute of Architects, International Society of Biometeorology,
BRI.
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of conjecture. When this question is asked, it usually provokes
a suggestion that some discomfort may perhaps be essential for
a "good* learning environment. If, as is often said, children are
made too comfortable, then they may be put in a mood that is not
conducive to serious classroom work, but no one really knows
whether this is true.

There is little agreement among educators and psychologists
as to what constitutes the learning process. Even specialists
concerned with programmed learning treat the process as some-
thing which can only be interpreted in light of its consequences.

EVALUATION AND MEASUREMENT TECHNIQUES

We directed our attention to the need for developing a technique
whereby the various environmental relationships that may affect
learning in the classroom can be readily identified, and their
relative importance measured and appraised.

The hope of the project staff is that we will be able to devise
a yardstick to indicate the comparative effectiveness of different
school environments. Implicit in this hope is the concept that any
controlled environment is not an end in itself, but a means to an
end-- the facilitating of the activities or tasks being performed
within that environment.

In trying- to establish a measuring and evaluation technique,
we think we have made some progress. It is generally agreed that
"total environment" must be defined in the broadest sense. Not
only is there the physical spectrum, embracing factors such as
light, heat, and sound, but there are also environmental factors
represented by people themselves; for example, contrast the en-
vironmental difference in a room that is sparsely occupied with
one that is crowded.

How people are organized in their ways of living also makes a
difference, for the structure of society varies throughout the world.
Nor can the differences in the way people think be ignored as an
environmental influence. Moreover, there is the factor of time to
be considered, for every individual carries within himself, as an
environmental influence, all of his own prior experience. Our
perception of environment is conditioned by how well we have
learned to perceive, and by what we alreadyknow about a particular
environment.

There is little that cannot be included within the concept of
"total environment." Development of a frame of reference to per-
mit all possible factors in any pertinent environmental relation-.
ship to be singled out for critical study is one of our principal
project aims.

The analysis does not stop with a definition of environment,
however. Every environmental relationship involves an individual
who is affected by the environment while performing a specific
task or activity, and the range of possible tasks and activities is
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very wide. Consider how many types of students there are, and
how many different .learning tasks they perform. Presumably, for
each learning task there is an "ideal* environment, with precise
dimensions and conditions that we should be able to specify. What
may be "ideal* for one activity or type of student may not be "ideal*
for another.

From this point of vim, with an infinite number of relation-
ships demanding investigation, the problem of environmental evalu-
ation would appear beyond any hope of solution, eyen with the aid
of computers. Fortunately, however, what is being studied is the
relative importance of various environmental relationships, andalthough there are many different relationships that could be
investigated, they are obviously not all equally important. Some
have little significant effect on the learning process, and can
safely be dropped from consideration. Others appear important,
and should be the subjects of comparative study.

THE CASE-STUDY APPROACH

We have concluded that there should be a series of case-studies
to permit certain specific environmental relationships to be singled
out, and their effects on learning contrasted and evaluated. From
such a comparison, we should be able to determine which environ-
mental conditions have the highest educational significance for
different types of students engaged in different learning activities.
In this manner, we ultimately obtain a scale of environmental
values that will facilitate the design and planning of more desirable
educational facilities.

The first case-study selected for analysis and evaluation in-
volves windowless classrooms. Our literature search revealed no
data as to what effects the lack of a view of the outdoors might
have on classroom learning.

In the neighboring town of Wayne, there were several ele-
mentary schools that could readily be transformed into windowless
buildings without becoming architecturally offensive. These units
\Imre erected experimentally as a demonstration of demountable
space-frame schoolhouse construction. The Wayne School Board
and the local superintendent of schools consented to let us use two
of these schools for our case-study.

One, the Mann School, is the control unit, while the other, the
Hoover School, is the test unit, the only one in which the windows
are being changed. Both are °feeder" schools. They serve as
adjuncts to larger elementary schools and provide instruction for
kindergarten through grade three. Each has four classrooms, a
multi-purpose room, a teachers' room, toilets, and utility spaces.
Each is in a similar neighborhood and has the same architectural
appearance, and the same type of occupancy,

In this case-study only a single experimental variable, the
fenestration, is being manipulated. All other factors are kept as
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constant as possible. The objective is to find out, after the chil-
dren in the Hoover School have been without an outside view for
one entire school year, whether there has been any detectable
difference in their learning achievements, so far as such achieve-
ments can be observed and measured in several different learning
activities. The rate and level of learning in a windowless environ-
ment will be compared to those which prevailed when the class-
rooms had outside views. The main reason for using the Mann
School as a control unit is to be sure, in case there are detectable
differences in learning at the Hoover School, that these cannot be
attributed to causes other than the elimination of windows.

The teachers in each school have been surveyed to find out
what they like and do not like in their school environments. Various
environmental factors are specifically covered in the questionnaires.
Pupils in the Hoover School have also been veried as to their
individual likes and dislikes. For both schools, there are complete
records on each youngster's learning ability and achievement, so
it should be easy to compare 9revious performance against what
they may do during their wind° wless experience, i'he collection
of data on personal likes and dislikes involving the school building
constitutes an effort to find out whether there is a correlation
between environmental attitudes and actual learning performance.

Windows in the Hoover School were eliminated this past sum-
mer. Figures 1 and 2 provide *before and °after* views and show
that what was previously the window wall in each, classroom has
now become a °working* wall. Opaque panels of asbestos-cement
were substituted for the existing, transparent panels of dark-tinted,
glare-reducing plastic. On the exterior, new surfacings have been
applied to the wall studs to give a double-thickness wall similar
to the other existing walls. Each teacher was asked to specify
what she wanted for the new wall treatment in her classroom.
The kindergarten and first. grade teachers requested more tack-
boards, while the second and third grade teachers asked for more
chalkboards and shelving for storage of books.

Except for the elimination of windows, the individual class-
rooms remain much as before. Etych has a completely luminous
ceiling. To compensate for the loss of daylight, fluorescent lamps
were installed in the roof-ceiling plenum. Since the window walls
had ventilating sashes which have now been eliminated, it was
necessary to devise a ventilating system for each room. Separate
exhaust fans were installed in the roof-ceiling plenum, and fresh
air is pulled in from outdoors through the central air-intake of the
school's warm-air heating system on hot days, when this system
is not operating. An effort has been made to match the earlier
environmental conditions, but it has not been possible to do so
exactly. For example, the transmission of heat between indoors
and outdoors is now quite different, but this is an inevitable
consequence of substituting opaque walls for the transparent
window walls.
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*

Figure 1 --Interior of Hoover School classroom be-
fore window removal.
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Figure 2-- Interior of Hoover School classroom after
window removal, showing additional wall space and
illuminated ceiling.
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POSSIBLE PSYCHOLOGICAL EFFECTS

The big problem troubling the projectstaff is what psychologists
call the "Hawthorne effect" --the possibility that teachers and
youngsters may become self-conscious, and react in a manner
different from their behavior under normal circumstances. Thereis a curiously widespread local fear that the children may become
psychopathic without windows through which to stare. All parents
of children in the Hoover School have been reassured that if there
is any sign that any youngster's health is being impaired the case-
study will be immediately called off.

Every effort is being made to keep the educational routine the
same as in earlier years. Three of the four teachers at the Hoover
School are new this fall; however the kindergarten teacher con-tinues as before. This turnover in teaching staff is not unusual.,and it did not occur because the school windows were to be re-moved. At first we were disturbed by this change in teachers but,
on second thought, we saw that the turnover might even be ariadvantage, insofar as it serves to minimize the possiblity of a
Hawthorne effect. The children would normally get different teachers
as they move to a higher grade. The teaching programs and the
teaching methods have not been changed, so in all other respects,
the classroom environments remain the same for each youngster.

Whether there will be a Hawthorne effect of serious proportions
in thib case-study is still being debated by the project staff. Some
contend that the turnover in teachers has minimized the possibility
on the teaching side, and it is the teachers who will be the primary
observers of learning performance. On the learning side, it is
believed that the children are too young to be concerned that they
are being observed, and any Hawthorne effect would therefore beof short duration.

If any Hawthorne effect does occur, there should be no great
difficulty in coping with it. By restoring the school fenestration,
the learning achievements of pupils in classrooms with windows
would be observed and compared with those recorded during the
windowless stage. In theory, any Hawthorne effect occuring in one
stage would be cancelled out by its equivalent effect in the next
stage. Since the restored-window stage must also run for at least
one full school year it will be in the latter half of 1964 before the
case-study is completed and a report on findings can be ready
for release.

Historically, windows have been needed in buildings to provide
illumination, ventilation, and views of the outside. In the Hoover
School they are not needed for the first two reasons. Whether they
are still needed because a view of the outside is desirable for
certain learning tasks or activities is what we are trying to de-
termine. If windows are desirable, then we want to know whether
they are highly important, or just a minor element in the scheme
of the things affecting academic education. This implies making a
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comparison of the relationship of school fenestration with other
environmentsa relationships, in order to establish a relative scale
of environmental values in education, an undertaking that will take
us far into the future.

At best, this study can give us only a preliminary and limited
answer. We think our findings will be indicative, but they will not
be conclusive or complete. We are dealing with just one small
school in one small town. There are other schools in other com-
munities with other levels and types of instruction that should be
studied in the same fashion. The main significance of this study
lies in its demonstration of an analytical procedure which we hope
will be helpful in formulating a broader base of assumptions calling
for still further research.

SUMMARY

At present, no one knows definitely how learning is affected
by environment. Until we do, innovations in school architecture
will continue to be an empirical application of unsupported sup-
positions and professional prejudices, an accumulation of archi-
tectural and educational folklore, temperedbyonlya few hard facts.

If school architecture is to have a scientific basis, then we
must develop a method for evaluating the effectiveness of different
school environments on a comparative basis, and in line with
desired goals.

One fact is quite clear. In establishing an environmental yard-
stick, we must treat the environment as a totality, not as a series
of fragmented and isolated factors. Just as specific terms have
been coined to serve as units of measurement for the individual
aspects of environment, e.g., foot-candles of light, Btu's of heat,
decibels of sound, man-hours of work, there should be a term to
indicate the effectiveness of the total environment. This would
permit any particular school environment to be evaluated accord-
ing to an established scale of desired quality. What this unit of
measurement for the total environment might be called, we do not
profess to know; the labelling problem is one that probably is best
turned over to the experts in communication.

A.
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Speech Isolation Problems
in Schools

By B. G. Watters and W. J. Cavanaugh
Bolt Beranek and Newman, Inc.

Abstract: In modern schools and other buildings, speechprivacy has become moreof a problem than ever becat. 9i-lightweight construction and flexibility of space.Case histories of speech privacy show that the transmission loss rating is only oneof the factors to be considered. Other factors are source room size, source room
speech use, background noise level, noise reduction rating of sound-isolating con-struction, and privacy requirements. A design too4 the Speech Privacy Desi,gnAnalyzer, has been developed to eliminate the ross errors that can result from
conventional design techniques. A field study used to check the design tool is de-scribed in detail. Such a tool is needed, unless we can afford to over-design or torisk the lack of speech privacy.

SPEECH PRIVACY HAS ALWAYS BEEN A PROBLEM in buildings,but recent years have brought it to more epidemic proportions.This is basically due to the trend toward less expensive, lighterweight, structurally more efficient constructions. The increasingtrend toward flexibility and expandability of spaces has made people
more concerned than ever with speech privacy problems. Our firmhas investigated a number of speech privacy problems in recentyears, and we think we know fairly well how to diagnose and curethese problems. Many of the cases we have undertaken recently
have been buildings on school campuses.

SOUND ISOLATION DESIGN

In choosing the partitions for a college administration building,it is necessary to find the least expensive construction whichwould satisfy acoustical and other requirements. Most designerswould probably handle the sound isolation design in the following
way. First, they would refer to a book on architectural acoustics
and find a recommendation for the minimum average transmissionloss between private offices. (Most books recommend values inthe 35- to 45-decibel range for offices.) Next, they would refer tomanufacturers' data on various products. Constructions whose
ratings exceed the recommended value are acceptable; thosewhose
ratings are less, are not.

WATTERS, B. G. Engineer, Bolt Beranek and Newman, Inc.;member, Acoustical Society of America, BRI; and CAVANAUGH,
W. J., Architectural Acoustics Consulting Staff, Bolt Beranek and
Newman, Inc.; member, Acoustical Society of America, BRI.
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Does this procedure work? To answer this question, we have
gathered data from a large number of case histories of speech
privacy in buildings. The results, pOlished in a paper in the
Journal of the Acoustical Society1 are shown in Figure 1. Each
point represents at least one pair of rooms; the open points rep-
resent a group of similar rooms, such as a suite of similar offices
or dormitory rooms. We estimate that the experience of 1,000 or
more occupants is represented here. Their reactions, are shown
on the scale along the side of the chart. At the top of the scale are
cases in which the building owner or occupant was seriously dis-
satisfied. At the bottom of the scale is that happy state where al-
most everyone is satisfied. Along the abscissa of the chart are
listed the average transmission loss (TL) values such as you might
get from Sweet's Catalog or from manufacturers' literature.

OBSERVED REACTION
TO PRIVACY

EXTREME DISSATISFACTION

STRONG DISSATISFACTON

MODERATE DISSATISFACTION

MILD DISSATISFACTION

APPARENT SATISFACTION

CD 0

SINGLE OFFICES
CI REPETITIVE OFFICES
A HOSPITALS
0 DORMITORIES
0 MOTELS

0 0 0

5.8 *

cs___ APO 0

10 20 30 40 50
AVERAGE TL-

60

Figure 1 -- Case histories of speech privacy in which
the observed subjective reaction is compared to aver-
age transmission loss of isolating structures.

How well might we have succeeded, using this design scheme?
The answer is: not very well. We found that, of offices with par-
titions having ratings of 35 to 45 decibels, about as many were
serious complaint cases as were satisfactory. What is even more
perplexing is a group of offices with only 25-decibel partitions,

1 Cavanaugh, W. J., Farrell, W. R., Hirtle, P. W., and Wattqrs, B.G.
"Speech Privacy in Buildings,* Journal of the Acoustical Society
of America, 34, April 1962, pp. 475-492.
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but with happy occupants. Clearly, something is wrong with con-
ventional design technique. We conclude that the transmission loss
rating is only one of several factors which must be considered.

BASIC ELEMENTS OF SPEECH PRIVACY

In a typical speech privacy situation involving a pair of private
offices, one of the occupants is talking in a conversational tone.
The sound spreads through his office, and is partially absorbed
by the carpet and the sound-absorbing ceiling. However, a small
fraction is transmitted through the partition, where it spreads and
is further absorbed by the carpet and ceiling in the adjacent room.
In addition, the intruding speech has to compete with other noises
in the room -- background noises coming in from traffic on the
street and from an air-conditioning unit. However, the intruding
speech may be strong enough to override the background noise and
can be at least partially understood, causing annoyance in the ad-
joining office.

Obviously the transmission loss of the wall (or the ceiling, if
the wall doesn't extend to the structural slab) is very important, but
it is not the only critical factor. For example, if the talker's
room is large, his voice will spread out and become weaker. If
there is no carpet or sound-absorbing ceiling, the speech sound
will persist longer and be louder.

If the talker is in a private office, we normally expect him to
speak conversationally, since he will be speaking to people only
a few feet away. If, however, he were in a conference room or
classroom, we should expect him to raise his voice to be heard
over a greater distance. The degree to which intruding speech
sound spreads out and bounces around is to an extent determined
by both the size of the room and the absorptive character of the
room surfaces. Clearly, these factors must be taken into account
in an accurate assessment of conditions necessary for speech
privacy.

If two men in adjoining offices work for the same firm, there
are probably few secrets involved in their office conversations.
However, in another case, men in adjoining offices may be un-
affiliated doctors or lawyers. Things are very different if con-
fidential conversations are involved. In designing offices for col-
lege professors, no secrets are involved-- we simply want to
prevent distraction. We call this design condition "normal privacy."
On the other hand, in the case of the dean's office or the president's
office, convers ations should be strictly confidential. About 5 decibels
more isolation should be provided for the dean than for the pro-
fessors. A final consideration is the level of "city* noise coming
in through windows, and air-conditioning unit noise. People rarely
complain about noise of this sort; generally they are unaware of
it. However, its existence is most important to the speech privacy
problem.
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SIGNIFICANCE OF OTHER FACTORS

Table 1 lists some of the factors already mehtioned, as well
as others important to speech privacy, and gives approximate
effect (in decibels) they can have on the degree of privacy achieved.
Fortunately, not all of these factors work against us in every
speech privacy situation, but the magnitude of possible error that
can be introduced if they are not taken into account clearly shows
why there is such a scatter of reactions in Figure 1.

TABLE 1 -- VARIATIONS POSSIBLE IN USING
"CONVENTIONAL* APPROACH TO

SPEECH ISOLATION DESIGN

Factor

Neglect of background (masking) noise
Use of optimistic laboratory TL data (not repre-

sentative of field installation)
Use of "average TL* rating
Neglect of Transmission Loss-Noise Reduction

correction
Disregard of source room speech use
Disregard of privacy requirements (normal-

confidential)

Variation
(Decibels)

30

15
10

5
10

5

Returning to background noise, we see in Table 1 that the variations
in background noise in different locations require a compensating
variation of as much as 30 decibels in the sound isolation. To
illustrate, we have recently studied the noise levels in restaurants,
cafeterias and college dining rooms. Although most people never
notice the noise in one of these eating places, the actual noise
levels are quite high. Here, a degree of acoustical privacy without
partitions may well exist.

At the other end of the scale, students in a college dormitory
made strong complaints about poor sound isolation, claiming they
could hear ordinary conversations through the walls. In this dormi-
tory, the walls were constructed of 6 in. masonry block. The
basic trouble was that the campus was in a quiet section of town,
where there was little traffic noise. The rooms had no air-con-
ditioning units to make background noise, so almost the only
sounds heard in that building were the intermittent sounds made
by the students themselves and they found them quite distracting.

For more usual spaces, the background noise in one situation
may vary drastically from the level of lother. This variation is
one of the major reasons a particular type of partition construc-
tion may be very effective in one building and very ineffective
elsewhere. Clearly, we need to be able to predict, ard allow for,
the background noise in the buildings we design.
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FIELD STUDY TO CHECK DESIGN SCHEME

Having identified the factors important to speech privacy, one
can put them together in a design scheme or tool. This has been
done in a published design tool entitled the Speech Privacy De-
sign Analyzer.2 However, rather than describe the Analyzer, it
may be helpful to describe a field study we did to double-check
our design scheme. After all, we are dealing with the subjective
response of human beings to a complex acoustical situation, and
behavior observed in controlled laboratory studies may not be the
same a s in real life. We therefore obtained a complete set of
data for each of the case histories mentioned in connection with
Figure 1. In this way we determined the average long-term re-
sponse of approximately 1,000 subjects to a wide range of acousti-
cal environments.

Figure 2 shows the worksheet used to assemble the appropriate
data. The left side is concerned with a physical description of the
spaces and the subjective evaluation of both speech privacy and
background noise. The right side is concerned with the objective
acoustical description of the spaces involved, using rating tech-
niques developed for each of the relevant parameters. The floor
plan shown here, the acoustical description, and the subjective
evaluations are for a different university dormitory than the one
described earlier.

DESCRIPTION OF SPACES
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Figure 2 Work, iheet for dormitory case history.

Published in January 1902 by the Owens-Corning Fiberglas Corp.
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In this case, the furnished rooms were approximately 180
sq. ft. in floor area and separated by 4 in. lightweight masonry
block partitions. This same construction was repeated throughout
several wings of the dormitory. This case history combines ex-
perience with about 200 rooms. The buildings were not mechani-
cally ventilated and were located in a suburban area remote from
traffic noise. The occupants had no complaint about backgiound
noise, but the speech privacy between rooms was far from accept-
able. We rated the students' response as "strong dissatisfaction."

In the objective acoustical description on the right side of the
worksheet, each important variable is taken into account, using
single number ratings specifically geared to the privacy problem.
The sum of these ratings provides a meaningful total assessment
of the speech privacy situation. In Figure 6, we will show the de-
gree of correlation between the totals for the case histories studied
and their corresponding subjective ratings. For the present, we
can simply say that the rating system is devised so that a higher
total means greater assurance of satisfaction.

In Item 1 (Source Room Size) we account for the sound absorp-
tion of the source room, which is generally proportional to room
size. The rating becomes larger as the source room size increases
because, the bigger the room, the lower the reverberant speech
levels. Therefore, a simple bar graph can be used to assign a
single number rating. As can be seen, there is a 15-unit spread
between small rooms and large ones. In this case, the room size
makes a 5-unit contribution to the total.

Item 2 (Source Room Speech Use) is concerned with the level
of speech in the source room. There is a spread of 12 units be-
tween conversational speech effort and a loudvoice. Conversational
speech effort was judged as typical of the dormitory usage and
receives a rating of 12 units. Louder speech would contribute less
to the total.

Items 3 and 4 (Background Noise Level and Noise Reduction
Rating) are the two most significant factors affecting over-all
privacy. Since background noise level and noise reduction vary
significantly with frequency, more elaborate rating procedures are
involved than simple bar graphs, in order to obtain a meaningful
"single number° rating.

Here we are concerned with the role of background noise in
providing masking, rather than causing annoyance. Therefore, the
usual NC (noise criteria) curves3 axe not directly suitable for
our purposes, since the actual background noise spectrum may
not follow the NC curve near the entire frequency range of interest.
An extension of the NC criterion concept, which does lead to a
rating scheme useful in evaluating the masking effectiveness of

3As defined in the chapter on Sound Control in the .h.SHRAE Guide
(American Society of Heating, Refrigerating and Air-Conditioning
Engineers).
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background noise, is shown in Figure 3. The NC-30 criterion is
plotted in the five octave bands important to the speech privacy
problem. Since this spectrum shape is so often found, we have
called it a "normal" or "N" spectrum shape. Contrary to the NC
criterion use, a data curve is rated N-30 only when it follows
very closely the N-30 shape throughout this five-octave frequency
range.

Often a noise spectrum will match an NC curve at low fre-
quencies, but fall below it at high frequencies. Such a curve is
also shown in Figure 3, and is called an "L" or low-frequency
spectrum, since it matches the NC curve only at low frequencies.
Similarly, the "H" or high-frequency spectrum matches the NC
curve only at high frequencies. Finally, there is an "M" or mid-
frequency characteristic which matches the NC curve only at mid-
frequencies, i.e., in the 600-1200 cycles per second band.

It should be noted that N-30, L-30, M-30, and H-30 spectra
all have NC values of 30. Thus, to the extent that the NC curves
do not change their shape with level (a good approximation from
about NC-20 to NC-50 in the five octaye bands of interest), the
proposed rating system consists of a number which is the NC
rating for the noise, arid a letter which identifies the tonal charac-
teristic of the noise. Within a reasonable degree of accuracy, the
number and the letter completely define the noise.

To use the characteristic noise curves to rate a particular
data curve, one tries the characteristic curves, one after another,
until the best fit to the data is obtained. The NC number and tonal
characteristic letter are then assigned. The example for the
dormitory case history is shown in Figure 4. For most situations,
sufficient accuracy of fit can be determined visually. One adjusts
for minimum absolute deviation in any frequency band. For a more
precise fit, the characteristic and the data curves are adjusted
until the decibel deviation multiplied by the weighting functions
shown in Figure 4 are minimized for any band. The N-21 rating
for the dormitory background noise spectrum represents a rather
quiet situation and, in large measure, accounts for the severity
of the speech privacy problem in this instance.

Item 4 (Noise Reduction Rating) rates the noise reduction of
the sound-isolating construction, using a technique specifically
tailored to fit the speech-isolation problem. Because of this re-
striction, the scheme can be made much more accurate than rating
by a simple, average transmission loss. Figure 5 illustrates the
rating method for the dormitory construction in the presence of
an N background-noise spectrum. The dots superimposed on the
noise-reduction plot symbolize the contribution to intelligibility
of the intruding speech sounds in various frequency bands. If all
of the dot-field lies about the noise reduction carve, perfect in-
telligibility may be expected. If none of the dots lie above the noise
reduction curve, zero intelligibility should result. As shown, the
dot field has been adjusted vertically so that about 10 dots,
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representing an articulation index (AI) of 0.05,4 appear above the
noise reduction curve.

The overall effectiveness of the sound isolation is seen to be
proportional to the height of the dot field on the plot. The rating
number applied to the particular noise reduction curve in Figure 5
is N-45. The letter N signifies that the articulation index has been
calculated for a background noise with an N tonal characteristic;
the number 45 is proportional to the height of the dot field, and
thus, proportional to the structure's ability to provide speech
isolation. It should be noted that 45 is not the average noise
reduction at any particular frequency. Rather, 45 gives the relative
°rank" of the structure in a scheme for rating both the problem
and the construction required to solve the problem. Very effective
structures will have a rating on the order of 60 or more; ineffec-
tive ones will be considerably less.

The frequencies which contribute to intelligibility in the dormi-
tory example shown in Figure 5 extend from about 300 to 800 cps.
At frequencies above 800 cps, the structure provides an excess
of isolation. In fact, the noise reduction curve could have been
considerably less in the higher frequencies without significantly
affecting the rating number. The possibility of excess or unused
noise reduction explains why the common °average rating
cannot accurately measure the effectiveness of a structure: a high
°average TIP rating may be gained by high TL values in a fre-
quency range that is not significant in decreasing intelligibility.

Item 5 (Privacy Requirements) rates the occupant's °degree* or
need for privacy. That is, confidential privacy assumes that on
Al of 0.05 is good enough. Normal privacy allows a little more
intelligibility of intruding speech. In the case of the dormitory,
normal privacy was judged to be sufficient; therefore, a value of
6 is given for this item.

The total of all of the numbers on the worksheet is 89. Figure
6 shows just what this means. Here, we have replotted all of the
case history data. The dormitory is the diamond-shaped point
about midway in the °strong dissatisfaction* category. The abscissa
for this figure is the total of the five items on the worksheet. The
ordinate is the observed subjective reaction. There is now a rea-
sonably tight grouping of the data points about a line.

THE DORMITORY CASE HISTORY REVISITED

The dcmitory situation, with a total of 89, needed to be im-
proved by 10 to 15 units to provide greater assurance of satisfaction.

4Intelligibility of about one phonetically-balanced word in 20, or
one sentence in seven. Our laboratory studies revealed that most
listeners felt this to be the dividing lint; between satisfaction and
some dissatisfaction when carrying on confidential activities in
the presence of intruding speech sounds.
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Only two of the five factors contributing to the total rating could
be "improved:" the background-noise level (Item 3) and/or the
sound-isolating performance of the partitions (Item 4). For ex-
ampie, the introduction of conti,nuously operating ventilation units
in the dormitory rooms could raise the background-noise level
rating by the 10-15 units needed, or Improvement of the wall
structure would have an equivalent effect of raising the total
speech-privacy rating.

Study of relative costs, and evaluation of other nonacoustic
factors, resulted in the university electing the latter course.
Figure 7 shows the measured noise reduction of the improved
construction and the new rating. The addition of a dense plaster
and gypsum lath "skin," supported on resilient clips from one side
of the existing wall, increased the rating from N-45 to N-64. The
increase in the total speech-privacy rating from N-89 to N-108
places the modified construction in what our studies have shown
to be the "satisfactory" range.
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Figure 7 Comparison of measured noise reductions
of initial and improved dormitory constructions.

DESIGNING FOR SPEECH PRIVACY IN ADVANCE

We have considered the analysis of existing speech-privacy
situations. Hindsight is valuable but it is more important to be
able to design in advance. The Speech Privacy Deoign Analyzer
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is a design tool intended to eliminate the kind of gross errors
that can result from conventional design techniques. The Analyzer
embodies the basic analysis and rating techniques described here.
It allows the designer to assess his problem, taking into account
all of the relevant parameters that affect speech privacy. It also
permits him to select constructions from a large variety of manu-
facturers' products, all of which have been tested in the field or
under simulated field conditions.

Unless we can afford to over-design, or prefer to risk taking
chances, a comprehensive, relatively simple design scheme for
speech privacy is clearly needed in this important aspect of noise
control in schools and other buildings.
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Recent Experiences with Plastic
Glazing for School Windows

By F. J. Rarig, Rohm & Haas Company

Abstract: The New York City public schools have experimented with plastics glaz-
ing in school windows in an attempt to reduce breakage. Most of the demand for
plastics materials is for purposes Gf replacement of broken panes; however, a de-
mand for such materiak in new construction is developing. Plastics panels with
the elements of endurance, glare reduction, and low heat transmission, as well as
the ability to resist shattering in the event of an atomic detonation, have been ex-
perimentally installed. An evaluation is made of thepertormance of acrylic plastic
panes, reinforced polyester panels, and butyrate sheets. As a result of the experi-
mental installations, several plastics materials have been approved for glazing in
New York City schools.

OM EXPERIENCE MTH PLASTICS GLAZING in schools extends
over a period of less than 20 years and involves but a small num-
ber and variety of installations. Such experience is inconclusive,
but we assert with confidence that it indicates the future possi-
bilities for plastics glazing in schools.

This paper will discuss the glazing of windows, and by glazing
is meant the installation of a light-tr ansmitting material in a frame,
so that it will permit the transmission of light, but bar the trans-
mission of weather. The materials employed in this process are
"glazing materials,"

Plastics glazing materials may be thin or thick. They may be
clear and colorless, transparent and tinted, or translucent. They
may be cast or extruded. They may be reinforced, insulated, or
laminated, and there are double- and triple-glazed window as-
semblies available. Plastics glazing materials may be patternee,
corrugated, or formed. Different forms and colors can Ix; usea
to absorb or reflect solar heat, or to eliminate glare.

PROBLEMS OF INSTALLATION

There are two situations confrontingus when we speak of glazing.
One exists in new construction, and the other in old buildings. The
problems involved in these situations 'are dramatically different.
Traditionally, a builder installs glass at the earliest opportunity,
in order to enclose his building. He does not protect the glass,
except from breakage, because he can clean it later. One thing a
builder must do, if he uses plastics for glazing, is recognize that

RARIG, F. J. Secretary, Rohm & Haas Company; member, Ameri-
can Bar Association, American Judicature Society, BRI, Federal
Bar Association.
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the surface must be protected as is the surface of any poligh.Pd
facing material. All plastics sold for this purpose should be ac-
companied by appropriate instructions for care and maintenance.
Some are not easily cleaned, others are easily scratched, and the
installer must be made aware of this.

Protecting surfaces is much easier in replacement glazing.
The substantial demand for plastics glazing materials for schools
is for replacement; however, a demand for such materials in new
construction is developing. This is probably based, 99%, on three
needs: to reduce breakage, to control glare, and to reduce heat
transmission. The other 1% perhaps represents an awareness of
schools as shelter areas for civil defense.

EARLY EXPERIMENTS

The earliest interest in plastics for glazing was exhibited by
the New York City Board of Education in 1942 when it was thought
that glass should be removed from areas in which people might
be during an air raid. The small amount of plastics available for
shelter area glazing in World War II was second-grade, clear
material, and its performance was not outstanding. However, when
interest in civil defense was rekindled by the Korean War, the
Board of Education again turned to plastics as a means of elimi-
nating hazards from flying glass.

Confronting the Board in the early 1950's was the problem of
protection from atomic blast. School aueorities were looking for
a glazing material having the same blast resistance as the struc-
ture in which it was installed. Beyond this, they wanted a material
which would not be hazardous when shattered. They asked for data
showing the capacity of acrylic sheet to withstand a shock wave at
various distances from ground zero of the detonation of an atomic
bomb, and they also wanted data on the shattering characteristics
of such a sheet under these circumstances.

Through the cooperation of the Atomic Energy Commission,
a test was made of various glazing materials in the shock tube
facilities of the Ballistics Research Laboratories at Aberdeen,
Maryland. This investigation concluded that while, in the event
of atomic attack, the hazard of flying glass may extend over an
area of 200 sq. mi. the area of hazard could be reduced to ap-
proximately 7 sq. mi. by proper selection of glazing materials.
It went on to state that acrylic sheet can withstand high pressure
shock waves of long duration, and that it is feasible to protect
against shattered windows at a distance from ground zero equal
to that at which substantial structural damage will be done. It was
also found that the shattering characteristics of acrylic sheet
are such that damage from this source would be minimal.

The New York Board of Education was favorably impressed
with this report, but by the time these data were available the
atomic powers vvere equipped with the hydrogen bomb. This
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terror-weapon apparently convinced the Board that all of its
shelter programming was now obsolete. In any event, it abandoned
the civil defense measures which had been under consideration.

The Maintenance Division of the Board was still interested in
using plastics to replace broken glass, in order to reduce the
effects of vandalism. However, the legal status of plastics glazing
was such that the Maintenance Division did not feel that it could
use the material, and the interest of the Board was not sufficient
to prompt it to seek approval for the use of such glazing in the
schools.

In the meantime, the cost of replacing broken glass in New
York City schools continued to mount until, by 1957, it was almosta third of a million dollars a year. There was also danger to
pupils and teachers from broken glass, and discomfort experienced
in the classrooms when broken panes were not repaired for two
or three weeks. Ultimately, the teenage vandals did what the threat
of war was unable to do, and the Division of Architecture of the
Board of Education decided to reduce breakage. Representativesof the plastics industr) were called in and asked to develop a
program to demonstrate whether the use of plastics materials
in place of glass could substantially reduce window breakage.
This challenge was accepted, and the Division made available the
ground floor on one side of Public School No. 279 in Brooklyn.
Various manufacturers of reinforced polyester resins and acrylic
sheet, and a manufacturer of butyrate sheet provided panels
suitable for glazing.

The original idea was to put translucezt plastics materials in
the upper two panes of a four-pane sash, and glass in the two
lower panes, but school officials decided to test the feasibility of
eliminating protective grillwork from these first floor windows by
the use of clear acrylic in the lower panes. Therefore, some of
these panes were not adequately protected after installation, and
many had to be polished in place to restore their appearance.
Several were badly cut in an abortive attempt to remove paint and
had to be replaced.

PERFORMANCE TO DATE

We had thought that clear panes of acrylic plastic located
within easy reach of persons inside and outside of the school
buildings would be damaged by contact with persons and objects.
However, without the benefit of special maintenance, these panes
are in good shape after more than four years of ordinary use and
cleaning. The reinforced polyester sheets appear to be performing
satisfactorily, although they are not quite as easy to clean as a
perfectly flat sheet, because the surface is pebbled. The white
translucent acrylic sheet looks as good as new and the smokey-gray.transparent acrylic sheet is performing well. The butyrate
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sheet appears to have failed. It changed in color from blue to
green, one pane was broken, and it has warped and does not present
a pleasing appearance.

OFFICIAL APPROVAL Fult USE

The Board of Education was sufficiently well satisfied with the
overall performance of this experimental installation to join with
us and the New York City Building and Fire Departments in re-
qussting the Board of Standards and Appeals to act favorably
upon a petition to permit plastibs materials to be used for the
glazing of windows in school buildings. Because of jurisdictional
requirements, the application had to name a specific material,
and the material covered by the first application was an acrylic
sheet. The Board ruled on October 17, 1961, that this particular
acrylic sheet was approved, provided the height of the school
building did not exceed 75 feet.

Subsequently, the Board approved several standard reinforced
polyester materials for this use. The way has now be.en opened for
general use of plastic building materials in schools in the City
of New York.
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Statistical Studies of
Electric Heating in Schools

By Fred Nicholas and William L. Muschlitz
Pennsylvania State University
Abstract: There has been a rapid rise in the number of electrically heated schools
during the last decade, but few large-scale studies of such schools. This paper
reports a study of the annual owning and operating costs of 67 public schools
built in Pennsylvania since 1955, both electrically heated and fossil-fuel heated.
It is concluded that the owning cost per pupil per year is less for the electrically
heated buildings.

FOR FIFTEEN YEARS, the Institutional Engineering Service at
the Pennsylvania State University has been interested in fuel
utilization in colleges, hospitals, and prisons owned and main-
tained by the Commonwealth of Pennsylvania. At the present time,
72 institutions comprise the group for which energy consumption
experience, and costs are evaluated each month by the Service.

.Pennsylvania enjoys a fortunate position in terms of e.erEcy
sources. Abundant supplies of coal, fuel oil, and natural gas are
available in nearly every section of the Commonwealth.

In continually evaluating the competitive position of the fossil
fuels, attention was inevitably directed toward the use of electrical
energy for space heating because over 80% of the electricity
generated in Pennsylvania is produced by coal operated, steam
generating power plants. A second reason for investigating the
use of electrical space heating was its increasing use in public
schools.

In the United States, the number of electrically heated schools
has risen from about 60 in 1954 to more than 1,000 in 1961. Be-
cause of this rapid rate of increase, many studies have been pub-
lished comparing electrical systems with fossil fuel-fired systems.
However, many of the published reports are based on estimates
and formulas, or are limited to a few isolated examples. They
are not comprehensive evaluations of actual construction and
operating cost data for a large number of schools. Our study in-
dicated that the space heating system efficiency was three to five

NICHOLAS, FRED Associate Professor of Engineering Research,
Pennsylvania State University; member, ASHRAE, National Society
of Professional Engineers. MUSCHLITZ, WILLIAM L. Associate
Professor of Engineering Research and Supervisor, Institutional
Engineering Service, Pennsylvania State University; member,
ASHRAE, National Society of Professional Engineers.
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times greater for electric heat systems than we had previously
found for wet heat systems.

SCOPE OF STUDY

A decision was made to evaluate annual owning and operating
costs for all public schools built in Pennsylvania since 1955. Final
review construction costs were taken from the official files of the
Department of Public Instruction, but bid costs were available in
three cases only. Annual operating costs were obtained from the
respecdve school districts. In addition, the electric utilities sup-
plied data for electric cooking and domestic water heating.

A total of 67 buildings r Ate up the group, with 32 heated with
natural gas, 20 with fuel Gil, 10 electrically, and five with coal.
All of these schools comply with the Commonwealth's School
Plant Guide for Planning School Plants of Pennsylvania. The same
requirements have been met for ventilation, floor area, ceiling
heights, fenestration area, and illumination levels, regardless of
the type of heating system.

OWNING AND OPERATING COSTS

In determining the actual or true cost of owning, both the total
cost of building construction and the combined cost of mechanical
and electrical construction were considered. This approach to
owning cost permits comparison of a building using an electric
energy heating system and one employing another fuel, because
the hidden costs of each system are included in the total cost of
construction, or in the combined cost of mechanical and electrical
construction. In general, electrically heated schools employ slightly
better insulation values than the average fossil fuel-heated schools;
however, the cost of the added instilation is included in the total
construction cost.

The actual owning cost for each school was calculated by multi-
plying the total construction cost by the factor 0.070. This factor,
representing $70 per $1,000 of construction cost, is the present
rental paid by each school district in Pennsylvania to the School
Authority for use of borrowed money and the administrative ex-
pense of the Authority,

In determining the actual annual operating cost for each school
facility which might in any way be dependent upon the type of energy
source for space heating the following items were included:

1. Total fuel or energy changes including space heating, do-
mestic hot water, cooking, general electrical power and
lighting.

2. Maintenance and repair costh of building and equipment.
3. Custodial htbor.
4. Custodial materials (wax, cleaners, etc.)
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RESULTS OF THE STUDY

The tables that follow present the results of this study. Table 1
shows the construction and owning costs for the 44 elementary
and 23 secondary schools included in the study. The unit costs are
reported per pupil, per square foot, and per cubic foot. The areas
and volumes were determined by the standard AIA method. The
annual owning cost per pupil was based on rated capacity (the
total number of pupils on which the school design was based) and
the total final review construction cost multiplied by the factor
of .070.

Table 2 reports the annual operating costs per square foot and
per pupil (rated capacity) for the school year 1960-61. These data
were obtained from the respective school district and, where
minor omissions were observed, averages for the specific school
6iitrict were used.

Table 3 lists the average annual owning and operating costs on
a per pupil basis for the 67 schools included in this study.

CONCLUSIONS

Examination of Table 1 shows that the owning cost per pupil
per year is less for electrically heated elementary schools than
for fossil fuel-heated elementary buildings. The total construction
cost per cubic foot is greater for the electrically heated school%
but this may be because the ratio of building volume per pupil is
less for the electrically heated buildings, owing to lack of certain
utility spaces which are required in wet heat buildings.

The cost-per-pupil basis is of most interest to school districts
since official records are kept on a per-pupil basis.

The comparison of one electrically heated secondary school
and 22 conventionally heated secondary schools does not offer
any sound basis for a positive conclusion. However, the smaller
owning cost per pupil per year mayindicate that electrically heated
secondary schools could follow the pattern established by the
elementary schools.

Table 2 shows the annual operating costs on a square foot and
per pupil basis. The total annual operating cost per pupil per year
for the elementary electrically heated schools is less than the
cost for conventionally heated elementary buildings. For the
secondary electrically heated school, a similar conclusion to that
suggested for owning cost may be reasonable.

The total owning and operating co ts on a per-pupil basis
presented in Table 3 clearly show that the average owning and
operating cost for electrically heated elementary schools is less
than that of conventionally heated schools.

Finally, it should be noted that 10 electrically heated mid 57
fossil fuel-heated schools cannot be considered a large sample in
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statistical terms; however, these schools represent all the schools
for which official data were available at the time of this study.
Additional studies with a larger number of schools should be con-ducted as more information becomes available, but the resultsgiven in this report indicate that electric heat today enjoys afavorable position as compared with fossil fuel-fired, wet heatsystems in Pennsylvania.

TABLE 3 -- OWNING AND OPERATING COST
PER PUPIL PER YEAR

Type
oi

School

Number
of

Schools
Owning
Cost

Operating
Costl

Total
Owning and
Operating

Cost
Elementary:

Wet Heat 35 $ 78.00 $30.17 008.17
Elementai y:

Electric Heat 9 67.00 28.64 95.64
Secondary:

Wet Heat 22 138.00 47.85 185.85
Secondary:

Electric Heat 1 119.00 39.60 158.60

Natiolal operating cost in 1961 was $31.90 and operating cost in
1961 for the three states of New Jersey, New York, and Pennsyl-
vania was $42.75, as reported in the January 1962 issue of School
Management.

_
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The OCD-AIA Competition
for School Shelter Design

By Robert Berne, Office of Civil Defense,
U. S. Department of Defense

Abstract: As one means of carrying out its aim to obtain 235 million fallout
shelter spaces by 1967, the Office of Civil Defense conducted a National School
Fallout Shelter Design Competition in 1962. The problem was to design an ele-
mentary school for from 300 to 500 students, incorporating shelter space for
twice the school population. The mechanics of the competition and some of the
basic concepts shown in the designs submitted are reported.

THE OFFICE OF CIVIL DEFENSE, convinced that fallout shelters
can be incorporated in buildings as dual-use space without im-
pairing functions or esthetics, and at little additional cost, con-
ducted a National School Fallout Shelter Design Competition in 1962.

The competition was intended to stimulate solutions to the com-
munity shelter problem. The interest of industry leaders was
evident, when about 700 applications to enter the competition,
nearly 200 more than predicted, were received before the deadline.

NEED FOR QUALIFIED PROFESSIONALS

OCD is interested in establishing 235 million shelter spaces
by 1967, so that everyone in the United States may have the op-
portunity to find shelter from radioactive fallout in the event of
nuclear attack. To achieve this goal, those responsible for building
designs must be made aware of fallout protection techniques.
Architects, consulting engineers, and teachers of architecture and
engineering axe being qualified through 11-;itensive courses. It is
the aim of the Division to have at least one qualified professional
in each architect's office, consulting engineer's office, school
of architecture and engineering, government agency with archi-
tectural and engineering staff members and in each industrial
firm employing architects or engineers on its staff. Ultimately,
it is hoped that state registration boards will include fallout shelter
analysis in their regular examinations.

ORGANIZATION OF THE COMPETITION

Because of some of the inherent characteristics of the average
school building, such as food preparation and sanitary facilities,

BERNE, ROBERT Chief A,Tchitect, Architectural and Engineering
Development Division, Office of Civil Defense, U. S. Department
of Defense; member, AIA.

132



COMPETITION FOR SCHOOL SHELTER DESIGN 133

and the existence of an organized administrative cadre in the
faculty, this type of building was chosen as the most appropriate
subject for the fallout shelter design competition.

The competition, administered by the American Institute of
Architects, afforded regional first prizes of $4,000, regional second
prizes of $1,000 and regional third prizes of $500. An added
$11,000 went to the national grand-prize winner. In addition, five
certificates of merit were awarded to entries exhibiting exceptional
features. The awards were determined by a five-man jury with a
professional and a technical advisor.

The ctimpetition was open to teams of registered architects
and engineers, or faculty members or graduates of accredited
architectural and engineering schools. Because of the scope of
the competition, and because a commission of this magnitude in
the average architect's office would not be attempted without the
services of consulting engineers, collaborative participation by
architects and engineers working as design teams was required.

THE PROBLEM

The problem was to design an elementary school for from
300-500 students incorporating fallout shelter space for twice the
school population, with a protection factor of 100 or better. Shelter
space was required to serve normal functions in the educetional
plant, while providing protection from gamma radiation during
emergency periods. Economy of construction and maintenance
and operating costs were essential considerations. Each team was
required to describe its site in detail and particular attention was
given by the jury to the suitability of the building to the climatic
conditions.

Shelter areas were required to provide at least 10 sq. ft. of
usable space per person. With mechanical ventilation, above-
ground areas required 65 cu. ft. net per person for 50% of the
occupants. These requirements were increased, when mechanical
ventilation was not provided, to 65 cu. ft. per person above ground
and 500 cu. ft. below ground. Where minimum space requirements
were used, it was mandatory to provide a minimum of 3 cu. ft.
of fresh air per person per minute by mechanical means.

Provision was te be made for the storage of basic shelter
supplies by allotting 1-1/2 cu. ft. per person for the storage of
14 quarts of water and 10,000 calories of special bulgar wheat
biscuits per person medical care kits, sanitation kits, and radi-
ation detection instruments.

These objectives were fully met by several hundred talented
people throughout the country. The results of their efforts, par-
ticularly as expressed in the prize-winning designs which showed
much original thought and many ingenious solutions, should have
a positive impact upon attitudes toward shelter space and should
give greater understanding of the concept of what a fallout shelter is.
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BASIC CONCEPTS PRESENTED

In an overview of the entries, it is significant to note that at
least 10 basic concepts for fallout shelter space were explored,
some with variations. These are as follows:

1. The shelter as an interior core shielded by a buffer of
peripheral rooms and walls.

2. The shelter as a completely underground unit, either covered
with earth or in a basement.

3. The shelter as a windowless building above the ground,
with a completely controlled environment.

4. The shelter built around a limited vista court, either as an
underground or windowless building.

5. The shelter with a movable protective enclosure that closes
glass areas.

6. The shelter with a combination of overhangs and shields
to achieve openness, yet provide protection to glass areas.

7. The shelter as a multistory building with minimum roof,
automatically reducing the roof contribution which is gen-
erally about 50% of the total contribution.

8. The shelter above grade of sufficient height to reduce auto-
matically the approximately 50% *ground direct* contribution.

9. The shelter as a system of baffle walls achieving great
openness, while shielding the protected area geometrically.

10. The shelter protected by mechanical devices which are
closable when protection is required, such as hydraulically
operated roof systems.

CONTRIBUTIONS TO KNOWLEDGE

The jury felt that some very important lessons are to be
learned from this competition. Probably the most important is
the fact that shelter capability can be incorporated in a school with
absolutely no interference with the educational process. In many
of these schools, It would be difficult, if not impossible, to know
that the school was also a fallout shelter.

While addition of fallout-shelter capability to a school will
increase its cost, the competition proved that there are many ways
it can be done quite reasonably. It also demonstrated that a team
of capable architects, engineers, and shelter analysts can devise
dual-use fallout shelters which will not adversely affect the es-
thetics or the function of a school.

The principles learned relative to schools are equally applicable
to other types of buildings. The prize-winning school fallout shelter
designs are described and illustrated in Office of Civil Defense
Technical Report, TR-19, entitled National School Fallout Shelter
Design Competition Awards, published by the U.S. Government
Printing Office in February 1963. Copies of this report may be
obtained from the author.
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Open Forum Discussion
Moderator: Gustave R. Keane,* Eggers and Higgins, Architects

Panel Members: Messrs. Berne, Christian, Larson, Nicholas,
Rarig, and Watters

W. S. Young, Jr., Owens-Corning Fiberglas Corporation: What
effect on cooling capacity did solar heat gain from skydomes
have versus insulated opaque deck? Were double insulating
domes used or considered?

Mr. Christian: Such domes were considered but not used. The
rooms wen so well insulated that the skylight did not affect
the heat load enough to significantly change the temperature.

A. J. Chlada, Baltimore Public Schools: In evaluating total en-
vironment, should space proportions be considered, and if so,
should some evaluation be made of the elongated "flexible
classrooms?*

Mr. Larson: The relationship of spaces should be one of the prin-
cipal items to be investigated, although we have not explored
this in our work at Michigan. We do hope, eventually, to go
more deeply into the problem of space in general.

M. J. Wilson, Carrier Air Conditioning: We hear use of the term
"acoustic perfume,* or background noise. Cannot this be pro-
vided by an air conditioning system, if the noise contribution
is of proper quality and sustained intensity?

Mr. Watters: There is always background noise around us. The
thing we must do is plan for it, keep tabs on it, and see that
it is not annoying. The noise contributed by air handling equip-
ment is often an important part of speech privacy, and other
kinds of acoustic privacy. When the noise gets too low, some-
times that very fact is annoying, for we begin to hear our own
body sounds, the rustle of our clothing, etc. In addition, the
cost of providing acoustic privacy rises greatly if some back-
ground noise is not present.

*BM member

135



136 SCHOOL BUILDING RESEARCH

Urddentified questioner: What about the surface deterioration of
clear acrylic plastic? Is it objectionable in the end-use? Which
is better from this standpoint, clear or translucent materiax??

Mr. Rarig: The durability of clear acrylic plastic depends on
location, thickness of the sheet, and area of the sheet. The
material is relatively soft, and if it is located where it can be
scratched by hard objects, or if it is subjected to abrasives
in the cleaning process, it will acquire a patina of scratches,
and may be serivisly damaged. If the relationship of the thick-
ness of the panel to its size is such that the installed panel is
quite flexible, it may be difficult to restore the damaged sur-
face with material in place, even though the damage consists
of very light scratches. If the scratches are heavy, it may be
almost impossible to restore the surface no matter how solid
the installation. Colored and patterned acrylic sheet can with-
stand a great deal of abuse without acquiring an objectionable
appearance. Clear acrylic, and the acrylic materials generally
recommended for glazing, do not deteriorate but their appear-
ance can be damaged by abuse.

Clarke T. Cooper, Cooper and Auerbach, Architects: Is the saving
evidenced in the electrically heated schools due to reduced
fuel costs, or to the combination of less maintenance, lower
installation costs, etc?

Mr. Nicholas: The answer is involved, because the approach we took
was to determine the total owning and operating cost per pupil
for schools heated by conventional systems fired by oil, gas,
or coal, and also electric energy for heating. The energy cost
of the total operating and owning cost per pupil amounts to
between 7% and 9% of the total cost, so the energy cost is not
of such a significant amount that it would destroy the trend
evidenced by our present sample. The total construction cost
is, perhaps, more important than the energy cost applied to a
particular school.

K. G. Fleming, City College: What danger is there of flooding from
water mains in underground fallout shelters?

Mr. Berne: This is a fundamental consideration in designing a
building. Some sort of shutoff valve should be provided so that,
in case the piping does break within the building, and tends to
flood the shelter, the water can be cut off easily and simply.

J. F. Weinhold, Cornell University: Have you any indication of the
optimum temperature and humidity that should be maintained
within the school?
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Mr. Christian: No. This will come out in our final study.

Tony Tysenn, Products Research Ccmpany: Did you compare the
classroom environments at Hillsdale High School, San Mateo,
California? The interior classrooms there have top lights only,
and perimeter classrooms have windows. After four years, I
heard that most students and school administrators prefer the
windowless rooms.

Mr. Larson: I have visited the Hillsdale School. Our project is a
little different from that because there are windows at Hills-
dale, or at least there is fenestration. The Hoover School,
as it is now arranged, has no view whatsoever of the outside.
The two schools are not comparable. There are different oc-
cupancies, and they are in different parts of the country. In
our experiment, the comparison is not of Hoover School in
contrast to other schools throughout the country, but of the
performance of the same children in the same school under
two different environmental situations.

George Rottman, Guilford County Schools, N.C.: In comparing wet
heat ,tnd electric heat costs, what specific types of system
are considered --radiant pipe coils vs. heat cable; wet heat
unit ventilators vs. electric unit ventilators; wet heat direct
radiation vs. resistance type units; or what?

Mr. Nicholas: The Pennsylvania school-building code limits the
type of system that can be employed, regardless of the type
of fuel used. Most of the schools in our study were equipped
with the conventional unit ventilator, whether they were elec-
trically heated or wet heated, fired by gas, oil, or coal. We
did have one or two examples of a multizone unit with a single
duct into the classrooms under the floor, coming up the outside
wall, but the conventional approach in Pennsylvania has been
to employ the standard unit ventilator. The present heating
and ventilating code requires that we use 10 cu. ft. per minute
of outside air per pupil. Because of the large amount of venti-
lating air required, the unit ventilator is generally used by most
architects.

W. 0. Wieting, Perkins and Will: What is the cost range per kilo-
watt for electric power in the Pennsylvania area where the
electrically heated schools awe located?

Mr. Nicholas: The cost per kilowatt hour varies throughout the
Commonwealth, depending upon the utility. Our lowest cost was
1.280 per kilowatt hour, and the highest was around 1.650.
Sinze our study was undertaken, a number of the electric
utilities have reduced their rates. Therefore, data ok+ained
for future schools, recently constructed or now being built,
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will show slightly lower rates. We expect that they will probably
average less than 1.50 per kilowatt hour.

Rhees Burkett, Architect: Do you consider interior views or openings
from classrooms having no exterior windows to be essential
or an advantage?

Mr. Christian: The first air-conditioned building had some win-.
dows, either for esthetic reasons, or because the school board
wanted them. However after covering some windows, and build-
ing several schools, we have come to the conclusion that yok
can own and operate a windowless school more cheaply. We do
think that there are some areas in the schools that should be
attractive enough to break the routine of windowless class-
rooms. We are using glass in the cafeteria, the library, and
some open spaces as you enter the administration area, and
we are leaving the classrooms windowless. In the new designs
we are building -- three new junior high schools we think this
is going to be the answer. Actually, we do not feel that it will
have any adverse effect upon the students, the teacher morale,
or anything else. We think it is more economical, and the effects
from teaching will be just as great.

Unidentified questioner: Would you comment on the fire hazard in-
volved in the use of plastic materials for glazing?

Mr. Rarig: This question is being investigated by various groups
concerned with fire safety. The problem is complex, involving
such variables as ignition temperature, flame spread, rate of
burning, relative smoke production, etc. Some plastics glazing
materials have very low flame spread; others have quite high
flame spread; still others, such as the thermoplastics, appear
not to present much of a flame spread problem, because they
do not ignite in place, but fall out at a temperature somewhere
between their heat diltortion toznperature and their ignition
temperature. Some plastics produce a great deal of smoke;
others produce almost none. In general, the industry, in at-
tempting to define good practice in the use of plastics glazing,
makes the assumption that all plastics available for this pur-
pose are combustible. Therefore, the area of installation should
be limited, individual areas should be separated from one
another, and the height of the installation should be limited.
The problem appears to be that of balancing the hazard from
shattering against the combustibility of plastics materials that
are capable of eliminating the missile hazard inherent in con-s
ventional glazing materials.

Tom Grimm, Zonolite Company: In your judgment, is it meaningful
to convert a decibel reduction in sound pressure level to phons
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and sones, and express the reduction as a percentage reduction
in loudness? In other words, is it valid to say that a 5 db
reduction in pressure level is a 30% reduction in loudness?

Mr. Watters: It depends on the problem upon which you are working.
In the case of speech privacy, you can find a condition which
constitutes the breaking point between what people will accept
and what they will reject. A convenient way to measure the
various parameters is to ascertain how many decibels you are
away from this breaking point. Since most of the acoustic in-
dustry is geared to decibels, this is a convenient system.

P. R. Achenbach, National Bureau of Standards: What axe the pro-
visions for exhaust ventilation in Pinellas Park School and the
chilled water units in Oak Park School? Is any study being
made of comparative food and water intakes in the two schools?
What has been done to compare the teaching staffs in the two
schools?

Mr. Christian: First, Pinellas Park is not air conditioned. It is
just a normal ventilated school with windows on one aide, and
high windows above the blackboard on the other side. In areas
like the cafeteria, there are exhaust fans to take the air out.
in the Oak Grove School, where we use the unit ventilators in
the classrooms, this is done by cold water circulated by a
gas-driven engine. We have made a study of the cost of other
utilities, including water, in the schools. As to whether the
teaching staffs of the two schools are comparable, in my
judgment they are. We tried to put experienced, qualified
teachers in both schools. Of course, there is some turnover
and there are some new teachers, but in degree and experience
the staffs of both schools are alike. When you begin to measure
achievement, you want to be sure that this is the case. We also
tried to assure C.Lat the learning capacities of the student bodies
were equal and that parental education and living standards
were similar. We have attempted to equalize these factors as
much as humanly possible.

Mr. Keane: Are the researchers enlisting the active cooperation
of the parents to report on possible damage to their children's
personalities, such as symptoms of clawitrophobia, an exag-
gerated desire to get out of the house, etc.?

Mr. Larson: No. Some parents are concerned that their children
might become psychopathic. We have on our staff a member of
the faculty of the School of Public Health who specializes in
child health, and he is also very much concerned about this.
We are keeping a close watch on the youngsters, and if there
is any evidence of mental disturbance, which is very, very
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doubtful in the minds of all of us, it would be noted, I am sure,by the parents who have already complained about the possi-bility. The children seem to be unaware of the absence ofwindows. The fact that they are no longer talking about it in-dicates to us that the parents have stopped worrying about it.All four teachers seem to approve of the absence of windows.They seem to feel that the children are more attentive and lessdistracted by outside activities.

P. R. Achenbach, National Bureau of Standards: There are probablyat least three factors that have a major effect on the learningprocess: the pupil, the teacher, and the environment. Thereare also lesser ones, such as the parents, the food, the sleephabits, etc. How much has been done to compare the teachingstaffs of the two schools? Might not the furnishing of additionalchalkboards and shelves, as requested by the teachers, be amorale-building element that might have a positive effect uponboth teachers and students, essentially unrelated to the absenceof windows? What evidence is there that the learning rate ofa given group in successive years would be constant, even ifthe fenestration were unchanged? Could not comparisons nowbe male between Mann and Hoover schools for the year inwhich both had windows, as a basis for comparing the teacher-pupil relationship in the two schools? Are you not, in tact,testing teachers as well as pupils?

Mr. Larson: The teachers are part of the environment, so far asthe children are concerned. There is no doubt that having newteachers does change the environmental relationship with respectto the individual youngsters. On the other hand, we must re-member that each year the pupils are promoted and, auto-matically, they get a new set of teachers. We do not think,therefore that the teachers who are new this year make toomuch difference. We will have to double-check at the end ofthe year to see what has happened at Mann School.
Undoubtedly, there will be a comparison with the changes

that have taken place at Mann School, just as there has beenat the Hoover School this year. We have a new set of teachers,
but the individual youngsters continue in each case. The mainpoint of our inquiry is to discover whether there is any dif-ference in the response of the pupils. It is quite true that thisindirectly becomes a test of the teachers in the schools. It isvery likely that a good, strong teacherwillhave a very powerful
effect upon the youngsters, but I do not know how we can avoidthis effect in our experiment. We are not trying to prove athesis. We are merely trying to find out if there is any mea-surable effect on the youngsters when they a.re in classroomsfor one whole year, withno view of the outside.
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As regards the addition of chalkboards and things of that
sort, I think we are creating a prejudice on the part of the
teachers. We have encouragod the teachers to indicate to us
any changes they would like to make on the new worldng wall.
We are interested in the suggestions that the teachers have
for making the wall more useful. Last year, before the change
was made, we asked the teachers to indicate their desires;
these were followed through in the summer. Now we find that
the teachers in whose rooms shelves and chalkboards were
introduced seem quite satisfied.

J. T. Burwell, American Radiator and Standard Sanitary Cor-
poration: In view of the small samples of electrically heated
schools, would you comment on the statistical significance of
the differences in costs of the two types of heating?

Mr. Nicholas: We are aware that this is a limited sample. How-
ever, the averages are indicative that the annual owning and
operating costs of electrically heated schools are slightly
lower than those for conventional schools. Regardless of the
number in the sample, our present evaluation does indicate
that the electrically heated school is in the running when rxm-
pared with other types of schools.

William Lukacs, Architect: In one junior high school in a good New
York neighborhood, I have seen tempered glass transomse with
panes about 42 inches squre, repeatedly broken. Can clear
plastics overcome such a problem?

Mr. Rarig: It depends upon the capacity of the missiles with which
the transoms &re struck, and it is also a matter of edge In-
casement. The plastic glazing will be as strong as the other
components of the assembly. Tests have indicated that tem-
pered glass is vulnerable to a dart, to a sharp point that
breaks the surface tension. Such a dart would probably not
break a convarably thick piece of acrylic.

P. R. Achenbach, National Bureau of Standards: Your paper repre-
sents a comparison as is. It does not establish that the quality
of school or quality of heating were comparable. What type of
wet heat was used in the fossil-fuel heated schools? How were
controls operated between night and day? What are the specific
comparisons between coal, oil, gas, and electricity? Were
special incentive rates offered by the electric utilities?

Mr. Nicholas: The Commonwealth of Pennsylvania has a heating
and ventilating code which restricts or eliminates many types
of systems in the design for a particular school. As to the
comparison between a school that is heated with s. conventional
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hot water system and one that is heated with an electric system,
they are quite similar in that they both employ unit ventilators.
The only difference in the construction of the unit ventilator
is that the one using an oil-fired system, for example, is
equiPped with a hot water coil; the one using electric energy
is equipped with an electric heating coil.

The temperature control system applied to both units is
identical, except that the mechanics of the system might be
slightly different. However, the final result is very much the
same, so that the occupied and unoccupied controls are quite
similar. A very common method of controling the units on
the night cycle, or in the unoccupied period is, of course, to
turn the fans off and on to maintain the night set-back tempera-
ture. This can be done whether the unit is equipped with a hot
water coil, steam coil, or electric coil.

In some instances the electric utilities offered an incentive
to the school district, but of course the oil and gas interests
have done the same. I wouldn't say that this has influenced the
decision of the board to use any particular fuel. The fuel costs
in Pennsylvania for bituminous coal, for example, might run
from $5.50 to $10 a ton. No. 2 oil costs might be from 110 to
150 a gallon. Natural gas costs might be from 500 to $1 for
a million Btu's, and perhaps in some areas even higher.

Unidentified questioner: Do you label all of your acrylic sheet
which may possibly be used for glazing and, if not, how do you
know what acrylic sheet to label with your special cautionary
labelling for the guidance of glazers and contractors?

Mr. Rarig: We put cautionary labelling on the sheets of material
which we believe will be used for glazing, and we supply our
distributors with cautionary labels to place on sheets which
they sell for this end-use. Their knowledge is often more
definite than ours. We do not control the end-use of our ma-
terial, and some of it undoubtedly moves into glazing instal-
lations without any cautionary labelling. We try to reach every-
one with informative literature and instructions, but time and
experience alone will ultimately solve the problem.
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of School Plants

By George J. Collins, U.S. Office of Education
Abstract: If America is to know the true status of its elementary and secondary
school facili&s, a national cooperative effort must be made by state, local and
Federal authorities to pool all information available in a central location. The
First National Inventory of School Facilities and Personnel is such an attempt.
This paper describes the methodology used in the Inventory, indicates the type
of data collected, and presents a representative tabulation of facilities in a single
state.

AN UNPRECEDENTED UNIVERSE OF DATA on individual school
plant facilities was provided by the First National Inventory of
School Facilities and Personnel for Resource Evaluation and
Damage Assessment. Beginning in April 1962, approximately
135,000 schools were sent inventory forms. By June, more than
90% of the schools had responded. Of 50 states, 41 and the District
of Columbia chose to conduct the inventory themselves. The Bureau
of the Census mailed forms to each school in the nine remaining
states and to more than 16,000 nonpublic schools.

The principal objectives of this study were to locate schools;
to inventory structural, classroom, and general-use facilities; to
determine the functional use of school plants in an emergency;
and to establish the number of pupils and adults usually on a given
site on a school day. At the same time, the substantial data col-
lected have provided certain basic information on school facilities.

INVENTORY FORM

A four-page inventory form was used to obtain the 'data. The
unit reported on each form is a school plant. The Common Core
of State Educational Information, Handbook I, which was developed
cooperatively with state and local educational agencies, repre-
sentatives from educational associations, and the U.S. Office of
Education, defines a school plant as the site and all the buildings
thereon. Hence, one inventory form may report on several schools,
if they are using the same site. The first page of the form is con-
cerned with locating and identifying the school.

COLLINS, GEORGE J. Director, National Inventory of School Fa-
cilities and Personnel, U.S. Office of Education, U.S. Department
of Health, Education and Welfare; member, American Association
of School Administrators, Association of School Business Officfals,
National Council on Schoolhouse Construction, National Education
Association, and National School Public Relations Association.
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The center spread of the form is used for reporting the struc-
tural characteristics of each building by age, basement, stories,
outside wall material, framing, fire resistance, number of class-
rooms, and general-use facilities.

The final page of the form seeks information about the number
of pupils and employees in the school plant, the capacity of fa-
cilities for heating, cooking, and obtaining water in emergency
conditions, and the acreage of the site.

Procedures for obtaining data on costs and detailed information
on school site, buildings, and instructional spaces are already
under way in about a dozen states, as part of implementing Hand-
book III, Property Accounting for Local and State School Systems.
This handbook was also developed cooperatively by state, local and
Federal employees and representatives from important educational
associations.

One result of the Inventory is the creation of a much-needed
system for exchange of data with the Bureau of the Census, Office
of Education, the states, and National Resources Evaluation Center.
A conversion deck of codes develcped for the Inventory should
prove useful in future survey work, and particularly in the im-
plementation of Handbook III.

DATA PROCESSING

Over 106,000 school plant forms were returned. Each form
was punched on three basic data cards. Estimates indicate that
450,000 data cards wilI be required to enter all the data collected
in the Inventory. Modern methods of data processing took less than
four months to have the data processed and back to the states.
A publication of some of the data by the Office of Education is
planned for December 1963.

SORTING INVENTORY DATA

Data collected in the Inventory are being summarized by in-
dividual item responses for each state and the United States.
Public and nonpublic school data are being totaled separately.
The item summaries essentially follow the items on the inventory
form. Fire-resistance classifications of school buildings and ad-
ditions will be sorted by number of rooms, number of pupils,
and acreage.

Tables 1, 2 and 3 show some actual item summaries from a
representative state.

The total number of classrooms reported in Table 1 is 29,472,
with 93% of the schools reporting. Therefore, it can be assumed
that the total for this state is about 31,690 classrooms. While
Table 1 does show several aspects of unsatisfactory teaching con-
ditions; namely, the improvised, most of the temporary, and the
off-site rooms, there is no attempt to estimate how many of the
designed rooms are unsatisfactory.
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TABLE 1 -- NUMBER OF INSTRUCTIONAL ROOMS IN
PERMANENT BUILDINGS, NONPERMANENT AND

AVAILABLE OFF-SITE FACILITIES BY
ORGANIZATIONAL LEVEL OF SCHOOL PLANTS

IN STATE '1X," SPRING 19621

Type of School Designed Improvised Temporary Off-Site Total
Secondary 5,720 83 57 7 5,867
Combined 13,477 338 260 125 14,200
Elementary 9,034 150 184 37 9,405

Total (93%) 28,231 571 501 169 29,472
Projected Total (100%) 319690

1Represents 93% of total mailout.

TABLE 2 -- NUMBER OF PERMANENT-USE FACILITIES
AVAILABLE FOR USE BY ORGANIZATIONAL LEVEL

OF SCHOOL PLANT IN STATE `1X," SMING 19621

Facility Elementary Combined Secondary Total
Centralized school

library 228 477 195 900
Auditorium 214 275 112 601
Cafeteria or lunch room 387 565 174 1126
Gymnasium 42 132 112 286
Combination

gym-auditorium 53 275 73 401
Combination

cafe-auditorium 192 90 9 291
Combination

cafe-gymnasium 1 1 0 2
Combination cafe-

gym-auditorium 4 14 2 20
Other multipurpose 93 129 80 302
Swimming pools 1 11 7 19

1Represents 93% of total mailout.

Manufacturers of special equipment for general-use facilities
are constantly attempting to determine potential markets. Table 2
is a listing of large general-use facilities. In this regard, note that
228 elementary schools of the tota11,004 surveys reported(Table 3)
have central school libraries. More than one-half of the combined
elementary and secondary schools have libraries, as do about 9 of
every 10 secondary schools. Adding the gym combinations indicates
that about 1 in 10 elementary schools, 1 in 2 combined schools, and
about 9 in 10 secondary schools have access to a gymnasium:.
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TABLE 3-- ADDITIONAL DATA AND DERIVED AVERAGES
BY ORGANIZATIONAL LEVEL OF SCHOOL PLANTS IN

STATE "X,"1 SPRING 1962

Data Elementary Combined Secondary Total
School plants 1,004 889 211 2,104
Schools (2,167)
Acres 5,537 10,535 3,535 19,607
Average acres/plant 5.5 11.9 16.8
Day-school member-

ship, elementary 251,273 197,509 856 449,638
Day-school mem-

bership, secondary 1,552 148,439 143,357 293,348
Sub-total 252,825 345,948 144,213 742,986

Day-school mem-
bership-average 252 389 686

Full-time
instructional staff 8,569 13,020 6,104 27,693

Pupils per full-time
instructional staff,
average 29.3 26.6 23.6

Full-time non-
instructional staff 3,027 3,119 1,880 8,026

Full-time non-
instructional staff
per school plant 3 35 9

Full-time
instructional staff
per school plant 8.5 14.6 28.9

1Represents 93% of total mailout.

In Table 3 there are additional summaries of the data collected,
and some averages can be computed. Probably the most significant
caution concerning the use of averages relates to the final figures --
pupils per room, or the derived pupils per teacher ratio. The
averages indicate rather acceptable ratios for better educational
programming. However, the lower number of pupils in sparsely
populated schools compensates for overcrowding in the more
densely populated schools. With basic data for an individual school
plant, a more realistic view of the range of extremes may be
computed, and this may prove to be a very important statistic
on the status of educational construction and staffing.

This collection of data for over 106,000 individual school plants
by the National Inventory of School Facilities was made possible
only by the assistance received from the personnel of the state
educational agencies and the cooperation of district administrators

0
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and school principals. The cooperative spirit of all participants,
and skillful knowhow of the personnel in the Office of Education,
has established a major breakthrough in assessing school facilities.
Missing schools must be added to the total. More detailed data
refinements of Pmgram Handbook IV(yet to be published), Property
Handbook III, and Financing Capabilities Handbook II should follow
if America is ever to know the true status of its elementary and
secondary school facilities.
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Abstract: Population growth and mobility are of special significance to city
schools, because redevelopment and the changing character of neighborhoods
make their school-age populations highly unpredictable. Since it takes up to two
years to acquire a site and build a school, classroom units that can be moved
from place to place can be of great value. Chicago has experimented with such
units, providing 600 sq. ft. of instructional area and costing under $10,000 in-
stalled, and found them satisfactory. This paper gives the details.

CITY SCHOOLS FACE SERIOUS PROBLEMS of population growth
and mobility. From 1951 to 1961, enrollment in the Chicago Public
Schools increased by 146,000 students. The projection for the
five-year period through 1966 is expected to be an average annual
gain in enrollment of approximately 15,000 students.

Each year, nearly 500 additional teachers and 500 additional
classrooms are needed, as well as added personnel, facilities,
and services. In the five years ahead, there will be a continuing
need for almost 500 teachers and 500 classrooms, just to maintain
the status quo.

THE MOBILITY PROBLEM

In Chicago, there is the problem of population shifting within
the city. One or more of the 21 district attendance areas may grow
20%, or approximately 5,000 students, in one school year. Some
schools have doubled their enrollment in only two school years.
Many schools experience from 50 to 100% turnover of pupils in
a single year. Such movement of the population brings about over-
crowding in specific school attendance areas, resulting in tem-
porary double shifts, an arrangement not readily acceptable to the
citizens.

Under normal circumstances, about two years is required to
acquire a site and to plan and construct a school building. This
is acceptable in projects which are in the scope of long-range
planning, but it is too long for communities which experience
population explosions in only a few months. The answer to prob-
lems caused by sudden spurts in population is not to be found in
a regular school-building program.

McKBAG, FR., NCIS B. Assistant to the General Superintendent of
Schools, Board of Education of the City of Chicago; member,
American Association of School Administrators, National Educa-
tion Association.
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Various types of temporary, portable, and demountable buildings
may be used to solve the problems occasioned by population growth.
However, any building, to be acceptable, must meet all standards
and code requirements imposed by the Board of Education and the
city. Two types of school buildings are desirable: one completely
mobile type, to serve a community for from six months to two years,
and another type which would be a semipermanent structure built
to serve for a period of five to 20 years in one location, after
which time it could be demounted and moved to another site.

EXPERIMENTS WITH MOBILE UNITS

During the summer of 1961, several mobile home manufacturers
were queried about manufacturing mobile classrooms which would
meet Chicago's standards of floor area, lighting, sanitation, heating,
ventilation, exits, fire rating, etc. Several manufacturers produced
experimental mobile units. The first of these was 10 ft. wide by
68 ft. long. The front 60 ft. included a classroom. The 8 ft. at the
rear provided for washrooms, wardrobes, and heating apparatus.
However, the proportions of this classroom made it difficult for
the teacher to communicate with the students in the back rows.
This one-section mobile classroom could have been purchased for
approximately $6,500, installed to utilities provided by the Board
of Education.

Another experimental unit was built in two sections, each 10 ft.
wide and 40 ft. long. One side of each section is open, and the two
sections are joined at the site to make a unit 20 ft. wide and 40.ft.
long. The 10 ft. sections, with their open sides covered with ply-
wood, are comparatively easy to transport. From the outset this
unit was completely acceptable to teachers, administrators, parents,
and children. The initial use was for a first pade group, but later
use for kindergarten and upper grades indicated that it is suitaMe for
most any age or grade level. After a short period of experimen-
tation, the Board of Education in January 1962 included in its
budget an appropriation of $1,500,000 to purchase and install 150
of these mobile classrooms. Figure 1 shows the interior of a
mobile unit in use.

CONSTRUCTION AND EQUIPMENT SPECIFICATIONS

The general specifications as outlined in the bid solicitation
included the following:

Materials: A minimum fire rating of one hour.
Space: An overall class area of 620 sq. ft. for 30 pupils.
Lighting and Windows: A minimum of 50 foota.candles of light

without glare on each desk, from fluorescent fixtures and
natural sources. (Twenty percent of the wall area is in
jalousie windows equipped with shades and screens.)
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Figure 1 -- View of mobile classroom showing built-in
chalkboards, shelving, etc.
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Figure 2 -- Mobile classrooms located in a Chicago
park area.

Heating: Thermostatically controlled electric baseboard heating.
Electric water heater.

Ventilation: Mechanically controlled forced air ventilation sys-
tem to provide three complete changes of air each hour.
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Air Conditioning: Three-ton air conditioner to provide class-
room comfort regardless of the outside temperature.

Built-in Educational Facilities: Chalkboards, bulletin boards,
and storage space for books and supplies.

Comfort Facilities: Drinking fountain and restrooms.
Floor Covering: The first five units were equipped with wall-

to-wall carpeting for experimental purposes. The remaining
units have linoleum floors.

Exits: Three exit doors, two at the rear of the classrooms and
one at the front, each equipped with basic hardware.

Appearance: Interiors to be attractive, conducive to creativity,
learning, and personality development, with soft gray or
beige floors, walls and ceilings, and movable desks with
seats of various colors. Exteriors to be finished in colored
aluminum.

The cost of each unit, delivered and installed, is $8,460. The
average cost of installation of utilities is $1,500, making the cost
of the installed unit Just under $10,000. The average pro-ratedcost of a regular classroom in a complete school facility is$32,000.

ADVANTAGES OF MOBILE UNITS

The biggest advantage of the mobile classroom is that it canbe moved literally overnight, assuming that the connections for
electricity, water and sewer, and foundations have been made
ready.

One hundred and fifty mobile units were purchased and installed
in approximately two months on sites owned or leased by the Board
of Education. In one location, in a park, there are 28 units esthetic-ally located in a setting of trees and shrubs. Six of thers unitsare shown in Figure 2.

The installation of these units in Chicago helped to reaice
double shifts from 33,000 pupils in June 1961, to less than 4,000
in June 1962. As soon as double shifts have been eliminated fromthe Chicago Public Schools, these units will be used to reduceclass size where population influx is suddenly increased. In no
case will such units be used longer than two to two-and-one-half
years, during which time the population will stabilize or new
schools will be constructed.

Other uses for the mobile units in terms of adaptability toschool and community needs are numerous. In connection with
a regular school program, the unit can be used as a library,
health or reading clinic, special education or supervised study
room, or for many other comparable purposes. In summer schools
and evening schools the unit can be used as a classroom, if an
entire building is not required. Operational costs would thus be
more economical. The unit may be used for after-school activities,
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as a library, a recreation center, a meeting place for students'
extra-curricular activities or for adult groups such as the Parent-
Teacher Association. The mobile classrooms provide an ideal
place to help the kindergarten child adjust in that he is associated
with only a few people, whereas, in regular school he may be
associated with hundreds of students in a large building. Chicago
is satisfied that the mobile classroom has provided a completely
satisfactory and economical answer to its need for flexible school
facilities.



Management and Operation
of School Facilities

Incorporating Educational Facilities in
Buildings with Other Occupancy

By Michael L. Radoslovich, New York City Board of Education
Abstract: School facilities planning in metropolitan centers demands new think-
ing in school design on the part of educators and architects. It is no longer prac-
tical to place urban schools alone, on isolatedlots, thereby violating the principles
of economy, real estate, and city planning. This paper reports on two possible
alternatives to traditional school construction: the combination ofa kindergarten-
elementary school with a /musing project and a combination business education
high school and office building.

THE URBAN SCHOOL OF TODAY STANDS ISOLATED, as if learn-
ing must be in a stronghold, because its facilities are housed in
a building which violates the basic principles of economy, real
estate, and city planning. The typical urban elementary school
for 1,000 pupils has three or four stories and costs approximately
$2-1/2 million. It is built on a 1-1/2 acre site, at times costing
more than $1 million, and forcing the dislocation of numerous
families and businesses.

The concept that school building facilities in urban areas must
stand isolated on this type of location is a deplorable social and
economic phenomenon. The school, under these conditions, be-
comes a paralyzed mass in the midst of our rapidly changing
metropolitan centers.

If what we are told is true, we will double the number of our
school facilities and we will rehabilitate or replace half the struc-
tures now in existence within 40 years.

It is imperative that we search for solutions now. The time is
upon us when our conventional inhibitions become a hindrance, and
a new order of vision is a necessity. The task ahead cannot be
calculated solely on a quantitative basis. The solution demands
quality as well as qu .ntity. Our responsibilityisto seek new means
of housing educational facilities. Our interest must be to relieve
the tension and congestion of our cities.

STEPS TOWARD A SOLUTION

To find an answer, we must analyze and understand the func-
tioning of cities, as well as that of the educational facilities serving
them.

RADOSLOVICH, MICHAEL L. Director of Architecture, New York
City Board of Education; Fellow, MA; member, Architectural
League of New York, Fine Arts Federation of New York; holder
of Gold Medal of Honor, Municipal Arts Society of New York.
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For several years, the American Association of School Ad-
ministrators has asked forcefully for new thinking in urban school
design. It has conducted architectural exhibits and seminars and
worked in collaboration with the American Institute of Architects.
Movable, adaptable, convertible, air-conditioned, and windowless
schools have been discussed. School facilities combined with housing
and other types of buildings have been presented.

In June 1962, the U.S. Office of Education held a conference to
"discuss and identify school facilities planning problems in metro-
politan centers." The conference was attended by conferees from
10 major metropolitan areas. Among subjects discussed were the
effect of urban renewal, zoning regulations, cooperative planning,
population changes, and expressways on urban school planning as
well as construction costs, sites and financing.

The conference saw an evident need for continuity of effort
and for teamwork, and it was agreed to meet again to continue the
discussion of urban school building problems and to form a per-
manent organization.

Since 1959, cognizant of the need to search for new types of
school building facilities, the New York City Board of Education,
with the assistance of the Educational Facilities Laboratories, Inc.,
has been conducting a study of building types, including a combi-
nation school and housing project with kindergarten through third
grade school facilities and a combination business education high
school and office building.

COMBINED SCHOOL AND HOUSING PROJECT

The first of these studies, the combination housing project and
a kindergarten through third grade school for 800 pupils was pre-
pared by the New York City Board of Education and the New York
City Housing Authority. The plan is shoWn in Figure 1.

The floor plan of a typical high-rise dwelling unit, subdivided
into comparatively small spaces, with irregular, short-span column
spacing is not adaptable to conversion into classrooms. However,
the abundance of plumbing facilities and other utilities makes this
type of plan desirable from the standpoint of providing toilets,
kitchens, special rooms, teachers' and remedial rooms, store-
rooms, etc., all of which are necessary parts of a school plant.
This gives the planner an opportunity to use to advantage the space
within the dwelling units, and freedom to arrange the classrooms,
cafeteria, and assembly spaces on the periphery of these units.

In New York City the additional ground coverage, if less than
23 feet in height, is not added to that of the housing units for zoning
purposes. The roof of the low unit may be landscaped, or used
for various types of outdoor activities, by the school, the housing
tenants, or both.

In this manner, schools can be integrated with housing eco-
nomically and efficiently and can provide desirable educational
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Figure 1 -- Artist's conception of a combination
housing project and kindergarten-elementary school.
Twenty-one-story housing units rise at each end of
the block. A two-story school is connected to the
building on the right. At the center of the block is
a playground, with parking facilities adjacent to the
building on the left.

facilities as well. The playground area should be located as far
from the dwelling units as possible to minimize disturbances to
the occupants.

The proposed design occupies 120,000 sq. ft. If the same fa-
cilities were designed on separate sites, the areawould encompass
178,000 sq. ft. Thus, the integration of housing and school facilities
saves 58,000 sq. ft. of tax-bearing land.

Educators state that 600 to 800 pupils in a kindergarten through
second or third grade elementary school are more desirable than
1,200 pupils in a kindergarten through sixth grade school.

The educational program of a kindergarten through third grade
school does not require separate auditorium, gymnasium, andlunch
facilities. In their place, it calls for a multipurpose room of 5,000
to 6,000 sq. ft., with adjacent kitchen facilities, storage, toilets,
etc. This modification represents a saving of 6,000-7,000 sq. ft. of
new construction, as well as a savingofland. In addition, the multi-
purpose room, with its auxiliary facilities, can be planned so that
it can be used as a community center, as well as serve school
needs.

Additional t3avings are derived from the mutual design and
construction operation including savings on overhead, administra-
tion, and buying power, as well as construction savings resulting
from common utilities and mechanical services, common founda-
tions, columns, walls, etc.
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COMBINATION BUSINESS EDUCATION HIGH SCHOOL
AND OFFICE BUILDING

The existing business education high school in New York is
an obsolete four-story building located on valuable property on
East 42nd Street. It has an enrollment of 2,100 pupils in its day
school and 900 pupils in the night school. Its students are em-
ployed part-time or full-time in nearby offices.

The space analysis and the school plan for the school portion
of the combined-function building are based on a program of re-
quirements prepared by the school administration in cooperation
with the High School Division. The design, prepared for a specific
site in the heart of Manhattan, complies with the zoning ordinance
of New York City. It is envisionedthat the school will have facilities
completely independent of the office building. These facilities will
be conimined within a portion of the sub-basement, basement, and
ground floor and, except for the elevator core of the office building,
in five or six floors above the first floor.

The school will have separate entrances, exits, service facilities,
stairs, escalators, and elevator. It will occupy approximately
130,000 sq. ft. of typical floor space and will also have two facilities,
an auditorium-cafeteria and a gymnasium, each approximately
7,000 sq. ft., with a clear span of approximately 65 ft. and ceiling
heights of 16 to 18 ft. These two facilities will be located free of
the office-building tower.

To house the school facilities adequately, the minimum column
spacing of the office building should be not less than 24 feet.

The School Facilities

The school facilities proper should consist of a net area of
73,000 sq. ft., divided as follows: laboratories and special rooms,
55,000 sq. ft.; administration area, 11,000 sq. ft.; library, 1,000
sq. ft.; and student activities, 3,000 sq. ft. In addition, walls, columns,
stairs, escalators, elevator, toilets, corridors, and service facilities
would occupy 22,000 sq. ft., bringingthe gross area to 95,000 sq. ft.
The above facilities should be housed on a portion of the ground
floor, and on not more than six floors above it, in typical office-
building space. The office-building floor area at these levels should
be at least 15,000 sq. ft. The gymnasium will be about 65 x 100 ft.,
and easily partitioned for simultaneous use by boys and girls. It
can be housed in the basement.

The Office Building

The office building is to be an entity completely separated from
the school. Entrances, exits, service facilities, lobby, and elevators
are to be independent of comparable facilities for the school.
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Portions of the sub-basement and basement are to be retained
for office building use, and rentable store space may be provided
at the ground floor level, because it is intended to locate a mini-
mum of school facilities at this level, except for the necessary
entrances and exits. The square footage of rentable floor space
above the school is dependent on the size of the plot and the design
suitable for this plot.

The builder will incorporate in the building the basic features
necessary to convert the predetermined office spaces into the
high school, i.e., gymnasium, and auditorium-cafeteria, entrances,
exits, escalators, elevator, toilets, and other facilities necessaryfor the school. A second contract would be let by the Board to
convert this space into the school.

The office building will supply the school with heat, ventilation,
air conditioning and electricity, but the school will be responsible
for the mechanical facilities within its own premises. It will also
be responsible for the cleaning and maintenance of its own
premises, including repairs and layout changes.

CONCLUSION

These are two examples which show how this problem can be
met; both solutions are sound from educational and technical as-
pects. Insofar as these studies are concerned, there is also every
indication that the solutions offered will be financially sound and
practical for operation and maintenance. However, this should be
determine.d by qualified persons in the fields of finance, real
estate, operation, and maintenance.



Management and Operation
of School Facilities

Economic Evaluation of a
Combined School, Apartment Building,

and Medical Center
By Stephen Shilowitz, Charles Shilowitz
Stephen Shilowitz, Architects
Abstract: The City and Country School in New York City is engaged in a building
program which centers about the most complete development of its site possible,
in order to obtain income. The site is an 18,000 sq. ft, lot in downtown New York
City. After a thorough analysis of zoning laws and community needs, the decision
was made to erect a combination school, apartment building, and medicalcenter.
Details of the planning are given, and theproject's financial feasibility is assessed.

PRIVATELY ENDOWED NURSERY AND GRAMMAR SCHOOLS lo-
cated in the midst of crowded cities are generally in financial
trouble, even though they may occupy extremely valuable real
estate. They must seek a source of independent means, which may
be provided by a thorough development ofland for income-producing
purposes. A design which makes possible a relative high return
of income provides a scheme for capitalization by which a new
school structure may be obtained at no expense to the school, and
a permanent income established for teachers' salaries, scholar-
ships, equipment purchase, and maintenance.

An actual project is the City and Country School's proposed
plan to combine its own functions with those of an apartment
house, a medical center, and a parking garage on its site in down-
town Manhattan. Construction is due to begin in 1963.

The enrollment of the school is to be 190 children, 3 to 13
years of age, in nursery school through eighth grade. It operates
upon a site of about 18,000 sq. ft., transversing the block and
bounded on the sides by brownstone residences. The building lot
is roughly 90 ft. in length along each street front and 200 ft. deep.

Because of financial difficulties brought about by the need to
maintain obsolete facilities, any unexpected emergency may spell
sudden death to the school as it now exists. Compounding this dif-
ficulty are the low tuition which permits the admission of a wide
cross-section of children, some on scholarship, and the failure
of donations and proceeds from other activities to keep abreast
with rising costs of teachers' salaries, school supplies, utilities, etc.

The school has two assets, however, which will enable it to
solve the problem of revitalizing its economic condition. The first
is the high value of the property. The second is inherent in the
continued welcome of the school as a part of the life of the com-
munity. It was concluded that, if the school were to remain in the

SHILOWITZ, STEPHEN. Partner, Charles Shilowitz & Stephen
Shilowitz, Architects; member, AIA.
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present location, consideration would have to be given to the possi-
bility of combining income-producing elements upon the site. This
would involve the construction of a new complex, incorporating
the school with other elements in such manner as to avoid com-
promising their proper functioning. Such a concept represents a
departure from the traditional picture schools have of themselves,
as being outside the business world.

DEVELOPING THE PROGRAM

In developing a building program, the site was analyzed to
determine its current market value, and any characteristics
which would bear upon the nature of the income-producing element
to be combined with the school. The zoning laws of New York City,
recently revised to insure the provision of more open space than
had previously been demanded, placed the school site within a
residential district of medium density. A study was initiated of
uses permitted in conjunction with an apartment house, the obvious
major choice ft)i: investment purposes.

So-called commuoity facilities not only were permitted under
the zoning law but wc-re assigned greater percentages of develop-
ment allowance than were given to residences themselves. The
definition of floor area, the calculation of which now represents
one of the major limiting factors in determining the size of new
projects, excludes cellar areas not devoted to living purposes.
This aspect of the zoning law promises maximum generation of
income, because sites may utilize their underground rights in lieu
of air rights, which are limited in proportion to the congestion of
their surroundings.

The importance of maintaining the proper functioning of the
school in a large-scale project necessitated careful judgment in
selecting the income-producing elements and provided more criteria
to be applied in early planning stages. At the same time, it was
vital to consider the needs of the tenants.

Compatability of types of occupants is an important factor.
On the other hand, the temptation to accommodate a single-tenant
occupancy might, in some instances, be dangerous. When a single
occupancy vacates the premises, the gap between rentals may be
damaging to income. Therefore, a scheme of multiple units, so
rhythmed that vacancies will not occur simultaneously, should
be developed.

In addition to the great demand for residential units in the
neighborhood, medical office space, classified as a permitted com-
munity facility, was at a premium. One of the city's major hos-
pitals was located immediately across one of the two streets
bounding the site. It was supposed that doctors would find it more
convenient to have their offices adjacent to the hospital. The de-
sirability of incorporating such office space within the scheme
may be seen by comparing the rent derived from different types
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of occupancy. Current standards indicate rents of P.50 to $4.00
per sq. ft. for apartments, and $6.00 as a minimum for air-
conditioned, modern office space.

The final element in the design was a parking garage, de-
sirable as a commercial enterprise, and required by zoning.

Having determined the nature of the income-producing elements,
it was necessary to consider their placement. The garage was
placed at the level below grade, and the two levels of medical
offices at cellar and basement level, thereby allowing the site to
be fully developed for the school and apartment house, according
to the law. The school is shown in Figure 1. It occupies three
floors, standing on a plaza formed by the roof of the medical
offices. The apartment tower rises above the school. Open space
is available for the necessaryplay yard of the school, while meeting
zoning requirements. The low income-return of the relatively
small number of apartments permitted to be developed, after sub-
tracting the floor area absorbed by the school, is offset by the
large amount of office space in the underground area.

4.14

Figure 1 -- The City and Country School.

DETERMINING FINANCIAL FEASIBILITY

The initial estimate for judging the feasibility of the concept
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was made by determining the extent of the construction loan which
could be expected. The estimated cost of construction was
$1,800,000, with an additional $750,000 representing the value of
the land. The index figure of 75% of the combined value of the
buildings and land, as used by lending institutions for estimating
the maximum extent of the mortgage loan, is then applied to the
total value of $2,550,000. This yields a mortgage loan of $1,910,000.
A more conservative figure of 70% will yield $1,800,000. Thus,
the first test was passed successfully.

An analysis was made of the income that could be expected to
accrue after all expenses had been deducted. The gross income
of all the elements was established, excluding the school. The
maximum rents to be derived from the apartments, offices, and
garage spaces were determined by surveying the neighborhood's
current standards. It was presumed that the presence of a school
in the complex would add to the assurance that maximum rental
would be forthcoming. Apartment dwellers would be pleased to
send their children to school without their having to leave the
property. More possibilities lay in store for the doctors whose
hospital duties were performed across the street. Also, the
*prestige* quality of the building complex shouldnot be overlooked.

The net income was determined after all expenses had been
established. Figures pertaining to taxes and the operation of
buildings were obtained. After all these expenses had been de-
ducted, and the gross income based between an estimated low and
high range, the net income to be realized by the school appeared
as shown in Table 1.

Management costs have not been included, as the school may
assume this function in order to provide additional savings. The
tax-exempt status of the school is another important factor. The
intrinsic combined value of the land and buildings is eight times
the gross income, and operating expenses are very roughly one-
tenth of the gross income.

CONCLUSIONS

Some lessons may be derived from this study. As high a value
as possible must be placed upon the site contemplated for such
an endeavor. Characteristics of the neighborhood must be as-
certained, as these will Indicate the type of multiple occupancy
to be introduced. The ratio of space allotment must be carefully
studied in terms of income and operating expenses. Care must be
exercised to avoid a top-heavy capital structure which may over-
whelm the school effort. A reasonable balance of income to school
operating costs is better than an overbalanced income.

As a factor in capital financing, the design itself should be
conceived as a unit complex rather than a divided complex. Placing
the school upon one portion of the site and the revenue structure
upon another will not offer the advantages which are obtainable
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TABLE 1 --INCOME AND EXPENSE ANALYSIS OF THE
CITY AND COUNTRY SCHOOL

Income $75/rm. $90/rm. $100/rm.
Apartments - 35 units (139 rooms1 ) $125,100 $150,120 $166,800
Medical - 23,500 sq. ft. © $6.00 141,000 141,000 141,000
Garage - 59 cars @ $50.00 35,400 35,400 35,400

59 cars turnover 35,400 35,400 35,400
Gross income $336,900 $361,900 $378,600

Expense $75/rm. $90/rm. $100/rm.
Taxes - 82,400 sq. ft. @ $20

x 750 x $4.19 $ 52,000
Operating

Heat, fuel 8,000
Electric 4,000
Elevator maintenance 2,500
Water 1,500
Wages, general help 18,000
Wages, garage help 8,000
Exterminator 125
Painting 5,000
Supplies 500
Repairs 2,000
Insurance 3,500

$105,125 $105,125 $105.125$105,125
Net income $231,775 $256,775 $273,475

Interest & Amortization- ($1,800,000)
6% + 1-1/2% 135,000 135,000 135,000

Net return $ 96,775 $121,775 $138,475

Balconies are counted as 1/2 room,

in a single structure. Lower costs will be derived by:
1. A single roof for the whole complex
2. A single excavation for the whole complex
3. Combining of footings and foundations
4. A single plumbing service, stack and water risers
5. Similar arrangements for electrical services
6. A single heating plant
7. Elevator combinations
8. Stair combinations
Long-term savings may be developed for maintenance such as

help, single purchasing authority and a levelling off of peak loads.
An evaluation of tax umbrellas should be made. In this area the
planner must permit the design with the greatest financial yield.

It is, therefore, apparent that schools established on sound
business principles and well-organized will be self-sufficient and
may amass reserves for future contingencies. The steps described
here are a general approach to an urban school-building program.
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Indoor Swimming Pools as
Community-School Facilitiek3

By R. Jackson Smith, Eggers and Higgins, Architects

Abstract: The great increase in swimming over the past 15 years has resulted in
a corresponding increase in the number of swimming pools built. This paper con-
siders school pools and cites the princ4Res of pool planning and the optimum di-
mensions of pools constructed for various types of use. Some attention is given to
the materials frequently used in pool construction.

SINCE SWIMMING HAS BECOME A REQUIREMENT almost basic
to the physical and social development of the average American,
interest in school and community pools has advanced tremend-
ously. A survey published in Swimming Pool Age magazine indi-
cates that the number of pools in schools and institutions has
increased from 2,400 in 1948 to 12,700 in 1962, while community
and municipal pools increased from 4,000 to 24,700 during the
same period. The number of residential pools in America is re-
ported to have increased from 2.500 in 1948 to 24400 in 1962.

Most residential, club, and community pools are located out-
doors and used only in the summer months. More indoor pools
are needed to meet the demand for facilities in which swimming
skills may continue to be developed during the winter season.

LOCATION

In most communities, pools are located in or near the local
schools. Such a location allows the pool to be used for educational
purposes during the day and for other purposes in the evening and
on week-ends. Such a location also allows for administration by
the local Board of Education and the dual use of school parking
areas.

POOL PLANNING

There are four basic uses to be considered in planning indoor
pools, i.e., teaching, recreational and competitive swimming, (in-
cluding water-safety, lifesaving, exhibitions, etc.), recreational
and competitive diving, and spectator accommodations. In addition
to these planning considerations, various service areas must be
included, such as lobby, control rooms, lockers, toilets, showers,
storage rooms, and filter plant.

SMITH, R. JACKSON. Partner, Eggers and Higgins, Architects;
member, American Association of School Administrators, BRI.
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INSTRUCTIONAL POOLS

The smallest and most simple indoor swimming pool is a
shallow-water instrut pool, which may be considered in con-
junction with elementary or secondary schools or community
recreation buildings. This pool should have a minimum size of
20 x 30 ft. with a depth of 2-1/2 to 3-1/2 ft. A more desirable
size would be 24 x 36 ft., but the pool need not be larger than
30 x 42 ft. with maximum depth of 4 ft.

The instructional pool should have a roll-out gutter for ease
of entry and exit to the pool. The water should be from 74° to
760 F., with the room temperature at 780 to 820 F., and instructional
classes should not exceed 24 persons. The dressing facilities
need not be extensive.

Deck areas around the instructional pool should be sufficient
to seat swimmers, but spectator space is not required. Minimum
decks should be 5 to 6 ft. with at least one deck somewhat wider
than the minimum. Thus, the minimum space required for an in-
structional pool would be 30 x 45 ft. A more desirable room size,
however, would be 36 x 60 ft. Ceiling height for an instructional
pool should be at least 9 ft. and need not exceed 11 ft. Dressing
areas for the pool should be at least 160 sq. ft., with a more de-
sirable area being 200 sq. ft. The instructors' control and storage
room should contain from 100 to 120 sq. ft.

A practical consideration in designing an instructional pool is
the *above-deck* principle, which allows the instructor to both
observe and talk to the beginner-swimmer with greater ease than
in a conventional pool.

TYPICAL INDOOR POOL

The most simple and economical multi-use indoor swimming
pool would be 30 ft. x 75 ft. Minimum decks would be 5 ft. wide
on one side, 10 to 15 it. on the other, 10 ft. in the shallow end,
and 15 ft. at the deep end. The minimum pool of 30 ft. width is
limited to small classes of 16 to 20, and provides only four regu-
lation racing lanes of 7 ft. More desirable would be a 36 to 45 ft.
wide pool, 75 ft. in length. This provides for six regulation 7 ft.
lanes, plus two outside or buffer lanes.

The standard indoor pool is 45 ft. x 75 ft. with a 5 to 10 ft.
deck on one side, and a 10 to 15 ft. deck on the other, and with
minimum end decks of 10 and 15 ft. Larger decks should be pro-
vided if spectator events are to be held in the pool. Water tempera-
ture should be 70° to 74° F., and room temperature 74° to 760 F.,
except for spectator events, when room temperature should be
680 to VP F.

While fixed seats for spectators are desirable, it is not im-
practical to install folding-type bleachers, thus permitting alternate
use of the deck-area for lifesaving instruction, body-building, and
swimming exercises.



INDOOR SWIMMING POOLS

vippu vs* tr..1*

165

SPECIAL FACILITIES

Greater use may be made of tne swimming facility if separate
pools are built for swimming and diving. Although the size of
the building housing the pools is increased by less than 50%, its
capacity for classes and recreational swimming is increased by
more than 100%.

A diving pool should be 35 or 45 ft. x 35 ft., with a ft. maxi-
mum depth for springboard diving. If high diving i3 practiced,
distances and depths should be increased in accordance with
Amateur Athletic Union standard dimensions for diving facilities.

A number of combinations can be made using the pools de-
scribed above, either to meet budget demands or to provide
maximum facilities. A swimming center, with an instructional
pool combined with a multi-use single pool, might be desirable
as the first phase of development in a community. A more ad-
vanced swimming center might contain an indoor swimming pool
and a diving pool, while a complete indoor aquatic center might
well contain three separate pools, i.e., instructional, swimming,
and diving. Combinations of indoor and outdoor pools are also
possible.

High platform diving should be given consideration in com-
munities where swimming and diving interest is keen. European
countries provide many more indoor pools with high-diving plat-
forms than does the United States. Since diving is an Olympic
event, pool planners should include the necessary facilities if funds
permit.

Diving facilities should Include one, and preferably two, one-
meter springboards. A three-meter regulation springboard is
desirable and this may be on a hydraulic lift platform, if space
is limited. Attractive single-pedestal °streamline& diving stands
are available, and new aluminum springboards have added greatly
to diving accomplishments. Springboards should be 16 ft. long, and
all fulcrums should be instantly adjustable.

POOL CONSTRUCTION

In addition to the conventional reinforced-concrete pool, we
now have air-emplaced sprayed concrete pools; steel pools; alumi-
num pools; vinyl-liner pools with cement block walls; poured
bottoms with steel or aluminum side walls; and poured bottoms
with concrete-filled cement-block walls.

Wall and bottom finishes for pools vary from painted cement
to tile. The most typical pool finish is a 3/8 in. unpainted or painted
plaster coat, consisting of a mixture of white cement, fine sand,
and white marble dust. While tile demands the least in long-range
maintenance, it has a higher initial cost than other finishes. If tile
is used, it should be white and nonslip to a depth of at least 3 ft.
Epoxy-resin paints and vitreous wall surfacing may soon provide
economical and practical pool wall-finishes.
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Gutters are more expensive than flat tile walls, skimmers, and
copings, but they serve the purpose of reducing water surface
agitation. Types of gutters include roll-out, back-set, deep-set,
and flush-deck.

Peripheral tunnels, while desirable, add considerable expense
to pool construction, if they are to be leakproof and of sufficient
size to permit easy access to the piping. Economical solutions
to the pipe-access problem include: overflow trenches with return-
line laid in the bottom; combination aluminum or steel return-line
coping and over-flow box gutter; and return-line at bottom of pool,
with overflow skimmers or flush-deck trench.

Filter systems include pressure or gravity sand and gravel,
pressure sand, pressure anthrafilt (coal particles), and pressure
or vacuum diatomite. Sand and gravel or sand filters require more
space and have a higher initial cost, but are generally simple
to operate and maintain. Diatomite filters require less space and
have a lower initial cost.

Extensive use of glass on the side walls of indoor pool rooms
should be avoided for several reasons, including heat loss, glare,
and condensation. Top-lighting is the most practicable natural-
light source. If sidewall openings are desired for indoor-outdoor
design relationship, provision should be made for opaque blinds
or curtains, to reduce heat loss and glare.

Heating, ventilation, and humidity control are extremely impor-
tant in the indoor swimming pool. Radiant heat in the deck, walls,
or low ceiling areas is desirable. Infrared electric heating units
are a practical solution. Ventilation should be concentrated in
the spectator area, and excessive air movement should be kept
away from the swimmers. Humidity may be 50% during most
periods of pool use, but should be reduced to 40% for spectator
comfort during meets.

In 1962, the approximate construction cost of an indoor pool,
including excavation, pool, piping, filters, and diving equipment,
but excluding decks, enclosing room structure, lockers, showers,
offices, etc., may be estimated at approximately $12 to $15 per
top sq. ft. of pool area. The budget cost will vary according to
locale, subsoil conditions, and design requirements, such as gutters,
diving boards, and underwater lights.
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School Plant Operation and Maintenance
and the Cost of Education Index

By Paul Abramson, School Management magazine, and
Orlando F. Furno, Baltimore City Public Schools
Abstract: Aninstrument is needed foranalyzinghow school funds have been spent
and for comparing the expenditures of one school with another. The Cost of Edu-
cation Index is such a device. This paperdescribes the Index with particular atten-
tion to school spending in the areas of operation and maintenance. It is shown
that the cost of maintenance is relatively very small, and it is suggested that edu-
cational specifications should be the controlling element in school budgeting.
ONE PROBLEM SCHOOL BOARDS AND ADMINISTRATORS mustface is tied directly to cost: How can ueducational productivity*
be increased so that a given sum will provide more and better
education? Schools have changed greatly in 60 years. In 1900,
public schools enrolled 15-1/2 million pupils and spent almost
$215 million. By 1960, enrollments had risen to about 36 million,
but expenditures had increased to $15 billion. During 1961-62,
expenditures were estimated to be over $18 billion. It is indicated
that costs will increase in the future at an even greater rate. As
these rise, so will the opposition of the taxpayer.

School leaders need an instrument by which to analyze how
school funds have been spent. They need a means of comparing
their expenditures with those of their neighbors. This may help
to avoid budget cuts, because they will be able to realistically
explain why costs are rising. To do this job, School Management
magazine has developed a Cost of Education Index.

In the 1940's, the New York State Educational Conference Boardsupported a pilot study on a cost of education index. Later, in
1958, an index was developed for 18 cities with populations of over
500,000, yet a truly national cost of education index had still not
been developed. In February 1959, Dr. Orlando F. Furno requested
the editors of School Management to undertake a pilot study of a
National Cost of Education Index. School Management agreed to
underwrite the cost.

ORGANIZATION OF THE PROJECT

In the fall of 1959, Dr. Furno set up three matched panels of
600 school districts each. Each district was selected because it

ABRAMSON, PAUL. Editor, School Management magazine; mem-ber, Educational Press Association of America, Educational
Writers' Association and FURNO, ORLANDO F., Director of Re-
search, Baltimore (Md.) City Public Schools.
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represented, by reason of location, population, and expenditures,
a random unit of measurement. Each of the 1,000 districts was
asked if it would participate in the pilot study. After screening,
a sample of some 800 districts was chosen to receive a four-page
form requesting information on their spending patterns. In April
1960, the first part of the 1959-60 Cost of Education Index, based
on returns from 583 districts, was published in School Manage-
ment magazine. Actual expenditure figures for 1958-59 were also
included. A start had been made toward obtaining a valid and usable
National Cost of Education Index.

In developing the CEI we were faced with certain problems.
One was the problem of expense. A more important consideration
was the demand made upon the time of school administrators who
completed our forms. Unlike previous surveys of national school
costs, we wanted to go directly to school districts for expenditure
data. We needed a form which would elicit a great deal of informa-
tion from school districts in a manner that would not take a great
amount of the respondent's time.

Using the budget classifications developed by the U.S. Office
of Education, local school districts were asked to supply informa-
tion on total budgeted expenditures for administration, instruction,
health services, operation of plant, maintenance of plant, fixed
charges, other services (food services, student activities), trans-
portation, debt service payments, and current capital outlay pay-
ments. Within many of these classifications, details were requested
in from one to five subcategories in order to gain additional in-
sight into costs. From this information, a national summary of
school expenditures was computed (see Table 1).

TABLE 1 -- NATIONAL SUMMARY OF
SCHOOL EXPENDITURES

Category Average Cost per Pupil
Percen t of Net

Current E nditures
1957-59 1962-63 1957-59 1962-63

Administration $ 10.70 $ 13.50 4.1 4.0
Instruction 201.20 261.60 78.0 78.1
Health services 1.50 2.00 .6 .6
Operation 26.00 33.80 10.1 10.1
Maintenance 9.30 11.80 3.6 3.5
Fixed charges 9.00 12.00 3.5 3.6
Other services .30 .40 .1 .1
Net current

expenditures 258.00 335.10 100.0. 100.0
Transportation 11.40 14.70 4.4 4,4
Capital outlay 7.20 8.90 2.8 2.7
Debt service 29.50 35.90 11.4 10.7
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The first part of the National Cost of Education Index was
published in the April 1960 issue of School Management. By
August 1960, after the publication of four more parts of the index,
schoolmen could compare their budgeted 1959-60 expenditureswith
those of their neighbors; those of other districts in their region
(the nation was divided into nine regions); other districts of their
size; and, in a few cases, other districts of similar expenditure
levels.

The CEI was developed, basically, to help school districts
improve themselves by improving their financial status in relation
to other districts of equal size and means, especially those in their
own geographical areas.

ENLARGED STUDY PROGRAMMED

In the second year of the CEI study, an Index of Educational
Inflation was developed so that school costs over the years could
be measured in terms of constant dollars.

We were able to show that, although school expenditures had
risen during a period of two years from $276 to $304 per pupil,
an increase of $28, less than $4.50 could be attributed to higher
expenditures in order to better the schools. The rest of the increase
went simply to offset the effect of inflation. Thus, the Index of
Educational Inflation shows precisely how much of the increase
in school expenditurer (i.e., teachers' salaries or costs for teach-
ing materials) went for educational betterment and how much
merely offset the effects of inflation. For example, maintenance
expenditures rose 18.5% in the first two years of our study. How-
ever, the effects of inflation wiped out 10.5% of this rise in these
expenditures.

Each January, School Management publishes the Cost of Edu-
cation Index for the current school year.

OPERATION AND MAINTENANCE COSTS

In the first year of our study, 1958-59, the median school
district in the United States spent $276 per EPU1 for net current

1 In this study we have used a unit of measurement called Expendi-
ture Pupil Units (EPU). This is based on wenditure studies
by Dr. Paul R. Mort which have, shown that it costs about $1.30
to educate a secondary school pupil for every $1.00 needed to
educate an elementary school pupil. In other words, high school
education is about 30% more expensive than elementary education.
To make it possible for all districts in the United States to com-
pare their expenditures with all others, we have devised this
Expenditure Pupil Unit to make costs at the elementary and
secondary levels comparable.
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expenditures.2 In 1961-62 this figure had risen 14.1% to $315
per pupil. For 1962-63 the median district is spending $335 per
pupil, an increase of 21.4% over the 1958-59 figure. To bring our
study into line with those put out by various government agencies,
we have computed a 1957-59 average expenditure figure of $258.
We have learned that the cost of educating students is rising at a
fairly rapid rate.

Together, expenditures for operation and maintenance rose from
$35.30 per pupil in 1957-59 to $43 in 1961-62. For 1962-63
the cost per pupil rose to $45.60. Costs for maintenance and
operation have risen steadily over the years. However, applying
the index of Educational Inflation against these expenditures, we
find that an apparent increase of $10.30 over the 1957-59 average
turns out to be an increase of just $6.50.

To talk of maintenance and operation as a single entity reveals
but part of the cost picture. Of the cost of the two, more than
three-quarters is spent on operation, including heat, utilities, and
custodial salaries. Over the five-year period of the CEI study,
the median district in the United States has spent from 10.1 to
10.5% of its budget on plant operation.

COST AND EDUCATIONAL QUALITY

The CEI study, among others, has revealed that although there
is a positive relationship between expenditures for plant operation
and maintenance and quality education, the relationship is neither
large nor constant. One of our studies was of the *quality quarter*
school districts. These are the districts whose net current ex-
penditures are in the upper 25% of all school districts. In each of
the years that this study has been undertaken, the median *quality
quarters school spent a greater percentage of its budget on opera-
tion than did the median school for the nation as a whole. It also
spent more dollars. In 1961, Cleveland Heights, Ohio, a *quality
quarters district, was spending about $363,000 per year more on
maintenance and operation than the average district of the same
size.

The question arose as to whether this budget could be pared
by cutting out this large expenditure. The answer was that, so far
as expenditures for operations were concerned, the cost of heat
or utilities could not be cut without affecting the school program.
But those were only a small part of the total operations.budget.
The greater amount went for custodial salaries, which had to be
competitive with industrial wages,

Net current expenditures include the amount expended for ad-
ministration, instruction, attendance and health services, opera-
tion, maintenance, fixed charges, student body activities and food
service. They do not include debt service, capital outlay, or
transportation.
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There is a direct relationship between the expenditures of a
school district and the quality of the education that district is
providing. Anyone can point out a district that is providing a su-
perior education while spending less money, but it is the exception
rather than the rule. In general, schools that spend more money
on their educational programs are able to provide a better edu-
cation for their students.

An analysis of expenditures for administration, instruction,
capital outlay, debt service, and operation (excluding heat and
utilities) reveals a great deal of information about the quality of
a school district's ongoing educational program. However, studies
made over a number of years have tended to show that the same
is not true of expenditures for maintenance. These are a poor
indicator of school quality, for they relate most directly to climate,
terrain, and other items beyond the control of local school boards.

The Cost of Education Index was designed as an instrument to
measure educational quality, but studying a district's maintenance
budget yields unreliable clues and unsatisfactory guidelines in the
quality of its educational program. Our studies show that most
school districts expend relatively small fractions of their total
school budgets for plant maintenance. This cost is not equal, in
general, to the amount a school district spends each year for its
retirement funds, insurance, and other fixed charges. It is less
than the amount spent on transportation or on administration, and
it is minor compared to what is spent for instruction.

MAINTENANCE COST SMALL

That is as it should be. School budgets should not be designed
for the sole purpose of keeping buildings clean. Buildings should
be kept clean and in good repair, but this objective should not be
the major purpose of education. Yet, when the question of expendi-
tures for education comes up, there is always the cry for holding
the line on maintenance costs. A school building may be redesigned
to make it easier to clean. In some cases, windows are eliminated
because they get dirty and cost money to clean. There may be
good reason to make these changes, but ease of maintenance should
not necessarily be one of them.

There has been much talk lately about the use of carpeting and
air conditioning in schools. The point is always made that these
will cut down on maintenance costs. Such a case makes for a strong
selling-point, but not necessarily a valid one. If carpeting schools
is of value educationally, if air conditioning is of value educa-
tionally, then let's have them-- but only if air conditioning in a
school results in a better environment for pupil learning; or if
carpeting can reduce distractive noises, which impede pupil
learning. To bring these things into the school because they can
cut down on our maintenance costs would be foolish, indeed.
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The cost of maintaining our schools, as shown by the Cost ofEducation Index, is very small. Certainly, if we can save a fewpennies here and there, let's do it, but let's beware of the schoolbuilt for ease of maintenance, of the material used solely becauseit is easily cleaned. Let us build schools that meet all of our edu-cational specifications, first. The cost of maintaining them may beimportant, but it must be a secondary consideration.
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of School Facilities

Open Forum Discussion
Moderator: Henry J. Stetina,* American Institute of Steel Con-

struction, Inc.

Panel Members: Messrs. Abramson, Collins, McKeag,Radoslovich,
Shilowitz, and Smith

Mr. Stetina: Schools are noisy. Gyms, play areas, workshops,
group singing, band practice, children coming and going are
all sources of noise throughout the school day. Isn't this ob-
jectionable to medical offices which are in the lower levels
of the building described by Mr. Shilowitz, and also to the apart-
ment dwellers above the facilities, particularly those who sleep
during school hours? How is this problem solved?

Mr. Shilowitz: Some of these questions have arisen and they are
still unanswered. You must realize that schools in urban areas
exist now with apartments surrounding them on all sides.
People are conditioned to this. I know of no great number of
vacancies in apartment buildings near schools. There might
even be a reverse situation, because many families want to
live in proximity to school, and they expect it to be noisy.

In our particular scheme, the medical portion is isolated,
because there will be a concrete deck above it. The medical
center is essentially below grade. The apartments overhead
could receive a full share of noise, but again I point out that the
school exists now on this site. It's surrounded by large new
apartments, and they have very few vacancies.

Also, to alleviate this problem, we are including balconies.
This is going to be a luxury-type apartment and we may design
the balconies to be somewhat sound-absorbing. This would aid
in noise reduction. We have also designed the apartment house
tower so that all the bedrooms are on the north side, which
happens to be away from the play yard. We have only living
rooms on the south side.

*BRI member
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Mr. Stetina: You described the case of a school built within the
framework of an office building. In your example, the site
obviously belonged to the city, because it contained an existing
school. Who will be the owner of the office building? Second,
you mentioned rentable floor area. Is the City of New York
going to rent office space?

Mr. Radoslovich: I don't believe that this can be solved by edu-
cators or architects or engineers, or even builders, by them-
selves. Finance, American business, and private enterprise
must work out these problems. As an architect, I will give
you briefly two possible answers. One is the erection of the
combined school-office building by private interests, with school
space leased to the Board of Education by the builder. Another
plan would be for the School Board to erect a building on the
site, and rent air rights to private enterprise.

Mr. Stetina: My own reaction is that whenever a municipality, or
any arm of the government, competes with private enterprise,
nothing but confusion ensues.

William Lukacs, Architect: Were any studies made of the life
expectancy of each mobile unit, number of moves, cost of
maintenance, repair during the lifetime, etc.?

Mr. McKeag: These units have been in operation in Chicago since
February 1962. We have moved 18 of the 150 units from their
original locations without difficulty and without causing any
deterioration of the structures. Each of these units comes with
an undercarriage of four wheels at the rear. We maintain several
sets of these wheels in our warehouse, andwe put them on when
we are ready to move. I would hope that we will get 10 years
plus out of these units, and I believe that, if they provide 10
years of this type of flexibility in our system, we will be well
repaid. The exterior is aluminum which can be washed. The
interior is very simple to maintain and elem. The only dif-
ficulty we have had is that some of the air-conditioning units
failed to function, and we have had to replace the motors. We
have a one-year guaranty, so it has cost the school board
nothing for this particular replacement.

William Lukacs, Architect: flow and when will the data collected
in the National Inventory be available in substantially final
form to architects and school administrators?

Mr. Collins: The Office of Education is planning a publication that
will be available to architects. It is impossible to publish all
the material. Preliminary plans are to select about 40 tables
to represent the national totals and some of the state figures.
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It probably will be around December 1963 before this publica-
tion will be available. Since the states are getting all the ma-
terial, each state could also publish the material it has for
its particular state, axid this would not be a duplication of the
national effort.

Jonathan King, Educational Facilities Laboratories: Does the City
and Country Project suggest anything about the nature of the
architect's professional services, i.e., was design and struc-
ture your major problem or did other factors require major
attention?

Mr. Shilowitz: The problem revealed itself as we went along. Just
the other day, a school administrator asked me how I would
recommend that a similar study be made for his school. Could
it be made by a committee of parents, teachers, those with
specialized backgrounds in real estate, particularly? I had to
answer, at the risk of over-emphasizing the case for the archi-tect's early participation, that the architect must enter into
the picture very early in the planning stage. He must perform
many functions which were not his in former days. He has to
become a real estate expert. He has to develop much of the
entire program for the clients who, in most cases, have had
very little experience with this kind of planning. The architect,
to cite one instance, must help in the matter of zoning. An
economically feasible solution depends immediately upon where
you are going to distribute the different income-producing
elements. If you develop four different schemes, you will have
four different economic pictures. Therefore, I think there is a
very expanded role for the architect.

Edward Lowenstein, Loewenstein & Atkinson Architects: What
are your personal preferences for tank construction, tank
surfaces, and tank gutter and profile? What's wrong with the
aluminum pool?

Mr. Smith: My preferences are: for tank construction, concrete;
for tank surfaces, tile; for tank gutter and profile, roll-out.
The vertical wall of the gutter is set back about 12 in. This
allows for ease in getting in and out of the pool, and prevents
water from washing out on the deck. Its only disadvantage is
that, in competitive swimming, the backstroke swimmers will
have a tendency to swim out of the pool. To prevent this,
turning boards and starting boxes are set at the ends of the
pool racing lanes.

Aluminum is practical for small pools. One of the most
interesting developments in the construction of pools is a
combination of concrete bottom and steel or aluminum side
walls. These pools have a roll-out gutter, with the return water
carried in a tube at the back of the gutter.
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Georgette Mania, Overview magazine: With so many school districts
relying on state aid for funds to finance all phases of their
operations (in some cases receiving about 50% of their funds
from the state), how can the Cost of Education Index set a true
measure of the amount of money a district could or should
spend? Doesn't state aid influence the barometer of costs
beyond what the Index shows?

Mr. Abramson: It really has no bearing on the question at all.
What we have developed in the Cost of Education Index is a
measure of how the district spends all of the money that comes
to it. We have, in addition to this, asked the districts to tell
us where they got their money, and from this, have been able
to develop certain estimates of the local effort that a district
is making. This particular index of local effort would be af-
fected by the source of the money. If the district gets a lot
of money from the state, obviously the local effort is going
to look lower than, for example, some New England states
where the state provides a much lower percentage. But in
terms of expenditures, where the money comes from does not
have any effect or any bearing at all.

William Lukacs, Architect: Have you not had maintenance prob-
lems with exposed iron and steel in bleachers and trusses, and
with the wood trusses which are exposed?

Mr. Smith: We have not had problems with metal connections in
folding bleachers, nor have we had problems with metal or
glue-laminated arches in the structural framing of the room.

S. Silverstone, Carnegie Tech.: Pittsburgh landscape architect
John Simonds has referred to a school playground as being a
colorful, playful place that expresses *running, climbing, swing-
ing, shouting, etc." By suggesting the use of mobile units,
windowless classrooms and multi-use buildings, are we merely
providing the most economical floor area necessary for edu-
cation, and forgetting the spirit for which the entire educa-
tional concept is intended?

Mr. McKeag: An edubational plant is a combination of all these fine
services. The playground definitely renders a tremendous serv-
ice to a school system. We have only established mobile units
on the playground where we have had adequate space. We be-
lieve in fine playground facilities, and feel that all schools
should have them. Incidentally, we started a program about
five years ago in which every school playground in the city
received a complete rehabilitation, with blacktop surfacing,
stabilized soil, and the necessary equipment. We feel this is
extremely important. I talked about mobile units merely as

440iloo4,40. -
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temporary classrooms, but there are many other possible uses
of these classrooms. For instance, four units could be placed
in a square with a floor in the center and a raised ceiling
installect, to provide light on all four sides, and create an all-
purpose room of approximately 1600 sq. ft. Since we have base-
board heating in each of the four classrooms around the peri-
phery, this could be used to heat the newly created room. This
area could then be used as a playroom or a small gymnasium.
So far, we have only placedthese units where they are relatively
near existing schools. We happen to have 16 of these units
placed on one school site at the moment. This school building
has been under erection during this period of time, and is now
nearly complete. The top floor, some 10 rooms, will then be
available to us. As these 10 rooms are made available, we
will move some of these units from this site to another location
where a school building is currently being erected.

Fred Osmon, Architect: Mr. McKeag suggested that the relation-
ship between a school and a park is a good objactive to strive
for. Mr. Radoslovich, by placing a school in a commercial
office building, has reversed the concept. Isn't a school some-
thing more than a certain amount of square footage of office
building space? Why don't the New York public schools strive
for more park-school sites?

Mr. Radoslovich: Unfortunately, we cannot work with our Park
Department in the same manner as Mr. McKeag does in Chicago.
It's not permitted to have schools in parks. It would be nice
if we could. As for the first part of the question, cities live
by taxes, and real estate taxes are very important. If we take
10, 15, or 20 acres of land out of the taxable land in the city,
and continue to do that for the next 20, 30, or 40 years, there
would be no land and no income left; there would be no schools
left. I am not saying that my suggestions are the perfect solu-
tions. I would suggest, though, that it is wrong to take half a
block of land in the heart of Manhattan and build a three or
four-story school on it, fence the property with a 16 foot
fence, and cover every window with jail guards. That doesn't
make a good environment for a school, in my opinion, We can,
perhaps, create a far better environment if we let the school
be a part of the city, particularly a business high school. The
students work in the neighborhood, part-time or full-time; and
they have day school and night school. If they have their own
school-building facilities in the environment in which their
careers will be, will that not help them?

Mr. McKeag: I don't know what the localproblems are in New York
in terms of school-park use, but I think probably the same
kinds of problems existed in Chicago before people got down
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to basic facts and tried to do something about them. It took
five years of conferences, of getting together, of give and take,
to achieve this. Chicago has been noted for its fine park system.
This is due to the foresightedness of the people of Chicago,
who looked ahead and obtained the land for parks in the early
period of its development. For this we are very grateful.

However, it seems to me that what has been accomplished
in Chicago in terms of a school-park cooperative development
has done much not only for the paiks but for the schools and
the public in general. The savings in terms of capital improve-
ments in Chicago have now exceeded $20 million and this would
seem to be worthwhile from the standpoint of the taxpayer.
There is no reason to have duplicate facilities, such as a school
building in one location, and just a half a block away an elabo-
rate fieldhouse containing gymnasiums, libraries, meeting
rooms, etc. These things should be used jointly. The park
district moves into our school building at 3:30 p.m. and it
conducts its park operations until 10p.m. It uses thee facilities
all day Saturday, or holidays, etc.

Mr. Radoslovich: We do have jointly-operated playgrounds with
the park departments in New York, but that does not mean that
we use our parks in the same manner as Chicago does. It
means that whatevar is left of the site is devoted to a common
playground, jointly operated by the Park Department and the
Board of Education.

George Rottman, Guilford County North Carolina Schools: In the
use of mobile classrooms, did Chicago find it necessary to waive
or revise any existing zoning requirements pertaining to the
control of mobile housing units?

Mr. McKeag: No. When we decided what the specifications should
be, we consulted the Planning Departm-nt and received their
approval of our plans. When the units are brought into the city,
we obtain permits to move them over the city streets. The
Chicago Police Department even cooperates to the extent of
providing an escort service through"the streets. Everyone has
cooperated very well in this enterprise.

Charles A. Klesius, Housing and Home Finance Administration:
Do you have the comparative cost f your mobile unit without
air conditioning?

Mr. McKeag: No. All of our 150 units are air conditioned, and
future units will be air conditioned. Our use of air conditioning
in these units has now led to the incorporation of air con-
ditioning in our newer school buildings, the first of which
was opened in September 1962.
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I would like to digress, to tell you of another flexibility
core we have in our system. Some 4,000 units were established
between 39th Street and State Street to 55th Street. From these
particular housing units we received 13,000 school children.
We were not ready for this kind of development when the Chi-
cago Housing Authority created the project, but we got busy,
got the sites, and got our buildings underway. Then, we found
these high-rise buildings, 19 stories high, each of which sup-
plies 375 to 425 children to our school system, were to be
finished 9 to 12 months ahead of schedule. We were not ready
for this, either.

We went to CHA and asked, "Is it possible for us to obtain
for classroom use the two large apartments on the first floor
at either end of your buildings?* We met with some resistance
at the outset, and finally had to go to the Federal authoritic.s,
but we got approval there. We now are renting 83 apartments
from the Chicago Housing Authority for classrooms that I
think are very good. Without interference of posts, we have
800 sq. ft., with washrooms in each of them. The only thing
which CHA did was to eliminate the partitions for bedroon:s.
We put in some additional lighting, the necessary blackboards,
bulletin boards, and other facilities. This is another temporary
measure, but if there is future development of this kind in
Chicago, I see no reason why these buildings would not be
ideally suited and located, for purposes of school structures.
We now house kindergarten and first grade classes in these
apartment units. This is one more phase of our flexibility
in Chicago.

Milo D. Folley, Sargent-Webster-Crenshaw and Folley: Your pro-
gram seems very effective, but is a classroom of 620 sq. ft.
adequate for an up-to-date educational program? If it is, why
do we need 700-800 sq. ft. in fixed units?

Mr. McKeag: The 620 sq. ft. meant that we could not accommo-
date a class of more than 30. I feel that we will eliminate many
of the problems that trouble education throughout the country
if we can reduce our class size to a reasonable figure. All
around us in Chicago, throughout our schools, in places like
New Trier, Winnetka, Evanston, Glencoe and Oak Park, the
classes are very small. Some high school classes have only
15 and 16 students. In Chicago, we have nearly twice that
number. In our elementary schools, for a long period of time,
we have had classes of more than 40. The 620 sq. ft. limits
the number which we can put in these classrooms, so I find
it to be no disadvantage. The teachers are able to have their
reading units in one corner and dr, other things in the other
corners, and for this size group in the primary grades, there
is no difficulty. It might become a problem for the high school
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unit. If you were going to use one of these for sci,ence, I have
an idea you would want something considerably larger, but
there's no difficulty in making these larger. You can't make
them wider, but you can make them larger. These could bemade 50 ft. long so the actual interiors would be 20 by 41 ft,
or 820 sq. ft., which should be perfectly acceptable to a high
school group.

S. E. Hubbard, Kawneer Company: Does the $10,000 to $30,000
spread account for the absence in the mobile unit of auxiliary
spaces such ELS Corridors, offices, gyms, cafeteria, boiler
rooms, etc.?

Mr. McKeag: I would say probably $5,000 of the $30,000 for the
average standard classroom would be so interpreted.
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Definition of School Facilities
Needs and Utilization

By Alonzo J. Hixeriman, Alonzo J. Harriman Associates, Inc.

IN THE PAST 40 YEARS OF SCHOOLHOUSE CONSTRUCTION,
there has been a complete cycle in some of our design concepts.
Consider the size of the C ssroom in the 19201s. We standardized
quite generally throughout the country on a 22 x 32 ft. classroom
for plus or minus 35 students, for all grades. The reason for this
was to reduce the size of the teacher load by reducing the size
of the room. The classroom was big enough to seat 50 students.

In the late 1930's, starting with the Crty -Island school designed
by Saarinen and Perkins & Will, elementary classrooms began
to increase in size. By this time, the idea of smaller classes had
been accepted. It was now safe to increase the size of classrooms
to accommodate new methods of teaching. This complete cycle
took place in about 20 years.

The window-glass cycle has taken somewhat longer. There have
been regulations about the required glass area for approximately
50 years in some parts of the country. It was once stated as fact
that any childhood ailment could be traced to a lack of natural
light in the classroom.

With this so-called fact in mind, architects and educators
worked to solve the light-deficiency problem, and many solutions
were suggested: clerestories, north light, and glass blocks as well
as many ingenious and frequently ridiculous schemes all for the
purpose of developing uniform intensity of daylight. Yet, today, we
are proposing classrooms with only artificial light.

Another example of our about-face reasoning of the past is
that of the school-building plan. If you wanted to win a commission
in the 1920's or 1930's you designed a school with the gym and
auditorium in the center and the classrooms grouped around them.
This was compact and economical. The initial cost and mainten-
ance were low, but it later developed that school administrators
did not like this plan due to the interference of noise from gym
and auditorium with the classroom activities. Also, the gym and
auditorium were not easily isolated from the classrooms for extra-
curricular use.

HARRIMAN, ALONZO J. Architect-tngineer, Alonzo J. Harriman
Associates, Inc.; Fellow, AIA:. member, American Association of
School Administrators, BRI, National Council of Architectural
Registration Boards, Society of Professional Engineers; Chairman,
Committee on School Buildings and Educational Facilities, MA.
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So we moved the gym and auditorium, separating them from
the classrooms for easier use by the community and for better
isolation, and the educators loved it. This began trend which
continued until we had the campus plan with separate units, some-
times connected by corridors. This plan was their second love.

In the end, however, this was just another case of "when you
get what you want, you don't want it," and today, the trend is back
to the compact school. This change in reasoning creates confusion
in the mind of a person trying to design a building for a reasonable
life expectancy.

EDUCATIONAL GUIDELINES NEEDED

It would be of great help to school building designers to have
good educational specifications, including space requirements and
interdepartmental relationships. From indications in the preceding
papers, the future looks no brighter than the past. With teaching
aids on the market which are still very much in the developmental
stage, and with methods of teaching and size of learning groups
both in a state of flux, it seems that for the present we should
design our new buildings "to keep out of the way." To design such
a building and still have one that has the extra something educators
ask for is a real challenge. It will require real teamwork, and
will take time and study, but it can be accomplished. However,
from our look at the past, we cannot expect or even hope to design
the ultimate educational structure. The current thinking seems to
be quite to the contrary.

This means that a planning team made up of school board,
superintendent, teachers, consultant, architect, and engineer, has
to know what is current in school buildings and it must be able
to improve and modify it to meet a community's particular needs.

This conference has also pointed out that research needs to
be done on evaluating teaching methods, teaching environment, and
teaching aids. One cannot expect a building, designed to fit an un-
known eventuality, to fit by happenstance the detailed educational
program that one finally puts in to it. A building that is designed
to take care of any particular situation is bound to be somewhat
insufficient.

This ability to house a multitude of functions is what some call
°adaptability," and others "flexibility.* Whatever term is used,
the cost of the building will vary with the amount of its adapta-
bility; the more adaptability, the more cost. This will naturally
require modular design, with services and utilities available and
controllable at single or double modular intervals. It can be done,
and citizens can get what they want when they want it, but if the
school building team wants these more costly ideas, they will
have to sell them by keeping the community informed.

Many areas are indicated in which there is need for further
definition, to give a clearer picture of the requirements to the
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consultant and the architect. This also applies to utilization, which
I would say is normal, under present conditions.

NEED FOR ORGANIZED RESEARCH EFFORT
The large amount of research done bythe Educational Facilities

Laboratories has only scratched the surface of the work remaining
to be done. The idea of developing better communication between
educators and industry surely warrants further investigation. There
is a real need for this kind of activity, but it is rather late in
coming.

The CLASP system may well warrant further investigation as
to method of school construction, and it may develop some potential
savings in school costs. The greatest saving, however, in the
British schools is due not to the structural system used but to
the reduction in area of the school plant itself, as the result of
a close study of space requests with an eye to multi-use, wherever
possible.

The prize-winning designs for combined school and fallout
shelter are very interesting. They indicate that schools can be
designed with fallout protection and that the protected area can
also be used for school functions without a material increase in
cost. This proves that it does not pay to be dogmatic in this
changing age. The American Institute of Architects and the State
of California had both stated that fallout shelters and school
buildings are not compatible; these designs show how wrong they
were.
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School Facilities Design,
Equipment, and Services

By Milo D. Folley, Sargent-Webster-Crenshaw & Folley

IT WOULD APPEAR FROM THE SUBJECT MATTER covered at
this conference that our schools are alive and energetic. The
challenge for improved knowledge has heightened the quality and
variety of our educational program and increased the need for
the facilities necessary to accommodate such a program. The
problems of school growth are of concern to all who are in the
business of building. Architects, engineers, researchers, finance,
and industry, as well as educators, all help to provide the physical
facilities, equipment and services for education.

With educational programs taking such varied directions, in-
dustry finds itself at a loss to keep up with the random patterns
of development. Where does industry look for its answers? When
every school system follows its own dictates, to what oracle can
we go to find out what next year's teaching patterns will belike?
Do we follow the windowless, the core, the school-in-a-school,
the flexible-space approach, the spiral-vertical tower program,
or what?

STEPS TOWARD BETTER LIAISON

It is obvious that industry can contribute to the educational pro-
gram. Papers included here show that, when science and industry
join to solve functional problems of education, real advances can
be made. However, guidelines should be drawn so that industry
can better analyze problems of education. The following suggestions
to educators might expedite the liaison between industry and
education.

1. Define the educational program in a manner which can be
universally understood. Avoid jargon having meaning only
to educators. Educators are accustomed to dealing with
broad concepts, while industry must supply definite and
detailed space, equipment, and services. When discussing
space, determine actual areas and periods of usage, charac-
teristics of acoustics, problems of maintenance, etc. How
much can be spent for a folding partition? Is that degree of
flexibility needed?
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2. Do not be misled by unusual architectural schemes which
may warp a teaching program. Solve educational problems
with a careful programming of your requirements. Don't
leave it to the architect to suggest an educational program;
give him the specifications, and make sure the building
and its equipment will accomplish what you have in mind.

3. Be realistic in establishing requirements. Don't expect a
cafeteria to be acoustically all-absorbent during the lunch
hour and perform as an acoustically ideal auditorium the
next moment. When you ask for 100 foot-candles of light,
be aware that more ventilation and cooling are required
because of the heat of the h.:mps and that these are costly.
Ventilation, lighting, and acoustics must be carefully studied,
and costs are bound to increase when such flexibility is
provided.

AREAS FOR CONCENTRATED STUDY

In the realm of interior finishes, new products continually
offer better solutions to age-old maintenance problems. It is not
that industry has not provided the product, but that it has notbeen brought to the consumer's attention. In the same manner,the consumer has not transmitted his desires to the product
manufacturer, so a gap exists between needs and solutions. In
this relation, the architect must keep himself informed of industry's
accomplishments, so he can offer hie client the improvements
and economies industry has developed.

Research in facilities for division of space, for the handling
of multi-use areas, and for adequate heating-cooling, lighting, andventilation of teaching space must be carried on by industry but
under the guidance of educators who understand the limits of such
construction. Preassembly of building components may limit use-fulness in certain aspects, while offering savings in cost and
construction time.

Educators are looking to industry to offer a "packaged" en-
vironment, capable of producing an ideal learning situation. They
look for a system which will "purify" the environment, preventing
the spread of germs, allergy, dust, and odors. They have heard
of the reported advantages of negative ions, and how they improve
the attitudes of both teachers and students. Lower maintenance
costs may be a by-product of such an environment.

The success of any teaching facility is affected by the equip-
ment used to transfer knowledge. In this field industry is working
closely with the National Education Association and other groups
to produce teaching machines and up-to-date visual-aid materials.
The potential danger here is that of the impersonal relationship
between the machine and the student. Industry is warned that it
must work closely with education specialists so that the student
will not reject these devices. Increased progress is possible

*
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only if educators and industry work together to prepare educational
materials and equipment.

Research by educators is also necessary if the machines pre-
pared by industry are to be used to maximum advantage. Teachers
sometimes resent intrusion into their vocation. Educators can
advance their science by using the resources and the efforts of
industry. Old-time teaching methods can be upgraded with industry's
assistance, but attitudes must be susceptible to change when new
products or ideas are presented.

Because new products are constantly being created, the service
of the architect must be improved, if the client is to receive full
advantage of industry's progress. In this connection, many archi-
tects work closely with educational consultants. The educational
consultant has a broad background in teaching, the philosophy of
education, the concept of space, and the application of teaching
methods. He must keep abreast of new products and services, and
thus supplies an important link between the client and the building
industry.

Recently, industry has become aware that schools are a great
consumer of services. Innovations in communications, computers
and data processing, food preparation and serving, maintenance,
and teaching devices are only a few of these. This market will
develop tremendously in the future. Many schools have installed
data systems, and others take advantage of television broadcasts,
and subscribe to audio-visual libraries. Food is now being frozen
to be dispensed through automatic devices as needed, all without
a moment's concern by the school staff.

Research is also needed in building codes affecting schools.
The code that applied to the little wooden schoolhouse cannot be
applied to a concrete °bunker" school. Previous codes are often
inadequate to deal with flexible partitions, large lecture spaces, etc.

Research in the philosophy of the relation of the school to the
community is also an appropriate subject. I am distressed at the
attitudes of those school boards which feel that schools should
meet the °minimum" standards of the community, rather than be
functional tools for teaching. If a carpeted school is a better school,
why worry about public opinion? Why should not a district build
a school to be proud of, rather than be concerned only with whether
the school looks too °costly." We have often avoided using products,
such as marble, which would be less expensive and more functional
than those finally selected, because of public opinion against their
luxurious appearance. If air conditioning can produce better learning,
or if better illumination or more floor space or better equipment
can increase learning and safety, why do we avoid tiu " use?

New products, new spatial relationships and new methods will
necessitate a re-evaluation of our concept or beauty in a school.
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We have left the classical facade, passed by the factory effect,
and survived the "chicken coop" criticism. Now we are pioneering
the new science of building. If we are to arrive at successful
school solutions we mufat demand the best efforts of educators,
the design professions, and the building industry.
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Management and Operation of
School Facilities

By Marvin R. A. Johnson
North Carolina Department of Public Instruction

THE DEFINITIONS DISCUSSED HERE are presented to help im-
prove communication among those who are interested in school
facilities research. Dr. Collins has mentioned the Handbook I,
The Common Core of State Education Information, which was
developed by school people from all parts of the country, and
published by the U. S. Office of Education. Its purpose is stated
as follows: "This handbook is designed to serve the same purpose
for certain basic items of educational information as the dictionary
serves for words in the English language."

This book includes a glossary of terms in which the word
operation is defined as: "Those activities which are concerned with
keeping the physical plant open and ready for use. It includes
cleaning, disinfecting, heating, moving furniture, caring for grounds,
operating telephone switchboards, and other such housekeeping
activities which are repeated somewhat regularly; daily, weekly,
monthly, or annually. It does not include repairing.*

Maintenance of plant (plant repairs and repairs and replace-
ment of equipment) is defined as "Those activities which are con-
cerned with keeping the grounds, buildings, and equipment at their
original condition of completeness or efficiency, either through
repairs or by replacements with property of equal value and ef-
ficiency. If additional values and increased efficiency resultthrough
replacements, these additional values should be charged to capital
outlay.*

The term school management does not appear in the book. A
suggested definition is "that part of school administration which
deals with problems relating to the operation and maintenance of
school facilities --buildings, grounds, and equipment. Operation
and maintenance both have rather precise definitions, but they
appear to have been expanded to include such functions as insurance,
safety, cost analyses, facility utilization, and security; building
renovation, rehabilitation, and remodeling; selection and training
of custodial and maintenance employees; purchase, storage and
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utilization of custodial and maintenance supplies, materials, and
equipment.*

In quoting these definitions I would like to emphasize that it
is well for us to agree to some extent on the meaning of these
words, as all of us together continue our research and studies of
these matters.

COMMENTS ON CONCEPTS PRESENTED

First I would like to discuss the report of Dr. Collins on the
National Inventory of School Plants. For such an inventory, we
need more objective reporting methods. North Carolina did a good
job on this. However, the information our people gave is not as
consistent as it should be, even though the questionnaire forms
were well designed to minimize subjective responses. Too many
different people had to fill out various parts of the report forms
people of wide variation in experience, competency, standards,
and understanding.

The inventory indicated the willingness of school people to
cooperate in furnishing information. The emergency and defense
aspects of the request helped. It also will demonstrate to educators
the effectiveness of the use of data-processing methods in recording
and retrieving information. It provided an incentive for local ad-
ministrators to gather information they needed and wanted. In
other words, this inventory started something; it did not finish it.

Second, on the subject of mobile classrooms, it appears that
in the Chicago area they are proving quite successful. If that is
so, it is urgent that we get the best designers available to plan
them. However, mere adaptation of existing types of mobile resi-
dential units won't do, nor will purely *practical* transportable
units. A school is more than a collection of functional units for
sheltering people or "academic trailer camps,* as Harold Gores
called them. We should determine whether decisions in regard
to these portable units are made more in the interest of simplified
school management than in terms of long-range educational merit.
There is a place for mobile, demountable, transportable, and
temporary facilities, but much study is still in order.

Third, let us consider the two presentations concerned with
schools and other functions combined in the same building. The
possible combination of schools with facilities of other occupancy
makes good sense in urban areas. This approach means that school
people must reconsider the management of school properties. It
will also put the schools in a more realistic position relative to
the communities they serve, and will provide convenient facilities
for continuing education for all residents. However, more studies
and research endeavors are needed in this area.

As to the report on swimming poolb, swimming is admittedly
an excellent activity in a physical fitness program. It is something
for which you never get too old. There is great need for more
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emphasis on water safety in this day of ircreasing boating, beach
trips, and number of local ponds and pools. Preserving human
lives is involved in an expanded swimming program in schools.

Problems of safety and sanitation in pools are attracting the
attention and concern of safety and health organizations. The school
pcol, designed for maximum year-round use, is such a good idea
that it will never be accepted. We need more studies on the ad-
vantages of pools and on the costs of construction and operation.

In the field of education costs, there remains a great need for
extension and expansion of valid methods of measurement, especi-
ally in the matters of facilities, initial costs, and management
costs. It is encouraging that someone is working to do something
about this, as Mr. Abramson and Dr. Furno are. I strongly agree
that good schools should be built to meet educational, not main-
tenance, specifications. A school may be clean, but not a very
good place in which to learn.

Schools are for people; for children and young people; for
pupils and students. Teachers are for students. Administration
and management are for pupils and for teachers. Schools and the
people who serve them are for the education of people; that is
their reason for being.

It is necessary always to keep in mind that which is important,
when we talk of administration, management, operation, and main-
tenance. Mr. Abramson was right when he said that air conditioning
and carpeting must be defensible educationally, not merely ad-
ministratively; and so with all matters of management. Reduction
in costs of school operation and maintenance should make more
money available for instructional services, materials, and space.

SELECTED AREAS FOR FURTHER RESEARCH

Further research may help us in making decisions regarding
other problems in school plant management, such as:

1. How to measure and compare the costs of school plant con-
struction and management, and to understand the relationship
of these costs to the total cost of education.

2. How to compare objectively the cost of various methods of
providing the appropriate thermal environment in schools.

3. How to simplify controls of increasingly complex mechanical
and electrical systems and equipment installations.

4. How to obtain the necessary technical services to operate
and maintain the complex equipment of the newer educa-
tional media.

5. How to achieve optimum safety of occupants within the
limits of reasonable cost, agreeable environment, and in-
dividual responsibility.

6. How to determine the attitudes which result in vandalism
and in other willful misuse and destruction of school
facilities.
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7. How to determine if and when existing facilities should be
remodeled, renovated, abandoned, and how to reduce early
obsolescence in new facilities, to achieve flexibility and
adaptabilAty to change.

8. How to aPpraise the merits of materials and finishes, con-
sidering original cost, maintenance and operation, durability,
sanitation, and their effect on people.

9. How to achieve the most suitable surfaces for outdoor
areas.

10. How to make decisions achieving a balance between cost
for site acquisition and site development, and how to plan
for intensive use without high maintenance costs, yet with
attention to human needs.

11. How to handle management matters related to a more ex-
tensive use of school facilities for such programs as adult
education, recreation, and avocational use.

12. How to utilize effectively the improved mechanical methods
in operation activities, such as cleaning and other custodial
services.

13. How to add status and dignity to positions in custodial
service.

14. How to select furnishings and equipment which are com-
fortable and also easy to maintain.

15. How to encourage proper responsibility on the part of
students for the care of school facilities.

16. How to compare preventive maintenance with the "break-
downs approach.

OUR CHALLENGE

I repeat that schools are for people and for their education,
and I ask the question: How do we judge whether what we are doing
in our buildings improves education and is good for people? No
one knows all the answers to that. Part of oitr research efforts
in the field of school facilities must be directed toward finding out.

Many of us do not know what has already been proved in regard
to man's response to his environment, how environment teaches,
how environment affects learning. In his brief statement. Mr.
Edward Gleazer asked for more emphasis on the use of knowledge
in the behavioral sciences, of psychology, sociology, and anthro-
pology. We might also add physiology, health, and medicine.

I leave with you a challenge. In producing, manufacturing, pro-
moting, selling, designing, furnishing, installing materiels and
equipment, and providing buildings which are especially intended
for schools, is what you are doing primarily in the best interest
of improving education? Ultimately, everything we are doing must
be evaluated in these terms. How are we going to know?
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Open Forum Discussion

Moderator: Howard E. Phillips,* Western Electric Company, Inc.

Panel Members: Messrs. Folley, Harriman, and Johnson

Mr. Phillips: It has been said during this conference that the most
important shortcoming in the academic field is the lack of
academic objectives; that we as architects need to adjust more
quickly to new teaching techniques. It has also been stated that
architects have a hard time finding out needs for school design,
yet it has been suggested that we not design a school around
today's needs, but look into the future. This seems to put the
architect on the spot, by asking him to design something that
the educators haven't actually specified. Has anyone on the
panel a comment on the need for a more specific statement of
objectives?

Mr. Harriman: If you design a school building for multi-use, you
lose the intimateness of that building. The more flexibility
you put into it, the more sterile and instftutional it becomes.
The little things that you design into a school building give it
the "homey" feeling you want to create. We like to design
school buildings for the size of the student, but if it is to be
an all-purpose structure, you can't reduce the height of it.
The height must be the maximum required for some future
use, not for its use at present.

Mr. Folley: I think there's a problem here that is broader than
just education.. The problem is that architectural service is
becoming a broader and broader subject. It may even be neces-
sary for an architect to have real estate personnel on his staff,
so that he can make decisions for the benefit of clients involved
in real estate, and perhaps in finance. We have found it neces-
sary already to be well versed in both engineering and city
planning, and now we are finding it necessary to act as educa-
tional consultant. An architect, with all his diverse duties,
cannot be the educational consultant himself. He must rely on
people who have the proper training. We should all try to use
the best talents available in analyzing the subject.

William Lukacs, Architect: You did not say anything about the
"unit" building idea. Doesn't this seem to go back to the old
one-room schoolhouse? Is this good?

NorrwoolobiMINO
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Mr. Harriman: The reason I didn't was because Mr. McKeag indi-
cated these were only temporary, and I hope that is true. I hope
we are not going to put a lot of these small units all over the
country and deprive the children of what they would gain by
the larger school we know to be necessary if we are to give
them a well-rounded program. This does not, of course, apply
to the kindergarten and first grade, but when we come to the
third grade, we need adequate buildings in order to supply a
rounded educational program. Some great Americans have come
out of one-room schools, but there might have been more of
them if we had had bigger schools.

Mr. Phillips: Mrs. Flanigan, in her discussion of obsolescence,
indicated that a 2% replacement each year would be necessary
over the 50-year life of a building, but that surveys by the
U. S. Office of Education have indicated that there is actually
a little over 5% replacement. Do these facts indicate that we
should be designing buildings for a longer life, or a shorter
life?

Mr. Harriman: I hear quite often that the buildings we design have
too long a life and that the older buildings are too well built.
I think the buildings we are designing today will have a life
equal to the older buildings. One of the heads of our State
Department of Education said that he wished we would build
school buildings like the one-horse shay. He wanted them to
live 20 years to the day, instead of 100 years because then he
would be able to get new buildings that would conform to the
educational requirements developed over the 20-year interval.
The difference in these two figures, 2% and 5%, is that we
have not been able to get rid of some of the old buildings con-
structed during the war years, and we have had to keep using
thern. Maybe in a few years from now this will level out, and
2% will be the right factor.

Mr. Phillips: This is in keeping with Mr. Kinne's comment yester-
day that, on a college campus, there's nothing so permanent
as a temporary building.

Mr. Folley: Until the public is aware of the educational value of
structures as such, we will be forced to use buildings as long
as they can be used. I don't see anything in the economic picture
that can change that, unless human nature changes or unless
people's attitude towards education changes.

Mr. Johnson: Since some of our schools are being built with money
that we are borrowing over a long period of time, I suspect it
will be hard to convince people to tear the buildings down before
they are fully paid for. At least a building will have to outlast
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the term of the bonds. Philip Handler, in a book written some
time ago, presented the results of a study which indicated that
schools, after about 4G years in a particular section of the
country, became so functionally obsolete they had to be re-
placed. We have had experiences in which it has been very
difficult to get agreement to tear down a school building, and
yet in one instance not long ago it proved to be quite easy.
You can't predict what the public's attitude will be.

Mr. Phillips: It has been said that we should consider high-rise
buildings on college campuses because of the saving of time in
travel between buildings. In my own business, we made a survey
of tall buildings versus spread-out buildings on a group of
several hundred structures. We foundthat multi-story buildings,
from 4 to 12 stories high, cost 40% more per usable square
foot of floor area than lowel., spread-out buildings. A great
deal of space is taken up by elevator cores, stairways, and
other services, and you do not get as much productive area,

Mr. Johnson: I sometimes wonder whether our horizontal trans-
portation should not be mechanized too, as well as our vertical
transportation. I am Lot talking merely about running buses
about the campus. Another thing I might suggest is putting
in classrooms where you have the teacher move, instead of
having all the students move. This might also salve some trans-
portation problems.

Unsigned question: Have educAtors given up the idea of the tra-
ditional old buildings?

Mr. Harriman: Harvardt to cite an example, still has the Yard,
and I can't conceive of anybody ever taking the Yard away
from them. The Yard is composed of buildings of almost every
period of design. Personally, I like this arrangement better
than I do that of Duke University where the buildings are all
of one style of architecture. Even the °General Grant* style
of architecture in the Yard to me is very interesting, if you
understand the period of architecture and what they were
trying to do. I think it would be terrible to tear these buildings
down, and I'm certain Harvard feels that way too. However,
the new buildings at Harvard are nothing like the old. I am
thinking in particular of the one Corbusier is building there
now.

Unsigned question: Mr. McKeag made the statement that his mobile
units cost one-third of the cost per unit of permanent space.
Is this correct?
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Mr. Harriman: This is true. There are two reasons for this. One
is the difference in cost between a masonry structure and a
frame structure. Second, in the analysis of the cost of class-
room space, no attempt is ever made to relatively apportion
the costs of the auditorium, gymnasium, etc. With portable
units, large auxiliary areas are eliminated, and their costs are
not added to the cost of classrooms.

G. J. Collins, U. S. Office of Education: I hope that when we make
comparisons of things like unit costs, etc., we also consider
the life of the building. This may make a considerable difference.
I have nothing against the mobile classrooms; but they have
not yet been in use long enough to prove whether there really
is a one-third difference in cost. The life of some permanent
structures has been too long, perhaps, and of course it has
been considerably longer than some of these temporaries.

Don Hamill, State of Virginia: We have found in some instances
that the cost of mobile classrooms on a per square foot basis
is just as high as tat of permanent corstruction, which is
quite a bit different from one-third. And, obviously, they have
a very short life. It is a very expensive way to house pupils;
and it is a very limited field of need in my opinion.

Mr. Folley: In certain neighborhoods, we have found an expanding
primary population. In such cases we have used residences
as temporary school houding. The purchase price of these was
around $10,000 per unit, but they were sold later as residences
and returned almost the full cost.

Mr. Phillips: I recently read a report from the Engineers' Joint
Council that ties in with our thinking here. It was published in
an engineering magazine in July 1962. This report said that
computer technology promises to have a revolutionary impact
on the nation's routine mental task, as the Industrial Revolution
had on man's physical labor. Other exciting new developments
that promise to greatly expand technology can be expected to
emerge from the interaction of engineers with biologists and
biophysicists. Here, a whole new technology called "bionics*
has been created.

While emphasizing the bright promise of new technology,
this engineering research committee drew attention to some
potential obstacles to rapid progress. For one thing, the over-
whelming concentration of current research and development
on defense and outer space areas needs a searching re-exami-
nation at the highest national and professional level. A primary
need is for closer integration of engineering research and
development with national purposes, objectives, and needs. The
problems of our congested urban areas, traffic, smog, housing,
water pollution, and noise, need bold new action programs.
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This Engineers' Joint Council committee also recommended
closer collaboration between engineering and educational theo-
rists. This Conference has stressed the great need for es-
tablishing more specific academic objectives to help the archi-
tects and engineers who are designing school buildings. In
addition, these sessions have brought out the need for better
evaluation of research and development expenditures. Thsy
have pointed up the need for an established national policy on
schools that will contribute to the welfare of the nation and
its citizenry.
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The Building Research Institute

THE BUILDING RESEARCH INSTITUTE is an independent forum for
the interdisciplinary exchange of building science information.
It has as its objective the advancement of the science of build-
ing and the arts and technologies which it comprises.

The Institute is supported by its membership, consisting
of both individuals and organizations. It provides a meeting
place for many different groups. Among these are architects,
engineers, builders, manufacturers, contractors, building own-
ers, and technical representatives of industry, educational in-
stitutions, and government agencies.

The programs of the Building Research Institute include
sponsoring conferences, workshops, and committees where
building scientists may present reports on building research,
discuss research problems, and uncover areas for further in-
vestigation which will contribute to better building. Results
of these discussions are then published and distributed as a
member service and sold in this country and abroad. In addi-
tion to research reports, BRI publishes the Building Science
News, a monthly newsletter, and the Building Science Direc-
tory, a guide to organizations currently conducting research.

BRI, founded as a unit of the National Academy of Sci-
ences-National Research Council in 1952, became an independ-
ent technical society in 1962. It maintains the status of a co-
operating society with the NAS-NRC, assigned to the Division
of Engineering and Industrial Research.

The Building Research Institute headquarters in Wash-
ington acts as the coordinating center for all BRI activities.
Requests for information about membership, publications, and
general business procedures should be addressed to Milton C.
Coon, Jr., Executive Vice President, Building Research Insti-
tute, 1725 De Sales Street, N.W., Washington, D.C. 20036


