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ABSTRACT 

The major concerns of this study are the identifi

cation, analysis, and correction of perceived spatial in

equities in the traditional method used to compute the 

capacity of school buildings in Tucson Public Schools Dis

trict No. One: capacity « no. classrooms x student/teacher 

ratio. The author's Equivalent Effective Capacity formula 

was proposed and tested as a mechanism for correction of the 

perceived inequities. The Equivalent Effective Capacity 

(EEC) formula systematically and proportionately allocates 

supplementary educational space to schools with substandard 
* 

classrooms. 

Sixty-eight schools were selected for study. Base

line data pertaining to classroom dimensions was retrieved 

from the "Report of Space Utilization," an instrument de

veloped by the Omaha, Nebraska, Public Schools, and modified 

for local application. The effect of both formulas— 

traditional and EEC—on educational space was compared using 

descriptive statistical techniques. 

The sixty-eight schools were found to have a grand 

mean classroom area of 824.1 square feet, with a standard 

deviation of 52.8, well below the District standard of 840 

square feet. The 17 schools in the Fourth (lowest) Quartile 

ix 
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were found to have a mean classroom area of 755.4 square 

feet, with a standard deviation of 31.4. After application 

of the EEC formula, the sixty-eight schools surpassed the 

District standard for classroom space: the grand mean area 

was raised from 824.1 to 849.6 square feet. Among the 

seventeen 4th Quartile schools, the mean area allocated for 

classroom use was raised from 755.4 to 835*4 square feet, 

and the standard deviation was reduced from 31.4 to 15.0. 

The mean classroom space of the 1st Quartile schools re

mained the same—877*3 square feet—by both the traditional 

and EEC reckonings. 

The EEC formula's application was found to be mini

mally disruptive of present District operations. There are 
* 

presently 1231 classrooms within the schools studied, all 

of which were used for computation of capacity by the tra

ditional method. The number of equivalently available (EEC) 

classrooms was computed to be 1186, a reduction of 3.65 

percent. 

Total capacity was reduced from 35>699 (traditional) 

to 34,394 (EEC). The 1974-75 enrollment was 32,322. Thus, 

the total EEC exceeds total enrollment by approximately two 

thousand. In four schools, however, capacity was reduced 

below enrollment, from a maximum of 34 to a minimum of 14. 

Thus, assuming acceptance of the formula by the school dis

trict, there is an implied need for the movement of one 
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portable classroom to each of the four schools. The total 

cost of moving four portable classrooms is approximately 

$32,000, a figure representing the cost of the formula's 

implementation. 



CHAPTER 1 

INTRODUCTION 

Major concerns to be pursued in this study include 

the identification, analysis3 and possible correction of 

perceived inequities in the traditional method used to com

pute the capacity of elementary school buildings. The 

objective—correction of a perceived inequity—is seen by 

the author as one aspect of a vastly greater responsibility 

shared by all educators: the protection of equal education

al opportunity. 

Twenty years have passed since the landmark Brown 

school desegregation decisions, and in that time more than 

two hundred public school districts have seen their commit

ment to a unitary system of education challenged in the 

courts. Central to each challenge has been an alleged de

nial of the l4th Amendment Constitutional guarantee of equal 

educational opportunity. 

The findings presented not long ago in Equality of 

Educational Opportunity (Coleman et al. 1966) have had an 

enormous, if yet unevaluated, influence upon judicial and 

nonjudicial discussions of the problem. Briefly stated, the 

Coleman team, drawing upon an economic model for 

1 
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input-output analysis as the basis for their massive re

search design, interpreted their finding of unequal educa

tional output (as determined by the primary variable, 

student achievement) to be evidence of unequal input, and, 

to the extent that the school or any contributing agency was 

responsible for input, as hence a denial of equal opportu

nity. 

Educators have since debated the limits of school 

responsibility. The fact that protagonists with widely dif

fering points of view are able to draw upon the Coleman 

findings in support of their positions is more than ironic; 

it is a kind of intrinsic proof of the complexities that lie 

behind the issue (Mosteller and Moynihan 1972). Increasing

ly, however, one finds the limits of school responsibility 

being determined by court order. Specific responses have, 

by and large, been in the direction of renewed attempts to 

ensure the demonstrable equitability of school input vari

ables . 

It should be noted generally that the placement of 

school variables on an "equal share" standard of equitabil

ity is not always possible, and is perhaps not always in the 

best Interest of students. If, however, the specific vari

able is one as tangible (i.e., measurable) as the allocation 

of educational space within a school, one may conclude that 

it has become an important criterion for the evaluation of 

school policy. 
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Many lawsuits have turned on the issue of inequita

ble use of educational space. Hlggins v. Board of Education 

of the City of Grand Rapids (197*1} p. 779) is a noteworthy 

example. Commenting upon the traditional capacity formula, 

namely that "each classroom is presumed to be suitable to 

accommodate 30 students and the standard rated capacity of a 

given school is basically the product of the number of rooms 

times 30," the Federal District Court in Grand Rapids found: 

For anything but the broadest statistical pur
poses, rate of capacities of schools, particularly 
older schools, are totally Inadequate tools for 
measuring over-utilization or under-utilization of 
a school. In fact, it is almost necessary to exam
ine each school individually in the light of its 
present and potential use, room by room, to make 
any intelligent conclusion on this question. Many 
variant circumstances arise to affect the judgment. 
In the first place, an unerring ability, uniformly 
and without variation, to place thirty school chil
dren in each classroom is, of course, unrealistic. 
Variations will inevitably occur. School rooms 
themselves vary in size and layout from room to 
room and from school to school. 

Being older, it is logical to observe that 
inner-city schools would not have been designed for 
the variety of programs which have been provided in 
schools more recently. Thus, what happens when en
richment programs such as music or art are added? 
Or laboratories? Or lunchrooms? Or gymnasiums? 
What happens when one room is used for morning and 
afternoon kindergarten classes? What about adminis
trative offices? Can a manual arts or home econom
ics class house as many students in the same space 
as regular fifth grade scholastic studies? What 
happens when certain imaginative programs are intro
duced in the system which may require fewer or 
greater numbers of students in a given room accord
ing to an optimum size for a particular program? 
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One may infer the following assumptions from this 

opinion: 

1. Because the traditional capacity formula (Capacity = 

No. Classrooms x student/teacher ratio) does not take into 

account the age, size, and specific peculiarities of indi

vidual classrooms, it is Inherently a vehicle for inequity. 

2. Those inequities which may result from use of the 

traditional capacity formula are manifest in the limitations 

placed upon activity in classrooms of substandard size and 

in classrooms used for purposes other than those for which 

they were designed. 

These assumptions are held by the author of this 

study. They have been the object of much informal analysis 

and serious reflection, and have led to the development of 
i 

an alternative capacity formula, called Equivalent Effective 

Capacity (EEC), the object of this study. 

Statement of the Problem 

The purpose of this study shall be the identifica

tion, analysis, and possible correction via a test of the 

proposed alternative Equivalent Effective Capacity concept, 

of perceived inequities in the traditional method for com

puting the capacities of school buildings in Tucson School 

District Number One. 
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Statement of the Hypothesis 

Spatial inequities that result from the traditional 

method for computing school capacities in District Number 

One (No. Classrooms x student/teacher ratio) may be reduced 

by application of the proposed Equivalent Effective Capacity 

formula (see Chapter 3» P- ^3); that the proposed formula 

retains both the instructional program orientation of for

mulas based upon minimum space requirements and the cost-

orientation of the traditional formula, and Is of usefulness 

within the constraints of economy of implementation, non-

disruptiveness of present operations, and ease of applica

tion. 

Discussion of the Hypothesis 

The hypothesis to be studied is reducible to an 

assumption and two secondary hypotheses. It is around these 

natural divisions that the descriptive-comparative design of 

the research has been constructed. 

Assumption 

The hypothesis upon which this study is based as

sumes that spatial inequities result from the traditional 

method used to compute school capacities in District Number 

One. 

Of use in the analysis of assumed inequities within 

the target population of schools will be principles derived 



from a directed review of the related literature. Questions 

developed to guide the author's review Include: 

How do the program-oriented formulas function? 

How does the traditional formula function? 

What are the implications of each formula as ana

lyzed in the contexts of (a) operational costs, and (b) 

future program change? 

What are the probable consequences of applying stan

dards adopted for new building construction to buildings 

already in existence? 

Are facilities and instruction interdependent con

tributors to a total school program? 

To what extent, if any, is the nature of in-class-

room activity determined by the constraints of available 

space? 

Does the concept of the "self-contained" classroom 

ever govern literally the use of interior educational space? 

Secondary Hypothesis A 

A natural subdivision of the problem hypothesis is 

the proposition that spatial inequities may be reduced by 

application of the proposed Equivalent Effective Capacity 

formula. 

A meaningful test of the hypothesis requires a com

parison of the traditional (Standard) capacity formula 

presently in use in the District with the proposed 
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Equivalent Effective capacity formula. For this purpose 

baseline data has been retrieved from the Report of Space 

Utilization (Appendix A), adapted for this study for use 

within the target population from an earlier survey devel

oped for the Omaha, Nebraska, public schools. The data was 

processed initially in parallel according to the two capac

ity concepts. The resulting sets of school capacity figures 

were then subjected to an exhaustive comparison of mean dif

ferences relating to classroom areas and supplementary edu

cational space. Data was then analyzed in the context of 

principles and standards derived from a critical review of 

the related literature, and decisions regarding the problem 

hypothesis were determined on the same basis. 

Secondary Hypothesis B 

Does the proposed formula retain both the instruc

tional program orientation of formulas based upon minimum 

space requirements and the cost-orientation of the tradi

tional formula, and is it of usefulness within the con

straints of economy of implementation, nondisruptiveness of 

present operations, and ease of application? 

Relationships necessary to an effective analysis of 

the data are presented both graphically and computationally. 

The qualitative decision to accept or reject—totally or in 

part—the problem hypothesis will be determined on the basis 

of answers secured for the following questions: 



To what extent Is the amount of supplementary educa 

tlonal space related to average classroom space? 

To what extent is the amount of storage space, both 

within and outside the classrooms, related to average class 

room space? 

Does the present formula legislate increasingly in 

the direction of a literally "self-contained" classroom as 

classroom size is reduced? 

To what extent does the proposed formula allocate 

supplementary classroom space to those buildings whose fa

cilities are demonstrably substandard? 

Is a current nationwide phenomenon—the decline of 

inner-city school enrollments—reflected in the recent his

tory of enrollment in the target population of schools?' 

Which schools, If any, will find themselves operat

ing over capacity after capacity Is recomputed? 

What enrollment changes, if any, must be effected 

in order to allow the DistrictTs schools to operate within 

the computed limits of the equivalent effective capacity 

concept? 

Among the affected schools, what predictions-have 

been made (or can be made) in regard to future enrollment 

patterns? 

Assuming change, how might it best take place; i.e. 

in regard to the foregoing question, do projected future 
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enrollments enhance or eliminate any of the following op

tions: boundary•changes, use of portable classrooms, reno

vation or new classroom construction, temporary student 

transportation, building abandonment, new building construc

tion? 

Assuming change, what might it cost? 

Assuming confirmation of the problem hypothesis, 

what critical relationships exist within the school district 

which, under analogous conditions, would permit the for

mula's application beyond the target population? Or con

versely, assuming rejection of the problem hypothesis, what 

characteristics are there in the target population which 

prohibit the formulaTs application? In either case, scatter 

grams and an accompanying Pearson-r (or appropriate curvi

linear measure, if necessary) are employed descriptively to 

define the relationship between all possible paired combi

nations of mean classroom size within schools, supplementary 

educational space within schools, school location, school 

age, past stability of enrollment, percent utilization, and 

availability of storage spaed (15 combinations). 

Population to be Studied 

Tucson District Number One, comprising separate ele

mentary and secondary districts with coterminous boundaries 

and a combined administrative staff and governing board, is 

the largest and oldest public school district in Arizona. 
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Beginning with one schoolhouse in 1867, its board today 

oversees the operation of 69 elementary schools, 17 junior 

high schools, 9 high schools, and 3 special education 

schools. Its most recent addition (Warren Elementary) 

opened in January, 1975-

The District's 69 elementary schools have been se

lected as the population to be studied. Because the popu

lation, although quite large, is nonetheless of manageable 

size, the author has carefully weighed the advantages of 

both a study of randomly selected sample schools and a total 

population study, and has opted in favor of the latter. 

It should be remembered that the study engages two 

distinct populations: one with capacities determined on the 

basis of the traditional formula, the other on the basis of 

EEC. Thus while the method employed to gather data is 

borrowed from a technique associated with the classic field 

survey, the comparative-evaluative aspects of the study are 

more closely akin to those of applied research design 

(Tuckman 1972). 

The comparative study of two populations, as opposed 

to the study of population samples, provides the researcher 

a distinct advantage: all differences are significant be

yond any probability of error attributable to random chance. 

One's analysis of findings is, therefore, absolutely de

scriptive of the populations, as distinct from a vehicle for 
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the construction of Inferential judgment about the popula

tions. This Is of particular importance to the findings of 

applied research, for the overarching problem of hidden 

researcher bias is so often present in applied research 

design. 

Assumptions Underlying the Study 

The process which led to the development of the 

Equivalent Effective Capacity formula, and ultimately to 

this study, began some time ago with the rather casual ob

servation that the formula used to compute the capacity of 

elementary school buildings in District One Ignores totally 

the highly variable, often unique characteristics of indi

vidual classrooms. 

Two assumptions support the present study: 

1. A capacity formula (e.g.. Capacity = No. Classrooms 

x student/teacher ratio) that does not take into account the 

age, size, and specific peculiarities of individual class

rooms is inherently a vehicle for spatial inequity. 

2. Inequities which may result from use of that kind of 

capacity formula are manifest in the limitations placed upon 

activity in classrooms of substandard size and in classrooms 

used for purposes other than those for which they were de

signed. 
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Limitations of the Study 

The study has been confined to the Elementary 

District. 

The study is limited to building capacity. 

The study ignores the function of availability of 

playground space as a determiner of building capacity. 

Definitions 

Standard Classroom—A classroom with an area approx

imately 840 square feet, the District standard for new 

classroom construction presented to architects in 1955 and 

presently in use. 

Equivalent Classroom Space—An equivalency expres

sion based upon dimensions of the standard classroom. 

Self-Contalned Classroom—An Imprecise expression 

with meanings ranging from the literal (i.e., a room to which 

students are assigned, and in which students are expected to 

remains at all times while in the building) to the figura

tive (e.g., the "home base" for a 3rd Grade class, regardless 

of the class's location at any given time). 

Standard Capacity—A measure of building capacity 

found by multiplying the number of classrooms by the current 

acceptable student/teacher ratio. Within District One it is 

also called, variously, Permanent Capacity, Administrative 

Capacity, or simply Capacity. When referring to the Dis

trict, where historically the formula has enjoyed 
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uninterrupted use, the author from time to time adopts the 

expression Traditional Capacity as a descriptive convenience. 

Equivalent Effective Capacity (EEC)—A measure of 

building capacity, developed by the author, which allows for 

retention of the student/teacher ratio and an approximation 

of the per-student space requirements of the standard class

room (see Chapter 3)* The expression Equivalent Effective 

Capacity will often be shortened to its initial letters, EEC, 

to conserve space. 

Supplementary Educational Space—Those portions of 

a school., other than space designated as "classroom,11 where 

instruction, formal or informal, takes place. Supplementary 

educational space extends at one time or another to all non-

classroom space, but for convenience of analysis is consid

ered in the study to extend to the library, cafeteria/ 

auditorium, multipurpose rooms, and non-basement storage 

rooms. 



CHAPTER 2 

THE REVIEW OP THE RELATED LITERATURE 

The following discussion is intended to serve both 

as a review of the literature related to school capacity and 

a critical analysis of the principles, expressed therein, 

which govern the determination of school building capacity. 

The Student/Teacher Ratio 

American public education has seen in this century 

a sustained trend toward reduction of the ratio of students 

to teachers in elementary schools. In his survey of schools 

constructed before 1900, a noted school architect recommend

ed a student/teacher ratio of 56 (Wheelwright 1901). By the 

1930's, when Dawson (1934) published the study "Satisfactory 

Local School Units," the accepted standard had been reduced 

to forty students per teacher in the elementary school. The 

standard most often cited today, 30 pupils per teacher, is 

traceable to the early 1950*s (McClurkin 1964), although 

from the early 1950's many authorities were recommending 

even smaller ratios (McLeary 1952). A ratio of 30 has, how

ever, proved to be a rather durable standard. 

It is the author's opinion that the 30/1 ratio has 

survived for reasons more closely related to cost than to 

14 
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conclusive research findings relating the student/teacher 

ratio to learning outcomes. 

Cost 

Benson (1968), in noting that education has histor

ically been a labor-intensive activity, indicates that a 

minimum 50% of total expenditures for public education is 

apportioned to salaries for instructional staff. When one 

takes into account the extremely high expenditures entailed 

in new building construction, as well as the cost of retire

ment programs and fringe benefits, he notes that it is com

mon to find that instructional salaries account for 

approximately 80% of the adjusted annual budget. 

With many other costs comparatively fixed, building 

maintenance and depreciation for example, one sees how mark

edly the 50-8056 budget factor causes per-pupil expenditures 

to increase as the student/teacher ratio is reduced. 

Student Outcomes 

The relationship between class size and student out

comes (as measured by standardized achievement tests) is 

inconclusive and perhaps nonexistent. Before 1930 the Uni

versity of Minnesota Studies (Hudelson 1930) attempted to 

pinpoint an "optimum" class size, but found no significant 

differences in student achievement within a broad range of 

ratios. The more recent findings reported in the USOE study 
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Equality of Educational Opportunity (Coleman et al. 1966) 

were similarly inconclusive. The very scope of the "Coleman 

Report, representing a sampling of the entire nation's pub

lic schools, might seem upon casual analysis to settle the 

question, but that has not been the case. The design of 

that research did not control differences in classroom size 

(educational -space as measured in square feet per student), 

differences in presentation of the curriculum (formal, 

activity-oriented, etc.), or differences in in-school organ

ization (departmental, self-contained rooms). 

One should not assume, however, that the 70-year 

trend toward reduced student/teacher ratios eludes rational 

explanation. A reduction in the student/teacher ratio bears 

an absolute inverse relationship to the amount of in-school 

space as measured per student, and it may be argued abstract 

ly that all in-school space Is, at one time or another, edu

cational space. Caudill (195*0 cites, in a series of case 

studies, many examples of the intelligent use of corridors 

as educational space, of bathrooms, administrative offices, 

even one creative example of how a school's boiler room 

might be used. 

As a practical matter, however, it can only be said 

that a reduction in the student/teacher ratio increases in-

classroom space per student, and that the relationship, 

albeit not absolute, is overwhelmingly positive. 
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Instructional Space 

Wheelwright (1901, p. 18) recommended a student/ 

teacher ratio of 56, to be arranged in seven unvarying rows 

of eight students. A room's dimensions were limited, he 

felt9 by natural considerations. A room's length should not 

exceed 32 feet, for "... a greater length makes it diffi

cult for the teacher's voice to reach the pupils in the last 

row of seats; at a greater distance the pupils' work on the 

blackboards at the end of the room cannot be readily seen 

from the teacher's seat." Due to natural lighting consid

erations he felt a room's width should not exceed 28 feet, 

and that 24 feet was preferable. Thus his maximum recommen

dation was a room with dimensions 32' x 28' or 896 square 

feet. The range of educational space, as measured per stu

dent, was 14-16 square feet. 

The objectives, then, of school planners in 1900 

were twofold: (1) to create classrooms as large as possible 

within the natural constraints of sound-carrying capacity 

and lighting; and (2) to place as many students as possible 

into the rooms. 

An examination of dominant currlcular standards of 

the time indicates that instructional efficiency was some

what consistent with the foregoing standards for instruc

tional space. Hofstadter (1963)» the American historian, 

feels that the deliberations of the "Committee of 10" In 
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1896 were richly symbolic of the state of American education 

as it entered the Twentieth Century. If that is so, then 

education was rigid, formal, highly academic, and—what is 

most important to this discussion—distinctly pyramidal in 

structure, with all the attendant lack of concern for the 

affective lives of students implied in that description. A 

confined physical environment was, as noted, by no means in

consistent with a total environment that was for most stu

dents so personally limiting. 

Hofstadter also notes a pronounced shift in the di

rection of American education after 1920, and gives credit 

to John Dewey for providing the intellectual stimulus. In 

the wave of popular democratization of education (and mis

understanding) that followed Dewey, he notes in particular 

the displacement of the old pyramidal structure in favor of 

a conscious movement toward increasing the "holding power" 

of the schools. To "hold" students in school, it was recog

nised that one had to make school a more interesting and 

personally fulfilling place to be. The movement began, cor

rectly enough, with concern for what the school had to offer, 

but spread in time to a concern for possible limitations in 

the school-as-school-building. 

McClurkin (1964, p. 122) provides an interesting 

historical insight into the mechanics of this shift: "In 

1932 a high school was built with regular classrooms 22 x 16 
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feet in size. The announced intent of this building design 

was to compel a reduction in class size." This amounted to 

an overt attempt on the part of school planners to influence 

school policy. Although one might argue that it was wrong 

in principle, one must also assume that the movement toward 

smaller classrooms had the tacit support of school policy

makers, for if that were not the case the movement could not 

have spread so quickly through the nation's schools. 

McLeary (1952, p. 45)> commenting on the phenomenon of that 

rapid shift, notes: 

During those decades there was a tendency to 
make rooms as small as possible, chiefly as a device 
to keep communities from overloading the teachers 
with too large classes. There is reason to believe 
that this prescription was one of the chief reasons 
behind the size prescribed for the so-called stan
dard classroom. This standard classroom was made 
22' to 23' wide and 29' to 30' long so that it would 
only be possible at best to put in 5 rows of seven 
desks, thus making it impossible to assign more than 
35 pupils to a teacher. Actually this did not pre
vent the moving in of additional desk units into the 
corners. But it did serve to keep the teacher from 
being loaded down with 45 to 50 pupils. 

The phenomenon may be summarized thusly: a reduc

tion in the size of classrooms forced relief from overcrowd

ing as a function of the student/teacher ratio, but did 

nothing to relieve overcrowding as a function of educational 

space; indeed, to paraphrase McLeary, a reduction in class

room size often exacerbated the problem of limited educa

tional space. 
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Contemporary Standards 

Standards related to classroom space have approxi

mately doubled since the 14-16 square feet current at the 

turn of the Century. The Connecticut State Department of 

Education (Lymon et al. 1950) recommends 25-minlmum to 30-

maximum square feet per student in the elementary classroom, 

exclusive of kindergarten rooms, adding that in no case 

should the total room area be less than 770 square feet. 

Odell (1950) also stated that 30 square feet per student 

was desirable, but noted that some experts felt that 33 to 

40 were more desirable minima. McLeary (1952), for example, 

recommends 36-40 square feet for students in the lower pri

mary grades. 

Odell (1950, p. 21) adds an important qualification 

to the discussion: 

If adequate special rooms are provided in which 
shop activities, homemaking work, science, music, 
art, and so forth, are carried on, the importance 
of having large rooms for pupils who also use the 
special rooms becomes somewhat less. If these spe
cial provisions are used, 25 square feet per pupil 
may be considered fairly satisfactory. 

But in general, the American Society of Planning 

Officials (Information Bulletin No. 36, 1952, p. 16) point 

to the fact that "Most school specialists agree that thirty 

square feet of floor space per pupil (exclusive of storage 

and accessory space) is the absolute minimum required for 

an adequate, modern program of instruction." Thus the 
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Indiana State Department of Public Instruction (Young 1953)» 

with its recommendation of 30 square feet per student in new 

elementary classroom construction, is representative of 

most state-adopted recommendations traceable to that period. 

Among these is the Arizona State Department of Public In

struction recommendation (Liera 1956), still in force, of 30 

square feet per student in elementary classrooms that are 

"self-contained as possible." 

Self-Contained Classrooms 

Self-containment is a form of elementary school 

organization in which one teacher is responsible for the 

guidance and instruction of a group of children for, in most 

cases, one year. The self-contained classroom is a vehicle 

for that kind of organization (Waite 1964, p. ̂ 9). 

Since such classrooms are designed to serve practi
cally all the learning and personal needs of chil
dren, the number of specialized areas or rooms in 
the building may be reduced; however, certain 
general-use rooms will be required. The teacher, 
as observer and guide of the continuous pupil growth 
and development, needs adequate space and equipment 
in a well-planned classroom for exploration for 
both group and individual projects. A spacious, 
well-equipped, self-contained classroom can do much 
to serve the present school program. 

The concept of self-containment is not necessarily 

to be practiced literally. Waite, in noting that special 

teachers may be employed, points out that specialists are 

resource people who work with the regular teacher as they 
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are needed. McClurkin (1964, p. 120), In his analysis cf 

the merits of departmentalization vs. the self-contained 

classroom, sees this as a comparative defect in the concept. 

Noting the difficulty involved in finding elementary school 

teachers prepared to teach basic academic subjects as well 

as effective music and art programs, he adds, "Teachers tend 

to avoid subjects which they dislike or in which they feel 

inadequately prepared^ and to stress those areas of their 

major interests and training." Helping teachers are, there

fore, seen as an asset to those districts large enough to 

be able to afford them. 

Castaldi (1969) echoes the feeling of most authori

ties in school design when he recommends that the self-

contained classroom be of sufficient size to allow for two 

or three well-defined locations, such as a science and art 

area, a project area, and a reading area. He does not dis

avow, however, the apparently common practice of deviating 

from the restraints of absolute self-containment (p. 229): 

It should be borne in mind that all pupil experi
ences, with the exception of physical education and 
perhaps music, take place in the self-contained 
classroom. Consequently, the room must be designed 
for instruction in art, science, language, social 
sciences, arithmetic, and music, if these activities 
are not conducted elsewhere" (emphasis added). 

Kindergarten Rooms 

Although recommended standards for kindergarten room 

construction vary, school planning specialists are unanimous 
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in their expressed belief that kindergarten pupils require 

more space than children in primary classrooms. The lowest 

standard published in recent years is apparently that of the 

New York State Department of Education (Waechter and 

Waechter 1951) which required, as an absolute minimum, 25 

square feet of indoor space for each child of kindergarten 

age. Young (1953) recommends 35 square feet per student. 

McLeary (1952) combines a recommended total classroom area 

of 1200 square feet with a maximum ratio of 25 pupils per 

teacher; hence one is free to conclude that he sees 48 

square feet per student as a desirable minimum. Although 

Odell (1950) makes no recommendation concerning pupil/ 

teacher ratios, his preference for kindergarten room areas 

of 1500 square feet is probably similar to McLeary's per-

pupil recommendation of 48 square feet. 

The Arizona State Department of Public Instruction 

(Liem 1956) has recommended kindergarten room areas ranging 

from 1200 to 1500 square feet for all new school construc

tion. Per-pupil areas, based upon a recommended ratio of 

25/1, range from 48 to 60 square feet. The 1956 Arizona 

recommendations have not subsequently been altered or super

seded. 

Libraries 

Regardless of the extent to which books are kept in 

the several classrooms, Odell (1950) states that every 
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elementary school should have a separate library large 

enough to accommodate at least as many as all the students 

in its largest class. He also recommends that in those 

cases where a library is housed in a converted classroom, 

an adjacent classroom be converted for use as a combination 

stack room-workroom. In short, he recommends that the total 

library facility be at least the size of two converted gen

eral purpose classrooms. 

Young (1953) writes that library rooms should be 

large enough to accommodate one-tenth of the total school 

enrollment at one time. He does not attempt to define mini

mum space requirements. 

Castaldi (1969) recommends that in the conventional 

elementary school there should exist, as a separate library 

facility, the spatial equivalent of one general purpose 

classroom for every fifteen (or fewer) teachers in a build

ing. 

The Arizona State Department of Public Instruction 

(Llem 1956, p. 33) recommends a separate library facility 

in each elementary school with accommodations for "... the 

largest class in school, plus 20 additional readers, approxi

mately 25 square feet per pupil." 

Storage Space 

Prom a Maricopa County, Arizona, School Survey 

(Melbo 1950, p. 20): 
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Modern educational methods make use of a wide 
variety of activities which require additional space 
in the classrooms. Furthermore, a greater variety 
of instructional materials are used in today's 
classrooms than was once the case. The variety of 
instructional materials also requires additional 
space both for their use and for their storage. 

There are problems related to storage that go beyond 

its implied scarcity in older buildings. Odell (1950), for 

example, mentions problems associated with improper location. 

All too frequently the bulk of an older school's storage 

space is located in the basement, or, in the case of some 

very old facilities, in the attic. Odell feels that storage 

space should be so located that the need to move materials, 

especially instructional materials, is minimized. He im

plies that ease of access to stored materials greatly deter

mines the frequency of their use. 

Castaldi (1955) provides for students of school 

planning a list of Do's and Don't's regarding the planning 

of storage space. In sum, his recommendations reflect 

Odell's contention that the most desirable location for 

storage space is on the same floor, but suggests also that 

such space be located quite near the rooms in which stored 

materials are to* be used. 

The Life Cycle of a School Building 

According to McClurkin (1964, preface): "Research 

shows that a critical condition is usually reached somewhere 

around forty years of service, at which time a major 
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overhaul and modernization are needed. The normal period of 

(a building's) usefulness is about sixty years with abandon

ment or replacement." 

McClurkln's reference is apparently directed to the 

seminal study Economic Planning for Better Schools conducted 

by Handler (i960) in cooperation with the Michigan Depart

ment of Public Instruction. Handler describes five general 

phases in the life cycle of a school building. 

In the First Phase, a period lasting approximately 

twenty years, the capital outlay required for maintenance 

is minimal; most expenditures are in the nature of minor 

adjustments to the original design, a kind of "breaking-in" 

period. 

In the Second Phase, a period covering approximately 

the twenty-first to thirtieth years of operation, mainte

nance costs increase gradually. The need to replace origi

nal mechanical equipment becomes somewhat more frequent. 

The Third Phase, which occurs usually between the 

thirty-first to fortieth years of operation, is character

ized by a marked increase in annual maintenance costs. 

Virtually all original mechanical equipment requires over

haul or replacement. The frequency of repairs increases 

somewhat more markedly; problems associated with deteriorat

ing roofs are commonly the first indication that the overall 

ageing process has begun to accelerate. 
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Between forty and fifty years of operation—Phase 

Four—the building deteriorates rapidly. Major plumbing 

and electrical wiring repairs or replacement are a frequent 

necessity. Other3 non-physical factors begin to contribute 

significantly to the school's growing identity as an old 

facility. Community needs which served to determine the 

original site location may, for example, have disappeared. 

Frequently one finds that classrooms are too small, or 

otherwise outmoded, to continue to accommodate the needs of 

an evolving educational program. Although the physical 

plant at fifty years of age usually remains quite service

able, it it is during this period that Handler strongly 

recommends the formulation of sound planning in regard to 

its future disposition. If one anticipates the continuing 

need for a school at the location in question, the decision 

might be to modernize, or perhaps totally replace, the orig

inal building. The recommended alternatives are a planned 

phase-out or abrupt abandonment at some predetermined date. 

Phase Five is the period beyond fifty years of age. 

The Handler findings indicate the normal life expectancy of 

a school building to be sixty to seventy years. If the 

building has not in fact been subject to serious structural 

deterioration, there remains the distinct probability that 

at the advanced age of seventy it has become educationally 

obsolete. There is therefore the implied recommendation 
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that school buildings be retired from service during this 

period. In support of that principle the National Council 

on Schoolhouse Construction (Waite 1964, p. 12) notes: "As 

a general rule, buildings tend to be obsolete from an educa

tional point of view long before being structurally inade

quate." 

In reflecting upon HandlerTs generalized view of the 

ageing process of a school building the question arises: 

how does one reconcile the apparent contradiction of the 

building which is in fact an amalgamation of original 

building-plus-additions (one or more) added over many years' 

time? Boles (1961, p. 3^7), in what seems to be a restate

ment of the architectural principle of the interrelatedness 

of form and function, offers a partial answer when he ob

serves that "Any building addition that is attached directly 

to an old building and is matched to it in materials and 

design immediately becomes, as soon as it is completed, as 

old as the original structure." 

The Evolution of Local Standards 

In its broadest outlines the development of stan

dards in School District Number One mirrors the development 

of standards on a national level. It is apparent that in 

the late 19th Century the people of Tucson were quite aware 

of their status as residents of a remote border town in one 

of America's last remaining continental territories. 
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Abundant records may be found in the early school board 

records comparing Tucson's schools to those of "the finest 

schools in the East." Prom the first volume of District 

School Board proceedings (Tucson Public Schools School Board 

1888), in a hand-written passage dated December 27* 1888, 

one finds the first reference to the student/teacher ratio; 

"Superintendent Gillette reported that there was now in Miss 

Pomeroy's room upward of 75 pupils in regular attendance, 

and he recommended that the room be divided and another 

teacher engaged as it was impracticable to have over 40 in 

any one room." 

Due to an unfortunate ambiguity in the passage, it 

is impossible to determine whether the superintendent was 

recommending the insertion of a partition or the movement of 

some students to another room. One cannot discount the for

mer possibility; it is an established historic fact that 

educators have tended to view educational space and the 

student/teacher ratio as separate, almost exclusive consid

erations. However, seventeen ysars later one finds another, 

similar recommendation which indicates that the District had 

a long standing policy of limiting the ratio to forty, and 

that indeed they had constructed classrooms with this policy 

in mind (Cooper 1967a p. 43): "In the spring of 1905* 

Superintendent Walker appeared before the board and asked 

permission to put at least one classroom on double sessions. 
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He reported that In this class 80 students were seated in a 

classroom built for forty." 

There are two schools in operation today that were 

opened before 1905: Safford and Davis Elementary. The 

classrooms on double session may have been located in either 

of them. Also from Cooper (p. 48): "On November 9a 1913> 

the school board decided to build a grade school adjoining 

the high school because Tmany children were being turned 

away owing to lack of accommodation.' The rooms were to be 

large enough to hold between 45 and 52 students each." 

The reference is to a 12-room addition on the south 

edge of the Roskruge Elementary School, a school which re

mains in service today. This passage is the first known 

reference, albeit vague, to the existence of combined stan

dards for educational space and the student/teacher ratio. 

The passage clearly indicates, however, that the ratio had 

been elevated considerably from its former levels. 
i 

Between 1920 and 1950 there are few references to 

the student/teacher ratio in District One records. However, 

it is possible that the period was marked by a reversion to 

the former recommended ratio of 40/1. The judgment, however, 

is based upon the admittedly questionable inference one 

draws from the fact that superintendents1 reports of the 

period frequently used 40 as the arbitrary dividing point 

when reporting upon the extent of crowding in the District; 
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as in the following passage extracted from the 1920-1921 

Report (Rose 1921, p. 51): "Although nearly 1300 children 

were put on half time, this did not relieve the crowded con

ditions in the elementary schools. Thirty-seven rooms had 

an attendance ranging from 4l to as high as 6l, while 

twenty-three others had from thirty-six to forty in atten

dance." 

It is interesting to note that in the same Report 

(1920-1921) Superintendent Rose recommended the closure of 

Davis Elementary School (p. 52). 

The building program in Tucson will never be 
completed as long as such buildings as Holladay, 
Davis and Drachman are in use for school purposes. 
These are all old buildings, they are not modern, 
either in construction or arrangement, and they 
fall far short of the approved standards for 
modern school buildings. 

The original Holladay and Drachman schools were re

tired from service years later. The Davis facility is still 

in operation. Over the years its abandonment has been rec

ommended many times, most recently in 197^« 

In a master's thesis entitled "A Proposed Building 

Code for the State of Arizona" (Turner 1939> p. 6l) there 

can be found the recommendation that elementary buildings 

contain 15-18 square feet of floor area for each pupil in 

"a classroom of 23 feet, by 26 feet, by 12 feet (which) will 

seat 35 pupils." However, no evidence can be found to indi

cate that the Turner recommendations were ever adopted. 
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In a general survey of local standards of the period, 

Edens (1941, p. 32) observed, "The average size of an ele

mentary classroom . . . is 21.1 square feet of floor space 

per pupil. The average (recommended) number of square feet 

per pupil, according to the architects, is 18." 

The standard currently in force calls for classroom 

dimensions of approximately 26 x 32 feet, or approximately 

840 square feet. It was formally adopted in 1962 by the 

Tucson Public Schools District No. 1, Engineering Depart

ment (1962), although the standard has been in use in

formally since 1955. 

Additional Local Standards of Importance 
to the Study of School Capacity 

The Arizona Schoolhouse Planning Manual (Liem 1956, 

p. 3^) recommends that newly constructed elementary build

ings include special art and music rooms. In view of the 

fact, noted above, that the Arizona State Department of Pub

lic Instruction, which publishes the Manual, encourages the 

self-contained classroom concept, it may be concluded that 

the Department of Public Instruction acknowledges that the 

self-contained classroom is not necessarily intended to 

serve all the educational needs of children. 

The Pima County Planning Commission, which cooper

ates with District One in the planning and location of new 

school construction, notes the following in regard to the 
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use of multi-purpose classrooms and their inclusion in the 

rated capacity of a school building (Pima County Planning 

Commission 1955» p. vlii): "All-purpose rooms should never 

be considered as class rooms and should be utilized for that 

purpose only when found absolutely necessary." 

In 1973, the District Superintendent clarified Dis

trict policy in regard to new building construction in the 

"Tucson Public School News" (Lee 1973s P- D: 

An easily observed characteristic of human 
beings is that as they age, they tend to gain in the 
middle. Not so of school districts. They grow 
larger on the fringes and thin out in the middle. 

It has taken a long time for this to happen in 
Tucson. Our district is over a hundred years old 
and only recently has the center of the district 
begun to decline in enrollment. We now find, here 
and there, an empty classroom in the near downtown 
area. Simultaneously, on the growing edges of the 
district, classroom space is at a premium. 

What can the district do about the problem? 
First, the district is constructing new elementary 
schools with a maximum of 18 permanent classrooms. 
Any additional classrooms are of the portable type 
so that when enrollment declines, the rooms can be 
moved to a new site where they are needed. In the 
future, these schools will have no empty classrooms 
despite changes in enrollment. 

Interestingly, the Superintendent hypothesizes the 

existence of a "wave effect" in school enrollments; i.e., 

that enrollment initially climbs rapidly; that it peaks 

temporarily at a point above the rated capacity of the 

building, hence requiring the use of portable classrooms; 
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that it ultimately falls and stabilizes at a point within 

the capacity limits of the building. 

Summary: Standards for Determining 
School Capacity 

Davis (1973, p. 96) has observed that "The school 

building surrounds the pupils and teachers for a purpose. 

Crowding interferes with the realization of this purpose. 

The educational program thus has an important bearing on the 

measurement of the pupil capacity of a building." 

Davis suggests in these sentences that the pupil 

capacity of a building.should be viewed as a dynamic concept, 

determined in part by the nature of the educational program, 

and subject to change as programs change. He goes on to say 

(p. 96): "Enriching educational programs without additional 

spaces will3 in most cases, reduce the capacity of a build

ing." And he adds (p. 96): "The reverse is often seen. 

Overcrowding has been relieved by reducing educational op

portunities .11 

One might legitimately ask how this view contrasts 
v 

with the view (expressed, supra, by many authorities) that 

capacity is determined by the simple multiplication of rooms 

in a school by the student/teacher ratio in a school dis

trict. Unfortunately, Davis does not address himself to the 

question. At this point, we are thus limited to the obser

vation that there exist at least two related, yet different, 
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views of capacity: (1) capacity as a function of the educa

tional program, and (2) capacity as a function of mechanis

tic standards. 

A reasonable synthesis of the many principles 

expressed herein allows the conclusion, however, that the 

two views are convergent under the conditions of (1) mech

anistic standards based upon some reasonable assessment of 

program needs; (2) a total educational program that does not 

change over time; and (3) a set of mechanistic standards and 

total educational program that, combined, allow for the dis

tinct probability that not all classrooms in a school are of 

the same size. 

And naturally the views are divergent under the ab

sence of those conditions. But while the differences may 

always be present in an abstract sense, they may (in the 

author's judgment) be of no consequence if a school in point 

is so underenrolled that it is judged to be under capacity 

by anyone's measure. Thus it is the author's additional 

conclusion—one with which the reader may or may not wish to 

concur—that the differences are not readily apparent until 

one party Judges a particular school to be overcrowded and 

the other does not. In that circumstance a proponent of the 

program-determined view who, for example, contends that 

"enriching educational programs will reduce capacity" might 
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hasten to add, "and should reduce the rated or published 

capacity (usually mechanistically determined) of a building." 

Capacity and the Educational Program 

Young (1953, p. 80) has written that "Overcrowding, 

if discovered, should be studied to determine whether it is 

fundamentally due to classrooms that are too small to accom

modate classes of normal size or is due to classes that ex-

ceed the size normally considered desirable for efficient 
i 

instruction." When he uses the expression "overcrowding," 

Young refers to overcrowded schools but acknowledges at once 

that one must look to the several classrooms for analysis. 

Is the overcrowding traceable to an unacceptably low 

per-pupll area (i.e., "classrooms that are too small to 

accommodate classes of normal size") or is it traceable to 

a classroom student/teacher ratio that is too high for the 

nature of the Instructional program (i.e., "classes that 

exceed the size normally considered desirable for efficient 

instruction")? The positions of school planning authorities 

on both aspects of overcrowding—low per-pupil area vs. high 

student/teacher ratio—has been examined, above, at some 

length. The consensus, if one includes Implied conclusions 

with those expressly stated, is that building capacity 

should be determined via the summation of individual room 

capacities, with individual room capacity determined on the 

basis of an acceptable standard for per-student space. In 
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other words, if a classroom has a total area of 810 square 

feet and the acceptable per-pupil area is 30 square feet, 

then a room's capacity may be computed as 810 *• 30, or 27 

pupils. 

The problem associated with that view, however, is 

that it casts out all consideration of the student/teacher 

ratio, save perhaps its function as a limiter of class size. 

It is the author's judgment that the ratio performs 

at least two additional functions: 

1. When contracts are negotiated, the ratio functions 

as a "convenience issue," allowing negotiators to steer a 

middle course between the diminished educational returns 

implicit in a high ratio (Davis 1973) and the prohibitive 

costs of one that is very low (Strevell and Burke 1959, 

Benson 1968). 

2. District-wide, it is used descriptively to answer 

the question: are students and teachers assigned to schools 

on a numerically equitable basis? 

Capacity and the Traditional 
Mechanistic View 

The alternative view, one most common among schools 

that adhere to the self-contained classroom concept 

(McClurkin 1964), is to compute capacity by multiplying the 

number of general purpose classrooms by the student/teacher 

ratio. 



The problem associated with that method is that it 

ignores totally the size of the rooms, and hence the per-

pupil area within rooms. 

Often, as Strevell and Burke (1959» p. 156) have 

noted, the accommodation of this mechanistic view to the 

realities of overcrowding presents a dilemma: 

Assuming, for example, that the normal teaching 
load is twenty-eight to thirty pupils per elementary 
teacher in a given city, the standard for new class
room construction may be 35 square feet per child or 
about 950 gross square feet per room. But in deal^ 
ing with existing buildings the school board may 
tolerate as low as 18 square feet per child or 540: 
square feet per room. The question is no longer one 
of number of pupil stations as judged by optimum 
square footage standards. The practical issue is : 
whether a given room can be used at all for regular 
classes or not. 

Strevell and Burke (p. 157) conclude that' the tra

ditional formula says little about the true capacity of a 

building: 

In one sense basing capacity on normal teaching 
load appears to negate all standards and indeed make 
meaningless the term capacity because the capacity; 
of a building can be manipulated to suit the number 
of children one chooses to put there. In other 
words, if the number of existing rooms limits the 
number of teaching stations, would increasing the : 
number of pupils per teacher increase the capacity? 
One is forced to accept that size of class and 
teacher load are based on very strong policy factors 
which have little to do with room size. 

Conclusion 

It seems clear that in those cases where the educa 

tional program determines the capacity of a building, cost 
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the cost of lowered student/teacher ratios in smaller facil

ities and the cost of such alternatives as modernization, 

expansion, new construction—can be prohibitively high. 

If, on the other hand, capacity is determined on the 

basis of rooms x ratio, one entertains the possibility that 

some measure of educational opportunity is being withheld 

from students in the older, generally smaller schools. 

Thus, on the basis of current practices in the com

putation of school capacity, one arrives at the judgment 

that there exists a need for a capacity formula that (1) in

corporates the advantages and eliminates the flaws in each 

alternative view; that (2) retains the simplicity and uni

versal applicability of a mechanistic formula based upon 

predetermined standards; and one which (3) retains suffi

cient flexibility to avoid what Strevell and Burke (1959* 

p. 8) have described as an overarching flaw inherent in 

rigid school building standards: "Such standards are not 

like the standards used in scientific measurement. They 

reflect no absolute values which all should accept. They 

should not dictate the purposes of a school, the objectives 

to be emphasized, or the compromises to be made." 



CHAPTER 3 

EXPLANATION AND DISCUSSION OF 
THE PROPOSED FORMULA 

In its broadest outline the equivalent effective 

capacity (EEC) concept may be considered to be a refinement 

of the traditional rooms-times-ratio method for determining 

the capacity of school buildings. 

A major flaw in the traditional formula was dis

cussed in the preceding chapter: the traditional formula 

views classrooms as equal in every respect, despite the fact 

that classrooms are known to vary greatly in their dimen

sions. When one considers the fact, also discussed in the 

preceding chapter, that the nature of one's physical sur

roundings determines in part the extent and quality of the 

activities possible within that environment, one must con

clude that the opportunities for activity vary as dimensions 

of the rooms vary, particularly, one must also conclude, 

when the room is "self-contained." It is regrettable that 

the relationship between educational activities and class

room size—introduced initially as one of the assumptions of 

this study—is not one which lends itself to empirical study. 

The researcher is frustrated both in his ability to measure 

the limits of possible activities and to control the myriad 
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variables which intrude upon the measurement of isolated 

activities. Furthermore, the experienced educator can hard

ly be startled by the admission of an additional assumption, 

namely that many of the intruding variables are more impor

tant determiners of the nature of in-classroom activities 

than the one at hand. The conclusion, however, remains. 

Evidence presented in the preceding chapter is both suffi

cient and appropriate to the method of logical Inference, a 

method which enables the formulation of beliefs equal in 

validity to those obtained via the more scientific methods 

of observation or actualization. It is on the basis of that 

conclusion that the equivalent effective capacity formula 

modifies the traditional formula by substituting for "number 

of classrooms" an expression of "equivalently available" 

classrooms. 

The second element in the traditional formula is the 

student/teacher ratio. It is seen as the strength (again 

for reasons discussed in Chapter 2) of the traditional for

mula. The student/teacher ratio has accordingly been re

tained as an element of the equivalent effective capacity 

formula. 

A Definition of Equivalent 
Effective Capacity 

The equivalent effective capacity of a school build

ing shall be defined as the number of students that can be 
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held in a school's equivalently available general-purpose 

classrooms. 

Goal Structure of the Proposed Formula 

The equivalent effective capacity formula has been 

designed to accomplish simultaneously seven goals: 

1. To hold generally constant the published capacities 

of schools built to current per-student space standards, and 

to remove built-in penalties (in terms of artificially 

raised capacities) for schools that may have been built to 

"super-standard" specifications. 

2. To generally reduce in some equitable way, for the 

purpose of creating supplementary educational space, the 

rated capacities of those schools in which per-student space 

is found to be significantly substandard. 

3. To retain the student/teacher ratio. 

4. To provide a systematic means of viewing educational 

space that is, neither determined or influenced by standards 

current at the time of a particular schoolTs construction. 

5. To retain the arithmetic simplicity of the tradi

tional formula. 

6. To provide, via the introduction of an equivalency-

determined supplementary educational space factor, a measure 

of building capacity which, like the traditional formula, 

continues to honor, but which makes more functionally real

istic, the concept of the self-contained classroom. 
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7. To avoid legislating the kind and quality of inter

nal school activities. Generally speaking, this last goal 

is implicit in the sense outlined in the introductory pages 

of this chapter, i.e., that the formula's overriding purpose 

is the correction of those elements of the traditional for

mula which have the effect of legislating inequitably the 

kind and quality of internal school activities. 

Computational Procedures for Determining 
Equivalent Effective Capacity 

Equivalent effective capacity is computed in accor

dance with the following procedures: 

1. Compute the area in square feet of each classroom 

and all library space within the school. 

2. Sum the total square footage of all classrooms with 

an area of 550-840 square feet. 

3. Add 840 (only 840) for each classroom with an area 

of 840-1100 square feet. 

4. Add the total square footage of all classrooms with 

an area of 1100-1680 square feet. 

5. Add 1680 (only 1680) for each classroom with an area 

that exceeds 1680 square feet. 

6. Divide the sum (No. 2+3+4+5 above) by 840. 

7. Subtract 1 from the result (Step 6 above) if the 

library is located inside the building and was constructed 

from one general purpose classroom in a facility where the 
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result of Step 5 above Is a number ranging from 9 to 16 OR 

was constructed from two general purpose classrooms in a 

facility where the result of Step 6 above is a number rang

ing from 17-31. 

8. The number of equivalently available general purpose 

classrooms is the result of Step 7 above rounded to the 

nearest whole number. 

9. Multiply the result of Step 8 above by the student/ 

teacher ratio. The equivalent effective capacity of a build 

ing shall be defined, and determined, computationally as the 

number of equivalently available general purpose classrooms 

multiplied by the current student/teacher ratio. (Step 7 

above x 29/1.) 

Discussion of the Computational Procedures 

Step 1 

The method of computation employed in this study was 

first to transpose into inches all room dimensions reported 

in terms of feet and inches. Thus, for example, if a room's 

dimensions were reported to be 2614" x 32'1" one would first 

transpose to inches: 26'4" x 32Tl" = 316" x 385". One 

would proceed to calculate the room's area in square inches 

(316" x 385" ~ 121,660 square Inches), and would then divide 

the product by 144 to obtain the room's area in square feet: 

121,660/144 = 844.861 square feet. Because the persons who 
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obtained the raw data were instructed to read their measur

ing tapes to the nearest inch, it was felt that rounding the 

result to the nearest 1/10 square foot was consistent with ' 

the degree of precision employed in the determination of the 

raw measurements, and indeed was necessary in order to avoid 

the illusion of a level of precision that did not in fact 

exist. Hence, 26'4" x 32*1" = 316" x 385" = 121,660/144 = 

844.861 = 844.9 square feet. This is the recommended method. 

A faster, though mathematically less precise alter

native would be to prepare beforehand a chart expressing 

inches in terms of equivalent hundredths of a foot. Using 

the chart, one could immediately transpose 26'4" x 32' 1" 

into 26.33' x 32.08' and obtain a computed area of 844.66, 

or, rounded off, 844.7 square feet. 

Step 2 

In Step 2 all standard and substandard classroom 

space is summed. The current standard for classroom con

struction in District One is approximately 840 square feet. 

Step 3 

The arithmetic purpose of Step 3 is to remove from 

subsequent portions of the formula any built-in penalty for 

"super-standard" classrooms. If, for example, one applies 

the 30 square feet per student standard of space to a room 

that is 1050 square feet in area, the room's capacity would 



46 

be computed to be 35 students (1050/30 = 35), thus removing 

any consideration of the student/teacher ratio. When a 

school system views 29/1 as a desirable ratio, the effect 

of including super-standard room dimensions in the calcula

tions would thus be considered a penalty. 

Step 4 

Step 4 is designed to incorporate into the formula 

those single rooms which have been fashioned from what were 

formerly two rooms, and also those single rooms which have 

been built specifically to accommodate two teaching stations 

and two equivalent classes; and which, when viewed as double 

rooms, are of a size ranging from substandard to standard. 

Step 4 is analogous to Step 2 above. 

Step 5 

Step 5 removes from subsequent portions of the for

mula any built-in penalty for double-size rooms built to 

super-standard specifications. Its function is analogous 

to the function of Step 3 above. 

Step 6 

In Step 6 the current District One standard for new 

classroom construction is introduced, yielding a kind of 

"mean equivalent" expression of standard classroom space. 

It is the heart of the formula. In more recently construc

ted schools the result should vary little, if at all, from 
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the published number of classrooms, provided the District 

standard for new classroom construction has been honored. 

In most cases where a variation does exist, the explanation 

should be found in the rationale for Step 7«. 

Among schools built prior to 1955t a comparison at 

this point might indicate a sizable difference between the 

results of Step 6 and the number of published classrooms. 

The reader is cautioned, however, not to confuse the results 

of Step. 6 with classrooms; Step 6 yields an expression of 

equivalent fractions of the standard classroom, an expres

sion that is not compatible with the concept of the self-

contained room. The arithmetic purpose of Step 6 is to 

introduce a uniform compensatory "supplementary educational 

space" factor for schools with substandard rooms. 

Step 7 

Step 7 is designed to introduce a supplementary 

space factor for libraries. Because the District has no 

formally adopted minimum standard for library space, the 

author was forced to determine whether one existed infor

mally. 

The standard programmed into Step 7 of the formula 

is: Every school with 16 or fewer classrooms should have 

the minimum equivalent space of two general purpose class

rooms for use as a library facility; every school with 17 or 

more rooms should have the minimum equivalent space of three 
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general purpose classrooms. The range 9-16 and 17-31 was 

adopted as a convenience: the district's elementary schools 

range in size from 9 rooms (Roosevelt) to 31 rooms (Corbett). 

In developing a minimum space standard for libraries 

the author sought first to ensure that his standard met the 

minimum recommendation of the Arizona State Department of 

Public Instruction, outlined in Chapter 2; beyond that stan

dard the author was particularly influenced by the recommen

dations of Castaldi (1969) and Odell (1950), also discussed 

in Chapter 2 (see Libraries). Finally, in an informal inter

view with the District's Coordinator of Library Services, 

the author learned-of the existence within the District of a 

rough, often violated, informal standard which allows for 

3-classroom-equlvalent library space in schools with 17 or 

more rooms. Specifically, the author found that among 

schools with libraries fashioned from converted general pur

pose classrooms, the mode was a 2-room library, with minimum 

and maximum sizes of 1 and 3 rooms respectively. Moreover, 

he found that many of the larger schools already had 3-room-

equivalent library space and that no school with fewer than 

17 rooms had a 3-room-equivalent library. 

Step 8 

In deference to the concept of the self-contained 

classroom the result of Step 8 may also be considered to be 

the teacher capacity of a building. Arithmetically, the 
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process of rounding off to the nearest whole number is a 

transition allowing for introduction of the student/teacher 

ratio in a way that does not do violence to the self-

contained classroom concept. 

Step 9 

The equivalent effective capacity of a building is 

thus defined, and determined, computationally as the number 

of equivalently available general purpose classrooms multi

plied by the current student/teacher ratio: (Step 8 above) 

x (29/1). 

Some Additional Computational Procedures 

The result of Step 9 is the equivalent effective 

capacity of a school building. The capacity may in practice, 

however, be modified on a year-to-year basis by each of the 

following considerations: the number of Kindergarten rooms 

and the number of portable classrooms employed to relieve 

temporary overcrowding. In the field, therefore, a school 

administrator would want to perform two additional calcula

tions : 

1. Step 9a: Add 21 to the computed equivalent effec

tive capacity for each room designated for Kindergarten use. 

Kindergarten classes in District One operate on double ses

sions, each a half day in length. The student/teacher ratio 

for Kindergarten classes is- 25/1. Hence the capacity of 
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each Kindergarten room is 50 rather than 29. And 2 x 5 - 29 

= 21, the modification of EEC made necessary by each Kinder

garten room. 

2. Step 9b: Add 29 to the computed equivalent effec

tive capacity for each portable classroom. The Educational 

Facilities Laboratories (EFL) publication Relocatable School 

Facilities (1964, p. 42-43) describes District One as a pio

neer in the use of temporary classroom facilities. Each of 

its portable classrooms is reported by EFL to contain 883 

square feet of instructional space, a figure well above the 

District standard of 840. Officials of the District's En

gineering Department have assured the author that portable 

classrooms purchased since publication of the EFL report ad

here to the same space standards. Hence one need only add 

29 to the obtained EEC for each portable classroom in use. 



CHAPTER 4 

THE COLLECTION AND INITIAL PROCESSING 
OP THE DATA 

The sixty-nine elementary schools in District One 

are viewed, for the purposes of this study, as two distinct 

populations: there is first the population of schools with 

capacities determined by the proposed Equivalent Effective 

Capacity formula; then for comparison purposes there are the 

same schools with capacities determined by the traditional 

formula. A procedure for determining the traditional (stan

dard) capacity of a school building will be described in 

this chapter. The procedure will follow in parallel the 

procedure for' determining EEC outlined in the preceding 

chapter. Both sets of capacity figures will be determined 

on the basis of information retrieved from the "Report of 

Space Utilization," also to be described in this chapter. 

All standard capacity data will be examined in comparison 

with baseline data provided in the Tucson School District 

No. 1 School Plan (Pima County Planning Commission 197*0. 

Discrepancies will be resolved, and in conclusion all stan

dard capacity data will be summarized in chart form for con

venience of comparison with capacity data in the remaining 

chapters of the study. 

51 
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The Procedure for Determining 
Standard Capacity 

The standard capacity of an elementary school build

ing in District One shall be defined as the number of stu

dents that can be housed in the school's available general 

purpose classrooms. Standard capacity shall be determined 

in accordance with the following procedures: 

1. Determine the published number of general purpose 

classrooms in each school building, using baseline data pro

vided in the Tucson School District No. 1 School Plan (Pima 

County Planning Commission 197*0. 

2. Sum the number of general purpose classrooms re

ported by building principals in the "Report of Space 

Utilization." 

3. Compare the results of Steps 1 and 2 above and trace 

the source of discrepant data* if any, to determine the num

ber of available general purpose classrooms. 

4. The standard capacity of an elementary school build

ing shall be defined computationally as the number of avail

able general purpose classrooms multiplied by the current 

student/teacher ratio (Step 3 above x 29/1). 

The Tucson School District No. 1 
School Plan 

In 1955 The Pima County Planning Department, in co

operation with the City of Tucson and officials of School 

District One, developed a master plan for locating 
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elementary, junior high, and high schools in the District. 

The plan has been subject to several reappraisals, of which 

the current plan, published in 197**a Is the tenth. Because 

the School Plan is the acknowledged reference for city-

county planning as it relates to the District's schools, it 

has been chosen as the base against which to compare infor

mation retrieved from the "Report of Space Utilization." In 

addition, the County Planning Department's primary concern 

when reporting upon school capacities is the accurate deter

mination of net numbers of rooms actually available for 

teaching, as noted in the following passage from the current 

Pima County School Plan (197^, p. 3): 

The process of determining classroom availability in 
the schools of the district has been changed because 
of the necessity of converting former classrooms 
into libraries and other types of uses. This method 
will now reflect, in this study, only those net 
capacities and classrooms available for teaching. 

The Report of Space Utilization 

The "Report of Space Utilization," the instrument 

used to gather the data for this study, has been modified 

by the author from an instrument of the same name developed 

by the Omaha, Nebraska, Public Schools for a survey of room 

utilization conducted in 1973* The "Report of Space Utili

zation" form may be found in Appendix A. 

The Report is divided into two sections: Section 

One requests Information concerning the location, dimensions, 
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and present .as well as known past uses for each Interior 

room; Section Two requests the dimensions of all open and 

enclosed hallways and all outside covered walkways. 

In Section One the responding school principals are 

requested to provide five subsections of data for each room. 

Subsection A locates each room by number or a combi

nation of name and location (e.g., as room 23 or, if neces

sary, as "storeroom, 2nd floor east")* 

Subsection B requests the dimensions of the room in 

feet and inches. In those instances where the room is of a 

shape other than rectangular, the responding principals were 

asked to append a sketch to the report. 

Subsection C requests a general description of the 

room according to one of four categories. The respondent 

enters the number 1 (for category 1) if the most accurately 

descriptive of the categories is, "General Purpose Classroom 

measuring 26' x 32' or about 840 square feet." Category 2 

describes "Non-Standard General Purpose Classrooms," i.e., 

those with dimensions significantly under or over 26' x 32'. 

Category 3 rooms are "Classrooms with Specialized Equipment 

or Devoted to a Specialized Purpose." Language laboratories 

and sewing rooms are examples of classrooms with specialized 

equipment; classrooms devoted to a specialized purpose might 

be a reading center, a Kindergarten room, etc. "All other 

Rooms" are listed as Category 4. They would include the 
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library, cafeteria, storage rooms, auditorium, faculty rooms 

toilets, etc. 

Subsection D requests a coded entry that accurately 

describes each room's present use. The respondent is refer

red to a comprehensive alphabetic listing of possible room 

uses on page 3 of the Report, where each use has been as-

signed an exclusive code number. 

Subsection E requests the coded entry of all known 

past uses to which the room has been put, and the respondent 

is again referred to page 3 of the Report for the appropri-
t 

ate code number. 

In response to Section Two of the Report, entries 

are made on a building floor plan provided by the District's 

Engineering Department. 

Execution of the Report of 
Space Utilization 

With the approval of the District One Superintendent 

of Schools a meeting of .the 69 elementary school principals 

was convened in the District's Board Room for the purpose of 

requesting the principals1 cooperation in the completion of 

the Report and to explain in detail the procedures to be 

followed. / 

It should be noted that the aforementioned meeting 

was extraordinary, that at the very least it was an imposi

tion upon the valuable time of a very large number of people 
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that indeed it would probably not have been possible were it 

not for the interposition of other considerations. Specifi

cally, the District faced litigation of the kind mentioned 

in the introductory pages of Chapter One. The gathering of 

absolutely accurate Information for presentation in court 

had become a matter of the utmost Importance to the District. 

The original Tucson School District No. 1 School 

Plan (Pima County Planning Commission 1955) was the product 

of a close, highly cooperative relationship between offi

cials of the District and the Pima County Planning Commis

sion. Its fifteen-year estimates of future growth within 

the Tucson community proved highly accurate, and its method

ology became in time a model for sound school-community 

planning. School data presented in the plan was, as nearly 

as can be determined today, highly accurate, and many of its 

more philosophic foundations were predicated upon an uncon

tested concensus of community expectations, of which perhaps 

the most important was described in the preface (p. ix): 

"The plan is valid under any conditions since it is predi

cated, in principle, on the accepted and practical neighbor

hood unit with an elementary school acting as the focal 

point of the neighborhood with very real physical barriers 

in the form of major streets framing the unit." 

Since 1970 the importance of the Plan had been 

greatly diminished; in a sense it had fulfilled its function 
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to guide the District through an anticipated fifteen-year 

period of extremely rapid growth. Currently the District 

has no immediate plans for new school construction. This 

comparative diminution of the Plan's importance is indirect

ly acknowledged in a passage from the current revision (1974 * 

p. 3): 

Whereas we had a net population gain of about 
86,000 people during the sixties, current estimates 
for the seventies indicate an increase of about 
109,000 since the decennial census of 1970. Most 
of this growth has occurred in School District No. 
1. However, a growing percentage of this growth is 
crossing the boundaries of Tucson School District 
No. 1 and is thereby lessening the impact upon the 
district. 

District officials were generally aware that errors 

had crept into the Plan, although their extent had not fully 

been examined. Despite the fact that district officials 

with long experience knew precisely how many rooms were 

available for use in each school, no single authoritative 

report from within the district was extant. Consequently 

there was concern that information in the County Plan might 

become the source of record in the DistrictTs pending liti

gation. These were the primary concerns which led to the 

convening of the sixty-nine elementary school principals in 

the Board Room. The "Report of Space Utilization" was seen 

as an acceptable instrument for systematically gathering the 

requisite data. 
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After a brief orientation the 69 principals were 

assigned to teams of three (23 teams). Each principal was 

instructed to function as team leader in the measurement and 

survey of his own school. For example, Principal A became 
*• 

leader of the team designated to survey School A (his own 

regularly assigned school), and was to be assisted by Prin

cipals B and C. Upon completion of that task, leadership 

within the team fell to Principal B for the survey of School 

B, with assistance from Principals A and £; and then to 

School C, with assistance from Principals A and B. Princi

pals D, E, and F comprised the team assigned to survey, in 

the same manner, Schools D, E, and F; and school principals 

on the remaining twenty-one teams were similarly assigned. 

Thus each school was surveyed by a team led by the school's 

own principal, with the assistance of two similarly experi

enced administrators. 

The remainder of the meeting was given over to spe

cial instructions and questions. Principals were instructed 

to prepare their own updated floor plans in those instances 

where accurate plans were not on file with the Engineering 

Department. They were instructed to note whether closets 

were constructed into the room or were built out from the 

room. In those instances where classrooms were in the shape 

of irregular polygons, they received instruction In the 

technique of triangulation. In no case were they instructed 
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to compute classroom areas; all computations were performed 

by the author. 

The Calculation of Standard Capacity 

The 197*1 revision of the Tucson School District No. 

1 School Plan (Pima County Planning Commission 197*0 employs 

the traditional method to compute the "permanent capacity" 

of a school building. The expression permanent capacity is 

apparently employed to clarify a distinction between that 

expression and the expression "total capacity," which also 

appears in the Plan. Total capacity is the sum of the per

manent capacity plus the capacity of all portable classrooms 

located on the school grounds. Permanent capacity is yet 

another synonym for the "standard capacity" discussed in 

this study. 

If permanent capacity was Intended to convey the 

impression of a condition of genuine permanence, the assump

tion was immediately cast into doubt upon preliminary analy

sis of the 69 "Reports of Space Utilization." Twenty-nine 

of the team leaders, each of whom was principal of the 

school surveyed in his respective Report, reported total 

classroom figures that contradicted those reported in the 

School Plan. 

Although the author personally visited a few of the 

forty schools which did not report discrepant data (specif

ically Erickson, Hughes, University Heights, and Wheeler), 
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the visits were made for other reasons related to school 

capacity; generally, the author saw no necessity to visit 

schools reporting information which corroborated the pub

lished baseline data. However, each of the 29 schools that 

did report discrepant data was visited personally. Informa

tion gathered from personal inspections, interviews with 

each of the 29 principals, and historic data from the cen

tral administration's records were combined in an attempt 

to discover the sources of the discrepant data. 

The schools listed in Figure 4.1 were not visited 

by the author, with the exception of those previously noted. 

Each of the remaining schools, Figure 4.2, was visited for 

an on-site inspection and interview with the building prin

cipal. All reported at least one classroom more or less 

than the number reported in the School Plan; discrepancies 

ranged from 1 to 11 classrooms. 

Summary of Capacity Adjustments 

Discrepancies between classrooms reported in the 

School Plan and classrooms reported by the building princi

pals in the "Report of Space Utilization" affected 27 of the 

District's 69 elementary schools. Sources of discrepant 

data were most often traceable to the past expansion of li

braries within a building (which reduces classrooms; e.g., 

Blenman), the addition of libraries outside a building 

(which often adds rooms; e.g., Brown), remodeling (which 



Bloom Kellond 

Booth Llneweaver 

Brichta Lynn 

Carrlllo Marshall 

Cavett Mission View 

Corbett Ochoa 

Cragin Pueblo Gardens 

Davidson Reynolds 

Dietz Richey 

Duffy Roberts 

Erickson Robison 

Ford Rogers 

Fruchthendler Roosevelt 

Gale Schumaker 

Government Heights Steele 

Henry Tolson 

Holladay University Heights 

Howell Vesey 

Hughes Wheeler 

White 

Figure 4.1. A list of schools reporting identical 
numbers of classrooms in the "Report of 
Space Utilization" and the 197U Tucson 
School District No. 1 School Plan. 



Blenman Manzo 

Bonillas Menlo Park 

Borton Miles - ELC 

Brown Myers 

Collier Rose 

Davis Safford 

Drachman Sewell 

Dunham Smith 

Port Lowell Tully 

Hudlow Van Buskirk 

Jefferson Park Van Home 

Keen Warren 

Lawrence Whitmore 

Lyons Wright 

Wrightstown 

Figure 4.2. A list of schools reporting discrepant 
numbers of classrooms in the "Report of 
Space Utilization" and the 1974 Tucson 
School District No. 1 School Plan. 
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generally reduces rooms; e.g., Davis), and misunderstanding 

(e.g., doubled rooms at Lyons). There is also evidence that 

kindergarten rooms were counted in some schools (e.g., 

(Hughes) but not in others (e.g., Warren). 

Table 4. 1  provides a summary of changes that did or 

did not occur in each of 69 schools in the District popula-

lation. Forty-nine classroom adjustments were made; 29 

rooms were gained, 20 were lost, leaving a net gain of 9 

classrooms. The 197^-75 School Plan reported 1223 class

rooms in the District One elementary schools. After room 

adjustments were completed the District was found to have 

1232 elementary classrooms. 
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Table 4.1. A summary of capacity adjustments 

School 

Number 
Published 

Rooms 

Adjusted 
Number 
Rooms 

Published 
Capacity 

Adjusted 
Capacity 

Blenman 22 20 638 580 

Bloom 18 18 522 522 

Bonillas 24 22 696 638 

Booth 11 11 319 319 

Borton 12 10 348 290 

Brlchta 10 10 290 290 

Brown 14 16 406 464 

Carrillo 13 13 377 377 

Cavett 14 14 406 406 

Collier 16 17 464 493 

Corbett 31 31 899 899 

Cragin 20 20 580 580 

Davidson 17 17 493 493 

Davis 17 14 493 406 

Dietz 25 25 725 725 

Drachman 15 14 435 406 

Duffy 15 15 435 43 5 

Dunham 16 17 464 ^93 

Erickson 28 28 812 812 

Ford 16 16 464 464 
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Table 4.1—Continued. A summary of capacity adjustments 

Number Adjusted 
Published Number Published Adjusted 

School Rooms Rooms Capacity Capacity 

Ft. Lowell 15 16 435 464 

Fruchthendler 12 12 348 348 

Gale 18 18 522 522 

Government Hts. 24 24 696 696 

Henry 18 18 522 522 

Holladay 14 14 406 406 

Howell 18 18 522 522 

Hudlow 12 15 348 435 

Hughes 13 13 377 377 

Jefferson Park 11 11 319 319 

Keen 18 19 522 551 

Kellond 30 30 870 870 

Lawrence 16 17 464 493 

LIneweaver 16 16 464 464 

Lynn 18 18 522 522 

Lyons 11 22 319 638 

Manzo 20 19 580 551 

Marshall 22 22 638 638 

Menlo Park 12 13 348 377 

Miles - ELC 12 13 348 377 
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Table 4.1—Continued. A summary of capacity adjustments 

School 

Number 
Published 

Rooms 

Adjusted 
Number 

• Rooms 
Published 
Capacity 

Adjusted 
Capacity 

Mission View 18 18 522 522 

Myers 22 17 638 493 

Ochoa 14 14 406 406 

Pueblo Gardens 18 18 522 522 

Reynolds 30 30 870 870 

Rlchey 12 12 348 348 

Roberts 22 22 638 638 

Robison 23 23 667 667 

Rogers 20 20 580 

o
 

CO m
 

Roosevelt 9 9 261 261 

Rose 27 28 783 812 

Roskruge 28 — 812 — 

Safford 16 13 464 377 

Schumaker 22 22 638 638 

Sewell 13 14 377 406 

Smith IT 18 493 522 

Steele 23 23 667 667 

Tolson 18 18 522 522 

Tully 21 20 609 580 

University Hts. 11 11 319 319 
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Table 4.1—Continued. A summary of capacity adjustments 

School 

Number 
Published 

Rooms 

Adjusted 
Number 
Rooms 

Published 
Capacity 

Adjusted 
Capacity 

Van Buskirk 20 18 580 522 

Van Home 16 17 464 493 

Vesey 12 12 348 348 

Warren 12 13 348 377 

Wheeler 28 28 812 812 

White 17 17 493 493 

Whitmore 19 18 551 522 

Wright 18 17 522 493 

Wrightstown 13 12 . 377 348 



CHAPTER 5 

PRESENTATION OF THE DATA 

The areas of all interior rooms in each school were 

calculated as the initial step in processing the "Report of 

Space Utilization.11 Although much time was required to com

plete the calculations, the process it3elf presented few 

difficulties. Most of the classrooms were rectangular; 

those that were not tended to be triangular, trapezoidal, 

hexagonal, or octagonal. On those occasions when the author 

had to contend with curved surfaces or highly Irregular 

polygons, he sought and received assistance from the Dis

tricts Coordinator of Mathematics. 

Mean and Total Classroom Areas 
in the Target Schools 

The mean and total classroom areas in each target 

school are presented in Table 5-1. They are presented at 

this point for information purposes only. It should be re

membered that the mechanics of the EEC formula prohibit the 

inclusion of any figure that exceeds 840 square feet for 

single teacher station rooms. That was done to ensure that 

the total figure used to compute EEC may equal, but never 

68 



• r 1 

823 
830 
841 
787 
826 

850 
864 
904 
775 
797 

845 
865 
757 
818 
776 

840 
830 
828 
718 
796 

Total and mean classroom areas In the target schools 

Total Area 
(Sq. Ft.) 

Mean Area 
(Sq. Ft.) School 

Total Area 
(Sq. Ft.) 

16851 843 Ft. Lowell 13183 
15188 844 Fruchthendler 9962 
18140 825 Gale 15143 
9264 842 . Govt. Heights 18887 
7405 741 Henry 14867 

8283 828 Holladay 11893 
13399 837 Howell 15556 
9715 747 Hudlow 13563 

12488 892 Hughes 10072 
14545 856 Jeff. Park 8769 

25468 849 Keen 16057 
15796 790 Kellond 25962 
13620 801 Lawrence 12875 
9923 708 Lineweaver 13081 
20800 832 Lynn 13974 

10392 742 Lyons 18498 
13176 878 Manzo 15258 
14412 848 Marshall 18223 
28000 1000 Menlo Park 9333 
13493 843 Mlles-ELC 10353 



Table 5.1—Continued 

School 
Total Area 
(Sq, Pt.) 

Mean Area 
(Sq. Ft.) School 

Total Area 
(Sq. Ft.) 

Mean Area 
(Sq. Ft.) 

Mission View 14180 788 Smith 15410 856 
Myers 1*1206 836 Steele 19136 832 
Ochoa 11304 807 Tolson 14085 783 
Pueblo Gardens 15658 870 Tully 16563 828 
Reynolds 27154 905 Univ. Heights 7689 699 

Richey 10353 863 Van Buskirk 14064 781 
Roberts 18576 844 Van Home 14556 856 
Robison 20353 885 Vesey 11380 948 
Rogers 16585 829 Warren 11424 879 
Roosevelt 7370 819 Wheeler 23284 832 

Rose 20979 749 White 13400 788 
Roskruge Not Computed Whitmore 14970 832 
Safford 9255 712 Wright 14278 840 
Schumaker 18311 832 Wrightstown 9778 815 
Sewell 11318 808 
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exceed, the product of the number of teacher stations mul

tiplied by 840. 

Howevera as indicated in Figure 5.1* in many schools 

the true mean and total areas greatly exceed the limit of 

840 square feet imposed by the formula. The Erlckson, Hud-

low, Reynolds, and Vesey Schools, for example, report mean 

classroom areas in' excess of 900 square feet. These schools, 

and others similarly affected, will subsequently be consid

ered for computational purposes to have a "formula mean area" 

of 840 square feet, thus avoiding the built-in penalty for 

super-standard dimensions that would otherwise result. In 

presenting the true total areas and classroom means at this 

point, it is the authorfs hope that confusion concerning the 

nature of subsequent calculations will be avoided. 

The Computation of Equivalent 
Effective Capacity 

The equivalent effective capacity of each target 

school Is presented in Column Five of Table 5.2. Columns 

One through Four summarize the data upon which the determi

nation of EEC was made. 

Column One is a summary of classroom areas compiled 

in accordance with the demands of the EEC formula. A com

parison with the true areas reported in Table 5.1 indicates 

that the Column One figures may equal, but never exceed, the 

true total. In most cases it will fall somewhat short, even 
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TOTAL PUBLISHED ROOMS 1223 

TOTAL ADJUSTED ROOMS 1231 
(Standard Capacity) 

TOTAL AVAILABLE ROOMS 1186 
(EEC) 

PERCENT CHANGE: -3.65 
• 

Figure 5.1. A summary of room adjustments 
required for the computation 
of standard capacity and 
equivalent effective capacity. 

Total adjusted rooms—28 rooms 
gained, 20 lost: 8 net room 
gain. Total available rooms— 
16 "Library Equivalents", 29 
"Classroom Equivalents": -45 
net room loss. 
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Table 5.2. The computation of equivalent effective 
capacity 

School 
Equivalent 

Total Area Rooms 
Library 

Reduction EEC 

Blenman 16659 19. 83 20 -1 551 
Bloom 15104 17. 98 18 0 522 
Bonillas 18140 21. 59 22 -1 609 
Booth 9175 10. 92 11 0 319 
Borton 7367 8. 77 9 0 261 

Brichta 8283 9. 86 10 0 290 
Brown 13399 15. 95 16 ' 0 464 
Carrillo 9715 11. 58 13 0 377 
Cavett 11760 14 14 0 406 
Collier 14280 17 •17 0 493 

Corbett 25200 30 30 . 0 870 
Cragin 15796 18. 80 19 -1 522 
Davidson 13620" 16. 21 16 0 464 
Davis 9923 11. 81 12 -1 319 
Dietz 20800 24. 76 25 -1 696 

Drachman 10392 12. 37 12 0 348 
Duffy 12600 15 15 0 435 
Dunham 14280 17 17 0 493 
Erickson 23520 28 28 0 812 
Ford 13440 16 16 0 464 

Port Lowell 13073 15. 56 16 0 464 
Pruchthendler 9962 11. 85 12 0 348 
Gale 15088 17. 96 18 -1 493 
Government Hts. 18887 22. 48 22 0 638 
Henry 14839 17. 66 18 0 522 

Holladay 11725 13. 95 14 0 406 
Howell 15120 18 18 0 522 
Hudlow .12600 15 15 0 435 
Hughes 10072 11. 99 13 0 377 
Jefferson Park 8769 10. 43 10 0 290 
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Table 5.2—Continued 

School Total Area 
Equivalent 

Rooms 
Library 

Reduction EEC 

Keen 15903 18.93 19 -1 522 
Kellond 25134 29.92 30 0 870 
Lawrence 12289 14.63 15 0 435 
Llneweaver 13081 15.57 16 0 464 
Lynn 13974 16.63 17 0 493 

Lyons 18480 22 22 0 638 
Manzo 15573 18/53 19 0 551 
Marshall 18223 21.69 ' 22 0 638 
Menlo Park 9333 1.1.11 ' 11 0 319 
Miles-ELC 10340 12.31 • 12 0 348 

Mission View 13969 16.62 17 0 493 
Myers 14206 16.91 17 0 493 
Ochoa 11280 13.42 13 0 377 
Pueblo Gardens 15096 17*. 97 18 0 522 
Reynolds 25200 . 30 30 -1 841 

Richey 10020 11.92 12 -1 319 
Roberts 18357 21.85 22 0 638 
Robison 19320 23 23 -1 638 
Rogers 16585 19.74 20 0 580 
Roosevelt 7342 8.74 9 0 261 

Rose 20979 24.97 25 0 725 
Roskruge — — — — — 

Safford 9255 11.01 11 -2 261 
Schumaker 18311 21.79 22 -1 609 
Sewell 11302 13'. 45 13 0 377 

Smith 14961 17.81 18 0 522 
Steele 19136 22.78 23 0 667' 
Tolson 14085 16.76 17 0 493 
Tully 16563 19.71 20 -1 551 
University Hts. 9689 9.15 9 0 261 
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Table 5.2—Continued 

School 
Equivalent 

Total Area Rooms 
Library 
Reduction EEC 

Van Buskirk 14064 16, .74 17 -1 464 
Van Home 14280 17 17 0 493 
Vesey 10080 12 12 0 348 
Warren 10920 13 13 0 377 
Wheeler 23268 27. • 7 28 -1 783 

White 13400 15. .96 16 0 464 
Whitmore 14970 17. .82 18 0 522 
Wright 13981 16. .64 17 0 493 
Wrightstown 9778 11. .63 12 0 348 
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in those schools where the true mean classroom area exceeds 

840 square feet. The reason is attributable to an arith

metic peculiarity in the formula. If, for example, a 10-

room school reports a true total classroom area of 9000 

square feet, the average classroom size (9000 t 10 = 900) is 

considerably above the District standard of 840. However, 

if upon closer examination we find that there are nine rooms 

each with an area of 920 square feet and one room with an 

area of 720 square feet, the true total remains 9000, but 

the Column One total is not 8400 (i.e., 10 x 840). Instead 

the Column One total is 8280 (9 x 840 + 720), thus taking 

into account the fact that the school reports nine super-

standard rooms and one room that is markedly substandard. 

Column Two is an expression of the total reported in 

Column One divided by 840. 

The result, rounded to the nearest whole number in 

Column Three, is the number of equivalently available gen

eral purpose classrooms, as defined in Chapter 3. 

In those cases where a zero (0) appears in Column 

Four, equivalent effective capacity is computed as the num

ber of equivalently available general purpose classrooms 

multiplied by the student/teacher ratio. 

Column Pour describes the room adjustments necessary 

to achieve equivalency in library-related educational space. 

As noted in Chapter 3, space gained as a result of this 
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provision need not be utilized as part of the library pro

gram, but is made available primarily for that purpose. In 

this respect the formula may be thought to assume that (1) 

the library program is an integral part of the total educa

tional program at each target school; that (2) the space 

needs of a library program are roughly proportional to the 

capacity of the school; that (3) no school should be penal

ized by inadequate space if such space is desired. In those 

cases where an equitable distribution of library space is 

not desired, it is nonetheless available as equivalent space 

for any compensatory use that is held to be desirable at the 

affected school. 

Column Pour, subtracted from Column Three and multi

plies by 29 (the student/teacher ratio), yields the equiva

lent effective capacity figure reported in Column.Five. 

Effects of the Equivalent Effective 
Capacity Computations 

Table 5*3 summarizes the room adjustments that oc

curred as a result of the formula's application. One sees 

that all the adjustments were negative and recognizes that 

that particular effect is entirely attributable to the 

mechanics of the formula. Nonetheless it should be noted 

that the effect is also consistent with one of the objec

tives of EEC: the need to hold constant the capacities of 

all schools that meet or exceed both the current District 



Table 5*3. Summary of room adjustments resulting from the 
EEC formula's application 

School 
Mean Equiv. 
Reduction 

Library 
Reduction 

Net 
Change 

Blenman 0 -1 -1 
Bloom 0 0 0 
Bonlllas 0 -1 -1 
Booth 0 0 0 
Borton -1 0 -1 

Brichta 0 0 0 
Brown 0 0 0 
Carrillo 0 0 0 
Cavett 0 0 0 
Collier 0 0 0 

Corbett 0 0 0 
Cragin -1. -1 -2 
Davidson -1 0 -1 
Davis -2 -1 -3 
Dietz 0 -1 -1 

Drachman -2 0 -2 
Duffy 0 0 0 
Dunham 0 0 0 
Erlckson 0 0 0 
Ford 0 0 0 

Port Lowell 0 0 0 
Fruchtendler 0 0 0 
Gale 0 -1 -1 
Government Hts. -2 0 -2 
Henry 0 0 0 

Holladay 0 0 0 
Howell 0 0 0 
Hudlow 0 0 0 
Hughes 0 0 0 
Jefferson Park -1 0 -1 

Keen 0 -1 -1 
Kellond 0 0 0 
Lawrence -2 0 -2 
Lineweaver 0 0 0 
Lynn -1 0 -1 
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Table 5.3—Continued 

School 
Mean Equiv. 
Reduction 

Library 
Reduction 

Net 
Change 

Lyons 0 0 0 
Manzo 0 0 0 
Marshall 0 0 0 
Menlo Park -2 0 -2 
Miles-ELC -1 0 -1 

Mission View -1 0 -1 
Myers 0 0 0 
Ochoa -X 0 -1 
Pueblo Gardens 0 0 0 
Reynolds 0 -1 -1 

Richey 0 -1 -1 
Roberts 0 0 0 
Robison 0 -1 -1 
Rogers 0 0 0 
Roosevelt 0 0 0 

Rose -3 0 -3 
Roskruge — _ _  

Safford -2 -2 -4 
Schumaker 0 -1 -1 
Sewell -1 0 -1 

Smith 0 0 0 
Steele 0 0 0 
Tolson -1 0 -1 
Tully 0 -1 -1 
University Hts. -2 0 -2 

Van Buskirk -1 -1 -2 
Van Horne 0 0 0 
Vesey 0 0 0 
Warren 0 0 0 
Wheeler 0 -1 -1 

White -1 0 -1 
Whitmore 0 0 0 
Wright 0 0 0 
Wrightstown 0 0 0 
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standard for classroom space and the observed District mode 

for allocation of library space. 

Upon closer examination of the column labelled "Mean 

Equivalent Reduction" one observes that twenty schools with 

substandard classrooms were affected by the equivalency 

standard structured into the formula. Of these schools, the 

capacities of twelve were reduced by one classroom equiva

lent; seven were reduced by two classroom equivalents; and 

one school, Rose Elementary, was reduced by three. 

At this point a comparison of the "Mean Equivalent 

Reduction" Column of Table 5*3 with the 4th Quartile schools 

listed in Table 5.4 indicates that fifteen of the seventeen 

schools whose mean classroom areas were found to be in the 

4th Quartile of the population were affected by the mean 

equivalent portion of the formula. The two schools that 

were not affected—Carrillo and Hughes—qualified for a re

duction but were arbitrarily excluded by the author. The 

two schools were found to possess an inordinate amount of 

supplementary educational space, as will be explained in 

more detail subsequently. The five remaining schools which 

were affected by the mean equivalent portion of the formula 

do not appear in the fourth quartile of mean classroom areas 

They are Miles-ELC, Jefferson Park, Davidson, Ochoa, and 

Sewell, with mean classroom areas of 796, 797> 801, 807> and 
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Table 5.4. A comparison of schools ranked In the first 
quartlle and fourth quartlle of mean classroom 
areas 

Mean Mean 
Classroom Classroom 

1st Quartlle Area 4th Quartlle Area 

Erlckson 1000 Cragin 790 

Reynolds 905 Mission View 788 

Hudlow 904 White 788 

Cavett 892 Government Hts. 787 

Roblson 885 Tolson 783 

Warren 879 Van Buskirk 781 

Duffy 878 Lynn 776 

Pueblo Gardens 870 Hughes 775 

Kellond 865 Lawrence 757 

Howell 864 Rose 749 

RIchey 863 Carrillo 747 

Collier 856 Drachman 742 

Smith 856 Borton 741 

Van Home 856 Menlo Park 718 

Corbett 849 Safford 712 

Dunham 848 Davis 708 

Bloom 844 University Hts. 699 
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808 square feet respectively. Each is well below the Dis

trict standard of 840 square feet. 

Fifteen schools were affected by the library-

equivalent portion of the formula, as indicated by the "Li

brary Reduction" Column of Table 5.3- Of these, fourteen 

experienced reductions of one classroom-equivalent; one 

school, Safford Elementary, had its capacity reduced by two 

classroom equivalents. 

The fourteen schools fell into two categories: 

those with 1-room equivalent library space and 16 or fewer 

classrooms, and those with 2-room equivalent library space 

and 17 or more classrooms. Safford Elementary, with no li

brary space in the elementary building (the school's library 

is housed in the library of the adjacent junior high school) 

received a 2-room equivalent reduction. 

The effect, overall, was to ensure that all of the 

District's elementary buildings with 16 or fewer classrooms 

have at least 2-room equivalent library space, and 3-room 

equivalents in all schools with 17 or more classrooms. 

Figure 5.1 summarizes the effect of the room adjust

ments on the entire District population of schools. When 

compared to the traditional formula ("Total Adjusted Rooms") 

the EEC computation yielded a 3-6555 loss in the number of 

rooms available as teacher stations. The formula's effect 
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upon Individual schools is outlined In Table 5*5 and will 

be analyzed in the following paragraphs. 
i 

A study of Table 5.5 indicates that in 1974 there 

were twenty-five schools whose enrollment exceeded their 

computed EEC. Of these, the enrollment of nineteen also 

exceeds the capacity as traditionally computed; i.e., they 

are schools that must be considered overcrowded by any 

measure. 

The remaining six schools exhibit 1974 enrollments 

that exceed the EEC but are within capacity as traditionally 

computed. These schools must be considered "most critical" 

in terms of the analysis of possible negative effects. 

Of the six3 however, two (Government Heights and 

Ochoa) have portable classrooms already in place, and their 

presence must be considered to ameliorate any possible neg

ative effect. The single portable classroom on the Govern

ment Heights campus effectively adds 29 to the computed EEC 

of 638 (29 + 638 = 667). Thus the school may already be 

considered to have a total capacity which marginally exceeds 

Its present enrollment of 66l. Similarly, the Ochoa School, 

with a computed EEC of 377 and with three portable class

rooms on campus, may be considered to have a total capacity 

which exceeds Its present enrollment of 394 (377 + 3 x 29 = 

464 capacity). 



Table 5*5. A comparison of 1974-75 enrollment with standard 
and equivalent capacities of the schools 

School 
Standard 
Capacity EEC* 

1974-75 
Enrollment 

Number of 
Portables 

Blenman 580 551 411 0 
Bloom 522 NC 328 0 
Bonillas 638 609 375 0 
Booth . 319 NC 297 0 
Borton 290 261 245 1 

Brichta 290 NC 436 3 
Brown 464 n 397 0 
Carrillo 377 H 256 0 
Cavett 406 ii 345 0 
Collier 493 ii 259 0 

Corbett 870 u 746 0 
Cragin 580 522 584 0 
Davidson 493 464 446 0 
Davis 406 319 153 0 
Dletz 725 696 637 0 

Drachman 406 348 295 0 
Duffy 435 NC 351 0 
Dunham 493 n 433 0 
Erickson 812 11 897 2 
Ford 464 11 712 6 

Fort Lowell 464 ft 339 0 
Fruchthendler 348 11 417 6 
Gale 522 493 357 0 
Government Hts. 696 638 661 1 
Henry 522 NC 692 5 

Holladay 406 11 383 4 
Howell 522 it 316 0 
Hudlow 435 11 331 0 
Hughes 377 11 356 0 
Jefferson Park 319 290 304 0 

Keen 551 522 62 7 8 
Kellond 820 NC 592 0 
Lawrence 493 435 593 0 
Lineweaver 464 NC 296 4 
Lynn 522 493 569 0 



* 

Table 5-5—Continued 

85 

Standard 1974-75 Number of 
School Capacity EEC* Enrollment Portables 

lyons 638 NC 697 0 
Manzo 551 it 513 1 
Marshall 638 ti 838 6 
Menlo Park 377 319 386 0 
Miles-ELC 377 348 376 0 

Mission View 522 493 516 1 
Myers 493 NC 423 0 
Ochoa 406 377 394 3 
Pueblo Gardens 522 NC 600 3 
Reynolds 870 841 912 0 

Richey 348 319 203 0 
Roberts 638 NC 505 0 
Robison 667 638 608 0 
Rogers 580 NC 447 0 
Roosevelt 261 « 209 0 

Rose 812 725 750 0 
Roskruge — — 162 0 
Safford 377 261 175 0 
Schumaker 638 609 509 0 
Sewell 406 377 348 0 

Smith 522 NC 8l8 13 
Steele 667 ti 720 2 
Tolson 522 493 485 0 
Tully 580 551 423 0 
University Hts. 319 261 214 0 

Van Buskirk 522 464 498 0 
Van Home 493 NC 295 0 
Vesey 348 ft 521 7 
Warren 377 » 244 0 
Wheeler 812 783 655 0 

White 493 464 567 5 
Whitmore 522 NC 506 0 
Wright 493 ii 397 0 
Wrightstown 348 it 297 0 

*NC = no change 
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The remaining four schools—Jefferson Park, Miles-

ELC, Rose, and Van Buskirk—exhibit 197^ enrollments that 

exceed their computed EEC by, respectively, 14, 28, 25, and 

3*f students. Each is without portable classrooms. Thus if 

one adheres to a strict arithmetic assessment of need, it 

may be said that application of the EEC formula results in 

a need for four additional classroom spaces, or an increase 

of 0.42 percent over the present District total of 1186 

classrooms. 

In a summary comparison of EEC and current District 

enrollment (Figure 5.2), we find that the differential is 

reduced after application of the formula, but that the Dis

trict remains underenrolled by approximately 2000 students. 

Analysis of the Formula's Effects 

Generally speaking, a description of the formula's 

effect upon the school.unit provides only a rough approxi

mation of the possible variations In student distribution 

within the school. Because students are not necessarily 

evenly distributed throughout the grades, it is possible 

that some singleton classrooms may be greatly overcrowded in 

a school that is operating within the limits of its rated 

capacity. A school's student/teacher ratio is an average 

obtained by dividing total enrollment by total classroom 

teacher stations, and within that average there is room for 



197^-75 ENROLLMENT 32322 

STANDARD CAPACITY 35699 

NO. UNDERENROLLED 3377 

EQUIVALENT CAPACITY 34394 

NO. UNDERENROLLED 2072 

Figure 5.2. A comparison of 197^-75 total 
enrollment with standard and 
equivalent capacities district 
wide. 

Enrollment is approximation 
from Tucson School District 
No. 1 School Plan (Pima County 
Planning Commission 197^» 
p. 18). 
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considerable variation. This represents an inherent limita

tion of both the traditional and EEC formulas. 

Although the judgment must ultimately be somewhat 

subjective, the decision to divide a group into two parts 

will be determined by an assessment of actual room size, the 

age of students involved, the cost and availability of re

medial measures, a projection of future patterns of growth, 

and the Instructional space demanded by a particular program. 

A classroom with 33 students would, for example, probably be 

viewed as tolerable under most circumstances. With 37 stu

dents, the decision might be affected by such considerations 

as room size and the nature of the program; e.g., whether 

the students are 6th Graders in a traditional setting, pre

sumably more easily adaptable to a reduction in per-student 

space, or younger students in an open setting. 

At 37 students per room one might also be forced to 

consider the additional factor of projected neighborhood 

growth. If a population is stable, an unusually large class 

might best be viewed as a temporary phenomenon; if it is 

growing, one might reasonably view the crowded class as 

first evidence of a more generalized need for additional 

classroom space. 

When a population is growing, the decision is often 

narrowed to a choice between two alternatives: portable 
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classrooms and new classroom construction, with the use of 

portables indicated if the increase is seen to be temporary. 

The 68 schools whose classroom areas were measured 

were found to have grand mean classroom areas of 824.1 

square feet, with a standard deviation of 52.8. The mean is 

thus significantly below the District standard of 840 square 

feet. 

As a test of the effect on mean classroom size of 

supplementary educational space gained after application of 

the EEC formula, the total area of the schools' classrooms 

was divided by the number of equivalently available rooms, 

yielding an EEC grand mean which includes an even distribu

tion of supplementary education space. 

The EEC mean across the 68 schools whose classrooms 

were measured was found to be 849.6 square feet, with a 

standard deviation of 30.8. As significant as the fact that 

the EEC mean was found to surpass the District standard of 

840 square feet was the fact that the range of variation 

around that mean was also greatly reduced. However, the 

standard deviation of EEC room areas was nonetheless unex

pectedly high. 

Upon reflection it became apparent that while a com

parison of traditional and EEC classroom means was a valid 

and useful technique, a comparison of their standard devia

tions was not. The mechanics of the formula ensure that 



schools with mean classroom areas significantly below the : 

population mean will be affected and that those significant

ly above the mean will not. Under those circumstances what 

was essentially a normal distribution of mean classroom 

areas before the formula's application could no longer be ; 

expected to retain the characteristics of normality; one 

would instead expect an EEC distribution that was skewed 

toward the upper end. Therefore a standard deviation of 

30.8 would be misleadingly high because the statistic Itself 

assumes a normal distribution around the new mean. 

To test this assertion, the author examined the 

first and fourth quartile schools to determine the effects I 

of the EEC formula at the extremes of the pre-EEC distribu

tion. 

Table 5.6 presents the results of that analysis. 

One observes that none of the 1st quartile schools was af

fected by the EEC formula. Among the 4th quartile schoolsj 

however, the mean classroom area is raised from 755.4 square 

feet to 835*4 square feet. Of equal significance is the 

observation that the standard deviation of mean classroom j 

areas among the 4th quartile schools is reduced from 31.4 to 

15.0. The range of 4th quartile schools—699 to 790 square 

feet before application of the formula—has been made to 

cluster around the District standard of 840 square feet. 



Table 5.6. A comparison of the EEC formula's effect upon schools ranked in 
the 1st and 4th quartiles of mean classroom area 

Standard ' EEC Standard EEC 
1st Quartile Formulaa Formula^ 4th Quartile Formula0 Formula^ 

Erickson 1000 1000 Cragin 790 831 
Reynolds 905 905 Mission View 788 834 
Hudlow 904 904 White 78 838 
Cavett 892 892 Government Hts. 787 858 

Robison 885 885 Tolson 783 829 
Warren 879 879 Van Buskirk 781 827 
Duffy 878 878 Lynn 776 822 
Pueblo Gardens 870 870 Hughes 775 839 

Kellond 865 865 Lawrence 757 818 
Howell 864 864 Rose 7^9 839 
Richey 863 863 Carrillo 747 809 
Collier 856 856 Drachman 742 866 

Smith 856 856 Borton 741 ' 822 
Van Home 856 856 Menlo Park 718 848 
Corbett 849 849 Safford 712 841 
Dunham 848 848 Davis 708 826 

Bloom 844 844 University Hts. 699 854 

a. X = 877.3, S = 36.7 
b. X = 877.3, S = 36.7 
c. X = 755.4, S = 31.4 
d. X = 835.4, S = 15.0 
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Examination of the Significant Variables 

In an effort to determine why the formula works, 

i.e., why it does not create an overcrowded condition in the 

affected schools, four variables were selected for further 

analysis: age of school, location of school, average class

room size, and percent utilization of school. If the EEC 

formula is to be of use in school districts other than those 

of the target population, one must determine those environ

mental factors which, if present, would ensure the success

ful application of the formula. 

It was the author's expectation that a comparatively 

strong relationship existed between the variables of class

room size and age of school, between age of school and per

cent utilization of school, and hence between average 

classroom size and percent utilization of school. To exam

ine the extent of the relationship between these variables, 

Pearson Product-Moment Correlation Coefficients were com

puted for each of the six possible paired combinations of 

the four variables. Null hypothesis: No relationship. 

Significance level: .05. Figure 5*3 summarizes the results 

of the test. 

As anticipated, the most highly correlated variables 

were Age of School versus Location of School. For computa

tional purposes the year of construction was matched with 

location, where location was measured in half-mile intervals 
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Year of construction 
vs. average classroom size 0. 58 
vs. location 0. 67 
vs. percent utilization 0. 28 

Average classroom size 
vs. location 0. 47 
vs. percent utilization 0. 19 

Location 
vs. percent utilization 0. 21 

Figure 5-3. Pearson product-moment correlation 
coefficients for the paired variables 
of school age, school location, 
average classroom size, and percent 
utilization of school 
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(concentric circles) from the Safford School, the District's 

oldest and most centrally located facility. The relation

ship was found to be moderate (r = 0.67); indeed, in a dis

trict where growth historically has been horizontal rather 

than verticala where the ratio of single-family to multiple 

dwelling units has been quite high, the relationship was 

less than one might reasonably expect. • 

A moderate relationship was also found between Age 

of School and Average Classroom Size (r = 0.58); it proved 

consistent with the general expectations one might have 

after examination of the literature. 

The relationships between Age of School and Percent 

Utilization of School (r = 0.28) and between Average Class

room Size and Percent Utilization (r - 0.19) were, however, 

much lower than might have been expected. Indeed they 

rather forcefully dictate acceptance of the Null Hypothesis 

of No Relationship. 

The findings at this point eliminate further con

sideration of the assumption that the EEC formula works be

cause the older schools, which generally are located nearer 

the central city and which exhibit generally smaller average 

classroom size, are also comparatively under-utilized. It 

was therefore necessary to examine the relationships in more 

detail. 
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Scattergraras were prepared for each of the following 

paired variables: School Age vs. Location, Age vs. Average 

Classroom Size, and Age vs. Percent Utilization. Figure 5*4 

summarizes the results of that investigation and contains 

the legend to the three scattergrams. Each of the target 

schools has been assigned a number and may, using the legend, 

be located individually on the subsequent scattergrams. 

Examination of the scattergram plotting School Age 

vs. Distance from Safford (Figure 5.4a) indicates that the 

two variables are indeed more closely related than the 

Pearson-r would indicate. Three factors contribute to the 

discrepancy. First, and most important, the true relation

ship is strongly curvilinear, while the Pearson-r assumes a 

linear relationship, a factor which leads perforce to an 

underestimate. Second, the three schools which stand above 

the regression line, Numbers 69 j 13 > and 21 (Wrightstown, 

Davidson, and Fort Lowell), are atypical. Although con

structed during the year indicated for each, the three 

schools were annexed to the District much later. Each was 

a "rural" school before incorporation into the expanding 

metropolitan district. And last, the two schools which 

stand noticeably below the regression line, Numbers 58 and 

64 (Tolson and Warren), are West Side schools. The growth 

on Tucson's West Side has not been so rapid as growth on the 



Figure 5.4. Relationship scatterplots relative to year of school's construction and 
other variables 

Numerical identification of school location: 

1. Blenman 24 .  Government Hts. 47 .  Roberts 
2 .  Bloom 25 .  Henry 48 .  Robison 

3 .  Bonillas 26 .  Holladay 49 .  Rogers 
4 .  Booth 27 .  Howell 50 .  Roosevelt 

5 .  Borton 28 .  Hudlow 51 .  Rose 
6 .  Brichta 29 .  Hughes 52 .  Roskruge 

7 .  Brown 30 .  Jefferson Park 53 .  Safford 
8 .  Carrillo 31 .  Keen 54 .  Schumaker 

9 .  Cavett 32 .  Kellond 55 .  Sewell 
10 .  Collier 33 .  Lawrence 56 .  Smith 
11. Corbett 3^ .  Lineweaver 57 .  Steele 
12 .  Cragin 35- Lynn 58 .  Tolson 
13 .  Davidson 36 .  Lyons 59 .  Tully 
111. Davis 37 .  Manzo 60 .  University Hts 

15 .  Diets 38 .  Marshall 61 .  Van Buskirk 
16 .  Drachman 39 .  Menlo Park 62 .  Van Home 

17 .  Duffy 40 .  Miles-ELC 63 .  Vesey 
18 .  Dunham 41 .  Mission View 64 .  Warren 
19 .  Erickson 42 .  Myers 65 .  Wheeler 
20 .  Pord 43 .  Ochoa 66 .  White 
21 .  Port Lowell 44 .  Pueblo Gardens 67 .  Whitmore 
22 .  Pruchthendler 45 .  Reynolds 68 .  Wright 
23 .  Gale 46 .  Richey 69 .  Wrightstown 
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East. Hence the two schools are not so far removed from the 

central city as new schools on the East. 

School Number 16 (Drachman) also stands somewhat 

apart from the regression line. The original Drachman 

School was built in 1902, but was destroyed by fire in 19^7• 

The new school was built on the original Drachman site. 

More generally, the curvilinear nature of the re

gression line illustrates the dramatic increase in the 

school population since 1950. An examination of 10-year 

census data shows that the urban population grew at the fol

lowing rate: 20,292 in 1920; 32,506 in 1930; 35*752 in 1940 

45,454 in 1950; 212,892 in I960; and 262,933 in 1970 (U. S. 

Bureau of the Census 1973)- Thus the overall pattern of 

urban growth, most noticeably the rapid increase since 1950, 

loosely corroborates the kind of growth observed in the 

school population. 

The relationship between school age and average 

classroom size (Figure 5.4b) is moderately positive. The 

scattergram, however, discloses that variance around the 

regression line increases with more recently constructed 

schools. This violation of the assumption of homogeneity of 

variance explains in part the moderate correlation between 

the two variables. The finding, however, tends to corrobo

rate locally the general findings in the literature, namely 
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that classroom size tends to be larger in more recently con

structed schools. 

One of the assumptions of this study was that the 

EEC formula would work because older schools, which tend to 

be located in the central city (r - 0.67)a and which tend to 

have smaller classrooms (r = 0.58), are also those schools 

which tend to be relatively underenrolled. However, the 

relationship between school age and percent utilization (r = 

0.28) renders this assumption untenable, as Indeed does the 

relationship between average classroom size and percent 

utilization of school (r » 0.19). Clearly there must be 

some other explanation. 

Figure 5.4c is a scatterplot of the paired variables 

Age and Percent Utilization for each target school. We see 

that one of the older schools (39> Menlo Park) is operating 

significantly over its traditionally computed capacity, and 

that three schools (Miles-ELC, Mission View, and Ochoa) are 

at capacity. While twelve of the post-1950 schools current

ly exhibit enrollments that exceed capacity by 10 percent or 

more, none of the older schools do. The two schools most 

radically affected by the EEC formula, Davis and Safford 

(Numbers 14 and 53 respectively), are also greatly under-

enrolled in comparison to their traditionally computed ca

pacities, and hence do not find themselves operating over 

capacity after application of the EEC formula. 
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As noted earlier, six schools which are presently 

operating within the limits of their traditionally computed 

capacities were found to be over capacity after application 

of EEC, but that two of the six (Government Heights and 

Ochoa) already have sufficient portable classrooms on-site 

to account for the differential. The remaining four schools 

(30, Jefferson Park; 40, Miles-ELC; 51, Rose; 6l, Van 

Buskirk) do not have facilities sufficient to accommodate 

their present enrollment after application of the EEC. 

Decisions Concerning the 
Problem Hypotheses 

Our first hypothesis is: Inequities that result 

from the traditional method for computing school capacities 

in District Number One may be reduced by application of the 

proposed equivalent effective capacity formula. 

The grand mean classroom area of the District popu

lation of schools was found to be 824.1 square feet before 

application of the EEC formula. The finding did not compare 

favorably to the current standard of 840 square feet for new 

classroom construction. The standard deviation of grand 

mean classroom areas was 52.8 square feet, indicating rather 

sizeable variation among the mean classroom areas of indi

vidual schools. 

After application of the EEC formula, the grand mean 

population area of "EEC rooms" was found to be 849*6 square 



102 

feet. The deviation figure appeared to be too high to allow 

explanation of the observed successful outcomes. However, 

a comparison of the formula's effects on First and Fourth 

Quartile schools demonstrated that the EEC distribution had 

lost the necessary characteristics of normality, and that 

most of the variance was toward the upper end of the distri

bution. The mean area of Fourth Quartile schools was raised 

from 755-4 to 835*4 square feet. Lastly, the assumption 

that the size of classrooms within schools was largely a 

function of school age was tested via the computation of a 

Pearson Product-Moment Correlation Coefficient. The result, 

r = 0.58» indicated the existence of a moderate relationship 

between the two variables. By way of comparison, a Pearson-

r was computed for school age and mean areas of EEC rooms 

within schools. The resulting correlation coefficient (r = 

0.16) indicated that a significant relationship no longer 

existed between the two variables. One is therefore able 

to conclude that the Inequitable variations in classroom 

size within the District population of schools had been 

greatly reduced as a result of the EEC formula's application. 

Decision: The problem hypothesis is confirmed. 

Our second hypothesis is: The proposed formula re

tains both the instructional program orientation of formulas 

based upon minimum space requirements and the cost-

orientation of the traditional formula, and is of usefulness 



103 

within the constraints of economy of implementationnon-

disruptiveness of present operations, and ease of applica

tion. 

The characteristics of both program-oriented and 

cost-oriented formulas were discussed in detail in Chapter 2 

In summary, it was found that program-oriented formulas were 

based upon minimum space requirements, generally those ex

pressed in terms of square feet per student. It was found 

that approximately 28-30 square feet per student were con

sidered desirable for schools which, like those of District 

One, adhered to the self-contained classroom concept. Given 

the District's present negotiated 29/1 student/teacher ratio 

the self-contained classrooms in each target school must 

have, on the average, 812-870 square feet. 

Before application of the EEC formula twenty-two of 

the District's schools had mean classroom areas under 812 

square feet; after application of the EEC formula, the mean-

equivalent classroom space of just one school feel below 812 

square feet. The mean-equivalent classroom space of the 

Carrillo School was raised from 7^7 to 809 square feet. 

Cost-oriented formulas were described in Chapter 2 

as those which adhered to a fixed student/teacher ratio. 

Because public education is a labor-intensive activity, 

teacher salaries were found to account for approximately 80 

percent of the total school budget. To reduce student/ 



teacher ratios in schools with substandard classroom areas 

is an effective method for raising per-student educational 

space, but it is an expensive solution because teacher sal-

aries must remain fixed, regardless of student load. The 

EEC formula, like the traditional formula, retains the fixed 

student/teacher ratio. Therefore it retains the cost ad

vantage of the traditional formula as well. 

Upon analysis of the effects of the EEC formula's 

application it was found that four of the sixty-nine schools 

had enrollments which exceeded their computed EEC but were 

within the limits of their traditionally computed capacities. 

It may therefore be concluded that the present operation of 

these schools would be disrupted by application of the EEC 

concept. The school most affected—Van Buskirk—was found 

to have a current enrollment which surpassed its computed 

EEC by 3*1 students; the remaining three were over capacity 

by 14, 25, and 28 students. This total effect allows the 

conclusion that the EEC formula is minimally disruptive of 

present operations. 

Decision: The problem hypothesis is confirmed, 

although it is noted that the overall effect of the EEC 

formula's application must be considered minimally disrup

tive of present District operations rather than totally 
» 

nondisruptive. 



CHAPTER 6 

SUMMARY OP THE FINDINGS: 
IMPLICATIONS AND RECOMMENDATIONS 

Major concerns of this study have been the identifi

cation, analysis, and correction of perceived Inequities in 

the traditional method used to compute the capacity of 

school buildings in Tucson Public Schools District Number 

One. Although the focus of the study has been upon the dis

tribution of educational space among schools, it has been 

assumed that the physical nature of educational space de

termines in part the nature of educational activities within 

such space. This assumption—that form and function are 

partially interdependent variables in the educational 

setting—was amply supported by the related literature. 

Subsequent examination of the target population indicated 

that the range of distribution was sufficiently great to 

allow the judgment that the total activity program present 

in schools at the upper end of the distribution could not 

successfully be transplanted to schools at the lower end, 

assuming all schools were functioning at their rated tradi

tional capacity. Hence the conclusion that the distribution 

was Inequitable appeared warranted, although it was neither 

tested nor proved within the defined limits of the study. 

105 
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Instead, the Equivalent Effective Capacity formula—EEC— 

was proposed and tested as an alternative to the traditional 

formula. It was proposed as an alternative that would ame

liorate those aspects of the traditional formula which, in 

effect, by ignoring entirely the size of individual class

rooms, served to perpetuate an inequitable distribution of 

educational space among schools. 

The general finding that EEC indeed functions to 

eliminate that inequity represents both the confirmation of 

a problem hypothesis and, in a somewhat larger sense, sup

port for the author's contention that the hypothesis con

firmed marks a genuine contribution, however minor, to the 

effort to provide true equality of opportunity in the edu

cational setting. 

The Major Findings arid Their Implications 

Our first major finding is: School data reported in 

the current edition of the Tucson School District No. .1 

School Flan is greatly in error. As described in Chapter k 

(and in detail in Appendix B), a comparison of data re

trieved from the "Report of Space Utilization" with infor

mation reported in the School Plan disclosed that the Plan 

was approximately 40 percent in error. The error pattern 

appeared to be cumulative, with earliest discrepancies 

traceable to the late 1950Ts. The original School Plan was 

published in 1955; in retrospect the soundness of that 
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original plan has been amply demonstrated, in particular its 

projection of future population growth and accompanying 

recommendations concerning site acquisition and location, 

and school and new. classroom construction needs. 

It seems probable that the need to provide accurate, 

updated information to the City-County Planning Department 

was diminished after one of the key persons responsible for 

development of the original plan left the city's employ to 

work for the school district in the 1960fs. 

The strong relationship found between school age and 

location (Figure 5.4a) is a clear reflection of both rapid 

community growth and a marked local preference for single-

family dwelling units. The trend, however, cannot continue 

unabated; District One has already approached the physical 

limits of expansion to the north, south, and east, as well 

as within large portions ofiits present western boundaries. 

The original school plan is now twenty years old. 

The city, moreover, is presently engaged in the development 

of a long-range comprehensive plan. Under these circum

stances, the development of a new school plan, one based 

upon accurate school data as well as a careful reassessment 

of future school and community needs, seems preferable to 

the continued practice of publishing a revised 1955 Plan 

every 2-3 years. 
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Our second major finding is: Although capacity 

formulas based exclusively on either the student/teacher 

ratio or the concept of educational space are flawed, each 

retains a particular strength. It became clear during the 

course of the study that in those cases where the concept of 

educational space determines the capacity of a school build

ing, cost—the cost of lowered student/teacher ratios in 

smaller classrooms and the cost of such alternatives as 

modernization, expansion, or new school construction—can 

be prohibitively high. If, on the other hand, capacity is 

determined on the basis of rooms-times-ratio (the tradition

al formula), one entertains the strong possibility that some 

measure of educational opportunity is withheld from students 

in the older, generally smaller schools. 

Conversely, however, the educational-space oriented 

formulas were found to be predicated on the needs of spe

cific educational programs, unlike the traditional formula. 

But the traditional formula retains a uniform student/ 

teacher ratio which, in a labor-intensive activity where 

staff salaries account for approximately eighty percent of 

the total operational budget, is a factor of enormous im

portance. 

As indicated in Chapter 2, the implied need is 

clearly a capacity concept which, like EEC, retains the ad

vantages, while eliminating the disadvantages, of each for

mula . 
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Our third major finding is: Many District class

rooms are substandard. The 68 schools whose classrooms were 

measured were found to have a grand mean classroom area of 

82*1.1 square feet, with a standard deviation of 52.8. The 

population mean was thus significantly below the District 

minimum standard of 840 square feet for new classroom con

struction. The 17 schools in the 4th (lowest) quartlle 

were found to have a grand mean classroom area of 755*4 

square feet, with a standard deviation of 31•4. The range 

within the 4th Quartile was found to be 699-790 square feet. 

All of the substandard schools were constructed 

prior to 1955 before adoption of the current standard, a 

finding which corroborates a concensus principle derived 

from the literature: mean classroom size within schools is 

found to decrease according to the age of the school. The 

size of classrooms is obviously a function of standards 

current at the time of construction, and the trend in this 

century has been toward steadily increasing classroom size. 

Our fourth major finding is: The EEC concept pro

vided supplementary classroom space proportionately on the 

basis of need. After application of the EEC formula, the 

68 schools whose classrooms were measured were found to have 

a grand mean cla_ssroom area of 849.6 square feet, with a 

standard deviation of 30.8. The population mean after appli' 

cation of EEC thus exceeded the District standard of 840 
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square feet for new classroom construction. Among the 17 

critical schools in the 4th Quartile of mean classroom size 

the grand mean classroom area was raised from 755.4 to 835-4 

square feet, and the standard deviation was reduced from 

31.4 to 15.0. The range within the 4th Quartile of mean 

classroom areas was found to have moved from 699-790 to 

809-858 square feet. 

The population standard deviation of 30.8 was found 

to be attributable to the fact that the distribution had 

lost its normal characteristics after application of EEC; 

it had become skewed toward the upper end of the range, 

where schools were wholly unaffected by the formula. The 

grand mean classroom area of 1st Quartile schools was 877*3 

square feet both before and after application of the EEC 

formula. 

Our last major finding is: Effects of the EEC 

formular s application were found to be minimally disruptive 

of present District operations. There are a total of 1231 

classrooms within the District population of schools. The 

number of equivalently available (EEC) classrooms was com

puted to be 1186, a reduction of 3>65 percent. Total capa

city was reduced from 353699 to 34,394. Present enrollment 

(1974-75) is 32,322. Thus, the total EEC exceeds the total 

present enrollment by approximately two thousand students. 



Ill 

Among the sixty-nine schools studied, four were 

found to have enrollments which exceeded their computed EEC 

but were within the limits of their traditionally computed 

capacities. These four schools—Jefferson Park, Miles-ELC, 

Rose, and Van Busklrk—must be considered critical as far as 

the formula's disruptive effects are concerned. The remain

ing schools were within tolerable limits. 

The range of post-EEC overcrowding in the four crit

ical schools was small, from 14 to 3^ students. Because 

each exhibits the stable-to-decllnlng historic enrollment 

pattern characteristic of older schools, there exists the 

Implied need, assuming acceptance of the EEC concept by Dis

trict One, for one additional portable classroom at each 

school. The cost of moving four portable classrooms was 

found to be approximately $32,000. There was no need indi

cated for new classroom construction. 

Recommendations 

First, it is recommended that the District abandon 

the present School Plan and enter into a contractual arrange 

ment with the City-County Planning Department for the devel

opment of a new school plan. 

Second, it is recommended that the District adopt 

the Equivalent Effective Capacity concept for the determina

tion of school capacity. 
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Finally, it is recommended that the District arrange 

for the movement of four portable classrooms; that one each 

be located on the campuses of the Jefferson Park, Miles-ELC, 

Rose, and Van Buskirk schools. 
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REPORT OP SPACE UTILIZATION 
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REPORT OF SPACE UTILIZATION 
TUCSON PUBLIC SCHOOLS 

School 

This report is designed to provide a complete accounting of 
space utilization including temporary and portable struc
tures. Please list all space as asked for. 

Completeness and accuracy are of the highest priority. But 
because the District must have this information to meet an 
early court-imposed deadline, we must also urge you to re
turn this report as quickly as possible. 

SECTION I. DESCRIPTION, DIMENSIONS, USE. (See page 2 for 
usage categories.) 

A. B. C. D. E. 
List All Dimensions Usage Cate Present Other Past 
Rooms by (e.g., 261 8" gory (see Use (re Uses, if 
Number or x 32') p. 2—use strict de Known 
Name-Loca no other) scriptions 
tion (e.g. to those 
Room 23 or provided) 
Storeroom 
2nd floor i 
east) j 

1 X I 

f 

! x 1 
f 

• 

i 
! x . ; 

x 
' i 
1 

x ! l 
• 

i x ! 

X 
i 
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SECTION I. Room Description 

C. Usage Category 

Category 1: 

Category 2: 

Category 3: 

Category 4: 

General purpose classroom (measuring 
26' x 32* or about 840 square feet). 

No n-s tandard general purpose classroom 
(room dimensions under or over 26' x 
32*). 

Classrooms with specialized equipment 
(e.g. language lab* sewing room) or 
devoted to a specialized purpose (e.g. 
reading center, kindergarten, art). 

All other rooms (library, cafeteria, 
storage, portables, (specify), audi
torium, stage, workrooms, toilet, 
faculty room). 

SECTION II. Enter on the floor plan the inside dimensions 
of the enclosed hallways, open hallways, and 
outside covered walkways. 
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D. PRESENT USE 

1. Auditorium 
2. Book Store 
3. Cafeteria (incl. dining rooms, snack bar) 
4. Classrooms 
5. Conference rooms 

6. Corridors (enclosed) 
7. Corridors (open) 
8. Equipment (heatings cooling) 
9. Faculty room(s) 

10. Pine Arts room(s) (specify) 

11. Gymnasium 
11a. Gymnasium rooms 
12. Homemaking 
13* Kitchen 
14. Library 
14a. Library rooms (specify) 
15. Multipurpose room 

16. Nurse 
16a. Nurse's rooms 
17. Offices (specify: admin., dept., couns., etc.) 
18. Outdoor stages outdoor teaching area (specify) 
19. Science 
20. Shops (specify) 

21. Showers (include locker rooms) 
22. Stage 
22a. Backstage rooms (specify use) 
23. Storage 
24. Toilets 



APPENDIX B 

AN INVESTIGATION OP THE SOURCES OP 
DISCREPANT DATA REPORTED IN THE 

197^ "REPORT OF SPACE UTILIZATION" 
AND THE 1974 TUCSON SCHOOL 
DISTRICT NO. 1 SCHOOL PLAN 

Blenman School 

Baseline data reported in the School Plan indicated 

that Blenman School had 22 classrooms, a figure which, when 

multiplied by the 29/1 student/teacher ratio yielded a pub

lished capacity of 638. The principal of Blenman School, 

however, reported 20 classrooms, a figure which yields an 

adjusted standard capacity of 580. 

According to Information supplied by the District's 

Engineering Department, Blenman School opened In 19^3 with 

six classrooms; a six-room addition was completed in 19^5 

and another 10 rooms were added in 19^9* In 1965, however, 

a library was constructed from two former classrooms. The 

net figure was thus reduced from 22 to 20. Each of the 

school plans published from 1955 through 1965 correctly re

ported 22 classrooms; the 1966 Pima County School Plan (1966) 

reported 20 classrooms, taking Into account the library ad

dition. Unaccountably, however, the 197^ Plan reverts to 

the old, and presently incorrect, figure of 22 classrooms. 

117 
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Finding: Blenman School, with 20 general purpose 

classrooms, has an adjusted standard capacity of 580. 

Bonillas School 

The School Plan reports a standard capacity of 696 

for Bonillas School; the reported capacity is based upon the 

presumption that the school has 24 classrooms. Bonillas was 

built originally with 16 classrooms. In 1954, the year the 

school opened, an 8-room addition was begun. The i960 Plan 

correctly reported the existence of 24 classrooms, as did 
% 

subsequent plans published in 1962 and 1964. Records in the 

District's Engineering Department indicate a remodelling 

project during the 1960's, although no specific year is re

ported. The Department's records specify the fact that the 

project was initiated for the purpose of converting two 

classrooms into a library. The 1969 Plan appears to take 

the library addition partially into account when It reports 

23 classrooms, but the 1975 Plan again reports 24 classrooms. 
» 

Finding: Bonillas School, because of a library 

addition which was completed during the 1960's, has 22 gen

eral purpose classrooms rather than the reported 24, and a 

resultant adjusted standard capacity of 638. 

Borton School 

All School Plans published since 1955 report 12 

classrooms in the Borton School. In the "Report of Space 
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Utilization,11 the Principal of Borton School reported the 

use of a small room (dimensions 15'9" x 22*6") as the 

school's library. Shortly after the report was submitted, 

the Principal called to amend the Report with the informa-

that two classrooms (Rooms 1 and 2) had been converted for 

library use. Because the former library was felt to be too 

small for classroom use (area 35^.3 square feet), it was 

to be used as a faculty workroom. Hence the Borton School 

had lost two net rooms for classroom use. 

Finding: The Borton School has 10 classrooms and 

an adjusted standard capacity of 290. 

Brown School 

Brown Elementary School was built in 1954 as a 16-

room facility. All School Plans published from 1955 through 

1972 acknowledge the 16 classrooms. The "Report of Space 

Utilization" indicates, however, that prior to 1973 the 

equivalent of two classrooms was used as a library facility 

within the school. The exact year in which the two rooms 

were converted has not been determined. 

However, in 1973> according to the District Engi

neering Department's records, part of the proceeds from the 

sale of school bonds was used to construct a library at the 

school. The library was constructed as a separate facility 

outside the Brown School, not inside the building as was the 

case at the Borton School. Hence, where prior to the 



120 

completion of the new library In 1973 there were 14 class

rooms in the Brown School; after completion the two former 

library rooms became available once again for. classroom use. 

The history of classroom availability at the school, 

as reported in the various School Plans, appears to be the 

converse of the history described in the preceding paragraph. 

Prior to 1973 the Plans, as noted, reported 16 rooms at the 

school when for many of those years the number should have 

been reported to be 14. The 197*1 Plan, in an apparent mis

understanding of the effect of the new library construction, 
i 

reduced the number of classrooms from 16 to 14, when in fact 

it should have been raised at that time from 14 to 16. 

Finding: Brown Elementary School, built originally 

as a 16-classroom facility, operated from the mld-1960's 

through 1973 with a net 14 rooms available for classroom 

use. After completion of the new library in 1973 the number 

of available classrooms reverted to 16, with an adjusted 

standard capacity of 464. 

Collier School 

The Collier School is one of the District's newest 

elementary schools. It opened in 1974 with a standard rated 

capacity, as reported in the School Plan, of 464 students 

and 16 classrooms. The principal of Collier School de

scribed 17 classrooms in the "Report of Space Utilization." 
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In a subsequent interview, it was determined that the dis

crepancy was traceable to Room 41, the Kindergarten room. 

The exclusion of kindergarten rooms from a summation 

of classrooms in a school building is a defensible practice. 

The author chose to include them, however, for two reasons: 

(1) It appears to be the traditional practice within the 

District; and (2) the modification of both standard and 

equivalent effective capacity figures on a year-to-year 

basis to account for the fact that kindergarten rooms are 

used on half-day sessions with a 25/1 student/teacher ratio 

was discussed and approved in Chapter 3 as a desirable al

ternative practice. As alternative practices, however, each 

must necessarily be followed consistently. In this regard 

it should be noted that the authors of the School Plan did 

include kindergarten rooms in the 40 schools where the pub

lished number of rooms was found to coincide with the number 

reported by the school principals, and in most of the re

maining 29 schools as well. 

Finding: The Collier School, with 17 classrooms, 

has an adjusted standard capacity of 493 students. 

Davis School 

The current School Plan reports 17 classrooms at the 

Davis School, and a standard rated capacity of 493 students. 

The Davis School was built in 1902 as a 5-classroom facility, 

With a total of 12 rooms added between 1918 and 1936. Thus 



122 

after 1936 the school had 17 classrooms. In 1954, however, 

the school underwent extensive remodelling; a part of that 

project was the conversion of two classrooms for use as a 

combination cafeteria-multipurpose room. Still later, in 

the mid-1960fs, another room was converted for library use. 

Thus the school had lost a net three rooms after 1954> leav

ing 14 rooms available for classroom use. 

Finding: The Davis School, with 14 classrooms, has 

an adjusted standard capacity of 406 students. 

Drachman School 

The School Plan reports 15 classrooms in the Drach-
» 

man School and a standard rated capacity of 435 students. 

The principal described 14 classrooms. The source of the 

discrepancy has not been determined precisely, although it 

is probable that one of the basement rooms was counted as a 

classroom. The room in question has dimensions of 28'10" x 

31'6", or 908.2 square feet. 

According to a passage in The First Hundred Years 

(Cooper 1967a p. 100), the original Drachman School was "80 

per cent destroyed by fire on October 25» 1948." The author 

was unable to locate any authoritative record of precisely 

which portions were destroyed and which remained. Records 

in the District's Engineering Department indicate, however, 

that the school was rebuilt in 1949 with 18 classrooms, and 

that some years later there was a remodelling project 
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designed to convert classrooms into a school library. The 

"Report of Space Utilization" indicates that the present 

library was once the location of classrooms 8, 9S and 10. 

If the school had a total of 18 classrooms in 1949, the sub

sequent remodelling left a net 15 classrooms. 

It is probable that the basement room in question 

is one of the 15 rooms, and that it Was built originally 

with the intention that it be used as a classroom, although 

there is no indication in the "Report of Space Utilization" 

that it was ever used for any purpose other than as a con

ference room and for storage. 

Because basement rooms are generally viewed today 

as unacceptable for classroom use in the District, and be

cause the building principal feels that it is inadvisable 
• 

at his school, the author accepts that judgment. The author 

also agrees in principle with the Judgment. However, it 

should be noted that School Board policy does not prohibit 

the use of basement rooms as classrooms. 

Finding: The Drachman School, with 14 of its rooms 

judged to be suitable for use as classrooms, has an adjusted 

standard capacity of 406 students. 

Dunham School 

Dunham School is reported in the School Plan to have 

16 classrooms with a standard rated capacity of 464 students. 

It is apparent that, as in the case of the Collier School, 
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the Kindergarten Room at Dunham (Room 41) was not included 

in the assessment of building capacity. 

Finding: The Dunham School, with 17 classrooms, has 

an adjusted standard capacity of 493 students. 

Fort Lowell School 

The Fort Lowell School is reported in the School 

Plan to have 15 classrooms and a standard rated capacity of 

435 students. The principal of the Fort Lowell School de

scribed 16.classrooms in the "Report of Space Utilization." 

The discrepancy is apparently the result of a misunderstand

ing of the function of Room 17, a room presently used for 

music instruction. Room 17 has been found to be 39'4" x 

22'6", with a total area of 884.9 square feet. 

The Fort Lowell School is underenrolled; school 

records indicate that at the beginning of the 1974-1975 

school year there was a total enrollment of 339 students. 

The school has, in fact, been somewhat underenrolled since 

1971. At that time it was reported in the School Plan that 

the school had 18 rooms. Two rooms have since been con

verted for library use, thus reducing the number of avail

able classrooms to 16. This fact was apparently taken into 

consideration in the Plan. 

The further reduction to 15 classrooms is inadmis

sible. Because the school is currently underenrolled, the 

use of one room as a special music room is clearly 
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preferable to temporary abandonment of the room, but it in 

no way alters the number of rooms available for classroom 

use. 

Finding: The Fort Lowell School, with 16 classrooms, 

has an adjusted standard capacity of 464 students. 

Hudlow School 

The Hudlow School is reported in the School Plan to 

have 12 classrooms and a standard rated capacity of 348 stu

dents. The building principal describes 15 classrooms in 

the "Report of Space Utilization." The source of the 3-room 

discrepancy is clear: Rooms 13, 14, and 15 are used, re

spectively, as special science, music, and art rooms. Each 

room is 31'5" by 28'7", with a total area of 897.9 square 

feet, a figure well above the District standard of 840 

square feet for general purpose classrooms. The Hudlow 

School, with 331 students enrolled in October, 1974, is op

erating under its rated capacity. As in the case of the 

Fort Lowell School, the conversion of these rooms to a spe

cialized purpose is an intelligent use of rooms which would 

otherwise be left vacant. However, for school planning pur

poses, one cannot make the judgment that the Hudlow School 

has lost three rooms. 

Finding: The Hudlow School, with 15 classrooms, has 

an adjusted standard capacity of 435 students. 
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Jefferson Park School 

The Jefferson Park School is reported In the School 

Plan to have 11 classrooms and a standard rated capacity of 

319 students. The building principal described 12 class

rooms in the "Report of Space Utilization.11 

The source of the 1-room discrepancy is traceable to 

the "Report of Space Utilization." Room 2 was described 

twice, once as a kindergarten room and, later, as a regular 

primary grade classroom. 

Finding: The Jefferson Park School, with 11 class

rooms as reported in the School Plan, has an adjusted stan

dard capacity of 319 students. 

Keen School 

The Keen School is reported in the School Plan to 

have 18 classrooms and a standard rated capacity of 522 stu

dents. The building principal described 19 classrooms in 

the "Report of Space Utilization." 

It has not been possible to determine the exact 

source of the 1-room discrepancy. In the previous School 

Plan published in 1971> 21 classrooms are reported. An in

terior library has since been fashioned from two converted 

general purpose classrooms. Because the present library is 

divided into a main reading room plus two small auxiliary 

rooms, it is possible that the capacity figure reported in 
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the School Plan was based on the assumption that the librar-

had been fashioned from three general purpose classrooms. 

Finding: The Keen School, with 19 classrooms, has 

an adjusted standard capacity of 551 students. 

Lawrence School 

The Lawrence School is reported in the School Plan 

to have 16 classrooms and a standard rated capacity of 464 

students. The building principal described 17 classrooms in 

the "Report of Space Utilization.11 

The school was found to have 6 double-size class

rooms, i.e., classrooms large enough to accommodate two 

teaching stations each. There are in addition 5 single-

teacher classrooms, or a total of 17 classroom equivalents. 

The Lawrence School is presently overcrowded; it had an 

October, 1974, enrollment of 593 students. As a consequence 

two of the school's kindergarten classes met in the multi

purpose room, while the others met in Room 17, the large 

(1225 square foot) specially designed Kindergarten room. 

While it is appropriate to exclude multipurpose rooms from 

a general assessment of classroom availability, one should 

not excluse rooms built specifically for kindergarten use. 

It is probable that Room 17 was excluded. 

Finding: The Lawrence School, with 17 classrooms, 

has an adjusted standard capacity of 493 students. 
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Lyons School 

The Lyons School is reported In the School Plan to 

have 11 classrooms and a standard rated capacity of 319 stu

dents. The building principal described 22 classroom equiv

alents in the "Report of Space Utilization." 

Lyons is one of the newer elementary facilities in 

District One. The school has eight double-size classrooms, 

each with an area of 1680 square feet, or 16 teaching sta

tions. There are in addition five standard-size classrooms, 

each with an area of approximately 840 square feet. Finally 

there is a kindergarten room with an area of 1095 square 

feet. The school has a separate library facility. 

It is possible that the fact of the eight double-

size classrooms was misunderstood. The source of the large 

discrepancy of 11 rooms remains, however, inexplicable in 

its totality. 

Finding: The Lyons School, with 22 classrooms, has 

an adjusted standard capacity of 638 students. 

Manzo School 

The Manzo School is reported in the School Plan to 

have 20 classrooms and a standard rated capacity of 580 stu

dents. The building principal-described 19 classrooms in 

the "Report of Space Utilization." 

The 1-room discrepancy is traceable to Room 18. In 

the 1966 edition of the School Plan 22 rooms were reported 
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at the Manzo School. In 1969 21 rooms were reported; the 

change reflected the conversion of one room for use as a 

library facility. In 1972, however, there was a major re

modelling project at the school designed to expand the li

brary. The old library room was involved, as well as one 

adjacent room and part of a third, Room 18. The present 

library has a total area of 2064 square feet. The remaining 

portion of Room 18 has a total area of 310 square feet. Be

cause it is too small for general classroom use, the build

ing principal reports that Room 18 is presently used as a 

community school room. It is therefore easy to see how one 

might assume that the school library had been built from two 

classrooms, rather than nearly three, and that Room 18 re

tained the potential for general classroom use. 

Finding: The Manzo School, with 19 classrooms, has 

an adjusted standard capacity of 551 students. 

Menlo Park School 

The Menlo Park School is reported in the School Plan 

to have 12 classrooms and a standard rated capacity of 3^8 

students. The building principal described 13 classrooms in 

the "Report of Space Utilization." 

In the 1971 edition of the School Plan 13 classrooms 

were reported at the Menlo Park School. Thus the discrep

ancy occurred after that time. Because the school opened 

its kindergarten in 1971 It is not reasonable to assume that 
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the kindergarten was counted in 1971 but not in 197^. It 

is more probable that the school library, a separate facili

ty built after 1971, was mistakenly believed to have been 

fashioned from a converted classroom, a circumstance which, 

had it occurred, would have reduced the number of available 

classrooms from 13 to 12. 

Finding: The Menlo Park School, with 13 classrooms, 

has an adjusted standard capacity of 377 students. 

Miles Exploratory Learning Center 

The Miles Exploratory Learning Center (ELC) is re

ported in the School Plan to have 12 classrooms and a stan

dard rated capacity of 3^8 students. The building principal 

also reported 12 classrooms in the "Report of Space Utili

zation," but indicated that the school's administrative 

office retained the potential for general classroom use. 

Room 93 presently used as one of two administrative 

offices in the school, was originally constructed as a gen

eral purpose classroom; it is 2if,8" x 31'11", with a total 

area of 787.2 square feet. The administrative offices were 

housed in a partitioned section of hallway near the school's 

main entrance until two years ago. It was an arrangement 

similar to one presently in use at the Borton School. At 

Miles, however, a permanent draft made the office too cold 

for comfortable use during the winter months, and the Dis

trict 1s Engineering Department had scheduled the 
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installation of insulated partitions in September, 1975. 

But after the collapse of a ceiling in one of the District's 

high schools in August, 1975» all construction schedules 

received new priorities, and at the opening of school in 

late August, 1975, the District had not yet begun the in

stallation of new partitions at the school. In any case, 

the building principal reports that Room 9 is used only as 

a convenience and that it would revert immediately to class

room use if the 1975-76 enrollment is sufficiently high. 

Finding: The Miles Exploratory Learning Center, 

with 13 classrooms, has an adjusted standard capacity of 377 

students. 

Myers School 

The Myers School is reported in the School Plan to 

have 22 classrooms and a standard rated capacity of 638 

students. The building principal described 17 classrooms in 

the "Report of Space Utilization." 

The five-room Ganoung School for mentally handi

capped children is located on the Myers Elementary School 

campus. With its own principal, a separate faculty, and a 

student/teacher ratio adapted to statewide standards for 

special education, the Ganoung facility must be considered 

a separate school in every respect. 

Finding: The Myers School, with 17 classrooms, has 

an adjusted standard capacity of 493 students. 
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Rose School 

Rose Elementary School is reported in the School 

Plan to have 27 classrooms and a standard rated capacity of 

783 students. The building principal described 28 class

rooms in the "Report of Space Utilization." 

Two adjacent classrooms—presently designated 6-East 

and 6-West—were once used as a school cafeteria. It is 

evident that upon their return to general classroom use they 

were considered to be one room—Room 6—rather than two 

rooms. The classroom presently designated 6-East has a 

total area of 717-4 square feet; 6-West has an area of 7^1.3 

square feet. Both rooms, while small in comparison to thos-

built in accordance with current standards, are of a size 

close to the mode for classroom construction prior to 1950, 

and retain marginal utility for general purpose classroom 

use. The Rose School opened in 19^9• 

Finding: The Rose School, with 28 classrooms, has 

an adjusted standard capacity of 812 students. 

Roskruge School 

The Roskruge Elementary School is reported in the 

School Plan to have 28 classrooms and a standard rated 

capacity of 812 students. 

The Roskruge School opened in 1908 as the original 

Tucson High School; in 1924, when the present Tucson High 

School was opened on a site directly across 6th Street, the 
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old Tucson High was renamed the Roskruge Junior High School. 

It has functioned since that time as a Junior High School, 

as a combination Elementary-Junior High, and, since 1971s 

as an elementary school exclusively. Also since 1971 a one 

of the District's three Area Resource Centers has been lo

cated in the basement of the building. 

The Roskruge Elementary School had a 1974-1975 en

rollment of 162 students, a figure well below the school's 

rated capacity of 812. Because the school is old and Indeed 

is rapidly approaching the end of its useful life, and be

cause in its present role as a neighborhood elementary 

school it can never expect a total enrollment that accounts 

for more than a fraction of its rated capacity, the author 

has arbitrarily eliminated Roskruge from further considera

tion in this study. 

Finding: If one eliminates the Area Resource Center 

rooms located in the basement of the building, the finding 

of 28 classrooms, as reported in the School Plan, appears to 

be a correct assessment. 

Safford School 

The Safford School is reported in the School Plan to 

have 16 classrooms and a standard rated capacity of 464 stu

dents. The building principal described 13 classrooms in 

the "Report of Space Utilization." 
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The discrepancy appears to be twofold. First, Room 

108 has for many years been permanently subdivided. There 

is a storage room bearing the number 108 that has a total 

area of 262.5 square feet. Then there is the unnumbered 

nurse's office, once a part of the classroom formerly desig

nated as 108, which has a total area of 392 square feet. 

Neither of the smaller rooms retains the potential for gen

eral purpose classroom use. 

Secondly there are the adjacent rooms formerly 

designated as classrooms 102 and 104. As part of a major 

remodelling project in 1973s both rooms were made a part of 

the neighboring junior high school. The doors were perma

nently sealed, prohibiting access to the rooms from the 

hallway of the elementary building. One must enter directly 

from the outside, through doorways facing the junior high 

school building. Both rooms are considered by District 

officials to have lost their potential for use as part of 

the elementary school facility. 

Finding: The Safford Elementary School, with 13 

classrooms, has an adjusted standard capacity of 377 stu

dents. 

Sewell School 

The Sewell Elementary School is reported in the 

School Plan to have 13 classrooms and a standard rated 
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capacity of 377 students. The building principal described 

14 classrooms in the "Report of Space Utilization." 

The discrepancy is traceable to the room described 

in the Report as "Classroom, Northeast Corner," a room for

merly used as the school library. The room in question, 

which was placed back in general use upon completion of the 

present separate library facility, has a total area of 682.2 

square feet. The area, although very small by current stan

dards, is comparable to the average in many of the older 

buildings in the District. It must therefore be considered 

to retain a potential, albeit marginal, for general class

room use. · 

Finding: The Sewell Elementary School, with 14 

classrooms, has an adjusted standard capacity of 406 stu

dents. 

Smith School 

The Smith School is reported in the School Plan to 

have 17 classrooms and a standard rated capacity of 493 stu

dents. The building principal also described 17 classrooms 

in the "Report of Space Utilization." 

Room 13 is described in the Report as the Student 

Services Room. It has a total area of 1397.4 square feet, 

and 1335 square feet after subtracting the combined areas of 

two supporting columns and two small corner areas. When 

viewed against the District mode for utilization of 
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comparable space in other schools, Room 13 appears to quali

fy marginally as a double-size classroom. It should be 

noted, however, that the author did not visit the school to 

examine the room in question. 

Finding: The Smith School, with 18 classroom equiv

alents, has an adjusted standard capacity of 522 students. 

Tully School 

The Tully School is reported in the School Plan to 

have 21 classrooms and a standard rated capacity of 609 stu

dents. The building principal did not respond to the 

"Report of Space Utilization." However, examination of the 

updated floor plan on file in the District's Engineering 

Department clearly indicated the presence of 20 classrooms. 

The discrepancy appears to be associated with a li

brary expansion project. The 1971 edition of the School 

Plan lists 21 classrooms. In 1972 the old library, which 

was located in Room 2, was expanded via the incorporation of 

Rooms 3 and 4. Room 3 was the former remedial reading room. 

It had a total area of approximately 300 square feet and was 

never counted as one of the building's regular classrooms. 

Room 4 was a standard general purpose classroom with an area 

of approximately 840 square feet. Hence the school lost 

only one net classroom when the library was expanded. 

Finding: The Tully School, with 20 classrooms, has 

an adjusted standard capacity of 580 students. 



137 

Van Buskirk School 

The Van Buskirk School is reported in the School 

Plan to have 20 classrooms and a standard rated capacity of 

580 students. The building principal described 19 class

rooms in the "Report of Space Utilization." The author 

found 18 classrooms. 

At one time the Van Buskirk School had 20 regular 

classrooms plus one small room which, prior to 1971» housed 

the school library. The former library room has dimensions 

of 18' x 25'3", or 454.5 square feet. After 1971 classrooms 

5 and 6 were converted into a library, thus reducing the 

number of regular classrooms from 20 to 18. 

The former library was, upon completion of the new 

facility, released for classroom use. However, its total 

area of 454.5 square feet is, in the author's judgment, too 

small to allow its inclusion in the computation of the 

building's adjusted standard capacity. The fact that it is 

presently used as classroom space underscores the author's 

contention that the purpose of recomputing building capacity 

is not to legislate the internal use of educational space, 

but is instead a means of ensuring that such space is viewed 

equitably. Hence the fact that many rooms of comparable 

size are found throughout the District, and that none are 

included in the computation of building capacity, becomes a 
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matter of paramount importance in any assessment of capacity 

that purports to be equitable. 

Finding: The Van Buskirk School, with 18 classrooms, 

has an adjusted standard capacity of 522 students. 

Van Horne School 

The Van Horne School is reported in the School Plan 

to have 16 classrooms and a standard rated capacity of 464 

students. The building principal described 17 classrooms in 

the "Report of Space Utilization." 

The Kindergarten Room, which was not included in the 

assessment of classrooms in the School Plan, is the source 

of the discrepancy. The Kindergarten is housed in a long, 

rectangular, specially-constructed facility with dimensions 

23'9" x 46'6", or 1104.3 square feet. 

Finding: The Van Horne School, with 17 classrooms, 

has an adjusted standard capacity of 493 students. 

Warren School 

The Warren Elementary School is the District's new

est facility. Because it opened in January, 1975, well 

after the beginning of the 1974-1975 school year, it was not 

included in the "Report of Space Utilization." The floor 

plan provided by the architect was considered to be an accu

rate representation of the Interior characteristics of the 

building at the time of its official acceptance by the Dis

trict . 
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The current School Plan reports 12 classrooms in the 

Warren School and a standard rated capacity of 3^8 students. 

It is clear that the Kindergarten Room was not included in 

the assessment of classroom availability. 

Finding: The Warren School, with 13 classrooms, has 

an adjusted standard capacity of 377 students. 

Whltmore School 

The Whltmore School is reported in the School Plan 

to have 19 classrooms and a standard rated capacity of 551 

students. The building principal described 21 classrooms in 

the "Report of Space Utilization." The author, upon review 

of the Report, and after consultation with the building 

principal, has concluded that for the purpose of computing 

building capacity an assessment of 18 available classrooms 

is more appropriate. 

In order to clarify the discrepancies, one must en

tertain the picture of a total school facility with 22 

classrooms: 18 regular classrooms plus 1 basement room plus 

3 classroom equivalents housed in a separate building on 

campus. It appears that the 3 classroom equivalents in the 

separate building were not counted in the School Plan but 

that the basement room was counted. The building principal 

did not count the basement room but did count the 3 class

room equivalents. The author has chosen to exclude all 4 

rooms. 
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The basement room in question has a total area of 

655.1 square feet. Despite its marginally adequate size, it 

must be Judged unsuitable for general classroom use, for it 

is the general practice to exclude such rooms throughout the 

District. (See "Drachman School," above, for discussion of 

basement rooms.) 

The 3 classroom equivalents are housed in a separate 

70'-long building on the Whitmore campus designated PH, for 

Physically Handicapped. The PH Building is a specially out

fitted complex of contiguous special purpose classrooms with 

no Interior partitions. Its student/teacher ratio is less 

than that in the regular Whitmore facility and its atten

dance boundaries are district-wide rather than limited to 

the Whitmore neighborhood. Despite the fact that its facul

ty are considered to be a part of the Whitmore School and 

its student activity program is extensively integrated with 

the total school, the fact that the PH Building's attendance 

boundaries extend beyond those of the Whitmore School proper 

became a matter of overriding importance for the purpose of 

determining building capacity. To include the two in an 

overall determination of school capacity was, in the 

author's judgment, a potential source of confusion. 

Finding: The Whitmore School, with 18 classrooms, 

has an adjusted standard capacity of 522 students. 
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Wright School 

The Wright School is reported in the School Plan to 

have 18 classrooms and a standard rated capacity of 522 stu

dents. The building principal described 17 classrooms in 

the "Report of Space Utilization." 

The discrep'ancy is traceable to Room 104, a room 

presently used for music instruction, with a total area of 

410.6 square feet. Because of its small size the room is 

considered to have lost the potential for use as a self

contained general purpose classroom. It was therefore ex

cluded from the determination of building capacity. 

Finding: The Wright School, with 17 classrooms, has 

an adjusted standard capacity of 493 students. 

Wrightstown School 

The Wrightstown School is reported in the School 

Plan to have 13 classrooms and a standard rated capacity of 

377 students. The building principal described 12 class

rooms in the "Report of Space Utilization." 

When a new triangular-shaped library was added to 

the Wrightstown building, the former library room appears to 

have been added to the total number of classrooms. While 

that would ordinarily be the accepted practice, the old li

brary room, with dimensions of 23'3" x 15'4", or 356.4 

square feet, has been judged too small for consideration as 
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a general purpose classroom. It is presently being used as 

a conference room. 

Finding: The Wrightstown School, with 12 classrooms, 

has an adjusted standard capacity of 3^8 students. 
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