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Introduction

This document is a report of research carried on under the terms of NSF
Contract C-454 entitled "An Exploratory Study of the Physical Facilities
Requirements of Institutions of Higher Learning", between the National Science
Foundation Office of Economic and Manpower Studies and Rensselaer Polytechnic

Institute. It represents the culmination of a two and a half year study which

had as its purpose the development of a framework for translating an institution's !
educational philosophy and its operating levels into physical facilities.

The contract called for:

t 1. Identification and isolatiun of the variables affecting

| physical facilities requirements,

L 2. Formulation of a model (or models) of physical facilities
i requirements, and

3. Studies of any other facets of the problem that appeared

desirable during the progress of the work.

As indicated in the title, this research was conceived, and has been

carried out, as an exploratory study.
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Foreword

This exploratory study of the physical facilities of a college or university
has resulted in a series of mathematical models of those facilities which are
directly necessitated by either the academic activities of the student body
or by the presence of a student body.

The mathematical models exhibit the required number of units of instruc-
tional facilities, by function and capacity; the number of professional faculty
and graduate teaching assistants, both full-time equivalent and actual; the
units of research laboratories; the office facilities for faculty, graduate
students. research personnel, administration, and secretarial staff;
the library with its user and active storage areas; the housing and dining
facilities; and the parking facilities. All of these are expressed in units
of the facilities so that the models will be more widely applicable to various
types of educational institutions. This approach also circumvents the require-
ment for use of pre-established space standards which m‘y not be éppropriate
for a particular institution. Instead this approach allows the output units
of facilities to be reduced to.square feet or space modules through the use of
such space factors as an institution deems appropriate to its own educational
needs and philosophy.

The models developed show clearly the decisions that must be made in order
to determine the requirements for the types of physical facilities considered.
The models permit great flexibility in setting the parameters resulting from
these decisions and are designed to allow comparison of results of various
decisions. The models also allow investigation of the impact of an increase
in student enrollment in an acaderic progrgm or of the introduction of a new
academic program on facilities requirements. In fact, these models should be
of invaluable assistance in the planning of new facilities, new academic programs,

increased student enrollment, or modification of present facilities.
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In this report, each of the operations contained within a submodel is

first explained in words and is then expressed mathematically.

In order to present the mathematical expression in a single form which can

be applied by users having

capability, matrix notatio

either computer capability or "pencil and paper"

n and techniques have heen utilized wherever possible.
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Philosophy of the Study

The primary intent of this study has been the initial development of a
model which will benefit the planning efforts of the individual institution.
Consequently, the main thrust of the project has been concerned with estab-
lishing the framework within which institutional operating philosophies can
be brought to bear on the input to the system, the student, with the goal
being a better understanding of the multitude of interrelati9nships.

Because of the desire to present a tool which is philosophically oriented
toward the individual institution's policies and procedures, the results obtained
through application of the various submodels are expressed in terms of "units"
of facilities required. Use of space factors has been consistently avoided in
an effort to prevent suggesting numerical values which are of qﬁestionable ap-
plicability to a given situation. The appendix to this report suggests a method
by which these "units" of required facilities can be translated into areas based
on an institution's own views of its needs.

1t should be noted that this philosophy in no way precludes the use of

space factors for those institutions which have previously established them.

’



The Study Procedure

In order to thoroughly investigate the feasibility of constructing a model
to project institutional facilities needs, an attempt has been made to construct
just such a model. As a result, feasibility can be judged on the basis of the
practicality and applicability of the model developed and presented herein. When-
ever there are limitations on the types of facilities which can be included in
the model or overpowering impracticalities in the treatment of those facilities
which were included, feasibility cannot be demonstrated. On the other hand,
feasibility can be demonstrated whenever the model, or a portion thefebf, shows
promise of being capable of implementation.

In judging practicality, or lack thereof, of the various submodels, a note
of caution must be introduced. A '"model'" is nothing more than a mathematical
representation of a physical entity-in this case units of facilities. To make
this mathematical representation finite and manageable, it is necessary to
abstract from reality to a greater or lesser degree. Since the only thing that
completely represents reality is reality itself, any attempt to reproduce reality,
either mathematically or in soﬁe other form, must result in a reproduction which
is, to some extent, unfaithful. In this particular case this means that some of
those variables which play a role in determining facilities have purposely been
omitted. The point of this caveat is that when judging the feasibility of build-
ing models of a particular system, the general weaknesses inherent in model-
building be considered.

The "'system" investigafed in this project is, in reality, a group of inter-
connected sub-systems, each of which is composed of series of operations. The
operations are, in turn, composed of the following four basic components:

1. Input - that which is to be acted upon. The system primarily takes

the student body and its characteristics as inputs.




2.
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Decision or Planning Parameters - those which define how the action

is to be carried out. The philosophy of the institution regarding
such things as size of sections and faculty loads must be expressed

in quantitative terms so that they are amenable tc mathematical
manipulation. Experience indicates that this process of quantification
is not as difficult as might be supposed and, further, that the process
is an extremely useful vehicle for forcing a review of existing policy.
The ability to change this component is the feature which allows this
model to be a "simulation modei'.

The Model Itself - that portion which provides the action: it defines
how the input and decision parameters are combined so that a final
result can be obtained.

The Output - the result of the operation. The output may be either

an end result of the system - a "final answer" - or it may be intermediate

information which later acts as input to another subsystem..
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Data Requirements

The eventual ability to actually use some or all of the various subomodels
which are presented in the subsequent sections of this report depends heavily
on the ability to acquire or generate quantitative data concerning
the student body, the academic program and course offerings, and the faculty
of the institution. Dat; relating to other elements are also required, but
the information on student and faculty and their interactions as expressed
through academic programs is generally the most basic.

The required quantified information may serve either as a given input to
one or more submodels or as a reflection of an administrative decision.

The following summarizes briefly the kinds of information which must be

made available with reference to the threp basic areas denoted above.

I. Student Body

The data concerning the student which are.required are:

1. Total number of students .

2. The number of students in each academic program further categorized
by academic level within programs.

3. The student body classified by sex, marital status, and ?cademic
level (if the latter is relevant £o housing assignments at the
institution under considpration).

4. The student body classified by proximity of the students' homes
to the campus (as one basis for defining the commuting student).

‘'These data can be aggregated from student records containing the following

information on each member of the student body:

1. Academic Program

2. Academic Level

3. Sex

4, Marital Status

5. Home Zip Code
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Given these basic data on each member of the student body, it is possible
to retrieve the irformation, concerning either the total student population

or selected sub-grouns, requirad by the various submodels.

In addition to the above-mentioned student data, such administrative
parameters as 1.) winimum number of library holdings required to support
a student of each academic level and program and 2.) percentages of the
various sub-groups of the student body to be provided with living, dining,

and parking facilities must be established and expressed quantitatively.

II. Course Offerings and Academic Programs

The following information concerning the methed of presentation of each

course to be offered is required.

1. Any sabdivision of the course into lecture, recitation/discussion,
and laboratory. (For this purpose, lecture is a course subdivision
requiring facilities in which the principal usé is for an instructer
to address a group of students, while a recitation/discussion sub-
division requires facilities which enable complete interplay of
discussion between the instructor and the students and a laboratory
subdivision reauires facilities that are designed for specific use
by a student. Laboratories includes such special facilities as
gymnasium, music rooms, drawing rooms etc.).

2. For each course subdivision, the maximum number of students to meet
a2t one time.

3. For each course subdivision, the total number of contact hours

per week.

— SRR
4. For each course subdivision, the percentage of FTE instructional

load per faculty member (by level of faculty).
5. The sou:ce of the students usually enrolled in the course, classified

by academic level and program (e.g., 100 per cent of sophomore




engineering students and 100 per cent sophomore science students).
in addition to information on method of course presentation, admin-
istrative parameters dealing with factors of support‘fbr the academic
programs, such as minimum size of library holdings required to initiate

a program, must be developed.

I1Z. Faculty

The faculty data required for operatisn of the submodels developed in
this report are included in the "Faculty Profile" of each academic department.
The "Faculty Profile" indicates the percentage of the faculty members in each

department who fall into pre-established activity categories. The activity

categories reflect the most common distributions of faculty effort within
the department, a separate category being defined for each such distribution,’
for example:
100% tezching
50% tezching 50% Resear;h
50% teaching 50% Other
The number of categories and the effort breakdowns used must be de-
termined to reflect the practices and needs of each particular institution.

The "Profile" established for illustrative purposes in this report is:

Activity % of Faculty % % % Total %
Category in Category Instruction Research Other of Effprt
1 15 100 0 0 100
2 40 75 25 0 100
[ 3 10 50 50 0 100
4 15 0 100 0 100
5 20 100 0 0 S0

The profile can be developed knowing the follcwing inforhation

. {
about each faculty membei-.presently assigned to the department under

consideration:




1. Academic Department

2. Level

3. % of effort devoted to instructional activities

4. % of effort devoted to research activities i
5. % of effort devoted to other activities _

In addition to the data required in the development of the Faculty
Profile, information on such things as library support required for each faculty
member and the ratio of faculty members to secretaries must also be provided.

- - - - - - i
The above summarized listing is by no means exhaustive; it does, however, |

provide a reasonable overview as to the types of data required and the amount of

detail necessary.
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Format of the Model Description

The descriptions of each of the various submodels which have been
developed are consistently presented under the following principal headings.
a. Assumptions. The basic assumptions governing the form of the

submodels are enumerated.
b. Description of the submodel. A brief description of each of the

operations contained within the submodel is provided. The input,

e

decision parameters, and output are described for the individual
operations.

c. Symbols. A complete list of the sumbols used in each submndel is

provided for ease of reference.

d. Mathematical expression of the sub-system.

€. Diagram. A diagram showing the information flow in schematic form

is provided for each submodel.

For ease of reference, the numbering system used has been applied in a
manner which allows the description of the model, the mathematical expression
of the model, and the diagram to be correlated.

In addition to the descriptions of the specific data required for each of
the submodels, a brief description of the more important data files is included.

This provides a single location in which the varicus information elements covering

faculty, students, courses and other such items can be noted and collected.

11,12
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Limitations on the Scope of the Study

For various reasons, certain types of facilities which are common to colleges
and universities have been omitted from detailed consideration in this study.
Through this omission, it is admitted that the needs for these types of fac-
ilities cannot be practically determined through application of systems tech-
niques and models.

Those types of facilities which are more or less outside the realm of
model-building are usuzlly characterized by not being closely tied to the
instructional processes of the institution. In addition, they generally are
those types of which there is only 'one-of-a-kind" on each campus (i.e. there
will probably be only one such facility on a campus regardless of how much
the size and composition of the student body has changed since the facility
was initially occupied). I1lustrative of such types of space are lounge and
recreation areas, museums, student unions, and chapels. They are normally
constructed when expedient or when economically possible rather than when the
need is generated by a changing student body. Such considerations led to the
decision to exclude these kinds of space when developing the model. Because
of their complexity and unique requirements, medical schools have also been
excluded.

Evening instruction, continuing education programs, and summer programs
have not been mentioned specifically. If cvening instruction requires less
facilities than day jnstruction, the facilities for day instruction are adequate.
If evening instruction requires the greater facilities, then the facilities in-
cluded in this study are determined by the evening instruction. Continuing
education programs, in so far as they require facilities, can be included
in the facilities determined in this study. Summer programs, if part of a
year-round operation, are to be treated as a regular term; if not part of a

year-round operation, the regular facilities of the institution are considered

as adequate. 13 léf
Ve
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SOBMODE |

Instructional Facilities and Faculty

The purpose of Operations 1.1 - 1.17 is to solve the following problem:
given a student enrollment by degree progr::. and academic level, to determine
for a given term the number and czpacity of lecture rooms, recitaticn/discus-
sion rooms, and instructional laboratories; the F.T.E. faculty and the actual
number of faculty, by rank; and the graduate teaching assistants required for
instruction in all courses expected to be offered during that term.

To effect the solution of this problem, several decisions - regarding how
the academic programs are to be carried out - must be made and expressed
quantitatively. The value of these decision parameters may be generated by
censidering the appropriate records of the institution over a period of years
or they may be specified by the institution's plans for the future. Obviously,
the values assigned have a great effect on the 1esults obtained; selective var-
iation sheds light on the interacting effects of specific decisiohs on class-
room facilities and faculty required.

This section of the report illustrates the solution of the stated pro-
blem by considering the necessary operations for a single course. This ii-
lustration is followed by a generalized mathematical model which includes
all courses given in a single term. A diagram or chart is also included to
show the interrelationships of the several operations in the mathematical

model and to illustrate the use of the various parameters.

15516, 17




Assumptions ;

1. The institution is organized in p instructional degree programs.

2. The students are classified by j levels of study. To illustrate
the following seven are used; 1-freshman, 2-sophomores, 3-juniors,
4-seniors, 5-fifth year architects, 6-in professional programs,
7-in graduate programs.

3. Student data are given by numbers of students, by degree program,

and level of study.

4. The course enrollments are expressed in the form of a matrix (column

vector) [E]. |
nx1l

5. The type of instruction in each of these courses can be placed in one

or more of the three subdivisions of 1) lecture, 2) recitation/discussion,

and 3) laboratory (including drawing and design, gymnasium, m-sic, etc).
6. Instructional unit policies exist concerning the maximum class size
" in each of the three categories for each course.
7. Faculty engaged in instruction are of b levels: To illustrate the
following levels are used: 1) professional faculty members and

2) graduate teaching assistants.

8. Teaching loads for each of the b levels of faculty can be specified
for each type t of instruction for each course. (see assumption 5 for
types of instruction)
9. Teaching loads may vary by course, by type of course instruction, and
by any desired distribution of ranks and levels of faculty among the
types of instruction for each course (see assumption 12 for faculty ranks)
10. The teaching load is specified by the fraction of a faculty member's total

service to the institution represented by each course section taught.

18
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11.

12.

13.°

14.

15.

16.

17.

Courses are so labeled that they can be assigned to an instructional
department, division, or other unit.

Professional faculty ranks r are: l-professor, 2-associate professor,
3-assistant professor , 4-instructor .

The organization of each course as to contact hours per week of instruction
in the three subdivisions of lecture, recitation/discussion, and laboratory
is specified.

Ranges of room capacity have been developed within which the number of
hours available for use each week and maximum percentage of room capacity
to be occupied for each subdivision of room t, t =1, 2, 3 are

constant (see assumption 13 for room type categories) .

All lecture and recitation rooms (subdivisiont, t =1, 2) of the same
capacity range have the same available hours for use per week for all
courses (subdivision 1 and 2 as listed in assumption 5).

Because some laboratories may have more than one student working at the
same station on the same experiment, it is advisable to compute the
required number of laboratories for each course separately.

A set of room capacity ranges, in student stations, has been chosen to

include all course subdivisions.

19
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Operation 1.1 - Generate Course Enrollments

InEut

The input to Operation 1.1 is the student enrollment by degree program
and academic level in a given term.

Decision Parameters

The decision parameters for Operation 1.1 are the percentages of the
number of students in each degree program and academic level expected to

take each course offered in a given term.

The Operation

Operation 1.1 consists of multiplying 1) the student enrollment
categorized according to degree program and academic level by 2) the
percentage of the students in each of these categories expected to enroll
in each course to be offered in a specified term.

Qutput

The outputs from Operation 1.1 are the projected course enrollments

for a given term.

Operation 1.2 - Form Diagonal Matrix E

InEut

The input to this operation is the output from-Operation 1,1, the
course enrollments.

The Operation

This operation consists of rearranging the course enrollment data into
a diagonal matrix format to enable the matrix algebra manipulations of

Operation 1.3 to be performed for each course.

Operation 1.3 - Number of Sections by Course Subdivision

Input

The input to Operation 1.3 is the output from Operation 1.2.

20




Decision Parameters

The decision parameters for Operation 1.3 reflect the practice of

organizing courses into various subdivisions (lecture, recitation/discussion,

and laboratory). They consist of specifying the number of students considered

to be the maximum allowable in each of the subdivisions of each course. In
particular, the following information is required for each course:
1. Whether the course instruction is subdivided into

a. lecture

and/or

b. recitation/discussion

and/or

c. laboratory (this includes all subdivisions such as drawing -
design rooms and gymnasium that require special rooms or
equipment).

2. For each subdivision, the maximum number of students allowable per

class section.

Note: Each of these items represents a policy decison usually made at the

department (division) level.

.. The Operation

i Operation 1.3 consists of dividing each course enrollment (the input)
by the maximum number of allowable students per class section for each course
subdivision (the decision parameter).

Output
‘ The outputs from Operation 1.3 are the number of sections required for

each subdivision of each course.

Operation 1.4 - Convert Output of Operation 1.3 to Integers

The number of sections required for each subdivision of each course,
as calculated in Operation 1.3 are likely to be fractional.

¥ 21




Because the unit of instruction is the class section, the number of sections
must be an integer. Operation 1.4 consists of converting the outputs of
Operation 1.3 into integers. In general, the fractional number of sections
should be raised to the next larger integer but, in some cases, it would be
advisable to increase slightly the maximum allowable number of students per
section to make the number of sections the next lower integer. As an example,
for a course with an enrollment of 52 having an associated maximum number of 25
students, it might be advisable to revise the maximum number of students to 26.

Output

The outputs from Operation 1.4 are the integral number of sections

required for each subdivision of each course.

Operations 1.5 and 1.6 - F.T.E. Instructional Staff by Level

Operations 1.5 and 1.6 are considered together because they are both
concerned with the full time equivalent (F.T.E.) instructional staff and

because the operations are mathematically similar.

InEut

The inputs to Operations 1.5 and 1.6 are the number of sections
required for each subdivision of each course, i. e. the outputs from
Operation 1.4.

Decision Parameters

The decision parameters for Operations 1.5 and 1.6 specify the
fractional part of an instructional staff member's total duties which is
represented by the instruction of one class section in each course sub-
\division. It is also necessary to specify the level of the instructional
staff to be assigned to each section. The simplest specification of levels
is to classify the instructional staff as 1) professional faculty and 2) grad-

uate teaching assistants. The categories of instructional staff level used

should be only those which are relevant to the assignment of teaching duties

22
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at the institution concerned. If courses are assigned only to professional
faculty of a given rank, then more levels than two would b2 needed.
As an illustration for the case where two levels of instructional staff
are used, a physics course might have the following decision parameters:
1. Each lecture section represents 1/4 of a faculty member's
load.
2. Each recitation section represents 1/4 of a graduate assistant's
load, or 1/8 of a faculty member's load.
3. Each laboratory section represents 1/3 of a graduate assistant's load.
It is necessary to modify the loads just given when it is found désirable

to factor in a desired distribution of sections between professional faculty

and graduate teaching assistants. For example, if it is desired to have one
half of the recitation sections taught by faculty and one half by graduate
assistants, this can be done by multiplying the loads given above by the
fractional distribution desired. Hence, each recitation section requires 1/8
x 1/2 = 1/16 of a faculty member's load and 1/4 x 1/2 = 1/8 of a graduate
assistant's load.

The Operation

These operations consist of multiplying the derived number of sections

in each subdivision by the instructional load per section, by level. These

results may be summed for the two instruction staff levels for each course,

3 if desired.

The following example illustrates this operation. Suppose a physics
course requires 4 lecture sections taught by faculty; 36 recitation sections,
of which one half are to be taught by faculty and one half by graduate assistants;
and 45 laboratory sections taught by graduate assistants. If the teaching loads
1 are as given previously, the following table indicates the calulation of the

3 staff requirements.

23




Facuity Grad. Asst. Faculty Grad. Asst.

Lecture 4 1/4 -- 1 -

Recitation 36 1/16 1/8 2.25 4.50

Laboratory 45 -- 1/3 -- 15.00

Total F.T.E. Staff by Level 3.25 19.50

l No. of
i Subdivision Secs. Load factor/section Instruction Requirements
OQutputs

g

The outputs from these operations are the F.T.E. instructional staff by
course subdivision and staff level or, if summed, by course and staff level. 1

Operation 1.7 - Staff by Department (Division) and Level t
|

Operation 1.7 consists in merely summing the outputs from Operation 1.5

1

-

and 1.6, i.e., the F.T.E. instructional staff by course and subdivision, for ;
: : 1‘

each of the two instructional staff levels, for all courses taught in each

' department (division) and level of faculty required.

Operation 1.8 - Determine Head Count Faculty

Input |

The inputs to Operation 1.8 are the outputs of Operation 1.7, i.e., K

the F.T.E. instructional staff requirements by department (division) and level.

Decision Parameters

The decision parameter for this operation is contained within the
data elements of the department profile (the complete structure of the

profile is presented in the section entitled Data Elements). In particular,

the decision parameter is the ratio of head count faculty to full-time

equivalent faculty,K by department (division) and by level of faculty. This ratio

can be obtained from the profile by multiplying the percent of faculty

ircluded in each "activity category' by the ''total percent of effort"




Associated with each of the categories, summing the products by department
and level of faculty, and relating the resulting percentage to 100.

The Operation

The operation consists of multiplying the F.T.E. instructional staff
requirements, categorized by department and level of faculty, by the ratio
of head count faculty to F.T.E. faculty which is appropriate for that
category.

Output

The output of this operation is head count faculty categorized according
to department and level.

Note 1: To better illustrate this particular operation, consider a situation

in which the output of Operation 1.7 indicates that 18 F.T.E. senior
faculty members were required to staff all courses being offered by

the department under consideration.

Activity % of Faculty % % % Total %
Category 1in Category Instruction Research Other of Effort
1 15 100 0 0 100
2 40 75 25 0 100
3 10 50 50 0 100
4 15 0 100 0 100
5 20 50 0 0 50

The ratio of total head count to F.T.E. teaching faculty is, therefore, 100:

the sum of the products of % of faculty x % instruction x total % of effort or

100: (.15x1x1+ .40x .75 x1+ .10 x .5 X 1+ .15x0x11+ .20 x .5 x .5)
= 100:69

The total head count faculty required is thus 18 x 100/60 = 30.

Note 2: by further exploitation of the data in the profile, a more complete

picture of the faculty can be obtained. For example, this data can be used

to calculate that




.40 x 30 = 12 faculty members spend 75% of their time in instructional
activities (where 40 is the percent of faculty in activity
category 1).

.10 x 30 = 3 faculty members divide their time equally between instruction

and resecarch (where 10 is the percent of faculty in activity
category 3).

Operation 1.9 - Actual Faculty by Rank

InBut

The input to Operation 1.9 is one of the outputs from Operation 1.8,
i.e., the actual (head count) number of professional faculty, by department
(division).

Decision Parameters

The decision parameters for Operation 1.9 are the percentages of the
actual professional faculty in each department of rank r the ranks being
1) professor, 2) associate professor, 3) assistant professor, 4) instructor.

The Operation

This operation consists of multiplying the actual number of faculty
members in each department by the percentage of faculty of each of the

various ranks.

OutBut

The output from Operation 1.9 gives the actual number of professional
faculty, by rank, for each department.

Operation 1.10 - Contact llours by Course and Subdivision

InEut

The input to this operation is the output of Operation 1.4, the integral

number of sections required for each subcivision of each course.

Decision Parameters

The decision parameters for Operation 1.10 are the number of class (contact)

hours per week required for one section of each of the subdivisions of each course.
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The Operation

This operation is performed by multiplying the number of sections of each
course subdivision by the number of class (or contact) hours required for each

of these sections.

Output
The output from Operation 1.10 is the total number of contact hours

required by each subdivision of each course.

Operations 1.11 and 1.12 - Calculate Average Number of Students/Section

Input

The inputs are enrollments by course (from Operation 1.2) and integral
number of sections required for each subdivision of each course (from Operation
1.4).

The Operation

Simply stated, these operations consist of dividing the course enrollments
by the number of sections required for each subdivision of each course. Due
to the use of matrix operations, the mathematical manipulations are slightly
more complex. In particular, it is necessary to convert the data on number

of sections to reciprocals and then multiply rather than divide.

Output

The output is average enrollment per section of each course subdivision.

Operation 1.13

This operation is merely a rearrangement of the results of Operation 1.1

in order to perform Operation 1.14.

Operation’ 1.14 - Room Capacity in Student Numbers

InEut

The input to this operation is the output of Operation 1.13, the integral
number of students per section of each course by subdivision.

Decision Parameters

The decision parameter is the percentage of capacity to which each type
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and size (or range of sizes) of room should be filled. In other words, this

parameter specifies the maximum student station utilization which is acceptable

for rooms of various sizes and types (lecture, laboratory, etc.).

The Operation

This operation consists of dividing the average number of students per

section of each course subdivision by the maximum student station utilization

deemed allowable for rooms having a capacity which is numerically equivalent

to the number of students in that section.

: Output

The outputs from Operation 1.14 are the minimum required room capacities,

expressed in student stations, for each subdivision of each course. a

Operation 1.15 - Tally of Weekly Contact Hours by Capacity Ranges ﬁ
Input
E The inputs to this operation are the total number of weekly contact hours
for each course, by subdivision (the output from Operation 1.10), and the min- [

imum capacities of the rooms required for each of these course subdivisions

=1

(the output from Operation 1.14).

Decision Parameters

The decision parameters for this operation form a mutually exclusive
set of room capacity ranges, one of which can be associated with the room
: requirements of each course subdivision.

The Operation

For lecture and recitation/discussion course subdivisions, the operation
consists of summing the weekly contact hour demands within each of the ranges
of room capacity. For the laboratory subdivision, the operation consists simply
of designating or assigning the room capacity range for each course; weekly con-
tact hour demands remain segregated by course and are not summed within each

range of room capacities as they are for the other course subdivisions.
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Output

The outputs from this operation are a tally of cont~ct hour demands

for lecture rooms and for recitation/discussion rooms by room capacity range
and a listing of contact hour demands for laboratories for each course by

room capacity range.

Operation 1.16 - Number of Rooms by Capacity and Subdivision Type

Input

The inputs to this operation are the outputs from Operation 1.15.

Decision Parameters

The decision parameters for Operation 1.16 are the maximum number of
hours per week during which lecture rooms, recitation/discussion rooms, and
laboratories of various capacitiés are available for use.

The Operation

This operation consists of dividing the weekly contact hour demana for
rooms (rooms being categorized by subdivision and capacity range), from
Operation 1.15, by the decision parameters, i.e., by the maximum available hours
per week for use of such rooms.

Qutput

The output from Operation 1.16 is the number of required rooms by
subdivision type and room capacity.

Note: For lecture rooms and recitation/discussion rooms, the output is the required

number of rooms of each size and type. For laboratories, the result is the

number of rooms of each size required for each course. The difference in

procedure is occasioned by the inability, as a practical matter, of using
most laboratories for multiple purpose. Leaving the output in its disaggregated
form preserves the ability to collect the requirements of various courses which

can share facilities if this is found to be desirable.




Operation 1.17 - Integral Number of Rooms by Capacity and Subdivision

The number of rooms resulting from Operation 1.16 will not be an integer,
in general. Operation 1.17 merely consists of increasing the required number
of rooms to the next higher integer where the number is fractional.

Note: The following illustrates the operations involved in determining classroom

needs by using an example involving a single course.

Consider as input a basic physics course with a total enrollment of
900 (the output of Operation 1.1). In addition, consider that the decision
parameters (for Operation 1.3) specify that the course is to be subdivided
into:

a. lecture sections no larger than 250 students

b. recitation-discussion groups of no more than 25 students

c. laboratory sections of no mdfe than 20 students.

Operations 1.3 and 1.4 together yield:

a. 900/250 = 3.6 or 4 lecture sections

36 recitation sections

b. 900/ 25

c. 900/20 = 45 laboratory sections.

If the decision parameters for Operation 1.1C indicate that

a. lecture sections meet 1 hour per week

b. recitation sections meet 2 hours per week

c. laboratory sections meet 3 hours per week,

then Operation 1.10 results in a requirement for

a. 4 sections x 1 hour/week = 4 hours per week of lecture roomsS

b. 36 sections x 2 hour/week = 72 hours per week of recitation rooms

c. 45 sections x 3 hour/week = 135 hours per week of physics laboratories.

To determine average numbers of students per section, Operation 1.12
requires that the total enrollment in each course be divided by the number of

sections as determined in Operation 1.4 so that

30

e




a. 900/4 = 225 students per lecture section

b. 900/36 = 25 students per recitation section

c. 900/45 = 20 students per laboratory section.

The parameters for Operation 1.14 require a decision on the maximum
percentage station utilization deemed acceptable for rooms of various types
and capacities.

Assume these parameters to be as follows:

a. 75% for rooms seating 200 or more

b. 83.3% for rooms seating fewer than 50

c. 100% for all laboratories.

Operation 1.14 is then accomplished by dividing the outputs of Operation
1.12 by the appropriate percentage.

Room requirements are, therefore, for:

a. lecture room of 225/.75 = 300 seat capacity

b. recitation rocm of 25/.833 = 30 seat capacity

c. laboratories of 20/1.00 = 20 student stations.

Operation 1.15 simply combines the outputs of Operations 1.10 and 1.14

to fully define room requirements as:
a. 4 hour/week of lecture room seating at least 300
b. 72 hour/week of recitation room seating at least 30
c. 135 hour/week laboratory space seating at least 20.

Given that the maximum number of hours of use per week is 24 hours per

week for lecture rooms, 27 hours per week for rooms with a capacity of less

than 50, and 33 hours per week for physics laboratories, the number of rooms

required is

4/24 = 1/6 of a lecture room of 300* capacity
72/27 = 2.7 = 3 recitation rooms of 30% capacity

[ 135/33 = 4.1 =5 laboratories with 20 student stations.
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AN I

The Models

Operation 1.1 - Generate Course Enrollments

T
(N} = [Ny Noo, = - .N.o NJo N o o Noo o o NN . . .N_]
7pxi 11 12 17 21 22 27 pl "p2 p7
where T indicates the transpose of the matrix (row vector)-
T111 T121 ¢ 0 cTi7n Tann T221 0 cTera ot Teal t T Tpm
[R] = |r r,.. . . .T T T . . .T . . WTpyg - - T
w7p | 112122 172 212 T222 272 pl2 p72
Tin T12n © © "T17n T21n T22n 0 0 "T27n 0 0 TpIn “Tp7n
| nx7p
Then
[E] = [e1 e, - - .€ ] = [R] x [N]
nxl n nx7p 7pxl

Operation 1.2 - Form Diagonal Matrix E

[Eii = diag [e1 ﬁzn. . .en]

Operation 1.3 - Number of Sections by Course Subdivision

| —
Let [M] = 1/m11 0 0...0 0
3nxn .
l/m12 0 0...00 %
Iy ]

il/m13 0 0. . 5 0

0 l/m21 0 0 0

0 1 0 0 O
/My ;

0 1/m__ O 0 0

3; VA

0. ... ... .01/m,
0. .. ... ... 01/m
0 . . & o v ¢ o o o @ 0 1/mn3

o ar -t ——

Note: If course k has one or more of the three subdivisions missing, the
corresponding l/mkt is replaced by 0.
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Then

1 oty
[S] = 511 0.........00
3nxn
. . .0 0
512 0
S13 0 . .0 0
0 s . .0 O
21
0 s ........00M0O = [M] x [E1]
22 3nxn nxn
0o s__ .. .0 0
23
0 O0. 0 S 1
. . 0 s
, 0 O n2
. . . 0
- | 0 0 sn3!
a Operation 1.4 - Convert Output of Operation 1.3 to Integers i
o [S'] = sty 0......0 0
F 3nxn
! e T e e e 0
12 0 0
B ! o......00
°13
....... 0 s'
Ij 0 sn1
1
E;, 0 . . . 0 Sho
.- ‘(_) . . . . 0 s,':

Operation 1.5 - Determine F.T.E. Number of Senior Professional Staff

(L)) = diag [£1y; £)5; 4131 &51q - - - fy3y)

3nx3n 3nx3n




[F.] = { £ £ £ __0 0 0 O0...... 0 0 © ‘
| :

3
:

: T
= [s'] X [L]
nx3n 3nx3n

f f .
nll n21 n3l i

Operation 1.6 - Determine F.T.E. Graduate Teaching Assistants

L] = di £ £ £ £ R 4
(L] iag [4.5 420 f32 %12 n32]
3nx3n
R R
(1= | £, fipp E1gp © o nv v 0 0 0
nx3n
0O 0 0 £ £ f .0 0 o0 T
212 T222 232 - 15" X L))
R R P
0 o o e
i _ fn12 fn22_fn§g .

Operation 1.7 - F.T.E. Staff By Department and Level

Sum the F.T.E. instructional staff for each level 1 and 2, for all courses
taught in each department (division) i, 1 = 1, 2, . . ., d,
thus obtaining fib’ b=1, 2

Operation 1.8 - Determine Head Count Faculty

diag [Fi] = diag [Fi F5 . . . &] = diag [Fil] x diag [RiI]
dxd dxd dxd dxd

3 1ttt 3 rere 1t e e . 1t =d' 3
diag [F,1 1= diag Lf1 f2 fd ] iag [FiZ] x diag [RiZ]
dxd dxd dxd dxd

Operation 1.9 - Actual Faculty by Rank

_
[Fi]= ify)) £ f13 640 0 O

dx4d %
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Operation 1.10 - Contact Hours by Course and Subdivision |
r——-—-— k
]
- §c ¢ c
[C] 11 12 13 0 0 0 R | 0O O
nx3n
0 0 0 ¢ c c . . . 0 0 ©
21 22 23
0 0 0 0 0 0 c c c
e nl n2 n3
and [S/] =|s'
2 11
3nx3n s'
12
Sl
13
Sl
21
St 3
21
Sl
23
]
s"
n3
Then e
. _ —
Hl =th..h h O 0 0 e e e . .. 0 0 0
nisL 11 12 13
0 O h h h e e e e e 0 0o 0
2
nx3n 3nx3n
‘fl: ..... . 0 hnl n2 En&i




Operation 1.11 and 1.12 - Calculate Average Number of Students/Section

s'1 = |1/sr. o ]
Let | 1] /s11 0 .. 0
3nxn
1/s! 0 o.......0
12
1/s! 0 o.......0
/ 13
0 1/s' 0. . .. .. .0
21 ‘
0 1/s' 0. . . . .. .0
22
0 1/s'* 0. . . ... .0
23
0 0 0 0
0 0 . 01/s!
nl
0 '
0 0 1/sn2
0 0 . 01/s'
| n3
PSS ———em—— -
Then [A] = |a 0. 0 0
3nxn 11
a 0 .0 0
12
0 .0 0
13
. - '
{ =80 x [E]
0 o.......0 g 3nxn nxn
nl
0 o.......0
an2
0 o.......0
i 403
Note: If any of the sit are zero, the corresponding 1/si is replaced by 0.
t
and ‘
[A'] = |a 0 0
3nxn 11
aiz .0 0
! . L .. 0 0
F 13 o cT




Operation 1.13 -

Diag [A''] = diag [a' a' a' a « « « . . a' a' a - &
g ] g 12 12 21 22 n2 13 23 n3]
3nx3n 3nx3n

Operation 1.14 - Room Capacity in Student Numbers

Diag [U] = dia l/u 1/u 1/u 1/u e o« o 1/u 1/u 1/u e e« e « o« 1/u
g (U] g 11/ 11 / 12 21 22 / n2 / 13 / 23 / n3]

3nx3n

. _ q _ q ' .
diag [C] = diag [C11 C12 C21 sz “ ... an C13 ... CnS] diag [A''] x diag [U]

3nx3n 3nx3n 3nx3n

Operation 1.15 - Tally of Weekly Contact Hours by Capacity Ranges

Sum up contact hour demand for all courses of subdivision t, t =1, 2, from [H]
in capacity range y from [C]. For laboratories t = 3, obtain his sinilarly. These

together form [H']. ‘ y

diag [H'] = diag [h' h' h' h' . . . h' h' h' . . .h' h¢ ... .h!' .. ]
11 12 21 22 y2 131 132 13y 231 23y n3y

(n+2)y x (n+2)y (n+2)y x (n+2)y

Operation 1.16 - Number of Rooms by Capacity and Subdivision Type

3 [ ] - 3 1t e e 1t Tt 1t
diag [H''] diag [1/h11 1/h12 1/h21 . . . 1/hyz 1/h131 . .. 1/hn3y

(n+2)y x (n+2)y (n+2)y x (n+2)y

r _ ] = diag [4'] x diag [H'']

1 ' = i [ . ] . ] ]
diag [R'] = diag [r11 T, T ryz T2 n3y

(n+2)y x (n+2)y (m+2)y x (n+2)y (n+2)y x (n+2)y (n+2)y x (n+2)y

Operation 1.17 - Integral Number of Rooms by Capacity and Subdivision Type

diag [R'] = dia r'* r' S A O «c . . T
g | 1] g 11 12 21 y2 131 nSy]

(n+2)y x (n+2)y

e T R TR

where r;t and riSy are the next higher integers than ryt and rkSy’ respectively.

Remark: Instead of computing the number of rooms by capacity and subdivision, using
the matrix [R'], the number of rooms for instruction of subdivision
t, t =1, 2, can be computed as one operation and the number of laboratories
t = 3, can be computed separately as a second unit.
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SOBMODeL. 2.

Research Facilities

Research, as performed in educational institutions, can be classified as
either theoretical research or experimental research, theoretical research being
that performed in the library and/or offices; experimental research being that
which requires laboratory facilities.

The problems to be solved by the operations in Submodel #2 are as follows:
1) given the actual number of professional faculty by department (division), to
find the number of faculty members to be provided with experimental
research laboratories; 2) given the student enrollment by degree program and

academic level, to find the number of students within each of these degree programs

to be provided with experimental research laboratories.

The answers to these relatively straightforward questions can be generated
by performing the operations contained within Submodel 2. It is realized that
a significant portion of the research space requirements of many departments
results from demands made by specialized equipment (linear accelerators, etc.).
Because of the highly individualized nature of these requirements, no attempt is
made to include them in the models.

This section of the report describes, in words, the operations which convert
: the inputs into the required outputs specifying research facilities requirements..
This description is followed by the associated mathematical models. A diagram
showing the operations in the mathematical models and the parameters used is included

also.
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Assumptions

1. All research activities are classified as either theoretical research or
experimental research.

2. Facilities for all theoretical research are provided by offices and library
facilities.

3. Experimental research may be pursued by faculty, research staff, graduate
students, and undergraduate students.

4. Large experimental research facilities, e.g., nuclear reactors, are con-
sidered separately from other experimental research facilities.

5. All experimental research laboratories are to be available for use 100%

of the time.




Operation 2.1 - Faculty Experimental Research Laboratories

InBut

The input to Operation 2.1 1is the output from Operation 1.8, the actual
number of professional faculty in each department (division).

Decision Parameters

The decision parameters for this operatiocn are the percentages of pro-
fessional faculty in each department (division) who are engaged in experimental
research.

The Operation

Operation 2.1 consists of multiplying the number of professional faculty
in each department (division) by the percentage of this faculty engaged in
experimental research.

Output

The outputs from Operation 2.1 are the number of actual professional faculty
in each department (division) engaged in experimental research and, assuming each
such faculty member requires an individual laboratory, this is the number of

laboratories required for professional faculty experimental research.

Operation 2.2 - Student Enrollment by Degree Program

InBut

The input to this operation is the standard input to Operation 1.1, i.e.,
the student enrollment by degree program and academic level.

The Operation

This operation is the summation of the student enrollment in each degree

program for all academic levels.

Output

The outputs from Operation 2.2 are the total student enrollments in each

degree program.
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Operation 2.3 - Number of Students, by Degree Program, Engaged in Experimental
Research

InEut

The input to Operation 2.3 is the output from Operation 2.2, 1.e., the
total student enrollment in each degree program.

Decision Parameters

The decision parameters are the percentages of the total student enrollment
in each degree program who engage in experimental research.

The Operation

Operation 2.3 consists of multiplying the total student enroliment in each
degree program by the percentage of this total student enrollment who engage
in experimental research.

Output

The outputs from Operation 2.3 are the number of students in each degree

program who engage in experimental research.

Operation 2.4 - Formation of Row Vector for Use in Operation 2.5

Operation 2.4 consists merely of separating the number of students in
each degree program, who engage in experimental research, for use in the

next operation.

Operation 2.5 - Number of Students, by Degree Program, Engaged in Each
Experimental Research Project

InEut

The inputs to this operation are the outputs from Operation 2.4, i. e.,
the number of students in each degree program, who engage in experimental
research.

Decision Parameters

The decision parameters for Operation 2.5 are the percentages of students

in each degree program who are engaged in each different research project

having students from that degree program.
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The Operation

Operation 2.5 consists of multiplying the number of students in each
degree program, who engage in experimental research, by percentage of
students in that degree program who are engaged in eac’- different research

project having students from that degree program.

Output

The outputs from Operation 2.5 are the number of students in each
degree program who are engaged in each different research project having

students from that degree program.

Operation 2.6 - Number of Student Experimental Research Laboratories

Input
: The inputs to Operation 2.6 are the outputs from Operation 2.5,
: i.e., the number of students in each degree program who are engaged in

3 each different research project having students from that degree program.

Decision Parameters

]

} The decision parameters for this operation are the maximum number
of allowable students per experimental laboratory for each different.
- research project having students from each degree program.

The Operation

This operation consists of dividing the number of students in each

degree program who are engaged in each research project, having students

from that degree program, by the maximum number of allowable students per

experimental laboratory for each different research project having students
from that degree program.

Output

The outputs from Operation 2.6 are the number of experimental laboratories

. required for students engaged in each research project by degree program.




Operation 2.7 - Capacity of Student Research Laboratories

Input

The inputs to Operation 2.7 are the maximum number of allowable students
per experimental laboratory for each different research project, arranged by
degree program.

Decision Parameters

The decision parameters for this operation are the number of students
to be assigned to a laboratory station for each different research project
within a degree program.

The Operation

This operation consists of dividing the maximum number of allowable
students per experimental laboratory for each different research project
in a degree program by the number of students per laboratory station for
each different research project in that degree program.

Output

The outputs from Operation 2.7 are the laboratory capacities, in stations,
for each different research project in a degree program.

Operations 2.8 and 2.9 - Laboratory Facilities for Research Staff and large
Experimental Installations

These operations merely insure that the experimental laboratories needed
by the research staff and those necessitated by the presence of special (large)
experimental installations (e.g. nuclear reactors) are included in the exper-

imental laboratory requirements.
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the actual number of professional fatulty in department (division)
i, i=1,2, .. ., d, as before

the diagonal matrix with diagonal elements f:

the number of departments or divisions
the percentage of actual professional faculty in department (division)
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the diagonal matrix with diagonzl elements rix
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the student enrollment by degree program i, 1 =1, 2, . . ., P, and
academic level j, j=1,2, ..., 7, as used previously

the row vector giving the student enrollment in degree program i,
i=1,2, .. ., P

t} » percentage of N, who engage in experimental research

the diagonal matrix with diagonal elements pi'

1
—
N

-

.

g

-
3
=
(@)

the number of students in degree program i, i
engage in experimental research

the row vector with components N.,
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n(i) - the number of research projects with students from degree program

i,i=1,2, .. ., P
Tk = the percentage of students in degree program i, i =1, 2, . . ., P,
who are engaged in research project K, K = 1, 2, . . ., n(i), having
students from degree program i, i =1, 2, . . ., P
[NiK] - the row vector with components which are the number of students in
degree programs, i =1, 2, . . ., P, who are engaged in research
project K, K = 1, 2, . . ., n(i), having students from degree program i '
m. - the maximum number of allowable students per experimental laboratory !
for project K, K=1, 2, . . ., n(i), having students from degree
program i, i = 1, 2, . . ., P
[MiK] = the row vector with components m.,
1xn(1)
[L;] - the row vector with components which are the number of experimental
1xn (i) laboratories required for students engaged in research project K,
| K=1, 2, . . ., n(i), having students from degree programs i, 1 = 1,
2, .. ., P
u, - the number of students per laboratory station in research project
K, K=1, 2, . . ., n(i), having students from degree program
i,i=1,2, .. ., P
[CiK] - the row vector with components which are the laboratory capacity for
1xn(i) rescarch project K, K=1, 2, . . ., n(i), having students from degree
program i, i =1, 2, . . ., P
X - total number of vssearch staff experimental laboratories
% X4 -~ the total number of large experimental installations, e.g. nuclear reactors
[RiK] = row vector with elements r,.




The Models

Operation 2.1 - Faculty Experimental Research Laboratories

diag [Nix] = diag [Fi] x diag [Rix] = diag [Nix Néx . .. Néx]

dxd dxd dxd dxd

Note: If the department (division) profiles are sufficiently detailed, this

computation need not be made as the quantities Nix can be determined

from these nrofiles.

Operation 2.2 - Student Enrollment by Degree Program

7
. = 1 = = d . . . N
[N; ] 'El N»i=1,2, .. V] = NN, N]
Ixp J= 1xp

Operations 2.3 and 2.4 - Number of Students by Degree Program Engaged in
Experimental Research

- 3 11 - \ - L] 11 1t
[Nix] [Ni] x diag [Pi ] [N1 N2 ... hp] x diag [p1 Pyt - - - pp ]
1xp 1xp pXp 1xp pXp
= \ S
[le Yax pr]
1xp

Operation 2.5 - Number of Students, by Degr-e Program, Engaged in Each
Experimental Research Project

Nyl = Ny [y Ty - - - TIn()]
1xn(1) Ixn{1)
Nagd = Npy [y Thp - - - Topp!
1xn(2) 1xn (2]
(N, = N T T .. .T

pK pX [ pl p2 PH(P)]
1xn(p) 1xn{p)

Operation 2.6 - Number of Student Experimental Research Laboratories

l [Li] = [NIK] x diag [i/m11 l/m12 .. . l/mln(l)]
1xn(1) 1xn(1) n(1l)xn(1)
[Lé] = [NZK] x diag [1/my; 1/myy . . . 1/m2n(2)]
1xn(2) 1xn(2) n{2)xn(:’
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[L;]= [NPK] x diag [1/mpl 1/mp2 S ¥ ]

m
pn(p)
1xn(p) 1xn(p) n(p)xn(p)

Operation 2.7 - Capacity of Student Research Laboratories

[CiK]= [MIK] x diag [1/u11 1/u12 ... 1/u1n(1) ]

1xn(1) 1xn(1) n(1)xn(1)

[C' ]= [M ] x diag [1/u 1l/u . . . 1/u
pK pK pl p2 pn(p)

1xn(p) 1xn(p) n(p)xn(p)

Note: The row vectors [NfK], (L ], and [CfK] are computed separately
i i i

because n(i) is likely to be different for each degree program i,
i=1,2, .. .,p. Moreover, some programs will have no exper-

imental laboratory requirements and so these computations need

not be done for such programs.

Operation 2.8 - Resezrch Staff Experimental Laboratories

X

Operation 2.9 - Large Installations for Experimental Research

X
1
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SOoRMOT=lL 2

Office Facilities

The instruction staff, the research staff, students engaged in theoretical
research, and other personnel concerned with the educational activities of an
institution of higher learning require offices in which to carry on all or a
part of their duties.

The purpose of Submodel 3 is to determine the office requirements of the
professional faculty, by department (division) and rank; of the research staff,
by department (division) affiliation; of administrative personnel, by certain
groupings according to facilities requirements; of graduate assistants, by
department (division); and of those of the secretarial staff connected with
instructional and research activities.

Some of these determinations require only the tabulation of information
generated in another subsystem or received as new inputs to this particular
subsystem. Others depend on information which is generated by applying
decision parameters to certain inputs within this submodel.

This section of the report describes the operations which convert the
appropriatz inputs into the requirements for office facilities. A mathematical
model follows this description and there is appended a diagram which shows the

sequences of mathematical operations in the model and the use of the decision

parameters .
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Assumptions
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10.

1. Each department (division) has a chairman requiring more extensive office

facilities than other instructional staff members.
Each project of the research staff has a director requiring the same

office facilities as a department (division) chairman.

. The department (division) chairman has the rank of professor.

Professional faculty members engaged in sxperimental research require
offices.

Professional faculty members are separated by department (division) and
rank to allow the assigning of different office facilities, if desired.
Research sta’ excluding the directors of projects, have office fac-
ilities in the laboratories.

Students engaged in experimental research have office facilities in these
laboratories.

Students engaged in theoretical research may be provided gith office
facilities, in addition to any library facilities available, in which

to perform their research.

Library personnel, other than administrative personnel and their sec-
retaries, have office facilities in their work areas and so no separate
offices need be provided for them.

All other administrative personnel, excluding department (division)
chairmen and research project directors already taken into account, can
be assigned to one of the groups (1-8) as follows:

A. Groups Requiring Office Facilities Near Instructional Facilities

Group 1 - Personnel requiring extensive office facilities, including
facilities for their assistants and for the reception of visitors.
Group 2 - Personnel requiring office facilities, including facilities

for their assistants and ﬁgf the reception of students and visitors.

/
Group 3 - Personnel requfring office facilities plus facilities for




record keeping, for record storage, for interviewing, and the like.

Group 4 - Personnel requiring only office facilities.

Group 5 - Secretaries to groups (1-4) plus secretaries in the secretarial

pool, if any.

B. Groups Requiring Office Facilities Near Dormitory and Dining Facilities

Group 6 - Personnel requiring office facilities, including facilities
for their assistants and for the reception of visitors.

Group 7 - Personnel requiring only office facilities.

Group 8 - Secretaries to groups (6-7).

Note: These groups are to contain not only the usual administrative personnel,

excluding department (division) chairmen and research project directors,
but also library, communications, computer, and other similar administrative
personnel and their secretaries.
11. Research staff personnel are assigned to a department (division).
12. Each department (division) chairman and each research staff project director,
or equivalent title, is provided with a full-time secretary.

13. All ranks of faculty and all graduate teaching assistants are provided with

secretarial assistance.

14. All research staff personnel are provided with secretarial assistance.

15. Secretarial assistance for instructional and research staff, excluding
1 department (division) chairmen and research staff project directors, is provided

on the basis of one secretary for a specified number of those for whom the

service is provided.
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Operation 3.1 - Instructional and Research Staff Offices

Input

The inputs to Operation 3.1 are the actual number of professional facully,
by department (division) and rank, from Operation 1.9; the number of project
directors in the research staff assigned to each department, from the depart-
ment profile; and the actual number of graduate teaching assistants in each
department (division).

The Operation

This operation consists merely of tabulating, from the inputs, the number
of persons, by department (division) and arranged by personnel classification,
requiring offices.

Output

The output from Operation 3.1 is the number of persons to be provided

with office facilities, arranged by department (division) and personnel

classification.

Operation 3.2 - Offices for Students Engaged in Theoretical Research

Ingut

The inputs to Operation 3.2 are the outputs from Operation 2.2, i.e.,
the total number of students in each degree program in a given year.

Decision Parameters

The decision parameters for this operation are the percentages of the
total number of students in each degree progiram in a given year who are
engaged in theoretical research.

The Operation

This operation consists or multiplying each input by the appropriate

decision parameter.

Output

The output from Operation 3.2 is the number of students in each degree

T




program engaged in theoretical research for whom office facilities are to be

provided.

Operation 3.3 - Administrative Office Facilities

This operation consists only of tabulating the number of persons in each

group, as specified by the institution, of administrative personnel, thus

giving the number of administrative personnel requiring office facilities, by

groups.

Operation 3.4 - Tabulation of Personnel for Operation 3.5

InBut

The inputs to Operation 3.4 are the actual number of protfessional faculty,

by department (division) and rank, from Operations 1.9 and 3.1; the number of
project directors in the research staff assigned to each department (division),

from Operation 3.1; the number of persons in the research staff, excluding pro-

je~t directors, assigned to each department (division), from the department profile;
and the actual number of graduate teaching assistants in each department (division),
from Operations 1.8 and 3.1.

The Operation

This operation consists of tabulating, in the form of a matrix, the teach-
ing and research personnel of each department (division), arranged by personnel
classification with the research staff separated from the teaching staff, to

enable Operation 3.5 to be performed.

Operation 3.5 - Offices Required for Instruction and Research Connected Secretaries

InEut

The input to Operation 3.5 is the output of Operation 3.4, i.e., the matrix

formulated thcre.
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Decision Parameters

The decision parameter for this operation is the number of secretaries
per faculty member and research staff member, excluding department (division)
chairmen and research staff project directors.

The Operation

Operation 3.5 consists of multiplying each classification of personnel
by the decision parameter, the department (division) chairmen and research
staff project directors each having a full-time secretary, and then summing
by department (division), with the research staff secretarial needs kept
separate by department (division).
et output

The output from this operation is the number of instruction and research

connected secretaries requiring office facilities.

62




i5

[F]
6dx6

£
i

[F!']
i
dxd

p! e
[N,

[Ng]
1x8

i6

the actual number of professional faculty of rank r, r =1, 2, 3, 4,
in department (division) i, 1 = 1, 2, . . ., d, where T = 1 refers to
professors, T = 2 to associate professors, r = 3 to assistant pro-
fessors, and r = 4 to instructors (Operation 1.9)

the number of project directors in the research staff assigned to
department (division) i, i =1, 2, . . +» d (department profile)

the matrix with elements fir’ modified for professors to take account

of department (division) chairman, and fir
9

the actual number of graduate teaching assistants in department (division)
i,i=1,2, .. .,d

the diagonal matrix with diagonal elements f%' (Operation 1.8)

the total number of students in degree program 1, i=1, 2, . . ., P

in a given year (Operation 2.2)

the percentage of N who are engaged in theoretical research

1

the row vector with components N
i

the diagonal matrix with diagonal elements pi", i=1,2, .. ., P
the number of students in degree program i, i=1,2, . . .5, P

who are engaged in theoretical research

the row vector with compornents NiT

the total number of administrative personnel in group g, g = 1, 2, .+ -
8, as the groups are numbered previously
the row vector with components ng, g=1,2, ..., 8 giving the

office requirements for groups (1-8)

the number of persons in the research staff, excluding project directors,
assigned to department (division) i, 1 = 1, 2, . . ., d (department

profile)
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[F'] = the matrix with elements fipr fiso figs £}
6x2d

a = the number of secretaries per faculty member and per research staff
member, excluding department (division) chairmen and research staff
project directors

fK] = the row vector with components 1, a, a, a, a, a

1x6

[Ns]‘= the row vector with components giving the total instruction and research

connected secretaries to be provided with offices, by department (division),

i, 1=1, 2, . . ., d
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.Thg Models

oy

'~

Operation 3.1 - Instructional and Research Staff Offices

prn—— ——

[Fl] =]1 O 0 0 o0 0 |, diag [F''] = diag [fi' fé' . . . f&']
i
6dx6 0 £ -10 0 0 0 dxd dxd
11
0o o0 0 0 0
12
0 O 0 f13 0 0
0o o0 o 0 £ O
14
0 O o 0 O f15

Lg_ 0 o 0 o0 f
6dx6

Note: [F] is a re-arrangement of the elements of [F;,] from Submodel 1
6dx6 dx4d

[Fi'] is from Submodel 1.

with the addition of elements fiS'

Note: If the department (division) chairman is not of rank of professor,

the model can be modified easily.

Operation 3.2 - Offices for Students Engaged in Theoretical Research

7
N. =3I N..,1=1,2,...,0p
1 j=1 1)
Nyl = [Ni] x diag [Pi"] =[N, N, - .. NP] x diag [pi" pé" « .. p;"]
1xp 1xp PXp 1xp PXp

Operaticn 3.3 - Administrative Office Facilities

[Ng] = [n1 n, . . .n8]
1x8




Operation 3.4 - Tabulation of Personnel for Operation 3.5

Sum—— [
[F'] = {1 1 ... .. 1 f f._ . . .« .. f
6x2d 15 25 dSs
fll-l f21-1 ..... fdl-l f16 f26 e e e e e fd6§
12 f22 ..... fd2 o 0 .....D0
. ;3 f23 - f43 0 0 ... .. 0
f f f 0 0 0
14 24 da
fr! fr! . £ 0 0 . 0
1 2 d
6x2d '

Operation 3.5 - Offices Required for Instruction and Research Connected Secretaries

[A] = [laaaaa]

ix6

[Ni] = [n' mp' . . oomy ngl - ny4l = (A] x [F']
1x2d 1x2d 1x6  6x2d

Note: If the department (division) chairman is not always of the rank

of professor, the matrix [F'] can be modified suitably.

Note: If the basis for assigning secretarial assistance varies among de-

partments (divisions), Operations 3.4 and 3.5 must be changed to

reflect the given basis. Further, it is entirely possible that

the number of secretaries assigned per faculty member could vary

in relation to the level of faculty. This would simply require

establishing different values of (a) for each of the levels rather

than assuming a single constant value.
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Subrteds 4

Library Facilities

The importance of the library facility is sufficiently great to warrant
more attention in the planning process than is usually granted. The major
failing appears to be the tendency to plan libraries on the basis of an in-
dependent estimate of the acquisition rate, rather than on the basis of what
is needed to satisfy the requirements of the planned research and instructional

programs of the institution. The model developed herein, while not as complete

or as readily applied as may be desirable, is based on the concept that library

planning must reflect developments within the various instructional and research

]
o
:
;
!

programs.

| A

Central to this approach is the problem of determining the minimum number

Bitathait wb Aakill
Ao

| A

.of books and journal titles required to establish and support the degree pro-

————

grams of the institution. This determination is made in a manner somewhat

R S

similar to one developed by Clapp and Jordan [2] in 1965.

I S

This sub-model is developed in the following functional stages:

v

i

A. User Facilities

1.

These include such areas as general reading and study areas,
:

carrels of different types, microviewing, and those other

areas in which the primary requirement is the formation of

N

1

the bases for calculating the number and type of stations needed

to serve the users.

B. Active Storage Facilities

These include stacks for books in general, reference works, reserve

¥

books, and bound journals; currernt book and journal display; map
and print storage; microfiim storage, including programmed learn-
ing and/or self-instruction mzcerials and music tapes; microcard
storage; music record storage; newspaper storage and display;

slides storage; and any others to meet the institution's needs.
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C. Staff Work Facilities
Provision is made for such library services as:
acquisitions, bibliography, cztaloging, circulation, historical
collections, information retrieval and data processing, micro-
processing, orders and interlibrary loans, photo reproductions
(xerox, etc.), materials preparatica, periodicals, receiving
and shipping, reference, repair and binding, and musit.

Although the library facilities of an educational institution frequently
consist of a main library and various school and/or department libraries,
such a division has not been made for purposes of this study. Rather, all
library facilities have been considered as a single unit regardless of the

(possibly diverse) physical locations of the facilities.

This section contains a written description of the methods used in
determining the facilities needs in each of the above-mentioned categories.
Then the mathematical models for these determinations are presented. Finally,
there is a diagram showing the sequence of mathematical operations and the

parameters in these operationms.
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Assumptions

}
i
i
i

10.

1.

11.

12.

13.

Library facilities are classified as user facilities, storage facilities,and
staff (or service) facilities. ‘

The number of iibrary users to be sccommodated simultaneously is determined
separately for professional faculty, research staff, students, and admin-
istrative personnel to allow for different types of study facilities for

these groups, if desired.

. The persons using the library simultaneously are accommodated in a variety

of user facilities. -

_ All microfilm and microcard material, slides, maps and art prints, and

tapes for programmed learning and self-instruction are included in the

library holdings.

. The library collection can include music recorsds and tapes.

. Music tapes and programmed learning and self-instruction tapes can be

grouped with microfilm reels for stcrage.

. Only one copy of each issue of journals and newspapers is held in the

library collection.

. Display facilities for current journals are provided in the pericdicals

room of other facility of the library.

_ A collection of back volumes of journals and newspapers is stored in the

library facilities.

Back volumes of journals are to be shelved, put on microfilm, or put on
microcards whereas back volumes of newspapers are to be shelved or put on
microfilm.

Storage facilities for documenﬁ; from government agencies are not included
in the model.

Secretaries will not use library facilities in general.

An estimate can be made of the number of library personnel to be provided

with staff work facilities.
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14.

15.

It is possible to specify the minimum number of books required to
establish various degree programs. Furthermore, it is possible to

specify the additional number of books required per student in each

degree program.

Books can be stored by being shelved or by being put on microcards

or microfilmn.




A. User Facilities - Operations 4.1 - 4.09

Operation 4.1 - Total Number of Professional Faculty

InEut

The input to Operation 4.1 is the output from Operation 1.8, i.e., the
actual number of professional faculty in each department (division).

The Operation

This operation consists of adding the number of professional faculty in

each department (division).

Output

The output from Operation 4.1 is the total number of professional faculty

in the institution.

Operation 4.2 - Professional Faculty Library Users

Ingut

The input to Operation 4.2 is the output from Operation 4.1, the total
number of professional faculty in the institution.

~ Decision Parameter

The decision parameter for this operation is the percentage of the total
number of professional faculty to be provided with library facilities to be used
simultaneously.

The Operation

Operation 4.2 consists of multiplying the total number of professional
faculty in the institution by the decision parameter.

Output

The output from this operation is the number of the professional faculty

to use library facilities simultaneously.

Operation 4.3 - Total Research Staff by Department (Division)

Ian£

é The inputs to Operation 4.3 are the total number of project directors and
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the number of other persons in the research staff assigned to each department
" (division).

The Operation

This operation consists of adding the two inputs to Operation 4.3 for
each department (division).
Output
The output from Cperation 4.3 is the total number of research staff for each

department (division).

Operation 4.4 - Total Institution Research Staff

Input

The input to Operation 4.4 is the output from Operation 4.3, the
total number of research staff for each department (division).

The Operation

This operation sums the total number of research staff for all
departments (division).

Qutput

The output from this operation is the total number of research staff
at the Institution.

Operation 4.5 - Research Staff Library Users

Input
The input to Operation 4.5 is the output from Operation 4.4, the total

number of research staff at the institution.

Decision Parameter

The decision parameter for Operation 4.5 is the percentage of the total
number of research staff to be provided with library facilities to be used

simultaneously.
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The Operation

This operation consists of multiplying the total number of research

staff at the institutiom by the decision parameter.

OutEut

The output from Operation 4.5 is the number of the research staff to use

library facilities simultaneously.

Operation 4.6 - Total Administrative Personnel in Certain Groups

Input

The inputs to Operation 4.6 are the outputs from Operation 3.3, omitting

secretaries, i.e., the number of administrative personnel in groups (1-4), 6, 7.

The Operation

This operation consists of adding the inputs, the number of administrative
personnel in groups (1-4), 6, 7.

Output

The output from Operation 4.6 is the total number of administrative

personnel in groups (1-4), 6, 7.

Operation 4.7 - Administrative Library Users

Input
The input to Operation 4.7 is the output from Operation 4.6, the total

number of administrative personnel in groups (1-4), 6, 7.

Decision Parameter

The decision parameter for this operation is the percentage of the total

administrative personnel in groups (1-4), 6, 7, to be provided with library

facilities to be used simultaneously.

The Operatiocn

This operation consists of multiplying the input to this operation by the

decision parameter.




The Output

The output from Operation 4.7 is the total number of administrative

personnel to use library facilities simultaneously.

Operation 4.8 - Total Student Enrollment

Input

The input to Operation 4.8 is the samc as the input to Operation 1.1,
the number of students in each degree program &t each academic level, in
a given year.

The Operation

This operation consists in summing the number of students in each
degree program at each academic level, in a given year.

Qutput

The output from Operation 4.8 is the total number of students enrolled
at the institution.

Operation 4.9 - Student Library Users

Input
The input to Operation 4.9 is the output from Operation 4.8, the total
number of students enrolled at the institution.

Decision Parameter

The decision parameter for this operation is the percentage of the total
number of students, enrolled at the institution, to be accommodated in the
library simultanecously.

The Operation

Operation 4.9 consists ¢f multiplying the total number ot students, enrolled

at the institution, by the decision parameter.

OutEut

The output from Operation 4.9 is the total number of students, enrolled

at the institution, to be accommodated in the library simultaneously.
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B. Active Storage Facilities

I. Minimum Required Number of Books and Journals - Operations 4.10 - 4.25

Operation 4.10 - Vector Formation for Operation 4.11

T i

InBut

The inputs to Operation 4.10 are new inputs as follow: the minimum number
of books required to establish each degree program, the number cf undergraduate
students in honors or independent study programs in each degree program, the
number of students enrolled for a master's degree in each degree program, the

number of students enrolled for a doctor's degree in each degree program, and

the output from Operation 3.2, the total number of students in each degree program.

The Operation

This operation merely arranges the inputs in a convenient form for the

next operation.

Operation 4.11 - Total Books Required by Degree Program

Input
The input to Operation 4.11 is the output from Operation 4.10, i.e., the

inputs to Operation 4.10 as arranged for performance of this operation.

Decision Parameters

The decision parameters for this operation are the minimum number of
books required to establish each degree program, the nusber of books per student
in each degree program, the number of books per undergraduate student in honors
or independent study programs in each degree program, thc number of books per
student enrolled for a maste?'s degree in each degree program, and the number
of books per student enrolled for a doctor's degree in each degree program.

The Operation

Operation 4.11 consists of adding to the minimum number of books re-
quired to establish each degree program the products of the number of st-:dents

in each degree program, the number of undergraduate scudents in honors or
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independent study programs in each degree program, the number of students

[

enrolled for a master's degree in each degree program, and the number of
students enrolled for a doctor's degree program by the appropriate decision
parameter specifying the number of books per student in each of these groups.

Outgut

The output from Operation 4.11 is the number of books required for

each degree program.

Operation 4.12 - Total Books Required for All Degree Programs

InEut

The inputs to Operation 4.12 are the outputs from Operation 4.11, the

number of books required for each degree program. There are as many inputs

I snnemrentt T Snrtanerst TEUVREEN snmiaud VDTN

to Operation 4.12 as there are degree programs.

The Operation

This operation sums, over all degree programs, the number of books

P v §

; required for each degree program.

OutEut

The output from Operation 4.12 is the total number of books required

for all degree programs.

Operation 4.13 - Total Professional Faculty and Research Staff by Department (Divisio

InEut

The inputs to Operation 4.13 are the outputs from Operation 1.8 as used
in Operation 3.4, i.e., the actual number of professional faculty in each
department (division), the total number of research directors assigned to each
department (division), and the number of other persons in the research staff
assigned to each department (division).

The Operation

This operation merely adds the inputs to the operation.




i S

Output

The output from Operation 4.13 is the total number of professional faculty

and research staff assigned to each department (division).

Operation 4.14 - Books Required for Professional Faculty and Research Staff

By Department (Division)

Input
The input to Operation 4.14 is the output from Operation 4.13, the

total number of professional faculty and research staff assigned to each
department (division).

Decision Parameter

The decision parameter for Operation 4.14 is the number of books per
professional faculty and research staff member in each department (division).

The Operation

This operation multiplies the input to Operation 4.14 by the decision

parameter for the operation.

Outgut

The output from Operation 4.14 is the number of books required for the

professional faculty and research staff of each department (division).

Operation 4.15 - Total Number of Books Required for All Professional Faculty
and Research Staff

Input
The input to Operation 4.15 is the output from Operation 4.14, the number

of books required for the professional faculty and research staff of each
department (division).

The Operation

This operation sums the input over -.1 departments (division:.).

Output
The output from Operation 4.15 is the total number of books required by the

professional faculty and research staff at the institution.
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Operation 4.16 - Total Administrative Staff, Omitting Secretaries

Input

The inputs to Operation 4.16 are several of the outputs of Operation 3.3,

i.e., the total number of admiristrative personnel in groups (1-4), 6, 7 as

there indicated.

The Operation

This operation adds the several inputs to Operation 4.16.

Qytput

The output from Operation 4.16 is the total number of administrative

personnel, omitting secretaries.

Operation 4.17 - Books Required for Administrative Personnel

InRut

The input to Operation 4.17 is the output from Operation 4.16, the total
number of administrative personnel, omitting secretaries.

Decision Parameter

The decision parameter for this operation is the number of books per
administrative personnel member, omitting secretaries.

The Operation

Operation 4.17 consists of multiplication of the input to this operation

by the decision parameter.

OutEut

The output from Operation 4.17 is the total number of books required for the

administrative personnel, omitting secretaries.

Operation 4.18 - Total Books Required

Input
The inputs to Operation 4.18 are the outputs from Operations 4.12, 4.15

and 4.17, i.e. the total number of books required respectively for all degree
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programs, for the professional faculty and research staff, and for the
administrative personnel, omitting secretaries.

The Operation

Operation 4.18 consists of adding the three inputs to the operation.

OutBut

The output from Operation 4.18 is the minimum total number of books

required for the educational, research, and administrative activities of the

institution.

Operations 4.19 - 4.25 - Total Journal Titles Required *

These operations for journal titles almost parallel those for books,

the words "journal titles' being substituted for the word 'books," as
described previously for Operations 4.10 - 4.18. Consequently, descriptions

of the operations are omitted.

OutEut

The output from Operation 4.25 is the minimum total number of journal

titles required for the educational, research, and administrative activities

of the institution.

Storage Units for Library Holdings - Operations 4.26 - 4.39

Operation 4.26 - Number of Books to be Shelved, to be put on Microfilm and Microcards

input
The input to Operation 4.26 is the output from Operation 4.18, the

minimum total number of books required for the educational, research, and
administrative activities of the institution.

Decision Parameters

The decision parameters for this operation are the percentage of the
minimum total number of books to be shelved, the percentage to be put on

microfilm, and the percentage to be put on microcards.
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The Operation

This operation consists of multiplying the input, the minimum total number

of books, by each of these decision parameters.

Output

The outputs from Operation 4.26 are the number of books to be shelved, the
number to be put on microfilm, and the number to be put on microcards.

Operation 4.27 - Total Journal Volumes Deposited in Library

InEut

The input to Operation 4.27 1s the output from Operaticn 4.25, the
minimem total number of journal titles required for the educational, research,
and administrative activities of the institution.

Decision Parameter

The decision parameter for Operation 4.27 is the average number of journal
volumes per journal title to he deposited in the library.

The Operation

This operation consists of multiplying the input, the ninimun total

number of journal titles, by the decision parameter.

Output

The output from Operation 4.27 is the total number of journal volumes toc be

deposited in the library.

Operation 4.28 - Number of Journal Volumes to be Shelved; Put on Microfilm and

Microcards

InEut

The jnput to Operation 4.28 is the cutput from Operation 4.27, the total

number of journal volumves to be deposited in the library.

Decision Parameters

The decision parameters for Operation 4.28 are the percentage of the total
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number of journal volumes to be shelved, the percentage to be put on microfilm,
and the percentage to be put on microcards.

The Operation

This operation consists of multiplying the input, the total number of
journal volumes to be deposited in the library, by each of the three decision
parameters.

Output

The outpuis from Operaticn 4.28 are the number of journal volumes to be

sheived, the number to be put on microfilm, and the number to be put on micro-

cazds.

Operation 4.29 - Total Newspaper Volumes to be Deposited in Library

Input

The input to Operation 4.29 is a new input, namely the total number

of newspaper titles obtained for library use.

Decision Parameter

The decision parameter for Operation 4.29 is the aver-ie number of
newspaper volumes per newspaper title to be deposited in the library.

The Operation

This operation consists of multiplying the input, the total number of

newspaper titles, by the decision parameter.

OutEut

The output from Operation 4.29 is the total number of newspaper volumes

to be deposited in the library.

Operation 4.30 - Number of Newspaper Volumes to be Sheived and to be Put on
Microfilm

Input
The input to Operation 4.30 is the output from Gperation 4.29, the

total number of newspaper volumes to be deposited in the library.
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Decision Parameters !

The decision parameters for this operation are the percentage cf the
total number of newspaper volumes to be shelved and the percentage to be

put on microfilm.

oy mo

The Operation

This operation consists of multiplying the input, the total number
of newspaper volumes, by the two decision parameters.

OutEut

The outputs from Operation 4.30 are the number of newspaper volumes

to be shelved and the number to be put on microfilm.

Operation 4.31 - Number of Programmed Learning and/or Self Instruction Tapes
and Music Tapes to be Deposited in the Library

InEut

The input to Operation 4.31 is the output from Operation 2.2, the

student enrollment in each degree program.

Decision Parameters

The decision parameters for this operation are the number of programmed
learning and/or self-instruction tapes per student in each degree program
and the number of music tapes per student in each degree pregram.

The Operation

Operation 4.31 consists of multiplying the number of students in each
degree program by each of the two parameters and summing the products sep-
arately for programmed learning and/or self instruction tapes and music tapes.

Output

The two outputs from Operation 4.31 zve the total number of programmed
learning and/or self-instruction tapes and the total number of music tapes

to be hela in the library.
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Operation 4.32 - Formation of Row Vector for Operation 4.33

InEut

The inputs to Operation 4.32 are the number of books to be put on micro-
film, from Operation 4.26; the number of journal volumes to be put on micro-
film, from Operation 4.28; and the number of newspaper volumes to be put on
microfilm, from Operation 4.30.

The Operation

Operation 4.32 merely arranges the inputs in a form suited to the next
operation.

Operation 4.33 - Required Microfilm Reels

InEut

The inputs to Operation 4.33 are the inputs to Operation 4.32, as arranged
by that operation.

Decision Parameters

The decision parameters for Uperation 4.33 are the average number of micro-
film reels per book, the averagc number of microfilm reels per journal volume,
and the average number of microfilm reels per newspaper volume.

The Operation

This operation consists of multiplying each of the inputs by the ap-
propriate one of the three decision parameters and summing the resulting

products.

OutEut

The output from Cperation 4.33 is the total mumber of microfilm reels
required for books, journal volumes, and newspaper volumes to be held in the
library.

Operation 4.34 - Total Number of Tapes and Microfilm Reels to be Stored

InEut

The inputs to Operation 4.34 are the two outputs from Operation 4.31

and the output from Operation 4.33
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The Operation

This operation consists of adding the three inputs to the operation.

Output
The output from Operation 4.34 is the total number of programmed learning

and/or self-instruction tapes; music tapes; and microfilm reels required

for books, journal volumes, and newspaper volumes to be held in the library.

"Operation 4.35 - Formation of Row Vector for Operation 4.36

Input

The inputs to Operation 4.35 are the number of books to be put on
microcards, from Operation 4.26, and the number of journal volumes to be
put on microcards, from Operation 4.28.

The Operation

This operation is only an arrangement of two inputs to facilitate

the next operation.

Operation 4.36 - Total Microcards to be Stored

InEut

The inputs to Operation 4.36 are the inputs to Operation 4.35, as
arranged by that operation.

Decision Parameters

The decision parameters for this operation are the average number of

microcards per book and the average number of microcards per journal volume.

The Operation

Operation 4.36 consists of multiplying each of the two inputs by the
appropriate decision parameter and adding the two pfoducts so formed.

Output

The output from Operation 4.36 is the total number of microcards required

for books and journal volumes to be held in the library.
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Operation 4.37 - Number of Slides, Maps and/or Art Prints, and Music Records
to be Held in the Library

Input
The input to Operation 4.37 is the output from Operation 2.2, the student

enrollment in each degree program, as in Operation 4.31.

Decision Parameters

The decision parameters for this operation are the number of slides per

student in each degree program, the number of maps and/or art prints per
student in each degree program, and the number of music records per student
in each degree program.

The Operation

This operation consists of multiplying the input, the student enrollment
% in each degree program, by each of the decision parameters in turn and adding
separately the products for slides, maps and/or art prints and music records.
Output
The three separate outputs from Operation 4.37 are the total number of
slides, the total number of maps and/cr art prints, and the total number of

music records to be held in the library.

Operation 4.38 - Formation of Row Vector for Operation 4.39

InEut

There are -eight inputs to Operation 4.38, namely, the number of books
to be shelved, from Operation 4.26; the number of journal volumes to be
shelved, from Operation 4.28; the number of newspaper volumes to be shelved,
frcm Operation 4.30; the total number of microfilm reels, programmed learning

and/or self-instruction tapes, and music tapes, from Operation 4.34; the

‘ total number of microcards for books and journal volumes, from Operation 4.36;
the total number of slides, the total number of maps and/or art prints, and

the total number of music records, the last three from Operation 4.37.
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The Operation

This operation merely arranges the above eight inputs in a convenient

form for the next operation.

Qperation 4.39 - Storage Units Required

Input

The inputs to Operation 4.39 are the inputs to Operation 4.38, as arranged

in that operation.

Decision Parameters

There are eight parameters for Operation 4.39, one for each of the eight
inputs. These are the number of books per shelving units; the number of bound
journal volumes per shelving unit; the number of bound newspaper volumes per
shelving unit; the number of microfilm reels, programmed’learning and/or self-
instruction tapes, and music tapes per storage unit; the number of microcards
per storage unit; the number of slides per storage unit; the number of maps
and/or art prints per storage unit; and the number of music records per storage
unit.

The Operation

This operation consists of dividing each of the eight inputs by the
appropriate one of the eight decision parameters.

Output

The outputs from Operation 4.39 are eight in number, namely, the number
of storage units for each of books; bound journal volumes; bound newspaper
volumes; microfilm reels, programmed learning and/or self-instruction tapes,

and music tapes; microcards; slides; maps and/or art prints; and music records.

Staff Work Facilities

A representative ‘list library personnel, requiring work facilities for

staff members, has been given previously. The number of staff members
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involved depends on the facilities installed or planned for the library and
the volume of work to be done in each facility. Consequently, this number of
staff members is not readily quantifiable. Nevertheless, each institution

should be able to estimate rather closely the number of persons involved.

The Operation

An estimate of the number of persons to be provided with staff work

facilities.
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A. User Facilities

fi = the actual number of professional faculty in department (division)
i, i=1,2, .. .,d (from Operation 1.8)

Fy = the total number of professional faculty at the institution

re = the percentage of Ft to be provided with library facilities to be

used simultaneously

FL = the number of professional foculty to use library facilities
simultaneously

fis = the number of project directors 1im the research staff assigned to
department (division) i, i =1, 2, . . -, d (from Operation 3.1)

fig = the number of persons in the research staff, excluding project
directors, assigned to department (division) i, i =1, 2, . - .,

d, (from department profiles)
N = the total number of research staff at the institution
R = the percentage of NR to be provided with library facilities to be
used simultaneously

R = the number of research staff to usec library facilities simultaneously

n = the total number of administrative personnel in group g, g = 1, 2,
., 8, as the groups are numbered previously (from Operation 3.3)
N = the total number of administrative personnel in groups (1-8), omit-
ting secretaries, at the institution.
by = the percentage of N; to be provided with library facilities to be

used simultaneously

Ay = the number of administrative personnel to use library facilities
simultaneously
Nij = the number of students in degree program i at academic level j, i =1,

2, . . s Pyd=1 2, - 7, in a given year (as in Operation 1.1)
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B. Active

the total number of students enrolled in the institution

the percentage of Np to be accommodated in the library simultaneously

the total number of students to be accommodated in the library

simultaneously

StoraggﬁFacilities

b
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the minimum number of books required to establish degree program
p,p=1, 2, . . ., p {new input)

the number of degree programs

the total number of students in degree program p, p =1, 2, . . .,
p (same as Ni from Operation 3.2)

the number of undergraduate students in honors or independent study
programs in degree program p, p =1, 2, . . ., p (new input)

the number of students enrolled for a master's degree in degree
program p, p=1, 2, . . ., p (new input)

the number of students enrolled for a doctor's degree in degree
program p, p=1, 2, . . ., p (new input)

the number of books per student in degree program p, p = 1, 2, .

the number of books per undergraduate student in honors or independent

study programs in degrees program p, p=1, 2, . . ., P

the number of books per student enrolled for a master's degree in
degree programp, p=1, 2, . . ., P

the number of books per student enrolled for a doctor's degree in
degree pr&gram p,P=1,2, .. ., P

the total number of professional faculty and research staff in or
assigned to department (division) i, i =1, 2, .. ., d

the number of books per individual included in Fi'

n;, Ny, Nz, Ny, Ng, Ny = the number of administrative personnel in groups

1, 2, 3, 4, 6, 7, (from Operation 3.3)
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the total number of administrative personnel in groups 1, 2, 3, 4,
6, 7

the number of books per person in Na

the minimum number of journal titles required to establish degree
program p, p=1, 2, . . ., p (new input)

the number of journal titles per person in N,

the number of journal titles per individual included in Fi', i=1, 2,

., d
the number of journal titles per student in degree program p, p = 1,
2, . « «, P
the number of journal titles per undergraduate student in honors or
independent study program in degree program p, p =1, 2, . . ., P
the number of journal titles per student enrolled for a master's
degree in degree program p, p=1, 2, . . ., P
the number of journal titles per student enrolled for a doctor's
degree in degree program p, p=1, 2, . . ., P
the total number of journal titles required for all degree programs
and staff (from Operation 4.25)
the total number of books required for all degree programs and staff
(from Operation 4.18)
the number of newspaper titles obtained for library use (new input)
the average number of back journal volumes per journal title to be
deposited in the library
the average number of back newspaper volumes per newspaper title to
be deposited in the library
the percentage of B to be shelved

the percentage of B to be put on microfilm

the percentage of B to be put on microcards
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the percentage of the total number of journal volumes to be shelved
the percentage of the total number of journal volumes to be put on
microfilm

the percentage of the total number of journal volumes to be put on
microcards

the percentage of the total number of newspaper volumes to be shelved
the percentage of the total number of newspaper volumes to be put on
microfilm |

the total number of books to be shelved

the total number of books to be put on microfilm

the total number of books to be put on microcards

the total number of journal volumes to be shelved

the total number of journal volumes to be put on microfilm

the total number of jcurnal volumes to be put on microcards

the total number of newspaper volumes to be shelved

the total number of newspaper volumes to be put on microfilm

the total number of students in degree program i, i =1, 2, . . ., P
(from Operation 3.2)

the number of programmed learning and/or self-instruction tapes
provided per student in degree program i, i=1,2, . . ., P

the number of music tapes provided per student in degree program

i, i=1,2, . . ., P

the total number of programmed learning and/or self-instruction tapes
to be stored

the total number of music tapes to be stored

the average number of microfilm reels per book

the average number of microfilm reels per journal volume

the average number of microfilm reels per newspaper volume
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the total number of microfilm reels for books, journal volumes, and
newspaper volumes

the total number of microfilm reels for books, journal volumes, news-
paper vclumes, plus programmed learning and/or self-instruction tapes
and music tapes to be stored

the average number of microcards per book

the average number of microcards per journal vclume

the total number of microcards for books and journal volumes to be
stored

the number of slides per student in degree program i, 1 = 1, 2, . . ., p

the number of maps and/or art prints per student in degree program

the total number of slides to be stored

the total number of maps and/or art prints to be stored
the total number of music records toc be stored

the number of books per shelving unit

the number of bound journal volumes per shelving unit
the number of bound newspaper volumes per shelving unit
the number of microfilm reels and tapes per storage unit
the number of microcards per storage unit

the number of slides per storage unit

the number of maps and/or art prints per storage unit
the number of music records per storage unit

the number of shelving units for books

the number of shelving units for bound journal volumes

the number of shelving units for bound newspaper volumes

the number of microfilm and tape storage units




U = the number of microcard storage units

U6 = the number of storage units for slides
U7 = the number of storage units for maps and/or art prints
Ug = the number of storage units for music records

C. Staff Work Facilities

Nw = the number of library staff to be provided with work facilities

e Akt b A maa 4}
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. User Facilities

Operation 4.1 - Total Number of Professional Faculty

czl £! ]
F. = .
LTS -

Operation 4.2 - Professional Faculty Library Users
F = Fo.Xxr

L T f E

Operation 4.3 - Total Research Staff by Department (Division)

Add: ﬁis + fiG

Operation 4.4 - Total Institution Research Staff
d

N

Operation 4.5 - Research Staff Library Users

R = N Xr
L R R

Operation 4.6 - Total Administrative Personrel in Certain Groups

N =n1+n +n

Operation 4.7 - Administrative Library Users

AL = NG X 1;

Operation 4.8 - Total Student Enrollment

N 2 i
T . ij
i=1 j=1

Operation 4.9 - Student Library Users

NL = NT X rs

Note: If private study facilities such as closed carrels are provided for any

groups, for example faculty and research staff, these must be counted
as part of the simultaneous occupancy for which provision is to be

made.

96




Ncte: It is possible to distribute the simultaneous occupancy over the
various types of facility such as bibliography, carrels, conference,
historical collections, map and art prints, microviewing, music,
periodical, projection, refercnce, seminar, typing, and the like,
by multiplying the outputs FL, RL’ AL, and NL by appropriate matrices

with elements which are the percentages of these outputs to be ac-

commodated in each facility.

B. Active Storage Facilities

I. Minimum Required Number of Books and Journals - Opcration 4.10-4.25

Operations 4.10 - 4.18

p d
B = {[b NHMD]x[lv vivv'v']'}ez Flry +N v
p=1 P PP PP P PP P =} + 1 a2
Operations 4.19 - 4.25
p . d
J = I i N H M D] x[1Vv Vivirveet b ey Flrv, + NV
pel U L5 Np Hy M, Dl x [V, Vp Wt Vprilm dw 2RV e N Y

Note: These models follow the scheme set forth in Clapp, V. W. and Jordan,
R. T. [2] except that here the computation is made by degree pro-
gram, department (division), and administration rather than for the
entire institution at once.

II. Storage Units for Library Holdings - Operations 4.26 - 4.39

Operation 4.26 - Number of Books to be Shelved, to be Put on Microfilm and

Microcards

[B, B, B;] = B [p; p, P5l
1x3 1x3

Operations 4.27 and 4.28 - Number of Journal Volumes to be Shelved; Put on

Microfilm and Microcards

3, I, Jz] =k J [p] p) ptl

1x3 1x3
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Operations 4.29 - 4.30 - Number of Newspaper Volumes to be Shelved and to be

bk 4

Put on Microfilm

t 1 = 1 1 1 1t
1x2 1x2

Operation 4.31 - Number of Programmed Learning and/or Self Instruction Tapes
and Music Tapes to be Deposited in the Library.

_ e o]
[T T'] = [Ni] X T1 Ti
2 2
T T!
P P
px2

Operation 4.32 - Formation of Row Vector for Operation 4.33

P'
Form row vector [82 J2 2]

1x3

' Operation 4.33 - Required Microfilm Reels

[Mi] = '[Bz J2 Pé] X [m1 mi mi‘]T

1x1 1x3 3x1

Operation 4.34 - Tctal Number of Tapes and Microfilm Reels to be Stored

M!' = M!'+T+T
2 1

Operation 4.35 - Formation of Row Vector for Operation 4.36

Form row vector [B3 JZ]
1x2

Operation 4.36 - Total Microcards to be Stored

] = [B, 3.0 x [m, m]"
3.3 2 2
1x 1x2 2x1
Operation 4.37 - Number of Slides, Maps and/or Art Prints, and Music Records

to be Held in the Library

[s** M' M'] = [N.] x [ s mr miV |
45 i 5 M 1
1x3 1xp 119 iv
| Sp ™ m
s m''t mV
p P P |
px3
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Operation 4.38 - Formation of Row Vector for Operation 4.39

Form row vector [B1 Jy P{ My Mg S'' My Mé]

Operation 4.39 - Storage Units Required

1 1 1
U. Us U, U, U. U, U, U] = [By J, P! M4 ML S'' M} ML] x dia U Uy . . . U
[Uy Up Ug Uy Ug Ug Uy Ugl = [By Jy Pj M) M3 570 Hg 5 g | U u 1 |

1x8 1x8

C. Staff Work Facilities

Operation 4.40

N
w

99)(00
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Living and Dining Facilities

Student living facilities and dining facilities are considered together
because they are both non-academic facilities which are necessitated by the
presence of a student body rather than by the specific academic interests of
sub-groups within the student body. Consequently there are two problems re-
quiring solution: (1) given a student enrollment by degree program and academic
level, to determine the number of students according to sex, marital status,
and academic level (where relevant to an institution's housing policies) for
whom living facilities are to be provided, and (2) given a student enrollment
by degree program and academic level, a professional faculty, a reseach staff,
an administrative staff, an instruction and research connected secretarial staff,
and a service staff, to determine the number of persons for whom dining facilities
are to be provided.

Both of these sub-models require the use of specified decision parameters,
the numerical values of which reflect past experience and/or future expectations,
requirements, or preferences.

This section of the report describes, in words, the operations and decision
parameters required for the solution of the two problems. This is followed
by mathematical models of the operations and by a diagram showing the sequence

of the mathematical operations and the use of the decision parameters.
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Assumptions - Submodel 5; Student Living Facilities

For purposes of developing this model, the student body is grouped into the
following five categories:

1. single male undergraduate students

2. single female undergraduate students

3. single male graduate students

4. single female graduate students, and

5. married students

Note:The policies in force at any particular instituticn may vary considerably

from the situation assumed in the alLove listing of categories. These

various policies can be accommodated by either deleting categories (e.g.

by not differentiating between graduate and undergraduate students and

T M p

using only single male and single female categories) or by adding categories
(e.g. by subdividing the undergraduates by level or by academic or social
interests). The only requirements imposed are that the categories must be
mutually exclusive (i.e. no student can be counted twice) and that, once

established, they must be used consistently.
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Operation 5.1 - Number of Students by Category

Input

The input to Operation 5.1 is the total number of students enrolled at
the institution (from Operation 4.8).

Decision Parameters

The decision parameters for this operation are the distribution, in
percentage terms, of the total number of students among the several categories
(i.e., the percentage of the students who are 1) single male undergraduate,

2) single female undergraduate, 3) single male graduate, 4) single female
graduate, and 5) married).

The Operation

The operation consists of multiplying the total number of students by the
percentage of these students expectzd to be in each category.

Output

The outputs from Operation 5.1 are the numbers of students in each of the

five categories listed previously.

Operation 5.2 - Number of Non-Commuting Students by Category

InEut

The inputs are the outputs from the previous operation, the number of
students in each of the categories.

Decision Parameters

The decision parameters for this operation are the percentages of the
students in each category who are expected to be non-commuting students (i.e.
students who do not live at home).

The Operation

Operation 5.2 consists of multiplying the total number of students in
each category by the percentage of students in each category expected to be

non-commuters.
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Output

The outputs from this operation are the numbers of non-commuting students

in each of the categories. This output indicates the maximum number of students,

by category, who could require on-campus housing facilities.

Operation 5.3 - Number of Students to be Housed

s

Input

The inputs to Operation 5.3 are the outputs from Operation 5.2, the number
of non-commuting students in each of the five categories.

Decision Parameters

The decision parameters for this operation are the percentages of the

number of non-commuting students, in each of the five categories, for whom it

is planned to provide living facilities.
Output
The outputs from Operation 5.3 are the number of students, in each of the

five categories, to be housed.
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Symbols for Submodel 5

NT = the total number of students enrolled at the institution (from z
Operation 4.8)
rq = the percentage of NTin category q, q =1, 2, . . ., 3

(see assumptions for definitions of these categories)

Na = the number of students in category q, q = 1, 2, . . ., S
r& = the percentage of N’ who are non-commuting students, q =1, 2, . . ., 5
Né'= the number of non-cgmmuting students in category q, q = 1, 2, . . ., S
Pq = the percentage of Né' for whom it is planned to provide living
facilities, q =1, 2, . . ., 5
n& = the number of students in category q to be housed, q = 1, 2, . . .,5 {
(N]= the row vector with components n'
* 1x5 q

TR
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Models for Submodel 5

Operation 5.1 - Number of Students by Category

[Né J =Ny N Lo N =N [T r_]

2 5 v st T
1x5 1x5

Operation 5.2 - Number of Non-Commuting Students by Category

[N;] = [N; Ng . .. Ng] = [N&] x diag [ri ré ... ré]

1x5 1x5 5x5

Operation 5.3 - Number of Students to be Housed by Category

]

= ! n! n!' n!' n'l = 11 2
[N] [n1 ny ng m, nS] [Nq ] x diag [plp2p3p4p5

1x5 1x5 5x5

‘,
]
15
3
i
|




Assumptions - Submodel 6;Dining Facilities

1. Students housed in certain living facilities may be required to take meals
in the institution's dining facilities.
2. Students not required to take meals in the dining facilities may take their

meals there.

e A ard"

3. Faculty, research staff, and other personnel may take meals in the dining

facilities.

4. Dining facilities must be adequate to accommodate the maximum number of

diners to be served at any one meal.

Masy )
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Operation 6.1 - Total Number of Students to be Housed

Input

The inputs to Operation 6.1 are the outputs from Operation 5.3, the
number of students to be housed, by category.

The Operation

Operation 6.1 consists of adding the number of students in each of the
inputs.

OutBut

The output from Operation 6.1 is the total number of students to be

housed.

Operation 6.2 - Total Number of Non-Resident Students

Input

The inputs to Operation 6.2 are the total number of students enrolled,
from Operation 4.8, and the output from Operation 6.1, the total number of
students to be housed.

The Operation

This operation consists of subtracting the total number of students to

be housed from the total number of students enrolled.

OutEut

The output from Operation 6.2 is the number of non-resident students at the

institution.

Operation 6.3 - Total Number of Administrative Personnel

InBut

The inputs to Operation 6.3 are the numbers in each of groups (1-8),
as previously listed, from Operation 3.3.

The Operation

This operation consists of adding the number of administrative personnel

in each of groups (1-8).

L.




Output

The output from Operation 6.3 is the total number of administrative

personnel in all eight groups.

Operation 6.4 - Total Number of Instructional and Research Connected Seiretaries

InEut

The inputs to Operation 6.4 are the number of instruction connected
secretaries for professional faculty, by rank; and for graduate teaching |
assistants and the number of research connected secretaries; by departments

(division) (from Operation 3.5).

The Operation

This operation consists of adding all the inputs, to Operation 6.4.

OutBut

The output from Operation 6.4 is the total number of instruction and

research connected secretaries.

Operation 6.5 - Formation of Row Vector for Operation 6.6

Ingup

The inputs to Operation 6.5 are eight in number as follow: the total

number of non-resident students, from Operation 6.2; the total number of resident

students from Operation 6.1; the total number of professional faculty at the

institution, from Operation 4.1; the total number of research staff at the
institution, from Operation 4.4; the total number of administrative personnel,
from Operation 6.3; the total number of instruction and research connected sec-

retaries, from Operation 6.4; the number of library staff to be provided with

e Y PR TR, T SRR T e @ T R T

work facilities, from Operation 4.40; and the total number of all types of service

employees, a new input.

The Operation

- This operation is merely an arrangement of the inputs.
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Output

The output from Operation 6.5 is a vector arrangement of the inputs for

performance of the next operation.

Operation 6.6 - Maximum Number to be Provided with Dining Facilities

Input

The input to Operation 6.6 is the output from Operation 6.5, the arrang-
ing of the inputs to Operation 6.5 in a vector form suitable for use in this
operation.

Decision Parameters

The decision parameters for this operation are the percentages of each of the

inputs to take meals in dining facilities at the meal with the maximum number of

diners.

The Operation

This operation consists of multiplying each of the inputs by the appropriate  --
decision parameter and summing the products so formed.

Cutput

The output from Operation 6.6 is the maximum number for whom dining facilities

are to be provided.

# e
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Symbols for Sub-Model 6

NT = the total number of students enrolled at the institution (from

Operation 4.8)

na = the number of students in category q, 9= 1, 2, . . ., 5, to be
housed (Operation 5.3)

N&" = the total number of students to be housed

ﬁf = the total number of non-resident students enrolled at the institution

FT = the total number of professional faculty at the instiution (from
Operation 4.1)

NR = the total number of research staff at the institution (from Operation 4.4)

ng = the number of administrative personnel in each group g, g = 1, 2, . . .,
8 (from Operation 3.3)

NG = the total number of administrative personnel in all eight groups

n;' = the number of instruction connected secretaries for professional faculty
by rank and for graduate teaching assistants and the number of research
connected secretaries, by departments (divisions) s =1, 2, . . ., 2d
(from Operation 3.5)

[Ns] = the row vector with components n;', s=1,2, ..., 2d (from Operation 3.5)

1x2d

Ny = the total number of instruction and research connected secretaries

Nw = the number of library staff to be provided with work facilities (from
Operation 4.40)

n; = the total number of all types of service employees (new input)

é [N'] = the row vector with components ﬁf, N'', Fp, Nps» Ng, N{, Ny, and ng
: 1x8 9

p;" = the percentage of the components of [N] in the order of these
components, to take meals in dining gﬁiﬁlities at the meal with
maximum number of diners, m =1, 2, . . ., 8

[P&"]= the column vector with components p%", ml, 2, ..., 8
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[nD] = the maximum number for whom dining facilities are to be provided -
1x1 4‘
Note: the p'&' must reflect the institution's decision requiring students :

in certain living facilities to take their meals in the dining

facilities.




Models for Sub-Model 6

Operation 6.1 - Total Number of Students to be Housed
5
N''! = rf n'
q q=1

Operation 6.2 - Total Number of Non-Resident Students

N = - N
N Np - NG
Operation 6.3 - Total Number of Administrative Personnel
8
N = I n
G g=1 g
Operation 6.4 - Total Number of Instructional and Research Connected Secretaries
2d
N' = Z n''
s s=] S

Operations 6.5 and 6.6 - Maximum Number to be Provided with Dining Facilities

[N'] = [N&'Né' Fr Ng Ng Ng N n{]
1x8 1x8

[pﬁvv]= [pi" Pé" Pé" .. Pé"]T
8x1 8x1

[npd = IN'] x [P "]

1x1 1x8 8x1




Submodel 7 - Parking Facilities

Parking facilities are considered in two groups, (1) facilities on or
near campus and (2) facilities near living and dining facilities, to provide
for situations in which the living and dining facilities are at some distance from
the main campus. Consequently, two problems are presented for solution, (1)
given a student enrollment by degree program and academic level, a faculty and i
research staff, an administrative staff, a secretarial and library staff,
and other employees and visitors, to determine the number of automobile and
other parking units required on or near campus and (2) given a student pcpulation 1
residing in the institution's living facilities, the administrative staff for 1
living and dining facilities, and other employees and visitors, to determine

3 the number of automobile and other parking units required near living and dining

facilities.

These problems are solved .y using certain decision parameters apolied to
appropriate numbers of persons as inputs to the operations involved.

This part of the report gives a word description of the operations and
the decision parameters used in the solution of the problems. This description
is followed by a mathematical model of the solutions and a diagram illustrating the

sequence of operations and decision parameters used to effect the solution.
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Assumptions ]
1. Parking facilities are needed on or near campus and also near living and

dining facilities.

2. All commuting students are to be provided with parking facilities on or

Mﬂmﬂl:d

near campus for attending classes.

Je

students, on ranks of faculty and titles of researcih and administrative

3. Institution policies exist concerning the possession of automobiles by j
’a

staff to be provided with parking facilities, and on other personnel to be i

e

provided with parking facilities.
4. Department (division) chairmen &nd project directors in the research staff 7
are to be provided with parking facilities. E
5. Administrative personnel in groups (1-3), 6, as listed in sub-model 3,
are to be provided with parking facilities.

6. A transportation study has been made to determine whether bus transportation

is needed to transport students to class and, if so, the number of buses

required.

7. Parking facilities are needed on or near campus and near near living

and dining facilities for motorcycles, motor scooters, and bicycles.
8. Parking facilities for visitors are needed on or near campus and near

living and dining facilities. ]

9. Public attending lectures and/or conferences can park in visitors'
facilities or in student and other parking facilities not in use.

10. Parking facilities for large scale events, such as athletic contests, :
will be -ovided in planning the facilities for such events.

11. It may be desired to assign parking units for faculty by rank.

12. The department (division) chairman has the rank of professor, as in

Operation 3.1.
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A. Parking Facilities On Or Near Campus - Operations 7.1 - 7.12

Operation 7.1 - Number of Non-Commuting Students Allowed to Have Automobiles

Input
The input to Operation 7.1 is the output from Operation 5.6, the total

number of non-commuting students.

Decision Parameter

i
The decision parameter for this operation is the percentage of the ;

total number of non-commuting students who are allowed to have automobiles. )

The Operation

This operation consists of multiplying the input by the decision parameter.

OutEut

The output from Operation 7.1 is the total number of non-commuting students

who are allowed to have automobiles.

Operation 7.2 - Formation of Row Vector for Operation 7.3

Input
The inputs to Operation 7.2 are the outputs from Operation 7.1, the total

number of non-commuting students who are allowed to have automobiles, and the

total number of commuting students, as used in Operation 5.1.

The Operation

L

This operation merely arranges the inputs for the performance of the

next operation.

OutEut

The output from Operation 7.2 is the arrangement of the inputs for

Operation 7.3.

Operation 7.3 - Total Number of Student Parking Units On Or Near Campus

Input

The input to Operation 7.3 is the output from Operation 7.2.




Decision Parameter

The decision parameter for this operation is the percentage of non-commut i-ng

e

students allowed to have automobiles who are to be provided with parking facilities

on or near campus.
. ¥

The Operation h

This operation consists of multiplying the total number of non-commuting ~
students allowed to have automobiles by the decision parameter and adding to this ;
product theg.total number of commuting students. [

Output ' e

The output from Operation 7.3 1s the total number of student parking units }

on or near campus.

Operation 7.4 - Formation of Matrices for Operation 7.5

Input

The inputs to Operation 7.4 are the number of department (division)

chairmen; the number of project directors in the research staff assigned to

each department (division); the number of professors, excluding the chairman,

in each department (division); the number of associate professors, the

number of assistant professors, the number of instructors, in each department
[

(division); and the number of research staff, excluding project directors, assigned
to each department (division).

The Operation

This operation arranges the inputs in a form suitable for the next operation.

Output

The output from Operation 7.4 is the arrangement of the inputs for performing

Operation 7.5.

Operation 7.5 - Total Number of Professional Faculty and Research Staff Parking

Units On Or Near Campus

InEut

The inputs to Operation 7.5 are the inputs to Operation 7.4 as arranged by

Operation 7.4.
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Decision Parameters

The decision parameters for this operation are the percentages of the
inputs to be provided with parking facilities, the department (division)
chairmen and research staff project directors each being allotted parking
facilities.

The Operation

Operation 7.5 consists of summing a.) the number of department (division)
chairmen, b.) the number of research staff project directors and c.) the products
obtained by multiplying the number of professors (excluding departrent chairmen),
the number of associate professors, the number of assistant professors, the
number of instructors, and the number of research staff (excluding project

directors) by the appropriate decision paraneter.

Output

The outputs from Operation 7.5 are the number of parking units, on or
near campus, for department (division) chairmen, research staff project directors,
professors, associate professors, assistant professors, instructors and research
staff other thén project directors.

Operation 7.6 - Formation of Row Vector for Operation 7.7

InEut

The inputs to Operation 7.6 are the number of administrative personnel in
groups (1-5), as in Operation 3.3.

The Operation

This operation arranges the inputs for the performance of the next operation.

OutBut

The output from Operation 7.6 is an arrangement of the inputs for use in

Operation 7.7

Operation 7.7 - Total Number of Administration Personnel Parking Units On Or
Near Campus

Input

The input to Operation 7.7 is the output from Operation 7.6, the number
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of administrative personnel in groups (1-5) as there arranged.

Decision Parameters

The decision parameters for this operation are the percentages of the number
in each of the administrative groups (1-5) to be provided with parking facilities
on or near campus, with the parameter for those in groups (1-3) being 1.

The Operation

This operation consists of multiplying the number of persons in each group

(1-5) by the appropriate decision parameter and adding the products so formed.

Output

The output from Operation 7.7 is the number of administrative personnel

parking units on or near campus.

Operation 7.8 - Formation of Row Vector for Operation 7.9

Input
The inputs to Operation 7.8 are the outputs from Operations 6.4, and 4.40,

i.e., the number of instruction and research connected secretaries and the number
of the library staff provided with work facilities; and the total number of all
types of service employees, as in Operation 6.5.

The Operation

This operation arranges the inputs suitably for the next operation.

Output

The output from Operation 7.8 is an arrangement of the inputs for use in

Operation 7.9.

Operation 7.9 - Total Number of Instruction and Research Connected Secretaries',
Library Staff, Workers' and Service Employees' Parking Units
On or Near Campus

InBut

The input to Operation 7.9 is the output from Operaticn 7.8, the arrangement

of the inputs to Operation 7.8.
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Decision Parameters

The decision parameters for this operation are the percentages of the
inputs to be provided with parking facilities on or near campus.

The Operation

This operation consists of multiplying each of the inputs by the proper

decision parameter,

thgut

The outputs from Operation 7.9 are the number of instruction and research
connected secretaries' parking units; the number of library staff, provided
with work facilities, parking units; the number of service employees' parking

units; all on or near campus.

Operation 7.10 - Total Number of Automobile Parking Units On Or Near Campus

Ingut

The inputs to Operation 7.10 are the outputs from Operation 7.3, 7.5, 7.7,
7.9, and the number of visitors' parking units on or near campus.

The Operation

Operation 7.10 consists of adding the several inputs to the operation.

Output

The output from Operation 7.10 is the total number of automobile parking

units on or near campus.

Operation 7.11 - Number of Parking Units On Or Near Campus for Students' Motor-

cycles, Motor Scooters, and Bicycles

Operation 7.12 - Number of Bus Parking Units On Or Near Campus

P
B
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B. Parking Facilities Near Living and Dining Facilities - Operations 7.13 - 7.20

Operation 7.13 - Total Number of Resident Students Allowed to Have Automobiles

Input

The inputs to Operation 7.13 are the output from Operation 6.1, the total

number of students to reside in living fac ilities, and a new input, the total
number of students to reside in living facilities but notpermitted to have !-
automobiles.

The Operation

Operation 7.13 consists of subtracting the number of students residing in
living facilities but not permitted to have automobiles from the total number of
students residing in living facilities.

Output

The output from Operation 7.13 is the total number of students to reside in i
living facilities and permitted to have automobiles.

Operation 7.14 - Number of Resident Students' Parking Units Near Living and f
Dining Facilities

Input
The input to Operation 7.14 is the output from Operation 7.13, the total

number of students to reside in living facilities and permitted to have
automobiles.

Decision Parameter

The decision parameter for this operation is the percentage of the number
of students to reside in living facilities and permitted to have automobiles who
are to be provided with parking facilities near living and dining facilities.

Output

The output from Operation 7.14 is the total number of student parking units

near living and dining facilities.




Operation 7.15 - Formation of Row Vector for Operation 7.16

InEut

The inputs to Operation 7.15 are the numbers of administrative personnel
in groups (6-8), from Operation 3.3.

The Operation

This operation merely arranges the inputs suitably for the next operation.

Output

The outputs from Cperation 7.15 are the inputs to this operation, arranged ;
for Operation 7.16.

Operation 7.16 - Number of Administrative Parking Units Near Living and Dining
Facilities

Input
The input to Operation 7.16 is the output from Operation 7.15.

Decision Parameters

The decision parameters for this operation are the percentages-of each of the

inputs to be provided with parking facilities near living and dining facilities, the
persons in group 6 each Being allotted parking facilities.

The Operation

Operation 7.16 adds to the number of persons in group 6 the products of each of
the other two inputs multiplied by the appropriate decision parameter.

Output

The output from Operation 7.16 is the total number of administrative parking
units near living and dining facilities.

Operation 7.17 - Number of Service Employees' Parking Units Near Living and
Dining Facilities

InEut

The input to Operation 7.17 is the total number of all types of service
employees, as in Operation 6.5.

Decision Parameter

The decision parameter for this operation is the percentage of the total number

of all types of service employees to be provided with parking facilities near
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living and dining facilities.

The Operation

Operation 7.17 consists of multiplying the input, the total number of

all types of service employees, by the decision parameter.

Output
The output from Operation 7.17 is the total number of service employees'
parking units near living and dining facilities.

Operation 7.18 - Total Number of Automobile Parking Units Near Living and
Dining Facilities

Input
The inputs to Operation 7.18 are the outputs from Operations 7.14, 7.16,

7.17, i.e., the total number of student parking units, the total number of
administrative parking units, and the total number of service employees' parking
units, together with a new input, the total number of visitors' parking units,
all near living and dining facilities.

The Cperation

This operation consists of adding the inputs.

OutEut

The output from Operation 7.18 is the total number of automobile parking

units near living and dining facilities.

PAri e e aunt

Operation 7.39 - Motorcycle, Motor Scooter and Bicycle Parking Units Near
- Living and Dining Facilities

[ ]
Py

y Operation 7.20 - Number of Bus Parking Units Near Living and Dining Fac}lities
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Symbols

A. Parking Facilities On Or Near Campus

N} = the total number of non-commuting students (from Operation 5.1) = % N&'
q=1

né =  the total number of commuting students (as in Operation 5.1) = NT - N%

r' = the percentage of N% allowed to have automobiles

NA =  the number of non-commuting students allowed to have automobiles

ré = the percentage of NA to be provided with parking facilities on or

near campus

PS = the total number of student parking units on or near campus
f'6 = the number of persons in the research staff, excluding project
i
directors, assigned to department (division) i, i =1, 2, . . ., d

(as in Operation 4.3)

[F*'*]= the vow vector formed from [F], in Operation 3.1, and f'6 as specified
i

1x7d
in the following model

ry = the percentage of the number of professors to be provided with parking
facilities

r& = the percentage of the number of associate professors to be provided

with parking facilities
‘r' = the percentage of the number of assistant professors to be provided

with parking facilities

ré = the percentage of the number of instructors to be provided with parking
facilities
: r; = the percentage of the number of research staff, excluding project directors,
to be provided with parking facilities
N [R1]= the matrix with elements 1, ré, r&, c e ey r;, as shown below
7dx7
i . ‘ Pf = forf=1,2, ..., 7, the total number of parking units for department

(division) chairmen, research project directors, professors, associate

| professors, assistant professors, instructors, and other research staff in

this order.
129




[PF] the row vector with components Pg, £ =1,2, . . ., 7

=3
n

the total number of administrative personnel in group g, g = i, 2, . . ., 5,
(from Operation 3.3)
r'''" = the percentage of o the administrative personnel requiring only office

facilities, to be provided with parking facilities on or near campus

r%" = the percentage of ng, the secretaries to administrative personnel in
groups (1-4) plus secretaries in the secretarial pool, to be provided with
parking facilities on or near campus

[Né] = the row vector with components n,, Ny, . . ., Mg

1x5
[R2] = the column vector with components 1, 1, 1, ré", r;"
5x1

[PA] - the total number of administrative personnel parking units

1x1
on or near campus

N; = the total number of instruction and research connected secretaries
(from Operation 6.4)

ri' the percentage of N; to be provided with parking facilities on or near Campus

PS = the total number of instruction and research connected secretaries' parking
units on or near campus

Nw = the number of library staff to be provided with work facilities (from
Operation 4.40)

| ré' = the percentage of Nw to be provided with parking facilities on or near
campus

PL - the total number of library staff, provided with work facilities,
parking units on or near campus

n' = the total number of all types of service employees (as in Operation 6.5)

S

ré' = the percentage of n; to be provided with parking facilities on or near

campus




P = the total number of service employees' parking units on or near campus

e

PV =  the total number of visitors' parking units on or near campus

PT = the total number of automobile parking units on or near campus

P = the number of parking units on or near campus for students' motorcycles,

motor scooters, and bicycles.

P_. = the number of bus parking units on or near campus

B. Parking Facilities Near Living z:d Dining Facilities

N'''= the total number of students to reside in living facilities
q
(from Operation 6.1)
n, = the total number of students to reside in iiving facilities but not

permitted to have automobiles (new input)

iv . . .. e .

Nq - the total number of students to reside in living facilities and permitted
to have automobiles )

rp = the percentage of N''' to be provided with parking facilities near
living and dining facilities

Pé = the total number of student parking units near living and dining facilities

né' =  the number of administrative personnel in each group g, g = 6, 7, 8
(Operation 3.3)

te]— - n

[NG ]= the row vector with components 6 N7s Mg

1x3

r;' =  the percentage of n, to be provided with parking facilities near living
and dining facilities

ré' = the per:cntage of ng to be provided with parking facilities near
living and dining facilities

[R3]= the column veiior with components 1, r;*, rg'

3x1

[PA]= the total number of administrative parking units near living and dining

Ix1 facilities

n; = the total number of all types of service employees (as in Operation 6.5)
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the percentage of n; to be furnished with parking facilities near
living and dining facilities

the total number of service employees' parking units near living and
dining facilities

the total number of visitors' parking units near living and dining
facilities (new input)

the total number of automobile parking units near living and dining
facilities

the number of parking units near living and dining facilities for
students' motorcycles, motor scooters, and bicycles

the number of bus parking units near living and dining facilities




The Models

A. Parking Facilities On Or Near Campus

Operation 7.1 - Number of Non-Commuting Students Allowed to Have Automobiles

NA = N% X ri

Operations 7.2 and 7.3 - Total Number of Student Parking Units On Or Near Campus

[Pg] = [N, ni] x [r} 117
1x1 1x2 2x1

Operations 7.4 and 7.5 - Total Number of Professional Faculty and Research Staff

Parking Units On Or Near Campus

4

S~
[Fr'']= [11...1 f15 f25 . o . f&S (fll-l) (f21-1) .« . . (fdl-l)
1x7d 1x7d
f _f f f f f

12722 ° 7 " 7@2 " " " "d4a " " " 16 726 ° 7 fd6]
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(P = [P P, ...PJ]= [F'''] x [R/]

1x7 1x7 1x7d 7dx7

Operations 7.6 and 7.7 - Total Number of Administrative Personnel Parking Units
On Or Near Campus

N! =

[N [n, n,n;n, n]
1x5

[RZ] = [1 1-1 ré" r.'7"]T
5x1 5x1

P = [N!

[p,] [N] x [R,]

1x1 1x5 5x1

Operations 7.8 and 7.9 - Total Number of Instruction and Research Connected
Secretaries', Library Staff Workers', and Service
Employees' Parking Units On Or Near Campus

P P P = [N' n'] x diag [r'' r'' r'!
[ s L e] [ S W s] g 1 2 3 ]

1x3 1x3 3x3

Operation 7.10 - Total Number of Automobile Parking Units On Or Near Campus

P =P + P + P + P + P + P + P + P Y+ P + (L + P + P + P
T S 1 2 3 4 5 6 7 A [ L e \'

Moturcycle, Motor Scooter and Bicycle Parking Units On Or

Operatior 7.11 "Cy
Near Campus

P
M

Operation 7.12 - Bus Parking Units On Or Near Campus

Py
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B. Parking Facilities Near Living and Dining Facilities

Operation 7.13 - Number of Resident Students Allowed to have Automobiles

NIV = N'''_ n

q W

Operation 7.14 - Number of Resident Students' Parking Units Near Living and
Dining Facilities

Operation 7.15 and 7.16 - Number of Administrative Parking Units Near Living and
Dining Facilities

1] =
[N;']= [ng n, ngl
1x3 1x3
T

R]l]=1[1~x'72"
R = [11)" r}']
3x1 3x1

'p1] = '

(1] = [Ny'] x [R,]
-1x1 1x3 3x1

Operation 7.17 - Number of Service Employees; Parking Units Near Living and
Dining Facilities

Pr =n'xr1r!'
e s 6

Operation 7.18 - Total Number of Automobile Parking Units Near Living and Dining

Facilities

+ P! + P P!
e Vv

Operation 7.19 - Motorcycle, Motor Scooter and Bicycle Parking Units Near
Living and Dining Facilit’es

p!
M

Operation 7.20 - Bus Parking Units Near Living and Dining Facilities

'
PB
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Conclusion

This report demonstrates one way in which the fundamental variables
affecting requirements for certain types of physical faciiities can be
linked mathematically to form models of the facilities needs of institutions
of higher learning. Application of the techniques of submodel 1 to historical
data associated with a variety of Rensselaer's academic departments has
indicated that this particular submodel is capable of satisfactorily re-
producing past situations. This is the only one of the submodels which j
has been tested with any degree of thoroughness. Inasmuch as the other
submodels are relatively less complex, their applicibility is determined
much more by data availability than by the validity of the structural

aspects of the models.

P L e

In the process of constructing these models, a good deal was learned

about the nature of the constraints on the model-building process. First,

it soon became evident that there are serious limitations as to the types

of facilities which can profitably be included in such a model. In par-

ticular, the types of space which are only indirectly related to the demands
generated by the major input to the system, i.e., the student, are extremely
difficult to model in any meaningful way. Reference is made specifically to

administrative space, and to a lesser extent, to research space.

The model-building process alsc made obvious the extreme importanée of ’
the decision parameters. The models which have been developed highlight the
fact that it is the controllable factors regarding how things aie done which are
of maximum consequence. The input data requirements are relatively small in
comparison to the types and amounts of information required by the decision
parameters. In fact, recognition of the role of the decision element in the

modeling process may well be the most important contribution of this study.
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In general, the construction of the submodels has been found to be a com-
paratively trivial problem; it is the general absence of the information
required to form the bases for quantifying the decision parameters which
is the major problem to be faced when developing an institutional model.

It should be noted that models such as those presented in this report
find their greatest usefulness because of the problems associated with
quantification of the decision parameters In view of these difficulties,
the ability to investigate the results of using a variety of values for certain
of the parameters becomes necessary. The addptability of such models to sim-
ulation techniques is probably their single greatest advantage.

The technique for translating the outputs of the submodels to square
feet which is explained in the appendix is a logical extension of the basic
report. The technique represents a novel approach to this particular problem
and carries out the philosophy that the user and his requirements determine
space needs, the philosophy which has been maintained throughout this report.

It is recognized that nothing contained herein is a final answer to the
problems associated with modeling educational facilities needs. In fact,
further development of these models is presently in progress. If this work
serves as a valid point of departure for further development of such models,

this project will have been an extremely useful exercise.
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INTRODUCTION

the purpose of this appendix i

The foregoing presents a model which can be used to project university facility needs.
By adding information about his own situation and by writing many of his own "rules",

the individual user can translate this situation into space needs. Through repeated ;

itetations, he can simulate the effect of changing conditions on his requirements for

Loa

space.

The common denominator of campus space is square footage: the ultimate objective of
the model is to translate peopjle and curricula into square foot requirements; using cur-

rent cost formulas, the user will then be able to make 12 move from area to cost.

The outline model presented in the main body of this report manipulates students, pro-
gréims, instructional approaches, departmental profiles, and other factors into the sta-

tions required for various activities -- the number and type of instructional stations,
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faculty office stations, housing stations, and so forth. What is required next is to trans-

late these "units of space demand" into space itself.

This translation is not an easy one. There are many existing approaches, and most of
them suffer from flaws of one kind or another. The purpose of this appendix is to de-
velop and illustrate a rational techmque for making this translation from "stations" to

"square feet" ,

the contribution

it is important to clearly state the thrust of this appendix. It will be shown that exist-
ing approaches to "planning factors" are subject to question. Based on our mistakes to
date, an improved approach to making the translation will be investigated. One sub-
model proposed in the text of the report will then be carefully examined as a case

study .

It is at this point that the appendix must stop. Limited resources suggest that the great -
est contribution lies in a pilot effort of some depth, rather than an all-inclusive approach
which simply averages some of the currently-used planning standards. It is hoped that
enough material -- both theory and application -- is presented to lay the groundwork
for an effort which would appropriately derive all the necessary planning approaches

and space factors.

~

using the model: two "modes"

Before any attempt is made to begin the transiation from "stations" to "square feet",




endhiline gt

it is important to briefly analyze how a university may use the proposed model . While

PO

it is possible to dpply many lakels, it is suggested that the model may be used in two

general "modes" :

o THE LONG-RANGE BUDGETING MODE, where it is desirable to

translate the given inputs into very large "pools" of space. In long-

range planning, we may be interested in determining the overall size

of a‘campus or of its academic/administrative entities (schools, col-

leges, offices, departments, etc .). We may wish to further divide

this iépoce by broad functional categories: instructional, office, re-
searéh, etc. We are not interested, however, in buildings unless
they:confom directly to academic/administrative or functional
categories (i.e., a "chemistry building" or a "research building"),

and we are certainly not interested in individual rooms at this point.

o THE SHORT-RANGE PLANNING MODE, where it is necessary to

take, a closer look at space and to allocate it to the institution's
academic/administrative entities and to the specific people or ac-

tivities within those entities.

Of course, there is no firm point at which a user crosses from one mode to the oth:e;r;
sometimes he may be operating within both at once. There are, however, differences
which will become significant. The user will demand more accurate and more refined

data in the short-range mode; correspondingly he will be able to answer the detailed

questions required to get this information. In short, the model’s appearance to the user
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will change as he moves from long~ to short-range planning.

making the translation: two issues

No matter which mode the user may be in at any moment, his use of the model to trans-
late " stations" into "square feet" will involve two heavily interrelated issues:
o A DECISION PATH; or a series of questions which he must answer.
As the questions are asked and answered, the model will be able

to zero in on an appropriate,
o AREA STATEMENT which will actually complete the translation.

Again this dichotomy is more than academic. It will be shown that there are no single
"factors" translating activities and philosophies into statements abcut area required. -
An area statement becomes valid only after the user has traversed a maze which ex-
plicitly leads to that factor. As will be seen, the maze may be simple and straight-
line, or it may be complex and loaded with turns and switchbacks. In any case, area

statements are suggested only after user and system commonly decide what isneeded to

do the job.

These issues cannot be easily separated. The determination of the area statements will
depend on the process used to create them in the first place, and conversely, the ques-
tions asked each university must be relevant in terms of the factors to be applied: why

ask a question if the answer makes no difference in terms of square footage?
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the decision path

The decision path (or questions to ke answered by the individual user) depends entirely
on the general space type under consideration. A decision path for one of the pro-
posed submodels will be developed later in this appendix. As suggested above, the
decision path can be developed only with an acute awareness of,

o whet decisions are relevant in terms of influencing space needs, and,

o in what order decisions should be made.

the area statement

While the development of the decision path depends on an awareness of human activi-
ties and educational and administraiive policy in manipulating these activities, the
derivation of a translating statement assumes that (1) these activities and policies do
influence space needs, .and that (7} this "influence" can be measured in terms of

square feet.

These determinations are not easy. First, there is not even an accepted methodology
for making them. Looking at the model already prasented, for example, one can see

that in making the initial calculations for the number of office or instructional sta-

tions required, traditional “rules" can be followed; master schedules can be examined,
departmental profiles can be created, and so forth. There is little there which is not
within the realm of accepted practice; the challenge is in doing the job simply and

effectively. Questions revolve around ease of use, simplicity of input, and develop-

ment of simulation techniques. In no case is the actual methodology a prcblem,




Such is not the case when making the transiation from the number of stations involved

to the area required by these stations.

Cne approach is, of course, to create a simple " factor which is used as a multiplier:
"a lecture hall should be planned on the basis of 13.6 (or whatever) square feet per
station" . The temptation in working with a model such as the one presented here is
to simply "apply” this factor (often called a planning standard). There are many of
these planning standards in force, ard recent experience has often dramatized their

inadequacies. An analysis of meny educational buildings will quickly reveal that

what is really happening rarely coincides with what was planned to happen. Lecture
halls carefully programmed for 120 students wind up with 98 seats; 2 laboratories, both
orogrammed for 20 stations and both of the same area, house 17 and 24 stations res-

pectively; faculty offices of the " appropriate" size turn out to be too small; there are

dozens of othicr misfits in most of our dniversify buildings.

Why? Why do planning standards often produce these misfits? There are a number of
reasons, all of which should be carefully examined in order to put the translation pro-
cess into perspective:

1. What actually happens in spaces may not be reflected in their

labels.

2. What actually happens in spaces may no’ e reflected in their

planning standards. Too often the standards are developed on

someone's ideal rather than on a careful analysis of human ac-
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tivity in spdce.

Area requirements do not assure efficiency of layout. Identical
floor areas may not be equally usable due to differences in cir-
vulation or because of variations of furniture and equipment lay-

out, location of doors and windows, protrusions into the room, etc.

While planning standards are carefully derived for the parts of the
building, there may be no real relation to the whole. Too often
space conserved within rooms is used up in corridor area getting
to the rooms. Our preoccupation with “net" areas often ignores

the fact that the "net-to-gross" conversion ends up wasting space.

Area requirements are not strictly products of the two-dimensional

space required for human activity. The quality of the environment,

physical and visual access to other spaces and to the outdoors, height

and several other factors all color our reaction to the amount of space

needed.

Planning standards often reflect influences which are not strictly

functional in nature. Offices, for instance, are often sized by

the position or rank of the occupant rather than his actual area needs.

Existing planning standards may not take new educational philoso-

phies and human activity pattems into account. Hence many plan-
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ning standards are mistakenly applied in building programming.

If these flaws in current planning standards are so obvious, one can reasonably ask why

they haven't been improved.

First, only recently has the architectural profession become interested in the study of
human activities and human environmental needs. Consequently there are no "accepted

practices" or methodologies in this field.

Secondly, the measurement of human needs and their implications for physical envircn-
ment assumes a link between activity and environment. While we all suspect that this
link exists ("We shape our buildings, and thereafter they shape us"), it has not been
proven in any measurable terms. This " proof* necessarily requires co-operation among’
architects, psychologists, sociologists, and others concerned with human behavior and

activity. These multi-lateral ventures have only jusi begun.

Because there is no real measurement methodology and because there are so many fac-
tors involved in developing space planning criteria, past approaches fall squarely in

the survey-and-consensus category. Existing space use is surveyed in statistical terms,
and the statistics are then massaged into planning standards. There is (or can easily be)
no real analysis of human cctivity in space and human reacticn to space. After we have
built many buildings with our planning standards, we usually compound our original er-
rors by including the new spaces in oui new survey-and-consensus. In this way untested
assumptions become standcids through repeated use, and new surveys merely confirm

their acceptance.
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A CASE STUDY: OFFICES

the need to limit the study

The foregoing report presents the outline of a facilities projection system in five major
areas: instructional space, office space, research space, library space, and housing

and dining space.

A full translation of each of these "submodels" into square footage planning factors is

impossible. As has been suggested, there is little accepted methodology for determin-
ing space factors, and methodology has to be derived-as-you-go. With a few short
weeks and a limited budget, it was felt that a deep penetration into one area, rather

than a shallow assauit on a!l areas, would best serve the ends of the study .

One submodel -- oﬁ'fice facilities -= has been selected for further study. It is hoped

that this explorafior;; in depth will not only provide some valid answers, but that it will
also point out weaknesses in traditional approachés te space planning factors. Perhaps
it can serve as a pratotype fér the kind of studies which would have to be launched for

f the other stbmodels,

why offices?

The selection of the office submodel for this case study was not made spuriously . There

were several contributing factors;
1. Compared tc many university facilities, the office is relatively "uncomplex"

(note the use of this word in the place of "simple"). This is important where
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time is short and resources limited.

2. lts very "uncomplexity® has allowed many interested in iacilities planning
to consider it trivial . Hence the college office is relatively unstudied.

This allows room for fresh thinking.

3. The office is well within the realm of the investigators' experience. This

precludes the need for long and detailed familiarization.

4. Traditional spate plannirg standards for offices do not adequately reflect
the patterns of human activity within them. Most square footages are de-
rived from survey-and~consensus approaches; these simply perpetuate the

existing rank-sized office scheme*.

5. The office submodel in the system proposed in this report is relatively well-
developed. It is in a form which easily allows the addition of the "deci-

sion-path" in order to make the translation to facilities.

Each of these points is significant. The unique combination of these facrors noted here
was not available when the other four submodels were examined for in-depth study .
Either they were too complicated, too fraught with subtleties and nuances for what
must amount to brief study, too well studied (with invalid approaches and misleading
results), or themodel was simply not yet in a form which allows smooth translation into
space factors. The office seems to, above all, pose the prospect of a fresh new look

without undue reliance on traditional survey-and-consensus attempts.

*This is not to suggest the rank-sizing of offices is invalid; indeed an individual college
may wish todo it thisway . If itdoes not, however, the appropriate planning factorsdo not
exist.
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approaching the case study

1
2

The case study will be limited %o "offices” -- that is, the "office" needs of professibnal
faculty, adjunct faculty, research staff*, adninistrative and clerical pers{pnnel . There

are times when some of these occuparits will be singled out for emphasis, l?uf the hcfivity
b
&
andlysis, the decision paths, and resulting space factors will be designed tq accommodate
them all. !

t

what is an officé?

When asked this question; most people conjure up images of walls and deslé and chairs
and files -~ the physsical artifacts which do indeed comprise an office. More important
than any of these things, however, are the activities which are undertaken there. Of-
fices are places -~ not places for desks and shelves, but places for working, reading,

meeting with people, research, accounting, and the hundreds of other activities which

when summed are the university .

What an office "is", then, isa product of the activities it houses. For this reason, any
effort to convert stations and people to square feet must necessarily be built around
their activities. It is with these activities that we shdll begin the presentation of the

case study .

the range of activities

The range of activities that members of the faculty, staff, and administration undertake

in offices and office-related spaces is indeed a very broad one. For purposes of il lus-

*Research laboratories are considered separately (in submodel 2) and thus are not part
of this appendix .




tration, an imaginary professor has been created, and d diary of his activities is pre-
sented as Figure Al. From the diary, séveral points can be noted,

1. Professor X does indeed undertake a wide variety of activities.
2. All of these activities require shysical accommodation of some sort.
!

3. Many of these activities take plcze in offices, but many others take place

in office-related spaces.

4. Any model attempting to project space needs will have to accommodate

both office and office-related activities.

This last point is particularly pertinent. The office submodel will inevitably dec! with
activities which are office-related as well as strictly office-housed . Some activities
may be in either category; a small-group conference activity, for instance, may take

place within an office or within a conference room. The ultimate square footage re-

quired will indeed depend on where it takes place, the kinds of privacy needed, the

ability to share space with others engaging in similar functions, and a number of other

factors. The model should recognize these influences.

listing activities

Using this activity-oriented approach to generating space needs, the first step is to li

the kinds of activities which may be undertaken in office and office-related spaces.

] No matter who the occupant is, these may include,




VIARY OF PROFESSOR X
(activity)

Park can; walk to office area

Inform secretany of preéence

Shed coat and outer wrap

Pick up a cup of coffee

Meet foun colleagues in a
comittee session

Finish meeting; discuss issucs
with a colleague

Pick up morning mail

Dictate nesponses to mail

Give dictation and instructions
Lo &

Assomble nesources and notes for
class presentation

Prepare dmuu.ng gon handout

Duplicate maternials gor handout

Meet class

Discuss with students after class

Meet sominan group 4in office

Answen telephone
Counsel an .individual student

Eat Lunch

Interview a prospective gaculty
memben

Supervise a reseanch experiment

Undertake a bibliography searnch
as part of project

Didcuss status of project with
aséistants

Grade papens and tabulate

Attend a depantmental faculty
meetling

Relax and nead

Leave §on Lhe day!

(place)

parking Lot,
corvidons
clenical office
warndrobe
wonkroom

congerence room

hallway
clenical office
office (desk)

clernical office
office (desk,
§iles, shelves)
office (table)
workroom
classnoom

hallway
o‘ucz (seating

o“uw. (desk)
a“ue (seating

o“u,e (desk)

office (seating
anea)

Laboratony

ogfice (desk,
§iles, Ahdvu)

0f4ice (Aeaang
anea,; blackbrand)

office (desk,
calculaton)

congerence room
ofgice {seating

anea; desk)

(acconmodation in model)

posdible future submodel;
net-Lo-gross conversion
o0f§f4ice submodel

office dubmodel

offcce: submodel

ofgcice .submodel

2oo ingommal to include
office submodel

office submodel

office ;Aubnodd

ofgice submodel

oggice submodel

04gice submodel
nstrwctional submodel
Loo infonmal Lo include

office submodet
ofgice submoded

oggice submodel
oggice submodel

ofgice submodel
nesearch submodel

office submodel
office submodel
0ffice submodel
cfgice suwmodel
04gice submodel

Figune Als A "DIARY" OF A FACULTY MEMBER'S ACTIVITIES
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(individual) (group)

thinking reception

reading counseling
writing interviewing
telephoning seminar

dictating committee meeting
grading personal dictation
problem-solving display
calculating storage of wraps
typing

drawing

drafting

collating, binding

filing

retrieving materials

eating

relaxing

storage of wraps

These lists are certainly not all-inclusive; nor do they need to be. Nor furthermore,
do all officeholders undertake each of these activities; the listing for a Dean would
certainly differ from that of the Purchasing Agent and that of a research secretary .
The important thing is to realize that space requirements come from a certain know-
ledge of what will be undertaken in that space, and that "office” is far from a unilat-

eral term with one single set of facility implications.

grouping activities by their space implications

As interesting as activity lists may be, they cannot be directly translated into square
footages. A telephone takes up space, for instance, but it usually sits on a larger en-
tity called a desk, which also tckes up space. Because they take up the same space,
it is not accurate to simply associate a square footage with every activity and then

look at an office as a summation of those figures.
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This suggests a grouping of activitiés into "zones" . These zones, if properly created,
will not only take up space, but will take up a definable amount of spoce The activity

“zone", then, is a most useful concept -- a concept which allows the translation from

office activities to required office space.

Creating these zones is not an easy task, and certainly further analysis éf office acti-

vities will be needed to develop a truly useful list. A first attempt might include the

following zones,

ZONE A:

ZONE B:

ZONE C:

ZONE D:

ZONE E:

ZCNE F:

ZONE G:

ZONE H:

ZONE |:

:l
"

DESK, including thinking, reading, writing, felepHoning,-
machine dictation, grading, desk problem-solving, calculat-
ing, typing, drawing, filing (below desk files), eahng, relox-
ing, and other desk-oriented activities. 5 ;

ADJUNCT WORK TABLE, including writing, readmg, grading,
problem—solving, calculating, typing, collating, binding, and
other activities performed at an adjunct work surface

SHELF STORAGE, including storage and retrieval of maferlals
from shelving ~

FILE STORAGE, including storage and retrieval of matenals
from various types of filing devices.

WARDROBE, including storage and retrieval of coats, wrc;ips,
efc.

INDIVIDUAL CONFERENCE, including reception, counseling,
interviewing, personal dictation, discussion, and other one-to-
one conferénce activities. :

SMALL-GROUP CONEERENCE (2-4 people), including recep-

tion, discussion, and other small-group conference activities.

MEDIUM-GROUP CONFERENCES (4-10 people), including
discussion; display, and other medium-group conference ac-
tivities.

LARGE-GROUP CONFERENCE (10 or more people), including
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discussion, display, and other large-group conference
activities.

In addition to these nine basic types of activity zones, it is possible to list three addi-

tional “special® activity zones,

ZONE J:

ZONE K:

ZONE L:

sizing these zones

SPECIAL WORK, including work areas for office activities
not included in Zones A and B. This would include draft-
ing activities, computer terminals, blackboards and as-
sociated access activities, duplicating and copying, and
others. Special laboratory stations would have to be de-
termined in conjunction with the Research Submodel .

SPECIAL STORAGE, including storage activities not speci-
fically referenced in Zones C through E. This would/in-
clude storage of special materials, office supplies, etc.

SPECIAL GROUP, including accommodations for group
activities not included in Zones F through . This would
include staff lounges, special reception areas, and any
other meeting areas which are office-related but not in-
cluded in the instructional or research submodels.

In order to size these zones, it is quite clear that each will have to be individually

examined. It is also clear that the approaches to sizing will have to differ between

the first nine "basic" activity zones and the last three "special" activity zones. Figure

A2 will serve to clarify just what each of these zones is, and how each might fransiate

into square feet.

For each of the fwelve proposed activity zones, a number of "example alternatives"

have been provided. There is no clue to their accuracy, and certainly these figures

cannot be taken for granted. The following methodology is proposed for determining
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ZONE A: DESK 3, 51 27

|
e
activities: Lhinking, neading, wiit- A-1 - 25 sF 2’ |
ang, Telephoring, machine d4.cta.aan, g1 7 | !
grading, plwblm-aol,vmg caleulating, 50 g0 ! Lo ‘
Lyping, drawing, undvc-duh g§iling, A8 3.50=' -+ - l
eating, adaung ete. 30 : Lo 1
d4ze varniablzs: position of occupant; o\ :
amount of breathing space around the 3 r
desk. I L1 A-2 - 45 SF
1 | |
dedication: usually not shanred. Fomm - l
’ ’ ’
coms% out% may or may not be :--3- ___7_7?; 3--,
othen activity zones. 30 : ! |
' !
exanple altewmatives: 3 arne shouw, A-3 - 90 SF i 30! ~J ! {
|
5 Lt
ZONE B: ADJUNCT WORK TABLE _ 30 g0
N
activitiess writing, neading, ghad- B-1 - 20 SF 2{ 1
Aang, moEZan-Aolvmg, ca&cu(atuxg 30 | i
Lyping, collating, binding, etc. A S
1.5% l
sdze varniables: what it is used gon s’ 2, b -4
mx adfjunct work space 31 5
48 Lo the off4ice holder; combination ORI
with othen zones. 34 : | B-2 - 40 SF
| | !
dedication: usually not shaned. 2{ “““ 1=
————— d
%% may on may not be 11 20
other activity zones. = -t
I T
| exanple altowatives: 3 are showm, s U :
B-3 - 60 SF_ 3" o
_________ -
2% i
. 4

Figute A2Zs POSSIBLE ACTIVITY ZONES
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ZONE Cs  SHELF STORAGE

c-1 - 16 SF 1T
activities: stornage and netrnieval -
04 shelved materials, materials in 3
shelf-s4ized catinets, etc.
s4ze variables: the numben of Lin- R L,

@l feel of shelving (projected on LR TR
the 6&00") * 3' E :

| I - -
dedication: may on may not be shared, bommmmmm s s o 32 SF

c.ompaab not .accomnmodated sep-

uﬂ'&#b secuwnity dictates, on
un!;ub a Aepwz.wte "chwy" 48 need-
ed. .12

C-3 - 45§ SF 1’
- ,'
3 /

example altemmatives: 3 are shown,
: b

1
i

IONE D: FILE STORAGE

activitiess storage and retrieval
0§ matauals grom various Ltypes of
V-1 - 20 SF 2, 5[

§iling devices.

d4ze variables: depends on the type Z, 5"
and numben of storage units., One
moach A8 2o assume standarnd up-
night gites, and ask user Lo "tfwm
I.ate nis 5&1.2 nequirements 4in temms l‘__l ) J
|
{
—'
|

0§ these. Extra Large units may

qualify as Special Storage (Zone K).

|
l -
dedication: may on may not be shanred, [

______ 4
compatibility: separate accomoda-
Tion only gon securnity or dead storage.
example altenatives: 3 are showns I. " -
user may translate his needs in tenms A
0§ these on add his own, polododoado
V-3 - 80 SF 'L

Figure A2: POSSIBLE ACTIVITY ZONES (continued)
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i
ZONE E:  WARDROSE 20

activities: Atonage and retrleval E-]1 -4 5F L1
of coals, waps, overshoes; eic. i .

size vaniables: numben of usens; 70
Type 0§ sionage. o

dedications nilay on may not be shaned, 2,;’,'% 'a o
. Vi E-7 - & SF
compatibilityi usually sepanated
AOM 0LNen ZOnes ({in wardrobe cit
closet). . , R ¥
‘ ’ it

example a&tu@aﬁuu: 3 are shown,

i
E-3 - 20 SF At

! .
IONE F: IN'DIVI'DUAL CONFERENCE : : 2

activities: heception of visitons, :
counseling , Jitewiewing, personal _ . 5"
dictation, (qucubbi.on and othen one- |
to-one sdtuations. ;

- = -

size variabled: whether one on o 30 41 3
i Thairs are prpvided { combination with ,FG DT
- otheractivity zones witl asdist n ' _ A
2 dictating, thid); arratgement and pro-

;( vision of tabfe. F-7 ~ 20 SF

dedications ;rmuaug not shared.

.J compatibility: does not usually re- _
quane AepT/G%e accommbdation giom O
- othen activity zones. o ) ;
| F-3 - 36 SF 6'

. example. altematives: 3 are Showite @ i

Figune A2: POSSIbLLE ACTIVITY ZONES {continued)

1§7

ERIC

Full Tt Provided by ERIC.




IONE G:  SMALL-GROUP COMFERENCE 4,5'
G-1 - 23 SF 'Q@'

activities: neception of visitonrs,
counseling, interviewing, committees, ,
and othen situations whene 2 to 4 L1
people participate.,

84ze vaniables: numbern of people P

Anvalved; arrangement of quuitune; l@@@' -2 - 35 SF
whethenr on not a table 48 4involved; 5
combination with other zones. l

dedication: may on may noi be
Amedo 8'

- ~ |
a/@% may on may noi ne- ale) !
quLe separate accommodation §rom G-3 - 48 SF . !
other zones. 6 @) i

1

e e e - -

example, altematives: 3 ane shoun, : /

IONE H: MEDIUM-GROUP CONFERENCE

activities; dascussion and meeting 11’
acTLviTies: involving 4-10 people. H-1 - 140 SF l !

d4ze VMZQ numben and arnange-
ment o4 parlicipants; occasionally T |
combination with othen zones,

o

’
dedication: usually shared (except t"i—'
where ofgice holdens are Amportant : |
enoagh Lo wavnant Lheirn owr: meddium- 134 N {{=2 - 170 SF
group conference areas.,) : @ |
compadibility: usually acconmodated Al !
Te,?%tﬂﬂ%m othen zones. 12,5'

exanple altemnmatives: 3 are shownm;
4L may be possible Lo neplace these
by a sliding scale of factorns which
vary with the numben of occupants.

Figure AZs POSSIBLE ACTIVITY IONES (continued)
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12°

ZONE 1: LARGE-GROUP CONFERENCE I-1 240 SF

activitiess discussion and meeting
actvities for 10 on more people,

~N
L=}

14’

d4ze variables: nmumber and aange-
ment o4 parlicipants,

dedication: almost always shared,

compatibility: usually accommodated
separately frnom othen zones,

]

Fe———— e

-2 - 320 SF

[~ —— e m e
(B
e ]

— e e —— —— —

|
|
|

1-3 - 450 SF14{
:Eﬁ
|

exanple alternatives: 3 as shown,

ZONE J: SPECIAL WORK

activities: wonk area §on office ac- |
Lvelees not 4 Iones A on b, such as ,'
dragting, blackboard and access, com- J-1 - 20 SF !
puter teminal, copying machine, ete, L

d4ze varniables: depends on Lype and
anound 0y equapment on funiture in- -
vodved; importance of special werk [
station Lo office holdens, ,'
:
L

dedication: may or may not be com-
aaned welh othen activity zones.,

compatibility: may or may not be ac-
conmo separately grom other zones.,

' -

| exampte alternatives: a general se- J-3 - 60 SF : :
Zeﬁon 0§ "d4zes™ would be provided l I'

{

4

with the individual usen selecting
(on creating) to suit his needs,

r-—-

Figure AZ: POSSIbLE ACTIVITY ZONES (continued)
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p—y

ZONE K: SPECIAL STORAGE

activities: special storage activi-
Tles not ncluded in Zones C-E, such
as ofgice supplies, special equip-
men«t' eLe,

s4ze varniables: depends on type and
amount 0§ material stored.

dedication: wmay ok may not be com-
Dined willl other activity zones,

compatibility: uwsuakly acconmodated
separately from othern zones.

exanple aliematives: A general se-
Tectlon of "s4zes” would be provided
with the individual usen selecting
(on creating) to suit his needs.

I0NE L: SPECIAL GROUP

activities: accommodations gor group
activities not included in Zones F-I,
but which are stilL ofgice-oniented;
such as stafg Lounges, special necep-
tion and waiting areas, elc.

s4ze varlables: depends eicinely on
specal activities proposed by usenr,

dedication: may on may not be com-
baned wilh other activity zones.

compatibility: may on may not be ac-
commodated uxth othern zones,

example altewmatives: A genenal se-
Teclion of "d4izes” would be provided
with the individual usen selecting
(on creating) Lo sudt his needs.

K-l - 15 SF 7777
L
| |
P
- ==t
FoTTT
{ |
] }
l | K-2 - 35 SF
| !
| |
(I
re-—-- - ~
: :
i i
K-3 - 70 SF | i
! .
b e - |
L-1 - 60 SF [~ ~~—7==- 1
| |
i |
| _1
oI 1
' |
|
| | L-2 - 80 SF
i i
|
! |
Y 1
ity 1
| |
| |
i |
| |
| |
L-3 - 130 SF | !
{ |
m e . m—  ————— — _l
( continued)

Figure A2: POSSIBLE ACTIVITY ZONES
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more accurate sizes,

1. Paper designs, such as have been i!lustrated in Figure A2, should be de-

veloped as hypotheses.

2. Existing office spaces should be divided into activity zones such as pro-
posed here, and the zones should be measured. This will undoubtedly
create many more " example alternatives" for each zone than are proposed

here.

3. The "example alternatives" should be carefully examined, and where
they can be combined, they should be. The s -tem should face the
user with as few choices as are possible without seriously limiting his

flexibility of use.

combining thé activity zones into space

It is highly unlikely that any individual office holder will simply require one activity
zone; most will require some combination of zones to house their specified activities.
This means that the individual zones will have to be summed in some way to creute a

square footage for that officeholder.

This summation will not always be one of simple addition. Consider the case of faculty
member X who requires a moderately-sized desk and adjunct work station. As can be
seen in Figure A3, the two selected activity zones (A2 and B2) total 85 square feet.

If they are combined as shown, they require 60 square feet of space to accommodate
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— -,
/e
' - \/! '[’ /
3 \\ \‘ l‘a{é O s;:"
SAN AN e
|
| |
,, | |
| a1 |
3 '- ______ _t
|
A-2 - 45 SF 2! !
| d
B-2 - 40 SF

A-2 + B-2 = §5 SF

When two activity zones are combined, the nequined area 48 not always
2o be found by simple addition. Simply adding the nequired square
footage gon AZ and BZ suggests that 85 af is nequir.ds as seen below,
some avangements may reqiine, £ess. In the example avangement, only
60 8§ are required to accormodate Al and B2 in combination.

5 2,5

!
|
|
|

o

[ |

A-2 + B-2 = 60 SF

Figune A3t OVERLAPPING ACT IVITY ZONES
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them.

r - —1
!
1
|
4
|

1
This overlap comes from a basic assumption that one must include some circulation area

in e¢ach of the activity zones -- it would be impossible to walk through an office crammed

full of working and storage areas. As the various activity zones are combined, though,

much of this circilation area ovérlaps and can be done away with.

.~ -

How then does one accommodate this overlap? This is a question which requires a good
deal of experiment and study . it may (or may not) include considerations of,
1. SPACE EFFICIENCY. There are any number of ways to physically combine

activity zones. Some will take less space than others; some will take more.

[FRPUONS

We cannot always déal with the very most efficient layout, however, for in
doing this it is highly likely that we will place demands on adjacent ele-
ments which are so stringent that they cannot bemet. As an example, it
may turn out that offices for activity zones A2, B2, C1, D1, and E1 are
most efficient if they are 10'x 12'. It is not always possible to endow every
office with_this "optimum" éonfiguration without causing unreasonable in-

creases in hallways, secretarial space, etc. In essence, not every space

.

in azbuilding can be equally efficient.

2. COMPATIBILITY. Two activity zones can be overlapped only if they can
! indeed exist side-by-side. If it is necessary to provide a Dean's work table

in a separate room where his visitors cannot see it, it is unrealistic to fi-

gure an overlap with his desk (which is not in the same room at all).
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3. DEDICATION. If an activity zone is not dedicated to a single user, then
it may create implications for housing that zone: it must be accessible to
every shareholder. This need for accessibility may affect compatibility

between two zones and therefore the amount of space required.

4. PRIVACY. As one begins to combine activity zones and then place them
in rooms, issues of privacy begin to appear. If any particular activity must
be accomplished in a private fashion, this will begin to say things about

compatibility of activity zones and where they must be accommodated.

The impaci of all of these factors on square footage is not easy to assess. For this rea-
son, it is necessary to outline one approach to combination. Following this, it will be

necessary to carefully test and modify the approach as necessary.

The approach selected will be illustrated in some detail in the next section of the ap-
pendix . Briefly it revolves around selecting a relatively limited number of activity
patterns, and then using the professional judgment of the systems developers to come
up with various arrangements for these patterns. The arrangements are averaged, and
the resulting square footage becomes an area statement associated with that pattern.

A technique for allowing variations in the basic patterns is also included.

What this approach generally avoids is the issue of rooms: it treats space as just that
~- space with no walls around it. It is hypothesized that the resulting loss of accuracy
will not greatly damage the usefulness of the area statements -~ as they will be reliable

as the rest of the information used to run the system! The last section of the appendix,
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among other things, explores some considerations relating to "rooms" and outlines an
approach for determining the impact of "rooms" on the area statements which will be

initially placed in the system.

.
e e ke s
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THE FRAMEWORK

introduction

This section of the appendix attempts to carefully present a framework which will ac-
complish a translation from "people" and "departments® and."activities" into area pro-

jections and requirements for budgeting and planning office facilities.

The tag "“framework" is important. Since a general methodology for translating activi-
ties into space is generally lacking, it is the approach or the rationale which is impor-
tant at this point. When it comes to the data needed to fill in parts of the framework,

some of it comes from the user, and some of it resides in the system.

In terms of future research, it is the data which resides in the system that must concern
the developers of the system, After the framework has been presented, the last section

of the appendix will take up the question of this data and where it will come from.

a two-stage approach

The framework has been established as a two-stage operation. In the first stage the
user initializes the system by inputting certain data about his institution; and then he
and the system work together to jointly develop rules and techniques for determining
activity patterns and assigning space within the institution. This stage is called "in-
itialization" because a user will not have to repeat the process every time he uses the
system. He may wish to refine it or take it to greater depths of detail as he continues

to use it, but he will not have to regenerate basic data over and over again.
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Once the system is initialized, it can be used in its second stage: space projection.
Whetk:er this projection is for long-range budgeting or short-range planning depends

entirely upon the depth to which the user wants to go in generating detailed informa-

tion about his institution. This will be more carefully onalyzed after the framework

has been presented.

the initialization stage

The initialization stage is particularly important. Since area statements for office and

office-related facilities relate closely to the activities housed in these spaces, it is

necessary that the system receive a picture of the user's institution, the kinds of office-
holders, and some general rules for assigning space to these people. Because office-

holders and space assignment guidelines will vary from institution to institution, it is

impossible to pre-store them in the system.

Initialization cannot be a random process. The system needs this information to appro-
priately retrieve and assign area statements stored within it. Consequently, the system

has a responsibility to guide the user through this stage.

Once initialization is reasonably completed, the system can be said to ke personalized.
It will reflect not only the administrative structure of the user, but also the policies
used to assign space to people and academic/administrative entities within his institu-

tion.

Most users will go through this process once, and then use this as a point of departure

whenever budgeting and planning are undeitaken. Certain users, however, may wish
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to only partially initialize the system at the outset, reserving the right to complete the
job each time the system is used for space projections. Still other users may choose to
undertake initialization and space projection at one sitting. The option lies with the
user. No matter which approach he uses, it is important that he understands one point:
in initialization lies most of the basic planning decisions about office~holders and the
assignment of space to them. This stage must be approached carefully and with a good

deal of thought.

The initialization stage generally consists of two efforts: the determination of office-
holders, and then the development of activity patterns and space assignment rules for

them,

The number and type of office~holders have been generated in Operations 3.1 to 3.5 of
the main portion of the model . Operations 3.6 and 3.7 shown here serve to reshusfle

that information if this is necessary. The remaining operations explain the activity pat-

’ tern and space assignment procedures.

In order to illustrate how this works, a running case study is developed in script type.

| It is by no means complete, but it will hopefully serve to illuminate and fill in the
framework described in the text.

:

E

r

: The example used to LHustrate tnds gramework i actual use
3 48 a small School of Arcnitectwre witiun a Largen wuver-
, saty,

The School 48 davided into three academdic/administrative
entitizs:  an Meiwtecturne Departent, a Research Centen,
and a Vean's 0fiice wicih overnsees both operations.
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Each entity 48 somewhat self-contained, with its own recep-
Lion and secretanial arneas, offices, and associated Suppont
and conference functions.

operation 3.6 - select academi¢ /admiristrative entities

t

The first step is to create a profile of the institution in terms of the various entities

(colleges, schools, divisions, departments, centers, institutes, offices, administra-

tive divisions, etc.) which comprise it.

Most of this work has already béen done within the context of the main pcrtion of the

model . Academic departments and divisions have been established as part of Submodels
1 and 3. Operation 3.1 outputs faculiy and research people by department; Operation
3.2 outputs students requiring offices by departiment; Operation 3.3 outputs a listing of

administrative personnel .

It is possibl e, though, that the user may want to restructure this list for purposes of de-
termining office space needs. He will want to make sure that it is complef.e (including,
for instance, aca;'demic/administrafive'entifies which may not have come up ‘before,

such as an Office of Continuing Studies), and that it accurately reflects fhe'academic/

administrative sh;ucture of the institution.

There is a second reason for a possible restructuring at this point. It is expected that
the system would include a pre-determiried, rather generalized Catalog of academic/
administrative entities found at many colleges. Later in the space assignment stage,

the system may be able to retrieve some general information on how other colleges ap-
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proach space assignment within the entities listed in its own Catalog. The Catalog will
also allow the system to store activity patterns by discipline where this is necessary.
Wherever the individual user can relate to the systems Catalog, he will be in for addi-

tional benefits in terms of planning assistance.

3.6 In examining the Catatog of academic/ administraiive
entity types 4in the systen's catalog, our usen Locates "anch-
itectuwne”, Using this general Label may aklow nm Lo re-
trieve some planning dafa about manchitectune” (as opposed o
"ohomistny" on "purchasding"), s0 he cilocses Lo create three
academic/administrative entities fon his Sciook, each Labeted
"anchitecture" :

ENTITY 1: ARCHITECTURE, ARCHITECTURE DEPARTMENT
ENTITY 2: ARCHITECTURE, RESEARCH CENTER
ENTITY 3: ARCHITECTURE, DEAN'S OFFICE

note that the user needs to do this once and once only., un-

Less thene is an administrative reorganization on campud, ie
probably wild not need Lo come back aud make cianges.

operation 3.7 - selecting office-holder positions within the entities

Once the institution has been subdivided into its academic/administrative entities, of-
fice~holder positions must be assigned within them. Once again, this information can

come directly from the earlier operations in the model,

Faculty and research positions requiring offices, by department, from 3.1.
- Students in research positions requiring offices, by department, from 3.2.
- Administrative personnel positions requiring offices, from 3.3.

- Instruction and research-connected secretarial positions requiring offices,

from 3.5.
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The system will include aCatalog of positions within each of its entity types to assist
the user in restructuring his information during this ~peration. While the user may not
know it yet, each of the positions listed in the system's Catalog includes an associated
pattern of activities which is often found with that position. If he wants to take advan-
tage of these patterns, either directly for his own planning or as "basic" patterns to be
modified by his own requirements (a more probable situation), it would be wise to use

the positions in the Catalog wherever possible.

The depth of detail to which the user goes is largely in his hands. If he is uncertain, or
if the types of office-holders within some of his entities are not yet determined, he may
want to deal at a rather gross level: Biology includes 20 faculty positions. If he wishes
to discriminate among these 20 positions, he mdy break them down into senior faculty,
junior faculty, chairmen, research staff, counselors, and other classifications. This
depends, to some extent, on what he wants to do with the data. As he moves into

shorter-range planning, it is better to know more about a department than "20 faculty" .

In any case, the user can always come back and refine this file of positions within his

academic/administrative entities any time he wishes.

The kind of positions-within-entity Catalog which may be developed for the system is
illustrated in Figure A4. It is by no means complete or even recommended; it is only

one way of showing how it might be organized.

3.7 The user, willing and able to discruminate among the
kinds of office-holdens in his School of Archifecture,
chooses to do s0 as follows. He uses the Catalog of posi-
tions Lo guide him in this chone.




The §ollowing is presented as an lustration of how the Catatog of Positions-Witivn-
Entities might be developed. Tie particular exanipie shown hene might be used Lo es-
tablish positions within any acadenic entity 4n a wiversity,

LEVEL A LEVEL b LEVEL C

broad category rank on pos.tion additional description

Full-time Facully Senion Progesson Vean
Faculty Associate Progesson. Chaiman

Pant-time Faculty Adnindstrative Assistant
Junion Assistant Progesson on Executdive Ogficen
Facukty Instnucton

Teaching Assistant

Full-tame
Research Stag 4 Senaon Projesson Admoustraton
Stags Associale Progesson Profect Vireckton
Part-tame Reseanch Scientist,
Research Stafg Engineern, Arciutect
Jwicon Reseanclt Associate
Stagt Reseanch Assistant
Student Asscstant
Full-Lome
Academic Support Secnetany Lxecutive
CLenk Veddicated
Pant-tume Tecluecan vepaitinentat

Acadenic Suppori

In onder to classify any office-holdern by iis pesition, the usern sampiy selecks the
appropriate tags grom each colunn, The nunben ¢p tags iie selects jor any 04 gLce-nolden
(on ghoup 0f office-noldens) wikk reglect the amount of detail he wishes to consider at
any point. Fon instance, he may specify a fubl-time arciitecture progesson wito enves
as an administrative assistant to his Vean 4n any of Lhe jotlowing ways, deperding on
how much he knows about the position and wiaethen (& makes any difsenence (detadd 44 Less
Amporntant in Long-range budgeting) :

Entity: Anchitectune Architecturne Arciutectune Arcivitecturne
Level A: F-T Facutty F-T Faculty F-T Facutty F-T Faculty
Level B Sn Faculty Preiesson Progesson
Level Cs Adman Asst

Forn each of these position specd jications, Lt 48 hoped that the systen would nave stered
. associated activity pattern. In acconplishing Operaidcons 3.8 and 3.9, the usen de-

cides whether he wants to use the assdigned pattenn, use it with moddL gLcation, on ned use
L at alk,

Figure Ad: TLLUSTRATION OF POSITION-WITHIN-ENTITY CATALOG

182

ERIC

Full Tt Provided by ERIC.




Entity 13 Architecture Vepartment

F-T Facwtty, S Faculty, Chaiwman
F-T Faculty, Sn Faculty, Counseton®
F-T Faculty, Sn Faculty

F-T Faculily, Faculty

P-T Faculty, Faculty

F-T Support, Secretarny, Vepartmeniak

Entity 23 Reseanch Centen

F-T Research, S Fa.cuu&tyi Adninistraton®
F-T Research, Jr Faculty
F-T Suppont, Secretary, Vepartmental

Entity 33 Deann's Oﬁx;ce

F-T Faculty, Sn Facuwlty, Vean
F-T Faculty, Sn Faculty, Admin Assz
F-T Support, Secretany, Executive

* Fon purposes of Llustration, it 4is possible that the
stanred positions wene not in the systen's Catalog., There
may be no position called "Counselorn”; and wiile There ane
positions called "Research Adninistrator” and "Research
Stadg" there may be no Lsting of these within an entity-
Zype called "Anchitecture". Once Zne usern perceived Liks,
he knows that he and the system together will have Lo come
up with space requirements for these pecple,

operation 3.8 - system assignment of activity patterns

Once a user-oriented file of office-holder types by position and academic/administra~
tive entity has been created, the next steps are ones of associating activity patterns to

these positions, and in some cases to the entities themselves,

There are two major problems in accomplishing this. The first revolves around the user,
He is expected to be able to create appropriate activity patterns for many different

kinds of office-holders. Some users will be knowledgeable enough to do this and do
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it well; many others will have problems of inconsistency and inoc.:curocy. To overcome
this, it is suggested that the system pre-store activity patterns for as many positions in
its positions Catalog as can be reasonably and accurately developed; when these posi-
tions come up, the system simply "assigns" its stored activity pattern to them. The user
then reviews these patterns and modifies as necessary. Where he wishes to abandon sys-
tem suggestions, or where he has created positions which do not exist in the Catalog

(such as "Counselor, Architecture"), he leaves these for Operation 3.9.

There is a second problem, and this one revolves around the system. If there are twelve
activity zones (see Figure A2), and if any office~holder may require any or all of these,
it follows that the number of potential activity patterns is staggering. Because each of
these activity patterns must ultimately carry a square footage with it, it is necessary to
somehow limit the number of available combinations. On the other hand, this limiting

process should not drastically constrain the user's flexibility in dealing with the system.

One approach is suggested here. |t may not be the best; certainly it would have to be
tested and modified in actual practice. The approach simply involves the development
and sizing of a number of logical "basic" activity patterns -- and then associating these
“hasic" patterns with positions in the Catalog. From the "basic" activity patterns, the
user and system can then construct wyariations" together -- variations which recognize

individual office-holder requirements.

The "basic" activity patterns would be created initially by the systems developers frorm

their observation, recording, measurement, and general experience with office func-




tions. These would then be schematically designed on paper (as illustrated in Figure A5).

Various configurations would be attempted, and the results averaged . *

In Operation 3.8, then, the system simply "assigns" activity patterns to as many of the
users positions as it can. The user then reviews this list on an item-by-item basis, and
modifies it as necessary. Where his activity patterns differ greatly from those assigned,

he simply creates a blank there and waits until he is ready to accomplish Operation 3.9.

To review, this “assignment" process brings two benefits to the user. It brings to bear
experience of many people from many institutions, and it assists in maintaining an
overall consistency throughout the files of office-holders and their activities. If the
user wishes to completely disregard these "assignments" , he may do so and proceed di-

rectly to the next operation.

3.8 Once the fike of office-hotders by position and aca-
demic/adninistrative entity is created .in 3.7, the system (s
ready Lo assdign whatever activity pattern it has stoned in
4ts oum Catalog. The printout of these initiak assignments
might Look £ike this:

ENTITY POSITION ASS IGNED
TYPE TYPE ACTIVITY PATTERNS

.............b..............................................

(1: ARCHITECTURE DEPARTMENT)

ARCH CHAIRMAN, SR FACULTY A2 B2 C2 Dl E1 G3

*1t is obvious that this approach will create many configurations for one pattern of ac-
tivities. Some of these will be exceptionally efficient in terms of area required, others
will not. The averaging approach allows one to build in an "average" efficiency rather
than a low efficiency (which would be wasteful of space) or a high efficiency (which is
practically unattainable within every single space in a building) .
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ARCH COUNSELOR, SR FACULTY ‘
ARCH SENIOR FACULTY A2 Bl C2 D1 E1l F1 J
ARCH FACULTY A2 Bl Cl1 DI E1 F1 U
ARCH ADJUNCT FACULTY A2 Cl El Fl
ARCH SEC, DEPARTMENTAL A2 B2 C El Fl
K¢% RESEARCH CENTER)

ARCH RESEARCH, SR FACULTY

ARCH RESEARCH, FACULTY

ARCH SEC, DEPARTMENTAL A2 B2 Cl El Fl
(3: DEAN'S OFFICE)

ARCH DEAN A3 B2 C2 El G3 H3 J
ARCH ADMIN ASSTS, FACULTY

ARCH SEC, EXECUTIVE A2 B2 Cl El Fl

In Looking oven this output, the user notes that there may
be some changed, eithen in activity zones on in alternatives
within thode zones, but he preferns to wait until he has
§illed in the blanks before attacking them,

operation 3.9 - complete activity pattern assignment

If the user is satisfied that the system's assignment of activity patterns is both accurate
and complete, he will proceed directly to Operation 3.10. It is more likely, however,
that he is either unsatisfied with some of the system's assignments (they do not recognize
his own situation), and/or he has managed to create positions for which no assignment

has been made. In these cases, the user and the system must sit down together and de-

velop these patterns.

The user may approach the process of filling in the blanks in two basic ways: he can de-
velop patterns on an item-by-item basis making decisions as he goes, or he may prefer to

write some general rules which will cover many situations instead of one ("what distin-

guishes a counselor is a small-group activity zone").




This can and should be a highly interactive process. Some users will prefer to simply
dictate activity patterns. If the system is appropriately developed, however, it can be
of real assistance to the user in making appropriate and consistent decisions. |t may as-
sist him in formulating rules, it can flag decisions which appear to be incompatible with
previous decisions, and it can assist him by bringing forth research findings and experi-
ence of other users ("a 1966 survey of 27 Schools of Architecture noted that 90% of their

faculty possessed dedicated drafting stations").

The system will also attempt to keep the user operating within its own set of "basic" ac-

tivity patterns whenever possible. When this cannot happen, it can pre;:zs’n"f/}he user with

-

-

graphic and square footage information on various alternatives,~assisting him in select-
P

e

ing appropriate activity zones. -

These kinds of capabilities will not be easy to develop; certainly they have not yet ap-
peared on the scene. Careful research within the framework established here would do

the job, though.

3.9 In examdining the activity assdignrients op 3.8, the
uses notes that there ane some dlanks which need Lo be gaiked
A he atso necogiizes some inconsisitancies wilin nespect Le
his own Sciool and Lits needs,

He seeks to nemedy tne situation Liviough a senies of ac-
tions, some desdigned to {nclude wany oggice-nokdens, otherns
on an item-by-item basdis. 1t miaht Lake Lhis fomm:

I, He notes that cniy some facubly axe provided with dragi-
ing stations (designated as special woniz station, "J").
Because 4t {6 a Long-standing pokicy of his Sciook that alk
jaculty be provided with dragting space, he dorects tire
system to add a "J" to the jile of eacit ofscice-holden tagged
"Facubty", In doing this, he way queny the system §or re-
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seanch findings and expendence of otinen schools in doing the
same thing.

2, He attompts to derive an appropriate activity pattewn gon
the vosition of "Counselor, Senion Faculty". He migit stant
by calling the pattern gon "Senion Faculty":

SR FACULTY A2 Bl C2 DI E1 F1 J

It occuns to him that the distinguishing characteristic of a
iCounselon 4is his need to meet small groups in his office as
well as individuats, He suggests modigying the patten o,

COUNSELOR, SR FACULTY A2 Bl C2 Dl E1 G3 J

In tenwns of the system's sdizing this activity pattemn, ilere
may be a problem. 1§ the usen asks tne system whethen ox
not 48 46 a previousiy stoned pattewn, and the system says
"no", the usen has two choices: altern 4t until 4t §its a
stored pattewn, orn attempt to wonk with the system tou s4ize
Lhe new patten. ocelievang that the "Counselon” pattern
Wil not §4t any existing 4n the systen, the user calds

gon the two closest. 1In doing this, he migint netrieve,

CHAIRMAN, SR FACULTY ~ A2 B2 C2 DI E1 63
"( CONSELOR, SR FACULTY A2 Bl C2 Dl El G3 J)
SENIOR FACULTY A2 Bl C2 DI E1 Fl J

He now has two ways of approaciving tine intewmediate pattein:
Lake the square footage size associated with the Chaiwman
gnd neduce the "BZ" to a "BI" (here the system displays a
picture and descrniption of each to assisi in making the ne-
duction) ; on take the Sewon Faculty square §ootage and '
thanslate its "F1" into a "G3", Most Likely tihe usen will
do both and <i§ they do not come to the sane general square
§potage, he will exencise his fudgment in making a projec-
Lion, '

3, The same pattewn can be goliowed fon the Reseanch Stagf.
The usen may wish to generate an entirely new activity pat-
Le/in, on he may attempt to use on modify an existing one.
In eithen case, he has to gind a way of determining squane
gootage nequinements fon the patten he selects.,

4. The same approach 48 goflowed with the Adninistrative
Assstant,

The nesults of these explorations will de printed out gon
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the usen's neview and medification. Any time he wants the
system to give him the associated area statement gor any
actual pattewr, the system will do 40,

operation 3.10 - associate activity patterns with acadmic/administrative entities

Referring back to the discussion of office and office-related activities in the second sec-
tion of this appendix, it is now obvious that the previous operations have covered most
of the "office" activities. To the extent that conference and clerical support functions
have been included, there has also been partial consideration of the " office-related"

activities.

Many of these "office-related" functions are not directly (or always even indirectl
Y Y Y Y

associated with individual office-holders; sometimes they are more logically associated

with the academic/administrative entity as a whole. These might incl.de,

o large-group conference activities
o medium- and small-group conference activities nof particularly associated

with or dedicated to one particular office-holder.

o special work stations which are department-associated (copying machines,

i etc.)

E o reception and waiting area for the entity.

o special storage space for the entity.

It is therefore suggested that it should be possible for a user to associate some activity

zones with the entity as a whole. In terms of sizing *hese zones, it may not be parti-




cularly important to know whether they will all exist in one place (and therefore overlap),

or whether they; will take place in several rooms. What is developed is an overall figure

as a "pool" of space needed to generally serve the entity. When the user moves from short-
range planning into actual building programming, he can look back to see what generated

that pool and then actually a!locate the space to rooms.

ﬁ Because it may be more difficult to precisely determine needs for entity-dssociafed space,
it is highly likely that users will develop rules; for example, the user may say, "For every

|
|
which represerits a summation of the special entity-associated zones; this figure is expressed
|
|
professional facuity or staff member in any entity, allow 20 square feet of activity zone I: 1

|

|

Large-Group Conference" . This rule does not say whether this will end up as one large
room or two smaller ones; it simply places so many square feet of space into the entity-

associated pool .

i 3,10 The user decides to associate reception, giling, Spe-
cial work and stonage space to each of his three entities,
, probably using some institution-wide projection nules.

Based on these additions, and the changes made in Operations
3.9, his ginal output of activity patteriws gorn tie Schook
may be as gollows:

ENTITY  POSITION ASSIGNED
TYPE TYPE ACTIVITY PATTERNS

000000000 000006000000006000600000Pr%200000006000000000000000000000

(1: ARCHITECTURE DEPARTMENT)

ARCH CHAIRMAN, SR FACULTY A2 B2 Cz Dl El G3
ARCH COUNSELOR; SR FACULTY A2 Bl C2 D1 El G3

ARCH SENIOR FACULTY A2 Bl C2 D1 El1 Fl1
, ARCH FACULTY A2 Bl C1 Dl El1 Fl
: ARCH ADJUNCT FACULTY_ A2 Cl El Fl1
ARCH SEC, DEPARTMENTAL A2 B2 C(Cl El F1

ARCH ENTITY #1 - ASSOC. D2 H1 H3




(2: RESEARCH CENTER)

ARCH RESEARCH, SR FACULTY A2 B2 C2 DI El G2 U
ARCH RESEARCH, FACULTY A2 B2 C2 DI E1 F1 J
ARCH SEC, DEPARTMENTAL A2 B2 Cl El Fl
ARCH ENTITY #2: ASSOC D2 EZ2 HI K L
(3: DEAN'S OFFICE)
ARCH DEAN A3 B2 C2 E1 G3 H3 J
ARCH ADM ASST, FACULTY A2 B2 C2 DI El1 G2 U

~ ARCH SEC, EXECUTIVE A2 B2 Cl El1 Fl1

] ARCH ENTITY #3: ASSOC D2 E2 K L

Note: AL this point it 4is possible Lo provide an associated
squane footage at the ends of each og tne <tems printed above,

completing initialization

When the user can generate a satisfactory output such as the one shown above, he has
completed the initialization process. As has been suggested above, it may not be this
simple though. He may undertake a series of successive iterations, constantly cross-
comparing decisions and their resulting influences on space. Hopefully, he accomplishes

these iterations in a highly interactive way, aliowing the system to assist him at every

turn. The decision-making authority, however, is always in the user's hands.

Figure A6 summarizes the steps involved in this initialization procedure.

the projection stage

Once the user has initialized the system, he has made most of his basic planning deci-
sions. The system now reflects his institution, both in terms of its administrative struc-

ture and the rules it uses in assigning space to people and groups within that structure.
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(operations )

( parametens )

~Sedect Academic/Administrative Entities

ration 3.6

restrweture List

0§ entities Lo cov-
en {nstitution; ad-
herne to tags in sys-
Lem catalog whenre-
ever possible,

eration 3,7

 appropriateness of

catalog tags Lo en-
tties in the in-
stitution,

develop set of
ofg<ice-holdern posi-
tions within each
entity; adhere to

8L 04 office- Lags in system
holder types §rom catalog wherever
previous operations podsible,

(3.1, 3.2, 3.3, 3.5)
W0n3083

Select 0ffLce~holden Positions mﬂun the Entities

appropriatenesds of
catalog tags to
positions Listed
by the usen,

System Assignment of Activity Patterns

system Looks up po-
silion types in Lts
catalog and netrieves
associated activity
pattewn (and area
satement) for each
one £isted,

where positions do

no activity pattern
L8 Listed,
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1

not exist in catalog,

automatic step:
activity pattenns
developed by pro-
gesdsionals and
modigied by expen-
Lence,

ion 3.9:  Complete Activity Patten AAA&'aqimreypt

04 position

1 creale actavity pat-
ypes within each;

Lens gor positions
where system has not
assigned them,

patterns and assoch-
| afed squane footages
' : ad duULQL..

kpww.on 3.104 Auouwte Paltenns With Aca.aencc/Admuquuve Entities

moddLfy dystem-assigned |

appropriateness Lo
usern's situation,

adherence to basic
pattewn types al-
ready stoned in the

- system whereven

possible,

(output)

List of academic/
adiinistrative
entities in the
institution,

List of position
Types within each
04 the academic/
adnindistrative
entities 4in the
Anstitution,

List of position
types within each
etity, along with
an associated ac-
vty pattean A4
there 48 one 4n
the system,

arneas gon patterns
An the system can
be netrieved 4

. des4ned,

same as 3.8, ex-
cept that List
L8 now complete,

L of entities md
s4tions within them
(th patterns assigned

3.9,

add entity-associated
patlenns.

appropriatencss Lo
usen's situation;

complementany Lo

patteruns associated
with oggice~holdens,

Figune Aé:  SUMMARY OF INITIALIZATION PROCEVURE

complete List of
activity pattenns
by entity and
position; squane
geet may be 4An-
cluvieu,




Now he is ready to actually project space needs. Because the basic groundwork is al-

ready laid, however, this projection process is a rather simple one.
Y ’ ’ |

It simply begins with an assignment of head count information to the various position-
within-entity categories developed as part of the first stage. When these are all as-
signed, the area statements for each of those categories (also developed in the initial
phase) are retrieved; simple multiplication and summation are then used to develop over-

all space requirements,

These operations are so straightforward that careful explanation and discussion is unneces-
sary. Figure A7 on the next page explains Operations 3.11 through 3.13 which comprise

this stage.

bk

long-range budgeting versus short-range planning

So far there has been very little emphasis on the differences in use of this framework as
the user moves from long-range budgeting to short-range planning. Nor should there

be. The difference between the two modes is not one of objectives (both look forward

to area statements); the diiference is one of data detail and accuracy.

In the long-range budgeting mode, the user is essentially interested in determining large

R RRETIR rAeeea TRTT

"pools" of space, undifferentiated by anything resembling buildings or rooms. He inputs

information which is relatively undefined, and receives back results which reflect this
kind of input. Since he cannot spell out every detail, both the user and the system operate

at a level where there are many assumptions and where there is a good deal of averaging.
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(dnput) ( operationis) ( parametens ) (output)

!

Opthéon 3,118 Auooéa,tz a Head Count With Each Position-Within-Entity
1

wx 04 pawuon nesthucture head appropriatencss of List 0§ position

Lypes within each counts to fit head count with types with each

academic/administra- posdition types n posLtions entity, with a

tive entity, grom input grom 3.7, head count gdigure

3.7, entened with each,
- head counts for

- these positions
glwm .operations 3.1, i
2, 3.3, and 3.5, i

Operation 3,12: Determine the Total Area Required for Each Position-Within-Entity

- &Lst of position Admple multipli- Lst of position
- Zypes within each cdtion., types within each
entity, with head entity, with an

- count gigures associated area
- entered forn eachs statement (squanre
‘ feet required)
- area statements ' gor each,
~ developed for each
pout«.on-mtlun-

entity, from 3.9,
Operation 3,13t Detewnine Total Aiea Required for Each Entity

LLst of position sdmple addition, sunmation of area
Lypes within each rnequired gor each
entity, with assoc- entity, Both 4n
 datled area state-~ total squane foot-
ments, grom 3,12, age, and {n square
gootage broken
area required gor down by positions
entity-associated and "poot" space,
g.c/’twmu, gnom
] 00

FIGURE A7: SUMMARY OF SPACE PROJECTION PROCEDURE
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For short-range users, the user can go back through the initialization process, refining
and discriminating among the rather large "packages" of information placed there when
he was budgeting. Once more is known about people and their activities, the system

can react with more accurate and meaningful area statements.,

Figure A8 goes back through Operations 3.6 to 3.13, explaining how they might be ac-
complished in both long- and shorf-range modes of operation. As one can see, the dif-

ferences lie in the kinds of information and statements available, rather than in any fun

damental variance in approach.

moving from short-range planning to programming

The "final® institutional action in creating university facilities is the writing of detailec
building programs. These programs carefully analyze user activities and, among other

statements about environment, include area requirements for each function,

What has been developed here is not a programming tool. True, it can serve as a pro=
gramming device (i.e., in short-range planning), and it can be used to check program

statements (thus identifying gross errors in the program), but it should not be used fo de

velop the program.

Why? Af this point, the system is still talking about chunks of space (120 square feet’

of floor area); it has said little about actually translating this area into rooms, and this

is an important step. It is one task fo associate required square footages with professor

and administrators and secretaries, and it is quite another task to enclose these in roor




(Long-range budge,tfng)

(shornt-range planning)

Operation 3.6: Select Academic/Administrative Entities

May well be dealing with acadenic and
administrative entities on rathei broad

Levels, May use "schools" and "colleges"
Ain rlace of depantments, sub-departments,

program-within-depanitments, multi-dis-
esplinary academic-efgonts, ete., Very
Likely to combine many awwmuauue
and support activities 4into broad cate-
gonies ("academic adninistration",ousi-
ness admincstration", "student affairns”,

ete.) nather than Apeuém divisions and

0664&’,6.

Will be abfe to subdivide institution
oo s real strweture of academdc

and administrative entities, anctuding
all of «ts colleges, schooks, divisions,
departmients, centens, uutututu, sec-
Lions, a“&cu » dupport sections, etc.
Thws atlows the usen to break the Lange
"peoks" of space developed 4in Long-nange
budgeting down to manageable collec-
Ltions for planning.

Operation 3.7: Sefect Offéce-Hokden Positions-Within-Entities

1§ the entities cannot be carefully bro-
ken dounm, & gollows that the usen will
not be able to carefully identify the
varnious ofgice-holden pou,aom within
them, Fon this reason, ne m. Sstick zo
Litles such as ”5acuLty" "gaculty
adninistratons”, adnwuébzaton" "clen-
Lcak", etc.,

Ofg4ce-holden types can be broken down
Uto mone specific groups.

(The actual Level of detail wild nelate
very closely Lo that developed fon tne
main- portions og Submodels 1 and 3),

Operation 3.8: System Assignmeit of Activity Patterns

(he system's Positions-Within-Entity
Catalog contains difgenent Levels of
position deginition (see Figuné A4 fon
an example). Activity patterns can be
associated at gross Levels as well as
defined fevels; the user must, however,
hecognize that these are necedas anily
avarages -- that they may vary quite a
bit when the position types are mone
fully defined. Averages work §on Long-
nrange budgeting.

Activity pattews are best assigned fo
Posstions ~Within-Entities which are
helatively weld degined. An institution
wonking at thas Levek should oe able 2o
expect rathern accurnate nesults.

Figure AS: USING THE MODEL IN THE TWO PROJECTION MODES
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(Long-range budgeting) (shont-range planning)

Operation 3.9: Complete Activity Pattewn Assigmment

This operation 4s rarely cavued out The user kinows enough about hus highly
Long-nange budgeting uses. Users wikl speciaiized ot out-of-the-ordinarny
confine theirn Positions-kithin-Entily Positions-within-entilies Lo create
selections Lo hathen broad iypes, and telligent activily pattewns gorn tham,

it 48 expected that thene wild be asso-
ciated area statements for each og Lhese,

Operation 3.10: Associate Pattewns (dith Acadendic/Adnunistrative Entities

In the Long-range planning mede, L& may The mene the usen knows crn canes Lo

be possible Lo appreach Lthis from a s- profect about any entity and «L8 oper-
tonical viewpount: "historically, how ations, Lie bellen position he 48 4n
much entity-associated space (n Ltems to identigy entity-associated activities
0§ percentage) do we gind in Schools ¢ and thein area nequinanenis,

AMchitectwre?” Untid this 48 geasavle,
the usen will have to make some intelli-
gent guesscs about entity-associated
activities.

Operation 3.11: Assccdiate A Head Count With tach Pesdiion-titiun-tntity
Operation 3.12: Detemine the Total Area Required fer Each Pesition-Within-tntity
Operation 3.13: Uetermine Tofat Area Required for Lach Endity

The Level of detail generaied wili deperd  The tevel of detadl created in Lie above

entinely on the Level of detadk created should allew detailed analysis and out-
in the preceding steps. 1t 48 probable put. Resuwtting £ists snouid be able Zo
that the ouwtput grom 3,13 will be a total detaill neid onky total arnea nequirements
area hrequined gon each entity, with no fon eacih entity, but it should akso be
gurthen breakdowm. abfe t¢ break &.am down cy pesition

Lype within that entity.

There <8 one caution to be noted here,
howeven., These xesults, even wien broken
doun by posiiion type, shoukd not be used
i1 detadbed budtding progranming witheut
juntiten exanunation., See Lexk.

Figuie A8: USING Tht HOVEL IN THL TW¢ PROJECTION MCDES {continuea)




how many professors to a room? should a professor share an office with an assistant?

These are important questions which the framework, as developed to date, leaves un-

answered. This is discussed again in the next section of the appendix.
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FUTURE DIRECTIONS

improving the technique

The foregoing portion of this appendix has proposed one technique for taking people,

their f ssitions and departments, and translating them into required space for purposes

of budgeting or planning. This technique has been developed from the realization that

most traditional "survey-what-space-people-have-and—come-up-with-a-standard" ap-

proaches all have certain weaknesses. The proposed technique starts with the office

and office-related activities people undertake and attempts to derive area statements

which reflect and accommodate these activities.

Because the approach has been somewhat unconventional, it has been characterized by

a good deal of tentativeness: this is what we should try, and here's what it might do.

The next step is to explore these nshoulds" and "mights", converting them into "musts"

and "wills" .

This will not be a simple effort. Rather a good many facets of the space projection
problem will have to be examined, people will have to be interviewed, and their ac-
tivities will have to be observed before a truly positive and accurate framework is pos-

sible. Based on what has gone before, five issues can be established as focal points

for future work,

1. Developing appropriate activity zones.

2. Developing and refining activity patterns.




3. Establishing the effects of placing activities in "roonmis" .
4. Estaplishing the effects of other factors on size,

5. [Extending the approach to the other facilities submodels .

developing appropriate activity zones

Since the "activity zone" hds been proposed as the concept which translates people and

activities into space and squaré feet, it is important that it be carefully thought out

and applied.

;
In the second pa!‘jf of the appendix; office and office-related activities were listed, and

twelve activity zones were created. For purposes of illustration, each of the twelve

zones was further subdivided into "example alternatives" .

Each of these steps in the creation of the activity zones requires further research. List~
ing office ac:ﬁvifies raises no problem, but their €éombination into "zones" of space
should be caliefuily looked at. Should there be iwelve of these zones? or five? or

twenty? Certainly any reduction in the number of zones will make the system less

cumbersome -~ bit whdt limitations might this place on user flexibility?

Once the zones are established, their sizing becomes another issue. How many alter-
natives should fh;ei'e be, arid how much drea does each reasonably consume? As sug-
gested before in this appandix, this entails a carefui analysis of what people do in
university offices, and how much space they usé in doing it. This will require an ac-

tive program of observation, measurement, interviewing, hypothesizing activity zones,

——
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designing these zones, mocking-up alternatives, evaluation of alternatives, and modi-

fication or reformulation of proposals.

This kind of activity can and should be a continuing one. An initial version of the sys-
tem can be established with the zones proposed in this document (or some refinement of
them); as experience is gained, both wiih office activities and with system use, the ac-
tivity zones, their alternatives and their sizes can be continually modified by profes-

sional personnei .

developing and refining activity patterns

The proposed framework assumes that one can associate an appropriate "pattern" of ac-
tivity zones with any office-holder once his position and his entity are established.
This need for assigning patterns {with user modification, of course) is an important one

if we are to limit the number of patterns which actually have to be carefully sized.

This too requires additional research and experimentation. Can we deal with "basic"
activity patterns for various office-holders, or is this a hopeless cause? If we can de-
velop "basic" patte.ns, can we develop rules for making variations, or is it necessary
to take the stand that any variation may produce inaccurate projections? Once we
settle on activity patterns, can we provide anassociated square footage that is ac-

curate enough to make projections with?

The first two issues will be resolved through more detailed observation and analysis of

university office-holders and the activities they undertake. The third issue -- that of

o e
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sizing activity patterns -~ is more complicated. This will require a co-ordinated re-
search effort to schematically design the various ways of putting any given set of ac-
tivity zones toycrher, to mock these up and test them in practice, and then to pick an
"average" square footage which does not dictate excessive waste or excessive efficiency

of planning.

establishing the effects of placing activities in "rooms"

The framework presented in this appendix treats space as just that: space, without in-
tervening or defining walls, doors, and other architectural elements. This is admittedly
a potential weakness in the sense that the resulting area statements may not be as valid

as they could be if the walls were included.

Why? The effect of placing walls and defining rooms is to carefully control the. over-
laps among the activity zones. If a Dean's set of activity zones is to be accommodated
in three rooms instead of one, it is obvious that they cannot all overlap.: Conversely,

if two office-holders and their activity patterns are accommodated in one room,- there
may be some overlaps betwéen their respective patterns as well as within-them. Each

of these statements suggests that the total number of square feet required by each ;affice-

holder may differ according to its division (or combination) into "rooms" .

The effects of placing these zones in rooms will have to be carefully tested before any
system is finalized. The approach at this point has been to disregard them; to assume

that at the level of accuracy required (even in short-range planning) these effects will

balance each other.




In terms of looking at single office-holders and allocating their activity zones into
"rooms", there is one tachnique which can be used within the framework presented
here: that of simply considering the office-holder as possessing not one, but a num-
ber of sets of activity zones. For example, an Architecture Dean with the following
pattern,

A2, B2, C2, E1, G3, H3, J =wsq. ft.

might be respecified with these three patterns,

g ey Al

A3, B1, G3 =x sq. ft. Office
B1, C2, J =y sq. ft. Work Room
[ H3 =z sq. ft. Conference

If this can be accomplished, it is not important that the sum of x, y, and z may not
- equal w, To do this, though, raises a whole set of questions about compatibility of
activity zones, privacy required by activities, and which activities are dedicated to

specific users and which are not. The question becomes whether it is necessary or

even appropriate to réise these issues in space planning and projection. Only ex-

r periment and experience will provide the dnswer,

Once a user moves into allccating office activities to rcoms, he raises another thorny
question: that of multiple-occupancy offices. In some research and clerical situations,
these are not difficult questions. When it comes to faculty and administrators, however,

it can be equated to opening Pandora's box. In dealing with these positions, office

g

accommodations often take on the quality of “fringe benefits", and consequently the
q ) 4 g q ) 4 4

are often surrounded with well-worn and time-honored tradition and policy.
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Further, the kind of office a professional staff member is provided may well dictate

(or at least influence) the amount of time he spends in it, how available he is to students
and colleagues, :how effective he can be in discussing personal problems and issues, and
how determined he can be in undertaking his academic, committee and research tasks .
The success of th; shared office usually depends strongly on the congeniality of the part-

ners, ‘and this is a difficult commodity to assess during long-range planning .

The issue of space economy through multiple-occupancy is another knotty one. Some
administrators assume that a three-man office (because of the activity overlaps) can be
smaller than three one-man offices. Others will contest that to be truly effective in a
"bullpen”, staff will try every technique to attain privacy and get away frér;m each other,

thus consuming additional spacé.

The allocation of office activités to rooms, then, becomes an odd and often explosive
mixture of quantitative factors and qualitative considerations. Themodel used to trans-
late people and activities into this space must allow the user to first superimpose his
own policy. Then it must react by translating the policy inio square feet and by con-
stantly reminding the user of its "activity" orientation. The system simply cannot be

asked to rule on the effectiveness of the one-man office versus the three-man office.

establishing the effects of othér factors on size

The previous discussion has suggested that a person's activities may not be the only de-
terminant of the area he requires. In some cases the factors are more qualitative and

relate to his position or situation rathér than the activiti¢s he acivally undertakes. The




only way the system can account for these is to let the individual user override its sug-

gestions.

There is an entire second class of factors which are more difficult to manage. These ,
include other environmental factors which tend to influence size or people's percep-
tions of size. Windows and vision panels to borrow light and views (and hence psycho-

loaical "space") from other areas can serve to make a space "feel" larger. The strategic
g

location of doors, radiatcrs and other "protrusions” into a room may seriously limit lay- J
out possibilities, making a space seem smaller to the user, Poor acoustics, hard sur-
faces, odd configurations, excessive heights, and many other factors can influence re-

actions to size.

These factors become particularly significant in smalier rooms. Let's look at a clerk
who, according to a listing of his activities, requires fifty square feet of space. If for

some reason that fifty square feet must be placed in a single room, one can begin to

question whether the occupant will be able to actually function in that space. If the
room has generous visual access to the outdoors or even to other spaces, it is possible
that the small size of the room is no problem; if the same area is provided between four

concrete block wails and is fifteen feet high, the place may be uninhabitable.

This suggests two hypotheses,

1. There may indeed be a "minimum size" for an office station; an area which

should not be reduced even if the activity patterns call for it; but that,

2. This "minimum size" will probably depend on a number of other environ-




mental conditions.

At this stage, it is impossible to truly cope with these issues. More research in physi-

cal environment and its psychological effects on its occupants must be undertaken.

extending the approach to other facilities submodels

What has been developed in this appendix is a specific technique for translating office
and office-related activities into office and office-related space. There is much about
the approach which can be applied to other facility types within the university; un-

doubtedly there are concepts which cannot.

in parallel with improving the office facilities framework, it will be necessary to ex-
tend this activity-oriented thinking to the other submodels in the system. Each will
have to be analyzed on its own merits. Some submodels may allow a translation which
is less complex than that developed here; others may require an even more detailed ef-

fort.

To a certain extent, however, efforts in the other facility types will be complicated
by the same generai problem which has heen seen throughout this entire appendix; the
lack of established appropriate methodologies which translate human activities into
space requirements and then abstract these requirements to the point where they can

be effectively used in space budgsting and planning.

in summary

It was evident from the start of the small study which produced this appendix that the




2
issue was too large and too complex to instonﬂ;y create "area statements" which were
!' K
both accurate and appropriate. Statistical summary of existing space-use data could
have produced some very fine humbers, but these numbers would have borne only in-

cidental relation to human spate needs.

In the long run, it is possible that the detailed, start-with-the-activities approach out-
lined here is unnecessary for space budgeting and planning; that the whole process is

so inexact that it makes no sense to use carefully developed space factors,

This we cannot determine, however, until ths medel as a whole begins to function,
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