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Computer-Aided-Design of Educational Facilities
¥illiam S, Bregar

Under the Supervision of Professor Richard L. Venezky

This dissertation describes an approach to the com-
puter-aided-design of educafional facilities through the
simulation of educational activities, Such a system can
be used by school designers to evaluate and improve pro-
posed school floorplans, The implementation of this sys-
tem involved 1) the design and implementation of a system-
atic procedure for determining those characteristics of a
school program which affect or are affected by the phy-
sical constraints of a school building, 2) incorporation
of those characteristics into a model which conid be ap-
plied%by a simulation system to a proposed floorplan, and
3) th? development of computer progranms which could suec-
cessfully simulate educational activities on the proposed
floorplan and pro?idg feedback to th; architect as to the
sufficiency of his désiﬁn.

A classroom observétion scheme was devised which
focussed on the physical aspects of elementary school acti=-
vities, Of particular interest was the grouping of students
and their configuration within an observed space for
selected instructional activities, Also included in the

observation scheme were characteristics of activities
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whiech would affect the placement of activities in open-
school floorplans and information pertaining to the use of
furniture and equipment in the observed activities,

Traditional and multiunit schools were observed and
the collected data were analyzed to ascertain significant
factors pertaining to the use of space, Results showed that
group size varied significantly as a function of school
program and activity. Models of activity dgration were
derived which, in combination with group size, would allow
schedules of activities to be generated. Activity descrip-
tions were created to provide a model for generating

" furniture and equipment requirements, the configuration
of students in the space, and the optimal space require-
ments necessary to carry on the activity given these two
characteristics,

A prototype system of computer programs was designed
and implemented which would accept 1) parameters consist-
ing'of a school program designation, a student enrollment
figure, a simulation time step, and a space calculation
mode, and 2) inputs consisting of a proposed floorplan and
a schedule of blocks of time to be allocated to activities.
Using the designated school program model the system generates
schedules of activities and their characteristics, then

attempts to fit them to the proposed floorplan, Outputs
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from the system provide information concerning the poteritial
use of space on the floorplan in terms of the amount and
type of space in use throughout the scheduled day.

Emphasis in the programmed implementation of the sys-
tem was placed on the problems of representation of floor-
plans and in the assignment of scheduled activities to
spaces,

A tree structured representation of floorplans was
developed which reflected the hierarchical subdivision of
space observed at the sample schools and which allowed
relatively easy and direct access to the resources and °
properties of the space,

Because of the space-subspace relationship allowed
on floorplan designs which could be input to the program,
linear programming assignment algorithms were not appli-
cable and other standard approaches to assignments of ac-
tiv;ties to spaces were not feasible, Therefore, a heu-
ristic approach to assignments was taken which produced
reasonable, if not optimal, results, thus allowing the
final evaluation of space use to be derived from a repre-

sentative assignment of activities to spaces,
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CHAPTER 1
INTRODUCTION

1,1 General Introduction

This paper will describe a computer-aided-design
system for use in evaluating and improving proposed school
floorplans, The implementation of this system involved
1) the design and implementation of a systematic procedure
for determining those characteristics of a school program
which affect or are affected by‘;he ohysical constraints
of a school building, 2) incorporation of those character-
istics into a model which céuld be applied by a simula-
tion program to a proposed floorplan, and 3) the develop-
ment of computer programs which could successfully simulate
educational activities on a proposed floorplan,

What is p%esented here 1s an approach to the solution
of a class of what might be called "floorplan design prob-
lems", Many different interpretations can be given to the
concept of floorplan design., For example, if one is given
a2 list of rectangular rooms and dimensions and a rectangular
space into which the rooms are to be placed, t@en the set
of solutions to the problem includes exactly those configu-
rations of the space where all the rooms are properly con-

tained in the space and no room overlaps with any other room.
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Furthermore, additional criteria may be introduced
and thus increase the complexity of the problem. For
example, the dimensions of the rooms and the space might
be specified as a range of allowable dimensions instead
of a specific set. Constraints might also be added which
would designate the orientation of spaces to one another
and the allowable distances between spaces./

within the rooms themselves, a floorplaq vroblem can
be defined in terms of the placement of objécts into the
space. The size and shape of such objects and their rela-
tionship to one another may affect their eventual position-
ing and orientation in the space, Finally, the uses to
which the rooms are to be put can and should have an effect

on their size and shape as well as their orientations to

one another and their relative locations on the floorplan.

1,1.1 Some Notes on Design Theory ’

According to Alexander [ 17, the ultimate object of
design is form, Form is something over which a designer
has control, It represents the solution to a design prob-
lem defined by a sometimes vague context. The reason
*context" is a nebulous concépt is that the degree of fit
between a form and its context can often only be expressed
in terms of how well the form neutralizes votential "mis-

fits". That is, a bad fit would yield discernible points’
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of failure which could be fully described and theoretically
neutralized in a different realization of the form. Al-
though it might ge possible to correct one point of failure
and yleld a ”faifure free" design, there is no guarantee
that correcting several failure points won't result in an
entirely new set of bad fits, '

It remains to be defineg what exactly are the points
of failure in a design, and by what process such points
are to be detected, In architecture there exists a differ-
ent set of points for each class of building; houses, office
buildings, apartment houses, airport terminals and schools
clearly are designed under quite different contexts, ‘Fail-
ure in an apartment building might be an inadequate number
of three-bedroom apartments whereas fallure in an airport
terminal building might be an excessive walking distance
between connecting . flights; aesthetic properties alone
could determine the fallure of a particular house
design,

The complexity of design problems demand a great deal
from the designer, As Alexander puts it, "the individual
Qesigner's inventive capacity is too limited for him to
golve design problems successfully by himself", Negroponte
[ 24) takes the view that a symbiotic man-machine relation-
ship can be developed through which the design process takes
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the form of an interactive, dynamic dialogue, Furthermore,
the machine, 1nte1iigent;ih its an right, and the man learn
about each other and so learn to work well with each other,
In addition to a high level interactive ability, the
machine must also put forth design information which is
context dependent; such a realization does not currently
exist and is relatively far off., While it may not be pos-
sible currently to automate the entire design process for
all domains, it may be automated for some domains and
partially automated for others in such a way as to augment
and complement the designer's ability to éreate a solution
to his specific problgm.

What parts or how much of the design process is auto-
mated depends on the purpose, philosophy and economical
constraints of thg object to be designed. If the purpose
is to emulate human abilities in design, then perﬁaps the
design process in its entirety should be automated. This
would be a distinguishing feature of computer-implemented-
design as opposed to computer-aided-design, It could also
be properly identified as a form of artificial intelligence,
In a computer-aided-design context, it might be more desir-
able philosophically to allow the human designer more lati-
tude as a professional but provide him with substantive

feedback and speedy responses so that he may improve his
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design, The question now focuses on what feedback should
be provided and how much “substantive" is, Clearly a

computer can amass and output enough data to inundate any
designer; thus judicious use must be made of this facility
for it to be an efficient, functional aspect of the design

process,

1.,1,2 The Design Process in Educational Architecture

The design process aé it applies to this thesis is
limited to the architectural domain, Within this domain a
portion of the context for the design of elementary school
floorplans is defined and used as the basis for a simulation
procedure, Regults from the simulation are ‘summarized and
presented to the designer of a floorplan in a form which
can aid him in determining the sufficiency of his design.,

More specifically, an elementary school is an example
of a facility which has to accommodate a‘large variety of
events which are scheduled over a period of time, Other
faﬁilities having this property include recreational build-
ings, convention halls, and playground layouts., The events
taking place in these facilities are activities., To provide
feedback to a school designer, these activities are charac-
terized and simulated against a proposed floorplan, Spaces
in the floorplan are then evaluated in terms of the degree

to which their resources, including area, satisfy the re-

]



quirements of the activities which are to take place. The
evaluation consists of a tabulation of space use over time--
which spaces are being used, how often and how efficiently
they are being used, Central to the evaluation are the
results of the decizion making process involved in deter-
mining at a given time how a set of scheduled activities is
to be assigned to a set of available spaces., In the research
to be described, a human-information-processing aﬁproach is
taken toward the solution of thisﬁproblem. The problem
solving representation of the system interacts with a
logical, efficient hierarchical.floorplan representation

\\\\~“--§f produce reasonable although’not necessarily optimal

- solutions to this "activity assignment" problem.




1.3 Design Problems in Education

"The design of the school must be consistent with the
type of instruction systems carried on" [10,p. 51]. The
evolution of teaching methodology in the United States has
historically been accompanied by changing school structures
to accommodate them. The one room schoolhcuse of the
nineteenth century has been transformed to the egg-crate
construction of the first half of the twgntieth century
and finally to the open~plan schoolhouses of the past
decade, The egg-crate design came about as a re-
sponse to the requirement of absolute independence between
grade levels; the open-plan in response to the attempt
to abolish grade level differences and open lines of
communication among teachers and students [20],

It is ‘instructive to trace some of the changes in
elementary school methodologies and their influence on

school design,

1,3.1 Traditional Schools and Early Variations

To exemplify the effects of differing educational
programs on spatial requirements, first consider what is
generally thought to be a traditional school system ap-
~proach.

Although there has never been a single monolithic

system which could be defined as the traditional educa-
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tional methodology, there are certain characteristics
which could be generally attributed to the concept,
Among these characteristics are 1) a one teacher per class
organization, 2) an age graded division of students and
3) an emphasis on teacher-centered group instruction,
The graded school concept, embracing much of the "tradi-
tional" approach to education has persisted from the
1860°%s to the present, As was mentioned previously, the
self contained classroom was the architectural interpreta-
tion of the independence of grade levels, i

The first variations of the traditional methodology
appeared in the late 1800's and early 1900;3. The major=
ity of these programs were designed to individualize ine-
struction so that students could proceed through grades
at their own pace. Among the alternatives were the
Elizabeth Plan, the Pueblo Plan and the Cambridge Plan,
each of which employed some form of ability grouping [33].
They were all administrated in graded schools, however,
Higher ability groups, for example, did more work bdut
remained in the same grade. As such, these methods placed
no additional demands on the school facility which could
not be met by the self contained classroom,

Further attempts to individualize education were made

in the 1920's and early 1930's, The 24th Yearbook of the
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NSSE defines two main types of plans designed to provide
for individual differencess Type l--those which attempt
adjustments without breaking up the basic class organiza-
tion, and Type 2--those which emphasized strictly ind}-
vidual progress and much individualized (one-to-one) in—
struction in essential subject matter [35].

Some instances of the Type 1 plans include Detroit's
XY2 multiple track plan, the Batavia Plan which involved
“coaching and ancouraging laggards", the Gary Plan which
employed platooning and Reavis and !Miller's independent
attempts to individualize instruction through differential
assignments.thus holding students to the same rate of
progress [35]. Each of these plans recognized individual
differences among students but maintained the heterogeneous
groupings common to traditionally oriented schools, thus
creating no requirement for architectural change,

Perhaps the best example of the Type 2 plan was the
Dalton Plan introduced by Helen Parkhurst around 1922,
Basically, the plan used a sociological approach to in-
dividualize instruction by having students draw up contracts
which would define the scope of their work for a month,
This would permit them to budget their alloted time ac-
cording to their own needs., The Winnetka Plan, also of

early 1920 vintage, divided the curriculum into common
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essentials (consisting of basic subjects) and group and
creative activities such as music, art, and physical
education, Students worked individually on common essen-
tials using carefully prepared materials, and moved thr&ugh
planned sequences of these materials at their own rate
(33].

The Type 2 plans were aware of the restrictions of
the lock step environment, and could have had an impact
on school architecture, In fact the Winnetka Plan resulted
in the Crow Island Elementary School which has been cited
by the American Institute of Architects as a precursor
to modern school architecture [ 3], There was no general
acceptance of these plans, however, and, for the most part,

the egg-crate school design has endured,

1.3:,2 Alternatives ito Traaitidnal Schools

In the 1940's and middle 1950's two major innovations
in instructional methodology appeared which would come to
have a great impact on both the organization (staff and
classroom) and the physical design of American schools,
These were the development of non-graded schools and the
implementation of team teaching,

According to Goodlad and Anderson [11] , the non-graded
school is an organizaticn designed to implement continuous '

student progress, thus recognizing the substantial indivia-
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dual differences between students., Goodlad and Anderson
further vpoint out that "non -graded” schooia
appear not to have adopted a uniform set of character-
istics”, They are themselves individualized with respect
to the "innovations developed after entry into non-grading”
(11 , pp., 208, 209], Interest in non-graded schools in=
creasaed slowly through the 1950's but more quickly in the
1960°'s where by 1969 about one elementary school in four in
the United States was attempting to convert to a non-graded
progran [ 32],

Team teaching first emerged in American education in
1954 and has experienced a rapia growth rate ever since
-[92] « Like the non-graded concept, it is not restricted
to elementary schools but its primary impact has occurred
in that domain. Shanlin defines team teaching as an
instructional organization involving teaching personnel
and the students assigned ‘o them, in which two or more
teachers are given responsibility, working together, for
all or a significant part of the instruction of the same
_group of students [31],

Team teaching and the concept of non-grading in theme
selves and scme more recent methodological innovations
(which drew upon the forméf concepts in their development)

hzve evolved through definition and practice to a much
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greater extent than their predecessors--with consequent
acceptability, Furthermore, an informal analysis of a
sampling of these concepts will show that they can and

do have architectural consequences,

The Nongraded English Primary School
As an example of a non-graded school‘organization.

~ the non-graded English Primary School, which has been the
subject of much research can be said to be organized in
a "project orienfed" fashion, Elliot Eisner, who made a
comprehensive study of the English Primary School [ 9]
describes how pupils are g£iven their choice of several
projects which they can pursue during the course of a
school day, If they finish or tire of one project, they
are free to move on to another, In contrast to traditional

schools there is relatively little teacher-centered in-

— —————-gtruction-and more of a tendency for students to work
in small groups,

The grouping of students in this continuous progress
school can and should be a factor in the consideration of
school floorplans to house these methodologies, In many
non-graded English Primary Schools "the gbundary of the
classroom and the rest of the school is not so clearly

delineated as is the classroom in the traditional school:"




025
13

(Eisner, op cit,) In the non-graded school the variation
in grouping can result in enough small groups competing
for'spacevin a self-contained room that the walils begin
to inhibit the activities which could take place, A
report of the Educational Facilities Laboratories states
that while attempting to implement innovative educational
procedures "many a school administrator has felt thwarted
‘because the building wouldn't get out of the way.'"

(13, p. 15]

Team Teaching

Team teaching is an example of a staff oriented
organization which can havg an effect on school design.
Although no one set of characteristics can accurately
portray a given team teaching schsoli, two vroperties--

shared decision making on the part of the instructional

team and new groupings of puﬁfls--have been cited as
pertinent factors in the consideration of séhool designs
for team teaching, Cyril Sargent of the Educational Faci-
1ities Laboratory [30] applies these properties in defining
a set of four design requirements for team teaching schools
to function effectively:

1) they must accommodate groups of various éizes

ranging from 2 or 3 to 100 or 200.
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2) they must accommodate fluidity in the movement
and reorganization of groups which may be changing
continuously and at non-standard times

3) there must be a place for teachers to work--both
in private and in groups as teams {
k) <the school may have to be adapted {0 more students
working independently by providing private spaces for

study and research

] Sargent goes on to cite three architectural “solutions"
to the design criteria proposed. These are the open-plan
school, the loft plan and planned variability. The open=-
plan provides one or several areas with no interior wélls.
the loft plan is a modular one with moveable interior parti-
tions and planned variability attempts to build into a

structure the basic spaces necessary to accommodate the

groups of students and teachers according to their most
likely needs, For planned variability Sargent states that
enough must be known about the "recording of student. groups
and teacher teams to permit the planning of spaces to fit

the needs of groups of varying size and purpose.”[3o.p,229] A
major component of this thesis is the design and testing

of a procedure to collect and anélyze information aboht

the dynamics of grouping under different methodologies for

the purpose of determining space needs,
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Individual;y Guided Education

A more recent alternative to traditional instruction

is Individually Guided Education, a total integrated sys-
tem of education developed at the University of Wisconsin
Research and Development Center, Tpe instructional com-
ponents of IGE are encomﬁassed in the multiunit school
concept, which is based on 1) a team of teachers admin-
* istering one of several separate independent units* in a
school, 2) a non-graded division of students, and 3) in-
dividual, one-to-one (student/teacher), small group, and
large group instruction with the emphasis on the student
as an individual [17],

The spatial configuration of a school under the IGE
organization can be considerably different from that of
a traditional one, A team of teachers administering a unit

needs to interact continually to coordinate activities,

Ciosed classrooms, while not an impossible barrier, can
inhibit the communication among members of the team, The
non;graded division of students changes the number of
separate class entities, hence their size, This number
is usually reduced yielding three or four units, each

éontaining children whose ages might vary by two or three

'In practice, a K-6 primary school usually has three units
corresponding roughly to grades 1-2, 2-4, and 4-6,
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years, The reduction of the riumber of class units in.
creases the number of students in each, resulting in a
need for larger unit meeting spaces, At the same time ‘the
emphasis on individual and small group modes of study
imply a need for smaller spaces to carry on activities,
Such spaées are usually created as subspaces within the
lafger unit space, This ana}ysis is summarized as one
of the stated desired conditions for the successful im-
plementation of an IGE organization.
"The school building is constructed or remodeled
to facilitate IGE practices, Pods pf varying
shapes and sizes in recently const;dcted build-
ings accommodate 75 to 150 children and permit
one-to-one, smgll group, class size, and total.

unit activities, Older buildings are remodeled.

——~Aeo~%ha%—%here~ia~ene~lapge—cenxral_Imc:thax_ac-

% commodates up to 90 intermediaté-age children
and another that accommodates at least 60 primary
age children in a séhool of about 600 enrollment,”
(27, p. 7]

‘ It is clear that the expectation of the designers of

IGE is that a pod will ve subdivided as necessary for

simultaneous use by students in groups of varying sizes.,
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In general, spaces in an elementary school will be .
used  for a variety of activities. In a traditional closed
classroom, virtually any kind of educational activity may
be expected to occur, Art, music, reading, math, and

sclence may all be accomplished at the same desk, In the
multiunit school, where there is likely to be more ggoup
movement, some spaces are often designed vs dedicated spaces
Qhere particular activities will almost always be sched-
uled, Other spaces will be designated as general instruction
areas and will have to accommodate the usual variety of
individual and group instructional ectivities, How 1n;
dividual spaces are put to use, how often and to what

extent they are used is determined by the method for as=-
eigning scheduled activities into the available spaces,

Compounding the design problem for school buildings

Is—the factor of-a—constantly-changing enrollment, Schools
are usually constructed in a district or area which reaches
gsome minimim population level, For a growing community it
does not make good sense to build a school which will ac=-
commodate its current population, Neither does it pay to
qvercompensate for an expected enrollment figure. It is
difficult to assess the impact of changing enrollment on
the functionality of an elementary school, A well designed

school with carefully planned and scheduled activities can

'S

.b\\
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survive a substantial increase in enrollment without signi-
ficant overcrowding,

To recapitulate, the design of educational facilities
is a problem which must be concerned with satisfying
methodological differences between schools, allocating
space among scheduled activities, and remaining sensitive

to changing enrollments,
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1.4 Approaches to Educational Facilities Design
Every state has codes which specify legal standards

which all school buildings must meet for construction
materials, ceiling heights, fire and safety regulations,
sanitary facilitigs and so on, The:school archi{;ct.
however, is concerned with not just the physical aspects
but also the functional factors--a more subjective set of
criteria, Accérding to Paul [27], these should include
requirements which might be classified as global (school
and community wide) and local (classroom or spatial) re-
ﬁuirements. To be considered globally are school phi%o-
sophy and school methodology as has been previously dis-
cussed (Section 1.3). Local considerations besides class-
roon objectives include space needs for activities and .
functional relationships between spaces. Among others,
the Pilkington Research Unit [29] would add to these re-
quirements one of adaptablility to meet changes in educational
aims and practice, !

Adequate traditional school buildings can be construct-
ed, according to Castaldi [ 7 ], by following guidelines
such as those shown in Table l-1, Future schools would
have additional facilities for individual study in carrels,
and space for programmed instruction and'Specialty rooms

for construction or workshop activities and remedial
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TABLE 1-1°
TYPES, NUMBER, AND SIZES OF SPACES IN A OONVEQTIONAL
ELEMENTARY SCHOOL (A Partial Listing)
Normal Total
-Class Sq.
Iype of Space - Number Needed Size Peet
Kindergarten 1 Per 20 Students 20 1).00-1300
General Classrooms 1 Per 25 S%udenta 25 900-1000
Remedial Rooms : 1 Per S Teachers 6-10
Auditorium 8 Sq. Ft,

Per Persons

*Excerpted from Castaldi [ 7 ],
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TABLE 1-2

FORMULA FOR COMPUTING NUMBER OF INSTRUCTIONAL AREAS
IN A NON-GRADED SCHOOL

Number of Aréas = 1,25 % * &

where E = Total Number of students requiring space
for a given group size

C = Number of students in a given group or
class

n = Number of minutes that a given group size
meets per week

"N = Number of minutes in the school week,

Exanple: Assume an elementary school program calls for
300 students to meet in groups of 16 for 10%
of the time, Let N = 300 ,

Then Number of Areas = 1,25 * 292 o %

= 6,25 = 6 spaces,

.Excerpted from Castaldi [ 7 ].
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instruction, For non-graded schools he attempts to define
the number of spaces necessary to accommodate a particular
group size as a function of total number of students to
be dbroken into groups, time (in minutes) per week which
that group will meet and number of minutes in the school
week (see Table 1-2), Even though this model might predict
the number of spaces necessary, it is based on tﬁe assumption
of a fixed schedule of activities, The question of how
much area to allocate to each space is not directly
addressed,

To design buildings for educational methodologies
which attempt to individualize education through non=-graded
multi-age grouping, school designers have turned increas-
ingly toward an open-plan school design, Engelhardt [10)
‘considers the activities which would likely go on in a
continuous progress open-plan school, the factors to be
considered in planning such a school, the relationship
between spaces (Figure 1l-1), and then preécribOSNSpace<mm_ ....... _—
requirements to accommodate the program, The requirements
for square feet per space are presented as sample values,
however, the method for determining the area requirements
are nowhere described, The effect of the schedule of

activities on space requirements is not considered,
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OPEN-PLAN SPACE RELATIONSHIPS

OQUTDOORS

Resource Centey

Instructional Areas

Specialized
Areas

Specialized
Areas

Figure l-1
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Castaldi and Engelhardt are representative of those
who can establish good general guidelines to follow in
designing a school building, The effect of such generality
is manifest, though, in the wide range of interpretations
embodied in existing elementary schools, A comparison of
award winning elementary schools in Nation's Schools (16]
showed a difference in space allocation of from 54.2 to
112,.3 square feet per student with costs ranging from
$10.80 to 333.84 per square foot, Instructional space
ranged from 40% to 80% of the total area of the facility,

A better attempt to define space needs in terms of
area requirements has been made by Banghart and others at
Florida State University (4 ], The model is appropriately
applied to high schools and uses a building black approach
where the basic unit is a gtudent module. A gtudent module
is defined as "the space and resources required to maintain
a student in a given activity at a particular time",

'w~«~7~ﬂ_‘ﬂ_Acxivitiesnaze#caxegorized_intowninemjxpeswnhich_include

such classes as general class activities, art activities,

and laboratory activities, Each has a student module
associated with it, Space needs are determined by simulating
éehedules of activities based on previously compiled in-
formation on student requests for activities, duration of

the activities and the number of activities requested per

student.,




The promise of the I'SU approach is that it can
accurately deliniate space needs based on known information
about educational activities in high schools. However,
the method by which the”;tudent module - dimensions are
determined is not outlined, Though these might be more
standardized at the high school level, this is not neces-
sarily the case at the grade school level, Further, all
instructional activities are grouped into one class under .
the assumption that for such activities, the student module
is an interchangeable unit, Again, in eiementary schools
with different methodologies, this may not be applicable
as is shown }n Chapter 3,

The approaches described provide guidelines, general
and specific, for determining the amount of space an
educational facility might require, assuming the per-student
space needs figures they utilize in their models are cor-
rect, It is conceivable that the FSU simulation could bde

———————applied-to-a proposed floorplan to test-its adequacy.
Apker [ 2, using available seating as his spatial denomina-
tor, did just that. He simulated a high school with modular
scheduling in order to make better decisions about space
needs, The high school had nct yet been built at the time
of the simulation. Among the questions answered by Apker's

gystem was "Could better decisions be made regarding




building needs when using simulation?" The results showed
that for a school of 1500 students the architect over=-
estimated classroom needs by 21 rooms and underestimated
seating space for large group instruction, The scheduling
for Apker's simulation performed by the Generalized Academic
Scheduling Program (GASP)., Using a computer to generate
complex schedules for modular schools has in most cases
proved to be superior to manual methods both in quality

and cost [23].

W“SU and Apker do provide some basis for testing floor-
plans, As they are applied to high schools they can pro-
vide valuable information for échool designers, The high
schools involved, however, do not appear to present the
problem of the effect on space of varying methodologies,
That i3, by assuming the "traditional® mode of education,
apace needs can be translated into seating requirements
within a fixed space, Apker and FSU also have the ade
vantage of being able to work with fixed, regular schedules
which can be based on past student requests. Applying the
appfopriate scheduler to the student requests and a space
list ylelds a complete schedule of activities, where they
will be located, and with apﬁrOpriate inputs, the instruc-
tors who will supervise the activities, This 1nformat16n
is sufficient to determine the use of space over time in the

educational facility to which the simulation is applied,
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. 1,5 The Desien Problem for Floorplans

The foregoing discussion lays a basis for specifying
the design problem of developing viable school floorplans,
The characteristics of the problem can be described in
terms of requirements, constraints, and criteria, Re-
quirements are a function of a particular educational
methodology; they are derived from an analysis of the
activities which take place in an elementary school,
Activities have certain characteristics--they are scheduled
at certain times, they fequire resources such as space
‘and equipment, and they involve groups of people. Con-
straints may also be pléced on activities such as through
the assignment of priorities or by virtue of thelr re-
lationship with other activities., The floorplan, to be
satisfactory, must meet certain criteria, It must provide
-enough space to contain the activities scheduled at
particular times; the resources of the spaces must ade-
quately meet the needs of the activities; and it must

"allow activities to satisfy the demands of their constraints,

Certainly, there is a good deal of subjectivity asso-
ciated with the evaluation of a floorplan as has been
described. What is an adequate amount of space }or an
activity according to one set of school administrators

might be inadequate to another, Factors ranging from the
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aesthetic to cost considerations might affect such judg-
ments. The adequacy of a school floorplan for a given
educational program can be defined for the purposes of
this report as a function of the amount and configura@ion
of space available for carrying on educational activities
under that program,

It is because of the subjectivity involved in deter-
mining what is a satisfactory design and‘what isn't, as well
as a conscious decision not to automate‘ihe desien process-=
thus leaving the more creative aspects of design in the
hands of the architect--that this research is directed

toward the development of a tool to augment the design

process,



1.6 Method of Implementation
It is the purpose of this thesis to show that ap-

propriate, useable information about the floorplan of an
elementary school can be presented to a designer through
the vehicle of a comﬁuter simulation, The kind of simula-
tion employed is known as a discrete simulation--one in
which all changes in the system modelled are assumed to
occur at discrete points in time [17?], That is, the simula-
tion ig a function of a set of events which happen at dif-
ferent times but whose effects can be assessed and incor-
porated into a model at some discrete moment in simulated
time, The events in this case are activities and their
major effects is their impact on the available space in
& school at the times they occur, It is important, further-
more, in view of the number of differing educational
methodologies in current use, that the simulation be
sensitive té fhe differences, if any, of the effects upon
space use of:one_methodology versus another,

To provide a basis for demonstrating such a sensitivity,
a systematic method for modelling elementary school activi-
ties was developed, Through the direct observation of
elementary schools operating under different scholastic
progress-and the subsequent analysis of the data recorded,
characteristics of activities were classified and incor-

porated into a data base of “activity descripiors" from
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which simulated activities could be generated, The data
items which were recorded included a floorplan drawn to
scale detailiﬁg instructional spaces, information on how
students were grouped for activities, and thg time and
duration of each observed activity.

Utilizing the information in the data base is a system
of computer programs which, according to a set of input
parameters, generates likely sequences of activities and
their characteristics, steps at user designated time
intervalé through thé schedule, and at each time step
attempts to find spaces on the proposed floorplan into

which fo assign the activities, Upon the completion of
‘ the assignment phase, the system collects information on
the status of space in the school and.builds a report which
provides that information to the designer,

Chapters 2 and 3 of this dissertation document the
development of the observation procedure and the method
and results of analyzing the data collected in the process.,
Chapter 3 also details the construction of the activity
descriptors for one of the two multiunit schools which were
observed in a field test of the observation procedure,
Cﬁapter L gives a functional description of the simulation
system including -parameters to and the flow of data through

the system, Chapters V and VI describe the approaches taken
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to the problems of floorplan representation and the assign-
ment of activities to spaces at each time step during the
simula%ion. Chapter 7 analyzes the results of running
three selected test cases through the simulation process;
Chapter 8 summarizes the work and offers suggestions

on implications for future research,
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CHAPTER 2

Development of a Model of Educational Activities-
The Observation Procedure

2,1 Introduction

This chapter will describe the development and im-
plementation of an observation procedure for collecting
data which would characterize the actual and potential
impact of elementary school activities upon instructional
space. The objective in collecting data was to show that
the implementation of different scholastic programs can
result in schedules and physical configurations of activi-
ties which would lead to different architectural concep-
tions, The utility of the procedure is its ultimate ap-
plication to the development of mathematical models of
elementary school activities,

The success of a simulation of a system is strongly
dependent on the validity of the model employed to repre-
sent the system, For many applications enough is known
about the variables involved to derive a theoretical model
for a system, For phyéical phenomena or events such as
the arrival of people to a terminal, known parameterized
distributions suffice to provide an accurate model., Often,
however, the events tolbe simulated do not conform ‘to

or are not known to behave according to computabdle
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distributions.,- For example, many economic and social
systems often require complex mathematical and logical
models to reflect their vehavior accurately, In deriving
these models researchers are often required to observe |
specific components of the system they wish to simulate,
Most classroom phenomena falls into the category of
those systems which would require a period of observation
before they can be accurately described, Existing class-
room observatioﬁ schemes, however, are generally concerned
with the interactions which occur between participants in
the instructional process [15, 25, 34], To develop a
model of instructional space use, however, information
must be available which describes the number and configura-
tion of participants in instructional activities and the
physical equipment necessary for these activities, This
information must then be organized by instructional program
and translated into specific space requirements for activi-
ties operating under those programs. Although the classroom
organization can be'generally defined for different educa-
tional programs, the specificity of information required
to build an accurate model for a simulation can be best

derived from direct classroom observation,
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2,2 Problems of Observation Schemes

There are many problems associated with non-mechanized
recording schemes, These have to do with the interpreta-
tion of events by observers, the complexity of the systems
being observed, the instrumentation used to record the
observations, and the costs involved in administering an
observation program,

The use of human observers places implicit 1limits on
the accuracy and reliability of the data depending on the
degree of bias of an observer and the amount of subjectivity
involved in interpreting the events, These problems can
be partially alleviated by rotating observers (to'reduce
the bias factor), comprehensive training of observers to
reduce subjective judgments, and of course the design of
observation methods which are as objective as possible,

With respect to the complexity of the system being
observed, consider the observation of instructional activi-
ties for determiging their impact on educational space,

Under the strictest interpretation of the traditional
methodology, the activities in a closed classroom would be
relatively easy to observe and record, Identity of events
could be easily determined ;nd the recording of other items

such as the number of students and their configuration would
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also be straightforward, In addition, the rate of change
of activities would be slow enough to allow observers time
to make better decisions about questionable items.,
Contrasting with this traditional model is the un-
structured environment of an open school. Large spaces
accommodating several siﬁultanecus activities which are
frequently changing are much more difficult to observe
accurately, More than one observer can be assigned to
such spaces, but the problems of coordination of observers
then becomes a factor., The obse;vation recording form
must allow entries to be made as quickly as possible so

that information will not be lost,



2,3 Method
The development of the observation procedure for this

study was conducted by 1) deterﬁ;ning what items of informa-
tion about elementary school activities should be recorded,
2) designing observation forms appropriate to the task and
3) field testing and revising the procedure where necessary.
Two schemes (Appendix A) were developed, field tested, and
modified before the final version of the observation pro-
cedure was adopted.

Beforé deciding specific items of information to be
" recorded some overall goals had to be defined. The primary
architectural description of interest was the requirement
.for and use of space by activities, The major component
of an educational activity which requires space is the
student; thus the(focus of the observation procedure was
on information which detailed how many students typically
engaged in activities under a school program, what resources
they used, and how much time they spent on the activity.
Furthermore, the space in which an activity took place,
its size, shave, and resources could be used to characterize
aqtivities in terms of the amount of space deemed necessary
by experienced teachers in a given school program.

From the perspective of the activity, the resources

are represented by a set of requirements for floor space,
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furniture, and equipment; whereas the space is expected
to provide the required resources for the activity to be
conducted in an efficient manner.

The observation procedure was to relate, for a given
school, activities, students, spaces, resources and time
in such a way as to allow the development of models of
characteristics of activities which could be generated in
a simulator, Schedules of these activities would also be
generated which would reflect scheduling and grouping tech-
niques employed under different methodologies,

An observer bositioned in an instructional area would
make entries upon an observation form which would describe
. the asynchronous events taking place over the course of a
given school day. The result would be a scenario which
would refléét the sequence and characteristics of activities
through the "eyes" of the space in which they took place.

Because of time constraints, the requirement of
formatted entries on the observation sheet and the large
number of items tc be recorded, the observation procedure
was an intricate one and required capable, conscientious
observers. |

One major consideration in the design-of the recording

sheet used in the observation procedure was that over the

course of a short period of time a given space might be



the scene of many activities, a good number of which happen
to occur simultaneously, It is important to maintain the
distinction among simultaneous activities because they
reflect the physical realization of the way studgnts are
being grouped to accomplish educational goals--hehce can
be viewed as a function of the-mefhodology being employed

at the observed school,

2.3.1 Determining the Pertinent Information Items®

. The determination of those aspects of elementary school
activities which wéra to be oyserved came about as the
result of several school visitations and consultations
with principals, teachers, school architects, and school
administrators, Several schools in southern Wisconsin,
including open-plan schools, were visited. Rooms and pods
were observed at length, and careful attention was given
to any characteristics of an activity which could con-
ceivably be affected by or have an effect upon the physical
constraints of the space in which it occurred and the actual
utilization of the space,

Items which were chosen for inclusion on the final
version of the observation forms were of two typess 1)
those which were recorded once per day for each space
observed and 2) those which were repeated for each observed .

event, Items of the first type were for identification and ;

.This was done with the assistance of Mr., Michael Even, an
architect and former research associate at the U, of Wisconsin.



05.
39

included the observer's name, the name and organization

type of the school, the date of observation, and identifica-
tion of the space for which the observer was responsible,
Items of the second type were intended to provide informa-
tion‘about space use in terms of the physical aspects of
activities and in terms of the scheduling of groups megting
to pursue those activities, A list of the latter type itens
follows with an explanation of each item and the reasons

for including it on the final observation form. For con-
venience, the items are presented in the same order as

they appear on the form in Figure 2-1,

Jtem Name or Description Explanation
1, Start and End Time The start and end time for each

event was recorded for the
purpose of providing informa-
tion about the scheduling of
activities, Information to
be derived included duration
and sequence of events plus
data concerning the time of
day certain activities were
likely to take place,

2, Llocation Location of an activity iden-
tified the subspace of a space
in which the activity was tak-
ing place, Keyed to a scale
drawing of the space and its
subspaces, the total floor space
being used by the activity could
be determined,

Note a subspace s of a space S 1is formally defined as
8< S which means that it is possible that s = S; e.g.,
a space may be a subspace of itself,
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7.

Group

Group Type

Number of Students

Number of Supervisory
Personnel

Name of the Event
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A name was assigned to each
group as it formed to partake
in an activity., Whenever the
same group could be identified
at another time, its assigned
name was to be used., This itenm
was to provide information
pertaining to the circulation
of groups within an ovserved
space,

Group type showed whether a
group of students were proceeed-
ing independently or as a group
in pursuing their activity,

This characterizer would have
an effect on the decision of
what space the group would be
assigned during the simulation
procedure,

The number of students in each
group observed was recorded to
provide information which &ould
relate educational program £roup-
ing practices for instructional
activities, The number of stu-
dents in an activity is an
important factor in computing

the svace required for the
activity.

The number of teachers and
teacher aides was recorded since
the additional people concerned
with the activity require ad-
ditional space, Supervisory
personnel were differential

from the students in the acti-
vity to document methodological
differences in staffing.

The events recorded were of two
kinds, each of which could be
represented by a different model,
The two kinds of events were 1)
subject or instructional tyre
events, and 2) other events,
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10,

Physical Configuration
of the Group

Distraction Factor

Furniture and
Equipment
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which attempted to describe
circulation, changes in the
make-up of a group, and unused
space. For a complete listing
of event codes see Appendix .,

The physical configuration of
a group refers to the arrange-
ment of that group in a space,
How the group is arranged can
affect how much svace is used,
A description of configuration
types is given inTable 2-1,

The distraction factor was
defined as a composite index of
the amount of noise and physi-
cal activity associated with an
instructional activity. The
purpose of the distraction
factor was to determine the
votential for one activity to
disturdb another if they were
held in adjacent spaces with

no intervening walls, When
assigning spaces to activities
in the simulation, the distrac-
tion factor should have an effect
on the location of activities
relative to one another,

All the furniture and equipment
employed in conducting an acti-
vity was recorded, Different
rleces of furniture require dif-
ferent amounts of svace, and

.activities could have certain

regular reaquirements for fur-
niture or equipment which, in
the simulation, would affect
the decision on what space would
meet those requirements best,
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Figure 2-1
SAMPLE OBSERVATION FORM
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TABLE 2-1
CONFIGURATION CATEGORIES"

1, PMrontal Minimal (FMI)-<Students arranged rectangularly,
in rows with aisles between rows,

Gaabd
tadd
bada

Frontal minimal configuration

2, Prontal Optimal (FOP)--Students éfranged rectangularly,
in rows with aisel space ‘on all sides of each student.

6 &6 & 6
a & 6 6
a. 6 6 6

Frontal optimal configuration

3. Circular (CRI)--Students arranged in a circle or arc.
6 o
& ]
& &
] &

Circular configuration

4, Radial (RAD)--Students grouped in lines radiating from
a common center,

8 Q

Radial configuration

»
Cenfiguration categeries were determined by Michael Even,
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TABLE 2.1
(Continued)

5+ Clustered (CLU)=--Students scattered in small groups.

A &g 80
8 & g g °0 QA-
oDDo

Clustered configuration
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2,4 Design of the Observation Forms

The observation forms were designed so that the
recorded data could be directly transferred to punched
cards, yet be conveniently transcribed'with a minimum of
decision making on the bart of the observer,

Thrge kinds of data were recorded; quantitative (e.g.,
gfoup size), categorical (e.g., subject) in which items
could be chosen from a list, and graphic (scale drawings
of observed spaces and subspaces),

The quantitative and categorical items were designed
to be entries on an 84" x 11" observation sheet (Figure 2-1),
one column for each entry. Each observation of an event
could thus be described on one line of the sheet, "hen
se;eral events or activities were observed to occur
gimul taneously. their start-times could quickly be recorded
on consecutive lines, the other descriptive entries made,
and the end times easily filled in when the activity was
observed to end,

To conserve recording space, lists of categorical
items were drawn up and appropriate codes were assigned
to them for use by the observer. The categorical items
included Event, Configuration, and Other Equipment, and
schedules of these items are presented in Appendix
which contains the directions and reference sheets given

to each observer,
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The graphic data consisted of a floorplan of the
space in which an observer was to be stationed. On the
floorplan the observer would draw and name (to be keyed
to the observation sheet) éach subspace in which a recorded
event took place, The space and suﬁspace drawings were
later transferred to punched cards through the use of a

digitizer in the Cariography Department at the University

of Wisconsin,
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2.5 Selection of Sample Schools

Two types of elementary school programs were observed--

the traditional program where one teacher ran a self-
rontained classroom of from 20-40 students, and the multi-
nit program where teams of 4-5 teachers worked with units
of 150-200 students,

Three schools were selected for observation, two of
which were mu;yiunit (Schools A and B), the other, tradi-
tional (School C), Because of the recent trend in building
open plan or pod;type schools without interior walls, the
two multiunit schools selected were of the open plan type
(see floorplans, Figures 2-2 and 2-3). Classrooms in
School C were réctangular with dimensions of 22' x 35°
or 27' x 29°,

All of the spaces observed at Schools A, B, and C
were instructional areas ranging over gradés 1-6, 1In
School A, the three units observed represented the equiva-
lent of grades 1-3, 3-5, and 4-6 for units 2, 3, and &
respectively, In School B, only the units répresenting
grades 3-5 (area A) and 4-6 (area B) were observed., In
the traditional school, C, classrooms were observed for
grades '1-5. Two weeks of observation was done at School B
(the first of which served to acclimate the observers, not

all of whom were available each day) and one week of
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observation was made at each of Schools A and C., The
actual time spent in each space at School C was dependent
on the decision of the individual teacher as to how long
her classroom could be observed,

The operation of the multiunit schools was based on
individual unit schedules which allocated blocks of time -
for general subject areas, For example, the first 30
minutes of every morning at School A,unit 4 was scheduled
for language arts activities, At School C, the tradition#l
school, the classrooms .each operated on their own specific
schedule with more specific activities designated at each
time period. A sample schedule for School A, unit 4 is
shown in Table 2-1, The length of the scheduling cycle at
all three schools was one week; the only daily changes
were those representing accommodations made for physical
education, art, and music.

It should also be noted that School B was in a transi-
tion phase from a traditionally operated school to a multi-
unit school. Hence, there was a tendency for organizing
spaces and groups more on the order of the self-contained

classroom than might otherwise have been expected,



8:30

10:30
11:30

12:30

1100
2300

2115

06
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TABLE 2-2
SAMPLE SCHEDULE FOR SCHOOL A, UNIT &

Language Arts Block .
9100~ 9130 Physical Education-Group 1'
9:30-10300 Physical Education-Group 2

Math Block
Lunch Hour .

Study Hall

12430-1:00 Music Group
12130-1300 Physical Education Group
12130-1100 Art Group ,

Math Block

Recess

Language Arts Block

3115 End of Day

*

Entries in the seccnd column represent activities which
take place outside of the observed space but do not in-
volve all the students. Those students which remain in
the space continue the activities in column 1, When 2an
activity in column 2 is completed, the group returns and
continues the activity specified in column 1,



2,6 Collection of the Data

———

The actual collection of data was performed at the
three schools from April 10, 1972-to May §, 1972 for the

periods of time described earlier.

2,6,1 Orientation of the Observers

Five observers were hired, only three or four of whom
worked at any one time, Each day observers were assigned
a space and given their materials, The materials consisted
of observation sheets, instructions (including lists of
categorical items with their codes) and a floorplan., The
instructions appear in Appendix B, Prior to the first live
vobservation. a training session was held with each observer
and his or her vart in the project was explained in detail.
The first week of observation was utilized to get the
observers accustomed to live recording_of data and to
resolve problems in the observation procedure, The reli-
ability of the observers was thus establishea through care-

ful monitoring of the early observation results,

2,6,2 Assignment of Cbservers to Spaces

There were two considerations involved.in assigning
observers to spaces: 1) how many observers were necessary
for a single instructional area and 2) how to avoid or
reduce possible bias on the part of the observer in record-

ing information.



06
53

In the former case, it appeared that for traditional
closed classrooms, a single observer could easily dispatch
his or her responsibility. The multiunit sc¢hool, A, with
its large pods and often changing groupings of students
was significantly more challenging. Recording the activi-
ties of more than 150 students instead of about 30 seemed
té be beyond what could be reasonably expected from ob-
servers, The space itself was large enough so that one
could not get accurate counts of students and equipment
when positioned across the room,

The availability of one extra observer during the
week the study was taking place at School A provided an
opportunity to place two observers in one of the three
pods being watched, each of whom was assigned one-half
of the area. Upon inspection, the observations appeared
to be more accurate and with greater detail than those of
a single observer in the same pod., Thus it was concluded
that for large spaces, more than one observer was desir-
able,

To reduce bias the observers were rotated among spaces
observed on a daily basis. No formal analysis was made to
verify the existence or absénce of bias, but spot checks of
observers' forms--especially with respect to their percep-
tions and drawings of subspaces within the observation area--

showed a general consistency in their recording of data.
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2,7 Discussion

Since the study was interested in the physical as-
pects of activities, attention was focused on those events
which would be considered instructional entities or those
which represented the dynamics of groups. The group
dynamics data included descriptors of formation of a group
and subsequent coalescing into a larger group or the
splitting into subgrouvs. Furthermore, items denoting
circulation within spaces and between spaces were recorded
in an attempt to discover patterns of circulation, espe-
clially for open plan schools,

The data collection phase yielded about 3000 lines
of observations. The data, however were not as readily
adaptable to computer analysis as had originally been
thought, Some of the difficulties were due to the con=-
straints of the observation form itself; some to the trans-
formations which had to be performed on the data before it
was acceptable to the computer analysis programs, and some
to the latitude given to the observers which resulted in
either inconsistent or uninterpretable data.

Because an event could be described on one line, events
starting simultaneously, such as a large group breaking up
into several separate groups and starting independent

activities, could be recorded on consecutive lines without

confusing the observer or the analysis procedure,



Items on the sheet were arranged so that similar or
related items were grouped together (e.g., Group, Group
Type, Number of Students, Supervisory Personnel and all
the Furniture and Equipment items), In addition, the
most dynamic information was located on the left side of
the sheet so that it would be recorded immediately--namely,
time of the event, It should be further noted that the
most common furniture items, chairs, desks, tables, and
teacher's desks, were made column headings so only their
quantities had to be entered.

0f the data items recorded per line of observation,
there was little difficulty encountered in the recording
of time, group size, supervisory personnel, distraction
factor and the four pre-labelled furniture columns.

Certain kinds of events, configuration codes, and the
recording of other equipment did present some problems
in reliability, however. '

Circulation events and minor changes in the makeup of
groups were difficult to record accurately in addition to
the major activity events. Appending furniture and density
designators to the configuration codes proved to be con-
fusing to observers. ;
One further problem in recording was evident in that

very few observations were recorded in the Other Eauipment
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c¢olumn; and what was recorded tended to decrease as the
days progressed,

The aforementioned problems were at most nettlesome
and were not of sufficient import to affect the overall
objective of the observation procedure--to provide data
for modelling activities under differing educational meth-
odologies, In fact, the approximately 50 observations of
instructional activity events alone provided a sufficient
base for testing various aspects of the simulation program,
Furthermore, the instructional activities were recorded as
a2 set of sequential states from which it would be possible
to infer some of the circulation information; the graphic
information combined with inventories of furniture and
group sizes would allow the configuration density to be
deduced; and the obvious equipment requirements for acti-
vities (such as the likelihood of using a piano .n a music
activity) could be arbitrarily defined,

One further problem occurred because observers were
allowed to generate their own names for locations which
they were observing. Since the observers were rotated among
spaces in a school, the same spaces and its subspaces were
renamed several times, thus requiring a good deal of effort
to rename each space and subspace consistently to allow a

computer analysis of space use in the observed schools,
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2.8 Recommendations
With a few alterations, the forms described are
adequate for recording observations of elementary school
instructional activities. A different approach will be
necessary to observe and record circulation and group
dynamics directly., The precise approach would depend on
the particular inferences which could be drawn from the
‘instructiona} activities about circulation and group dy-
namics in the observed elementary schools,
Alterations to the observation forms would includes
Pre-assignment of names to all spaces and subspaces
observed (the observers were allowed to generate

their own names).

Deletion of the density codes since they can be

computed from information already present on
the form.,

Elimination of group names (the observers cannot keep
track of the content of grouvs).

Dropping the event codes designating circulation and
group dynamics information,

Replacing the "Other Equipment" columns with pre-
labelled columns svecifying particular vieces of
equipment to record. Such equioment would include
TV sets, movie projectors and similar items which
could be determined to affect space use,

The above alterations would eliminate the major sources

of confusion (names of subspaces and groups), reduce sub-
jectivity on the part of the observer from having to decide

density, and make the recording of furniture and equipment



074
58

more efficient, Of course, adoption of a new version of
the observation form would be contingent on an appropriate

field test,
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2,9 Conclusion

This chapter has described the derivation and con-
struction of an observation procedure to collect data
about the physical aspects of elementary school activities,
With some improvements, the procedure is thought to be a
viable means for obtaining data which, when used appro-
priately, can supply information for use in the development
and evaluation of school floorplans, A test of the pro-
cedure on three sample schools yie%ded a sufficient amount

of usable data to warrant this conclusion, The next chapter

‘uses this data to develop a procedure for building models

of educational activities which would reflect the observed

activities for differing school programs, \\\\
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CHAPTER 3

Data Analysis and Results \

3,1 Introduction

This chapter describes the analytical procedures
which were applied to data collected during the observa-
tion phase and summarizes the results., The objective in
analyzing the data was to derive the basis for a model of
educational activities.

The model consists of a set of frequency distributions
compiled from the observed data and algorithms which overate
upon those distributions to generate schedules of activities,
distributions of students among them, and a selection of
physical characteristics which would affect the choice and
use of space,

7iven a schedule and an initial student povulation,
the objective of the simulation prograﬁ is to generate
those subactivities which are likely to occur during a
block of time, Two factors are necessary to determine such
a schedule--the number of students engaged in a subactivity
and the duration of each subactivity. The actual algorithm
used to generate schedules of subactivities is described
in Chapter 4, In the following sections of this chapter
models for predicting group size and activity duration

are developed and their relationship to each other is
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examined. The remainder of the chapter describes the
modeling of the physical aspects of activities, The
information for these models was obtained from the
observations described in Chapter 2,

The other observed characteristics of activities
were compiled into tables of information referred to as

activity descrivtors. These characteristics included

the physical configuration of students in a space,
furniture and special equipment used, the type of group
pursuing the activity, and a composite noise/physical
activity indicator called the distraction factor.

From the configuration and furniture requirements the
amount of square feet per student required for an activity
can be computed; this figure multiplied by the orojected
group size ylelds the total square feet required for an
activity., Furthermore, a relationship between activities
can be determined as a function of the distraction factor
and can be used in deciding upon the actual placement of
activities in a space,

It should be noted that as an exploratory study, the
results presented herein should be interpreted from the
perspective of the methodology used to derive them rather
than as design parameters per se, This is due to the
sample size for schools which was too small to provide

a reliable data base,
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Because the major focus of the study was the
multiunit school, and the most consistent data was
recorded at School A which was using the multiunit plan,
a complete analysis of this school was run from which
to derive a useable simulation model, Comparisons
were made and are reported on all three schools, however,

where the quality of the data allowed such an analysis

to be done,
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3.2 Developing Models of Activities, Grouv Sizes and
Durations

3.2,1 Introduction

Standard analysis of variance procedures were applied
to the collected data to determine major factors contribut-
ing to the sizes of groups and the duration of instructiqnal
activities, Frequency distributions for approoriate
categories of group size and duration were then generated
for each of the significant factors found in the analysis
of variance and thus represented the computational model
utilized in the simulation. A Pearson )(2 test of
statistical independence was performed on group size and
duration to verify that the distributions could be used
to generate these properties of activities independently.,
from one another,

In each statistical test the level of significance
was established at p < .00l, This conservative level
was chosen to minimize the chances of incurring a Type 1

error--re jecting the null hypothesis falsely.,
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3.2,2 FEstablishing the Statistical Independence of Group
Size and Duration

Before the derived models of group size and duration
could be used together to simulate schedules of subactivi-
ties, their statistical independence had to be ascertained,
If the two variables were unrelated, they could be generated
from their derived distributions independently, If they
were not independent, however, a joint frequency distribu-
tion wou;d be necessary to model them,

A‘??araon 3(2 test of association performed on the
joint frequency distribution of categories of observed
group sizes and durations (see Table 3-1), showed that
the two variables were not significantly related (d.f.=54,
X?x49,85, P > .655).

- 3+2,3 Developing a Predictive Model of Group 3;;e»

To develop a predictive model of group size, an
analysis of variance was performed to discover from which
other factors there were significant effec?s.

The hypotheses tested were that school program,
instructional activity, and age would have significant
effects upon the size of groups,

Factors considered in the analysis were School
(2 levels), Activity (4 levels), and Age (that is, Pod)

(3 levels), Although 5chool B was designed as a multiunit
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TABLE 3-1

JOINT FREQUENCY DISTRIBUTION OF
CATEGORIES OF GROUP SIZE AND DURATION

Group Size

of
D 1-6 {7-16 | 17-35 |36-300| Total C%lumn
u 5 | 38 | 3L 29 1% 112 11,2
r 6-10 | 47 | 28 Ly 10 129 12,0
& 11-15 | 63 | 38 47 9 157 15,7
t 16-20 | 38 | &5 28 ? 118 11,8
i 21-25 | 25 | 23 31 11 92 9.2
° 2630 | 3% | 37 50 11 132 13.2
n 31-35 | 27 | 15 24 8 7% 7.4
6-42 | 17 | 16 23 0 56 2.6

1 b1-45 | 10 | 11 19 1 41 o1
n 46-50 ? ? 5 0 19 1,9
5155 0 4 ? 0 11 1,1

M 56-60 8 | 10 11 1 30 3.0
i 81-65 0 1 4 0 5 045
n 66-70 2 2 1 0 5 0.5
u 71-75 0 5 3 0 8 0,8
t 76-80 | 1| 0 1 0 2 0,2
e 81-85 0 0 3 0 3 0.3
8 86-90 1 1 0 0 2 0,2
91-95 1 0 2 0 3 0.3

[ TOTAL | 319 [276 332 72 999

CHI-SQUARE = 49,85 with 5S4 DF,
Probability (CHI-SQUARE > 49,85) = ,6553
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school, it was in a transitional phase and still operating
a8 & traditional school with some amount of teaming,
Therefore, Schools B andC were considered to be traditional
schools and School A a multiunit school., Activities were
originally classed as Language Arts, Math, Science, Art,
Music, Social Science and Other (consisting mainly of
independent work)., However, Art and Music were generally
carried on in special rooms which were not observed, while
Social Science occurred only occasionally, but not in
conjunction with all levels of the other factors., There-
fore, Art and Music were not included in the analysis
and the small number of Social Science observations were
included in the "Other" category. The variable Pod cor-
responded to a unit in a multiunit school and served to
bracket grade and age levels, The three levels in terms
of school grade were 1-2, 2-4, and 4-6, There was an
obvious difficulty in attempting to compare these units
with the more rigidly defined grade level in the traditional
school, It was decided that the best comparison could be
made by breaking the traditional school into three units
consisting of grade 1, grades 2 and 3, and grades 4 and 5.,
Analysis of variance of group size revealed significant
main effects (p € .001) for school program (F(1,%9) =
33,07), activity (F(3,%) = 13.41), and the interaction of
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school and activity (F(3,%) = 6,32), Table 3-2 presents
& summary of the analysis,

The interaction effect indicated that group size could
only be generated as a function of the values of the
School and Activity factors, as opposed to just school
alone,

Over all schoolﬁ. (see histogram, Figure 3-1) the
observed frequency of group size decreased with increasing
size, Purthermore, a reasonable categorization of group
sizes into "small", "medium", “large", and “"very large"
could be made for groups ranging in size from l-6, 7-16,
17-35, and 35+,

For the particular model of School A, the observed
group sizes were categorized into the four levels and a
frequency table for each Activity was tabulated (see Table
3-3)« These categories were further justified upon an
examination of the mean group size at each level which
fell nearly in the center of each grouping, In addition,
the distrivutions of group size within the category linits
were relatively flat (save for the peaks at multiples of
5)

Thus, a group size g for an activity can be chosen
by the following method, Let Ci' i=1,4 designate the
four categories of group size with category limits Li

and Ui for the lower and upper limits respectively, Let
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TABLE 3-2
SUMMARY OF VARIANCE ESTIMATES, ERROR TERMS, AND
P-RATIOS FOR SIGNIFICANT SOURCES IN T™HE ANALYSIS OF
VARIANCE OF GROUP SIZE

Source df MS P-Ratio
School 1 19856,16 33.07%
Activity 3 8053.09 13, b+
Pod (age) 2 4115.09 6.85
School X Activity 3 3796.12 6.32 *
School x Pod 2 1545,77 2,57
Activity x Pod 6 922,47 1.5
Scheol x Activity x Pod 6 1448,57 2,41
Within Cells 898 600,4056

*v < .001
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Py stand for the observed percentage of observations for
which the group size fell into Ci e An activity is first
assigned a group size category with probability P(Ci) = Py
Within the category, the distribution of group sizes is
assumed to be even, hence an evenly distributed random
number from Li to U1 is chosen to be G , the
group size,

The reader may observe that the above computation
is equivalent to choosing a group size from a table which
lists each possible group size value and its corresponding

probability, Within the range of a defined category

Ci the probability of choosing any particular group size

Py
Ui-Li
requires less preraration and computer storage.

would be

+ The two level computation, however,

3.2.4 Developing a Predictive Model of Activity Duration

Utilizing the same general technique as was used in
developing a model for grouvp size, a predictive model for
the duration of an activity was derived by determining
whether there were significant effects upon duration from
other observe? factors.

The first question tested was whether activity
duration varied with school program and instructional

activity,
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As in the analysis above, Schools B and C were treated
as traditional schools and School A as a multiunit school.
Activities consisted of Language Arts, Math, Science,
and Other which included all other instructional activities,

An analysis of variance on the observation data in a
2 x 4 design (school program x activity) showed no signi-
ficant effects (p > .001) for school program, (F(l,o) =
1,47), activity (F(3,%) = 4,63) or school x activity
(F(3,%) = 3.60),

Since neither school nor activity was found to be a
significant factor, observations were collapsed across both
of these factors in developing the model for duration, Over
all activities and all schools, a histogram (Figure 3-2)
shows that the distribution of observed durations is skewed
with a peak between 15-20 minutes and a smaller peak at
30-35 minutes, The five minute interval was chosen because
upon examination of a minute by minute tabulation, most
events were recorded as taking place at a time equal to
an integral multiple of 5, Whether this was due to an
unconscious rounding off process by the observer or re-
flected a propensity for activities to begin and end at
"even" times (five minute integrals) is not known.

The peaks in the distribution at 15-20 and 30-35 would

seem to indicate that for the schools involved, a
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reasonable time for an activity might have been 15 or
30 minutes, The rapid falloff of observations of acti-
vities taking longer than 30 minutes could, perhaps,

be attributed to limits on the length of the attention
span of an elementary school age child,

Consideration of the possibility that the dufation
of an activity might be different for younger and older
students led to an analysis of the effects of age upon
duration, For this test, POD was used as the factor since
the pods divided the students into three age levels; 6-8,
8-10, and 10-12, A one-way analysis of variance for
three levels of pod showed no significant effects
(F(2,>9) = .33, p > .001) ,

A predictive model of duration was therefore con-
structed from the distribution of observed activity
durations across school, activity, and pod. This distri-
bution is summarized in the percentage column of Table 3-1,

To obtain the duration of an activity let C (i=1,20)

i
designate any one of the 20 categories of duration with
category limits L1 and Ui respectively, Let Py stand
for the observed percentage of observations for which the
duration was of a length falling in Ci e An activity is
first assigned a duration category with probability

P(Ci) =Py o (The lower bounds of the intervals for the
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duration of the activity are chosen to correspond with

the apparent tendency for activities to last for integrals
of five minutes.) Within the category the distribution of
durations is assumed to be uniform, hence a uniformly

distributed random number from L to U.1 is chosen

i
to be D , the duration,

3.2.5 Discussion

A method has been presented for deriving estimates of
the group size and duration of activities under specified
elementary school programs., The method consists of

determining which of several hypothesized factors affected

group size and duration by an application of analysis of

variance, For each of the dependent variables group size and
duration, separate analysis of varianee were performed for
ech601 program, activity, and pod (grade range). For the
schools observed, the school program and activity were found
to have significant effects on group size; while duration

did not appear to vary significantly for any of the three.,

Frequency distributions of group size as a function
of school and activity, and of duration for all observations
were then plotted., Neither conformed exactly to known
theoretical distributions, hence suitable categories were
chosen and frequency tables were generated for modeling

the two variables, A final test was made on the two
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variables which ascertained that for the observed data,
group size and duration were statistically indevendent.
Thus the models described were incorporated into the

simulation,



3,3 Creating Activity Descrivtors

Once a schedule of activities has been generated
from the models of group size and duration, esch activity
in the schedule can be characterized in terms of the
particular use it will make of a space, The data used
in making this characterization are referred to as activity

descriptors which provide information about four major

aspects of an activity:

l, The amount of space needed per student for
an activity

2, The nature of the activity (group or
independent, supervised or unsupervised)

3. The distraction potential of an activity
upon other activities

4k, The resource requirements of an activity
in terms of equipment and furniture needs,

Each of these items is a factor which must be considered
when deciding where a scheduled activity will be placed.,

The observation procedure is designed to collect information
about these items either directly, as in 2, 3, and &4 or
indirectly, as in 1, where observed space per student

can be computed by dividing the area of the space identified
in the "location" field of the observation form by the
number of students recorded in the group size field, It

should be pointed out, however, that as the actual data

collection phase of this project produced an unsatisfactory
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set of observations in the Other Equipment category,

estimates were used to provide data to the simulator for
"resource requirements" items, The following sections
detail the data reduction techniques and derive the models
for each of the four aspects of activities mentioned pre-

viously,

3¢3.1 Determining Space Requirements

Two approaches to determining space per student were
employed. The first involved utilizing the observations
made of how space was actually used in the different observed
schools for different activities, Because of the dif-
ficulty in the recording of furniture used for an activity,
the configuration of students, irrespective of the actual
furniture used, was examined and related to the use of space,
The second approach involved the derivation of optimal space
per student needs based on estimated dimensions of furniture

and aisle space under the different configurations,

3.3.1.1 Observed Space Per Student

To test school designs in situations reflecting the
observed management of instructional space, a model was
derived from observed frequencies of the five kinds of

configurations described in Chapter 2, Section 2,3.1,
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The frequencies are reported in Table 3-4 for the three
observed schools, The most notable apparent differences
were the negligible use of the frontal optimal configura-
tion and the dominance of the clustered configuration in
school A,

A model of observed space per student was developed
for school A by preparing for each of the configuration
types, a table showing the frequency of observed square
feet per student for four configurations (Table 3-5),

The categories of square feet per student were chosen

from inspection of a histogram (Figure 3-3) in which observ-
ed frequency of square feet per student at school A was
plotted at intervals of two square feet, Reasonable
categories can be derived from the histogram with ranges
3-12, 13-40, 41-58, 59-100, and 100+, within which the
frequencies are fairly uniformly distributed,

Simulating observed student spaég needs consists of
two operations, First a configuration, CONJ. (j=lyeeeslt)
is chosen for an activity according to the distribution
of observations shown in Table 3-6, Let Ci' (i=1,2,40445)
represent the five categories of observed square feet per
student for configuration CONj with lower and upper limits
L, and Lu » respectively, Let by, (i=1,e0es¥4) equal

the percentage of observations for which observed square
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TABLE 3-4
FREQUENCIES OF O3SERVED CONFIGURATION* BY SCHOOL

School

A B C
MI 37 36 12
FOP 2 82 30

Configuration

CIR 93 76 79
CLU 249 137 97
RAD 25 0 0

*Configurations arei

FMI - Frontal Minimal
FOP - Frontal Optimal
CIR - Circular

CLU - Clustered

RAD - Radial

For complete descrivtion see Chapter 2, Mable 2-1,

80
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TABLE 3-5
PREQUENCY OF OBSERVED SQUARE FEET PER STUDENT
POR FOUR CONFIGURATIONS-SCHOOQL A
Configuration
FMI CIR CLU RAP
0-12} 17 23 59 0 OUNT
ks, 951 24,73 | 23,69 0.0 % of Column
13-40 16 35 66 6 OUNT
Square b3, 24| 37,63 | 26,51 | 24,50 % of Column
Feet bl-58 4 11 30 8 OUNT
Per ?
Student 10,81} 11,83 12f°5 36,00 FO%F column
59-99 0 9 21 4 COUNT
0,0 9.68 8.43 | 16,00 % of Column
100 +| 0 15 73 6 COUNT
0,0 16,13 | 29,32 | 24,00 % of Column

il
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TABLE 3-6
FREQUENCIES AND PERCENTAGES OF OBSERVED
CONFIGURATIONS - SCHOOL A
' Percent of
Confisurations* Frequency Qbserved Frequency
R 37 9.1

FOP 2 49
CIR 93 22,9
RAD 25 6.6
CLU 249 61,3

*Configurations ares
FMI

< FOP
i’ CIR
RAD

CLU

A detailed description of
Chapter 2, Table 2-1,

Frontal Minimal

Frontal Optimal

Circular

Radial

Clustered

configurations is given in



10¢ T

feet per student fall into category Ci « A configuration
is first assigned a square feet per student category

with probability P(Ci) = pi‘ within the category, the
distribution of square feet per student is assumed to be
uniform, hence, a uniformly distributed random number

from Li to Ui is chosen to represent square feet
per student,

It should be noted that the observed space use figures
should be interpreted with some caution, In the large,
open spaces of school A, observations were made of as
few as 7 or 8 students occupying an entire pod (approxi-
mately 7200 square feet of spacé). This reflects a mis-
1nterprefation on the part of the observer of how much
space was actually being used, Obviously, this would
yield an extraordinérily high space per student figure,
Thus, in the data base supplied to the simulation program,
an upper limit of 150 square feet per student was establish-
ed to avoid generating an unrealistic space per student
figure for a given activity,

It is still possibie to generate unrealistic space
needs, however, and so the use of observed space use

figures is not recommended,

3¢3.1s2 Optimal Space Per Student

An alternate method for modeling required space per
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student was developed for the purpose of providing more
consistent information to school designers about space
requirements. The optimal space figures are based on
the dimensions of furniture in an activity, a scaled
repregentation of each type of furniture into one of
the five configurations, and the measurement of space
used therein.

Four furniture items were considered in the model and
their dimensions computed on a per student basis (Table
3-7A). These items were chairs, desks (including chairs),
tables (including chairs) and a no furniture designation,
since many observations were made of students arranged in
configurations on floors in front of blackboards or around
some area of interest but using no furniture. Added to
these dimensions were figures representing computed aisle
or circulation space associated with each of the configura-
tions (Table 3-7B). For the radial and circular configura-
tions, estimates of the circulation space required ver
student were based on scale drawings,

In Table 3-8 the computed optimal square feet per
student figures are presented, For the FMI, FOP, and CLU
configurations, the computation of square feet was as

followss
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TABLE 3-7A
OPTIMUM DIMENSIONS

Dimensions of Furntiure Items Used on Per Student Basic

Length Width

1. Desk (including chair) 3 ft. 2 ft.
2, Chair only 2 ft, 2 ft,
3. Table (including chairs) 2 ¢, L ¢,
Lk, No furniture 2 ft, 1,5 ft.

TABLE 3-7B

Aisle Space or Circulation Space Per Configuration’
Per Student

Square Ft,
Front Side Estimate

1, FMI 2 ft, ==
2, FOP 2 ft. 2 ft.

»
3. RAD -- -- 18 s8q. ft,
4, CIR -- -= 16 sq. ft."

5. CLU (assuming 4 desks L ft, 4 f¢t,
per cluster)

’Configurations ares FMI - Frontal Minimal

FOP - Frontal Optimal
CIR - Circular

CLU « Clustered

RAD - Radial

Por complete description see Chapter 2, Table 2-1,
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TABLE 3-8
COMPUTED OPTIMAL SQUARE FEET PER STUDENT
Configuration FMI  FOP RAD CIR CLU
Desk 10 20 24 22 L2
Chair 8 16 22 20 36
Furniture .
Table 16 32 26 24 48

No Furniture 6.0 14,0 20,25 18,25 30.25

\

*These are rough estimates derived from plotting each of
these configurations to scale for groups of 20 students
computing the total area and dividing by 20 to yield an
average per student space allocation.
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where FL and Fw are the length and width of a

furniture item (in feet) respectively (Table 3-7a)i

Ap and Ag represent front and side aisle space (in
feet), respectively (Table 3-7b),

‘ For radial and circular cohfigurations the computation
is

SQ. FT. = FL . Fw + C

with FL and Fw as before and C = the circulation space
estimate for a configuration given in Table 3-9b,

Given the square feet per student designation, the
simulation proceeds to select an appropriate area in
) three stages, First, for a particular activity, a
furniture item is chosen, This choice is based on |
estimated frequency distributions of furniture types for
each of six activities; art, language arts, math, musie,
science, and other (Table 3- 8)., (The distributions are
estimated because furniture wa; not consistently recorded
on the observation sheet, Then, a configuration type is
selected as in the procedure for determining space needs
iSection 3¢3¢lel)e Finally, given configuration and
furniture, Table 3-9 is entered and the square feet per

student designation is extracted,

3.3.2 Determining the Nature of the Activity

A second characteristic of an activity which could



TABLE 3-9

ESTIMATED PERCENTAGE DISTRIBUTIONS OF FURNITURE USED IN
INSTRUCTIONAL ACTIVITIES

Activity
ART | LARTS | MATH | MUSIC |{SCIENCE|OTHER

Furniture

Type

Desk ko,0| 40,0 50,0 5.0 30,0 (40,0
Table ’40.0 25.0 ’45.0 2,0 6000 3000
Chair 0,0} 20,0 0.0 80,0 5.0 10,0
Nofurn 20,01 15,0 5.0 13,0 0 120,0
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be used as a constraint in the selection of an appropriate
space in which to conduct the activity was defined to te
the nature of the activity. This characteristic was a
composite of two observed features of an activity, namely,
whether or not the students were working individually and
vhether or not they were under some supervision, The
major effect these features would have on the choice of
a space is that for a group of students, under supervision,
working as a group, the space should be convex to allow a
line of sight between any two students.

Since there were only four cases, & Joint
frequency table was generated for the two features so
that they could both be obtained in one operation, Table
3-10 shows the observed frequencies and their assoclated
percentages,

To obtain the nature of an activity, a number between
1 and 4 is generated according to the frequencies in the
table and the associated pair denoting individual wor% and

supervision is assigned as a characteristic of the activity,

34343 ‘Determining the Distraction Factor

The distraction factor (DF) was a number from 1 to &
with which observers attempted to categorize the potential
an activity had for distrubing an adjacent activity assuming

there were no intervening walls, It was based on the
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TABLE 3-10 "
JOINT FREQUENCY PERCENTAGES OF GROUP TYPE AND PRESENCE
OF SUPERVISORY PERSONNEL
‘ Percent of
Group Type Supervisory Personnel Observed
Prequency
Group Yes 5939
Group No 13.45
Independent Yes 16,24
Independent No 10,92
TABLE 3-11
FREQUENCY AND PERCENTAGE OF OBSERVED
DISTRACTION FACTOR BY ACTIVITY
Activity
3 ART LARTS MATH SCI OTHER
D Count 28 279 62 53 98 .-
i lgcol 52483 61,97 44,93 54,64 52,13
8
t f 2 Count 14 125 4y 30 L8
ra ’ Col 26,42 2?096 31088 30,93 25.53
ac
¢t Count 11 &0 27 12 LS
to J%Col 20.75 8,95 19,57 12,37 21,81
ir
o Count 0 s ] 2 1l
n Y#col 0.0 1.12 .62 2,06 .53

oy 53 bl 138 97 188
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observer's judgment of the amount of noise and physical
action involved in the observed activity. In determining
the placement of an activity into a space, the assumption
would be that high distraction activities should be locnted
away from other, ongoing activities,

Assuming that the distraction potential of an activity
was independent of school program, and that the DF was
recorded consistently, a frequency table was generated
for instructional activities using data from all three
schools obgserved (Table 3-11), PFor the class of activi-
ties observed, the results showed an expected concentra-
tion of low distraction potential values,

A distraction factor is assigned to an activity
according to the observed frequency distridution,

3.3.4 Determining the Resource Requirements for an Activity
The final characterization of an activity consisted
of a specification of equipment required for efficient
functioning of the activity. The model was to be based
upon the observed use of eqq%pment; however, as stated
earlier, what information w;: recorded was of little use,
Nevertheless, to assign an activity to a space, it was felt
that the resources of the space should, if possible, satisfy
the requirements of the activity, Therefore, frequency

distributions of equipment were estimated for six activity
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types--Art, Language Arts, Math, Music, Science, and Other,
Por each activity, the thirteen equipment categories and
their probabilities are shown in Table 3-l2,

Again, the method for choosing an equipment item for
an activity is to pick an item according to the frequency
distribution ;f items for that activity in the table,

3.3.5 Discussion

Methods for modeling four characteristics of An
elementary school activity have been presented, Two of
them, the nature of an activity and the distraction poten-
tial were derived from data collected during the observation
phase of this research, A third, resource or equipment
requirements was estimated, The general paradigm was to
generate tables depicting the frequency distributions for
a set of factors and then to select factors with a proba-
bility reflecting the derived frequency percentage,

Two models were prooosed for the fourth characteristic,
square feet per student per activity, This was to allow_
a designer to choose whether a simulation should be con-
ducted under optimal conditions or whether it should reflect
observed space use, The answer depends on the use to which
the simulation will be put, The optimal figures could be
used in determining vasic space needs and thus in establish-

ing lower bounds on size in the design of classrooms or

P
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TABLE 3-12

ARBITRARY PERCENTAGE DISTRIBUTIONS OF EQUIPMENT
USED IN INSTRUCTIONAL ACTIVITIES

Activity

ART LARTS MATH MUSIC SCIENCE OTHER

BLACKBOARD (BB) 05.00 50,00 70.00 05,00 65.00 10.0
ggﬁgﬁggﬁan (BP) 05,00 15,00 10,00 05,00 05,00 10,0
RECORD PLAYER (RP) 0.0 . 05,00 0.0 20,00 0,0 05,0
TAPE RECORDER (TR) 0.0 05,00 0,0 10,0 0,0 10,0
MOVIE SCREEN (MS) 0,06 05,00 0,0 0.0 08,0 0,0

' MOVIE PROJECTOR (MP) Q%;OQ 0.0 0.0 0,0 06,0 0.0
SLIDE PROJECTOR (SP)| 02,00 0.0 0.0 0.0 0.0 0.0

FILMSTRIP

PROJECTOR (FP) . 0.00 VY 0.0 0,0 11,0 15,0
TELEVISION (TV) 0,0¢ 05,0 15,0 .05.,0 0,0 05,0
RADIO (RA) 0.00 05,0 0,0 05.0 0.0 05,0
EASEL (EA) | 20.0. 0,0 0.0 05,0 0.0 0.0
SINK (SI) 20,0 0.0 0,0 05.0 05,0 0.0

PIANO (PI) 0,0 0.0 0.0 45,0 0.0 0.0
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open-style pods, It must be remembered, however ;hat the
actual space utilized and the space necessary to carry on
an activity may be substantially different. As was
mentioned previously, in a spatial environment such as
that of School A an activity may be perceived as occupying
7200 feet of space even though only 7 or 8 students are

involved, Since the simulation program will generate

such space needs, it is recommended that optimal space

figures be used for most applications.
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CHAPTER &

Simulation Technique

4.1 Introduction

In this and the following two chapters the techniques
used to simulate educational activities on a proposed
floorplan are described., The current chapter presents
an overall view of the system, then describes significant
aspects of the flow of information from a functional

perspective,

b,1,1 System Design

The entire simulation system is portrayed in Figure
4t-1, The data collection and analysis phases have been
described earlier, In addition to the activity descrip-
tors, a floorvlan, a schedule of activities, and a set of
simulation parameters must be provided to the simulator
which, as it proceeds, pvroduces data pertaining to the
utilization of space,

The simulator itself is described from a functional
perspective in Section 4.3. The description details the
flow of data through the system and provides the overall
logic incorporated into the simulation, Succeeding sec~
tions describe in detail the parameters to the systen,
other inputs (the school floorplan, and the block schedule),

control structures, and the outputs.' Algorithms for
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generating characteristics of activities and detailed

schedules are also presented.
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4,2 Some Preliminaries

Preliminary concepts and processes basic to any
simulation and their employment in this one are presented
in this section. For more detalled information the reader
is referred to bibliographic reference
of the following discussion is drawn,

A computer simulation is a technique for performing
and analyzing experiments on a model of a real system, It
can be a costly way to do experiments and often requires a
lenéthy period of time to develop, but it provides the
experimenter with a flexible method with which to test
alternatives, combine many factors, and get the benefit of
rapid feedback. In the specific area of school architec-
ture, the ability to test the functionality of a design
before building the facility could, theoretically, provide
a great cost benefit,

A system can be discrete or continuous, A discrete
system is one in which all changes in the state of the
system are assumed to happen at discrete moments in time;
a continuouswsystem is one whose components are under
continuous change [18]. It is the model of a system
which determines whether the system which is to be simulat-
ed may be stochastic or deterministic. If it is deter-

ministic, then for a particular state a given input to
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the system will result in a particular known output, For
a stochastic system in a certain state, a given input can
result in one of a range of outputs whose distribution
may be known, but the exact response to the input would
be otherwise unpredictable.

A digital computer is an example of a deterministic
system, From the description of the current state of the
‘gystem ﬁnd specification of the next input, the succeeding
state may be derived, Games of chance such as poker or
craps, are stochastic. Nothing about the previous. throw
of a pair of dice, for example, provideé a clue as to the
results of the next throw; the range of values and their
distribution, however, is well‘kpown.

The system modeled in this thesis, a complex of
educ#tional activities, is stochastic and discrete, A
stochastic model of the system was presented?in the last
chapter vis-a-vis distributions based on observations of
elementary school activities, The system is discrete be-
cause changes in the systenm can be completely specified
at those moments in time when there is a change in the on-
going activities according to a generated schedule,

Two possible approaches can be employed in the imple-
mentation of a simulation with respect to the chronology

of the set of ‘events taking place: a critical event
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approach or a time-slice avproach. The critical event
method describes a sequence of events as a causal chain
and reports the state of the system at each new set of
events between the starting and ending event. Using the
time-slice method, the state of the system is sampled at
specific, usually regular, intervals of time, and is
modified to reflect the effects of new or changing activie-
ties in the system taking place over the preceding time
interval[22],

The simulation described in this thesis utilizes a
time-slice approach, stepping through a schedule of activi-
ties at regular intervals of time and updating the state
of the system based on the current set of activities in
process,

One final aspect of simulations which is of importance
is the simulation varameter. A simulation parameter is
a variable which describes some characteristic of the
environment of a system and which can be specified at the
outset of a simulation run, For example, the simulation
of the performance of a time=sharing operating system would
likely have as a parameter, the size of the high-speed
memory available to the system,

A simulation can have sevgral parameters, The ablility

to change the values of parameters and See their effects
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provides the user with a flexible, informative way of

assessing the performance of the simulated system,
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4,3 Functional Description

The simulation system described in this section
consists of a controlling routine and a set of subroutines
organized as shown in Figure 4-2, The controlling routine
reads the input parameters and accesses the appropriate
get of activity descriptors for modelling the specified
school program. A proposed floorplan in tree-structured
form is then input along with a list of names for spaces
and subspaces on the plan (the representation of the
floorplan is discussed in detail in Chapter 5). For each
space and subspace, the area is computed; then the entire
list of spaces is sorted into ascending order on area,

The program which computes the area of svaces (see Appendix
C ) can also set an indicator showing whether a space has
any concave vertices,

For each classroom or unit (depending on school organi-
zation) a "block" schedule is input. A block schedule is
one in which a schoecl day is divided into four or five
blocks of time, up to two hours each, during which a major
subject area is pursued, Concurrent, specialized activi-
ties.such as physical education or workshop, which would
take place in other designated spaces can also be specified
on the block schedule, an example of which is shown in

Table 2-1,
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From the block schedule, a detailed schedule of
activities is generated, The detailed schedule subdivides
the blocks of time allocated in the block schedule into a
set of subactivities in such a way as to reflect grouping
practices employed by schools using differing method-
ologies and incorporates a model of activity duration
as described in the previous chapter,

Each activity in the detailed schedule is assigned
an Activity Control Block (AC3) which is one of the central
logical structures accessed and utilized by the simulation
program, A detaliled description of the ACB is provided in
Section 4,5, For now, it suffices to know that the sched-
uled starting and ending times of an activity and its group
size are among the data stored in each ACB when it is
initialized, '

vnce all of the initialisaiivn processes have obeen
completed, the controlling program calls a subsystem of
programgs which perform the actual simulation (see Figure
4-1), The simulation proceeds using a time-slice approach
whereby time is initialized at the earliest time on the
input schedule and incremented by regular amounts until
the end of the schedule is reached, At each interval of
time the detailed schedule is scanned for all activities
which are beginning, in process, or terminating, and

compiles these into separate lists,
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The terminating activities are processed first,
Their resources and students are returned to their're;
spective eligibility pools and the spaces which thex oc=-
cupied are flagged as available, Next, the activities
scheduled to begin are processed, Specific students are
chosen from the pool of available students and assigned
to each activity according to the previously computed group
size in the ACB,
In assigning students to activities, the assumption

is that the selection of any given student for an activity
is a random process, Each activity scheduled to begin has
been ‘assigned a group size by the detailed schedule
generator., The available student pool initially consists
of all the students in the school and is subdivided to
reflect the assignment of students to units, pods, or
homerooms as the case may be. At any subsequent period,
the pool consista of the union of any previously unassigned
gtudents and those students compiled from the list of
activities terminating at that period. Each student is
also assigned a number from 1 to n where n is the total
enrollment in the school, Students assigned to a par-
ticular unit are represented by a set of contiguous numbers,

Thus to assign a student to a group in an activity, a

uniformly distributed random number is generated within
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the range of student numbers of the approvriate unit
and that student is assigned to the activity.

Each activity is then assigned characteristics re-
flecting the information contained ian the file of activity
descriptors. These characteristics includes 1) space peé
student needs, 2) the type of furniture to be used, 3)
equipment needs, 4) a distraction factor, and 5) a group
type indicator specifying .whether a group is working as
& group or as individuals and whether the group‘is super-
vised or unsupervised.

When the activities have been completely characterized,
the program assigns antivities to spaces in such a way as
to find a reasonable fit between the activities and the
gpaces which are available for them., At this time the
lists of new activiiies and the activities in progress are

" scanned and space utilization figures are commiled, At

the end of the simulated day, all the space utilization
~ figures plus other compiled information is output for T T -

analysiss; the school designer can then modify the design,
if appropriate, and restart the simulation.

The assignment of activities to spaces is a particular
instance of the linear programming “assignment problem",
A formalization of this problem and the method employed
in the simulation to deal with it are presented in Chapter

6. The succeeding sections of this chapter provide the
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details for the functional specifications presented thus
far, First, the parameters and input files are described,

followed by a description of the algorithm.
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4,4 Parameters to the Simulation
There are four basic parameters which must be defined
for the simulation program, These are SCHOOLTYPE,
ENROLLMENT, MODLENGTH, and SPACECALC, SCHOOLTYPE designates
the scbool program which is to be simulated and directs
the program tc use a data baée consisting of scheduling
information and activity descriptors derived from tﬁe
observation of similar.orograms, ENROLLMENT specifies the
number of students in each pod, unit, or independently
] ‘ organized room to be assigned to an initial pool of avail-
ability for use by the simulation., MODLENGTH is the unit
of time the simulation program will use to define its time-
glice interval, By specifying a larger unit of time for
MODLENGTH (e.gsy 15 or 20 minutes), the scheduler can
be made to generate schedules resembling modular schedules;
whereas the selection of a smaller interval such as §
minutes will result in more variable schedules. Finally,
"~ the SPACECALC parameter declares Whether the program will
use optimal or observed space per student figures in its

computation of space necessary for activities.
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4,5 Other Inputs to the Simulation

4,5.1 School Floorplan and Space List

In addition to the simulation parameters, the simula-
tion takes as input a schooeﬁfloorplan which defines the
environment for sim&lated égtivities.- Ideally, this process
“would be totally interactive, however, as a prototypic
system, such a capability has not béen implemented,
Currently, a floorplan--specifically the instructional
spaces on the floorplan--are defined by a set of x, ¥y
coordinates specifying a set of vertices of the space,
and punched onto cards, A mechanical digitizer owned by
the Department of Cartography ;t the University of Wisconsin
and connected to a keypunch machine it utilized to prepare
the punched card input for the computer., Non-circular
spaces are defined by a set of n points (xi.yi). (i=1,2,
ssesn) which are recorded in counterclockwise order,
Circular spaces are defined by alggnter point apd a point
on the circumference, As many voints as are necessaryvmaj
be used to define a space completely, and there is no
restriction on the shape of a space., Preceding each card
or set of cards containiﬁg the x, y coordinates of a
space is a card with a name which is to be assigned to

the space, and the number of coordinate points used to
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define the space, To complete the description of the
floorplan, a list of the spaces must be prepared which
defines the space-subspace relationship between the

spaces on the floorplan."Accompanying each of the lowest
level subspaces--those spaces which are not further broken
down--is a list of furniture and equipment in the sub-

space,

bL,5.2 Schedule

A schedule such as was described in Section 4,3
and depicted in Table 2-1 is read for each unit, pod, or
classroom in the school which is to be simulated. The
schedule provides a guide to the subactivity sﬁcedule

generator which is explained in Section 4,
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4,6  The Activity Control Block

Each activity generated by the scheduler is assigned
an Activity Control Block (ACB)., The contents of an ACE
reflect the current status of an activity as well as some
ancillary information. One of the two major logical data
structures in the simulation system, the ACB is central
to the decision making processes involved in simulating
the assignment of activities to available spaces, The
ACB is shown in its entirety with its relationship %o
gsome ‘subsidiary data structures in Figure 4-3, Following

is a detailed explanaticn of each entry in the ACB,

ENTRY
Activity Number . An index to the entry in a table
of activity names which designates
the activity this ACB represents
Start Time The scheduled starting time for
this activity
End Time The scheduled time ¢f completion
o for this activity
Status . Tells whether Sr'nofuéﬁ écfivifygrm“ B
has been activated and given a
locations 1 = not assigned
2 = in process
3 = assigned
End of Schedule A "1" indicates end of schedule
Indicator
Area quuired Total area in square feet required

for this activity




Student Pointer

Number Assigned
Location

Configuration |

Nature

Distraction Factor

Space Pointer

_Purniture and_

Equipment Vector

Furniture and

Priority
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A pointer to a list which is a
string of binary digits, If the
nth digit is a "1", then student
n has been assigned to this
activity

The number of students assigned
to the activity

Name of the svace to which activity
is assigned -

Configuration of students' in the
space

Nature of the activity--supervised
group, unsupervised group, super-
vised independent work, unsuper-
vised independent work

The numeric designation of the
distraction factor assigned to
this activity

A pointer to a list of potential
spaces, to one of which this acti-
vity may be assigned. FEach entry
in the list contains the name of
the space and a score which re-
flects the degree to which that
space can satisfy the requirements
of the activity

A 36 place vector, each position of

which represents an item of furni--
ture or equipment., The value of
each position isa Oorl, A 1
indicates that the activity re-
quires the item represented by

the position in which the 1 appears,

A pointer to a tabvle which lists the
quantities of each of the furniture
and equipment items denoted by the
furniture and equipment vector,

The priority of an activity, It

is used by the assienment alegorithm
to determine an ordering in which
activities will be processeq»for
assignment, (See Chapter 6¢) :
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THE ACTIVITY CONTROL BLOCK
Activity
Names
Activity Number ] ) Students
[Start Time 1234 40000
End Time .é 0011 400, 01
| Status
End ol schedule indicator

Area Required
Student Pointer

Number Asgsigned Potential Space List
[Location SPACE _ SCORE

Conilguration
Nature of ACTivity
[Distraction ractor 7
Space Pointer

e TP e TG U TOREAT Ve Ttor :
FFAFNITUre~EqUIDMEeNt POINTETLS |
Priority

urniture Items Equipment Items
123.....?\ lzBo.ooom
Olo ._LOOQOO 000010001]
Furniture Required
ITEM QUANTE?Y

f- -~ - - —3~

Equipment Required
ITEM __ QUANTITY

Pigure 4-3
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4,7 Generating Charagteristics of Activities from
Freguency Distributions

From fhe analysis of observation data described in
the previous chapter a set of tables was prepared which
represent the distrivbutions of the values of activity
characteristics, The values of characteristics were
categorizéd as one of two types, range values and explicit
values, Group size is an example of a characteristic
which was defined as a set of ranges, namely, 1-6, 7-16,
17«35, and 35+, Distraction factor is a characteristic
which is divided into distinct values, (1, 2, 3, and 4),
The frequency distributions, therefore, reflect the percent-
age of times a category of a characteristic was observed,
whether it was a range or an explicit value,

.For uée in the simulation program, each of the fre-
quency distributions derived in Chapter 3 was transformed
into a cumulative frequency distribution, Accompanying

each distribution is a 1ist of ranges or values the char=

acteristic will take at each frequency,

For each value, N, to be generated for a characteristic,
the following algorithm is used,

Algorithm SINMFRQ

Given a table of n ranges or explicit values CAT,

defining a characteristic for an activity and a cumulative
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frequency distribution FREQ defined at each entry of
CAT1

1) Generate a random number K between 0,0 and
1,0, Set K = 100%K,

2) Initialize i to 1,

3) Wnhile K> FREQ[i] set i=i+1, (If i > n,
set Ne& <1 and return,)

k) If CAT is_a set of explicit values, set
Ne CAT(i] and return,

otherwise
5) Set Ne a random number between CA'I‘L and
CATU. the lower and upper limits of the range
of the values for the category and return,
In Step 1 a standard random number generator is
used to produce K, a uniformly distributed random number
_between 0 and 1 which, when multiplied by 100 can be
compared against the percentage stored in FREQ--a table
containing the cumulative. frequency percentage at each
pategory of the characteristic to be simulated, Step 3
performs the comparison until X is less than the 1M
value in FREQ or the end of the table has been found,
At this point, the following holds:
Assume FREQ[ i1, 1< j < n+l 1is the entry in FREQ at
which the comonarison in Stev 3 stovved., Then
pj=FREQ[jT - FREQ[j-11 is the percentaze of

frequency of category CAT[j1 of the characteristic
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being simulated by virtue of the fact that the

entries in FREQ represent the cpmulative frequencies

for the characteristic. Since 100*K 1is a uniformly
distributed random number and 0< FREQ[i]l< 100 for
i=1,n, the probability that K will fall between

FREQ[1] and FREQ[1-11 is v,=FREQ[i] - FREQ[i-1],

CAT[ ;] will therefore be chosen with probability

pj. Thus the algorithm chooses categories of

characteristics at the same relative frequency

which they were observed, .

At Step 4 the algorithm tests whether the category
represents a range or an explicit value, In the latter
case, the algorithm terminates with the value of the
chosen category. For the former case, Step 5 is invoked
to generate a uniformly distributed random number K

such that CATﬁSKSCAT which is returned as the value

U
éf the algorithm,

e P inallyy in the event that in Step 3 Pnythe algos -
rithm terminates with an indication that no value was
assigned, This is possible, for example, where an activity
uses equipment 45 percent of the time, hence, the highest
value in FREQ is 45,0; any number K greater than 45,0

indicates no equipment is to be assigned as a requirement

for the activity.
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4,8 Generating Schedules

Preliminary to the main process of the simulation,
the block schedule which has been input is processed to
Yield a detailed schedule of subactivities which will take
vlace during each major bdlock of time, It is the schedule
‘ of subactivities, each with its own ACB, which is processed
during the simulation phase and about which pertinent data
is collected and analyzed, The géneration of this schedule
includes the assienment of a group size and a duration to
each subactivity based on the data collected for the .
* school program to be simulated,
The major assumption underlying the generation of
detailed schedules is that the schedule of activities for
a given elementary school program is a stochastic process
which can be modeled independent of the reasons for which
a given activity might be scheduled by a teacher or team
of teachers at a given time and with a given group of
TTTTTTT 7 gtudents, That is, it-is--possidle to predict the occura-
rence and certain aspects of an activity in the same way
ags it is possible to predict the liklihood of an auto-
mobile accident--where it might occur, and under what
conditions--by having a statistical model of the occur-

rences of such events,
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h,8,1 An Algorithm to Generate Schedules

Under the stated assumption a reasonably simple algo-

rithm has been derived for generating schedules of sub-

activities, Inputs to the algorithm are:

1)
2)
3)
&)

5)
é)

MObL--a parameter to the simulation which states

the value of the time-step interval

NS--the number of students

GFREQe=for the school program to be simulated. a
cumulative frequency distridution of group size
for each activity to be simulated

DFREQ--a cumulative frequency distribution of
activity duration

ACTBLK-=a block schedule
STTIME~-the starting time for the schedule

The result of executing the schedule generating algo-

rithm is a set of ACB's each of which is a 19 word record

stored contiguously into the array ACTSCH, Each ACB will

contain the activity number, its start and end time, a

section number (to differentiate subactivities from one

another)

and a group size,

- Algorithm SCHOEN--the schedule generator

1)
la)

2)

(Initialize) Set NSAV « N§, T « STTIME, NDX 1,

(outer loov) while NSAV > 0 do Steve 2-6 (Generate
subac?ivities until number of students available
is 0.

(Initialize inner loop) Set K< index of next
available ACEB in ACTSCH, SECNO next available
section nunmber for this activity.
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3) (Check for end of block schedule)
IF ACTBLK[NDX1= A terminate, (A.is an end
of data ind;cator.)

4) (Get a grouv) CALL SIMFRQ with GFREQ, the :
frequency distribution of group gsize for activity
of ACTBLK[NDX1, Set ACTSCH K+MAle~minimum (GS,NSAV),
(ACTSCH[X+MA1 is the maximum assignable number of
students for this subactivity., GS is the grouv
size generated by SIWFRQ, NSAV is the number of
gtudents left in the available gtudent pool,
Whichever of GS or NSAV is least is asgsigned
to the ACB, Set NSAVe NSAV-ACTSCK[K+MA1, (Update
NSAV to show current number of students available,)

5) (Get a duration) CALL SIMFRQ with DFREQ, the
frequency distribution for activity durations,
Set TIMLEN « result of SIMFRQ,

6) (Adjust duration and enter into ACB). Let TDIFF
= difference in minutes between vrovosed ending
time of subactivity (based on duration computed
in Stev 5) and ending time of the bloeck, 1If _
OKTDIFFKMODL or T™DIFF 0, set TIMLEN=TIMLEN+DIFF,
(If either of the two above conditions hold, have
the activity terminate at the end of the block,)
Otherwise:
Set TROUND+{ ( (TIMLEN/:ODL 1#MODL)#2/::QDL 1
(TROUND now equals O or 1 depending on whether
the duration "IMLEN was longer than lIODL/2
minutes past the last integral mod of time,)
Then set TIMLENe([ TIMLEN/MNODL T+TROUND)#*:10DL,
(This adjusts TIMLEN to the nearest integral
MOD of time,) Finally, if TIMLEN=O at this point,
set TIMLENGIIODL so activity cannot take zero time,
After adjustment, store beginning time, end time,
and section number into ACB,

7) (Step time to next integral mod) T« T4+MODL, 1If
T > end time of block then: set SECNO+ 03
NDX ¢~ next block in ACTALK, Otherwise proceed
to Step 8, :

8) (Collect students released from subactivities
ending at time T) NSAV<« NSAV+sum of students in
terminating subactivities, Return to Step 2,
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This algorithm generates activities or subactivities
at a given time T wuntil there are no more Students
available., It then stevs to the next unit of time within
the current block, collects the students out of terminating
subactivities and creates new subactivities from this pool
of students. Each time an activity is generated, its
duration is also calculated, Both group sizes and dura-
tions are based on the models deriQed in Chapter 3.

The inputs to the algorithm are for the mostpart self
explanatory, however, the MODL parameter deserves some
additiovnal mention. Varying the NMODL parameter serves
two purposes. It determines the number of times the
simulation collects data about the status of space use in
a simulated school, and it also has an effect on the
regularity ot a schedule of subactivities, What is meant
by regularity, is that there will be a greater tendency
for activities to all start and end at the same time
when ‘MODL is large than when it is small., The reason
for this is that when the algorithm generates a duration
for an activity, it rounds to the nearest integral "mod"
time boundary. Thus, for larger values of MODL, schedules
look more like those which would occur in a modular
scheduling system, whereas for small values, a more flexible,

variable schedule is generated.
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L,9 Outputs from the Simulation

Outputs from the simulation consist primarily of
space utilization data. Of course, how svaces are used
in the simulation, depends on the method by which a given
space is assigned to a particular scheduled activity.

‘Details of this procedure are given in Chavoter 6,

Preliminary to the space utilization figures, the
following information is presented to define for the user
the conditions of the simulation:

* The parameters for the simulation

* A list of spaces in the vroposed floorplan design
and their areas

* The block schedule

* The schedule of subactivities generated from the
block schedule

The varameters are simply those which the user
provided as is the block schedule, The areas of the
spaces on the input floorplan are.computed and presented
for the designer's convenience. The schedule of subacti-
vities will vary according to the simulation parameters
and is a major input to the active simulation phase of
the program,

Specific space utilization data is collected and/or
computed during each time step, and at the end. of each

simulated day., Following is a summary of outputs:
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The activity name

The activity start and end times

Number of students assigned to the activity.
(An ovptional listing of students by student
number is also available,)

Furniture and equipment requirements

The nature, configuration, and distraction factor
assigned to the activity by the simulation program

Area of the space required by the activity

Name of the space assigned to the activity

Furniture and equipment inventories of the
space

Area of the space assigned

Percentage of the space‘utilized by the activity

Following the list of scheduled activities the

percentage of space in use of the total available in-

structional svace is computed for each time step, At

~ the end of the day, the percentage of use of each space

in terms of the total amount of time it was available

is output,

The three computations of percentage of space utilized

are made according to the following formulas

'1. Ratio of space required to space utilized by an

activity--PA(s) ’

"Let AR = area of svace required by the activity,

Ag = area of space assigned to the activity,

Then P,(S) = Apg/Ag
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2., Percentage of total 1nstructlona1 space in use at
each time step-~Py, (S)

Let n = number of activities in progress at a
given time step

AS = Area of svace assigned to the ith (X<i<n)
i activity in progress during this time
period,

A, = Total area of instructional space avail-
T~ able,

Then P.(S) = 2: Ac /Am
T 2 s/

3. Percentaze of time a space is in use of total
amount* of time avallable--Puse(S)

Let MT = total number of instructional mods in
the daily schedule .

Mj = number of instructional mods space j
was in use during the day

= M./,
Then PUSE(S) HT/IJ

With the outputs vrovided, a school designer ¢an
evaluate the way the spaces he has designed will likely
be used, Using his own values as to what those figures
should be, he can adjust, if he likes, the floorplan,
the schedule (by varying ths MODL parameter and/or the
.enrollment parameter), school program and check optimal

or observed space needs to see their effects before

*The amount of time is given in units of value MODL, the
time interval parameter., This is because if a space is
in use, it is assigned for an integral number of mods.,
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deciding uvon a final design, Some examples of the use

and output of the program are given in Chapter 7,
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4,10 Summary
A functional description of a system which simulates

elementary school activities and analyzes their impact
on instructional space has been presented. The major
logical control structure, the Activity Control Block,
was described, and algorithms for generating schedules
and simulating characteristics of activities were given,
Finally, a list of outputs from the system and their
computations, when aprropriate, were shown,

In the following chapter, details of a data structure
to represent school floorplans are presented, Chapter 6
describes the algorithm which makes assignments of
scheduled activities to spaces, and some examples of the

use of the program are given in Chapter 7.
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CHAPTER 5

An Approach to the Representation of
Floorplan Problems

£.,1 Introduction

This chapter gives a detailed description of a
spatial representation for school floorplans., In the
previous chapter, the activity control block was pre=-
sented--a structure which simultaneously representa the
state of an activity and its scheduled occurrence, In
the simulation, cnce a schedule of activities has been
generated and their characteristics computed, a process
of finding appropriate space for activities is initiated,
This process, explained in detail in Chapter 6, attempts
to satisfy a set of requirements and constraints posed by
the éet of activities, The ability of the program to
assign spaces which comply with the requirements and con-
straints of activities is in part dependent on the accessi-
bility of that information about spaces which pertain to
these criteria,

Additional considerafion must be given to the fact
that in a constantly changing environment. such as an
elementary school, spaces are assigned and released quite
often, Simulating this kind of situation requires accurate

accounting of what spaces are available and at what times,
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Furthermore, because of the observed tendency of teachers
to subdivide rooms and spaces to accommodate groups, the
assignment of a particular space may make 1ts subspaces
and/or the hierarchy of spaces containing that space
unavailable, This, too, must be reflected in the spatial
representation,

In light of the given reasons and others which will
be described later in this chapter, a tree structured
representation of floofplans has been developed, One
particularly convenient aspect of this representation is

that it accurately reflects the space-subsbace relationship

cited earlier,
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5;2 Criteria for Floornlan Reoresentation

~F

5.2,1 General Requirements

The purpose of a representation for floorplans is
not simply to represent the shape of a region and spaces
within it. 1In fact the représentation provides access,
either directly or indirectly, to various vroperties of
a space which are essential to solution of a design prob-
lem, Problems which require such representations either
attempt to design floorplans or to enter objects into an
existing floorplan all under a set of well defined con-
straints,

Some general statements can be made about the require-
ments of a spatial representation., In particular there
are five primary properties of space which are of interest
and which should be accessible from the representation:

1, Dimensions

2, Ad jacencies

~—*'”3§ Location
h:\vvistances

Se Qrientation

Each of these properties relates to processes which
attempt to resolve problems concerning relative locations
of space and constraints on the size and/or orientation

of spaces, For object placement, the addition of an
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object description and representation of requirements.
and constraints for such placements are necessary to the
problem solving process, -

The actual representation of the five properties can
take many forms, Some may be derived from others, such
as, for example, ad jacencies from location., All may be
derived from a list of coordinates for every space depicted
on the floorplan, What goes into the final representation,
however, is in large part attributable to the application
to which the representation will be put,

5.2,2 Criteria for a Representation for School Floorplans
In this research, a major problem is a form of object
placement--namely, the placement of activities into space,
Conversely, the problem can be viewed as an assignment
problem-~the assignment of spaces to activities, the
appropriateness of which is crucial to the validity of
the space utilization data compiled by the simulation,
A secondary problem is incurred in the housekeeping activity
which must be performed to insure that the assignment and
release of spaces are properly reflected in the structure,
Educational activities are the "objects"” in the system
being described and are considered to be shapeless or
amorphous; although their ne;d for space isf in part,

derived from the confiéuration they will take, As
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described, the Activity Control Block is the representation
for an activity and outlines its spatial requirements,

These requirements are a) two types of resources; space

and equipment, and b) constraints which include the schedule
of activities competing for space, location relative to
other activities, and shape considerations--in particular
the requirement for a line of sight between any two points
in the space constraints the shape of a space.

Pour criteria for a spatial representation for school

floorplans from these requirementst

1, Properties of the space--dimensions, area, and
shape, must be availavle, (An activity may not
have a shape per se, but it may have a require-
ment which constrains the shape of the space to
which it should be assigned,)

2. Resources of the space should be available in
terms of the inventories of furniture and equip-
ment contained in the space,

3. The space-subspace relationship should be built
into the structure to facilitate keeping track
of the assignment and release of spaces to and
from activities.,

4, Proximity relationshios with other svaces should
be available to satisfy constraints on the location
of activities to one another,

A data structure making accessible this information

will supply most of the data necessary for determining

the placement of activities into spaces,
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523 Other Aporoaches to Floornlan Revresentation

Research into floorplan representation has been under-
taken in two basic areas--computer-implemented-design,
and in artificial intelligence applications. In computer=-
implemented-design, data structures for floorplans have
evolved from work in the computer design of floorplan
layouts and from the automated positioning of objects into
a space, such as computer room planning or circuit board
design., Artificial intelligence researchers have developed
data structures which provide a robot with information
about the shave and contents of the set of rooms in its
environment,

An early and still widely used representation is a
simple rectangular array such as that used by Armour and
Buffa in a program which determines location patterns for
physical facilities [ 5] and by Lee and Moore. in
CORELAP, a program which solves job shop layout problems
by determining optimum arrangements of equipment and
facilities [197,

The rectangular array is defined as an m X n matrix
each element of which defines a square domain of ihe space
or floorplan being represented, Each element can also
take a value, The value of an element determines the

object the element represents, Thus a "1" might represent
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a wall, "2", a corridor, "7" might be a machine, and so
on, An example of a rectangular array and a key to its

elements is shown in Figure 5-1,

RECTANGULAR ARRAY REPRESENTATION OF A FLOORPLAN

1111111111121
l1 0 01 2 2 0 5 510 1
1 001 2 2 05 51 01
1 0 0 2 2 2 0 0 0 1 0 1
1 111721117111
1 33 3 310000 021
1 33 3 061 00 0 0 01
1 33 00 2 0 0 0 0 01
1 300 011 0 0 & 0 01
1 0 0 0 01 0 0 & o0 01
1 0 0 0 0 0 0 0 0 O 1
1 11111111111
Key to elements:

0 = Empty

1l = Wall

2 = Desks

3 = Tables

4 = pPartition

5 = Cabinets

?7 = Doors

Figure 5-1
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Although widely used, the rectangular array has
several major drawbacks, Accuracy in the representation
is. limited to the size of the domain of an individual
element, Placement of objects requires routines to find
empty areas of approvriate sizes to fit the objects,

Such areas must be built from sets of adjacent unoccupied
domains, To fit them into an area, objects may have to
be rotated before being vlaced. Any attemot to increase
accuracy, which would require smaller domains for the
elements, would increase the number of elements, and thus
the time required to overate algorithms utilizing the
rectangular array.

To improve accuracy without increasing storage re-
quirements, yet still retain the explicit representation
property of the rectangular array, researchers at Stanford
Research Institute deveioped the hierarchical array for
use in its robotics develovment [81 . A hierarchical
array, instead of being restricted to a single predefined
grid allcws sudbdividion of the zrid where more detail is
neéessary. Subdividions may take vplace up to three levels
deep and may divide domains into a 4x4 grid as shown~in
Figure 5-2,

The hierarchical array is really used more for pattern

recognition than for object placement, Thus, while accuracy
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VARIABLE DOMAIN ARRAY

05 05 05 45 2.0 1545 3.03.0.5 .5

11111111111

1 00 00 010001
1 00 00 01 00 O01
1 00 0 0 01 0 0 01
10 0 0 2 21 00 01

11111111111

1 0 0 0 01 © 0 0 01

1 00 0 011 0 3 3 01

1 00 0 011 0 3 3 01

0o 0 0 01 0 0 0 01

1

11111111111

Y

5
.5
o5
o5
2,0

5
5
2,0

2,0

o5
o5

Figure 5-3




may be increased without significant extra storage
rgaairements. procedures for locating objects into a
space would apvear to require more complexity due to the
recursiye subdivision of domains in the array.

One further derivative of the rectangular array is
the variable domain entry (81, a 2 or 3 dimensional
matrix each of whose elements with non-zero subscripts
represents a rectangular domain (Figure 5-3)., The dimen-
‘sions of the domain, however, are defined by the zero
vectors in each cdimension, thus can take values appropriate
to the degree of accuracy required of the representations,
iike the previcus representations, the variable domain
array is limited to rectangular domains and has many of
the same processing requireﬁents for locating objects
into subspaces of the space being represented,

Many of the properties required in a representation
of school floorplans are not explicitly represented in
the recstangular arrzy or its derivatives and would have
to be computed whenever needed by the simulation, For
example, there is no facility for determining the dimen-
sions of a room without tracing around the code for a wall
and building a list of the domains representing the wall,

Similarly the space-subsvace relationship would require

additional processing to determine it, That is, the



coordinates of the spaces in question would have to be
derived and then analyzed to determine if the spaces were

dis joint or whether one was partially or wholly contained

in the other, An obje;t entered into and removed from a
rectangular array must be represented in every domain that
the_object covers, given its size, For educational activi-
ties it suffices to know only that a space is occupled or
unoccupied; entry and removal of an activity can ve signified
with a flag reflecting the status of the svace,

A somewhat different avoroach to space representation
was ‘taken by Grason in a computer implemented design of
floorplans [12] , Grason defined a formal class of
floorplan design problems, then designed a solution which
was limited to situations described by '

1, a set of rectangular rooms

2, allowable dimensions for each room

3. a set of required adjancies between rooms
or between rooms and outside walls,

A progfamming system called GRAMPA (Graph Manipulat-
ing Package) was written which included elaborate problem
solving procedures for producing a physically realizable
floorplan meeting the stated criteria,

Grason utilized a dual graph representation for

floorplans., He first defined a floorplan gravh in a



standard way (Figure 5-4a) with the edges and nodes
representing wall segments and corners respectively, He
then constructed the dual graph of the floorplan by
placing a node inside each space (note-adjacent spacec
outside the boundaries of the floorplan are considered
as spaces for the purpose of ‘node placement) and con-
structing edges to join the nodes of adjacent spaces,
Edges were designated as dotted or dashed to represent
east-west and north-south ad jacencies between épaces.
The direction of the edges shows orientation, and a
weight associated with each edge svecifies lzngth,

Because Grason was not concerned about the use to
which space would be put, his dual-graph does not have
the facility for representing the properties of space
necessary for making decisions on the placement of acti-
vities., No mechanism for storing inventories of the
conténts of a_space are present, The graph shows con-
nections between sﬁaces but not the relationship between
a space and its subspaces; nor are the coordinates of a
space directly available from which to compute this
information,

The dual-graoh revoresentation functions well for
problems where a floorplan must be designed to satisfy

dimensional and adjacency constraints and conditions are

constantly changzinz, In its present form, however, it

140
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can deal pnly with rectanzuiar rooms and floorplans,
'Presumably; more coiipleX shapes can be approximated by
combinations of rectangular shaves,

One other revpresentation which should be mentioned
is that utilized by Charles Pfefferkorn in DPS, the
Design Problem Solver 28] , DPS was written to design
furniture and equipment layouts in a space, In particular
problems like those involved in computer room planning
where objects must be placed into a room under specific
constraints with resvect to distance and orientation are
solved by DPS,

DPS uses 2 "convex polygon" representation for both
spaces and the objects to be placed in them, Objects and
layouts are represented by sets of convex polygons called
"space blocks"., The space block is a symbolic representa-
tion, Each space block is represented by a set of sides
and each side by 2 set of two points as shown in Figure
5-5, If X 1is a space block then (SIDELIST X) is a list
of sides in counterclockwise order., The structure is
symbolic, and functions can be develovoed for operating -
upon it, Thus (NEXTTO X) can return sides of spaces
ad jacent to space block X . Similar functions allow the

symbolic manipulation of objects in the layout,
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With the exception of curvilinear objects, virtually
any shave can be represented as a set of convex polygens.,
Orientation and dimensions, however, are not explicit and
must be computed, Manipulation of the data structure is
a relatively time consuming procedure., Furthermore, as
in all of the other structures discussed thus far, the
Space;subspace relationship is not explicitly represented
in DPS--a factor which might not necessarily affect the
processes for which these structures have been implemented.
but turns out to be an important factor in the design of
elementary school spaces,

In examining alternative aporoaches it becomes evident
that for every floorplan vroblem there is a unique revre-
sentation, That is, the differences in the objectives and
constraints of the research involving a floorplan results
in the development of data structures particular to the
solution of vroblems with such criteria. Thus it is not
surprising that in the course of the present research a
data structure suitable to the requirements ané constraints
of the analysis of space use in elementary schools, has
yielded an avvrooriate revresentation.

5.3.3 A Tree Structured Revresentation for School
Floorplans

To satisfy the requirements in this section, a
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tree* structured representation of floorvlans was
developed (see Figure 5-6), Each node in the tree repre-
sents a well defined domain on the floorplan, In the
diagram solid lines between nodes define the.space—subspace
(tree-subtree) relationship, and the dashed lines depict
internal linkages between nodes. If a set of spaces
Sj' j=lyeeesn are subspaces of S, then %{l SjEE S
and Si,n Sj = f#, 1#3. That is, if a space is subddivided,
it is subdivided with no overlavping subsvaces,

In its internal representation are four structural
linksy left, right.‘down. and back., A down link connects
a root to a subtree, each element of which is a member of
a two-way linked list connected by the left and right links,
The back link from each node points to its root, Thus
the internal structure is a back~linked binary tree rep-
resentation of a tree,

In addition to the links, each node contains a pbinter
to a list of properties of the space and é data field

which can be used to keep track of the status of the space,

*A tree is a finite set of one or more nodes such that

a) there is one svpecially designated node called the root
of the tree; and b) the remaining nodes are vartitioned
into m 0 disjoint sets Tl.....Tm each of which is a

tree. Ty,..00T, are called subtrees of the root, [18

p. 3051,
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The vroverty list consists ofy

1) the name of the space revresented by the node
2) the area of the space

3) the x,y coordinates of the space

4) an indicator of the convexity or concavity of
the space

The data field, which is 12 bits in length indicates
1) whether or not the space is currently in use.and 2)
whether or not the space is a terminal svace (i.e., is
a terminal node),

Terminal nodes represent the lowest level subsvaces -
on the floorplan. From a terminal node, the down link
points to a list of resources contained in that subsbace--
an inventory of furniture and equipment, The inventory
of any node in the tree can be computed by backing up
the resource lists of the terminal nodes of the subtrees
of the node and summing across items,

One additional feature of this data structure is that
the set of property lists pointed to from nodes in the
tree is in itself an inverted list, each member of which

points back to its associated node in the tree, This

* . e
A terminal node is a node which has no successors,
i.e., 2 space which has no subspaces,
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inverted list is sorted on area and thus allows entry
into the space tree directly at a node whose area may

catisfy one of the constraints on an activity,

148
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6.4 An Examvle of a Floorplan Represented by the
Tree Structure

In this section an example is given to show how a
relatively simple floorp}an can be represented by the
structure described in Section 5.3.

Figure 5-7 shows a rectangular space AOO with three
first level subspaces--Al0, All, and Al2, defined by solid
lines, Each of these is in turn subdivided into two
spaces, and in the case of A21 and A24, further subareas
are defined--A30, A3l, and A32, Furniture and equipment
in each space is also shown,

In Figure 5-8 the tree representing this floorplan
is shown, For each space there is a unique node and in
each node is the pointer to its associated vroperty ;ist.
The down-link of each of the terminal nodes points to its
resource list,

To obtain the  set of resources for a space, a preorder
traversal* of the subtree whose root is the node repre-
senting that space is made., At each terminal node (in-
dicated by a bit set in the data field of the node) the
rescurces are accumulated, thereby compiling an inventory

of the svace, For example, the contents of space Al0 are

*see (181, p. 316,
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obtained by starting at node AlO in the tree and visiting
nodes A20, A2l, A30 and A3l, the preorder sequence of
those nodes, A20 and A30 are marked as terminal ncdes,
and their resources are combined to yield 8 tables and

28 chairs and 2 blackboards which is the inventory of
equipment and furniture of space Al0,

When a space becomes occupied or released by an
activity, its subspaces, and the spaces which contain it
must be flagzed to show they are or are not available
for assiaenment, For example, if space A24 becomes occupied,
A32, Al2, and AOO can no longer be assigned activities,
Following the back links in the tree from space A24, Al2
and A00 are immediately accessible, Below A24, a preorder
traversal of the subtree of which it is the root, visits
all the affected subspaces of A24, 1In this exggsle only
A32 is visited,

Finally, the structure as devicted allows for a
heuristic approach to the problem of determining proximity
relationships among spaces, The idea is that spaces in
the same subtree are more likely to be closer together
than spaces in different svbtrees. Furthermore, the
deever the descent is into the iree, the stronger the

probability that two spaces on the same level are close
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together, This naturally follows from the fact that
subtrees represent the subdivision of a space, The
lower the level at which a given subtreec starts the
smaller the area of the space represented by its root,

For example, in Figures 5-7 and 5-8 it is clear that
A24 and A25, siblings in the same subtree, are closer
together than A24 and A20., This heuristic does not always
work, however, considering that A20 is further from A3l
(in its own subtree) than A23 is, Nevertheless, the
application of this heuristic can provide the assignment
program some reasonable guesses at approoriate spaces in
situations where a close proximity relationship is required

between two or more activities,
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The structure described satisfies the four general
requirements specified in Section 5,3.2, Proverties of
a space are directly accessible from its node in the tree,
Resources of a space are indirectly accessible from non-
terminal nodes by descending to all of the terminals
below the given node and accumulating all of the resources
on the respective resource lists, This feature avoids
reduncant information being represented in the tree since,
of course, some subset of the resources of a space must
appear in one or more of its subspaces,

The space-subspace relationship is manifest in the
structure of the tree by the definition of a tree, When-
ever a space is assigned to an activity, neither its sub-
spaces nor the spaces which contain it can be assigned,
Thus when the assiznment of a space is made, the status
of affected svaces must be updated to reflect that fact,
This is easily accomvlished using standard algorithms for
the traversal of a binary tree,

Finally, a proximity relationship betweén spaces can
be determined in two ways, One is to compute distances

or ad jacencies between spaces using the coordinates of
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those spaces, Another way is to utilize the fact that

as spaces are subdivided and reoresented in the tree, the
lower the level of depth of a given subspace, the closer
it will likely be to its siblings on the same level, As
noted. this is a heuristic method of estimating proximity
since there are indeed cases where two subspaces of the
same space can be further apart than two spaces at a
higher level in the tree hierarchy of spaces,

The property list, inverted on area, is of great use-
fulness because the most important requirement of an
activity is that its svace-area needs be satisfied, Thus,
a list of prosvective svaces for an activity may be com-
piled which meet the area requirement, and with a pointer
to the tree, the status of each space can be ascertained
without searching., Finally, the implementation of a set
of list processing routines makes it easy to add or remove
nodes from the tree or to update information contained
therein,

The representation described is not withou. its
limitations. Perhaps the major limitation is the require-
ment that the input floorplan be a partitioned space with
mutually exclusive subspaces, That is, no space can be
partially contained by more than one space, nor can over-

lapping spaces by represented, Such a situation can occur
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in practice when a svace 1is located on the common boundary

of two other spaces as is space C in Figure 5-9.

Figure 5-9

To implement a capability for the representation of
the above mentioned spatial cases would require that the
tree be generalized to a graph. In view of the fact that
in all of the spaces observed during data collection, no
spaces were recorded as overlapoping, it was not felt that
the graph structure was worth implementing at this stage
of the research,

One other limitation in the representation is that
ad jacencies between spaces are not exvlicitly represented,
Building this capability into the structure could be done
relatively easily, however, by adding to the property list
of each node, a list of adjacent spaces. The major use
of adjacency information would lie in the ability of the

system to build new svpaces out of existing subspaces in
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which to assien activities, Since such 2 capability is
not existent in the present version of,the system, it
was not felt necessary to build explicit adjacency in-

formation into the flioorplan representation.



5.6 Summary

A binary tree representation for
has been presented in which each node
space on the input floorplan, Access
be made either by traversing the tree
way or through any element in the set
associated with each node,

This structure makes most of the

158

school floorplans
corresponds to a
to the nodes can
in the standard

of property lists

information necessary

for deciding where to place activities, given their space

and resource requirements directly accessible to the

simulation program, In the next chapter, an algorithm

which makes use of this information to make assignments

of spaces to activities is formally described,
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CHAPTER 6
THE ASSIGNMENT OF ACTIVITIES TO SPACES

6,1 Introduction

64,141 General Introduction

In this chapter a formal description of the problem
of assigning elementary school activities to appropriate
spaces is presented and a solution is offered,

Assigning activities %o spaces is a critical operation
in the simulation because it is from the results of such
an assignment that space use figures for a proposed school
floorplan are derived, This problem involves a set of
activities competing at a particular time on the schedule
for a set of available spaces, Feasible solutions to the
problem, if any exist, are solutions which satisfy a set
of criteria or constraints on the problem, A function
may also be defined such that the feasible solution which
minimizes this function is said to be an optimal solution,
As will be shown, however, certain conditions exist in
this particular problem which make it unfeasible to find
optimal solutions by any known methods,

One alternative to solving complex problems rigorously
is to define heuristics which can lead to reasonable

solutions to a problem but which can possibly miss better
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ones, Heuristics are generally used when a rigorous solu-
tion is impossible or impractical (e.g., in terms of
computing costs), Considering that in the elementary
schools observed in the course of this study, space assign-
ments were made by a teacher or a team of teachers studying
a schedule and finding a reasonable space for each activity,

optimal solutions were not necessarily likely to be found,

6.,1,2 Alternative Approaches to Assigning Space to’
Activities

Two approaches to the assignment of educational space
were considered in the course of this research, The first
was a derivative of an area of research known as the computer
design of layouts, Computer design of layouts includes
factory design or plant layout problems, printed wiring
board layouts and other floorplan layout problems including
hospitals, airports and to some extent, schools, These
problems are defined by 1) a 2-dimensional surface with
no previously defined spaces on it, 2) a set of objects
to be placed on the surface, and 3) constraints on the
placement of the objects,

Factory layout constraints, for example, are usually
defined by the flow paths required for the manufacture
of the items being produced, That is, the parts and

products involved in manufacturing an item must proceed
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through a sequence of operations (the sequence depends

on the final product) before the final product is completed,
The costs involved in moving materials through a system

can vary substantially with the location of the manu-
facturing facilities for an item, When many items, all
requiring different production flow paths are manufactured,
the operating efficiency of a factory can be greatly af-
fected by the layout of facilitiess and the g:éater the
number of facilities to be located, the more difficult it

is to find an optimal solution[6],

The second approach considered, and the one eventually
pursued, involves the assignment of activities into spaces
whose boundaries are specified on the floorplan and the
resources of the spaces are defined. Linear programming
methods exist which will solve classes of such problems,

The linear programming assignmen* problem is repre-
sented by a set of m objects which must be placed into
a set of m 1locations according to certain restrictions
in such a way as to minimize a cost function., Typically,
the problem is set up as follows: Define a matrix of
objects and locations with a cost ¢yj as the 1jth entry
in the matrix, let xij be the assignment of object i
to location j (xij is referred to as a decision variable),

The question is, then, what values of X, 5 (i=142) 000 ymy
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J=1424000ym) minimize i¥1 ‘? €4 xij » the total cost
= j=1 N

function, Standard algorithms exist (see [14], pp., 198-

204) which will find an optimal solution from the initial

matrix representation of the assignment problem,

One major factor mitigates against the use of linear
programming techniques to make the final assignments of
activities to spaces--in the set of spaces available for
activities at a given time there may be a space-subspace
relationship among some of the members in that set. Some
problems which have this characteristic can be solved
using integer programming methods, but usually only if
they contain small numbers of assignments, and even then
computing costs are quite high,

Another factor to be considered is that spaces are
often subdivided into a large number of subspaces, only
a subset of which would likely satisfy the requirements
of a particular activity., The linear programming approach
considers all spaces at all times until a final assignment
is made.

In light of these factors and the consideration that
the simulation is to show how space will likely be used in
a school floorplan (which is to say, not necessarily

optimally) a heuristic approach is used to make the assign-

ment of spaces to activities,
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In the following sections a statement of the assign-
ment problem as it pertains to this research is presented,
followed by a description of a heuristic approach taken
to derive solutions to the problem, and finally, the

algorithm used to perform the assignment operation is given,
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6.2 A Formal Statement of the Assignment Problem for
School Floorplans

At a given time step in the simulation there exists
either no scheduled activities or there exists a set of
activities whiéh require space,

Let A= (al.az.....an} be the set of activities,
For the set of activities, A , there exists a set of

constraint vectors, C , where

C= {(Clloclzooonclr)ooooo(cnlocnznoncnr)}

and cij = the jth constraint on the ith

activity,
Constraints consist of requirements for furmiture and
equipment resources, specifications on the space required,
and priority to be given to an activity which may result
in an earlier assigﬁment for that activity.,

Let S = (sl.sz.....sk} be the set of spaces available

for assignment such that

vi §<k and i # j, s; N Sj = f or
(Si C Sj and S
Sy ¢ sj)

3 '8 Si) or (Sj C S; and

That is, any pair of spaces is either mutually exclusive

or one ie a proper subspace of the other,



For S there exists a set R of resource vectors

such that

R= {(rlltrlzoooo'rlm)tooo'(rkl'r.ooo'rkm)} ’

th

and rij is the resource of the ivP

space,
The problem is to find a mapping from A > S such
that the set of constraints C 1is satisfied by R .

165
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6,3 What is a Satisfactory Assignment?

At this point the question arises as to what kind of
assignment is indeed satisfactory., Criteria for job shop
layout problems, for example, are quite specific., A cost
function can be accurately determined for each placement
of an.activity into a space., The arrangement of activities
into spaces so as to minimize total cost of producing a
product satisfies the criteria for the assignment, This
is not necessarily the case in an elementary school, Al=-
though some criteria for activity placement can be rather
specific (e.g., number of desks and chairs required),
other criteria is more subjective, such as priority. In
particular some characteristics of an activity may take
it desirable for that activity to have the first choice
of available spaces--hence, a higher priority for being
processed than other activities,

Two kinds of priority are recognized by the simulation

system, These are referred to as explicit priority and

implicit priority, Explicit priority is a value given
to an activity which indicates how important it is that
the activity takes place at the scheduled time, Special
events such as all-school assemblies, invited speakers
for a class, examinations and other similar activities
comprise the majority of events which can be assigned

explicit priorities,
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Inplicit priority is an internally generated priority
which reflects the relative importance of an activity based
on some elements in the set of requirements for an activity.
Implicit priority can be based on equipment requirements
such as pianos for music activities or easels for art
activities, It can also represent the extent of use to
which the resources required by a space will be put, The
measure of this extent of use is the quantity "student-
minutes” calculated by multiplying the number of students
participating in an activity by its duration in minutes,
That is, an activity which has a larger number of students
and/or will last a longer period of time should have
access to an available space prior to an activity which
will use the space less time or with fewer students.

Priority is a constraint which affects the order in
which activities are assigned and thus gives a better choice
of spaces to higher priority activities, The other con-
gtraints, namely, area required, furniture and equipment
required, distraction factor, and nature of the activity
are constraints on the size, resources, location, and
ghape of a space. Area, furniture and equipment are self-
explanatory as to the requirements they place on a space.
Distraction factor can place a restriction on the location

of an activity by requiring that it bte isolated from other
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activities by walls or by distance, If the nature of an
activity is group (supervised or unsupervised), then the
space to which it is assigned should have a shape which
allows a line of sight between any two points in the
space,

It is not likely that at asszignment time there will
be a set of spaces which will perfectly match the require-
ments set down by the scheduled activities, Of the spaces
available, however, some measure of the degree to which each
space will satisfy an activity can be computed, If each
activity could then be assigned to its best choice or
highest ranking space based on this measure, this could be
said to be the optimal assignment of activities to spaces,

It is possible, however, that several activities will
find that one particular space is their best choice. A
decision must be made in this case to deprive all but one
of the activities of their most desirable space, A
satisfactory assignment of activities to spaces is thus
seen as a relative matter, What can be done, however, is
to evaluate the worth of a space to an activity and define
heuristics to provide a reasonable assignment of activities

to spaces,
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64 A Meuristic Approach to the Assignment of Activities
to Spaces

6.4,1 Heuristics and Human Information Processing

In the absence of methodologies which are guaranteed
to provide optimal or correct solutions t2 a problem,
heuristics can often be employed to provide useful results,

The heaviest use of heuristics is in the area of
artificial intelligence where researchers have attempted
to emulate human abilities in game~playing, theorem proving
and problem solving programs, A good example of a heuristic
is in Newell, Simon, and Shaw [ 26] where, to generate the
proof of a theorem, they work backwards from the theorem
to the axioms using theorems or previously proved valid
logical rules to generate lines in the proof. By this
method, they are guaranteed that if one of their generated
lines is the same as an axiom or previous theorem, then
they will have generated a valid proof of the theorem,
There is no guarantee, though, that they will ever attain
a proof, They are assured that they have narrowed the
search compared to starting with an axiom or theorem and
generating lines hoping to get to the theorem to be proved.

Problems can often be represented in the form of a
tree where at each node there exists a number of alter-

native actions that can te followed., If the tree is fully

diagrammed (which can only be done practically for small
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or trivial problems such as the game of tic-tac-toe), and

a solution to the problem exists, then one or more of the
terminal nodes will represent a set of solutions, A path
can then be traversed from the root of the tree to one

of the terminals, yielding a problem solution as a sequence
of steps (nodes in the tree), When the entire tree cannot
be represented, as in the game of checkers, for example,
heuristics can be employed which eliminate alternative
steps which will be unlikely to yleld a winning sequence,
One such method is to assign a score to each of the alter-
natives using arbitrary criteria and to follow only those
branches which, by virtue of their scores, seem promising.,
An evaluation polynomial which algebraically combines the
criteria is a common way to compute the scores of the
alternatives from a node,

The worth of such heuristics is in their ability to
reduce the number of alternative paths to the solution of
a problem at a relatively small cost in terms of possible
undesirable choices, Lindsay and Norman [21] describe the
selection of a move by chess master as taking place in
two phasest an exploration phase, during which less
promising moves are weeded out, and a verification phase
in whiéh the validity of the remaining moves is determined.

Decisions during these twec phases are guided by a set of
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criteria or priorities, a combination of which can be
attributed to a given move.

Thus, a parallel can be drawn between mechaniz-
ed heuristi~ methods and human problem solving be-
havior, Both attempt to narrow the search for a solution

to a problem by reducing the alternative paths at each

step of the way.

6,4,2 Problem Solving Processes in the Assignment of
Activities

A set of heuristic processes can be defined for
assigning activities to spaces, Two of these are analogous
to the exploration and verification phases of decision
making described in Section é,4,1, In particular, given
the sets A of activities and S of available spaces,
there are four processes involved in an assignment:

1, Eliminate high priority activities, This is a
pre-processingz step wvhich makes immediate assign-
ment of high expiicit priority activities, Pro-
cesses 2, 3, and & operate on the remaining
activities,

2, Exploration Phase. Reduction of the number of
alternative spaces for each activity besed on
high significance criteria,

3, Verificatiorn Phase, Evaluation of the degree
to which each of the remaining alternative spaces
satisfies each activity

4, Assignment Phase. Resolution of conflicts
(activities comveting for the same space) and
final assignment,
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The first process is applied to the set of activities
ordered on explicit priorities, A4ctivities with explicit
priority are assigned one by one to the spaces which best
suits them, Spaces are evaluated using the procedures to
be described in process three.

In process two the set of alternative spaces to which
an activity can be assigned is reduced by selecting for
consideration only those spaces whose area lies within a
certain range of the required area. Since space is the
most important commodity, this procedure prevents the
assignment of an activity to a sp;ce which is either too
small to allow the activity to function or which is so
big that to make such an assignment would result in a very
inefficient use of space, It would be even more inefficient,
if, in the latter case, an activity for which the space
was well suited were scheduled before the space was re-
leased and given a less satisfactory assignment,

To each of the remaining spaces being considered by
an activity, process tﬁree assigns a score based on the
percentage of agreement between the requirements established
for the activity and the resources supplied by the space,
this score is computed by a procedure which is expiained
in the next section., The spaces for each activity are then

aorted on score,
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The final process examines the space lists for each
activity starting with the highest valued spaces, If a
space is at the top of only one activity's 1list, it is
assigned to that activity. A space which is at the top
of two or more lists is assigned to the ac{ivity which
would suffer most by not obtaining that space,

Whenever a space is assigned a housekeeping function
is initiated to remove it, its subspaces, and the hierarchy
of spaces which contain it from every other space list for
activities remaining to be assigned., This is because a
space and one of its subspaces may not be assigned to
different activities simultaneously.

These processes, explained in the next section, are

iterated at each time step,

6.,4,3 An Algorithm for Assigning Activities to Spaces

In this section a description of the method for
assigning activities to spaces is presented. The method
proceeds following the four processes described in the
previous section, The process of eliminating high priority
activities is accomplished through an exhaustive search
of available spaces for each activity and utilizes as its
criterion for assignment the best score obtained from the
scoring polynomial as descrived in the verification phase,

This process is not explained in further detail,
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For the remainder of the processes the following
algorithm, presented informally, is used for the computation

of an assignment,

Algorithm ASGSPC (Assign Spaces)

As before let A = {al.az....,an} be the set of
activities scheduled at some given time t , Let
S = {Sloszv....sk} be the set of spaces available with
the space-subspace relationship as described in Section 6,2,
The sets C and R , constraints and resources, are also
defined to the algorithm,

Corresponding to the problem solving processes the
algorithm takes place in three stages; R.:Reduction of \
Alternatives, V-Verification, and A-Assignment.l

Stage R - Reduce Alternatives

l, For each activity a ¢ A1 Initialize the acceptable
range of areas of spaces at + 16% of the area constraint
on a; .

2, Compile from the list of unoccupied spaces in S ,
the set of spaces, s* , whose area is within the tolerance
computed in Step 1, 1If S* has less than 2 entries do the

following steps;

lpne programmed implementation of this algorithm performs
portions of the individual steps in a slightly different
order but with equivalent results, The description of

the algorithm in this form is presented for its clarity,
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2a Increase the acceptable range of spaces, The
upper bound is increased exponentially until it
reaches a maximum of 300%, The lower bound is
increased at regular intervals until it reaches
a maximum of 50%,

2b If the limits in 2a have been reached, continue,
otherwise return to the bveginning of step 2,

*

S° will be called the list of potential spaces to which
the activity may be assigned., Flag all concave spaces in
S*

3. Examine the value for the "nature of the activity"

constraint, If supervised group or unsupervised group

(working as a group), eliminate from S* spaces which have
been flagged as being concave.l Go to Stage V,

Stage V - Verify Altematives

For each activity Aj € Ay, J=l,n

1, Compute a score for each space on the potential
space list s* . The computation of the score is as
followss For aj define a vector CON and a vector RES
each of the same length, Each element of CON represents
one of the set of possible constraints on activity aj '
and each element of RES represents one of the set of possible
resources which must te present in the space for the

corresponding element of CON to be satisfied. That is,

lThis step is not implemented in the programmed version
of the algorithm,
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the ith element of CON corresponds to the ith element
of RES, CON.l = 1 implies constraint i is in effect,
RESi = 1 implles resource i 1is in the space, CON1

and RESi are O otherwise,

Let Q(CONi)

the quantity or value of the constraint
represented by the i'h element of CON,

Q(RES.) = the quantity or value of the resource
1 represented by the ith element of RES,
SCORE, , = the score of the k'M space in the

k] potential space list of aj .
In addition, for each element of RES, there exists

a list ALT of up to 4 alternative resources in order of

usefulness (the list may be empty)., This list is referenced

in the event that a space does not have a required resource,
The following algorithm then computes the score for

the spacei

Algorithm SCRSPC (Compute the Score for a Space)

1, Check constraint vectors For CON1 and RESi ,
1=1.2'ooo'm

a, |if CONi =1 and RESi

b, if CONi =1 and RESi

c, |if CONi = 0 go to beginning of Step 1 (l.e.,
reiterate this step for the next value of i),

1l , go to Step 2

i

i

0, go to Step 3

2, Compute cumulative scorer
|Q(CON;) - Q(RES, )|

Q(CONi)

SCRSPC « SCRSPC + 1 =~
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P«1,
M<el,

a,

b.

SCRSPC ~ SCRSPC + P {1 -

Ce

19.
177

Defaulty Let mi be the number of elements in

i (the 1ist of alternative resources of RESi o) Set

If mi = 0 , return to Step 1, Otherwise, set
While M < m, do Steps a, b, and c,

Set P=P - .2 (P represents the relative value
of the alternative being considered compared to
the original requirement,)

If RESl > 0 Set

|Q(CoN, ) - Q(RES, )|
Q(CONl)

and return to Step 1,

(Noteq Q(CONl) is the quantity or value of CON,

if it had been specified as the original
requirement for the activity. That is,

if tables are an alternative furniture item
for desks, then the quantity of tables
required for some number of students would
differ from the quantity of desks.

Set M <« Ml . Go to a,
™h 1 - IQ(CONi) - Q(RESiH

e value o - is a

QTCONi77

measure of the vercentage of agreement of the
quantity or value of a constraint for an activity
and its corresponding resource in the space, For
example, suppose for some activity 9 chairs were
required and there were 12 chairs in the space
being evaluated, Let CONl and RESl refer to

*desks", and Pl = 1 , Then CONl =9, RESl = 12
and

lQ(coN, ) - Q(RES,)l 9-12

- - [ ] - ‘ D
Pl 1 Q(CON, ) =1+ 9 6

= 0g667 .
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Once scores have been computed for each space on s*
two further operations are performed. First, s* is
sorte& into descending score order. Then, starting with
the space at the top of the list, any subspaces or super-
spaces of that space are eliminated from the rest of the
list, This procedure is repeated for what is then the
gecond space in the list and subsequently thru the next
to the last space on S* .

When the potential space lists for each activity to
be assigned have been scored and processed, the final
assignment process begins,

STAGE A - Assignment of Spaces to Activities

The set of activities {al.az.....an} and their
processed potential space lists S; (1=142440e9en) are
the inputs to algorithm ASGACT which makes the assignment
of activities to spaces, The set A of activities is
sorted into descending order of student minutes (number
of students X duration in minutes). Let SPACE;, and
SPACE12 be the first and second ranked spaces on S; ’
and let SCOREil and SCOREi2 be their scores,

The list A 1is processed iteratively by looking at
the highest priority activity, say 3y which is yet

unassigned, Define CLISTS = {CLISTl.CLISTZ....,CLISTn }

1
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such that CLISTk = ak UA' ¢+ and A' 1is a proper subset

of {ai+1.....an} such that the top ranked space on the
s* 1ists for each element in CLISTk is the same,

k
ACTi is defined to be the activity represented by the

th

i entry in CLIST CLISTk s then, is the set of

k [ ]
activities which have the same first choice space while Ay

is being processed, Note that CLISTk+1 is undefined

until ak has been processed, Whenever A' # g (i.e.,

is null), a) 1s assigned to its top ranked space, and

the next iteration begins,

?r as the rth ranking

ith

For each CLIST define SPACE

k
space for the activity which is the entry in CLIST

Similarly, SCORE};r is the score of the rth ranking

k [}

space for the activity which is the ith entry in CLISTk .

Define DIFF = (DIFFI.DIFFZ.....DIFFn-l} corresponding

to CLISTS, Each DIFF is a list of differences between

k
the first and second ranked spaces on the s* for each

x * Finally ACT? is defined to be

the activity represented by the ith entry in CLIST

activity in CLIST

k ¢
Algorithm ASGACT - Assign Activities to Spaces

For 1 =1, 2, ¢sesy n do the following steps

1, If (i+l)> n , assign a; to SPACE and

i1
terminate the algorithm, Otherwise, proceed to Step 2,
2, (Check for activities competing for same space,)

Place ay into conflict list CLISTi and set COUNT« 1 ,
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FOI‘ j= i"’l,oo.'n » if SPACEil
to the conflict list and set COUNT « COUNT«+l .

= SI:’ACEJ.1 y add aj
3. (See if any conflicts,) If COUNT > 1 proceed to
Step 4, otherwise assign a, to SPACEil and to to
Step 60
b, (Compute difference scores for competing
activities,) For m = (1,2,444,COUNT) compute DIFFim =
i i
SCORE_, - SCORE , . _
5. (Resolve conflicts and make assignment,) Sort
CLIST into descending order of DIFF., That is, place the

activity whose difference score is the greatest at the top

of the list, the next greatest second, etc, Assign ACT};i
to SPACE]i.l o« (Give the activity with the greatest differ-

ence score its top-ranked space.)

6, (Housekeeping,)

a, For SPACEi1 flag all subspaces and supersvaces
and remove them from S' for every other activity
left to be processed in A . This is to prevent
the subsequent assignment of a subspace or super-

space of an already assigned space,

b, If ACTi £ ay (Note-the sequence of activities in
CLISTi can change during the sort performed in

Step 5.), remove it from A and pack A . Then
return to Step 1,

Upon the conclusion of ASGACT, the assignments of

activities to spaces at a given time t are completed,
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In summary, then, ASGACT looks at each activity in
order of its student minutes requirement and determines
if the top ranked space is the same as that of any of the
other activities,” If not, the activity is assigned its
top ranked space., If conflicts exist, then the difference
between the scores of the two top ranked spaces on each
1ist are examined, The activity for which this difference
is greatest is assigned its top ranked space using the
reasoning that it would suffer the most by having to
accept its second ranked choice, This decision process
iterates until all assignments have been made, Some

examples of the assignment process are given in Appendix D,
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6,5 Discussion

6.5.1 Some Properties of the Assignment Algorithm

In this section some properties of the assignment
algorithm are presented which may not be readily apparent
from the preceding description, These have to do mainly
with what the algorithm does under certain limiting
conditions,

It is possible that on initial entry into ASGACT thzat
one or more potential space lists will contain only one
element, If that is the case, then, the computation in

. Step 4 will not be meaningful, Therefore, whenever
there is only one space in an activity's list, SCORE;Z
is set to ~10,000 before Step & is executed., This number
is great enough so that the difference between it and
SCORE;1 will be larger than the difference score between
the two top spaces of any other conflicting activity's
list, If, for two or more activities competing for the
same space, the potential space list has only ore element,
the activity for which the space has the highest absolute
score will be assigned to the space., The other activities
iﬁ will not be assigned to any space since their lists will
become empty when updated to reflect the previous assignment.

Another factor of interest is that in the computation

of the score for a space the magnitude of the score is

dependent on the number of constraints, For example,
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consider a space with five resources. Suppose two acti-
vities have specified that spaée on their respective
potential space lists, The first activity specifies only
one resource requirement while the second needs four of

the five, If the space meets the requirements for both
acti&ities exgctly. its score for the second will be higher
than the first since the scoring algorithm produces a
cumulative score based on the fit between each constraint
and its associated resource, Currently, this information
is used in the event that several activities are competing
for the same space and that space is the only one on their
potential space lists, Otherwise it is used only to order
the potential spaces for an activity and to compute the
difference scores, While it might seem that an activity
can be assigned a space with a lower score for it than for
another activity, and-wiil therefore waste resources, this
is not necessarily the case. In fact, a space which scores
high because iis resources match an activity very well will
often have a significantly higher score than the second
best space, An activity with low resource requirements
will probably not acquire a space list with as widely
disparate scores since the range will necessarily be lower,
Thus, the activity for which the space scores the highest--
absolutely--will likely be assigned to that space, On
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the other hand, when the differenc¢ score for the two

top spaces of an activity with high resource requirements
is low, then the activity isn't losing much by being
assigned to its second best space, if this happens to

become the case,
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CHAPTER 7
RESULTS OF THE SIMULATION FOR SELECTED TEST CASES

7.1 Introduction

In this chapter the results of simulations for

selected test cases are presented and analyzed, A proto-

. type system was implemented incorporating most, but not

all of the design criteria specified in Chapters &, 5,

and 6, Specifically, two criteria for the assignment of
activities to spaces are not included in the current version
of the system: 1) the distraction factor is not considered
in the location of activities relative to one another and

2) the criteria for the shape of a space is not employed

in the process of selecting potential spaces for an
activity,

The simulation program in its present form generates
a_large colume of hard copy output. Therefore, only one
test case will be presented in its entirety. Selected
portions of other test cases will be shown to illustrate
specific features, ‘

All the tests were performed using a data base derived
from the observation of School A and the floorplans of

Schools A and B,
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7,2 The Test Cases )

7:2,1 Objective

The major objective in running the simulation was to
gshow how the results can be used in evaluating a school
floorplan, It should be recalled that the system is
designed to be an aid to the architect, and, that in
itself, it does not determine the success or fallure of
a floorplan, The information it does supply, however, .
‘can Se shown to be of use in making decisions about the
amounts and types of spaces that have been designed on a
given floorplan,

Several factors were considered in designing the test
cases to be discussed in this chapter, First, it was
recessary to establish some benchmark 8o that che validity
of the simulation could be ascertained. Given the quality
of the data collected at School A and its relatively complex
floorplan, it .was felt that a simulation of School A on
its own floorplan would provide a rigorous test for the
simulation system, More specifically, it was known that
School A could be operated with at least its planned
enrollment (150 students per pod). Theoretically, the
simulation program should be able to emulate this in terms
of generating schedules, assigning students to activities,

and assigning activities to spaces, With a benchmark



thus established, experiments could be performed with
the sirulation to answer questions about the functionality
of an input floorplan.

In this chapter, the following three questions about
the schools observed in this study were considered repre-
gentative of the ways the system could be used:

1, How would School A function if its enrollment
were increased by 1/3,

2, If certain spaces are seen to be underused, how
would their removal affect the overall ability
of School A to provide space for activities,

3., What would result if the model for School A
were used in a2 simulation on the floorplan of
School Be=e,g., & multiunit methndology on a
traditional floorplan,

Three test runs were made to provide data with which
to answer these questions and to establish the benchmark,
These are described in Table 7-la.

Since the observed data from School A was the most
reliable, the multiunit methodology was specified in each
of the simulations., In addition, keeping the methodology
constant provided a good base for comparing the performance
of the floorplans of Schools A and B, The block schedule

(Table 7-1b) and the MODL parameter were also kept constant

1Quasi-traditiona1 would be more accurate since the original
floorplan design was totally open-space, AS can be seen
from Figure 7-2, however, the space was organized, using
partitions, as an egg-crate design.
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0 as that comparisons could be made between floorplans
while ueing the same generated schedule,

Test run one provided the benchmark, It was dne in
optimal mode with 150 students and a multiunit methodology.
One pod (CO0) from Schocl A was selected as the input floor-
plan, Its structure (Figure 7-1) was derived from observa-
tion, For test cases involving School B, an equivalent
area (Area A) was selected as the input floorplan, Its
structure is shown in Figure 7-2, Each of these floorplans
is a lapge open space subdivided into the areas deplicted
by the dotted and dashed lines, In School B. (Figure 7-2)
the internal solid lines indicate moveable (but which were
never observed to change) partitions, No partitions were

observed in School A,

7.2:2 Preliminary Information for the Test Cases

This section is provided to give the reader information
which is not directly presented in the output from the
simulation program and to aid in reading the output shown
in this chapter,

For the two input floorplans Tables 7«2 and 7-3 give
the areas and detail the inventories of each space and
subspace for reference purposes, The spaces are organized

roughly into counter clockwise order as they appear on the



TABLE 7-la
TEST RUNS FOR THE SIMULATION

Run School Floorplan Enrollment MODL Methodology Mode

1 School A Unit 2 (Pod C) 150 10 min, multiunit optimal

2 School A Unit 2 200 10 min, multiunit optimal

3 School B Area A 150 10 min, multiunit optimal
TABLE 7-1bd

BLOCK SCHEDULE FOR THE TEST CASES

09100 - 10130 MATH

10130 - 11430 LARTS

11430 - 13:00 SCI
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TABLE 7-2

AREAS AND INVENTORIES™ OF SPACES FOR
SCHOOL A, POD C

Space Area Desks Tables Chairs BB MS MP Tv SI

o0 7025 173 6 200 18 1 1 3 3
C10 1815 U8 48 2 2

20 232 1

c21 1486 48 48 2

Clo 391 30 30 1

60 43 8 8 1

cé1 143 22 22

cls1 20k 18 18 1

c62 164 12 12 1

Cé63 52 6 6

c22 154 1

11 1865 53 53 2 2
c23 235 1 1
o2k 130

c25 264 1 1
c26 1230 23 23

cl2 304 25 25

cél 204 22 22

65 142 3 3

c8o 35 3 3

Cl3 109 12 12

chb b3 6 6

Cles 61 10 10 -

c12 1461 38 1 42 3 01 1 1

627 165 1

c28 312 1 1 1

29 1256 .38 1 42 1 1

Legends BB = Blackboards, MS = Movie Screens, MP =
MP = Movie Projectors, TV = Television Sets,
SI = Sinks

: .
Note-~-the inventories will not total correctly because
an item which is in the subspace of a space is in the
space itself,
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TABLE 7-2
o (Continued)

Space Area Desks Tables Chairs BB MS MP TV SI

cé6 24 3 3
c67 18 3 2
cé8 193 24 2
Ch7 251 8 1 12
. C48 203 1 1
c13 1758 34 5 67 2 1
¢30 203 2 2 1
C31 1095 34 3 55
c49 159 18 1 23
€50 139 16 24
Cs51 119
€52 29 2 8
c32 201 1

¢33 126
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TABLE 7-3

AREAS AND INVENTORIES OF SPACES
IN SCHOOL B, AREA A

Space Area Desks Tables Chairs BB BP MS

AOO 4220 146 8 223 W 5 1l

A0l 309 5 5 1l

AlO 109

All 94 5 .5 1l

Al2 88

Al3 12

AQ2 788 29 1l 36 2 2

ALY 153 -1

Al4O 19 1l

B4O 135

AlS 217 9 9 1

Al 4é6 9 9 1

B4l 145

Alé 128 4 4

Al2 11 2 2

Al7 269 16 1l 23 2

ALL 64 14 14 1l

Al4S 61 2 1l 9 . 1l

AO3 794 28 1l 4y 3 1

Al8 173 8 8 1l

A8 L6 1l

AL4? 51 L 4

A48 32 L 4

AL9 32

Al9 221 6 1l 19 1l 1l

ASO 64 1l 6 1l

A5l sh

A52 57 ? 1l
Blackboards, BP = Portable Blackboards,

Legend: BB

=
n
nan

Movie Screen, MP - Movie Projector

I =

194
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TABLE 7-3
(Continued)

Space Area Desks Tables Chairs BB BP MS MP

A53 48 6 6

A20 175 8 8

Asl 50 8 8

A55 35

As6 34

A57 41

A21 157 6 6 1
As8 L2 : 1
AS9 42 6 6

A60 28

A6l 31

A0 788 37 2 ko b
A22 190 = 7 7 1
A62 34

A63 35

A6k 62 7 7

A95 30 7 7

A65 51 1
A23 189 b 1 10 1
A66 66 b b

A96 27 b L

A67 61

A68 31 _ 1 6 1
A69 24

A24 218 14 1 20 1
A70 6 -6 6

A71 b 1 6 1

A72 Ly

A73 67 8 8

A2 172 12 12 1
A7 86 5 5

A75 80 7 7 1l
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TABLE 7-3
(Continued)

Space rea Desks Tables Chairs BB BP MS MP

A0S 565 14 L kg 2 1 1

A26 273 2 23 1 1 1

A76 27 1 6 1

A77 16 1 5

A78 63 12 1 1
T A27 278 14 2 26 1

A79 62 3 3

A97 17 3 3

A80 16

A8l 57 1 8

A98 28 6 6

A99 27 5 5

A82 25 1 b 1

A06 Lok 33 b3 4 1

A28 130 13 13 1

A83 66 8 8 1

ABL 68 5 5

A29 141 8 18 2

ABS 84 8 8 1

A86 58 10 1

A30 104 6 6

A87 61 6 6

A88 46

A3l 92 6 6 1

A89 60 6 6 1

A90 32

AO07 242

A32 6

A33 7

A3b4 83

A35 10
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floorplan and all of a space's subspaces follow it before
thé'next major space, No inventory figures are given for
a space which has no furniture or equipment, .
On the output listing for a simulation run, the informa-
tion is organized into five partss 1) the parameters, 2)
the block schedule, 3) the generated schedule, 4) summary
information of space use at each time period, and 5) an
end-of-the-day summary,
Preceding the summary at each time period is a list
of the activity sections which will begin at that time,
their generated characteristiscs and furniture and equip-
ment requirements, This list is presented in decreasing

order of the student minutes requirement,



7,3 Simulation Examples

7:3.1 Introduction

In this section, examples of simulations are presented,
The first, Test Run 1, establishes the validity of the
system, The rest of the section is devoted to an analysis
of the varlous test runs as they pertain to the four

questions posed in Section 7.2.2,

7.3.2 Test Runl

The output for Test Run 1 with the inputs and para-
meters described earlier is preseﬁted in the next several
pages, The block schedule (Table 7-1b) is a representative .
schedule of activities with two exceptions, PFirst, no
time was allocated for lunch, since it was assumed in-
structional space would not be used at that time, Thus,
the schedule was compacted, Second, no special activities
or activities which would normally occur in separate
specialized space were included, This would have meant
reﬁoving a certain number of students from the pool of
available students, i,e,, fewer students in the pod during
those times, It was felt that a more rigorous test of the
progran would result if the full complement of students

vere available throughout the day.
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The detalled schedule of activities generated from
the schedule of blocks of time allocated for instructional
activities is shown in Table 7-4, Its conformance with
the model described in Chapter 3 should be noted. Math
and Science tended to have larger groups and therefore
fewer sections than Language Arts. (Language Arts was
allocated only one hour whereas Math and Science each were
allocated 90 minutes., Conceivably, Language Arts would
have had several more sections given the extra 30 minutes,)
Nevertheless, considerable dispersion of group sizes is
found in all three activities, A comparison is invited
between the schedule generated and that which was observed
at School A, Examples of the subdivision of blocks of time
for Language Arts and Math in Pod COO are ‘shown in Tables
7-5 and 7-6, The groupings of students and durations of
the activities appear to compare favorapiy with that
generated by the computer programs for a similar amount
of time, Some differences were that 1) at the obser ved
school all of the students assigned to a Pod or an Area
would not necessarily be available for assignment to acti-
vities at all times, and 2) slightly longer blocks than
were observed were defined for the activities on the input
block schedule, The latter was true for certain’ observed

periods but not in general, however.
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TABLE 7-4
TEST RUN 1
SCIENULE oF sCTIVITIES
STAT T1°L SRR N ACTTvITY SECe NU N v STUD

910 laiin HWATH 1 9
AN 7t SRS A 2 20
Gion Tl TATw 3 Y
g0 g4I HaTH 4 17
171 1017 SRR ) 20
9N il TR p v
FAR N 3N ATw ? 17
gi10 040 Ty 8 a
an YEER IR & G 3
CR N RN “ATH tu 17
si1n 230 AR 11 27
91l 1adi20 W [ 12 26
5810 92" vty 13 q
931’) aan I 4X {4 it
iv20 CR R TET 15 5
UHEN 1600 HATH te 22
984" 1933N FRRY 17 N
PHERS Ty r TR 1o 17
9442 tayn TATH 19 4é
9149 10N waTH 24 17
1o Tusl?® IHER AL 21 39
16810 1agan Ty 22 17
| EaR R Nt 159 M Tid 23 an
e 1agan WATH 24 3
tol1n lgdn NATH . 25 16
) 1ntn 1uidn T 20 17
ISR I lutdn EEE 27 3
10017 17829 NATH 28 5
tntn 1140 MeTH 29 21
1Lean taian $ATH EYY) 4
1ot an tasan METH 3 3
Ls2n 1533 AR 1] a2 20
16327 B T 33 3
1otan 10840 JAHTS 1 25
|nt3n 1idn Le1TS b IQ?S
baean tastrn LAATS ) 208
1gtan 11:0n LeRTS 4 3
PRI 1y 1.2 4TY 5 5
IR lainn RN 6 15
1atan Tiin LARYS 7 18
tnityn 11:2n LARTS 8 ]4..
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108y lutsn LAARTS 9 7
10840 1idnn LeRTS 10 &
futyn 11:09 LenTs 11 9
| EVRETH] 1100 LaRTS 12 6
10340 lyuisn LARTS 13 a
16840 1ty LTS8 14 9
1534C 1180 LAaxYS 15 7
16840 lui®n LAGTS 16 9
1t yn LR 1LARTS 17 2
16850 T1ion LATS ) 34
1540 1isn LAnTS 19 5
114 1idan LanrTs 20 7
1tun 1120 LARTS 2\ 9
110 11 2n L#RTS 22 17
typeyn 11320 LTS 23 7
1110 tisen LTS 24 &
ISRAN 11321 LARTS 25 W7
118029 1131 LyviTs 26 7
11800 1t LeaTs 27 el
1120 bl an LARTS 24 11
Ty s an v (T .
R B g
11820 1iian LARTS 31 3
11820 tysan LTS 32 3
R T TFRTS 33 13
11120 1L IS X h L) 6
11820 11310 LenTS 35 h)
{100 RN LAnTS 36 3
110 1iian sel l 24
11330 11ehn sel 2 17
11+37 \ P ERE ari 3 42
11330 *llian sel | 29
11840 12360 st 5 %8
11350 {214 Sl . 6 28
11450 12320 sScl 7 3l
11ten 12310 sel ] 11
12011 Taddn scl 9 [
12810 1&33n sel 10 40
12811 12:3n Srl 1 16
1220 Teddn sel 12 3t
12830 12i4n st 13 11
12030 12380 Srl 14 16
W 12040 sed 15 29
12040 13:0n sel le 23
124 130N 571 17 i1
12547 1300 S¢cl 1d é4
12240 13300 set 19 13
1250 13:0n 5el 20 4
128N [ Sel 21 3y
12:8N 13:0n sel 22 6



9
@l 202

TABLE 7=-5

SCHEDULE OF LANGUAGE ARTS SUBACTIVITIES
SCHOOL A, POD C

Start Time End Time Subject Sec, No, No, Students
»

8135 9120 LARTS 1 15
8135 Bulys - LARTS 2 9
8135 9115 LARTS 3 40"
8135 815 LARTS 4 15"
8135 81k4s LARTS 5 b
8145 9105 LARTS 6 9
8145 9125 LARTS ? ‘2
8145 9125 LARTS 8 100"
Biks 9125 LARTS 9 5
9110 9125 LARTS 10 15"
9110 9125 LARTS 11 15
9110 9125 LARTS 12

9110 9125 LARTS 13-

*These figures are within +5 of the observed number,
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TABLE 7-6

SCHEDULE OF MATH SUBACTIVITIES
SCHOOL A POD C

Start Time End Time Subject Seec, No, No, Students
9125 9435 MATH 1 so*
9125 9455 MATH 2 5
9125 9145 MATH 3 25"
9125 9elss MATH b s
9125 9140 MATH 5 50"
9125 9145  MATH 6 30°
‘ 9135 % 55 MATH 7 3
9435 91 55 MATH 8 5
9135 91 50 MATH 9

*Phese figures are within +5 of 'the observed number,
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Following the generated schedule, the output listing

alternates between the description and requirements of
activities scheduled to begin at each time step and the
summary information which is printed upon completion of
the assignment of activities to spaces at that time
(Table 7-7). The former are sorted and presented in order
of student minutes aﬁd thus represent the implicit priority
ordering described in Chapter 6,

At the first time step (9100) six sections of math
are scheduled to start, According to the generated schedule,
Section 5 has 28 students; its characteristics include the
circular configuration, a distraction factor® of 3, and
requirements for 28 desks, 28 chairs, 2 TV's and 448 square
feet of space, The summary table at the end of the require-
ments listing shows that at 9100, Math Section 5 was assigned
to space C40 which has 30 desks, 30 chairs, and 1 TV, The
area of C40 is 391 square feet and the ratio of space
required to space used is 1,15, Section 1 which requires
2 tables, 9 chairs and a blackboard is 216 square feet of

gpace C30 which has 2 tables, 12 chairs..a blackboard and

*Note--the distraction factor is not currenily utilized
by the assignment algorithm,
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203 square feet, Section 6 which requires 48 chairs, and
48 desks is located into Space C47? whiech does not ade-
quately meet the seating requirements (8 desks, 1 table,
and 12 chairs) but is a closer match of the area require=-
ment than other spaces which have the required seating,
Because the selection process of the assignment algorithm
is oriented towards matching area requirements as opposed
to furmiture (the assgmption being that much modern school
furniture is portable), discrepancies in seating betwzen
the activity requirements and resources in the space are
not that uncommon in the program,

After the assignment summary the total space required
and space used during the time period is printed. The
figure for space used should be examined with respect
to the spaces which were assigned, An activity assigned
to a space which is a subspace of a larger space in some
sense utilizes all of the larger space unless other acti-
vities are assigned to other subspaces of the larger one,
Another factor which should be taken into account is thatr
without intervening walls a certain amount of circulation
space and buffer space between assigned activities is
desirable (e.g., corresponding to corridor space in the
traditionally designed school). This figure will range

from 15-30% of the total instructional space designed for
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TABLE 7-7 ‘
TEST RUN 1
ACTIVITY REQUIREMENTS AND ASSIGNMENT SUMMARIES
ACTIVITY = 4 TH SECH 1y q  REUIRENLNNTS,
COLF= CIR CFxd APCA REae= 448
b DESK 28 Ay
e Ty
ACTIVITY = *ATh stevion 1 RELULIHEMLNTS,
CCba Cla tFnl AT R Repces 216
2 TAPRLE 9 CHAR
1] Be
ALTIVITY = "ATH sEeTov b RLIUIREMENTS,
COLFz V01 TP at ANEA L Yes 2088
Wwd LESK ARSI B
3 Ty
Ot /1Ty = fin SECTION A RTLUTRENDLNTS,
Co..b= Clv 0% 2T ATTA NE ez 672
G T AN E 23 N
2 T
CCTIVITY = ATH sFLTIoN ? RF UIRFEHMENTS,
€Y. F= Cl 0 FeT AT Niilem NN
0 DESY 20 CHA TR
l '!:
ACTIVIT Y = "4 St CTINY HoooRE LIRTMENTS,
(e I N ol I T Fan ANt P __._: 43
= ‘7 ‘. [ :"< ‘ T
1 88
TIMZeee 2:00 .
ACTIVITY SFC, M0,ST =4 K% w 81 4 SPACE  .REA  RE synfs
MATH ) 2h 448 C4Q 371 1e¢lb
S AATH i 9 214 Cap 203 14726
AT b 2. 20 4nn €y2 34 1,16
AATH b “p 268 €47 251 1.15
nATH 3 28 572 Cys 568 lel8
AATH u 17 409 cz8 312 1.31
AREA REQULIRED 2132 53, FT, LREA USED 2069 SuefToe




Y ANLL

rey

W

LE

PR I - R G S v VoL A YR SEIN -
Chibs T4 o L I N, G 4
eS NS« 25 vy
I o e
ACTIVIYY = &8 TY SEfTIat 1 TELUIREMINTS,
Cinia QL Pzl RYEREY TLle= 648
S TATLE 27 VIR
2 Ty
NeTIvVEYY = /A 5FCT Iav {r CESUTWENENTS,
CY vy Y1 "=l AR A WG 34gn
3 OTALT 17 L (59
l ;\;)
LeTiviTy = Y] St Cp ot 7 PE L UTETORNTS
CaFa (LU P2 ATEA = 340
17 b€ 17 ¢cHvw
R
AT idlYYy = T T STCTIN Y v o8 YleTerNTS,
C .tz ¢° REYER N RE: 208 “_
JLohoey IR GIRR N
1 50
ACTIVIYY = 'ATH sCrTlon N RCGUTHTHUENTS
CY F= CL M= APEN Rres 160 ,
- A nger & CAVLR
t 83
ACTVIYY = 570 sFrppoy o REUTIHMENTS,
C".,F= (Lu TE=2 ATV A P jes &0
A N ar T
1 Ty
ACTINLTY = AT SEFTICY 1 Rr UTKEM{MNIS,
T ChLFs CLU wEmle A Ro g Ll em 1o .
5 PRy 5 U L
1 B
O

ERIC

Aruitoxt provided by Eic:
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YIMFOQQ 9:1-‘

ACTIVITY SEC, MO,S5T .y ARcA &r o SPACE  +REA  RF _tysFn

AATH 12 25 200 Cy2 ddy 1445
HwATH 11 27 6448 CHs 568 1,14
HATh 11 17 sun Cuwy 251 1,35
AATH 7 17 340 cz28 kB . 1,09
HATH 14 1 220 c20 232 A
A TH a a AN Ch2 164 1
qATh 9 3 én Cu3 52 lolb
4ATH 13 ) . 103 cai 119 B84
AT 1 9. 214 €10 203 1.6
AATH ) 24 448 C40 391 1,15
AREA 7L3UnTn 3132 S5, FT© ATFA USRED 263, S.oFTs

ECTIVITY = T SECTION  te FELULRFPLONTS,

COF= £ NFed ANA Py e= 5C
h K\Lqr’\ s i#"nl?(
1 B3

TiMT eee 9520

ACTIVITY SFC, 0,57 7y  ARza 2 -y  SPACE REA KE funfy
QAT N s 5 51 CHy 41 1,22
HATH 1 9 214 cao 203 1,06
HATH e 20 448 40 39) 1,15
MATH 7 17 340 c28 312 1,09
- HATH a q 149 Cu2 164 .78
GATH 9 3 X Ca3 62 1,15 =
HATH Ka] 17 3qn Cy57 251 1,36
MATH 1 27 L4 Cue 548 1ot 4
_ MATY 12 25 501 Cu2 Yy 1,45
MATH 14 1 P29 C2u 232 e 95
AREA »gqyefn 2932 S ¥ Anfn  USEN 255, S eFTe —
»
ACTIVITY 3 ATH SECTINN 14 PELUIREMLNTS,
ChiFa FMi NF=2  ADFA Pete= 220
22 OESK 22 A

[IRARY
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ACTIVITY 56C, 50,57 5. ARrA 0 s SPACE  +REA  RE HVIAA
HATH A 22 220 c23 23% 74
4ATH 1 9 216 c3o 203 1.06
HATH + R 20 448 €40 391 1,15
AATH ! 3 160 Cq2 164 98
IVATH 9 3 51 €43 52 1,15
AT H 1" 17 340 Cy? 251 1,38
AATH 1 27 &92 €46 568 f.14
MATH 12 25 500 C42 34y 1,45
AT H 14 11 2210 C20 232 95
AREA L Equinrfl 2pl2 s, FT, +3Ea  USED 2441 SCeFTo
CT NIy & AT ot ian 1a RELNTITMLHTS,
CAl.Fa F NF=l ARTA NiGes 46D
i& PESK th o CHA LR
1 =P
ACTIVITY = *ATH SECYInn 1o RCUIRFAENTS,
C'-‘.d'= CLJ ~ (W’:? "7'(.,* "-L‘..: 3“‘{’
17 TESK 17 CHAIR
1_nn
ACTIVITY = ‘'ATH SFCTIC! 17 PLLUIREMLNTS,
CNF= Cly TF=1l  ATEA Rives 60
3 TESK TCTA
1 /4
S 05 I LA T B N T . _
ACTIVITY 57C. MO0W5T e ARfy vz -9 SPACE Ex  RFE :9oEg
AATH 19 44 16N Cqs 560 .81
MATH 1n 17 340 c23 Jl2 1,09
PATH 17 3 6N Csd 52 1,15
AT H 1 9 216 Ciy 203 1,96
AATH 5 23 43 CHQ 39} 1415
MAATH 12 25 507 Cy2 344 Lath
AATH 15 22 220 €2 235 074
AREA prAayteen 22494 sa, FT AES USER 210y SceFTe
ACTIVITY = “ATH SEF 1ot 2+ RE ULKEHLNTS,
Cl.F=a CL "F a2l AN PLie= 4y g
3 Yeur 17 sl

1 b
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TitMZeee 2:;67
ACTIVITY SEC, NO,ST a, ARTA 7 >s  SPALCE  sREA RE tUCED
AATH 21 17 508 C28 32 1031
HATH 1 9 216 €30 203 106
HATH 9 28 44R CH40 391 1,15
MATH 12 25 500 cy2 34y 1.,4%
MATH 16 22 220 cz23 23% A
HATH 17 3 40 €463 52 115
AATH 17 44 460 CH4é 568 81
AREN gt een 2312 she ET. p %A USED 2105 S eFYe
ACTIVEITY = 2710 SECTIOM 2y PELUTIRENLNTS,
¢z CLn NF=1l  APPA Peaem 7450
a2y DSy - 27 (AR
1 26
TItEesel il - -
FOTIVITY 570 Lu ST,  ARFa FE(e SPACE  ARE+Y KREWJUSED
R X 1 30 7770 T3 AL 71
DWAT 1 9 716 c30 202 1406
PATH 3 20 R4 5 Cun 39 1415
AT (A VAL a0 Cq2 39 le15
PoATH 17 3 L0 (7%} 57 Jel15
SATH 19 44 4hG Cub 56 01
AREA RECUIEED 2964 S5, FT, KREA  USED 2h53 SueFT,
TRCYIVITY = TEYW SFe Ay o R UTREVCITS,
COuba CLU =l APEA BEfe= 700
Jh Drey 35 (HATR
T i
ACTIVITY = 2714 SECTIoN  2n  RELJULIREMINTS.
Chrbe (T« =T AT e = 136
21 DESY 2l AR
1 By
KLTIVIYY = 'ATH sSFCTiabh 24 RFGUIRENMLNTS,
€D = ClLt NF=1] ATEAN Pie=n 341)
17 DLy 17 QTR
B A
ACTIVIYY = ATH D01 IOV 22 RE JICFULNTS .
COF= CLy FFe2 APLA Poea KT8]
17 hpey 17 cHAe
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ACTIVITY = AT SECTloM 2 RELUIRFHENTS,
82 Lo T ) 3 . (- KICRD
3oTanLt I GRS Ok
p ey

ACTIVITY = “ATH SECYlOM 29 RECUIREMENTS.,

€C-,F= Clu PFuld APFh PLogs 192

2 TAPLE BTCHAT

1 Be
ACTIVITY = ‘'ATH SEETIoY 79 R!'.UI"?"M(.NTS.
CHF= Clu NFul  AREA Rugen 126

3 nargR

LTy
.\L]!‘!]YV = “LTHY GFECT TN 920 n(:"-“IRFNENTS.
Vb= Clx N AV A Rl esn )

5 CESy 5 CHALR

1 H4

Tlﬁfo..lﬂ:li

ACTIVITY SFC, “0,SY s AR7A vz 4 SPAICE  :akA  RE sk

HATH 23 35 760 €29 1254 Y
FHATH 22 17 340 c4o 371 87
NATH 29 21 336 €28 Al2 1,08
HATH 25 16 © 384 €25 264 1,45
HATH 2A 17 - aun C23 23% 1445
MATH 24 ) 192 cau 2023 228
HATH 27 K} 1 24 C33 126 100
MATH 2n 5 an 45 ol 1431
MATH 12 25 5040 cu2 kRL! Lo 45
AATH 17 3 60 €463 52 1ol
AREA wEQU]REN ArS3_s6, [T ARFA__URED 3214, S:eFTe
ACTIVITY = “ATM SECTION 35 RELUIRFHLMTS, -
£NNFa LU PPzl A7FA Rines 40
20 DLSY, RIARSTEY I
1 a8

ACTIVITY ATS GFCTjov 3~ RC WIKFLENIS.

Chal= CIn “F=l APLA (0= 128
1 TAPLF S ol LI S
1 Ty
AWCTIVITY = *Td SERTING Yy rEUIRTHEDMTS,
Cit s iy H=d AU ML Le= 13
3 hESY 3 CHrAIR
1 B
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ACTIVLITY = 'ATH STCTLIOY 31 REQUIREMENTS,

Chaf= (U TFey “t Yez 12
TN YT -
1 as

TIME e ellit2”

ACTIVITY SPC, “0,SY N A4 np vy SPACE :RFA RE _tugFy
AATH 3?2 20 Yyl C42 3ty 1,16
GATH Jan 4 128 C24 130 098
AT k) k) in €52 29 .Y
HATH a3 k) 72 22 144 50
MATH 17 b ) oSk 52 1e15
MATH 22 1?7 340 €49 391 M7
(AT H 23 kE:S Jon Cz9 1254 W36
HATH 24 8 192 €ao 243 1)
AATH 25 16 3a4 25 264 145
ATH S 17 Agn C23 . 23% t.‘“)
HATH 27 k| 124 Cad 126 140N
HATH 27 21 334 Cab 312 1,08

AREA E71»FD An%y 56, FT, ARFE A USEN I4ny SyeFT

ACTIVITY 8 LTS SEC 10 2 PLAUTREHRNTS, .
COF= ClLy Nf=]  ARPZA RiifYem 2740
125 Cnd R )
|
ACTIVITY = LABTS SECTION 1 FELULITFDRRNTS,
Ch.Fa (L2 N EN FIVEA T e cel
éh DESK 25 LR
1 in
Tilheaol 3"
ACTIVITY STC0, ' USTuL, ARRA Pfa, SPaCk  ARE nEQUSED
LATTS o [ A VAN Ci3 175 1.56
LARTS ! 25 500 Cq6 %6.. 88
AnTa nFUIGT™ T  T303n 5, T AREA USEW 232, Suwefla
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ACTIVITY = UARTS  SECTINN T RELUIREMENTS.,
choE v RN LN A A NN LY
2t nf<Sr PR ETRE B
‘ l.fs .
ACTIVITY = |LARTS  SECTION o REUIREMENTS,
CO;,Fa CLN NFel APEA R Den h¥: L)
3 TamLt 16 CF7TF
ACTIVITY & {(LARTS SECT10% v REAUIPYNMENTS,
COLF= CLUY oFe? APLA REGe= Ave
18 ChAtR
ACTIVITY = LAPTe  SCCT10  1n FELMIREMENTS,
CCifFs CLu (Fn2 P00 RE jee 294
? NOFUP
8%
AQTIVITY = 1LARTY  &FCTION  ta KRESUINEMLNTS,
ChebFe CLY nfs) APEA Pl en 180
Y UF S« TR
1 TR
ACTIVITY a2 LANTS  SEFYTTan 1y FEAULIRELELNTS,
COuF=s CLL "fF=xl APTA R Qo= 10
9 DESy 9 CHAMIK
1 fp
ACTIVITY = | PLTS SECTICY 12 BECULREMENTS,
COwta Ly TEe2  ATFE L Nibuesn 192
2 TarLr P oCrALa
1 hg
ACTIVITY =2 LARTS  SFCTIOW A REZULIREMENTS,
CC.F= CLL nF=1 AP A PEngs J6l
- 3 TaPLE 16 LAk
FCTINVITY & 16878 SECTYOY 1r REGUIFEMLNTS,
CliF= CLU DF =) APELA REQesz 132
& & CinAlk
] 8B
ACTIVIYY = LADTS  sFrYLQON f RENUIRFUELNTS,
COLF= ClK T F=] ARE A RE les 60
S CHALR

5 DESK
1 rp




Bisi €

CCRY RVAIWAGLE

il D VR

- 214
ICTIVITY = (FPYS T SFCTIAE 14 FLUIRFRENTS o .
COLF= CLU DFa]l  APLA PiQem az8
CEEAEE SN
TrTe e .- e e o e - —— R
ACTIVITY = LANTS  GTCTIon 11 RELUIRFHENTS,
CoLFa CLU "Fal ATCA Nl Ten 160
& DESK & CHAER
1 g
ACTIVITY = (207G S¥CTINN  PELUIREMENTS,
Chnka CI7 MF=2 AL A PLhen 224
2 TauLr 7 (R
[ S
ACTIVTYY & POTS TREREY 0 n RELUTRVTLNTS,
CHLb = CLU Pl M"{)‘i '\‘;_Q.:: 60
3 Ry 3 ocHA LR
LN ‘
ACTLIVITY 2 LA-TQ C ST2T a0 19 eFLULIRFULYUTS,
Cluba £ ~Fal AT Pl len 0o -
1 TaAr ¥ 2 CHALE
t e
TiMTeqellsun
ACTIVITY SPYC, M) S8Y .y A=y ar-e SPACE i Bs  RE-SUSED
LA2TS k) o] S60 Cué 661 099
LARTS 4 15 346N Cy2 Ity 108
LA™TS 7 i° 1n4 €4y 331 1,01
LA Tg A ? oI C2a 32 le21
LARTS i} 14 3sH R O <00
LASTS 16 yJ 294 €25 264 111
LA®TS 12 a 192 Cau 203 Y
_LARTS 14 9 130 C42 164 1410
LATTS 1. 8 1) Cor 14 Y o
LA TS 11 9 a0 €32 291 « 20
LA?TS 12 b 132 €22 a4y o9
LA"YS a ) n 1 Cnia hl 11
LARTY Q 7 724 cza 232 77
LARTS 4 3 60 Ced 52 1e15
LATS 12 2 ) €4 41 P2
ALEA nRFAULFD Look 5oy FIT, AREA USED 342, SWeFTe
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ACTIVITY 5 LARTS SECTION  1a RELZUIREMENTS,
Croea £ N2 S N Y 1447
J" ‘\)r”:.-‘
1 76

ACTIVITY a LARTS  SECTINN 1o RELULIREMINTS,.

CheFa Clu NFal AL R e 100
5 DESK S (MALR

TiIML 040 l(138D

ACTIVITY SEC, MO,5T e AReA Pro,  SP2CE ;30L& KE 3UgED

LAITY t8 R R 749 Ci3l 1099 bl
LAETS 19 S 109 <)l 126 79
LADTS 2 2R 60 Cy6 $63 299
LAPTS 4 3 60 Csld 52 1elS
L.ARTs 5 ) an 48 61 1631
LATTS 7 19 194 D) 391 171
LAPTY a 14 any R 0 U0
LARTS 1N 6 132 Cz2 144 92
LA?TS 1! 9 409 €2 201 2320
LANTS 12 3 192 €30 203 95
— LARTS 14 9 lro Ca2 164 el
LARTS 18 ? 294 c28 b 1.11
LA Ty 17 2 42 Cqh b1 9?8
AREA rinupukn 3346_40, FT Aufy  USEn 331 SaaFTe
ACTIVITY = LARTy  SECTLIO™ 29 RRLUIRENENTS,
CNuFs wAN NF=22 AN Ve 102
17 UL T7 CHR¥Tw :
1 R
CACTIVITY = 1 &NTR ALY 13 27 RELUIRFEENTS.
L . LOrFa2 CLy  NFal ANEA RuVen le8
2 TAnLE 7R N o ) ) e
| bB

ACTIVITY = 8T8 gFCylon 21 RE UIRFAENTS,

CHWF= 1 TPl AT A NG ea 1948
9 YoFuRY.
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TiMEeqoel b N}
ACTLYary 870 UNeST e Aca v e SRACAwcAnC sus€y
CATS 77T T G T e e
LA'TY 2n ? ' 168 €30 2013 033
LARTS 21 9 19A €a2 2C1 +39
LATTYS 3 28 540 Cyb 564 A
CLARTY ? 18 3g¢4 €40 KR 1eid}
LATTS f 14 344 el { L0
LANTS 14 9 120 Ca2 154 f+10
LA"TS 16 7 294 €25 264 1e31)
LANTIS 1K 34 7417 (%] 107258 bl
LAPTS 19 5 j0n Ca3 {126 79

AREA wEAUIRTH 313085 £ AT A _USEN 3121 S5.aFTs

ACTIVITY s LADRTS  43F 0y 1N 2n RE UIREMENTS.

€N by nE22 ARUN R, 1039
Wy Cht(x

| tp
!'\k}!vi’V3 !.‘~iT'\ J\’T‘.-‘(L &S 9"5.\,lix'(f.:th'lls.
Cnl= L. NPl AT R year 14D

7 ey AR BN

[ §31
ACTYVITY = L ANTS 2577 1am 24 RE CUIRFULNTS
Cl.F= CLu okl VLA "L9en 120

6 DESY O CHALR

-

IS HINTYREEE

ACTIYITY SECe  "MO,ST ny ASCA 3y -8  3PACT_ +0TpA  &F tusfp

LAY TS 78 47 EL Cav  a2by 92

_ LAR TS 23 7 h Czaz 144 497
R R L £ L S y20 LeS5—— 142 255
LA TS P 16 3y g 0 o 0U

LATTS 18 7 294 2y’ 264 letl

LAR TS | 14 741 Cal LUy 2 68

LAF Ty 20 7 168 cau 203 « 93

LARTS 71 9 198 €32 20 39

LARTS 22 17 102 Cu3 109 o4

AREA NEQULZED 3188 i, FT. ART 4 USED 3412 SueFTe
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AT IVITY = LANT> ar Uy DA 27 RE I IRLRENT S,
c\'pg cl-; nr‘,’ AN A -3:_"\.3 :7(,
5 TANGE LA IENR T
ACTIVITY = LLARTS  SECTINM  3x  REGUIRENENTS,
Clivta CLU nEal ATUA K Jem Hy46
13 NOFuRYy
1 8P
ACTIVITY = LATS  SECTIAY 24 PREOVIRENLEMTS,
Ch ba ClLy TF=) ATCA Qe 248
1t QAR
ALTIVETY & i o« TH AN BINN] 2h Re JUTRTHENTS,
Cl.Fe CLu GF 32 AEA RLdew 140
7 "tSK 7 (A
I Yo
ACTIVITY 3 1 ARTS 3FCtlnt 20 REGUIREMENTS,
i Fa €Ly BFal  \PNRTROve 120
6 DR 5 CHALR
ACTIVITY 2 278 SFCYIOM  wa REJUIRFMENTS,
Ch¥= CLy NFaf AR A REN e 128
& NESRY b (uAlR
] Bt
- ACTIVITY = LA T8 SECTIat 3% FLCLUIRENENTS,
Chiuia WAy GF23  ACA Relea 18
3 DF Sy I CHA K
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ACTIVEIYY = ARTS LP0TIan An RELULIRENAENTS,
COnbFg CIN CF=2  ANEN R )eam 78
3 ewMr®
1 "o T T - e - e
ACTIVITY = t*7T3 LECTINY 3y RELUIRENENTIS,
. 0T clu F=l APEN REG e a0
3 GESY B EERERET
1 Ay
ACTIVIYYy = LTV TS SFTITew Ve RE LU B i1 S,
COnr= CLU TF=al APT N Kl Yesw bu)
I TN cHNIR
1 P
ACTIVITY = LACTS  SFFATINY 35 REL,UIRFAENITS,
o= v 1 Th=l TN T e ol
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LATTS ?Q 11 242 _Cui 204 1019
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LAETS n 3 A Csd 126 o627
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I £
AT IVITY = A€ A E 1 T L UL RIS,
ChFa CIn "F=2 ATTA Riyen 576
S Tarr 20 Curyy
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AESN )UI‘(;P IRTa G, 1T, ARTA UsSEn 40Uy SLefFTo

ETEITA R
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2w Cl1 4 29 095 Al 1J75 bl
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ARESY L] oD Je78 57, FT, FrEL USEN 100y S oF T
ALTrvpey = °0 E0T 10 7 PLLUIRENMLMTS,

Clivi= (TF CFad AT O s 9y 2

6 TATLE V1 (M8 IR
1 3
ACTIVITY = 71 NN ST 4 RELUIREFEENTS
CouF= CLYy MWal AW A PInge 672
[ NN U COATn
TR
ACTITVITY = 571 T CT U0 2 R UTRT LTS,
CYFa ] rPr=1 ATLn Phqas 229
2 YaTL" I IR X
6 ¥p

1] ‘.Oooll:"\““"

ACTIVITY 570, VU SY o AREL PP, SPACe  ARE L eEGIUSFD
SCo 7 T ‘LY o 125" VE
S0 s 2R 6?2 cil 109" W61
51 R 1 22N c3n 20 leGu
NE 3 Rl KRE) Cet 3t> 9y
5C1 t AN LY Cil 186 1.00

Anlboa [ S | - VRN hh e FT, LI UsSho 4023 SueF T




BEST ZaiY A

23::

LLARLE

r'S

220

TG ee e} 2800

ACTUVLTY 77, T ST L, atea e SPyCi ANE nf it
""“'”‘ST_ e Tty Jhe St TN 't‘_{n"‘"""‘“'r]’ T"‘"“"";’T;’PT”“""‘"“'“' e e
st o Qa 1688 it 144 1600
9C1 A 2% b72 c3 169 . bl
SCH L R v Cev 125 75 -
5C1 ] 1 220 c3o0 202 lelB
ANE . 1E T[T ToTT 5. FYT, FRE&  UStu J72¢ SeeFTo

ACTiveyy a (] SECI0 I~ KEQUIRFHENTS,
(b= 12 YRR T 1 e ah)
] TanLE 40 CHA LR
1R
- ACTIVIYY = 501 SECTIoY 1 CELUIVELENTS,
COhA. 1tz 41 MR ATEL R e 169
6 TR (\TT”
x N}
T 1YY = O} ety o RELTTTTNINTS . -
cH s cLu ~nNE - ST A T Yes 125

!
[ e R0

TIMOe g0l 231,

ACTIVITY s¢€, MO ST ny 29 2t-e  SPACEH  wPEA RIT *UaE)
5¢1 In L RS 1240 Cel 1486 AT
s5C1 1 16 160 Cy9 159 1,01
51 9 5 120 C22 L4y LK)
5C1 5 54 13b% Ci1 1944 1,00
sCl ? 31 992 Cz29 1254 79

AREL “EJULRED “440n5 53, FT, AT A USEND 497, SueFToe

ACTIVIYY 3 SO

SECring o

PELUHIRCLLNTS,

Chiia o'} v
31 CnAln
| Ry

STl T Lea 741

-




BEST COPY AVANLARIE

2 3(;_

223,
Ti T eeellt? B
NCTAIAIT ST ThenT de AT el e O SPROT L aEATv oyl
SCH 1 LR Ja c?7 2594 Y]

58 154 C11 1365
) 120 a2 144

47 12l c21 1464 « R6
14 16N Cy9 159

ARE N eupon

41460 57,

m
—

; f\ er..« U!JEL‘ q?v"“ S\;QFTO

YTy = 50 SETLOY pn RE L UTREGLNTS,
T T ST TPETTTRT TR TR T TG e

l(‘ ‘(F""
1 ok 1

ACTIVISY = (| sECyen I RO Rre TS,
CY.ft =~ Ct tEe? O R AR L9 h
- (NI A AL LIS N e
I Mo
- R RN A T R IR LRV R AP )
Cloi = Uy CF o) ATTRN T e Fod
2 Tans LRI R
il - o
- TiIM gq0l21)° o
ACTIVITY 3TC. “MO,ST .4 AR a ™ o SPACE  suFa  RF_3usly
sC! i ) 2u? €28 312 T
5C1 th 29 694 C40 39y 1«78
5C! 13 1 204 Cau 201 {2 _
aC1 5 54 1u56 Cit ledh 1 36
5C1! ? 5 120 Cr2 144 e 33

5C1 1? 31 744 cz9 1254 PR A
AREN fhuy=fFD 3972 58, T, ARS A USEN Y1hy S eF Te
TR LN DT I WY B L TR R R
Cooar= ClL = A p:__gn" 572
S oYan T 20 M
i~ -
—— L 'bT'VXY' - ’f'l S rvI‘q\! ‘ n :{i’-cUl"':"};."rSo .
CT.. 76T TRV NIV T A6
HOYATLE 24 e
_ l Ny
O

-t .ar

eme o s



222

ACTIVITY = SCI SECTION 19 PELUIREMENTS,
s O I R S RN
3T (R “’
| %3
AT pviYy = 3¢ SECT 1Y 17 FELUTOFNTS,
Char 3 L "2 AU WL en 224
1lohoeg 30 VRN TN
1 2
TIM  ggel2007 Tt T
ACTIvITY SEC, MD,SY vy ARFA-RL 4 SPACT  *3F8  RE tUsEy
5C1H IS 2R 0?? Cha Léw 1eld
5C 1 19 13 416 £ 379 1,06
4C1! 10 24 5T h Cat 11,78 .52
9C1 17 1 220 Ca0 2013 fet)8
s5C1 R 58 1ob4 1 1665 1,70
5C 1 1y 16 269 Cin Al -
; AREA agnunlQ 032 50, FT, AR, UREN B4, S,eFToe
|
: T 717y =~ SE TSN T TR ELNTS -
! Ch.F=z CLuy Fel APcL ROGQwam 6467
i 34 “ES 3N CAN i
7 1 7 LN R
i
' ACTIVITY = ]C! SFCT1O 2y SESUTAFHLNGS, .
CY . ¥F= €I\ ST AT AT RO en 316
a4 VORI R
l S n
ACTIVITY = wC) ECTLO" 22 RELUIREALITS,
Chibrm CL PF22 AT .= 1 %4
2 TarLr TR
TI"Ceael?256™
ACT!V{TV S:-Co "')'QT T e LA D peCre (R o f onqr_\,
SCl 2n 4 nen e 1230 W65
5C! 21 3y 316 SRS n N0
5 27? ¢ 14 Cre 144 1,00
sC! 14 23 672 Cup 568 lolb
sCl 17 11 20 ciu 203 14NY
5¢) 1N 24 574 Cal 16743 s
5C1 19 13 414 €43 391/ 106
Anf A .‘sl'l‘}“r“ -_'__3‘521" 57, ‘-Y; AU ner- 3J1L--.3.L'Vf.l'




23 227

*®
a school ang appcars to e somewhat larger for open space

schools than for traditionally designed schools,

Looking at the summaries for some of the other time
steps some further observations can be made., There appears
to be adequate space for 150 students at almost every time
feriod. The maximun space required and utilized was at
12:10 when five sections of science required 4408 square
feet and used u883'square feet which represents 69,5% of
the 7025 square feet in Pod C, Assuming that the maximum
of 30% of the instructional space of the pod has been
allocated for circulation and vwuffer zones--this indicates
about the maximum usage of the space, Nevertheless, for
the entire day the program only fails to find available
gpace into which to place the schedule activities at
10140, 11120, and 12150, The combination of space used
by higher implicit priority activities and previously
scheduled activities results in the program's failure to
assign a total of five activities to spaces at those times,
Although spaces do exist which could have been utilized,
the program in its present form does not consider any
space whose area is outside the range of 50%-200% of the

required area for an activity, In fact some deterioration

*This does not include administrative, maintenance, and
toilet facilities,
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does occur in the ratio of space required to space used
as the number of uactivities starting and in process at

a particular time gets large--especially when there is

a great demand for similarly sized spaces,

After the last of the time step summaries a table
(7-8) giving the number and percentage of time modules
each space defined in Pod C was used over the whole day.
For example, out of 24 available modules of time space
C30 was utilized for 21 modules or 88% of the time, The
figures in this table must also be interpreted in con-
junction with the input floorplan, Clearly space COO
was in constant use (since all the available spaces were
subspaces of C00) but it was never specifically assigned
to an activity. Some spaces, such as C27 which is a first
level subspace of Cl2 and has no subspaces itself was only
used for one ten minute module of time, Its parent space,
Cl2, was not wholly assigned to any activity; therefore
C27 could be said to be a lightly used space.

It is evident that a good deal of analysis of space
use is possible from the current output of the simulation
program. The presentation of Test Run 1 was to provide
evidence that the approach taken herein is a viab;e me thod
for simulating the activities of an elementary school and

to introduce the reader %o the form and interpretation of
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the output from tne simulation program. The remainder
of this section is devoted to the application of the
simulation program to specific questions pertain.ng to
the design of a particuiar school floorplan--namely,

the three questions posed in Section 7,2

7.3.3 Example Applications of the Simulation System

In this subsection, the questions proposed in sub-
section 7.,2,2 are addressed, Excerpts from Test Runs
2 and 3 will be displayed as necessary to establish a
point, however, the remainder of the output will not be
shown,

Question l--How would School A function if its en-
rollment were increased by 1/3?

To answer ihis question, Test Run 2 was made, All
inputs and parameters the same as in Test Run 1 with the
exception of the ENROLLMENT parameter, which was increased
to 200,

The resultant generated schedule of activities (Table
7-9) showed the expected increase in the number of sections
of each activity, A consequent increase in the amount of
space used and required is ulso evident, For example at
9150, thirteen sections of math required 4374 square feet

of space and at 12120, seven sections of science required °



TABLE 7-9

TEST RUN 2

SCUFTULF F

“CTIL 1

viEs

e

™
<n

FCOPY 1y rner

2

Q.. 227

31.‘:«* T ey gpme ACTIITY St Ce MUy Moe STul e
g nn 1asn tATH { g
(R Jarn TeTn 2 20
ERI fvle v T 3 28
T VAR EEARAY 4 17
DR LS e CeTw . o4

s mroamreoooTrmor L '.._’.:~ P ;_-:»} LSS MT-_Q > e .
N e IR 7 17
VAN domn Ty ¢ f
R r;"""ﬁ R AL i 3
gy ot T 13 17
CRI DN et TH ti 7
I v Ve < PaL)
vyl Y20 oy 10 )
s1N Gaun e Ty 14 25
Ty PN T 15 23
9V Tiae e T H lo 13
G120 Lian AT 1/ 3
EAIAN RHEN i 1o 17
92 7457 Ty 19 8
LR LR AERET] 20 34 L
(AN T TTTH 21 1¢7
7149 1nin 1ATH 27 17
G N 1uan eTH 23 35
N NG CTTTANT TTH 24 e
g Pean el 25 16
g5 tuenn ATy 20 17
CRNI T T Y 27 3 -
g tatan TATH 2u g
'92("\ b Tt 29 K3
SIS Tol 17 T 3v Y
teynn [N AT A 31 b}
tos ) 10 T H K P
| M Tooys DS T Vs 3
120 ¢ lys2n tATH 34 25
LD Lugan T ) R
N REERE TR 35 SU
1,030 Tuss L*RTS 1 3
POt LEVIHEN RS LTS 2 5
1773 T [ xTe 3 g
1780 11007 L2« TR 4 1 &
frta froen L-.T5 o 14 e
R DO L MRS ) 3 7
O

ERIC

Aruitoxt provided by Eic:




e NOR\ P .
BEST 000 mvrn i g

LR 4 N FIN.

fntan ‘UIan ILARTS 7 6
! :‘\ “ N . T o o
D T oY Y R
BRI Loy en LAaTs 1 )
Lotan 11;___" LT 1]
iotal ERG LTS 1z 7
Pyl Fag e LTS 13
tentan tarae AT s 14 7
B A U TR s 34
Pyvan Tuthy LANTS {6 &
1= ean Jharo TN 17 7
1r oo NN Lo aTS lo 7
1o 100 LTS 19 17
P n Yisvn LT 2 /i
R R LY .18 2 o
R fiian LrTs 2 26
Pt R I+ Ts 23 7
R N LTS 24 24
AR 1yan Lt «Ts 25 11
T S A I S R Le Ty ) 20 A
Ty T TS R
Peor tian LeaTe 2n 3
poan e LyaYs 27 3
1.0 R L rs 3u 13
(RAND 1yeon (R 34 6
R RERN Lte 1 3
i TR R VRN 33 1o
11409 iy an L3S 34 7
1 Vi an LTS ay &
11y Ty BRI Ao &4
tye tiean LTS 7 29
HE I 11 an LTS o 26
NS T.7" LTS 3y <
fpee I L*aTs "o 23
REEIN brian LTS "y 1
RN AR Ly vy T T2 3
11N AN L*<TS 43 27
11N Irian L' TS 44 3
TEERE LT Y 4§, V3 T T
1120 1pian LesTs "o 5
tyeon rixn Lals 47 5
WEEE 1A HE 90 s T
ran LIPS Srl } ¢
N B Ypyan nrl K 11
R Tyose 5 3 24
11in Praydn Srl 4 20
11 1] un S 5 34
11y s he 6 34
trngn 1rinn Srl 7 34
LI B 125 KRt o) 1 7
R N 5 9 3
114N 17231n Sci tu 32

ERIC

Aruitoxt provided by Eic:



*

BEST Cirr 7o 2inBlE

yye Pa LN ~7 11 17
i Ty )T T N T T T T T oy

1ye, toin i 13 ]

11 1aed? gt 1+ |;'f

R T B Y s 27

12N 1300 5S¢ 1 16 11

12010 1702 ! 17 26
IRV PR el 13 12

{2000 123 Scl 19y 12

20y 12:2" Srl 2y 2

TERE 12:3~ e 21 3J

122 12w Scl 24 b

1200 1ot 4N Sl 23 13

12502 1200 3 24 o4

PRI 13,70 Sel 25 &4

1200 T 501 26 26
1243y Trsian “r | N 21 17

12430 13~ Se 24 14

123 13 Se ?9 Y

leta! IR N T3 i/

12340 13: 10 S5 3l 1y

120 13:0" Sl 2 17

— W T3:a° Sl 3 y




<q. 230

4384 square feet (Table 7;10). Still, assignments took
place at these times for all but one of the activities
scheduled,

At the start of the Language Arts block (10:30),

19 sections are scheduled, twelve of which require between
100 and 260 square feet of space, Combined with the
demand put on space by nigher priority activities, this
requirement results in three sections not being assigned,
Again, it should be noted that there still existed spaces
available but they were not considered suitable by the
program under its present constraints on the range of '
areas for the selection of alternative spaces., For the
day, out of 117 scheduled sections of activities only
thirteen were not assigned spaces,

The summary of modules in use per space (Table 7-11)
shows a general increase in usage both in the number of
spaces which were put intc use as well as the number of
modules that were occupied, However, many of the spaces
were used less than 60% of the time available--some of
these, of course, were not available when their parent
spaces or subspaces were occupied, The conclusion which
can be drawn from this run would indicate that there is
adequate space for 200 students in Pod COO0 of School A

if optimal spatial configurations are observed,
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Question 2--If certain spaces are seen to be underused,
how would their removal affect the ability of School A to
provide space for activities?

This question is relatively easy to answer with the
simulation program, In Test Run 1 (refer to Table 7-7)
for example, it was pointed out that space C27 was used
for only one ten minute modute of time--for Language Arts
Section 13 at 10140, Using the detailed listing option,*
the spaces considered for this activity and their scores
were listed (Table 7-12), C62, the best suited space was
assigned to Section 14, Spaces C27, €22, and C65 were
gtill available however, and were roughly equivalent in
séore for this activity, If C27 had been eliminated from
the floorplan, the activity would have been assigned to
space C22 or C65 and nc other noticeable difference in the
functioning of th2 school would have been evident,

This information was deduced from the results of a
run in the detailed mode, The space C27 simply could have
been eliminated from the input space list and the simulation
program run without it to obtain the same information
directly, Experimentation could also be performed by

removing combinations of questionable spaces to yield space

# R . s . . .
The detailed listing prints the list of alternative spaces
for each activity along with their scores,
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use figures on any sublset of the original set of spaces
on the floorplan. In any case, it is obvious that with
an enrollnent of 150 students in Pod C space C27 could be
considered superfluous,

Question 3--What would result if the model for
School A were used in a simulation on the flcorplan of
School B?

Test Run 3 which ran the multiunit methodology against
the floorplan of School B was designed to answer this
question. All parameters and inputs were the same as for
Test Run 1 except , of course, the floorplan; thus the
schedule and required space for each time period were the
same in both cases,

In the floorplan for School B, Area A, roughly the
equivalent of Pod C of Schcol A, contains approximately
4220 square feet of space., This space was partitioned with
room dividers into five homeroom areas, each seating arcund
30 students, Therefore, neither space A0O as a whole nor
any of the five homeroom areas (the largest of which was
794 square feet) could accommodate the full 150 student
enrollment as a single group,

The five homeroom areas shown in Figure 7-2 house a
large number of subspaces, Although these represent areas

in which students were observed to work as a group, it was
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not usually the case that all the subdivisions of a

space were observed simultaneously housing separate groups
of students, This is because there was no real separation
or buffer areas between one subspace and another in most

of the homeroom areas, MNevertheless, to the simulation
program, all the defined subspaces were considered as

avail able spaces for the assignment of activities--thus it
would be expected that for activities not requiring more
than 1588 square feet of space (which would allow the 794
square foot space to be considered), the simulation program
would be likely to find space for most or all of the acti-
vitles scheduled at a given time, However, at those times
(see Test Run 1) when the scheduled activities require more
than 3500 square feet of space any assignment at all would
be a tight fit at best,

These observations are borne out by the excerpts from a
simulation test run shown in Table 7-13, 1In the optimal
mode only one section of Math was not assigned to a space
(see time 9110), and the hcmogeneity of requirements for
space resulted in some assignments which placed activities
into substantially smaller or larger spaces than they
required. This 1is in evidence from the spaces required

to space used ratio computed for activities gcheduled at

9150, 10110, and 12120,
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From the daily summary of space use, it can be seen
that four of the main homeroom areas A0l, AJ2, AO03, and A0S
were the most heavily used, despite'the abundance of
smaller subspaces., This could be an indication of the
need for more similarly sized spaces,

Science Section 5 at 1220 which involved 58 students
requiring 18565 feet was not assigned a space, as expected;
neither was a Lancuage Arts Section (2) in which 125
students required 2750 square feet,

In eleven out of the 25 modules of time steps there
were requirements for between 3600 and 4200 square feet
of space, leaving less than.lS% of the entire area for
circulation--and this does not take into consideration
the space taken up by the partitions dividing the area,

Two conclusions can be drawn from the results of
simulating the multiunit methodology on the floorplan of
School B, First, the lack of adequate large spaces is
a handicap to the large group instructional mode employed
in the multiunit school., The simulation generates large
"group activities with their associated large space re-
quirements, but finds no suitable space in which they may
be conducted., Second, the large number of observed sub-

divisions of the floorplan for Area A allowed the assign-
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ment algorithm to find space for alumost all of the acti-
vities scheduled; however, as was noted, there was very
little space left over for circulation or buffer areas

between activities.,
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7.4 Discussion

What has been shown in this chapter is that the
gimulation system designed for aiding in the design and
evaluation of school floorplans can indeed by a useful
tool for the school architect, Utilizing a prototype
program (which does not include all of the design features)
and a basic set of output data, the system successfully
simulated an observed multiunit school on itz own floor-
plaﬁ and then was used to provide information about the
functionality of the floorplan under altered conditions,
The program was further used_to analyze the design of a
floopplan for a school operating under a traditional
methodology to determine how it would function under the
multiunit program. These were representative of the kinds
of tests for which the system was designed,

Much of the success of the program is related to the
accuracy of the observers and their ability to identify
and record the details of the spatial environment being
observed. For example, it was not until observing in
School A (which was observed last) that the ability of
the observers to provide accurate floorplans was well
established, It is probable that the subdivisions of

School B (the first observed school) were not entirely

precise, MNevertheless, the analysis of question 3
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(Section 7.3,3) was made-assuming that the given floorplan
was a correct one, The program was still able to establish
some of the differences of the architectural demands of

the multiunit program as opposed to a traditional program,

As was mentioned previously, only basic outputs were
supplied by the prototype system, Although these were
sufficient to allow the computation of averages or tabula-
tion of certain kinds of space use figures, it would not
be hard to expand the output to include these features at
the user's option, All c¢f the information in the activity
control block is available to the system at all times, thus
allowinz a good deal of flexibility in the design of the
specific output for a particular user,

In terms of the actual use of space by one school
program versus another it is worth mentioning that if 150
gtudents were divided into five 30 student groups and
assigned to a single 750 square foot area (25 square feet
per student) and if traditional scheduling were employed1
much less space wbuld be required (3750 square feet in this
example) for instructional activities than appears to be
necessary as the groupings and scheduling become more

complex, It is this very complexity, however, which is

lAll activities start or end st the same time--activities
always involve whole group of 30 students,
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seen a8 a major rationale for the development of the

gystem described in this thesis,
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CHAPTER ©

Implications for Future Research and Summary

8.1 Introduction

The system described in this thesis represents only
an initial step into what is envisioned as an important
new application area for computers., Within the scope
of the present system there exist several areas for further
research and/or development., These can be divided into
three categoriest 1) improvements and additions to the
program itself, 2) imnlementation of the proaram in an
interactive mode, and 3) establishment of a permanent
data base,

In the remaining sections of this chapter, these areas
for future research will be discussed, The last section

will provide a short summary for the thesis,
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8.2 Implications for Future Research

8.2,1 Improvements and Additions to the Simulation
Progran

The major area of research for improving the simula-
tion program lies in the modifications of the assignment
algorithm,

The method of assignment of activities to spaces can
be modified in at least two ways which would broaden the
scope of the simulation program, The first would be to
allow the program to build spaces out of existing, un-
occupied subspaces when appropriate, The second would
allow just the opposite--the subdivision of spaces intc
smaller spaces when necessary., Such capabilities would
give the designer a greater degree of flexibility than he
now has to specify instructional areas on his design., It
would even be possible to direct the program to selecti from
a totally undivided space those arcas which woula seem
appropriate for certain activities, Tor this particular
application, however, it would be necessary to derive
methods similar to those employed in the solutlion of wiring
Llayout problems to deal with the relationship of activities
to one another and the subtsequent placement of those acti-
vities, Only the relations between activities and

permanent resources (if any) would be concidered by the



assignnent algorithm in the vlacement of activities,

The tree structured floorplan representation is quite
sultable for the implementation of algorithms which would
divide or coalesce spaces., All that is required is the
insertion or removal of appropriate nodes representing
the desired configuration of a space., Because of the four
way linkage between one node and another in the tree, the
addition or deletion of any node can be made directly with-
out the necessity of traversing the tree to that node just
to maintain appropriate pointers (as would be the case in
a one way linked list), 1In fact, the service routines
for addinz or deleting a node anywhere in the tree already
exist as a part of the tree building program,

One further improvement to the assignment process would
be the addition of a lookahead procedure, What thié would
mean is that for each time step the program would make a
set of tentative assignments instead of just one, Further-
more, it would iterate through several {usually some arbi-
trarily defined number) time steps repeating the same
process for each of the alternatives at that time step.

At some point the program could determine whether an earlier
assignment had seriously interfered with the placement of

a later activity and make decisions on the locations of

activities given ithe new source of information, This
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additvion would be justified if more of an emphasis were

placed on an optimum assignment of activities than is

currently the case,

8,2,2 Implementation of an Interactive Capacility for
the Simulaticn

Operating essentially in a batch mode as it currently
does, the simulation program presents several handicaps
to a potential user, For example, the methed of preparing
input floorplans and the associated hierarchical 1list of
spaces 18 cumbersome, Experimentation with the floorplan
or the modification of parameters is limited; and of course,
the user must be prepared to wait for his output,

Perhaps the highest priority item which should be
given an interactive capability is the input floorplan,
Any CRT with a vector generating feature and an exilernal
input device such as a light pen woq}’%allnw the architect
to draw a floorplan and specify spaces and subspaces on
the plan with a minimum of effort, Using existing algo-
rithms the program can duild the hierarchy of spaces thus
alleviating the designer from the tedious preparation of
the hierarchial space list." The specification of resources

would also be simplified., Upon the designation of a space

¥The author has nrogrammed an overlanping polygon detection
procedure whicn crn determine wnether o region defined by
its coordinates or any part of it is contained by another
region,
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an enlargement of that area could be presentad to the
user and he could then enter resources via a keyboard,
A more sophisticated procedure would allow the specifica-
tion of resources and their location in the space right
into the floorplan as shown on the screen,

Additional features which could be provided inter-
actively are the cpecification of individual students
whose progression through the schedule could be monitored
and the manipulation of the coefficients for the scoring
polynomial in the assignment algorithm, For the former
case a structure already exists in the Activity Control
Block whereby the individual sfudents assigned to a section
of an activity is recorded and maintained, Such a feature
would be able to provide information on circulation of
students within the designed spaces. 1In the lstter case,
the capability would have to be added to the program, but
would provide yet another level of {lexibility to the
designer who mey wish to emphasize the importance of
certain resources to an activity and determine their effect

upon the assignment of activities to spaces.

8.2.3 Establishment of a Permanent Data Base
For the simulation program to be effective its data
base must be reliable, A large scale data collection pro-

cedure would have to be undertaken to prnvide the Sysicnm
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with such a base, An appropriate sample of schools would
be selected; the range of observed activities would be
expanded to include specialized instructional activities
such as music, physical education, workshopo, and labora-
tories. Activities would be observed an appropriate number
of times to provide a statistically reliable sample from
which to draw infcrences for the school program being

modeled.
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8,4 Summary

This theslis has presented a system for the computer
aided design and evaluation of elementary school floorplans.
The system consists of 1) an observation phase for providing
data from which to build models of elementary school acti-
vities under specific educational programs and 2) a computer
program which applies the model to a proposed floorplan by
generating a schedule of activities and their requirements,
their steps through the schedule, and attempts to make an
assignment of activities to spaces available at each time
step,

The output from the program, in the form of space usage
summaries at each time step and at the end of the scheduled
day, has been shown to be of value in assessing how the
designrd space fits the needs of a school program and how
flexible the floorplan is with respect to changing enroll-
ments,

No attempt was made to program a full scale production
system., Rather, the intcnt was to provide the basis for
the implementation of such a system and to provide evidence
for the justification and viability of pursuing this re-
search, On the basis of the results of the observation pro-
cedure and experiments with a prototype system it is felt
that the continuance of research into the problem areas

jdentified in this research are indeed warranted,
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APPENDIX A

Development of an Observer Recording Sheet




DEVELCOPMENT OF AN OBSERVER RECORDING SHEET

Two different kinds of recording methods were tested
before the final procedure was adopteds First, a narrative
type recording sheet was developed., The observer was ex-
pected to record in narrative form all of the events he
saw taking place in the space, The observer was given a
floorplan for his space, a sheet of observation procedures
(page 256) and several observation forms (page 257). For
each event that occurred the observer would note the time
and write a description of what he saw.

A test of narrative-type observation sheet was made
at an open-plan school with three volunteer observers,
Results were similar to those shown on page 258, Trans-
lation of the recorded data to a format which could be
keypunched and read by a computer was quite difficult be-
cause of the volume and ambisuity of the recording.

A second observation sheet was desligned on which an
entire event could be described on one line, Descriptors
were assigned to specific columns on the sheet and consisted
of gquantitative and categorical items, The start time of
each activity was recorded and activities were codified and
broken down into three vhases--onset, instructional, and

code, (Sce pages 259-261,)
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A field test of the revised form revealed several
inadequacies, Because only the start time of an event
was being recorded, it was difficult to compute its dura-
tion, (An activity was assumed to have terminated when
a new one started in the same location,) The phases of
an activity were often indiscerrnible or too brief to be
of note,

Revisiona made to the observation form included
adding a column for the end time of an activity, and
dropping the phase codes of activities. The final version

of the form is described in Appendix B,
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OBSERVATION PROCEDURES

Fill in heading information on observer sheet.

Write items and numbers of pieces of equirment in the area to
be observed in margin at left of shoot.

As an cvent occurs, record the starting tiwe and begin the de-
tailed commentary of what is taking place. Use location codes
as indicated on the floor plan. Essentiallv, an cvent 1s a
change in status of something in the observed space. This cun
mean things like a change in the activity or subiject being pur-
sued, the entrance and exiting of groups or individuals, a
change in the physical configuration in the roow etc. Any
change of status in any of the following items can be considered
to be an event. Pay close attention to them and rccord their
status frecuently.

* Subject being studied

* Groups and size of groups (if a group divides, gilve the
new groups names like Gl, G2 etc. and record their acti-
vities

* Number and types of supervisory personnel

* Center of attention of the groun (e.q. teacher, device,
etc.)

*  Eguipment in use

*  Physical configuration of peonle aad equivnment in the
space

* Noise level

* Level of vhysical activity

Feel free to make evaluations, but enclo«e all evaluations in
brackets [~-]. Try to make the evaluation~ reflect architect-

vually siqgnificant obwervations such as: "activity neods more
space"” or "lighting is inadequate",
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Onserver Location B
School
Date
) I'l,k’t of Trme Description of vents
Lquipmcat
Item Total] 9: 00 32 8 enter space, Norse High, sait at desks,
frontal
Diisks 42 19:04 T walks in hands out oxercise shects,  (Kads
Cllairs 55 pull out stationery from desis) desks ai-
Tables 2 ranqged in rows, 6 rows 7 desks cach facina
Teach Desk | Black Boards (sve plan
Bookcase il 319:06 QOuiz begins, Norse Low, Subject==Math
Bookcaare |, 2 19:18 Ouiz ends==sheets handoed in.
Black Board 2 19:21 Mojector brought in, chairs moved to location
SCreen 1 B,, facing screen hanaina from BR2,
Y [small children have trouble moving chair|
Mowvic Projecy 9 Sand 1 T join the group, shades pulled over
windows, hghts out,
COnstiuction 9:31 Mowvie starts-=subjcct socinl studies
Tools 9:5] Movie onds, lights on,
9:56 Discusnsion starts==(wncial studies) seating
arrangement=-no chanac,
10:04 | Change configuration into groups S and o ¢cach
(G2=GOY T of 5 IGTH 68 & 1 T leave the space,
10:006 § individual work starts: 1 group woil s with
teacher on math problems around table location
By
3 Groups work at desks on math, noisc level
medium,
1 Group playing game on floor near BB1,
1 Group of 5 building hut locatien By,
[groups working well, group building hut
disturbs 2]
10:21 | Another teacher enters work s with aroup at B)
on math,
10:25 | I'irst teacher stops with group, Lupervise:n 3

agroups at desks plus original qioup,




KEY T0 RECORDING SHEET

1. Time - start time of an event.

2. Activity tdhiov» - the activity obhscorved can be said to have
distinct obases, the onset, the instructional or main thase
and the cod., or end. Within eacn vhase the activity s
further brohen down as shown in Figure 1.

3. Groun s1z2 - nurber of pupils in group being observed.

4. Locathion = nare assigned Lo a location ag described on obecrver's
floor plan.

5. Subject - a 3 or 4 letter code naming the subject to be
studied.

6. surarviaion - nurber and tywve of supervicory personnel (Leachers,
aides, cte.).

7. Attention - a code desceribing the group's focus of attention,

8. Confiaquration - a code describina the physical configuration of

9. Pauirment an ase - a list of codes describing cach prece of
equipment in the room which 1s actively 1n usec,

0. Noi1se - an estimate of the level of noise being ocnerated by
the group beinyg observed (Low (L), Medium(M), High(H)).

11. Physiral activity - an estimate of the level of onysical activity
of the aroup being ohserved (Low(L), Medium (M), High{u)).

12. Comments - a»vropriate comments by the ohserver. Such conments
should bhe of the form. "Toc much space”, 'too little space™,

"interference from novee”, "lighting adequate", ctc.

El{l‘c—m
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Ir.

I1I.

ACTIVITY PHASES AND CODES

Onset

Od - Students walk 1nto snace

Or - Movement of furniture

OM - Exchanae of materials (turming 1a paners, passing
out eguibnent, otc,)

OF = Setting un cqguivment

O =~ Orawnyzational activity

0OC - Change of confijuration

ON ~ No movesant of people or equipment

Instructional or main

IL - Lecture

ID - Demonatration

I0 - Question and answer session

IS - Individual student prosentation

IC - Class discussion

IT - Ind.pendent work

IG = Groun work

IT -~ Test

1M - Movie

1P - Playing

Coda /

CW - Students walk out of space

CF - Movemant of furniture

CM - LExchange of muterials

CE - Reroval of cuwipmont

CT - Transiticnal cvent Ipeople moving in and out of

room)
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Final Version of the Observer Recording Sheet

and Instructions to Observers
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RECORDING SrEET INSTRUCTICONS
1. PAGE - letter the pacos consecutively starting wyth "AY.
2. LN - Thee Jine nuntvery 26 frlled in.
3. TIMLD -~ Pecord tne tinme of day running from 0000 {(312:00 midnight)
to 2430 (11:00 ™MV as ecach evont starts and eonds.
4. LYY - YMame of the cubipiace beana observed consistina of the

letoor name asarened o the main <~acr (“pace blanh a
recording sheet heading) and a two digit nusbher from
01 to 799,

5. GRP - Name of the arow beinag chserved consiating of a letter
{breferably "G") nd & two diart nunher from 01 Lo 99,

6. GT - Grouw> Tyre.  I{ the veende an the qroup are ding :ndi-
vidual workh rocord "I I they are acting attoa oy,
record a "G,

7. #s, #T - Record the nurber of stadi nts and teaching per-onne},

respec tivelv,
8. EVI'NT - Se~ LVENT CODIS
9. BASTIC CONTIG. = See CONFIGURATION CODES

10. or ~ Distraction VPactor. 2An estimate of hov much this act vi-
ty would affect othrr activaties occurrinag ramearately
atjacent ¢» 1t without sevarating materials,  Pecord o
"1" for no distraction, "2" for little distractien, 37
for moderate distraction, and "4"  for high dictraction,

11. #CH, HLL, «TA, #TD - Record the number of CHarvr:,, DPola, TAbdr -,
and Teacher's Desks respectively.
T—
12. Other equirment - See acrompanying list.
13, The last coluan und-~y CTHID DDUIPIUNIT will he vsed o follore,
If an astrriax 1= placed rightmoct an the copaan, all the
information o the Tine will e corptsdemrod r Cotan ntary,
Feel free to comnont oflen oad onn o any sub et but iy
special ormmhasis on the wse of space.
If a pege letter and line number appear laft-adjusted an
the column, the lane will bo agsumed to b A continuation
of the linc deosivanated,
O
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I. Subject Lventy
A Language arts
1. Comrunmicative activities. oo ool
2. ListenminG.o. ...l . .
3. Specchia i I e .
4. Reading......... e .
S, Writang..o.o..... e e et e RN
6. Spellang........... e et e A e e e ..
7. Grammar.........s e e teeaae e e .
B. Mathemat ics
1. Addithron...... e e e e e et n et
2. SULEYOrbLIONn . Ll e i e e .
3. Multiplicalion......ceeu. . .
4. Division........ e e e e e e e
5. Sel throry.......... . e e
C Socral studies
1. Current events, oo ... . e e
2. Geograpbhvoiii.o. .. e e -
R £ T T o See e
4. Political sciencel il ial .. e e e
D. Sciencn
1. Physical SC1enTe. vt it ie i enns
DA & I A @ L 1
3. Exneriments..o..o. s el e e e e .
4. Process arctivities, ol ciee i in

E. Art

EVENT CCDES

Drawing, vparyntang, elc. «oooiue o,

2. ConstruCtlOon.. .o iit vt iesenenn SR
3. OATL aPureC1allon. L il i i s s
4. Art hnstory........o .. .
Musac

1. Playing 1nstrumento. . o veveee e onn . -
2. SINGINe it e i e ¢ e e
T 07 P T ¥ 1Y 4 T e e
4. Music apnreciation.. .

5. MUsS) C thrOTY .. ie e sneanan e
6. MUSIC RiSLOIY . son i in e tesianennenssas

*

Process activities include inqury,

cation.

COMM
LISTEN
e
READ
WRTTE
SPELL
GRMR

ADD
SuB
MULT
DTV
ST

CUrR
GEOG
Hs7
POL

PHYSCT
BIOL
LXPER
PROC*

DRAW
CONST
“RTA
NRTH

PLAYIN
SING
DANCE
MUSA
MUsT
MUSH

observation, and clacoy -
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EVENT CONES (Continued)

G. Other cvents

1 INCrease 11 Qroud S1Z€. . v veen oaeennas INC

2 Decrease an grouy S1ZCoea . ceraseaaa.e. DEC
3. Break into smaller qroars........ Ge e BRK

4 COMDING GYOUNS v v vt v e vin e es canares s COMR
5 Change of Qrou) LyPe . i e vt ve et creneacnann CHYYp
6. Arranqge etuirient... .. P e e sae o, ARKLY
7. Circulation within Spaco. . oo, e .. CIRCT
. Circulation wn and out of space......... . CIRCW
0. ROCOSS . it it ettt e e e e e e ... RECEUS
10. Genceral homeroom activitioesS. ... cve.o GEN
11. Snace unused. . ... ce e e e W EMPTY
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CONF1GURATTION CODES

1. Basic confiaurations

A. Rectanaular

267

1. Frontal ainiral with deaks (oo, oo .. FMIND
2. Frontal optinal with desks (... oo FOPTD
3. Prental minimat with tables ... 0... we.. FMINT
4. TFrontal optimal wich tables ... ..., FOPTT
S. Frontal minimal with chairs oo - FMTNC
6. TFrontal ontimal wath charrs Cooo. oo .. P TDTC
7. Frontal mininal - no fumiture .o ... PMIN.,
8. frontal ontimal - no furniture ...... fe ... TOPT,
. Circular
1. Circular with degks ....... e e e te e CIRCD
2. Circular with tables (... ... i il CIpRCT
3. Cirrceular wath chalrs o.... ... et et CIRCC
4. Circulary wrthout furnrture ........ eenes. CIRC.
C. Radial
1. Racdi1al with deshy oo e RADD
2 Radial with table, (oL, b eeemaesese. RADT
3. Padral with chairrs ..... e et RADC
4 radial without furniture . oe..oieeooo. .. . RAD.
D. Clustnr~d
1. Clustered with desks ....... e e e ... cLum®
2 Clustered with tables ool o an. .. CLUTn
3. Clustered wrth chairs ........ e e CLUCn
4 Clustered viathout furniture ............. CLU-n

*

Rrcord the aoraqge numher of 1tems in the cluster for "n"

Items means furniture in 1, 2, and 3,

)

* *

and students in 4.

Configquration~ -hould bho recorded as one of the codes above

followed by a space denasity indicator.
are:

1. Sparse ...., S

2. Moderate ... M

3. Heavy ..... - H

he space dencaty

indicator-
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CONFIGURATION COLES

I. Basic configurations

A.

Rectangular
1. Frontal

rinimal

with desks

«. FMIND

2. Frontal ovtimal with F = S N FOPTD
3. Frental minimzl vath tobles ..., «. FMINT
4. Frontal ontiral with tables ............. FCPTT
S. Frontal mininmal with chalrs . ......e..o... FMINC
6. Frontal orsimal with ¢chairs ... .eie..... FOPTC
7 Frontal minimal - no fumiture .......... FMIN.
8. Frontal cptiral ~ no furniture ........ .. FOPT.
Circular

1. Circular with desks ..... S eitaiiacanaans. CIRCD
2. Circular with tables ... .. iin .. .. CIRCT
3. Circular wifh Chalrld e eeneenann «..... CIFCC
4. Circular without furniture ........... ... CIRC.
Radial

1. Radial with desks ........ e .. ««. RADD
2. Radial with tables ...t innnn. .. RADT
3. Radial with Chairs ....iiieeninn s ++. RADC
4. Radial without fUMITUYE & i vee e nnnnen RAD,
Clustered

1. Clustercd with QesksS «.eieeiea. .. e taaan cLuon*
2. Clustered with tables ... ... ..., «.. CLUTn
3. Clustered with chairs . .v.iuiniee ... ... CLUCn
4. Clustered without furniture ........ . CLU-n

* . .

Confisura*ions should ve recorded as one of the codes
above followed bv a svace density indicator,
density indicators are:

1, Sparse .
2, Moderate
30 H(:aVy...

S
I
H

The space

* ¥* . .
Record the average number of items in the cluster for
Items meanc furniture in 1,

"n",
in u’o

2, and 3,

and students
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OTHER EQUIPMWNT

Equipment should be recorded as a two digit number from 01 to
99 follewed by a two cnaracze:r cquinrent code. Record only the equip-
ment used actively by the pecople in the subspace.

I. Equiprent codas

A. Blacrkboard {vermanent) ..... BB
B. Blackbourd (portable) ..... BP
C. Partiticns ......c0v0v0vev.. PA
D. Carrcls veoeviiertieeeasiaceass CA
E. Television set (ieivvenenees TV
F. Televisicn stand ooovievee.. TS
G. Rad1O tiietiteeiieiarrasaass RA
Hs Record rlayer ....iveveeeee. RP
I. Movie proZector wueveve.o... MP
J. Movie screan ceeiiieeeseaaes MS
K. Film strio projector ....... FP
L. Tape 1¢curdef «..eeieeessaass TR

If there is not enough space to record all of the equipment used
in an activaty, use additional lines cn the recording shect. Record
the additlondl ergurrrent wwaer che uinex pQUirMeryl colwms except for
the last colum on the page. Write the page letter and line number
(left-adjusted] for which the current line is a continuation in this
colurn.
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APPENDIX C

The Cemputation of Floor Space in Subroutine PAREA
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The computation of school Yioor space is made in the
program PAREA, PAREA can compute the area of any n-sided
polygon, concave or convex, given an ordercd list of the
(X,Y) coordinates of its vertices, The conputation of

area takes place in two stages;

(1) PAREA traverses the polygon eliminating concave
points, summing the areas of exterior triangles including
these points and creates a convex polygong

(2) PAREA computes the area of the convex polygon by
summing the areas of a sect of its interior triangles and
subtracts ihe total area of external triangles to yield
the correct area.

An example follows 1o clarify the above description.
The figure bclow shows a concave polygon ABCDEFG. PAREA
examines eacn point in relation to its preceding and suc-
ceeding points to determine whether or not the point

repreoents a concavity of the polygon, PAREA starts with

F
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the points A, B, and C and examines B to determine if
it falls to the "left" of thc directed line segment AC ,
This would imply that B is a concave pcint., Ags shown,
B 1is a convex point, however, and PAREA continues by
lookinz at B, C, and D, Looking at ¢, D, and E
PARUA encounters a concavity at D ., D 1is eliminated
and the arca of the external triangle CDE is computed,
Since D has been e¢liminated, PAREA continues traversing
the polygon by looking at E, F, and G and on around
to F, G, and A, Note that in the case of two or more
concecutlive concave points they will not all be eliminated
in one pass around the polyfon., PAREA continues traversing
the flgure until it makes a pass in which no concavities
are eliminated, Thus on the second pass, E 1is discovered
to be a concave point and the area of CEF is computed, At
this time PAREA constructs all the interior triangles
of the new convex polygon ABCFG containing point A and
not both of it¢ adjacent points, Thus triangles ABC, ACF,
and AFG are conutructed and their areas are ccemputed, The
sum of the areas of these three triangles is the area of
ABCFG, Subtracting the sum of the areas of triangles CDE
and CFF, PAREA thus compuiles the area of ABCDEFG.

The algorithm PAREA uses to determine if a point falls

to the left of a line and thus rcpresents a concavity can
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be shown in a decision tavle, Given the coordinates of

three points (xl.Yl). (XZ,YZ). and (XB'YB) we wish to
determine if (XZ'YZ) falls to the left of the directed
line segment whose end points are (Xl'Yl) and (XB'YB)'

The decision table is the completed extension of the follow-

ing reasoning, The slope M of the line from (Xl.Yl) to
Y i *l - -4 )

(XB. 3) ] (Y3 Yl)/(X3 Yl) and its Y intercept B can
3 - - MY . ities b &

be given as B = Yl MX4 If the quantitie (Y3 Y¢)

and (X3-X1) are both positive and Y2 - MXl - B (sub-

stituting (XZ'YZ) in the equation of the line segment
being analyzed) is positive ihen (XZ.YZ) can. be said to
fall to the left of the line and is therefore a concave
point in a polygon, If the quantity Y2 - MX2 - B is O
then (XZ,YZ) is colinear with (Xl.Yl) and (X3.Y3)

and if it is negative, (XZ'YZ) falls to the right of the

line segment. Analyzing by cases ylelds the following

decision table:

+ + + concave
+ + - convex
+ - + convex
+ - - concave
- + + concave
- + - concave
- - + convex
- - - concave

£
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In case (x}-xl) = 0 which would yield an infinite

slope (a vertical line) and cause a divide fault in the
computer, PAREA examines the direction of the line and the
relaticnship of the X2 coordinate to either X or X

3 1

to determine if (XZ,YZ) is a concave vertex of a polygon.
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Examples of the Assignment Algorithm
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In this Apvendix, three examples of the assignment
algorithm are shown. All of the examples are taken from
simulation runs in the detailed mode so that the scores
of spaces which were being considered for assignment would
be available, Table D-1 which gives the areas and invent~
ories of spaces in School A is reproduced from Chapter 7

for the reader's convenience,

Example 1

The requirements for the five sections of Science
écheduled at 11130 are shown in Table -2, Following the
requirements for a section is a list of the spaces which
were considered for that section and their scores, Section
S5y for example, requires 10 tables, 58 chairs, 1 blackboard
and 1865 square feet of space. Space Cll has 53 desks,
53 chairs, 2 blackboards and 2 sinks and is given a score
of 264,00, The partial scores are ,914 for the chairs,
+731 for the desks (desks have a default valus of 80% of
what the score would have been for tables) and ,995 for
the area of the space--which sum to 2,64, When multiplied
by 100, this yields the value of 264,00, Cll is the first
ranked space for Section 5, and since there are no con-
flicts, it is assigned to that section., (Table D-3 shows

the complete assignment for the time step.)



POST ooy A .
S 29
TADLE D-2 e
POTENTTAL SFATES AND SCOIFS FOR FIVE 3RCTIONS OF STIENCE
ACTIVITY = &1 SECTIZ 2 ©Fni JRENENTS. T
CONF= RAD POF=3 ARES PEQes= 233
L 3 TABLE 17 _(HALR
| BR
ACTIVITY Sc1 SECTION 2
. SPACE = €3C __  SCORE_=___ 322,55 S
SPACEL = (4} SCORE = 755413
SPACE = (64 SCORE = 21277
- _SPACE = C23_ . SCCRE_ = 193,474 e
SPACE = (47 SCIRi = 193446
SPACE = (20 SCORE = 197,48
e SPACE = €28 SCQCRL = 18908 _.__. . - — -
- TUOACTIVITY & SC1 SECTION 5 REQUIREMENTS,
COhF= CI DF=] AREA RgQex 1656
MO TATLE BB CHAIR_ ——
T | 88
ACTIVITY SCI SECTION 3
_SPACE = CL) C SCORE. = 264400 e e m
T TUUSPACE = C)3 SCORT = 229420
SPACE = (21 SCORE = 229,03
T TTRCTIVITY = sc1 | SECTIGN 3 REGUIREMENTS,
CONF= RAD DFE2 AREA REQe= o8
4 TARLE 22 _CHAIR - ——e -~
TTTTTTTTTTT T s
ACTIVITY SCI SECTION 3
SPACE = (42  SCORF = _ 243477 i -
T TSP ACE = €26 SCCRE = 198470
SPLCE = CY4O SCORE = 187460
__SPACE = (25 _ SCORE_2 185471 _ ~
T T TsPace = oCuv SCORE = 161404
ACTIVITY = Sc! SECTION 4 REQUIREMEMTA, e
T T T conrs cuu DF=1 AREA REQe= 696
& TARLE 29 CHALR
| OB e
- TTTACTIVITY scl SECTION 4
SPACE = CH46 SCORE = 255440
SPACF = (3] SCORE_= 113,02 -
TTTTTTTTSPACE = €26 000 SCORE = 54,43}
SPACE = C21 SCORE = 4B .56
- TTTAEYIVITY = sC1 SECTION | REGUIREMENTS,
CONF= CL U DF=2 AREA REQe= 576
5 TAPLE 24 CHALR
| 1S
ACTIVITY SCI SECTION |
SPACE ® CHéb SCORE = 23346 N
) SPACE = C3) SCORE = 40473
SPACE = C26 SCORE = -51404
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ABLE D-3

ASSIGNMENTS OF FIVE SECTIONS OF SCIENCE

TitLawell t30

ACTIVITY SECs  NCWSTUC. AREA REF, SPACE  AREA  REQIUSED
i} 51 < 58 Labb il 1865 1.00
3 22 308 c28 312 .99
5 | 24 576 46 668 1,01
51 4 29 696 31 10965 W64
SC! 2 17 238 Cao 203 1017
AREA REGUIRFD 3675 SGe FTo AREa USED 4043 SQFTe
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When Section 5 is assigned spzce Cll, space C42 is
eliminated from the potential space list of Section 3,
Section 3 is then assigned to space C28, its next choice,
Section 2 receives its first choice, space C30,

Sections 1 and 4 both list space C46 as their first
cholces Section 1 was given space Ch6 because a greater
differcice score (192,88) was computed for it than for
Section & (142,38),

Examnle 2

A more complicated assignment is shown in Tables D-#%
and D-5, Of eight sections of math, three require space
Cé2 (Sections 26, 22, and 25). The difference score is the
greatest for Section 22 so it is assigned to C62, Section
ZQ, which had a higher priority tran Section 22 lost its
best space, but it is now reconsidered for assignment since
it is still the highest priority unassigned cctivity., It
competes with Section 25 which, because C62 was assigned,
now has C28 as its top ranked space, The difference score
for Section 26 is lower than that of Section 25 and C28 is
assigned to Section 25, Finally, Section 26 is assigned to
space C25, Since there are no other conflicts, each of the
remaining activities gets its top ranked space (after
superspaces and subspaces of already assigned spaces are

eliminated from their lists),
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POTENTIAL SPACES AND SCORES FOR EIGHT SECTIONS CF MATH

ST VT Y = . PSR 23t ik drg.
CHYyawr= 2o NEER A PEIES
}r‘ :" b }')
1 3
~ . <
POTIVLTS e BLEZYIN 23
CTATEe = (2 ~ros oz 2907 99
5 . "~ - - —————
- CONTE o= 03y Nl E 0 183,07
“TYisYT = T e EXI 2 Bl 29 T gt MY,
Y ws Tt R D Y 334
2y T 20 T
[
AOTL LYy T PN SR 2
2000 = a0 R 137,92
QM- = mn VL= L0 4
NVl = s < .= LK
e L ey A
STAL = (N L TL = 177,18
YA = a7 oo = L oTy tn
ACTIVITY - L Ll Trvo 24 QAT I T S
20 s O AR teoron R 14N
17 "as et
Pt
ATTLLITY T N S 2
ST L S U DL SO - e e e e o = e
1,_\ l‘\" .. = |‘)’ . : \).‘- - ’, -).:.| .I
DA, - - )= - s !
SPRATE = (2 yon’e = 171,74
g{):.,',- - \rﬂ‘ o8N = :77./“‘
-3 . e . N - .
570l = (e R CRARTE 137,76
feTiviYYy =T SR P T 1T,

Coi= CU FE2 0 el vees 340
17 MESK 17 ¢ oo

{.‘\r',‘;f—‘ ‘LT U ! 22

f)‘.'*(-t = k/‘”: S )L. o RAREFINN o]
CONce oz NI 13/ .7
Stnlr o= ) AN S EAN A
SPACY = (0% L s 774654

» . R 2 . i 3y
G = 0 e = ey
e ym e 4« mmee = . R e E T A et el rliedvesik oo i el
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> . = « ;L .= Vel
[ R o S LYoo= 120,40 R
r
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TABLE D-5
ASSIGNMENTS FOR EIGHT SECTIONS OF MATH

ACTUNTOSEC, Tyt e ea L S0 A0EA RETIESED

7 TN 710 79 1264 Y
e T PR R 33n (GRS 391 B4
Ay 20 V7 Asn cn~2 160 AL
T 3o €vd 37 1.73
RN . 17 340 c25 264 1429

ey ’ 4 160 c‘gr‘; RAGK! e A

T TR T T TN T," L [GIR | i S 1 ey e oo
st /A 4 (2l c4sb 61 1e31
HESRAR) I I Loy Ci2 Juy 1o 45

I N v i A T - S

A A R LIEIR AR A AVE S UnieD 3467 HVeF T
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Aruitoxt provided by Eic:
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Examnle

This example is given to show what happens when there
are many requirements for similar space, Table D=6 shows
the requirements for eleven Language Arts activitles,
Sections 29, 30, 31, 32, 34, 35, and 36 zll have similar
requirements in terns of space and equipment., As a result,
the potential space lists for these activities contain
many of the same spaces, Sections 27, 33, 28, and 26 have
higher priorities than those listed above, The spaces
which are assigned to the latter set of activities cause
deletions from the potential space lists of the lower
priority activities, For example, the assignment of space
C31 to Section 33 causes space C51 to be deleted from six
potential space lists. AS the assignments are made in
priority order, all of the spaces on the lists for Sections
54, 35, and 36 are eventually deleted, ard So no assignment
is made,

To reiterate a point, there still exists space into
which these activities may be assigned, however, their areas
lie outside the range which was defined as acceptable for
consideration, No*t assigning these spaces warns a designer

of a potential problem,

-~
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TABLE D-6

POTENTIAL SPACES AND SCORES FOR ELEVEN SECTIONS OF

LANGUAGE ARTS

ACTTIVITY = |/ARTS SFCTICN 27 REQUIREMENTS,
CONF= CLU OFx] AREA REQes 576
o & YARLE 24 _CHal
ACTIVITY LARTS SECTION 27
_SPACE = €40 SCORE = 202.7¢
T T T epAce = 3 SCUKRE = 40473
ACTINVITY = | ARYS s_c1! 33 REMILRENENTS. ——
T TTTTTTTTTCONEE Ly CF=1 AREA Rices 544
13 NOF Uit
] ap L _
- TTACTIVITY TLARTS SECTICH 33
SPACE = €40 SCCRE = Tleb1
e _SPRCE = €31 SCORE_= =55
ACTIVITY = LARTS SECTIOM 28 REGUIREMENTS,
CONF= CLU DF=3  AREA RpQes 242
- Il CHATR
ACTIVITY LARYS SECTIOM 28 -
T SPACE = C4y SCORE = 120066
SPACE = C23 SCORE = Tl
SPACE = €20 SCORL = 9587
T SPACE s Coy SCORE = 84,430
ACTIVITY = LARTS SFCYINN 26  REAUIREMENTS, ———
T T T T cConF=E CLU T T pFE2 ARER REQez ' 140
7 DESK 7 CHAIR
1 BB _ L —
TUUTTUUTACTINVITY CLAKTS SECTION 26
SPACE = C24 SCCRE = 92,86
SPACE 3 €33  SCORE _=__ 96,00
T TTSPACE ® €5 SCHRE = 85,00
SPACE = €50 SCCRE = “72.14
SPACE = C49  SCORE_®  =99,29
TTTTTTTTTUSPACE = Coy SCORT &= =130,71
SPACE = (22 SCORE = +»702486
ACTYIVITY = L ARTS SECTION 29 RECUIREMENTS,
CONF= CLU DF =1 AREA REQe= 120
_6 DESK & CHALR
ACTIVITY LARYS SECTICN 29
. ____SPACE » €51  &sCQRE = 99417
SPACE = (33 SCORE = 95,00
SPACF = C24 SCORE = 91467
e ASPAC[‘ = C‘l3______ “.(‘C_f_{[_ * __._580.83 e
SPACE = Cho SCORE =  «1R2,50

'» -
-



ACTIVITY = LARTS SFLYION 34

BEST Copy AVALSLL
304 285

REQUIREMENTS,
50

e CONFE CLU DFEL AREA FEQe=
3 DLsK 3 CHAILR
| B8

o ACTIVITY LARYS SECTICH 3

SPACE = (63 SCORE = BLab?

SPACE = (51 SCCRE = 1 o467

o SPARCF = €33 _SCOR[_ = =1C.00Q

N - SPACE = (24 SCORE = ~l6eb7
SPACE = (60 SCORE = “blob?

__SPACE = (N5 SCORE = ~168433
TTTTTTTTTTSPACE £ (43 SCORE =  =3B81467

ACTIVITY = LARTS sfcrlon 35

REQU]REMENTS

TTCONFE CLU DE®]  AKEA REQes 60
3 DESK 3 CHAIR
— e} _BP
ACYIVITY = LARTS  SFCTINY 34 REAUIRENAMNISS —
- CONF= CLY OFx] AREA REQes 120
6 DESK 6 CHAIR
BB . e
ACTIVITY LARTS SECTION 34
SPACE = €& SCORL = $9417
SPACE = €33 SCORE_= 95,00
SPACE = (24 SCORE = 91467
SPACE = C43 SCORE = 90,83
SPACE = €50  SCOR . ¢ _=182,5%0 .

ACTIVETY = LAl 5> SECTION 32

REGUIRENENTS,

oo CONFB_RAD DF=3 AREA RrRes 10
3 PESK 3 CHAILR
] o8
. ACT!V!TY LARYS SFCTICN 32
SPACE = (52 5CORE = ~27.78
SPACE = CH4yY SCORL = «“27.78
SPACE = C63  SCORE = -98,89 _
T USPACE = €0 SCORE = =]172.22
SPACE = (45 SCORE 3  =405,54

TTTTACTIVIIY = LARTS  SECTIGHM 30

REQUIREMENTS

COlF= CIR DF=2 AREA REQex 78
3 _CHAILR
T | 88
ACTIVITY LARTS SECTION 30
SPACF = CBl  SCORL = 47,44
SPACE = C33 SCORE = IRL44
SPACE = (45 SCORE = «55,13
SPACE = (43 SCORE = =1131%,74
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ACTIVITY LARTS SECTICN a5
SPACE = (43 SCORE = Bbeb7
_.SPacr = (5] SCCRE = Lo 67
SPACE = €33 SCCRE = -]1C.00
SPACE = €24 SCORE = “lbeb?
SPACE = (40 SCORE = ~blsb?
SPACE = CH45 SCORE = «}68,33
SPACE = (€43 SCORE = w38],67

TACTIVITY = LARYS SECTION 36

REQUIREMINTS,
60

COMNFe FM] DF=] AREA REQoex
L YABLE 3 CHALR
| ne

ACTIVITY LARTS SECTICN 34
SPACE = €463 SCORE_= 86467
SPACE = (%) SCCRE = leb7?
SPACE = (33 SCORE = «10.,00
CSPACE = €24 SCORE = =lbeb?
SPACE = (40 SCOPL = 4433
SPACE = (4% SCORL = w=|H4]1467
SPACE = (43 SCORE = =341,47
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ASSIGNMENTS OF ELEVEN SECTIONS OF LANGUAGE ARTS

TTIPFeeell320

ACTIVITY StCe NOWSTUD. AREA REC, SPACE AREA REGIUSED
LARTS 27 24 576 CHO 391 Jou7?
LARTYS 33 13 546 C 3} 1098 «50
_LARTS 8 1 242 _CHl 204 1419
LARTS " 26 / 140 c24 130 1+08&
LARTS 29 6 120 €33 126 ' 95
e e _LAETS 14 ) 120 Fomn 0 200
LARTS 32 3 18 cuH 41 XL
LARTS 31 3 60 c4s 61 V98
—e o MARYS 30 3 78 cH3 109 12
LARTS 36 3 60 ) 0 VGO -
LARTS 3% 3 60 GEER 0 v00
I N1 £ s 7 294 €25 764 1ell
LARTS 20 7 168 C30 203 ¢83
LARTS 23 ? 140 €65 142 v 99
o LARYS 25 47 1034 €29 1254 082 N
AREA REQUIRED 3656 SQe FTo ARt A USED 4020 SQeFTo
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