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CHAPTER 1
PROBLEM STATEMENT AND DISCUSSION OF LITERATURE

1.1 INTRODUCTION.

University nlanners are investigating ways to better
utilize current facilities and forecast future facilities
requirements. This thesis investigates one method for
evaluating facilities requirements. Specifically, it
investigates the problem of determining the sizes and the
numbers of classrooms which are needed to meet the demands
imposed by a ziven student population. Such information is
necessary for investigating the effects on facllities
requirements of, for examvle, shifts in the composition of
the student body from one school or department to another.
This problem is related to the problem of projecting
facilities requirements for libraries, dormitories, and
office svace and to the problem of projecting future faculty
requirements. The work undertaken here limits itself to
investigating one method for predicting classroom
requirements and does this within the framework of Kansas
State University's data base.

1.2 STATEMENT OF THE PROBLEM.

Briefly, the problem investigated was to find and
evaluate & method of predicting classroom requirements.

For investigative purposes, it was assumed that the
composition of the student population would be avallable as
input. TIdeally, the output from this method would be the
number and size of classrooms needed to meet these student

requirements.



The preceding paragraph is a general statement of the
vroblem. However, after reading the literature on this
subject, two points were recognized. First, no organization
had undertaken a full-scale investigation of this problem,
although pilot studies had been made in this area (8,9,10).
Second, one method in particular stood out as being worth
further investigation. This was the method proposed by the
Western Interstate Commission for Higher Education (WICHE)
(12). Thus the problem was amended to investigating WICHE's
method for predicting classroom requirements and to making
this investigation on a full-scale, University wide basis.

Besides investigating WICHE's method, two other results
were exvected. First, an investigation of Kansas State's
data base was to be made to determine what data was
available and to svaluate 1t with respect to its suitability
for use as inout to WICHE's projection methods. The second
result expected was the creation of an induced course load
matrix (ICLM). This matrix was proposed by WICHE and was
to be used in their procedure for predicting classroom
requirements from a projection of the student population.
This last result was to bs one of the primary contributions
of this investigation.

The investigation of WICHE's method for predicting
classroom requirements, the investigation of Kansas State's
data base, and the creation of an ICLM were the problems to
be solved.

1.3 LITERATURE.
Several groups have worked in the genseral area of

facilities planning. The sections which follow identify these
groups and discuss the work they have done related to facilities

nlanning.



1.3.1 SOME GENERAL PAPERS.

Bowman (1) and Hirseh (2) discussed two topics related
to the gensral problem of educational planning. Bowman
made & simulation of the cash flows of several budgets at
Yale University. His work with this model influenced some
of the budgetary decisions there. Hirsch discussed how the
demand for education could be estimated. These papers
discussed some aspects of educational planning, and they gave
some idea of the scope of the thinking in this field.
However, they are not directly related to the subject of
facilities planning.

1.3.2 SOME WORK AT BERKELEY.

Marshall and Oliver (3) have worked on projecting
student enrollments. They developed a model of undergraduate
student attendance which attempts to model how undergraduates
nrogress through the university. Their modsl was based on
five parameters, one of which was the total work, w, required
to complete a degree. Smith (4) discussed how varying the
mix of classroom sizes could help accommodate the demands
for classroom space imposed by courses. In this discussion
he assumed & probability distribution for course enrollments
and gave the probability of a given section size overflowing
as & function of classroom size mix. He made the assumption
that the probability distributions for course enrollments
were known. He went on to test his method by assuming &
normal distribution for course enrollments with the
varameters determined from historical data. The author
remarked that he had difficulty finding the necessary data
at the Berkeley campus of the Unlversity of California.

1.3.3 TILLINOIS STATE UNIVERSITY.

Harden and Tcheng (5) investigated two difficulties
which arise when projecting student enrollments using
Markovian models. The two difficulties investigated were
the enlargement of the projectlon base due to the creation




of new denartments and the restriction of enrollments by
imposing departmental limits. They resolved these
difficulties by developing & two-atep Markovian model.
They used their model to help establish guidelines for the
admission of students.
1.3.4 MICHIGAN STATE UNIVERSITY.

Koenig and Keeney (6) discussed a mathematical model they

develgped for allocating educational resources. In this
article they, in very general terms, attempted to show the
interactions betwsen resources such as personnel, space, and
equipment and the products of a university such as manpower,
research, and public or technical services. A computer
program was discussed which demonstrated some of these
interactions. Theirs was a state-space model describing
"...the behavioral characteristics of a system as a set of
relationships among time-functions representing its inputs,
outputs, and internal state.” (6, p 201) Koenig (7) again
in general terms, developed an input-output model of various
sectors of an educational institution. A sample implementation
“in the academic production sector (faculty allocations) was
presented.

1.3.5 THE TORONTQO GROUP.

Judy and Levine (&) discuss their development of a
simulation model of a university. Their model "...accepts
descriptions of the university's structure and statements of
the levels of activities that the university is expected to
perform." (8, p vii) With these inputs their model computes
",..the resulting resource requirements of staff, space,
materials, and money." (8, p vii) Their model iz divided
into four main sections. The first section uses & projected
entering enrollment as input and from this computes the
enrollees in each college and each course of study. From
this it goes on tgo compute the subject-enrollses for each
devartment. The next section uses these outputs as its inputs




and produces "...a rather complete description of the staff
requirements of each department, important departmental
parameters not set by expliclt decision, the number of
sections of pass and honors lectures and laboratories, and

so on." (8, o 21) The third section computes such information
ag space requirements end gives this information in terms of
square feet needed for & department's activities. The last
vart of the simulation computes budget requirements for
departments. Parameters for controlling these procedures are
supvlied exogenously.

Two problems were epparent if this simulation model were
to be used for the problem of projecting classroom demands.
First, the authors did not give the detalls on how they
process their inputs to give their outputs. Second, their
outputs in the area of space requirements are in terms of
total square feet. Tobkal square feet does not indicate the
number and sigze of required classrooms. Overall, their work
apnears to be too large an aggregation for the problem at hand.
1.3.6 THE WORK AT PURDUE.

Blakesly and others at Purdue Uhiversity have, for a
number of years, been working on the solution of educational
vlanning problems. They have done such work as computerize
their class assigmments and utilization review techniques and
have undertaken the problem of master schedule construction.
This latter undertaeking is reported in (10). A Comprshensive
University Scheduling System (CUSS) (10) attempts to allocate
staff and room resources to meet course and student
requirements and thus form a master schedule. They have
attempted a full-scale simulation of master schedule
construction, assigmment of projected student requests to
classes, and the production of complete review information.
1.3.7 WICHE'S EFFORTS.

The Western Interstate Commission for Higher Education
(WICHE) hes been prolific in its writing of literature on




educational management and planning. Two of their efforts
found useful are (11, 12). The first gives an overview of
procedures that have been useful for projecting student
enrollments. The second is their collection of space
analysis manuals. This series of manuals gives their
recommendations for planning and evaluation of classrooms

and class laboratories, office and research facilities,
academic support facilities, general institutionel facilities,
and their recommendations on other general topics related to
facilities planning and evaluation.

WICHE's rescommendations are explicit and reslistic.

They have the proper level of aggregation and seem well
thought out. ‘'his is why their method of investigating
facilities re i1irements was undertaken. The WICHE method

for projecting facilities such as classrooms is given in
Manual Two and discussion of an induced course load matrix

is given in Manual Six. Their method starts with a
distribution of the student population and, using an induced
course load matrix, determines the projected course enrollments
for this student population. These course enrocllments are
then used in conjunction with data on course facility
requirements to determine what classroom facilities are
required for sach course. Overall facilities requirements
are determined by summerizing the facilities requirements for
each course. The concept of this method is simple. However,
it had not been tested on a full-scale basis. Investigating
the WICHE method on a full-scale basgis with respect to

Kansas State University was the problem undertaken.

1.4 ORGANIZATION OF REPORT.

The rest of this report will be composed of three
additional chapters and appendices. Chapter 2 will contain
a discussion of the induced course load matrix and subjects
related to it. Chapter 3 will discuss the problems
encountered in deriving the course data and forming the




sectioning rules. Chapter L will give the results and
conclusions of this investigetion. The appendices will
contain such items as computer program listings and the
particulars on the data files created by these programs.
Figure 1.1 shows the separate parts of the investigation
and their relation to one another. The course data and
the sectioning rules are subject to review and manipulation by
the administration; they are the parameters of the method.
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Figure 1.1--The relationship of the ICLM, the course
facility requirement data, and the sectloning rules to the
nrojection of & distribution of classroom weekly room hours.
Course facility requirements and sectioning rules are the
basic narameters of the nrojection method.



CHAPTER 2

THE INDUCED COURSE LOAD MATRIX AND ITS CONSTRUCTION

2.1 THE INDUCED COURSE LOAD MATRIX.

This section will define an induced course load matrix
{({ICLM) and will discuss some of the various forms it cean
take. It will explain how an ICLM can be used to predict
course enrollment and it will go on to pose some of the

questions concerning this matrix which need further
investigation.
2.1.1 WHAT IS AN ICLM?

This is & matrix whose row index represents individueal

courses and whose column index represents identifiable
homogeneous grouns of students. The elements of this matrix
are fractions. Each of these fractions represents the portion
of an identifiable homogeneoua group of students which can

be expected to take a given course.

This can be stated mathematically. Let m equal the
number of courses and let n equal the number of lidentifiable
homogeneous groups of students. Let I be an m by n matrix
whose elements, (Iij’i=1’2""’m’ §=1,2,...,n) are the
fractions of the students in a particular identifiable
homogeneous group of students, j, expected to take course, i,
and let D be an n dimensional column vector of the
distribution of the student population, distributed by
identifiable homogeneous grouvs of students. Then in
vector notation,

ID=E (1)
where E iz an m dimensional column vector of course enroll-
ments and I reoresents the ICLM. The above equation shows
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mathematically how an ICLM can be used to project course
enrollments.

The ICLM and its use are simple in concept. The idea is
that homogeneous groups of students can be identified and
that students in these groups will have the same enrollment
pattern from year fo year., Thus if an enrollment prediction
were to give the number of students expected in each of these
groups (the vector, D) then the enrollments patterns of these
groups (the ICLM, I) could be used to determine which courses
they would be expected to take. By superimposing the course
enrollments generated by each of these groups, total
enrollments for each course could be determined.

2.1.2 SOME DEFINITIONS AND EXPLANATIONS.

The definition used here for "course" is the same as

WICHE's. They defined "course' as

Organized subject matter (may be a discipline
specielty) in which instruction is offered within
a given period of time, (usually a quarter or
semester) and for which credit toward graduation
or certification is usually given. (412, p 42)

The ICLM was made to predict course enrollments because
courses provide a key link between student needs and facility

and faculty requirements. The student enrollments in each
course determine the size of classroom the course needs and,
for example, in cages where multiple sections of a course &are
taught, student enrollments affect the number of faculty
required. Of course, the size of section and the faculty
required for a course are perameters under the control of the
administration. Hence, by knowing course enrollments and
controlling these parameters it is theorized that various
facility and faculty requirements can be determined.

Certainly not all facility nor are all faculty requirements
are directly induced by course enrollments, but knowing course
enrollments does vrovide a starting point for determining many
of these requirements.
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The column index of the ICLM represents identifiable
homogeneous groups of students. These classifications can
be by department, by curriculum, by level (as related to
progreas towards a degree), by both curriculum and level,
or by any other way that may identify homogeneous groups of
students. A group of students must be homogenecus in the
sense that they generate the same pattern of course enroll-
ments. Full-time students do not generate the same pattern
of enrcllments as part-time students. Even though a part-time
student can be ldentified by the same department or curriculum
or level as his counterpart full-time student, he does not
take the same course load as a full-time student and therefore
does not generate the same enrollment pattern. For a group
to be homogeneous it is necessary that the proportion of a
group taking a course remain relatively constant as the total
number of students in the group changes.

WICHE recommended the following claassification scheme
for dividing the student population into homogeneous groups.
Their scheme for a university with & Ph.D. program was to
classify each student by curriculum and then divide each
curriculum into the following levels:

1. Lower level undergraduate

2. Uvoper level undergraduate

3. Mastsrs

L. Ph.D.

Curriculum is defined as a course of study. A course of
study contains the courses a student must complete for a
degree in a curriculum. However, curriculums do not
necessarily have to lead to degrees. For example, they

could be programs of study recommended for atudents wishing
to enter professiocnal curriculums such as dentistry or law.
Level is defined by an institution and designates progress in
a curriculum. Freshman, sophomores, seniors, Ph.D., etc,

are examples of level designations.
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The definitions for the above words are not exact.
The exact meaning can change from institution to institution.
However, the general sense of their meaning can be expected
to remain the same.
2.1.3 A NOTE ON THE DISTRIBUTION OF THE STUDENT POPULATION.

A distribution of the student population is the starting
point for this facilities analysis. It is assumed that a
vrojection of the student population can be made. Considering

the vresent state of the art of making student population
nrojections, it is unlikely that it will be possible tc make
projections distributed as finely as by college and by level
within & university. Actually what 13 being assumed is that,
what ever the aggregation of the prediction, it can be
oroportioned among its component identifiable homogeneous
grouvs of students such that the proportion of the prediction
allocated to any group of students remains the same with
resvect to time. The problem of making a projection of a
atudent population is a prodigious one and will not be
discussed further. It is worthy of a separate investigation
in itself.

2.1.4 OTHER CONSIDERATIONS.

This ovroject did not set out to investigate all the
possible questions which could be asked about an ICLM. It
set out to determine if & detailed form of the matrix
could be constructed for Kansas State University and, if
it could, to revort any difficulties which might be involved.
Further, an attempt was to be made to demonstrate that the

matrix was, indeed, usable. At no time was the purpose to
investigate all the questions and ramifications presented
by an ICLM.

Therse are certainly other ideas concerning an ICLK
which could be pursued farther:

1. How can homogeneous groups of students best be
identified?
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2. Could projections be made by departmental levels
instead of by courses? Would this be a profitable
undertaking?

3. How stable are the fractions in the matrix with
respect to time?

4. What effect do changes in course requirements for
different curriculums have? What happens when new
courses are added or old ones dropped?

5. Is this method of making enrollment projections
"good enough" to be of real value?

2.2 DEVELOPMENT OF KANSAS STATE'!'S JCLM.
Construction of an induced course load matrix for Kanssas
State was one of the main contributions this thesis intended

to make. However, as was pointed out in the preceding sectionm,
no attempt was made to investigate all the unanswered questlons
pertaining to induced course load matricies. Rather, this
work was intended to simply investigate the feasibility of
actually constructing & full-scale, detailed form of ICLM
and the feasibility of using it in the analysis of facility
requirements.
2.2,1 PRELIMINARY CONSIDERATIONS.

Before the matrix could be formed sources of data had to

be considered, homogeneous groups of students had to be
identified, and the physical form of the matrix had to be
determined. This section will discuss some of these
preliminary considerations.
2.2.1.1 DATA.

To form the matrix it was necessary to find a source
of data that would give the courses each student took in a
varticular semester and enough data on each student so that

students could be sorted into identifiable homogeneous
groups. Kansas State's data base contained such information.
This information was on what was known as a grade tape.

The grade tape was a machine processable magnetic tape used
to orint student grade reports at the end of a semester.
These tanes were avallable for each semester for several
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years in the nast. The '"grade tape'" contained a short
student master and & list of courses the student took that
semester. The short student master contained such information
as the student's address, sex and marital status, curriculum,
level, etc.
2.2.1.2 IDENTIFYING HOMOGENEOUS GRQUPS OF STUDENTS.

The hest way to identify homogeneous groups of students
had not been determined. In fact & full-scale matrix had
never been constructed before, sc for this initial investigation

students were categorized by their curriculums and, for some
curriculums, by their level within their curriculums. It

was hoped that this scheme would identify homogeneous groups
of students. The meaning of the curriculum designation given
on the tave differed slightly from the generai definition
given before. Here curriculums consisted of administrative
categories determined by the University, not only leading to
degrees, but also grouping students not having declared

ma jors or fields of study, students who were taking courses
but not working toward any degree (special studente), and
students in such pre-professional curriculums as pre-nursing
and pre-pharmacy. Every student was classified by some
curriculum at all times while he was enrolled in the
University. One problem with using these curriculum designa-
tions was that often students did not report curriculum
changes until several semesters had past.

A geparate curriculum designation was given for each
Masters and Ph.D. program of study. Thus these graduate
curriculums did not need to be divided into separate levels.
However, the undergraduate curriculums had to be, since
juniors and seniors could not be expected toc hawe the same
enrollment pattern as freshman and sophomores. Consequently
students in undergraduate curriculums were also classified
by level. This level was determined from the short student
master on the g rade tape. The levels on the grade tape were:
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1) Freshman

2) Sophomores

3) Juniors and veterinary medicine freshman

) Seniors and veterinary medicine sophomores

S) PFifth year students and veterinary medicine juniors
6) Veterinary medicine seniors

7) Special

8) Graduate

Two levels were chosen for undergraduate curriculums. Level
one was composed of items one and two above and veterinery
medicine freshman and sophomores. Level two was composed of
the rest of items three through six.

Kansas State did not have enough part-time students to
justify inecluding them as separate homogensous groups.
Consequently, part-time students were in no waey identified
in the ICLM, although they were included.
2.2.1.3 PHYSICAL FORM SELECTED FOR THE ICLM.

In this initial investigation the matrix was to be
constructed from the student records for one semester (fall
1970). A fall semester was chosen because the information
on the grade tape concerning curriculums and levels was as
up-to-date a&s possible and because enrollments reached
their neaks in fall semesters. Enrollment peaks were of the
most concern to facilities planners.

Before construction of the matrix could begin one other
decision had to be made: physically, how was the matrix to
be stored and how was a matrix of this size to be written
onto paper for inspection by an investigator. This matrix
was large. There were &pproximately 1400 courses offered in
the fall 1970 semester and about 341 groups of students
designated by & curriculum and level. This made it possible
for the matrix to have 477,400 elements. However, many of
these elements were zero. For example, the proportion of
freghman art students regularly taking Boundary Layer Theory
is zero. Freshman art students just do not take upper-level
mechanical engineering courses. Since many of these elements
would be expected to be zero, much spcce could be saved by
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storing only the non-zero elements.

Considering the size of this undertaking it was obvious
that the conatruction of this matrix would have to be
undertaken with the aid of a computer. For this matrix to
be useful, it had to be stored in a machine processable form.
Therefore, three forms of the matrix were produced. One
form was stored on'machine processable magnetic tape. The two
other forms of the matrix were on printed output. One printed
output listed the non-zero elements of the matrix by row and
the other listed the non-zero elements by column. These two
forms of the matrix were to enable an investigator to see
which groups of students took a given course (the row output)
or to see what courses a particular group of students took
(the column output).

2.,2.2 CONSTRUCTION OF THE MATRIX.
The matrix was constructed using the grade tape as the

source of data. The procedure followed was:

1. Edit the grade tape to extract & curriculum and,
where necessary, a level for each student. This
information was combined with each course the
student took to form an ocutput record containing:

a, Course
b. Curriculum
¢c. Level

2. Sort thsse records into each row and column
category.

3. PFind the tetal number of records for each row and
column category.

. Form an element of the matrix by dividing the
" total number of records for & row and column
category by the total number of students in the
columnar category.

5. For each non-zero element of the matrix write a
record onto direct access storage, each record
containing a row and column identification and its
corresponding matrix element.

6, Print the non-zero elements of the matrix in both
row and column order.
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This procedure was, of course, carried out using a computer,
with programs written to perform the above steps. Each
program written did not correspond to a step in the above
procedure; some programs combined several steps, and some
steps were performed with the aid of several programs.

Figure 23 shows the interrelationships of the programs
used to create the matrix and the order in which these
programs were used. Table 2J]briefly explains the purpose of
each program. Inputs and outputs, comments, and other data
on each program are given in the Appendix.
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TABLE 2.1

THE PURPOSE OF EACH PROGRAM
USED IN THE CONSTRUCTION OF THE ICLM.

Program Program
Name Purpose
ONE This program was written to edit course,

curriculum, and level data from the grade tape
and to write this informetion into a direct
access data set. It also converted the
University's level designation to the level
designation used in this investigation. This
is further explained in section 2.2.1.2.

CURRCOU This program was written to find the total
number of students in each columnar category
of the matrix.

SORT/ This was an IBM supplied utility program for
MERGE sorting and manipulating records. It was used

twice in the construction of the ICLM. It was
first used to sort the records produced by ONE.
These records were sorted by courses and then,
within each course, by columnar category. The
second use was to sort the records produced by
ICLMOPY. These records were sorted by columnar
category and, within each columnar category,
by course.

ICLMOP1 1) PFind the totel number of students in each
column and row category.

2) PForm the elements of the ICLM.
3) Print the matrix by row.

li) Store the matrix in direct access storage
for use by the next program.

ICLMOP2 Print the ICLM in column order.



CHAPTER 3
COURSE DATA, SECTIONING RULES, AND A PROJECTION

3.0 INTRODUCTION.

Course enrollments alone are not enough to determine
the facility requirements for courses. Rules for converting
course enrollments into sections of a course and data on the
facility requirements of each section must be available
before any attempt at projecting facility requirements can
be made.

This chapter will be divided into three main sections.
The first main section will explain what data is needed on
the facilities requirements for each course and will also
explain how this data was formed for Kansas State. Ths
next main section will explain the rules formulated for
converting course enrollments into sections of a course.
The last main section will demonstrate that the data and the
rules developed in the first two sections are consistent with
the realities of the University.
3.1 COURSE DATA.
3.1.1 PRELIMINARY DISCUSSION AND DEFINITIONS.

The course dats compiled gives the classroom requirements
for the courses taught in the fall 1970 semester and, to a
lesser extent, the class laboratory requirements for these
courses. (Classroom and clags laboratory will be defined
subsequently.) The main objective in compiling this data was
to determine classroom requirements for courses, since
clasarooms were & resource available to the entire
University. 1In contrast, class laboratories were generally
of use only to a single department, and hence each was not a
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University wide resource and not of the same importance as
8 clagsroom. Some data on class laboratories was compiled
as a by-product of compiling the classroom dats, but this
class laboratory data was not complete enough to be used in
a projection of laboratory requirements.

Demands placed on facilities by evening classes were _
not considered in this study. They do not place significant
demands on the University's facilities. Very few classes are
held at night and consequently there is always space available
for any course needing a classroom or class laboratory in
the evening.

Facility requirements for courses are determined by the
departments offering them. These requirements are subject
to change, depending on the facilities available and the
desires of the faculty and administration. These facility
requirements are not always explicit in the sense that they
are formally available for use in facilities analysis: they
are implied by the requests of the departments for different
numbers and sizes of classrooms and class laboratories. This
section on the course data will show how these requirements
were made explicit, and thus how the course data was extracted
from Kensas State's datae base and made available for general
use. '

| ‘Before any ideas of substance can be explained some
definitions must be given.

Augmentg~-Augments were used during the enrollment proceas
to signify that students assigned to one section of a
course must also be assigned to another particular
section. One example would be where all the students in
a particular recitation section were to be assigned to
the same laboratory section. Augments were also used to
identify sections which took more than one line in the
line schedule data to present all the data on that section.

Clagsroom--"A room used by classes which does not require
special-purpose equipment for student use. Included in
this category are rooms generally referred to as lecture-
demonstration rooms, seminar rooms, and gener&l purpose
classrooms." (12, Manual 1, p LO)
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Class laboratory--"A room used by regularly scheduled classes
which require special-purpose equipment for student
particivation, experimentation, observation or practice
in a field of study.” (12, Manual 41, p 40) These rooms
can not normally be used for more than one field of study.

Kernel--An example readily demonstrates the meaning of kernel.
For most cases if one student takes a course and is expected
to attend a recitation and a lecture section, then all
students in the course will also be expected to attend a
recitation and a lecture. However, for courses with more
than one kernel this is not true. One student taking one
kernel of a course may attend a lecture and a recitation
and another may simply attend & recitation. They both
receive credit for the same course but are enrolled in
different kernels of it. One particular example of an
occurance of multiple kernels (fell 1970 semester) was
U. 8. to 1877. This course had three kernels: lecture
only, recitation only, and both lecture and recitation.

This information was available at the time students
were actually assigned to sections of courses but was not
retained in machine processable form after this process
was completed, since no further use was usually made of it.
Therefore the source of data used to construct the course
data did not contain kernel information.

Lecture--Lecture and recitation are two terms used to describe
types of sections requiring classroom space. Lectures
usually require large classrooms and recitations small
classrooms. When two sizes of classrooms are needed by a
course, the larger of the two sizes 1s called a lecture.

Mode of instruction~-Identifies the section types to which
each student In a course is assigned. Some courses have
more than one mode of instruction. For example, one student
in & course may attend a lecture for one hour per week and
a recitation for two hours per week. Another student in
the same course may attend a recitation for three hours per
week and not attend any lecture. In this example each
student takes the same course but is teught by a different
mode of instruction. Mode of instruction has & more general
meaning than kernel. FPFor example, a different mode of
instruction is given for sections of a course meeting in
the evening. Mode of instruction implies explicit values
for data on each section of & course. See section 3.1.4
for a description of what constitutes this datsa.

Recitation--Identifies a section as requiring classroom space
of any size. When only one section type for a course
requires classroom space this section type is said to be
a recitation, regardless of the size of section required.
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Room data--This was a deck of punched cards giving vital data
on classrooms and class laboratories. The format of these
cards and the exact information they contain is given in
the Appendix. This data on classrooms and class laboratories
came from the University's room utilization studies. The
room number and the code identifying the room as & class-
room or class laboratory were the only data elements on
these cards used in constructing the course data.

Section--"One or more students formelly organized for
nstruction in a specific course under the supervision
of an instructor." (12, Marmal 1, p 54) Courses can be
organized into more thean one section. Different sections
can require different kinds of facilities, such as class-
rooms and class laboratorieas. Sections requiring different
kinds of facilities are of different section types. A
student in a course may attend more than one section, the
sections being of different types. For example, & student
may attend a recitation and a laboratory section.

Section size~-~The number of students in a section, either the
actual number or a projected number.

Section type--Identifies sections of a course requiring
different sizes of classrooms or class laboratories. The
requirements of each section type for each course are listed
in the course data.

Weekly room hours (WRH)--Hours per week a section uses a
classroom or class laboratory. This definition differs
from WICHE's,

Weekly student hours (WSH)--This is a number equal to the weekly
room hours multiplied by the section size.

3.1.2 COURSE DATA REQUIRED.
After course enrollments are determined the next step

is to convert these enrollments into demands for facilities.
Data on what facilities are required for each course must be
known before this can be done.

WICHE recommended that the following data be compiled
on each course:

A. Organizational Unit--the academic unit offering the
course.

B. Course level--the WICHE data element dictionary lists
five svecific course levels. These five levels and
the suggested aggregation for analytic purposes are:
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1. Prevaratory )

2. Lower division Lower

3. Upper division ]

ly. TUpper division and graduate Upper

5. Graduate }Graduate

C. Student Credit Hours,

D. Weekly Student Hours of Classroom Instruction--the
number of hours per week, per student, that the course
meets for instruction in classrooms (lecture,
recitation/discussion, seminar).

E. Classroom Section Size--either the desired or the
maximum number of students per classroom section.
If a course is taught in such a way as to have class-
room sectionas of different sizes (e.g., lecture and
recitation/discussion groups), it should be treated
as two couraesd.

F. Weelkly Student Hours of Laboratory Instruction--the
number of hours per week, per student, that a course
meets in laboratories.

G. Laboratory Section Size--the desired or maximum number
of students per laboratory section.

H. Student Credit Hours of "other" instruction. (12,
Manual 6, p 75)

The data compiled on Kansas State's courses became more
involved than WICHE's recommendetion, primarily because courses
at Kansas State were taught in several different modes of
instruction and sach mode was often composed of several
different types of sections each requiring different types
or sizes of classrooms and class laboratories.

3.1.3 POSSIBLE SOURCES OF COURSE DATA.

The only data on courses contained in Kansas State's data

base was the line schedule. The line schedule data was

commiled to:

1. Make known the courses offered in each semester.

2. Make known how many sections of a course were to be
offered.

Make known the scheduled meeting times of each section
of each courase.

Be used in the grade recording and reporting process.
Be used in facilitles utilization reports.

There were basically two forms of the line schedule data available:

A8 3 I = Y
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1. Printed and published form used by students and
- advisors during enrcllment.

2. Punched card form containing additional information:
the number of students in each section and the room
number in which each section was taught. This
additional data was compiled towards the middle of
each semester for use in reporting and evaluating
facility utilization rates.

This data set was called "line schedule" because each line
on each page of the published form of this deta set corres-
ponded to one section of a course and contained all the data
given on that section. The basic "one line, one section"
organization was followed in the punched card form of the
line schedule data. The format of the punched card form of
the line schedule data and the data available on these cards
is given in the Appendix.

3.1.4 COURSE DATA COMPILED FOR KANSAS STATE.

The following data was complled on all courses taught in
the fall 1970 semester. The data elements listed are the
elements recorded in the machine processable form of the
course data. The format of this data is given in the
Appendix.

Course Number--A seven digit number assigned tc & course.

Digits 1-3-=Identify the department and college offering
the course.

Digit ) -~Identifies the level of the course. Different
levels of courses can be taken for various
kinds of credit (graduate, undergraduate).

Digits l-6--Tdentify the course within the department.
Digit 7 --Ordinarily courses are known by their six

digit number, but in the assignment of students

to sections of courses a seventh digit, the
"hidden digit", is appended to the course
number. This seventh digit indicates that the
assigmment routine is to assign each student
to one section of each different type (type

as indicated by the seventh digit).

Number of Modes of Instruction--See section 3.1.1.
Course Name--Self-explanatory.
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Credit Hours-~-Self-explanatory.
For sach mode of instruction for a course:

Number of Sectlion Types--Each mode of instruction of a
course usually requires several types of sections. This
is the number of different types of sections required
for a mode of instruction.

Number of Laboratory Rooms--In compiling the course data on
~sections requiring class laboratory space, the room
numbers of rooms used by each section were recorded.
This is the number of such rooms. For sections not
requiring class laboratory faecilities a zeroc was entered
here.

For each section type of each mode of instruction for & course:

Type of Section--This is a character appearing after each
course number, the "hidden" digit. These characters
designate different types of sections.

Section Size--This is the average section size in which sections
of a course have been taught or the average size set by the
administration.

Weekly Room Hours-~The number of hours each week the section
requires a fracility.

Number of Sections on Which Section S8ize is Based--The section
sizes in the course date were formed by averaging the
historic enrollments of sections of a course. This is
the number of sections averaged. It is used in the
sectioning rules.

Type of Facility--An "R" identifies the section type as
requiring a recitation (classroom) and an "L" identifies
the section type as requiring a laboratory (class
laboratory).

Evening op Daytime~~This identifies section types which
meet at night., An evening designation usually will
result in an extra mode of instruction being given for a
course. An "E" signifies evening and an "D" signifies
daytime. ‘

Indicated Class Laboratories--For those section types which
met in class laboratory facilities, the room numbers of
these rooms were recorded in this space.

3.4.5 METHOD OF COMPILING COURSE DATA.

Once the data to be compiled was decided upon, its
extraction from avajilable data sources could begin. The
procedure for compiling the course data was essentially a
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two step vrocess: CRSEDIT compiled initial values for the
course data and hand adjustments were made for situations
unforeseen when CRSEDIT was programmed. (A description of
the inputs, outputs, general algorithm, and other details of
CRSEDIT is given in the Appendix.) The remainder of this
section will explain the method used to compile each element
of course data and will detail the situations requiring hand
adjustments, explaining what changes in the course data were
necessary and why. As will be shown in section 3.3 this
method produced reasonable course data.

| Listed below are the elements of the course data and
the procedure followed to form each one. These procedures
wore primarily carried out by CRSEDIT.

Course Number--Derived directly from the records of the line
schedule data.

Number of Meodes of Instruction--This number was added to the
ata for courses tau n more than one mode. After the
hand adjustments were made most courses had only one mode

of inatruction.

Course Name--Derived directly from the records of the line
schedule data.

Credit Hours--Derived directly from the records of the line
schedule data.

Number of Section Types--This was computed by CRSEDIT. 3Some
modifications were made for some courses when the hand
ad justments were made. CRSEDIT made a test as each new
record was processed to determine if a new type of section
had been found for the current course. If a new type had
been found the value of the number of section types was
inereased by one.

Number of Le&borato Rooms-~This value was computed by CRSEDIT.
Some modifications were made for some courses when the
hand adjustments were made. As each type of section was
processed a facility requirement was determined from a code
on the room data cards. For sections requiring laboratory
roons, the room numbers they required were recorded. This
value lists the number of different class laboratory rooms
for each section type. The number of laboratory rooms for
each section is & vector of values, a value for each section
type requiring special-purpose facilities. Sections not
requiring special-purpose facilities had a value of zero
recordsd here.
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Type of Section--This was determined by CRSEDIT. As each
record of the line schedule data was processed and a new
section type was recognized, this character was stored.
This is a character appearing at the end of the course
number (the seventh digit).

Section 8ize--A section size was given in the data for each
goction. This value was summed over each section type of
each mode. The number of sections of a section type was
also determined. These two quantities were used to form
an average section size for the section type. For section
types with only one section having been taught, the
section size was set equal to the section size given in
the line schedule data.

Weekly Room Hours--Weekly room hours for each section were
determined by the procedure TIME in CRSEDIT. The value
of weekly room hours recorded in the course data was an
average over all sections of a common type teught in a
cormon time of day (daytime or evening). The procedure
TIME determined if a section met in the daytime or evening
and determined the nominal hours per week each section
met by finding the nominal hours per day and multiplying
it by the number of days per week. Sections sald to meet
for a nominal hour actually meet for 50 minutes with a
10 minute passing time. Some sections meet for more than
a nominal hour or an integer multiple there of. Conse-
quently the total actual meeting time for these sections
wag calculated and rounded to the nearesat half hour so the
section's weekly room hours would be on the same nominal
bagis as other sections.

An average value over all sections was recorded
because all sections of a common type for a course did not
always meet for the same nominal length of time. This
havpened in two situations. The first was when two cards
of the line schedule data were used to present ths data
for one section of a course (augments). Since CRSEDIT
was not able to recognize this situation it computed an
incorrect number of sections on which to base the average
weekly room hours. (An example was Gen Chem 1, 221110).
The other situation was two different lengths of meeting
times for sections of a common type. An example of this
was Arch Const, 105311, in which some sections met nine
nominal hours per week and others met eight.

Number of Sections on Which Sectlon Size is Based--This value
was increased by one as each new section of & common type
was recognized. It was recorded and set to one when & new
section type was encountered.

Type of Facility-=-This data element contained the classroom
or class leboratory requirements for & section type. There
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were two receiving fields, designated REC and LAB, for
this data element. As each section of the line schedule
data was oroceased, the room where the section met was
checked against the room data. If the section did not
require a room in the room data these fields were not
changed. If the room was a classroom, an "R" was put in
the REC field. If the room was a class laboratory, an
"L" was put in the LAB field. After all sections of a
common type were processed, the REC and LAB fields were
checked. If the fields were still blank (they were
initialized to blank), this signified that the section
type did not require any classrooms or class laboratories.
If one field was blank and the other contained an "R" or
an "L", then the fields signified the type of facility
required for the section type. If both an "R" and an "L"
were present, then this signified that some sections of

a common type met in classrooms and some in class labora-
tories. In this case the LAB field was changed to blank,
signifying that the section type did not require special
facilities. (If one section does not need special facilities,
then the other sections also do not require special
facilities.)

Evening of Daytime--An over punch in the starting time field
of e line schedule data signified that & section met in
the evening. Courses with sections meeting in both the

daytime and the evening were given an extra mode of
instruction--an evening mode. In making projections,
facility requirements for courses and modes of courses
meeting in the evening were not processed. (Facilities
demands in the evening can always be met since there are
so few evening classes.)

Indicated Class Laboratories~--The facilities requirements for
each section type were determined as explained under "Type
of Pacility" above. For section types requiring laboratory
space, the room numbers of the rooms indicated in the line
schedule data for these sections were recorded in this
space.

When CRSEDIT was programmed it was thought that kernel
and augment information would not be necessary to the process
of extracting course data from the line achedule. However,
after the output of CRSEDIT was available it was obvious that,
in a few courses,'adjustments which made use of kernel and
augment informaetion needed to be made. (This kernel and
augment information was made available in printed form from
the Office of Admissions and Records.) Additionally, separate
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modes of instruction also needed to be designated for sections
of courses taught in the evening. Examples of these situations
and the adjustments made for them follow.

Example 1. Two records of the line schedule data were used

to describe the two different meeting times of one section.
This caused CRSEDIT to act as if two sections were present,
each with different wesekly room hours. The result was an
erroneous number of weekly room hours. Augment information
was used to determine that the two records belonged together.
An example of this is Reliability and Quality Assurance,
course 550742.

Example 2. One section of a course met in the evening.

This caused CRSEDIT to make an extra type of section for the
course, requiring that all students in the course be assigned
to a daytime class meeting and an evening one. These courses
should have been taught in two modes of instruction: evening
and daytime. The course data was changed to show two modes
of instruction for courses in this situation. An example

was Audio-Visual Instruction, course [15602.

Example 3, Differences in section types within the sections
of a course were recognized by differences in the seventh
dig it of eeach course number of each line of the line schedule
data processed. Sometimes when augments were present, for
example, designating that all the students in one laboratory
were to all be in the same recitation, there was not a
different digit for the laboratory and recitation sections.
Thia caused CRSEDIT not to recognize the need for both recitation
and laboratory section types. The augment information was
used to determina the correct numbers and types of sections
for the course. An example of this asituation was General
Chemistry Laboratory, course 221110.

Example 4. A course was taught in several modes of instruction
and CRSEDIT was able to recognize this. An example of a
course with three modes of instruction was U. S. to 1877.
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Some students took this course as a lecture course, some
students took it as a recitation course, and some students
took it as a combination lecture and recitation course.

Before adjustments were made, CRSEDIT interpreted the course

as being taught in one mode of instruction with a typical
student taking one of four recitation sections of 62 students,
one of eight recitation sections of 22 students, and a lecture
section of 194. Adjustments were made using kernel information
so that a typical student would take the course in a lecture
section of 92 students,or a recitation section of 32 students,
or & lecture section of 19 and a recitation section of 22
students. FKernel information was used to separate the sections
of the course into their correct modes of instruction.

3.2 SECTIONING RULES.

Once course enrollments are projected and course data
compiled there still remains one other problem to be solved
before classroom and class laboratory demands can be projected.
This is the problem of determining how courses will be divided
into sections when course enrollments change from their
historical values. For example, if there is an increase in
a course's enrollment, will the increase be met by adding
another section or be met by distributing the increase among
the present number of sections?

The specific rules proposed by this investigation for
use in sectioning courses will now be presented. It must be
emphasized that these rules were selected arbitrarily; there
was no rigorous, logical derivation of them made. Their worth
is demonstrated in section 3.3 where the course data and
sectioning rules are validated. These rules are contained
within the logic of the program, DISTWRH, discussed in section 3.3.
RULE 1
Situation:

1. Only one section of a given type had been taught in the
past.

2. 'The historical section sigze as determined by the line
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schedule data was less than 80.

3. The projected enrollment for the section type was less
than 80. |

Rule: Project one section with enrollment equal to that of the
section type.

RULE 2
Situation:

1. Only one section of a given type had been taught in the
paat .

2. The historical section size as determined by the line
schedule data was less than 80.

3. The projected enrollment for the section type was greater
than 80,

Rule: Form two sections of equal sige.
Justification for Rule 1 and Rule 2:

In these situations there was no history of multiple sections
on which to base an &verage section size. Departments faced
with these situations made their declsions based on available
rooms, available faculty, level of course, etc., and their
method of making these decisions was not recorded. From a
strict facilities planning point of view there were no
specific rules found for determing sectioning rules under

the above conditions. A section size of 80 was arbitrarily
chos;n because & value was needed before the analysim could
continue.

RULE 3
Situation:

1. Only one section of a given type had been taught in the
past.

2. The historical section size as determined by the line
schedule data was greater than 80.

Rule: Project one section with enrollment equal to that of
the section type.

Justification:

Section types having been taught in large sections can
continue to be taught ih large sections. No provision was
made for determing if the projected section size was greater
than the maximum room size available. It may be possible

to modify these rules so they will consider maximum size of
available classrooms.
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RULE
Situation:

More than one section of a given type had been taught in
the p&st .

Rule: Generally speaking, divide the projected enrollment

into sections of size equal to the average section size
determined for the section type. However, dividing the
projected enrollment into sections of a certain average
sige presents some problems when the division can not be
performed exactly. Therefore the following procedure was
formulated. This procedure is presented schematically
in Figure 3.1.

1. Set a minimum section size. This is determined by
consulting a table and performing an operation upon
the appropriate entry. (See below for further details.)

2. Set the maximum section size equal to the average
section sige.

3., Divide the projected enrollment by the maximum
section sige and truncate the result to the nearest
integer value. This gives the initial value for the
maximum number of sections, MNS.

4. Multiply the MNS by the meximum section size and
subtract this value from the projected enrollment
to get & remainder.

5. If the remainder is greater than the minimum section
size increase the maximum number of sections by
unity; if not, leave it as it is.

6. Divide the projected emrollment by the maximum
number of sections to get the section size, 835, to
be projected.

7. Multiply this section size by the MNS and subtract
this from the projected enrollment to form another
remainder, R, ,

8. Project R sections of size 3S+1 and (MNS-R) sections
of sige S3.

Justification:

Step 5 determined if the remainder is large enough to justify
another section, If another section is justified, the section
size projected will be less than the average section size.

If not, the projected section size will be greater than

the average section size.

Not &ll sections can be the same size because the MNS does
not always divide evenly into the projected enrollment. In
cases where it does not, a remainder, R, is formed and
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[ INTITTALIZE:

MINSS

MAXSS

AVESS
PE

| MNS = INTERGER VALUE OF PE/MAXSS |

i

R, = (PE - MNS # MAXSS)

1
] .
<<m Hm§>>_{ws=ms¥ﬂ
ss

.

T
PE/MNS

R, = (PE - MNS # 88)
]

PROJECT:
R, SECTIONS OF 385 + 1

MNS - R2 SECTIONS OF 88

Where:

MINSS = minimum section size
MAXSS = maximum section size
AVESS = average section size

PE = projected enrollment

MNS = maximum number of sections
R1 = first remainder

R2 = gecond remainder

S3S = projected section size

Figure 3.1--Method used to section courses having histories
of multiple sections.
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distributed over the enrollment in the projected sections.
Thus R sections are increased by one and (MNS-R) sections
are left at section size SS. This distribution of the
remainder is performed in step 8.

The minimum section sige was determined by consulting a
table and performing an operation upon the appropriate

entry. The values of this table are listed below. This
table was available to DISWRH, discussed in section 3.3.

Index
Number Value
1 -5
2 -7
3 -15
In -18
5 -20
6 =25
7 ~30
8 -0
9 -15
10 -10
1 =20
12 =30
13 =l 0
1 =10
15 -50

To determine the minimum section size, the average section
size 1s divided by ten. This gives an index number for the
table above. If the index number is less than one, the
minimum section size is set to five. If the index number
is greater than 15, it is set to 15. The minimum section
aize is then set equal to the result of adding the value
in the table (corresponding to the previously determined
index number) to the average section size. The values
were inltially determined arbitrarily, but were later
adjusted to be consistent with available data. The above
values are the adjusted values.

3.3 VALIDATING THE COURSE DATA AND SECTIONING RULES.

The next step after compiling the course data and
formulating the sectioning rules was to demonstrate their
usefulness and validity. Since the course data was compiled
from fall 1970 date, & projection of the diatribution of
classroom hours made using the actual course enrollments, c ourse

data, eand the proposed sectioning rules should be similar to
the actual distribution which did occur. This section
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discusses how the actual distribution of weekly room hours was
tabulated and how a projection of classroom weekly room hours
was made and goes on to compare the two distributions.

3.3.1 ACTUAL DISTRIBUTION OF WEEKLY ROOM HOURS.

The actual distribution of classroom weekly room hours
was tabulated from the line schedule data., CUMDIST was the
name of the program written to do this. Using the room data,
CUMDIST processed each section to determine if it met in a
classroom, If it did, the section's weekly room hours were
calculated and added to the tabulation. If it did not meet
in a classroom, no changes were made in the tabulation and

CUMDIST started processing a new record.

In situations where sections of a common section type
met in both classrooms and class laboratories, only the sections
meeting in classrooms were counted in the actual tabulation.
In the same situation the course data would have caused the
class laboratory sections to have been projected as classrooms.
The justification being that if one section of & section type
did not need special facilities then neither did the other
sections. The actual distribution also included evening classes
in the tabulation where, in the same situation, the course
data would have not.

Listed in the Appendix with the description of CUMDIST
is the output CUMDIST produced. Listed there is the tabulation
by section size (in increments of one from 1 to 350) of the
following: '

1. Classroom weekly room hours.

2. Cumulative classroocm weekly room hours.

3. Classroom weekly student hours (WRH multiplied by
section enrollment).

i, Cumulative claassroom weekly student hours.
3.3.2 A PROJECTION USING THE COURSE DATA AND SECTIONING RULES.
To test the course data and the sectioning rules a program
(DISTWRH) was written. It made projections of weekly room
hours for classrocms and class laboratories. It used the




37

course enrollments for fall 1970 as input, converting these
course enrollments into facilities requirements by using the
course data and the sectioning rules. The output was a
distribution by section size of the weekly room hours projected
for classrooms and a distribution by section sige and department
of weekly room hours projected for class laboratories.

Class laboratory weekly room hours were projected by this
program, but they were not tested against the actual weekly
room hours for class laboratories. (Since class laboratories
are under the direct control of departments, they are the ones
in the best position to determine class laboratory requirements.)
The line schedule data was never meant to contain all of the
information needed to determine class laboratory requirements.
The line schedules data could indicate that a class laboratory
was held, but it could not indicate that a given class
~laboratory room could be used by only one course or by several
courses in a department. Without knowing specific claas
laboratory requirements beyond those impliecit within the line
schedule data, it is impossible to determine exact facility
requirements.

DISTWRH utilized the data used to form the ICLM as its
source of course enrollments. Each record of the ICLM contained
not only the identifying row and column index and corresponding
element, but also the total number of students used in fofming
each element. By summing the number of students contained
on each record over all records for a course, a figure for the
course's fall 1970 enrollment could be determined. However,
this number was not exactly the same as the number given by
the line schedule data and used in the compilation of the
actual distribution of weekly room hours. The difference was
the result of changes which occurred in course enrollments
between the time the line schedule data was produced and the
time when the grade tape was produced.
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DISTWRH used the following procedure to generate the
distribution of weekly room hours.

1. Determine a course enrollment and find the course
data for this course.

2. For courses with more than one mode of instruction,
proportion the course enrollment between the separate
modes of instruction. Use the same proportion as
determined from the historical enrollments contained
in the course data.

3. PFor each section type of each mode of instruction
which requires classroom space, project the appropriate
number of weekly room hours of classroom space as
determined by the course data and the sectioning rules.
The number of weekly room hours projected is then
added to the weekly room hours for the appropriate
gsection size. Weekly room hours are computed by
multiplying the weekly room hours in the course data
by the number of sections projected. '

4. After all courses have been processed the distribution
of weekly room hours for classrooms is then printed
out and also punched onto cards. The distribution
for class laboratories is also printed by this program
but, as was explained above, nothing further was done
with this distribution.

Table 3.1 lists some of the courses for which projections
were made. For each of these courses the size of each section
oprojected is listed with the size of each section listed for
the course in the line schedule data. This was done to
demonstrate that DISTWRH does, indeed, make projections
similar to the apparent manner in which courses were intended
to be taught.

3.3.3 EVALUATION OF PROJECTED DISTRIBUTION OF WEEKLY ROOM HOURS.
Using the course enrollments for fall 1970, the course
data, and the sectioning rules, DISTWRH produced a distribution,

by section size, of weekly room hours. CUMDIST determined
the same distribution from the actual historic data, the fall
1970 1line schedule data. Figures 3.2=3.5 give histograms of
the weekly room hours for various section size intervals. In
each figure the actual and the projected values are given
side~by=~-side. The difference between these four figures is
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Figure 3.3«-Distribution of weekly room hours
in intervals of 15 from 0 to 195.
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PFigure 3.4--Distribution of weekly room hours
larger sections in intervals of 25.
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Pigure 3.5--Distribution of weekly room hours
for larger sections in intervals of 50.
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the scale used for the ordinate and the interval used for the
section size. The data for Pigures 3.2-3.5 is presented in
Tables 3.2-3.5. The deta for these tables came from the
output of CUMDIST and DISTWRH and is listed in the Appendix
with these prégrama.

Pigure 3.2 shows that the shapes of the projected and
actual distributions are very close for smaller (less than 80)
section sizes. FPigure 3.3 compares the distributions using
a larger section size interval and a larger range of section
.8izes then Figure 3.2. The distributions in Figure 3.3
appear to be about the same for section sizes up to 180.

It is difficult to determine from Figures 3.4 and 3.5
if the projected and actual distributions are alike in the
over 175 section size range. Since sections requiring class-
rooms in the over 175 section size range were of some concern
to University administrators, a close examination of the
reasons for the differences in the distributions was in order.
Table 3.5 lists the courses which, in either the line achedule
data or the projected data, have sections of size greater
than 175. Not all sections of a course are listed in this
-table. Only the sections for section types requiring large
gsections, over 175, are listed. Both the projected and actual
sizes of sections are listed for each course. Weekly room
hours required for the section type are also given. Comments
are given in the footnotes of Table 3.6 explaining why a
difference occcurred and telling what has to be done to correct
it. Figure 3.6 gives the corrected distribution for the
over 175 section size range, and Table 3.7 gives the data
for this figure.

After the adjustments in Table 3.6 were made, a close
examination of it revealed that, in most cases, the differences
in section sizes weredme to the differences in the enrollments
in courses as given by the line schedule data and the data
used to form the ICLM., The manner in which the course data



TABLE 3.2

DATA FOR FIGURE 3.2

Section WRH
Size
Interval Actual Pro jected
1- 5 165 215
6= 10 349 340
11- 15 L8l 392
16- 20 617 668
21=- 25 833 957
26~ 30 533 506
31- 35 228 152
36- 4o 170 140
41- 45 137 208
h6- 50 113 98
51= 55 - 90 77
56« 60 69 71
61- 65 49 22
66=- 70 29 Iy
71~ 75 12 17
76- 80 46 38
81~ 85 30 1

L9



TABLE 3.3

DATA FOR FPIGURE 3.3

Section WRH
Size
Interval Actual Projected
1- 15 998 9L.7
16- 30 1983 213
31- 45 535 500
6~ 60 272 246
61- 75 90 80
76= 90 107 82
91-105 95 54
106-120 56 76
129-135 29 13
136-150 (3 22
151-165 15 I
166-180 2l y2
181-195 L9 11



TABLE 3.4

DATA FOR FIGURE 3.4

Seetion WRH

Size
Interval Actual Projected

76=100 169 117
101=-125 91 98
126~150 3h 32
151-175 28 39
176-200 67 Uy
201 =285 21 23
226=-250 7 10
251-275 14 27
276-300 6 i
301-325 9 1
326-350 11 0

51



TABLE 3.5

DATA FOR FIGURE 3.5

Section
Size

Interval Actual Projected
101-150 125 130
151-200 95 83
201-250 29 33
251-300 20 N
301-350 20 1

52



TABLE 3.6

COURSES WITH SECTION SIZES OF OVER 175 IN EITHER
THE ACTUAL OR PROJECTED DISTRIBUTIONS OF WRH

=== Value removed from diastribution
Value added to distribution

Course Course Actual Projected

Number Name WRH Section Size Section Size

025902 PR ANI SCI 3 250 2l

035100 AGRI SOCIETY 2 296 281

105270 ARCH GRAPH 3 183 174

110101 LAND DESIGN 3 181 170

209195 SUR ART HIS 3 225, 25 199

215200 PUB HLT BACT 3 257 256

215205 GEN ZOOL L 2 179, 151 163, 163

215210 GEN BOTANY 2 179 177

229210 CHEMISTRY I 3 192,204,153, 170, 171, 171, 171

221230 CHEMISTRY IT 3 197 1703948 208

229370 BOOKS MEN I 3 160, 56 218°, 117, 57

241251 U. 8. to 1877 2 194 179

245010 TINTERM ALG L 2 280 260

245100 COLLEGE ALG 2 323, 356, 347 478, gzgc, 318,

318, 319

245150 PLANE TRIG R 2 256 2440

245220 AN GM CALC 2 2 268, 26l y70%, 235, 235

245222 AN GM CALC 3 2 206 196

259470 INTRO LOGIC 3 176 151

265101 MAN P WLD 1 3 187,182,183 176, 176, 176,
' 179 - 176

265291 GEN PHYS I L 1 314 317

265310 ENGR PHYS I 1 195 192

273190 GEN PSYCH 3 268,313,317 271, 271, 271,

329,331,96 272, 272, 272
273405 ABNORMAL PSYCH 3 204 201



TABLE 3.6--Continued

Courase Course Actual Projected
Number Name WRH Section Size Section Size
273420 PERSNLTY DEV 3 232 238
277211 INTRO SOC 2 221 249
3 184,181,153, 202, 202, 202,
184, 190 205

278200 INT CUL ANTH 3 182,218 197, 198
284105 ORAL COMM I 91 205,246,275 260, 260, 260,

| 285,266 260
281106 ORAL COMM TA 1 284, 284° 285, 285
285320 EL STATISTIC 3 3ot 11 sections of 41
305275 FUND ACCTG L 2 220, 196 205, 205
405616 EDUC S0C L 1 178 178
530115 ENGG ASSEM 1 203 - 205
560115 ENGG ASSEM 1 193 196
610131 SOCIO ECON 2 191 189
611101 DES GONT LIV 3 184, 184 183, 183
620250 HUMAN REL 1 196, 191 192, 192
640133 FOOD FOR MAN 2 192, 42, 46 91, 91, N
650110 INTRO HE 2 198, 202 198, 198

5k
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FOOTNOTES TO TABLE 3.6

®The number of students used in projecting facilities
requirements for this course was inflated because not all
the students counted in the enrollment, &s supplied by the
ICLM date (see section 3.3.2), took the course in the same
way. Part of the students, 208 of 374, took the course and
used the facilities projected for it. The other 166 students
received credit for the course by "quizzing out" of Chemistry I,
and this 13 why they were included in the enrollment. However,
these "quiz out" students used facilities projected for
Chemistry I (they were handled as & separate mode of instruction
for Chemistry I). The enrollment used for the projection was
changed to 208 and the projection made egain with this adjust-
ment considered.

bThis course should have had an evening mode of instruction
provided for it in the course data, However, since this extra
mode was not present, DISTWRH projected ocne lecture section
of 218 and one evening section of 218. After an evening mode
of instruction was provided for this course, the projection
was one lecture section of 117 and one evening section of 57.

®The section sige used for & minimum was set too large
for this section size range. Consequently, two very large
sections were projected. After the value of =250 was set for
an index number of 34 (see section 3.2 for a discussion of how
minimum section sizes are determined), the projection was made
again with two lecture sections of 318 and one lecture section
of 319 projected.

dThe section sige used for & minimum was set too large

for this section size range. Conséquently, one very large
gection was projected. After the value of =150 was set for
an index number of 26 (see section 3.2 for discussion of how
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minimum section sizes are determined), the projection was
made again with two lecture sections of 235 projected.

°Apparent1y a card for one section of this course was
missing from the line schedule data. For comparison purposes
a section of 28l was added to the actual distribution.

rAn apparent keypunch error on a card in the line
schedule data caused this large number., This value was
eliminated from the actual distribution.



WEEKLY ROOM HOURS

Figure 3.6==~Distribution of weekly room hours, in
intervals of 50 for larger section siges, after the
ad justments explained in Table 3.6 were made.
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TABLE 3.7

DATA FOR FIGURE 3.6

Section
Sigze

Interval Actual Projected
1549-200 95 83
201=250 29 37
251-300 21 31

301-350 17 7
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and the sectioning rules sectioned the courses was, indeed,
congistent with the way the courases were sectioned in the line
schedule. The conclusion drawn is that the course data and
sectioning rules can be used to project classrooms in this
section size range, and, from an overall point of view, the
sectioning rules and course data can be used to determine

the classroom requirements for courses with sections in all
section size ranges.



CHAPTER L

RESULTS AND GONCLUSIONS

4.1 TINTRODUCTION. ‘

Course data was compiled and sectioning rules were formed
to enable the ICLM to be used to project classroom demands
for a student population. The course data was compiled not
with the intent of compiling the most sophisticated data
possible but with the intent of compiling date which would be
an initial data base in a continuing process of data compilation
and refinement. An arbitrary set of sectioning rules was
formed to enable a projection to be made, but it was not the
purpose of this investigation to form an optimal set of rules.
The ebjectives of the investigation were to demonstrate that:

1. An ICLM could be formed using data contained within
Kansas State's data base.

2. Data on course facility requirements could be
extracted from Kansas State's data base.

3. The method presented for projecting classroom require-
ments for a student population was reasonable and
valid.

4.2 THE INDUCED COURSE LOAD MATRIX.

Chapter 2 describes how an ICLM was successfully constructed
from Kansas State'fs data base. The matrix constructed fulfilled
the expectations of the investigation. However, as was noted
in section 2.1.4 there remain several guestions of interest
which require further study and examination.

This investigation did not disclose any analytical or
theoretical problems in constructing an ICLM: the construction
of the matrix was suprisingly straight forward, and the
utiligation of an ICLM shows promise of being a useful tool of
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educational administrators. The concept of an ICLM warrants
further theoretical investigation and, most importantly,
continual refinement and evaluation of the elements of the
matrix. _

The first priarity for further investigation should be
to show that, with a distribution of the student body in the
aggregation expected of a projected enrollment, the ICLM can
be used to give reasonable course enrollments. This can be
done by using the ICLM with enrollment date for a fall
semester other than 1970 in an attempt to generate course
enrollments for that semester. Comparing these course enroll-
ments with the actual enrollments should prove the worth of
the matrix.

If further investigation is to be done requiring
construction of more matrices, serious consideration should
be given to incorporating CURRCOU into ONE and to re-writing
the programs to operate in & more efficient fashion
(efficient from a data processing point of view with re-
programming emphasis on the input-output instructions of the
computer programs).

4.3 THE COURSE FACILITY REQUIREMENTS DATA.

Course data and its compilation were discussed in section
3.1. There were two reasons for compiling this data. The
first was to provide data to be used in demonstrating and
validating the procedure for projecting classroom requirements.
The second was to provide an initial data base for further
data compilation and refinement, should Kansas State's
administration elect to contimie investigating methods of
projecting facilities requirements. The method used to
compile the course data was secondary. The main point to be
made is that data on the facility requirements of courses was
assembled and that this data eccurately represents the
classroom facility requirements of courses.
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The course data was compiled from the line schedule
data. The line schedule data contained the implicit
intentions of faculty and administrators concerned with
determining course facilities requirements. It contained
the results of their deliberations and compromises. What
it did not contain and consequently the course data did not
contain were their explicit free-choice preferences for
facilities. This kind of information can only be determined
by some sort of poll of the faculty and administration.

After the course data was compiled several observations
could be made:

1. Basic classroom facility requirements for courses were
successfully assembled from the line schedule data.

2. Programming the compilation of the course data was
hampered by not knowing all the special cases which
could arise. (An example was the need for kernel
and augment information.)

3. Even though the line schedule data was never meant
to be used as it was in this investigation, it was
possible to extract its information on course facility
requirements.

lf. The compiled course data could be used as & base for
further refinement of course facility requirements.

If more investigation necessitating the use of course
facility requirement data 1s contemplated three recommendations
are made: '

1. Data on altermative course facility requirements
needs to be compiled. _

2. Procedures must be formed for continually reviewing
and up-dating course facility requirements.

3. Consideration should be given to compiling course
facility requirements for space other than classrooms.

4.4y THE SECTIONING RULES.

The sectioning rules were ekplained in section 3.2. It
must be emphasized that these rules were selected arbitrarily
to make the projection procedure possible, and, as was
presented in section 3.3, they successfully did this.
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Sectioning rules are influenced by such factors as faculty
and administrative preferences, available fecilities, and,
most importantly, by budgetary considerations. The sectioning
rules may be viewed as parameters of the projection procedurs
subject to the control of administrators.

.5 VALIDATING THE COURSE DATA AND SECTIONING RULES.

Section 3.3 demonstrated the procedure for projecting
a distribution of classroom weekly room hours from a student
population. The demonstration was made to validate the course
data and the sectioning rules. An actual distribution of
classroom weekly room hours for the fall 1970 semester was
amassed., Section 3.3.3 compared the actual distribution of
clagssroom weekly room hours with the distribution formed
when the procedure was demonstrated using fall 1970 student
enrollments. As was expected, the procedure successfully
duplicated the distribution of weekly room hours, validating
the courses data and sectioning rules.

This was the simplest possible fashion in which to teat
the procedure. However, it would be interesting to make a
projection (starting with a distribution of the student
population) of the distribution of classroom weekly room
hours for another semester, for example the fall 1971 semester.
If this projection were made using the present (fall 1970)
ICLM, sectioning rules, and course data and compared with
the actual distribution for this other semester, more conclusive
evidence on the merits of the projection method would be
available. It is recommended that this test be included in
any further investigation of this projection method.

.6 SUMMARY OF RESULTS.

The vrocedure studied in this investigation produced &
distribution of weekly room hours of classroom space from a
distribution of the student population. Further work needs
to be done to convert this distribution of weekly room hours
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into actual numbers and sizes of classrooms, and work needs
to be done to evaluate present facilities in the light of
projected weekly room hours. At the other end of the procedure,
work has to be continmued on schemes to accurately project
student enrolliments. The procedure described in this report
can be used to solve part of the problem of determining
facility requirements for a student population.

The results of this investigation are:

1. Kansas State's data base contains information which
can be used to construct induced course load matrices.

2. The conastruction of an induced course load matrix
for Kansas State is a feasible undertaking,

3. The usefulness of an induced course laed matrix
for predicting classroom facilities requirements
has been demonstrated.

li. Classroom facility requirements for courses were
determined from available data.

5. Alternative facility requirements for courses need to
be compiled.

6. Procedures for centimually reviewing and up-dating
course facility requirements and the elements of the
ICLM should be implemented.

7. It has been successfully demonstrated that realistic
digtributions of classroom weekly room hours can be
produced when the procedure described is used in
conjunction with the course data compiled and the
sectioning rules formed.
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ONE
PURPOSE--This program was written to edit course, curriculum,
and level data from the grade tape and to write this information
onto a direct access data set.
METHOD-~Curriculum and level designations for each student
were determined from the short student master on the grade
tape, and the courses each student took were determined from
the course files. A reccrd was written onto NEWTAPE for each
course each student took, Each of these records contained
course, curriculum, and level data. The procedure used to
determine the level designation for a student is explained
in section 2.2.1.2.
INPUT--The only input for this program was the grade tapes,
documented in Apvendix B. The JCL for the grade tape as used
in this program is listed at the end of the program listing
(G0, ORGTAPE).
OUTPUT=--The output of this program was written onto & direct
access data set, NEWTAPE. A record of NEWTAPE contained the
following information:

Bytes:

1=6 Course Number.
8-10 Curriculum Number.
12 Level.

13-19 Sequence number of record as given by ONE. This
value was used only for padding the record to
reach minimum record length.

This record was written with the following PL/1 format:
(P19999991,X(1),P'999",X(1),P'9',F(T7));

The JCL requirements for NEWTAPE are listed at the end of the

program listing (GO.NEWTAPE).



DECLARE
VARTABLES

ON
ENDFILE
(ORGTAPE)

NO

_YES

DETERMINE

ON |
CONVERSION

OPEN
FILES

INITIALIZE
VARTABLES

READ
RECORD ON
ORGTAPE

GET CLASS

CURRICULUM.1i

{(START NEW |
STUDENT)

LEVEL

DETERMINE
LEVEL

<

RE~
INITIALIZE
FOR NEW
COURSE

READ -
RECORD
ORGTAPE

OLD

OLDCOURSE=
COURSE

GET NEW
COURSE
FROM RECORD

CURRICULUM

OUTPUT
COURSE

LEVEL

GET SSN
START |
PROCESSING

NEW COURSE

SSN

OLD

A.1--Flowchart of program ONE.
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CURRCOU

PURPOSE-=-This program was written to determine the number of
students in each curriculum and level catsgory. This information
was necessary for the formation of elements of the ICLM. This
deck was used by ICLMOPY and ICLMOP2. (See section 2.2.2.)
METHOD-~This program read the short. student masters on the
grade tape and tabulated the number of students in each
curriculum and level category. It produced a punched-card
deck as output.
INPUT==The only input for this program was the grade tape,
documented in Appendix B. The JCL for the grade tape as used
in this program is listed at the end of the program listing
(GO .ORGTAPE) .
QUTPUT=-=-A deck of punched-cards recording the number of
students in each curriculum and level category. This deck
contained the elements of the following data structure:

1 CUR_INDEX(999,2),

2 CURCOUNT FIXED(5) INITIAL((1998) 0),

2 ALPHCUR CHARACTER(3) INITIAL ((1998)(1)' 1),
The elements were initialized as above, but as the tebulation
was performed, the appropriate element was indexed accordingly.
CURCOUNT contained the count for a category and ALPHCUR
contained the curriculum's abbreviation. Referencing an
element of the data structure by a curriculum and level number
gave the aporopriate count or alphabetic code for & curriculum.
For example, CURCOUNT(211,1) would give the number of level
one undergraduate art students.
This daéta structure was punched with the following PL/1 code:

DO I= 1 TO 999;

DO I= 1 TO 2;

PUT FILE(PUNCH) EDIT(I,J,CUR_INDEX.ALPHCUR(I,J),

CUR_INDEX.CURCOUNT(I,J))(X(8),F(3),F(1),A(3),F(5));
END; '
END;



DECLARE

VARIABLES

an QUTPUT
>y CURRICULUM

FINISH ‘ COUNTS

ON ( END )

CONVERSION

ON

ENDFILE

(ORGTAPE)

INITIALIZE
VARTABLES ;

READ
RECORD
ORGTAPE

Figure A.2~~Flowchart of vrogram CURRCOU.

GET
CLASS
CURICULUM

DETERMINE
LEVEL

‘TABULATE

CURRICULUM
AND LEVEL
COUNTS

OLDSSN=33N
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ICCMOP1

PURPOSE--This program was written to form the elements of the
ICLM and to print the matrix by course.

METHOD--The basic procedure followed was to count all the
records of one category {same course, same curriculum, and
same level), form an element of the ICLM (divide this count
by the total number of students in the curriculum level
category), write the element of the matrix onto direct access
storage, and print the element of the matrix in course order
(print the matrix by row).

INPUT=«Input to this program consisted of one direct access
data set and three punched-card data sets. These data sets

wére:

1. Output from ONE sorted by course and, within each
course, by curriculum and level. The contents of this
data set are described in Appendix B under "Back-up
Tape--Data Set 1". The JCL requirements for this
data set are specified at the end of the program
listing (GQ.SORTED).

2. Curriculum counts given by CURRCOU. These curriculum
counts are described in the program description for
CURRCOU.

3. Department abbreviations for use in the printed output.
The data for the department abbreviations consisted
of the three diget department number and the five
character department abbreviation. This data was read
with the following PL/1 statement:

GET EDIT(J,DEPT_INDEX(J))(X(10),F(3),X(2),A(5));

where J is the department number and DEPT_INDEX(J) is
the department abbreviation. (The above PL/1 statement
was executed four times per punched-card.)

L., Title cards consisting of identifying data which is
to be printed with the output. This can be any number
of cards as long as the last card is (starting in cc 1)
"END DATA". These cards are read and printed with the
foll owing PL/1 statements:



80

DO WHILE(TITLE+4= 'END DATA!');

GET EDIT(TITLE)(A(80));

IF TITLE = 'END DATA' THEN GOTO SKIP;

PUT SKIP EDIT(TITLE)(X(17),A(80));

SKIP: END;
QUTPUT-=0utput for this program consisted of the following
items:

1. A listing of department abbreviations.

2. A listing of the title cards.

3. A listing of the curriculum counts.

k. A print-out of the ICLM by course.

5. The ICLM on direct access storage. The format of
records of this date set is explained in Appendix B
under "Back-up Tape--Data Set 2". The JCL requirements
for writing the ICLM onto direct access storage are
given at the end of the program listing (GO.CURPROC).

A sample print-out for the ICLM listed by course is given
in Figure A.3.
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( curour ) | ( courour )

FINISH
DATA FOR CALL
DECORD OF CUROUT
TCLM
WRITE WRITE DATA
RECORD OF FOR NEW
TCLM COURSE

RE- RE-
INITIALIZE INITTIALIZE
VARTABLES VARIABLES

‘ RETURN ’ ‘ RETURN '

Figure A.4 --(Continued).
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ICLMOP2

PURPOSE--This program was written to print the elements of

the ICLM in curriculum-level order.

METHOD-=The elements of the ICLM written onto direct access
storage by ICLMOP{1 were sorted by curriculum and level and,
within e&ch curriculum and level category, by course. 1t was
this new, sorted data set that was printed by this program,

The program recognized when & new curriculum was being processed
and identified each new curriculum in the output.

INPUT==
1.

2.

3.

Curriculum counts-~These cards are explained in this
Appendix under "“CURRCOU",

Title cards--These cards are explained in this
Appendix under "ICLMOPY",

Departmental abbreviations--These cards are explained
in this Appendix under "ICLMOP1".

Curriculum names--~These cards gave the full name of
each curriculum., They were used to identify sections
of the output and are listed with it. These cards
were read with the following PL/1 statement:

GET SKIP EDIT(I,CURNAME(I))(X(6),P(3),X(3),A(39));

where I is the three diget curriculum number and
CURNAME(I) is the complete curriculum name.

ICLM==This was the ICLM on direct access storage.
The JCL for this data set is given at the end of the
program listing (GO.CURPROC). The format of records
of this data set is explained in Appendix B under
"Back-up Tape-~Data Set 2".

OUTPUT-=0utput consisted of an echo-check of items 1~} above
and a listing of the ICLM by curriculum and level. A sample
of this output is given in Figure A.S5.
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CRSEDIT

PURPOSE-~This vrogram was written to edit course facility
requirement data from the line schedule data (see section 3.1.5).

METHOD=-~This program processed each record of the line schedule
data sequentially, detorminihg the required course data.

INPUT =~
1.

2,

OUTPUT=
1.

2.

Room data~-These cards are explained in Appendix B
under "Room Data',

Line schedule data--These are the line schedule cards
as explained in Appendix B under "Line Schedule Data'.
These cards were available to this program on direct
access storage. The JCL for this data set is given
at the end of the program listing. The records of
this data set consist of 80 character card images of
each card in the line schedule data.

The edited course data was written by this program onto
direct access storage. The JCL requirements for this
data set are given at the end of the program listing
(CRSDATA).

A print-=out of the line schedule records for each
course and the course data compiled on each course.
A sample page of this output is given in Figure A.7.

COMMENT-=This output data set was later punched onto cards for
hand adjustments (see section 3.1.5). The final form for the
course deta is explained in Appendix B under "Course Data'.
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Figure A,7--A sample page of the output of CRSEDIT
showing the line schedule data for each course and the
course data compliled on each course.
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DISTWRH

PURPOSE~~This program was written to use the sectioning rules
and course data to divide courae enrollments into sections
of courses and to form a distribution of weekly room hours
for the projected sections. (See section 3.3.2 for further
details.)

METHOD--The program reads the course data for & course and
then uses the ICLM date (see section 3.3.2) to determine an
enrollment for it. The progream tabulates distributions of
clagssroom and class laboratory weekly room hours and prints
these distributions after all courses have been processed.
The program consists of two main parts: The sectioning of
courses and the orinting of the distributions.

INPUT=w

1. Minimum section sizes-~(The use of these cards is
explained in section 3.2.) These cards are read with
the following PL/1 statement:

GET LIST(N);
GET SKIP EDIT(SECMIN(I)})(X(5),F(5)):

where N is the number of index rumbers and SECMIN
is a vector of values for the respective index
numbers.

2. Department abbreviations--These cards are explained
in this Appendix under "ICLMOP1".

3. ICLM=-This is a direct access data set. Its contents
are explained in Appendix B under "Back-up Tape--Data
Set 2". The JCL requirements are given at the end of
the program listing.

L. JCL svecifying the card punch--The JCL used in the
program is given at the end of the program listing.

QUTPUT ==
1. Echo check of departmental abbreviations,
2. Echo check of section minimums.

3. Description of how each course was sectioned. A
sample of this output is given in Figure 4.9.
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4. Distribution of classroom weekly room hours., This
is a listing and a deck of punched-cerds. The cards
are punched with the following PL/1 statement:

PUT FILE(PUNCH) EDIT((I,RECDIST(I) DO I= 1 TO 351))
(L(F(B),2Fr(6)));

where I 1s the section size and RECDIST is the
distribution of classroom weekly room hours. The
listing of the distribution used in the comparison
of the actual and projected distributions is given
in Figure A.10.

5. The distribution of class laboratory weekly room hours.
This distribution is broken down by department. The
distribution for each department is listed with the
printed output and written onto direct access storage.
The record written onto direct access storage was
written directly from the following PL/1 data structure:

1 LABDISTOUT,
2 LNUMBER FIXED BINARY(15),
2 LDEPTNAME CHARACTER(S),
2 LABDIST(52),
3 LABWRH FIXED BINARY(15),
3 LABWSH FIXED BINARY(15),
where
LNUMBER is the department number,
LDEPTNAME is the department abbreviation,

LABWRH 1s the distribution of class laboratory
weekly room hours,

LABWSH is the distribution of class laboratory
weekly student hours.

The JCL requirements f'or this data set ére given at the end
of the program listing.
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CUMDIST

PURPOSE=-This program was written to tabulate the actual
distribution of classroom weekly room hours as given by the
line schedule data. (See section 3.1.1.)

METHOD-~This program processed each record of the line schedule
data and determined the weekly rcom hours required for that
section. Only classroom weekly room hours were counted in

the distribution of weekly room hours formed by the program.
After all records were processed it printed this distribution.
INPUTw-

1. Room data--These cards are explained in Appendix B
under "Room Data."

2. The line schedule data -on direct access storage.
A record of this data was an 80 character card image
of a card of the line schedule data. The card form
of the line schedule data is explained in Appendix B
under "Line Schedule Data.'" The JCL requirements
for this data set are given at the end of the program
listing (GO.CRSCDSC).

OUTPUT--A printed distribution of the actual classroom weekly
room hours. A sample of this output is given in Figure A.12.
This sample output isg the distribution used for comparison in

section 3¢ 3¢
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DECLARE ggggﬁgng €<
VARIABLES : (ggscnsc)

ON | PRINT NO
ENDFILE )TAGTUAL —<
(CRSCDSC) DIST.

- YES

- CALL
( END ) ROOM=
CONVERSION SEARCH

ON YE
ENDFILE INDEX=9999
(ROOMS)
NO

OPEN

FILES
READ AND
PRINT g?ﬁg
ROOM DATA
%gDPAGE TABULATE
(SYSPRINT) WRH

Figure A.{3~--Flowchart of program CUMDIST. The
flowcharts for procedures TIME and ROOMSEARCH
are given in Figure A.8
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CUMDIST

SOURCE LISTING
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GRADE TAPE

This was a tape provided by the office of Admissions
end Records and used at the end of a semester for printing
student grade reports. The fall 1970 tape was used in this
investigationa.

This tape containgd two different record formats.

One was a short student master and the other was the class
file (grade report). One short student master was given for
each student and one class file was given for each section of
each course the student took. Students were arranged on the
tape in order of assending social security numbers.

The JCL necessary to used this tape follows:

c

C

1

//ddname DD DSN=0RGTAPE,UNIT=TAPE7,DISP=(SHR,DELETE),
// VOL=SER=18851,LABEL=(,BLP),

// DCB=(LRECL=81,BLKSIZE=1215,RECFM=FB, DEN=1
// TRPCH=TE)

These records can be read just as punched-cards since each
data element is in its character representation. The format
follows.

CLASS PILE

Bytea:
1= 9 Social security number

10-28 Student name
29 School
30 Class
31-32 Rlank
33=-38 Course number
39 Type code
L 0=43 Line number
Uy =55 Course name
56=57 Credit hours
58-63 Days of week
bl=67 Hours from
78=71 Hours to
72=76 Room number
77=80 Blank

81 Record mark



Bytes:

1- 9
10-28
29
30
31
32452
:
5557
58
59«60
61
62-6
65=6
67-68
69-71
72-73
7l
75-77
78-79
80
81

135

SHORT STUDENT MASTER

Social security number
Student name

School

Class

Residence code

Blank

Master tag
Assigmnment tag
Numerical curriculum
Veteran

High school

Sex

Date of entry

High school rank
Transfer college
City code

Year of birth

Dual curriculum
Alphabetic curriculum
Blank

WD code

Record mark



ROOM_DATA

This was a deck of punched-cards used in University
facility utiligation and review studies. It contained
information on classrooms and class laboratories.

The only information contained on these cards and used
in this investigation was room number and room type codse.
The following information was given by each card:
Characters:

1-10 Cavacity
11-13 Room type code

14-29 Building name
30=132 Building code number
33-39 Room area
0=l 2 Department code
43-71 Blank - '
72=77 Room number
78=-79 Blank
80 Minus sign

These cards were listed on the print-outs of each
orogram which used them. A listing of these cards is given
in Figure B.1.
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INPLT RCOM DATA

1021CANDERSON HALL oCl 192331 A 201lC -
J03SCANCERSUN HALL oclL 1541311 A 2114 =~
J0350ANNERSON HALL ool 754311 A 2219 =~
20ZLCART ANNEX oas 92€3cC9 AAlOL L
152104RT ANNEX oeé T453C% AAlD2 -
32210WEBER HALL 004 105G2C4 All03 -
29711CwWEBER HALL acs 2475 alior -
S5021CWEBER HALL 0C4 14499204 Alk22 et
56110WEBER KALL go4  CcCeal ALL29 -
8111CwWEBER HALL 004 1057 Al230 =
3Z2CAUDITORILM 143 256 aulol =
3220AUCITURIUM 133 176 Auloz -
4011 CAUDITURTUM 133 1042 . AUL0S =
13522CAUDITORILM 123 1503 . Au201 -
17022CAUGTTURIUM 123 1903 AL204 =
2411CBI0 SCIENCE 136 346 B5105% =
26¢11CHI0 SCIENCE 136 346 B5106 =
4021C810 SCIENCE 136 136431C BS112 =
40210810 SCIENCE 136 1393310 BS11l4 =
6011CB10 SCIENCE 136 B4a BSile -
17411CRIO SCIENCE 136 2269 BSL20 =
40210BIC SCIENCE 136 1412310 85121 -
4021CRIN SCIENCE 135 1373310 85123 =
B421CBI0O SCIENCE 136 J15231¢ #5219 =
LOS110BIC SCIENCE 136 1259 Bs221 *
2021CBID SCIENCE 136 815310 BS226 =
2021CBI0 SCIENCE 125 15310 BS227 =
40210810 SCIENCE 136 1411310 85228 =
4LG210BT0C SCIENCE 136 1381310 B5230 -
20210810 SCIENCE 13 T95310 85319 -
20210RB10 SCIENCE 136 B35310Q BS321 =
2021CBIC SCIENCE 136 815310 BS322 -
20210610 SCLENCE 136 B35310 85323 =
351 10CALVIN HALL 013 914333 cC 18 -
541 10CALVIN HALL cl3 924 C 102 =
6311CCALVIN HALL 0l3 922 C 1156
2021CCALVIN HALL 013 T087C1L ¢ 201 i
TOL10CALVIN FALL 013 qLé C 202 -
S6L1ICCALVIN HALL 013 952 € 208 -
3611CCALVIN HALL 013 94cC C 209 =
S9L10CALVIN FALL 013 931 c 21l 3
TAL1CCALVIN HALL 013 912 C 212 =
3021CCALVIN HALL al3 9147C1 c 217 g
6011CCICKENS FALLS ola 684 D 106 s,
1101 1CNICKENS HALLS oLs 1140 D 108 =
4221CDICKENS RALL ois 114C310 0 201l -
25210CICKENS KALL aLa 9Te2l4 b0 206 -
20210DICKENS HALL als 316310 D 207 b
1S21COICKENS KALL cls T0421% D 302 =
224110DENTSON ol 2508 DELIL13A =~
35LLCCENTSCN o17 5040 DE1Ll6A -
3611COENTSCN 017 500 CErles -
10111CDENISON a1 1C85 CEllT -
LO31100ENISCN 017 1083 DELLS -
9a110DEN]SON 017 1085 DE2L% #
931 10CENTSON a1? 1088 . DE216 =
108110CENISON 017 1085 DE217 =

Figure B.1--Room data used in the investigation.



108L10DENLSON
10811CCENTSON

32210CALL HALL
3221CCALL HALL
3521CCALL HALL

$3110CALL

45210CALL HALL

2021CSEATON
15210SEATON
L2210SEATCN
1421CSEATON
16210SEATON
16210SEATCN
346110SEATON
19220SEATON
15210SEATGN
SOL1OSEATON
36110SEATON
25110SEATON
27T110SEATCN
20210$EATON
26110SEATON
40210SEATCN
2021C5EATON
32110SEATCN
50110SEATON
29110SEATCN
1221CSEATON
12210SEATCN
152105EATCN
1221CSEATON
B210SEATON
291108EATEN
41210SEATON
27110SEATON
42210SEATCN
2421CSEATGN
202105EATON
202105EATCN
10220SEATON
25210SEATON
25210SEATCHN
2021CSEATON
64110SEATON
1S2L0SEATON
2811CSEATON
34210SEATYCN
1021GSEATON
20210SEATCN
2421C0SEATON
22210SEATON
I0210SEATCN
2121CSEATON
21210SEATON
1B210SEATCN
182105EATON
40210SEATON
40210SEATCN
18210SEATON
26210SEATON
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T62
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1130263
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448404
Fl44C8R
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4665402
3067
3171410
587410
720
731
344
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354407
360
3480402
3715402
éog
83%
472
4984C8
T104C8
849408
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837410
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20210SEATCH HALL
1821CSEATON HALL
20210ENVIR QES

20Z10ENVIR CES

Z0210SEATCN HALL
10210SEATON HALL
26210SEATON MALL
1B21CSEATCN HALL
362103EATON HALL

30110EAST STADIUM
10210EAST STADIUM

1621CFATRCHILD
1051 10FA IRCHILD
62110FALRCHILD

1021CFEED TECHNOLOG

30220HOLTEN
3022GHOLTON
551 )L0HOLTON
50110KOLTEN
341 LCET SENHOWER
3111CE1SENHOWER
1001 10EISENROWER
35110ET SENHUWER
111 1CEl SENHGWER
38110EISENROWER
I6220EI SENHCWER
152 1 0E1 SENHOMER
30110E]SENHOMER
33110ETSEAHCHER
3211CEISENHOWER
38110£1 SENHOWER
35L10F] SENFCHER
391 10E1 SENHOKER
4111CEISENHOWER
161 10ET SENHOKER
4011CEI SENHOWER
26110E1 SENHOWER
40 L10EISENHOWER
3511061 SENHOKER
31711CET SENHOKER
40110ELSENHOWER
4GL10EI SENHCWER
3811061 SENHOWER
33110E1 SENHOWER
40110EI SENHCWER
20511CJUSTIN
16210JUSTIN HALL
2421CJUSTIN HALL
20210JUSTIN HALL
2021CJUSTIN HALL
20210JUSTIN hALL

15210JUSTIN RALL

20210JUSTIN HALL
42110JUSTIN
481L0JUSTIN
3911CJUSTIN
26210JUSTIN HALL
56110JUSTIN

" 2021CJUSTIN HALL
991L0JUSTIN

Figure B.1--(Continued).
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20210JUSTIN HALL G4l 1449503 Juzs2 -
2021CJUSTIN HALL 041 1484503 JUz53 -
33110JUSTIN ¢4l 590 JU2s4 s
60110JUSTIN 041 7148 Juzbe -
20210JUSTIN HALL 04l 912503 Ju3ol *
33210JUSTIN HALL 04l 11453C9 : Juize -
18210JUSTIN HALL 041 1301505 Juizy -
25Z10JUSTIN HALL 041 11525085 i Juiz2g -
12220JUSTIN HALL Cal T03309 Jy3iar -
20210JUSTIN HALL 041 596309 Ju3asg =
S21L0JUSTIN . 041 5620 JU3sL -
23210JUSTIN HALL 041 726309 FISELE] =
20Z10JUSTIN KALL 041 72€3C9 PISEEL s
20210JUSTIN HALL 041 595309 JU34S =
20210JUSTIN HALL 041 608503 ” JU3aeé -
12210JUSTIN KALL 04l 604503 JU3ILT =
20210JUSTIN HALL 041 606309 RIVETY: -
20210JUSTIN HALL Q41 1005C3 JU349 -
20210JUSTIN HALL 0al 6975C3 Ju3st .
212110KEDZ1E o7l 2222 K 106 -
3021CKEDZIE HALL o7l 944334 K 107 *
26421CKEOLIE HALL o7l 12561314 K 204 =
24210KEDZLE 071 1256334 K 208L -
JSLIO0KEDZIE o7l 695 K 210 =
4311CKEDZIE ¢71 495 K 214 -
23110KEDZIE 071 e K 216 -
1064110KING HALL 020 1178 KG 4 -
18Z10KING HALL 020 a173l4 KGlol =
18210KING HALL 020 8lé314 KG102 -
18210KING HALL 020 817314 kG103 =
1B21CKING HALL 0240 831314 KGLlO6 -
1BZ10KING HALL azo Bloils KGL07? -
1B210KING KHALL 020 B17314 ; KG108 -
2IL10KING HALL 020 435 KGl10 =
1821CKING HALL 020 aladl4 KG202 -
18210KING HALL o020 B17314 KG203 -
2TL10KING HALL 0620 413 3 KG204 -
1821CKING HALL 020 831314 KG2D5 -
1B21CKING HALL 020 Blédl4 KG206 ke
18210KING HALL 020 817314 kG207 =
14210KING HALL g20 1193314 KG301 =
14210KING HALL 020 BL7314 i KG302 =
25L10KING HALL 020 384 KG313 -
2021CMILLING LAB W1 0480 573207 MELOS -
15210MILLING LAB Wl 080 15542C7 MI110 s
20210MILITARY SCIEN Q79 3712328 K5 1 e
62110MILITARY SCIEN Q79 958 NS 7 “
10021CMILITARY SCIEN 079 €070326 LA =
30LL0MILITARY SCIEN 079 1419 MS 11 -
40LIOMILITARY SCIEN 079 718 ; MS201 =
42110MILITARY SCIEN Q79 107 M$204 -
30LLOMILITARY SCI 0149 44t MS20% -
4811CMILITARY SCIEN 079 718 M5210 *
4011CHMILTTARY SCIEN 079 669 M5211 -
50110MILITARY SCIEN 079 962 MS212 =
35L10MILITARY SCIEN 079 118 M5213 -
2352CNICKHOLS GYHM 082 4400329 N 2 -
3152CNICKHOLS GYM os2 5771329 N 4 -

B210WARE HALL ces 725412 NL113 -
354110PHYSICAL SCIEN 091 3603 PS101 =

Figure B.1--{Continued).



118110PHYSICAL SCIEN
210110PHYSICAL SCIEN
S$0110PHYSICAL SCIEN
38110PHYSICAL SCIEN
38110PHYSICAL SCIEN
39110PHYSICAL SCIEN
I511CPHYSICAL SCIEN
36110PHYSICAL SGCIEN
441 10PHYSICAL SCIEN
4511CPHYSICAL SCIEN
45110PHYSICAL SCIEN
47T110PHYSICAL SCIEN
5211CPHYSICAL SCIEN
45110PHYSICAL SCIEN
48110PHYSICAL SCLEN
691 1CPHYSICAL SCIEN
25210PHYSICAL SCIEN
25210PHYSICAL SCIEM
2021C0PHYSICAL SGIEN
20ZT0PHYSICAL SCIEN
25210PHYSICAL SCIEN
2021CPHYSICAL SCLEN
20210PHYSICAL SCIEN
20210PHYSICAL SCIEN
25520MENS GYM
20520MENS GYM
100525MENS GYM
42110MENS GYM
42110MENS GYM
6S1LI0MENS GYM
S0110MENS GYM
40210MENS GYM
2021CENGINEERING SH
4021 0ENGINEERING SH
15220ENGINEERING SH
102ZCENGINEERING SH
25220ENGINEER ING SH
6BLICENGENEERING SH
46L10ENGINEERING SH
30L10ENGINEERING SH
361 L0ENGINEERING SH
32210THOMPSON HALL
1221 L0THOMFPSCN
3ELECTHOMPSON
1121CTHOMPSON HALL
152L0THO¥PSON HALL
2821CTHOMPSON
531 LOTHOMP SON
2521CTHOMPSON HALL
JOL1CTHAILER C
4021CVETERINARY HAL
851 10VETERINARY HAL
33210VETERINARY HAL
18210VETER INARY HAL
1022CNYKSTRA HALL
802100YSTRA HaLL
1022COYKSTRA HALL
50210BURT HALL
86 110BURT HALL
250110WILLARD HALL

Figure B.%}-«{Contimed).
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051
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(131
013
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E
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025
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925
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ice
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106
106
1cé
" 108
140
112
112
112
112
019
619
19
ac9
009
116

. ema

1410
2058
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549
549
543
549
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491
691
49l
691
804
603
7197
184
1251334
12413130
1251330
11941330
1200330
1193330
1203330
1241330
770329
1013329
15096329
452
447
170
&£01
1842329
1388409
3697409
408263
835267
805360
02
199
799
675
9460322
1273
9715
549322
665321
735322
818
124322
5689
1622604
12353
1854310
758310
1257603
3072
905602
26497601
880
2205

LI I R S I R I I R U D A B U R T U N D SN N A T R O R T S I A T I A R I N N B A R A B A N A A AR N B B I |

161



44110MILLARD
40210WILLARD
J0210WILLARD
40212WILLARD
2021CWILLARD
33210WILLARD
S6210WILLARD
S6110WILLARD
4821CwILLARD
48210WILLARD
48210WILLARD
2421CWATERS
18210WATERS
2221CHATERS
20210WATERS
ZB210WATERS
12210WATERS
4IL1CWATERS
1521CwATERS
52110WATERS
4021CWATERS
22911CHATERS
" 2021CWATERS
S911CwATERS
4111CWATERS
32210WATERS
10L110LATERS
J911CHATERS
6211CHATERS
S6110WATERS
1522CHEST ST
15220WEST SY
15220WEST S1
10210WEST 8T
I1S11CWEST 57
15220WEST 5T
1522CWEST ST
2021CCHENICA
25110CHEM EN
44LLCCHEP EN

Figure B.1--(Continued)..
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LINE SCHEDULE DATA

This was & deck of punched-cards used in University

facility utilization and review studies. It contained
information on each section of each course which met in
the fall 1971 semester.

1- 6
7-10
11-12
13

=17
1821

22-27
28-32
33-38
39

40=4 3
Ly =55
56=57
58-63
6l=67
68-71
T2=77
78-80

The format of these cards follows:
Characters:

Number of students in section

Credit hours mulitplied by studenta in section
Blank

Minus sign _

Corrected number of students in section

Corrected number of students in section
multiplied by credit hours

Blank
Department abbreviation
Course number
Type code
Line number
Course name
Credit hours
Days of week
Hour from
Hour to

Room number
Blank

A sample listing of these cards is given in Figure B.Z2.
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DATA SETS ON BACK-UP TAPE

There were four data sets saved on a back-up magnetic
tape. Three of these were created by this investigation and
the forth is & copy of an additional ICLM, the one for the
soring 1971 semester. The spring ICLM was made for another
pro ject but was recorded on this back-up tape for convenience.

The four data sets on this tape are:

1. The output of ONE sorted by course, curriculum, and
level.

2. The ICLM for fall 1970 sorted by course, curriculum,
and level ®

3. The ICLM for fall 1970 sorted by curriculum, level,
and course.

L. The ICLM for spring 1971 sorted by course, curriculum,
and level,

Data Set 1:
To use this data set the following JCL is needed:

g
1 .
//ddname DD DSN=BACKUP,UNIT=TAPES,DISP=(0OLD,KEEP),
// VOL=SER=907201,DCB-(LRECL-EO BLKSIZE~2000,
/7 RECRM=FB) , LABEL=1
A record of this date set contains the following information:
Bytes.
-6 course number
8-10 curriculum number
12 level
13-19 sequence number of record as given by ONE.

This value is used only for padding the record
to reach minimum record length.

This record was written with the following PL/1 format:
(P19999991.X(1),P1999',X(1),P'9!,F(7));
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Data Set 2:
To use the second data set, the following JCL is needed:

&
1
//ddname DD DSN=CURPROC,VOL=SER=907201,UNIT=TAPE9,
// DISP=(OLD,KEEP),LABEL=2,DCB=( LRECL=20,BLKSTZE=2000,
// RECFM=FB)
A record of this data set contains the following information:
Bytes:
1-6 course number
7=-9 curriculum number
10 level
11-13 curriculum name (alphabetic abbreviation)
14-18 element of ICLM
19-20 number of studente in column and row category.

This record was written directly from the following PL/{1 data
structure:

1 OUTDATA RASED(Q),
2 COURS CHARACTER(6),
2 CUR PICTURE '999!',
2 LEV PICTURE '9?,
2 CURALPH CHARAGTER(3),
2 FRAC PICTURE'V.99991,
2 COUNTED FIXED BINARY(15),

Data Set 3:
To use the third data set the following JCL is needed:

&

1

//ddname DD DSN=ICLM,VOL=SER=907201,UNIT=TAPE9,

£ DISP=(OLD, KEEP),DCB=( LRECL=20,BLKSIZE=2000,
/7 RECFM=FB) , LABEL=3

The records of this data set contain the same information in
the same format as the second data set.
Data Set li:

To use the forth data set the following JCL is needed:

&

1

//ddname DD DSN=ICLMST71,VOL=SER907201,UNIT=TAPE9,

7/ DISP=(0LD, KEEP), DCB=( LRECL=20, BLKSIZE=2000,
!/ RECFM=FB) , LABEL=l

The records of this date set contain the same information in
the same format a&s the second data set.
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COURSE DATA

This was a deck (box and a half) of punched-cards.
This information was produced by CRSEDIT and written onto
a direct access device. It was later punched onto cards so
hand adjustments could be made. Section 3.1 lists the data
(after hand adjustments) contained in these cards for each
course. Since the format for reading these cards is variable,
the procedure used in DISTWRH to read the course data for
one course is listed in Figure B.3.
The course data was read into a PL/1 data structure and
this structure is given in Figure B.l.

The variables used in the procedure listed in Figure B.3
correspond to the following items of course data as explained
in section 3.1. Other variables having a strictly date
processing use are also explained.

Variable: Description:

CRSEDIT ........Name of the file containing the course data.
COURSID ........Part of the above course data structure.
COURSE aa @ 98 28 @ .Course nmberi

INDICATOR ......Number of modes of instruction for a
course. It is equal to zero if only
one mode 1s present.

ALPHID * &9 8 ..‘l‘course n&me'
CR seceoinssassslredit hours.

CHECKCOURSE ....The course number is present on all
cards belonging to & course as & check
against cards being out of sequence.

The course number is read into this
variable on all cards of a course except
the first.

KERNEL .++......This names part of the course data
structure. It would have been better
named mode of instruction.
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Figure
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1 CCURSDATA CCNTROLLED,
2 CCURSID,
.. 3 COURSE CHARACTER(E)y
3 INDICATCR FIXEL BINARY(15),
3 ALPHIDC CHARACTER(12),
_ 3 CR CHARACTER(2),
2 KERNEL(3),
-3 KSECTYPES FIXED BINARV(15),
3 KCOUNTROOMS(2C) FIXEC BINARY(15),

3 KSECCTYPES(10),
4 KSFCCATA,
.5 _KSECTYPE CHARACTER(1), . .
"5 KSECSTZE FIXEC BINARY{3L),
5 KWRH FIXED BINARY(31,7),

B KQUANITY FIXEL BINARY(31)s

5 KREC CHARACTER(1),
5 KEVENING CHARACTER(1)?,

.5 KLABR CHARACTER(L), .
4 KROOMS{20) CHARACTER(6),

B.lj==The PL/1 data structure used to store the
data for one course.

ZELLCHLZORAL COMM JA 33 3 6 O ¢
z811006 2 €

21106 4 2B8 1,000 MR D
L61106 B 26 2.03) 24R U
GEAL06 24 ©

SEILGE 2 24 3, UhU SR b

Figure B.5--Sample cards of the course data for one course,
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Variable: Description:

KSECTYPES ......This is the number of different types
of sectionas for a mode of instruction
of' a course.

KCOUNTROOMS ....This is the number of laboratory rooms
for each section type.

KSECCTYPES .....Names part of the course data structure.
KSECDATA .......Names part of the course data structure.
KSECTYPE .......Type of section.

KSECSIZE .......8ection size.

KWRH ....v040...We0kly room hours.

KQUANTITY ......Number of sections on which section
gize is based.

KREC ...004s000.Type of facility.

KEVENING .......Evening or daytime class meeting.
KLAB ..vveeesss..Type of facility.

KROOMS ........sIndicated class laboratories.

Sample cards of the course data are given in Figure B.5.
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One method for projecting a university's classroom
requirements for a predicted student population was investigated.
The essentials of this method were proposed by the Western
Interstate Commission for Higher Education (WICHE). Fundamental
to WICHE's method was an induced course load matrix (ICLM)
used to project course enrollments for a predicted student
population. This matrix was successfully constructed from data
available for one fall semester at Kansas State University.

Data on course classroom facility requirements was successfully
extracted from the University's data base and made available

in mechine processable form. Rules necessary for dividing

course enrollments into individual sections of courses were
provosed. It was successfully shown that, given course enroll-
ments, the extracted course facility requirements and the proposed
sectioning rules could be used to determine classroom require-
ments for courses.



