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CHAPTER I
INTRODUCTION
Statement of the Problem

There are'maﬁy topics of discussion today on which there is dissent,
but one topic on which most people will agree is the need for more op-
portunities for high quality education. Our technological society needs
an increasing number of educated and trained people to meet the demands
of a growing population. The entire educatioﬁal system of the United
States is faced today with problems arising, in part, from a growing
student poéulétion and increaéing costs of education.

The decade that lies ahééd“offers even gfeafer‘challenges to our
educationai system. The U.S, Office of Education estimates that there
will be 9.4 millionvstudents enroiled in our colleges and universities
by the school year ending June, 1977, coﬁparéd with 6,9 million in the
Fall of:1967 and that collégé and uniQersity spending.will climb from
$16.6 billion in 1966-1967 to $27.8 billion in 1976-1977 (1). These
figures are based on the assumption that enrollment will continue to in-
crease and that the expenditures per student will continue to rise at
all levels at the same rate as in the past ten years. |

Oklahoma, like most other states, is already faced with a financial
crisis in higher education. As a result of this fiﬁancial crisis, a
resolution limiting Oklahoma college and university enrollﬁents to

75,000 students for the 1969-1970 school year was introduced in the State



Legislature in January, 1969 (2). Although not adopted, the effect of
this resolution would have been to deny for at least a year access to
State college classrooms for some estimated 5,000 students. State col-
lege presidents told a joint hearing of the State Senate and House appro-
iations that few alternatives to greater financial support frbm the State
are available - these being higher tuition, higher student-teacher ratios
and/or limitation of enrollments.

It appears that the proposed resolution to restrict enrollments was
selected to dramatize the financial problem that now exists in State
support of Oklahoma colleges and universities. The present financial
crisis facing higher education is not 1imited-t§ Oklahoma but is clearly
a problem of national concern. Restricting enrollments is not an accept-
able solution for Oklahomans and it can hardly be an acceptable solution
for the nation as a whole,

Faced with strict funding levels, Oklahoma colleges and universities
must take appropriate steps to improve the utilizatien of their re-
sources. This does not mean that better utilization of educational re-
sources alome will solve the financial problem nor is it intended to
mean that presently available resources are not used efficiently. There
igs the implication, however, that traditional educational metheds may be
changed with advantage to both students and faculty with a savings of
regsources {funds, equipment, space, personnel effort, etc.).

What are some of the ways in which resources can be better utilized?
An obvious way is to make greater use of present space, e.g.,, classrooms,
by scheduling classrooms more hours each week and filling them to capac-
ity., The Fund for the Advancement of Education (3) in a study of methods

to maintain a high quality education for an increasing number of students



suggests other ways in which traditional educational methods may be
changed with advantage to both students and faculty. The conclusions
voiced in the study are the following:

1. Many more students are capable of doing a large amount of
work independently of classroom instruction than have been
given the opportunity to develop their capacities for indepen-
dent work, and the quality of their work will be as good or
better than under present methods of instructioen.

2, Students need to be carefully prepared for independent
study to benefit most from it, but with such preparation
average and slow students can do well,

3. The quality of the teacher has far more effect on student
learning than the methods of teaching used or the size of the
class taught. Consequently the best teachers should be made
available to more students, and one of the best ways of doing
this is to provide for large classes taught directly or over
television.

4. Students learn as much in large classes as in small ones,
and the loss of personal contact sometimes noted can be over-
come by judicious use of class groups of widely varying size,
both larger and smaller than customary, and by greater use of
capable assistants.

5. 1Inertia of faculty and. administration is largely responsi-
ble for the slow pace of desirable educational change. When
faculty members earnestly seek means of improving instruction
for more students, many new methods less wasteful of faculty
time can be effectively used. Much more and more far reach-
ing experimentation is needed.

6. Colleges have made far too little use of modern technology
to overcome faculty shortages.

7, There are teaching resources in many communities which
could be tapped for part-time teachers if colleges would
change their attitudes toward such staff members and properly
induct them into their professional duties.

One fact is clear. Many new approaches to instruction and the
teacher-student interface are being suggested and tested to determine
their educational effectiveness. However, decisions by university admin-
istrators on whether to totally implement any new approach or innovation
must take into account the cost of the university resources required.
Evaluating alternative teaching methodologies requires that cost-
effectiveness relationships be developed. The development of realistic

cost-effectiveness techniques for administrative decision-making implies



a parallel research effort. First, researchers with a background in
educational processes must develop refined testing and evaluation methods
for evaiuating, in a quantitative fashion, the effectiveness of alterna-
tive man-machine systems of instruction. Secondly, an equal amount of
research emphasis should be placed on the development of mathematical
models to simulate the utilization of personnel and physical plant re-
sources which would be required to implement a new instructional system.
This latter research area is the subject of this dissertation.

The .subject of resource allocation in higher education has been in-
vestigated from both the experimental and theoretical points of view for
many years. Recent attempts to model resource allocation in higher edu-
‘cation using modern system theory concepts indicate that substantially
more extensive investigations need to be dene on this subject. Typical
questions to be answered ére: What variables and parameters are impor--
tant in assisting administrateors to allocaﬁe resources to meet constantly
changing demands and needs? What units should be used to measure vari-
ables and parameters? What services are provided by institutiens of
higher educatieon and what are their costs? Who generates the demands
‘for services and to what degree?‘ What are the various interrelationships
among the components and functiéns of an institution? Can these rela-
tionships be described mathematically? Can z model Ee.formulated to
describe how resources are allocated? What types of resources are uti-
lized? Can control variables that iﬁfluence.the student population dis-
tribuﬁion be identified? How much does it cost to provide credit hours
of instruction in varioﬁs disciplines? What is the cost of producing a
graduate at the B.S., M.S., or Ph.D. level in a specific discipline?

How can thege costs be determined from readily available data? The



prototype model described in this dissertation was developed with ques-
tions such as these in mind.

This dissertation then is concerned with formulating a detailed
prototype resource allocation model of the College of Engineering of
Oklahoma State University. The College is an important part of the Un-~
iversity and aptly demonstrates the Ybuilding block! approach. The
"building block! approach means that the model of the College of Engi-
neering can be considered to be a basic component model of the University
system. Models of the other colleges of the University might be formu-
lated by using the College of Engineering model as a prototype with ap-
propriate modifications for differences in detail. The model of the
University could then be obtained by combining the models of the indi-
vidual colleges of the Univeréity. The point is that this prototype
model provides a foundation for the development of more general resource
allocation models.

A primary aim of this study involves quantitatively describing the
patterns by which College administrators allocate resources in order to
meet the demands for services imposed upon the College. It should be
noted that it is not the intent of this study to anéiyze the allocation
of funds to the University by the State Legislature through the State
Board of Regents. Also, no attempt is made to analyze the patterns of
resgurce allocation by University administrators to the various colleges
of the University. Rather, ;he problem of concern is how the schools of

the College allocate their resources,
Approach te the Problem

The general approach te the problem was to develop a detailed model



‘using certain char#cteristics of input-output analyéis developed by the
~economists combined with modern system theory dévgloped by the scientists
and engineers. 1In this model, the College is viewed as a collection of
interacting parts, coméonents or sectors. This approach has previously
been used successfully by ecoﬁomists in the analysis of complex socio-
economic systems. The model is characterized as dymamic siﬁce it con-
tains a system of first-order coupled difference equations in normal
form. This is commoenly referréd to as a state-space model. Dynamic
models of the state-space form have evolved as the basis for anaiysis,
simulation, control, and optimization in modern system theory. The ex-
tensive literature on simﬁlation, control, and optimization applies
directly to socioieconbmic systems when they are modeledvin this form.

One of the best ways to study resource allocation in the College of
Engineering is to describe the édministrative organization and the funé-
tions (services) performed by the Cgllege. In order to abtain the étateu
space form, the College system is viewed as being comprised of two inter-
acting sectors; namely, a student sector and a production sector. Each
sector is conceptually removed from thebéollege system and studied in
isolation. The system model of the College is then obtained by combining
the two sector models.

The model ‘described in this dissertation has the following identi~
fying characteristics: It is a dynamic, linear, discrete-time, determ-
inistic model. All variables may vary with time, are assumed to be
linearly related, and are assumed to be known or can be measured only at
discrete times,

It is realized that there may be non-linear relationships in the

input-output characteristics of the College and that the present model



is only a first-order approximation. However, what is not obvious is
what relationships might be non-linear. Also, linear relationships are
often good approximations for short intervals of time. As non=linear
relationships are identified, they can be incorporated into the model,
The model is formulated as a deterministic rather than a stochastic
model. Once sufficient data is available to determine the statistics of
past operation, then it'is‘possible to arrive at a probabilistic model

that can be used for prediction.
Uses of the Model

The model is designed to provide information concerning past and
present operation of the College. The University has already created a
student as well as faculty and staff data_file; The student file con-
tains iﬁformatiqn taken from class cards and student registration re-
cordsf The faculty and staff file contains information taken from the
Request for Personnel Action form and application forms. Data is pri-
marily stored on discs for random access caﬁabilities. Inactive files
are pulled off disc storage and stored on magnetic tape. Additional
steps are being taken to make these files more complete. Once a suitable
data base has Been developed, then such useful statistics as cost fig-
ures, trends, etc., can bebprovided by the model in an automated fashion.

The model of the student sector contains a student population model
which describeS'merment of students through the College system. The
student population model provides information, primarily by schoel and
student level, concerning the number of students continuing in the Col-
lege from one semester to the next; the number of students, classified

according to type, that enter the College from off~campus; the number of



students, by college, that transfer into the College frbm other colleges
on campus; the number of College students awarded graduate or student
assistantshiﬁs; and the number of students that leave the College.

The model not only calculates the number of students enrolled in
each school of the College, by student level, a statistic already avail-
able from other sources, but also provides iﬁformation‘concerning thé
proportion of students that were enrolled in the College during the past
semester and that are still enrolled in the College during the present
semester. It also calculates proportions representing the school and
student level choices of arrivals from both on and off campus. This in-
formation is’newo Once data has been collected for past semesters and
trends are established, the model can also be used in predicting the
future population make-up of the College.

TIn addition, the student sector model can be used to determine
exactly how many students leave the.College during a given semester and
their classifications prior to leaving, This statisti¢ is difficult to
determine from present recofds. A computer program has been written to
determine the transitions and'transfers described above. - A discussion
of this program is provided in the Appendix.

The student sector also describes student demands for credit hours
of instruction imposed upon the College. Implementation of this feature
will provide new informatibn concerning aQerage credit hour loads of
studen;s enrolled in the College.

Finally, the student sector develops equations that impute an aver-
age cost {(value) to students enrolled in the College (by school and stu-
dent level) based upon the cost of credit hours of instruction taken by

these students. This development, which provides new information, is



intended as a first step in determining, ultimately, the average cost
involved in producing a Bachelor's, Master's, or Doctor's degree in each
school of the College, Credit hour costs are determined from the costs
of resources utilized in producing them.

The costs of insttuction are determined in the production sector
model which describes the input resources utilized by the Callege and
the corresponding products produced in terms>of input-cutput models.
Equations that can be used to calculate unit costs are also developed in
the production sector. Implementation of this sector will allew unit
costs {(dollars per student-credit-hour) as well as individual course
costs, student-credit-hour costs by school and course level, etc, to be
calculated, |

The University makes an annual study of instructional salary costs
per studeﬁtmcreditohour produced according to lower-division undergrad-
uate, upper-division undergraduate, and graduate courses {4), Informa-
tion for this study is obtained from a quéstionnaire sent to each depart-
ment. The cests per student-credit-hour are based on personnel costs
only and do net include physical plant costs, computer costs, etc. Once
a suitable data base is developed, implementation of that portion of the
production sector that computes student=-credit-hour costs could eliminate
the need for gathering information by questionnaires. Cost figures could
be provided automatically with an option of more detailed calculations
and with certain non-personnel expenditures included in these calcula-
tions,

A computer program has been written .to determine course c¢osts, stu-
dent-credit-hour costs for individual courses, the full-time-egquivalent

effort of personnel per student-credit-hour produced for individual
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courses, and object expenditures per student-credit—hour produced for
individual courses. A discussion of this program is provided in the
Appendix.

The production sector model formulates jinput-output models for in-
struction, research, and extension. Unit cost equations are formulated
also. Total implementation of this sector will provide cost figures for
individual institutional and sponsored research projects as well as cost
figures for extension activities.

The system model results from combining the two sector models. The
system model does not provide any new statistics with respect to those
already described for the two sector models. However, the system model
does describe explicitly the interdependence of the two sectors and it
describes the operation of the College as one integral unit.

The systemlmodel can serve as a simulation tool in ascertaining the
effects of changing allocation policies. For examplé, administrators
can use the model to simulate the effects of changing the mix of re-
sources utilized in instruction, research, and extension programs and
observe the resulting costs. |

The uses of the model given in this section certainly does not ex-
haust all possibilities. However, some of the more important uses of
the model have beén described.

In brief summary, the objective of this dissertafion is to formulate
a detailed prototype resource allocation model of the College of Engi-
neering. The approach to the problem was to develop a model of state-
space form. A state-space model is desirable since the extensive liter-
ature on simulation, control, and optimization applies directly to sys~-

tems modeled in this form. There are many possible uses of the model



described in this dissertation. .One of the more important uses of the
model involves simulating the effects of changing the mix of resources

utilized in instruction, research, and extension,
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CHAPTER 11
REVIEW OF LITERATURE
Other Modeling Efforts

In recent years considerable effort has been devoted to mathematical
modeling in education. The models range from simulations of various
phases of operation of particular institutions to models that purport to
describe the entire educational system.

A good critique of the methods and models for human resource devel-
opment planning up to the year 1966 is presented by Davis (5). By the
term "human resource development” DaviS‘@eans education and training of
members of society. He critiques three different types of general edu;
cational models used for setting output targets and allbcating resources
to education. The different model types are the following: 1) the first
model type assumes a set of political, cultural, or social goals re-
quiring that some specified portion of the population has a right to
some specified amount of education and training; 2) the second model type
utilizes estimates of the resburces (human and fiscal) available for as-
signment to education and training so that returns are maximized; and 3)
the third model type assumes a set of human resource requirements or
targets in the work fdrce. The objéctive is to equal or exceed the tar-
gets with allocationS‘minimized.

Some of the models for human resource development critiqued by

Davis use linear programming techniques. The sole advantage of this

12
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type formulation is that it does give a simple and idealized version of
how education and the economy might work and might be planned. However,
the dilemma in using linear programmiﬁg techniques is that the .education-
al system is fit to the linear programmiﬁg format which results.in the
model being either too general to be useful or too complicated to be
manageable.. |

A research demographic model of the formal Americén educational sys-
tem is reported by Zabrowski et al. (6). A computer‘model‘calléd DYNAMOD
I1 is developed by the suthors. DYNAMOD II is a computerized Markov-type
model which Qalculatés'the.responses to changes in its parameters for
140 population groups over selected intervals of time, These population
groups are composed of four sex-race groups crosg-classified as to age
(six categories) and educational statﬁs (three levels each of students
and teacﬁers as well as elementary and secondary school dropouts). In-
cluded also are Yother! categories whicﬁ contain the segments of the pop-
~ulation which are classified as not being in the educational sectors.

.The model uses over 832 transitioen probaﬁilities to estimaté the
population flows in each year. Birth projections are introduced inde-
pendently into the appropriate sex-race categories after each iteration
of the model. |

Stoﬁe (7) outlines a general model of the educational system de-
signed to work out the presént implications of‘future levels of educa-
tional activity as determined by the evolution of the demand by students
for training and the requirements for trained personnel by the economy,
By educational system, Stone means schools, universities and all forms
of professional and industrial training. He studies the educational

system with the aid of an educational matrix similar to the industrial



14

input-output matrix in Leotief's model,

The different stages of the educational system are regarded as in-
dustries, or processes, through which the students pass, first as raw
'ma;érials, then as semi-finished products, and eventually as final pro-
ducts, or gradpates. For any individual, graduatjon takes place when he
passes out of the system, regardless of the stage he may have reached at
the time.

Merck (8) has developed a Markovian model that érévides projections
of a population to some point in the future based upon existing policy
conditions. His model describeS‘movement of Air Force personnel through
categories ("states!) which are defined by career fields and enlistment
terms. A computer-processed model was developed for use in personnel
planning. One of the major uses of the model is to evaluate the effects
of a policy change. Merck uses the concept of ”stateé“ in his model.
This concept is also used in the student population model described in
this dissertation,

An example of a computer simulation model that simulates a partic-
ular operational phase of an educétional institution‘is GASP (Generaligzed
Academic Simulation Programs) (9). GASP can be used for scheduling
classesbby assigning time, instructors, rooms , and students to the
classes being offered. Thus GASP is, to a degree, a resource allocation
model. Earlier versions of the GASP program were written in 1961-1962.
The latest version of GASP (GASP I1I) was implemented on 360 computers
in 1967. All versions of the program were developed and written at the
Massachusetts Institute of Technelogy.

O'Brien (10) presents a cost model for large urban schools. He

describes the mathematical equations required to estimate the cost
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resulting from the construction and operation of a large school facility.
The equations are presented in parametric form, with only limited data
presented for the estimation of parameters. The costing procedure is
developed to the extent that new faéilities and staffing costs are'eéti-
mated independently of the existing system. Some of the cost elements
which are discussed‘and for which mathematical formulas arevgiven,'are
the following: construction of new school plants, personnel staffing,
acquisition of special equipment, and acquisition of 1and.b His model
could be used in ﬁombination with the model described in this disserta-
tion to estimate the costs described above.

Planning for future college needs is one task that is simulated by
a computer at Hiram College in Hiram, Ohio (11). Using a mathematical
model of the operation of the College, Hiram administrators can introduce
a theoretical change in one area éf the College and by simulation, ob-
serve the resulting effects on other areas of the College. The College
also uses the same computer for grading, class gcheduling, and account-
ing. Unfortunately, the matematical model of the College is still being
refined and ne further informatien concerning its characteristics will
be released until sometime in the future.

"Input-eutput analysis’ or interindustry economics is cencerned
with quantitative analysis of the interdepehdence of producing and con-
suming.units in a modern economy. In particular, input-output analysis
studies the interrelations.among praducers as buyers of each others!
outputs, as users of scarce resoﬁrceé, and as sellers to final consumers.
The first empirical input-output‘modél was fprmulated'by Leontief. 1In a
manner similar to Leontief, Raphael (12) has formulated an input-output

model of Pennsylvania State University. His model can be used for



16

controlling the operations of the University, studying the effects of
changes on the operations, and for management decision-making by simu-
lating alternative courses of action. The University is divided into 47
sectofs° His model is deterministic and simulates the flow of funds and
other appropriate units through the various parts or sectors of organi-
zation, Although Raphael'!s model treats the Universify as a collection
of 47 separate sectors, it should be noted that the sectoral breakdown
is not fine enough for analysis. of an individual departmentn Also, the
model is static rather than dynamic.

Thus far, general models of the educational s&stem have been pre-
sented. These models are fermulated in gross terms and are not capable
of providing the detailed information desired in this study. The de-
sired objective is to structure a detailedimaﬁhematical-model that will
aid College administraters in the allocation of resources, JThe type
model desired is one structured as a set bf interacting sectors, In
particular, a state-space formulation is desired. A model with a state-
space formulation specifically designed to answer some of the questions

proposed in Chapter I is described next.
Michigan State University Medel

Koenig, Keeney and Zemach (13,14) have been developing and refining
a mathematical model of an educatienal institution since 1964. Their
'modelvis general enough and flexible enough to be adapted to any insti-
tution of higher education, or to & single institution és it changes in
time., This is possible within the conceptual structure described by the
authors by allowing variables teo be redefined or modified te adapt teo

institutional differences.
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The -research effort degcribed by Koenig et al. is by no means com-
pleted. Almost every stage of development is represented in some §art
of their model. Certain compenents are in the first stage of theoretical
modeling, while for pthers, data processing and simulation programs are
completed. A brief description of the MSU model is now presented. Those
interested in a detailed technical description of the model are referred
to Reference l4.

The model consists of sets of equatiens which describe the relation-
'ship of resources to production, and, based on these, the associated
unit costs of production. It is therefore a mathematical description of
the way in which the University utilizes its resoﬁrces in production.

The resources of the University are described, broadly, as personnel,
space, and equipment. The products are identified as developed manpower,
research, and public or technical services.

The schematic diagram in Figure 1, taken from Reference 14, identi-
fies the-ﬁajor se;tors or components of Univeréity activity established
by the model and the variables used to detefmine the behavioral charac-
teristics of each sector. Note that the sectors are functional and do
not represent the administrative divisions of thé University..

The MSU model identifies a student sector,.production sectors re-
lated to academic and non-academic services, and resource sectors for
personnel and physical facilities. Also, an "administrative control?
sector is indicated as a source of policy decisions,

The model of the student sector describes the internal state of the
University at any particular time in terms of the distribution of stu-
dents among the various areas of educatien and levels of study and the

respective average accumulated costs per student of education teo that



stuﬂom .

o ———— o -y

/ ~
1":"\ >

Personnel ) 7 " Y’Ehyalcol fociiltla)
T , Sect <
Sectors ,,, Tacilities x‘ \_‘ ectors

I capitaL | '
. | RESOURCES \
:. L-—-T-.--—J
3 | :
H 4 ls
b3 i g -4
E t E{=
f = HE
. : administrative 21
‘ control o
. ] * Caacs %
_ATENOSA

> Net e .
“v g 3 // » :'.".-:V
$ e v -
E / - |
3 Y /. '
4 /non-academic acadsmic outside
5 production production

services -

sector $8C 'Qf

Student Sector 2
e v ' developed
. . 4 .

o~
]
Nos

o

P o »> -8
S J manpower

vector flows of people and services with associated

" imputed values per unit

administrative policy controls

interfaces with remaining socio-economic process -
" (terminals) - » "

population groups and their imputed values
(internal states)

 Figufe 1. Basic Struéture of a Typical Institution of

Education -as a Setio-Economic Proecess

18



i9

point in time. The model of the student sector also describes the num-
ber and educational status of the students who leave the University and
the number of student credits and hours of research-teaching that must

be produced to satisfy the demands of the student body.

The equations of the academic production sector describe the rela-
tionship between the quantities of academic services produced and the
quantities of faculty effort, graduate assistant effort, and environ-
mental facilities such as classrooms, laboratories, and technelegical
equipment, required to produce these academic services. The description
of this sector also includes the cost of services produced, based on the
costs of resources reguired.

The equations of the .sector described as non-academic production
indicate the quantities of effort and facilitieé required to meet student
demands for services such as housing, registration, counseling, and med-
ical service, No attempt has yet been made to model non-academic pro-
duction in detail.

The resources required by the academic and noen-academic productioen
sectors are considered to be produced by the resource sectors of univer-
sity operation referred to in the model as Personnel and Physical Facil-
ities Sectors. Extensive use of these sector models awaits further de-
velopments in computer-based accounting systems.

Units of effort and facilities are also required by the sector
identified as Administrative Control. The function of this sector is to
issue administrative policy contrel over the resources utilized by other
sectors involved in productioen.

The structure of the system model allows‘an independent model of

"capital resource development to be incorporated inte the structure if
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the allocation patterns can be determined.

The system model of the University is then obtained by combining
the sector models.

The research effort described by Koenig et al. does not end with
the model of the educational institutien. Rather, the authors then con-
sider the mathematics of control and how their model might serve as a
model for a set of institutions of higher education operating in parallel
and, with further generalization, as a model for the total educational

system,
Contributions of This Effort

The first contribution of the model described in this dissertation
is that‘it is a pioneering effort, i.e. no resource allocation model of
the College of Engineering existed before this effort. The modeling
approach, i.e. the use of a component or sector structure, was inspired
by the work of Koenig at Michigan State University., However, the final
model has many new features net contained in medels proposed by Koenig
and other inwvestigators.

The first difference lies in the detail shown in this model., The
production sector described in Chapter V identifies reséurce allocations
to individual courses and specific programs in research and extension,
This detailed breakdown is not given in the models of Pemnsylvania State
University or Michigan State University. Thus, one contribution lies in
identifying the specific components of the various vectors and the units
used to measure them,

A-major difference in approach between this model and the MSU model

concerns the way in which costs per time period for expenditures other
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than personnel are handled. The MSU model multiplies the units utilized
per time period times the dollar expenditure per unit to ohtain the dol-
lar expenditure per- time period. This approach has several disadvan-
tages. First, it requires each item to be of a homogenous nature, e.g.,
paper clips‘énd paper cannot be lumped together in the model as '"supplies
and material”. The second disadvantage is the accounting burden that is
required to itemize boeth the number of items used and their unit costs.
In the mode1vpresented in this dissertation, expenditures for items other
than personnel are simply given in terms of dollar expenditures per time
period. These are the type records that are presently kept and moest
easily recorded., |

There are other differences between this model and the MSU medel.
These.differénces also delineate contributions, For example, the sectors
defined in this model are organizational as well as functienal, whereas
in the MSU model; the sectors are functonal and do not represent the
administrative divisions of the University. Another difference between
this medel and the MSU model is that this model also describes the use
of student assistants in productioen.

A considerable amount of effort in this study was deveted to iaves-
tigating thoroughly the data base presently available. Conferences were
held with many Cellege and University administrators and officials in
order to determine the present dats base as well as to discover future
plans in this area. The model was then formulated after the available
data were known., Thus, an impeortant contribution .ef this effort is the
closeness and relevance of the available data base to the medel struc-
ture, The data required to implement the model are feasible and avail-

able although they may not yet be in a computer processable form.



CHAPTER III1
STRUCTURE OF THE MODEL

This chapter briefly describes the administrative organization and
functional structure of the College of Engineering., This description
provides a conceptual foundation for the development of the mathematical
model that follows in . later chapters. A comment by Stone {(7) concerning
model building seems appropriate at this time:

«so we do not begin by building, or even trying to build, per-

fect models. We begin by modeling the main features of the

system we are studying and then try te improve on our. proto=

type. Generally speaking we can never continue this process

to its end...

With this thought in mind, the first steps in modeling a complex system
such as the College of Engineering are to study the fundamental struc-

ture of the College and to identify the basic functionsg it performs in

the areas of instruction, research, and extension.
Organizational Structure

The organizational structure of the Division of Enginéering is in-
dicated in Figure 2. The Division of Engineering includes the College
of Engineering, Engineering and Industrial Extensioen, Engineering Re-
search, and the Technical Institutes (Stillwater and Oklahema City).

The College of Engineering, which is compesed of eight schoels, is
the focal point of this research. None of the other units that comprise

the Division of Engineering will be studied. However, since the primary
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function of Engineering and Industrial Extension and Engineering Research
is to coordinate, regpectively, extension and research work conducted
mainly by the College of Engineering, it follows that the major effort
of these units is implicit in the model of the College of Engineering.

The organizational structure of the College is indicated in Figure

Conceptual Structure

It was mentioned previously in Chapter T that one of the best ways
to approach the problem of modeling the College is to describe the ad-
ministrative organization and the functions performed. With this in
mind, the conceptual structure of the College of Engineering is shown in
Figure 4. The College is considered to be composed of two sectors, i.e.
a student sector and a production sector. Arrows directed towards a. box
in Figure 4 indicates inputs} whereas, arrows directed away from a box
indicate outputs, All inputs and outputs are vector functions of time
evaluated at discrete times.,

The student sector accounts for the currently enrelled student pop-
ulation in the College and the inputs of credit hours of instruction
demanded by this population.

The input vector labeled "Entering Students" denotes students whe
arrive from off ~campus or transfer from other colleges on-campus and en=-
roll in engineering. Off-campus arrivals include new high school grad-
uates, readmitted students, and transfer students from junior colleges
or other ﬁﬁiversitiesc The .output vector labeled "Departing Students!
denotes students departing the College, e.g., students who transfer to

other colleges within the University, students who graduate, students
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who drop out, etc. The vector labeled "Credit Hours of Instruction From
Non=Engineering Academic Units" denotes credit hours of instruction sup-
plied to engineering students by non-engineering academic units on
campus. Part of the vector "Credit Hours of Instruction From Engineering
Academic Units” is an input to the student sector denoting credit hour
demands imposed by students enrolied in the College. The remainder is
"exported" to satisfy the demands imposed by non-engineering students.
The output vector labeled "Student Assistants and Graduate Assigtants!
denotes the use of these assistants in the production sector.

The cost of credit hours of instruction taken by College students
is based upon the resources used in producing theh. If one knows the
number of credit hours taken in a cértain school at a specific level and
can find their cost, then one can impute values to students receiving
this instructioh? The student sector model is designed to allow this
evaluation.

The production sector shown in Figure 4 indicates, schematically,
how the input resources of personnel, graduate and student assistants,
and object expenditures are allocated to the three main production func-
tions: instruction, research, and extension and public service. The
"Personnel! input includes administrators, faculty and staff. "Object
expenditures! denotes expenditures per time period for materials and
supplies, equipment, and furniture, books and periodicals, communication,
travel and other expenses paid for out of the College and scheol budgets.
Indirect costs of the physical plant, library, etc. are mot included.

In ordex to simulate the allocation and flow of funds in the Ceolleage,
the model is formulated in such a way that funds allocated to a produc-

tion unit (school) are distributed among the three primary functions of
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instruction, research, and extension. To-avoid ambiguity in processing
the costs and values (in‘dollars), it is necessary to establish a con-
vention for the sign of these quantities. Thus, funds that are inputs
to a production unit will be considered positive quantities and values
received (output) from a production unit will be considered negative.
For example, costs of student~-credit-hours produced in the production
sector are considered negative since they represent output costs, where-
as, these same costs are considered positive inputs of the student sec-
tor.

The production sector then is structured in such a manner that
resource allocation by each school in the College might be studied in

detail.



CHAPTER IV
STUDENT SECTOR

Introduction

th time in-

The internal states of the College system during the t
terval are described in terms of the student enrollment distribution in
the College and the associated unit costs resulting'from education pro=-
vided to the College students. »A student population model is developed
that describes the student enrollment distribution of the College aﬁ time
t as dependent upon students continuing -in the College from the previous
time period, the enrollment choices of new .arrivals from off-campus, and
the enrollment choices of transfers from on-campus. Variables that may
influence student enrollment are introduced into the equations describing
the student enrollment of the College. Included in the student popula-
tion model is a set of equations describing student departures from the
College.,

The model of the student sectorialso describes student-credit-hour
demands imposed upon the College by all University students, with dis-
tinction'madebbetween those demands imposed by engineering students and
those demands imposed by non-engineering students. In addition, the
-model of the student sector describes the student-credit-hour demands
imposed upon non—engiﬁeering academic units by all University students,
with distinction made between those demands imposed by engineering stu-

dents and those demands imposed by non-engineering students.,

29
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Finally, the student sector describes the average cost imputed to a
student in the College determined from the costs of credit hours of edu-
cation provided to a student at that point in time.

The tth

time interval (period) referred to in this report may be a
semester, academic year, calendar year, or any other time interval con-
venient in terms of the data base available. 1In this report, the time
interval refers to a semester or similar course enrollment period.

It should be_poiﬁted out that some features of the Michigan State
University model have been incorporated in the model of the student sec-
tor. For example, the student population distribution in the Michigan
State University model is described by a set of first-order difference
equations. The concept of the internal state of the system is considered
-in the Michigan State University model, and control variables that may
influence the student enrollment distribution are described. However,
the model of the student sector described in this chapter also differs
from the Michigan State University model in many respects. New variables
and equations have been introduced; and others have been redefined;
changed, or omitted in order to describe ;he College system. Certain

new concepts have been introduced, and some concepts introduced in the

Michigan State University model have been extended.
Student Population Model

A student population model thgt describes the movement of students
through the system will bevdeséribed next. Subsets within the student
population are defined in terms of categories which are called "states®.
The states of the system provide a location for each student in the sys-

tem., For example, "Electrical Engineering Freshman’ describes one
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possible state into which students éan be placed. 1In general, the cate-
gories (states) used in the student population model for the College of
Engineering will be bivariate in nature; i.e. school and student level.
There are excepﬁions, however, Since-many freshmen and some sophomore
students delay invdeclaring their majoers, the categories "Engineering
Freshman! and "Engineering Sophomore! are used to describe these stu~
dents. Also, students who are not candidates for a degree are catego-
rized as "Engineering Special’.

The concept of state is extremely flexible. For example, one may
consider all students who are enrolled in a particular school or college
as states of the system. There are many other categories that could be
selected to provide a location for each student in the system. However,
in establishing the state definition, one must be aware of the rate of
proliferation of the number of states. As an example, if one uses school
and student level as categories, 47 states gre defined for the College
of Engineering, i.e. 8 schools (Agricultural Engineering, Architecture,
Chemical Engineering, Civil Engineering, Electrical Engineering, General
Engineering, Industrial Engineering and Management, and Mechanical and
Aerospace Engineering), each with 6 student levels (Freshman, Sophomore,
Junier, Senior, Master, and Doctor) except Architecture which has no
Doctoral program., 1In addition to the 47 states defined ahove, Engineeru
ing Freshman, Engineering Sophomore, and Engineering Special are required
to complete the description;qf the student population in the College of
Engineering. The total number of states is 50 in this example,

If transitions‘from eachbof the étates into any of the other states
is allowed, a transition matrix with 2500 entries (50 x 50) is generated.

It should be apparent that a8 set of states can be easily defined that
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will exceed a computer's storage capacity. In addition, if the states
of the system are defined such that the number of students in certain
states is small, projections for these states obtained from simulation
will be statistically unreliable. The theoretical model will allew any
number of states; but, in actual practice, the number of states is re-
stricted due to computer processing time and limited storage capacitya
In order to keep the model flexible for adoption to other colleges,
certain subscripts and superscripts used in the model are general in
nature, e.g., N categories of student enrollment are defined rather than
specifying a specific number of categories. Let the student population

vector be defined as:
s(t) = [si(t)]le- : (4.1)

where\si(t) represants the number of students in category i within the
College of Engineering after enrollments are fixed at the beginning of

tth

the time interval., Then s(t) can be expressed as a set of first-

order difference equations that describe the changes in student enroll-

ment from one time period to the next, i.e.
s(t) = U(t)s(t=1) + V{(tdp(t-1) + W(t)gq{t~1) . (4.2)
In Equatibn 4,2, the matrix U(t) and vecfor s{t=1) are defined as:
u(e) = [“ij(t)ijN (4.3)
and

s(t-1) = [sj(t=1)ij1 (4.4)

where uij(t) represents the proportion of continuing College students
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that were in category j at time (t=1) and are in category i at time t
and the components of s(t-1) represent the number of students, by cate-
gory, that are enralled in the College at time (t-1)., U(t)s(t-l) then
represents the number of students, by category, that were enrolled in

the College at time (t-1) and are still enro¢lled in the College at time

t.
In Equation 4.2, the matrix V(t) and vector p(t-1) are defined as:
V(t) = [Vij(t)]Nle (405)
and
plt-1) = [pj(t-l)]lel ‘ (4.6)

where vij(t) represents the proportion of new arrivals of type j that
enroll in.category i at time t and the components of p(t-l) represent
the number of new arrivals from off-campus, by type, that are enrolled
in the College at time t. V(t)p(t-l) then represents the number of new
students, by category, that arrivé from off -campus during time_period'
{t=1) and are enrolled in the College at time t,
As an example, six possible components of R(t=l) are:

1. New high school graduates, non-regident of Oklahoma

2. New high school graduates, resident

3. Tranefer students, non-resident

4, Transfer students, resident:

5. Readmission students, non-resident

6., Readmission students, resident.
In this example Nl=6; however, one can aggregate or disaggregate the

types if desired.
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The entries in each column of V(t) sum to one, i.e.

E vij(t) = ].; j=1gooa,N1 o (4.7)

- In Equation 4.2, the matrix W(t) and vector q(t-1) are defined as:
w(t) = [Wij(t)jNXNZ (438)
and

q(t=1) = [qj(t~1)] (4.9)

N2x1

where wij(t) represents the proportion of on-campus transfers of type j
that are enrolled in category i at time t and the components of g{t=-1)
represent the number of transfers from on-campus, by type, that aré en-
rolled in the College at time t. W(t)q(t-1l) then represents the number
of transfer students from on-campus, by category, that transfer into the
College during time period (t-1) and are enrclled in the College at time
to
Seven possible origins of transfer are:

1. College of Agriculture

2, College of Arts and Sciences

3. College of Business

4, College of Education

5, College of Home Economics

6, College of Veterinary Medicine

7. Technical Institute {Stillwater),
In this example N2=7; however, one can break down the types of transfers

even further, e.g., one may desire to analyze transfers from particular
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departments outside the College of Engineering.

The entries in each column of W(t) sum to one, i.e.

N
E wij(t) = 1, j=1,o-c,N2 . <4‘10)
i=1

In brief, Equation 4,2 describes the student enrollment distribution of
the College at time t as dependent,. respectively, upon students contin=-
uing from the previous time period, the enrellment choices of new arriv-
als from off-campus; and the enrollment choices of transfers from on-
campus .

The transitions, arrivals, and transfers described in Equation 4.2
are influenced by many variables, e.g., the decisions or behavior of
students, availability of financial aid, grade point requirements, etc.
It should be possible to isolate certain factors that influence the
transitions, arrivals, and transfers described in Equation 4.2. If fac-
tors that are subject to control are isolated, they may be regarded as
control variables of the system. As an example of a first step toward
identifying controls, Koenig et al. (14) assume that the number of fel-
lowships and graduate assistantships available will affect the number of
students continuing with or beginning-graduate work. They also point
out that the availability of scholarships or tuitioen discounts in par-
ticular areas may affect the decisions of undergraduates as well.,

Financial aid to students e#ists in various forms, e.g., scholar-
ships, fellowships, traineeships, awards, grants, assistantships, loans,
etc. Financial help is certainly one factor that affects student tran-
sitions, arrivals, and transfers. To illustrate how financial aid in

the form of graduate assistantships and student assistantships (normally
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awarded at the discretion of the individual schools in the College)
might be considered contrel variables, two vectors are introduced into

the model, i.e.

g(t) = [8;() 714 (4.11)
and

u(t) = [uj(t)]Ale . _ (4.12)

The entries gj(t) and uj(t) represent, respectively, the number of full-
time-equivalent graduate and student assistantships awarded of school-
type j to students enrolled in the College during time t.

Graduate assistantships may be classified as graduate teaching as-
sistantships and graduate research assistantships, according to graduate
student levels, aggregated into one classification of graduate assistant-
ships, etc. Student assistantships may be classified according to under-
graduate student levels, aggregated into one classification of student
assistantships, etc.

Equatioen 4.2 is now modified by writing
s(t) = T(t)s(t-1) + Qtlp(t~1) + X(t)q(t-1) + Hg(t) + Jult) (4.13)

where H is an NxAl and J is an NxA2 matrix relating, respectively, the
number of students served by the number of full-time~-equivalent graduate
assistantships and student assistantships awarded. One full-time-
equivalent assistantship may provide financial help to 8 students working
1/8 time, 4 students working 1/4 time, 2 students working 1/2 time, etc.
The-matrices.T(t), Q{t), and X(t) in Equation 4.13 are modified versiens,

respectively, of U{(t), V(t), and W(t) in Equation 4.2. Modifications of
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U(t), V(t), and W(t) are required to remove, respectively, the transi-
tions, arrivals, and transfer§9of students awarded.graduate and student
assistantships by the College,

The concept of financial aids as control variables brings up sev-
eral points of interest. For example, consider a particular school in
the College operating under a fixed budget, It may Be important fer
school administrators to identify those students who deserve and require
financial aid in the form of graduate assistantships and student assist-
antships. If these students are identified and the minimum amount of
aid determined9 administrators should be able to do a hetter job of g~
warding assistantships than would be the case if no information were
available. 1If assistantships afe.awarded on a ”firstacome; first-served"
basis, some students may have to leave the University or transfer to
another department that offers assistantships.

In brief, College‘adminiétrators-may influence the student enroll-
ment distribution by increasing or decreasing the ratio of students
served per full-time-equivalent assistantship or by increasing or de-
creasing the number of full-time-equivalent assistantships awarded. If
the policy of the school is to aid as many of its students as possible
within the limitations imposed by a fixed budget and school requirements,
a syrvey of its students may be in order.

Other variables which influence or coentrol student enrollments may
be included in the moedel if they can be represented by quantitative vec-
tors and if their influence can be measured.

How does one determine the number of students of all categories that
depart from the College during or at the end of time period (t-1)? It

follows from Equation 4.3 that the sum



38

ﬁ: uij(t)

i=1

represents the total proportion of the students in category j at time

(t~1) that still remain in the College at time t. The difference

Iz

() = 1= 2 ug (0 (4.14)

]
o

represents. the proportion of students of category j who depart from the
College during time period (t-1). The departure of a student from the
College does not necessariiy‘mean that the student has departed the Uni-
versity. He'ﬁaynhave transferred to a nen-engineering academic depart-
ment on campus.

A set of equations of the form
d(t) = Z(t)s(t-1) (4.15)

may be written to describe student departures from the College, by cate=~
gory., Z(t) is an NxN diagonal matrix whose jth diagonal element is
Lt
zJ()
Administrators may be interested in knowing why students depart the
College. This provisien is introduced into :the medel in the following

manner. Let

v(t) = [v,(t)] (4.16)

N3x1

represent the number of students departing from the College, by reason,

during time peried (t“l)s Then v{(t) can be expressed as:

v(t) = D(t)s(t-1) (4.17)
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D(e) = [4; ,(8)] (4.18)

N3xN

and dij(t) represents the proportion of students in category j at time
(t-1) who do not enroll in the College at time t due to reason .i. Stu-
dents may deéart the College due to graduation, grade point deficiency,
illness, death, transfer to another college or university, transfer to
another department on campus, accident, financial difficulty, etc. What-
ever the reason for departure, an accounting should be made for each stu-
dent who departs the College. 1If a student simply drops out for no ap-
parent reason, a follew-up questionnaire should be used to determine the
reason(s) for dropping out. Otherwise, the student is simply listed as

a dropout.,

An analysis of student departures from the College should be helpful
to administrators concerned with student retention. Equation 4.17 can
be used to answer such questions as: #How many students transferred
from the College of Engineering to. other colleges of the University??;
"How many. Electrical Engineering freshmen transferred to the College of
Arts and Sciences?"; "How do these figures compare to those of previous
time periods?“ These are only a few of the questions that could be an-
swered. In addition, the mnet transfer gain or loss for the.various stu=-
dent categories in the College can be determined by comparing transfers
into the College obtained from W(t)q{t-l) in Equatien 4.2 with appropri-

ate transfers out of the College obtained from Equation 4.17,
Student Demand Equations

Students in the College impose demands upon the College for credit
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hours of course work as well as demands for certain types of services
such as counseling and advisement. If the academic program of the stu-
dent. includes research effort, demands are made upon the faculty to pro- .
vide guidance of the research effort. No distinction is made in the
model between credit hours associated with course work and thesis credit
hours. However, the difference in cost of instruction for course work
and thesis advisement will be tgken into account in Chapter V.

Let

c(t) = [Ci(t)]N4xl (4.19)

represent the student-credit-hour demands during time period t, by school
and course level, imposed by all students in the University upon the

College. Then c(t) can be expréessed as:

c(t) = Cs(t) + Px(t) (4.20)
where
S = |c 4.2
: iij4xN ( D
and cjj represents the average number of credit hours from scheol-course

level i taken by a studenf‘enrolled in category j of the College. The
product Cs(t) represents the student-credit-hour demands, by schoeol and
course level, imposed upon the College by its own students during time
period t, |

In Equation 4,20,

0 = [0 Iyuxs (4.22)

and
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x(e) = [x,]

39N5x1 (4.23)

where ¢ij represents the average number of credit hours from school-
course level i takeh by a non-engineering student enrolled in category j
(academic area and student level) of the University and the components
of the vector x(t) represent nonmengiﬁeering student enrollment, by aca-
demic area and student level. The product Qﬁ(t) then represents the
student-credit-hour demands, by school and course level, imposed upon
the College by nen-engineering students.

It might be desirable to consider the origins of student transfers
into the College from on-campus as being identical to the population
states describing non-engineering student enrollment., 1In this case, N2
in Equation 4.9 is equal to N5 in Equation 4.23.

Course levels may be designated as freshman, sophomore, junior,
senior, master, and doctor. 1In some cases, course levels might be des-
ignated as lower-division undergraduate (1000 and 2000 level courses),
upper-division undergraduate (3000 and 4000 level courses), and graduate
(5000 and 6000 level courses). Obviously, depending upon the detail de-
sired, there are other choices that one can use in describing course
levels, e.g., undergraduate and graduate. Omne can also describe student-

credit-hour demands by student levels rather than by course levels. Let
oft) = Lo (D], . (4.24)

represent the student-credit-hour demands, by academic unit and course
-level, impesed upon nen-éngineering academic units by all students in

the University. Then o(t) can be expressed as:

o(t) = Ms{t) + Nx(t) (4,25)
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where

M = [mij]NéxN (4026)

andmij represents the average number of credit hours from non-engineer-
ing academic unit-course level i taken by a student enrolled in category
j of the College. The product Ms(t) represents the student-credit-hour
demands, by academic uni; and course level, imposed upon non-engineering
academic units by students enrolled in the College,

In Equation 4.25,

N = [ng 5Jy6xns (4.27)

where nij represents the averége number of credit hours taken from non-
engineering academic unit-course level i by a nen-engineering University
student enrolled in category j of the University. The product Nx(t)
then represents the student-credit-hour demands, by acédemic unit and
course level;, imposed upon non-engineering academic units by non-

engineering students. From Equations 4.20 and 4,253,

c(t) | c E‘ § ‘
' = s(t) + I x(t) = Ks{t) + Lx(t) (4.28)
co(t) M | N
where
.
K = = ky s (4.29)
(N4N6 ) xN N7xN

and
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L = =1 L. . (4.30)
(N44NBH)IxN5 N7xN5

The jth column sum of K, i.e.

gives the average credit hour demands imposed wpon all academic produc-
tion units of the University by a student enrolled in category j of the
College.,

Similarly, the jth column sum of L, i.e.

Y I\l

i

]
Lt

/\ij

peh 2

gives the average credit hour demands imposed upon all academic produc-
tion units of the Univergsity by a student enrolled in category j of the
University.

Equation 4.28 can be used to calculate the.fu11=timemequivalent
student enrollment of a particular category, a school, the College .of
Engineering, the University, etc. For example, suppose that the full-
time-equivalent student enrollment for category 5 of the College is de-
sired, and let category 5 represent master degree students in Industrial
Engineering. From Equation 4.28, the total number of student-credit-

hours taken by students enrelled in category 5 of the College is?

N7

N

> ks ss(t) = (4.31)
°=1 b
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where)Jg denotes sum., The full-time~equivalent student enrollment for
category 5 is obtained by dividing,ég‘by 12,

In a self-study of higher education.in Oklahoma published in 1964,
FTE (full=-time-equivalent) student enrollment was omne statistic used in
projecting needs for phéycial plant space (15). For example, a standard
of five assignable square feet per FTE student was used in projecting

needs for Administration and General space.
Educational Costs

College and University administrators may be interested in knowing
the unit cost, in dollars, of educating students. This provisibn is in-
cluded in the model‘and allows one to impute educational costs to stu=-
dents enrolled in various categoriés of the College of Engineering. The
development that follows is intended as a starting point in answering
'such questions as: . "What is the average cost involved in producihg a
Bachelor's, Master's, or Doctor's degree in a given school of the Col-
lege?”; "What is the average cost involved in educating a student that
is designated a freshman, sophomore, junior, or senier in a given school
of the College?”

Suppose that one desires to impute an educational value {(cost) to
each student in the College. The educational value imputed to the stu-

dent at the end of the tth

time period is equal to the educational value
of the student at the end of the (tml)th time period plus the value of
credit hours taken by the student during time period t. One could de-
termine the educational value of each individual student in the College;

.however, the following development considers average imputed values of

students enrolled in the College, by category.
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" Let
= [si(t)]le (4.32)

be a subvector of the state vector whese components, éi(t)S represent
the average cost or imputed unit value (dollars per student) of education

received by a student enrolled in category i of the Ceollege. Let
() = [f (t)] (4.33)

represent the unit values (dollars per student) of credit hours taken,
by category, during time period t by students enrolled in the College.

Then,@(t) can be expressed as:
) = cTee) + Mlo(r) (4.34)

where é(t) and é(t) are the unit costs (dollars per student-credit-hour),

T and MT (credit hours) are the trans-

respectively, of c(t) and o(t). C
poses, respectively, of C and M in Equation 4.28.

Before proceding further, the reader is referred to Equation 4.2
which describes the student enrollment distribution of the College at
time t in terms of the students continuing in the College from the pre-
vious time period, the enreollment. choices of new arrivals from off-
campus, and the enrollment choices of transfers from on-campus. Using
the notation described in Equation 4.2, let

ulj(t)sj(t=1)

Ju _ 1]
yij(t) = e (4:35)

‘ v, . (t)p.(t=1)
v (t) = —ded (4.36)
1] si(t)




46

y (e = e

(4.37)
1] Si(t)

represent, respectively, the proportions of students entering category i
from category j of continuing students, arrivals from off-campus, and
transfers from on-campus. Then the educational value imputed to a stu-

th time  interval can be

dent in category i of the College during the t
expressed as a Weighted average of the values imputed to centinuing stu-
dents who enter category i from other categories (or remain in category
i), the values imputed to new arrivals from off-campus that enter cate=
gory i, and the values imputed to transfers from on-campus that enter
category i, Added to this weighted average is the unit value of credit

hours taken by category i students during the tth time period. The edu-

cation value imputed to a student in.category i of the college is:

N :
8(e)=> vY ()8, (e-1)- E{:ylj(t)pj(t 1) j{fylj<t)q (e=1)=4, (£) + (4.38)
=1 :

The average imputed values for all student categories in the College is

written as:
3(t) = YH(E)A(-1) - Y ()P (e=1) - Y (£)d(t-1) = CT&(t) ~ MT8(t) (4.39)
where

Yi(e) = [y (0)] (4.40)

NxN

]

Y () Eyzj(t)ijNl (4.41)

Y7(e) = [y} (0 Do (4,42)



and §(t-1), p(t-1), and q(t-1) represent, respectively, the values im-
puted to students continuing . in the College, arrivals from off -campus,
and transfers from on-campus measured at the end of time period (t-1).

The components of é(t) are negative numbers representing unit costs
of output of the student sector. Unit values of credit hours taken, im-~
puted values of arrivals from off-campus, and imputed values of transfers
from on-campus are positive numbers representing inputs to the student
sector.

Those categeories in ﬁ(twl) that represent imputed values of new
high school graduates could be assigned zero values. One might assume,
initially, that the imputed values of the other arrivals from off-campus
are the same as the corresponding valués of students enrolled in the
College. In order to determine ﬁ__(t«l)5 non-engineering academic areas
must supply the imputed values of their students that transfer into the
College.,

From Equations 4.1 and 4.32, the state vector, El(t)’ is obtained,

i.es.

@ = | . (4.43)

(t)

fea>

-1 9Nx1



CHAPTER V
PRODUCTION SECTOR
Introduction

The model of the student sector developed in Chapter IV describes
student demands for credit hours of instruction from the College., Stu-
dent demands,fér these credit hours are met by production units (schools)
of the College. The word !productioen” is broadly interpreted and does
not imply that the College of Engineering is a preoduction enterprise
similar to a factory, However, the College of Engineering does exist to
render services and the fulfillment of these services is a definite form
of production.

In addition to student demands for credit hours of. instruction, the
College is expected to meet more general demands for other services,
such as sponsored research and public service.

This chapter describes the model which has been formulated to éimu=
late the allocation of resources by the College to perform its three
main functions: instruction, research, and extension.

The-modei allows éimulation of the policies followed by the admin-
istration in funding certain operational activities. Model parameters
describe, for example, such ratios as the FIE (full-time-equivalent)
faculty (by rank) per student-credit-hour produced (by scheol and course
.level). The resoufce allocation policies are, theéretically, within the

control of the administration. Presumably, the mix of resources, results

48
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in high quality products. Quality of éducational services or functions
can be inferred from such quantitative factors as the ratio of students
to faculty, square feet of classroom and laboratofy'facilities per stu-
dent, educational and general purpose funds available per student, etc.
The development of a mathematical expression that relates quality te
these factors is, however, beyond the scope of this research,

The description of the production sector includes the unit cests of
production determined'ffom the number of personnel utilized, the object
expenditures per time period, unit costs of personnel, and the numbers
of units preduced.

Because of the use of student assistants and graduate assistants in
the production sector, each school is considered to have "feedback loops”
from the student population through which part of the production require-
‘ments are supplied.

The schools of the College are described in terms of input=-output
models. "Input" refers to personnel effort, supply and equipment expen~-
ditures, etc. "Output" refers to student-credit-hours produced, man-
hours of research produced, etc., In the development that follows, Ml
-production units (schools) are definea,

The resources utilized within the schoeols in productien during time
period t will be described next. The vector

2w = [ (0] |, (5.1)
M- xl1

represents the number of FTE units of individual administrative effort

utilized in scheol j on sub-functien i during -the gth

time period. Each
entry a;J(t) corresponds to a single administrator employed by school j.

Faculty, staff, graduate assistant, and student assistant effort
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(measured in FTE units) utilized in school j on sub-function i during

th

the t~ time period is similarly defined. Let

ij ij
£ (L) = [fm (t)] i3 (5,2)
M7 x1

represent faculty effort with Mi3 faculty members identified; let

e = Tgdel |, (5.3)
M” x1

represent staff effort with‘Mj4 staff members identifieds let

i3 3¢ |
g () =gl ()] | (5.4)
m MJSXL

represent graduate assistant effort with MJ5 graduate assistants identi-

fied; and let

A3 1.,
ue) = Luy"(e)] 44 (5.5)
M~ x1

represent student assistant effort with MJ6 student assistants identi-
fied. It should . again be noted that each entry of these vectors is

identified with an individual emploeyee. Thus

ik
MJ = total number of individuals employed by school j.

Me

Now let

_e;,ij(t) = [ei‘lj(t)] i7 {5.6)
M- x1

represent object expenditures (dollars) per time period, with M7 cate-

gories of object expenditures identified, expended by school j during



the tth

time period.

In the development that follows, the notation defined by Equations
551 - 5.6 with consistent units will be used. However, the size of the
vectors will later be changed in order to aggregate and superscripts on

the vectors will change to indicate sub-functiens, course levels,

courses, activities, projects, etc.
Instruction

The credit hours of instruction deﬁanded from the College by all
students in the University.are produced by the schools of the College.
In the model, the number of student-credit-hours produced by a school at
a particular course level is equivalent to the student.demand for in-
struction from the school at the particular course level. While student
demand’ is not the sole educational criterion for maintaining instruction
in a school at a particular course level, it should be one of the fac-
tors considered by an institution in acting on proposals to expand (or
restrict) course offerings.

In. the model, the functien of instruction is broken down inte two
- sub-functions which are described as:

1. The onncampus credit course program
2., Activities related to the on-campus instructional program.

In order to‘show individual employee effort and object expenditures

.in the production.of studentmcreditmhours in each.course, let the input-

h production unit (school) for the on-campus credit

output model of the j°
course program be represented by Equation 5.7.
The superscripts 1 and j on the inputs denote, respectively, on-

campus credit course program and school j. The superscripts on the
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input-output matrices, from.left to righf, denote on-campus credit course
program, school j, course level and course (Njk9 k=1l,...,0 courses are
identified in school j at course level k), TFor the output vectors, the
superscripts from left to right denote school j, course level, and
course. There are sz components in the vector glj(t) and each component
represents the FTE effort of an individual administrater in school j in-
volved in the on~campus credit course. program. Similarly, there are Mj3,
Mj49 Mjs9 and Mj6 individuals identified, respectively, in the vectors
_f_lj(t)9 Elj(t)9 g}j(t), and E?j(t) and each component of these vectors
represents the FTE effort of an individual. Mj7 categories of object
expenditures are identified. in glj(t)°

. 1kN; 1jkNs  1jkNap © LjkN;
The input-output matrices A Jk, F J , R J s G Jk,.and

1 kN 31
P J are measured in FTE units per student-credit-hour proeduced,

kN ik :
whereas, E I has the units of dollars per student-credit<hour pro-
duced.
, jit ‘
The typical entry c (t) of the output vector represents the num=
ber of student-credit-hours prbduced in school j, course level 1, course

10

Equation 5.7 can also be written in the more compact form:
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alJ(t) T
£ )
1)
; 1jIN. . 1j2N. q s 156N,
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JIN
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J6N 3
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(5.8)

where
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1iKN 1jkN .

) 1 kN, 15kN,, T
S J A Tk F ik ’

jk
. , , oee, E JK]
and T denotes the transpose.

Administrators concerned with undesirable course proliferation might
desire to determine student-credit-hour costs for individual courses,
These costs can: be expressed directly in terms of the cost of the re-

sources utilized. The costs per‘student»credit=hour in schoel j for

each .individual course ig written as:

— — — T
. 1
aitl e
. !
1
6J1Nj1(t)
o . 1jIN, . 1j2N, e 1j6N,
j2N, R L L UYL FT ULV S CLENN FUN LS SR
2361 e) |
. |
o |
Ity | B i b B
() |
Fle)
F(e) (5.9)
o 2 509
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where, for example; the entry éjll(t) represents the. unit cost (dollars
per student-credit~hour) -in school j, course level 1, and course 1;
43y, Fi), Ej(t), 23(t), and Wi(t) are the unit costs (dollars per
FTE)9 respectively of individual emplovees identified in school j;_ij(t)
is a vector of 1's (dimensionless), i.e.

‘iq(t) =[1] (5.10)
M3 x1 |

and the input-output matrices are those defined in Equation 5.8.

Since the.student—creditmhour costs described by Equation 5.9 are
output costs of the productien sector, the values are defined to be neg-
ative. Note that the totallcost of producing all student-credit-hours
in school j during time period t can be determined easily from the scalar

(inner) product

— 19T —

Il (ey ¢illeey

1N 5 IN
Il (e) 33 (1)
32l (o) 2321 ¢y

12N

IMI2 aAN32, )
LLTE) 4361 1y
" 56N T 6N
30y | 1838y ,
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It fellows that the total administrative, faculty, staff, graduate
assistant, and student assistant costs may be determined in a similar
manner,. e.g., the scalar product of Elj(t) and fﬁ(t) determines the total
cost of faculty utilized in the on-¢campus credit course program of.school
j during time period t. The total cost for object expenditures for the
on=-campus credit course program of school j during time peried t is
determined by summing the column entries of,glj(t), defined by Equation
5.6, 1i.€, | | |

i’ L1
ﬁpzl emJ(t) .

A computer program has been written to demonstrate the method of
calculating input vectors and student-credit-hour costs for individual.
courses indicated by Eqﬁations‘5.7 and 5.9, A description of this pro-
gram and a listing are given in the Appendix.

In many cases administrators, faculty, staff, and employed students
devote man-hours to activities related to the instructional program but
not directly in support of a specific course or course level., Such ac-
tivities include meetings, committee work, general student advisement
and correspondence. To properly allocate such personnel effort and cer-
tain related object expenditures in school j, the following system of

equations is propesed:
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. . oM. | . 1
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where the superscripts 2 and j denote, respectjvely, those miscellaneous
activities related to on-campus.instruction and school- j. The third
superscript, 1, 2, ..., Mj denotes that there are Mj types of miscellan-
eous activities in school»j° The typical entry bjl(t) represents the
man=hours devoted to Mj types of activities in school j during the ¢th
time period. Note that Equation 5;11 iskof the same form as Equation
5.7, The primary difference lies in the distinction of course levels in
Equation 5.7 which requires an additional superscript.

In terms of the resources utilized and resource costs, the unit

costs of producing man-hours of effort for activities related ta the on-

campus instruction program in school j during time period t are:
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where the above input-output matrices are those described in Equation
5,11, T again denotes transpose and the vector on the right hand side is

that described in Equation 5,9,
Research

Research .projects in the College of Engineering are intended to
promote or strengthen the eduéational program. The faculty members in
the College of Engineering have primary responsibility for the research
project activity and are assisted by undergraduate and graduate students.

In the model, two types of research activities are identified: in-
stitutional (organized) research, funded from University souces, and
sponsored research, funded from external sources, such-as individuals,
industrial organizations, and agencies of the government. It is possible
to identify three types of sponsored research, i.e. gifts, contracts, or
grants; however, this distinction is not made in the proposed model.

Most research effort of personnel in the‘Collgge<of Engineering is

conducted threugh the Office of Engineering Research whose support
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functions include physical preparation of proposals in collaboration
with the facultys; budget cglculations; submission bf the propoesal to
potential sponsors; support of the faculty member in preliminary confer-
ences3 accounting and billing for awarded contracts, maintenance of cen-
tral file for all Engineering Research efforts, both sponsered and iﬁ-
stitutional, etc.

The equations already developed in this chapter have established a
pattern that can be adapted to the research function. Therefore, the
input-output models and unit costs of production for research as well as
extension and public service will be described in terms of the equatiens
already developed.

For institutional research, the input-output model for school j,
all projects, is obtained by substitutiﬁg superscript 3 .for superscript
2, the letter h for b, and Pj for Mj in Equation 5.11. The superscripts
now denote, respectively, institutienal research, schéol j» and project.
Pj individual institutiqnal research projects are identified in school j

during-the»tth

time period. The units of measurement for research pro-
duction presernts a problem. Russell (16) observes that it is difficult
to define appropriate units for research productiqno He further indi-
cates. that research production seems to be in units that are incommen-
surable. However, the production unit selected in this dissertation is
man-hours of .effort because of the direct relationship between personnel
expenditures for research and the man-hours of effort of personnel en-
‘gaged in research activities. Therefore, the typical entry hjl(t)'dea
notes the man-hours of institutional research effort produced in school

j. on project 1 during the tth time interval. Selectien of a "best" pro-

duction unit (if indeed, one exists) is beyond the scope of this
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dissertation, but does indicate an area in which further investigation
by others might prove fruitfulf

The equation for unit costs of man=hours of institutional research
produced in school j on all projects during time. period t is obtained by
making the same substitutions described for Equation 5.11 in Equation
5.12.

The development for sponsored research is similar to that just des-
cribed for institutional research, Let Qj denote the number of sponsored
research projects in school j dﬁring time period t. Then the equations
for spoﬁsored research are obtained by substituting superscript 4 for
superscript 3, m for h,ij for Pj, and the word "spoensored" for the word
"institutional” in the word description above describing how the equa-

tions for institutional research are obtained.
Extension and Public Service

Most extension and public service effort of personnel in the College
of Engineering is.conducted through the Engineering and Industrial Ex-
tension Division,k Extension programs are specifically designed for in-
‘dividuals who are not able to participate in the regular campus educa-
tional activities on a full-time basis.

Extension‘and‘ﬁublic servibe.is broken down into.three sub-
functions, which are described as:

1. The onmcampus non-credit program
2. The off-campus credit course program
3. The off-campus non-credit course program.
The on-campus non=-credit program consists of short courses, conferences,

seminars, institutes, meetings, workshops, etc. The off-~campus credit
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course program is concerned primarily with a Master's degree program
that is a joint endeavor of Oklahoma State University, the University of
Tulsa, and the University of Oklahoma. The off-campus non-credit course
program denotes contract courses taught to employees of companies or
agencies at their request. ‘

Extension and public service activities impose demands upon the re-
sources of the College. The resources allocated.to-meet fhese demands
and the unit costs of production are described by equations that are
similar to those previoucly described in this chapter for instruction
and research. Therefore, a word description will be.used to outline the
equations for the three sub-functions that constitufe extension and pub-
lic service.

Three equations of the form of Equation 5.1l result from the sub-
stitutions described next. The first egquation results from making all
the substitutions listed first in the séries of three, the second equa~
‘tion results from making all the substitutions listed second in the ser-
‘ies of three, etc. In Equation 5.11, let the superscripts 3, 6, and 7
(replacing superscript 2) denote, respectively, the on-campus non-credit
program, the off-campus credit course program, and the off-campus non-
‘credit course program. Let the superscript j denote scheol j, and let
the third superscript denote activity, course, and course, respectively,
for the on-campus non-credit program, the off-campus credit course pro-
gram, and the off~-campus non-credit .course program. For b substitute n,
w, and y to denote, respectivély, the number of man<hours of training
produced (on-campus non-credit program), the number of student-credit=-
hours produced {off-campus credit. course program), and the number of

man-hours of training produced (off-campus non-credit course program).
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Also, for Mjg substitute, respectively, R:, S:, and Tj to denote the

i» S5
number of on-campus nonecredit activities, off-campus credit courses,
and off -campus non-credit courses.,

As an example, the entry njl(t) denotes the number of man-hours of
training produced in school j, activity 1 for the on-campus. nen-credit
program during time peried t. Note that the man-hours of training pro-
duced for the non-credit extension programs ‘is not man-hours of effort
produced, as was the case for research, To illustrate, a 4 hour confer-
ence with an enrollment of 20 will produce 80 .man-hours of training
regardless of the man-hours of teaching effort involved.

The equations for unit costs for the three sub-functions of exten-

sion and public service are obtained from making those substitutions

described above into Equation 5.12,
-‘All Functions

The development in the preceding sections of this chapter describes
each function (or sub-function) of the schools separately. Consequently,
the input-output characteristics for each function or sub=-function can
be evaluated and simulated indiwvidually. However, a more general case
is to consider the input-output characteristics of each school for all
functions., It is desirable, at this point, to aggregate the model in
order to keep the size of the model within manageable proportions.,

To illustrate the changes made in the model, examples of. aggregation
will be given for instruction. The procedure for research and extension
should be evident from these examples.

The first step in aggregation for the on-campus credit course pro-

gram is to diminish the size of personnel input vectors by placing all
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individuals into the following categories. - Administrators are identi-
fied according to Pl types, faculty are identified according to P2 ranks,
staff are identified according to P3 types, graduate assistants are |
identified according to P4 types, and student assistants are identified
according to P35 types. The object expenditure§ vector is not diminished.

For illustration purposes, possible typeé of school administrators
are heads of schools, administrative assistants, and research adminis-~
trators. Four possible faculty ranks are professor, . associate professor,
assistant professor, and inmstructor. Three possible types of school
staff are secretaries, technicians, and research personnel. Two possible
types. of graduate and student assistants are teaching assistants and
research assistants. Examples. of object expenditures are given in
Chapter III.

Using Equation 5.7 as a guide, the personnel input vectors are now
diminished. For example, individual.faculty member effort is now aggre-~
gated according to faculty ranks. The student~credit-hours produced in
individual courses is aggregated into student-credit-hours produced by
course level, This is achieved by summing the student-credit-hours pro-
duced in the Njk courses at course level k, i.e.

Njk
Iy = > e : (5.13)

=1

The FTE's or object expenditures per SCH (student-credit-=hour) by
level are determined from the input-output matrices of Equation 5,11,

and the resulting egquation is written as
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Since personnel have been aggregated, the unit costs of persennel
must be aggregated and now represent average unit costs. .A "hat! will
be used on these vectors to indicate this charnge. It follows from

Equation 5.14 that SCH costs by course level may be represented as:

- oot o -
Sy = - |al 2H )
pld ilj(t)
oL PRSI
13 R (5.15)
pH M
RE] I DRI

b -~ — -

. Aggregation. of personnel and unit costs of personnel are the only
steps required for activities related to the on-campus instructional
program. This procedure is idenéical to that just described for the on~
campus credit course program.

The input=-output model for school j is

then written as:
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From Equation 5.16, it follows that the unit costs of producing
man-hours of effort for activities related to the on-campus instruction

program are:

- AT -
8y = - | A% 423 (x)
F2J _Af_Zj(t)'
g% Eijt)
%3 24 o1
p?] ﬁzj(t)
| g2 1w
4L i .

The input-output models and unit cost equations for the remaining
five sub-functions are developed in a fashion similar to that just des-
cribed. Thus, the input-output model of school j for all functions can

be represented as:
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al(e) _;lj IERURE RN RN A7J— *‘j(t)'

fjkt) pld 23 g3 g% 23 03 g b7 (1)

rj(;) r3 g23 g3 gt g3 83 gl h(e)

JEPS B RS Rt S QCE R TP £ I D P (5.18)
uld (1) pti p23 pPd p# pd3 p83 71 nd (t)

el (1) gtd g2 g3 g4 gd3 g% g7 W (t)
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Also, in terms of the regources utilized and resource costs, the

unit costs of production for all functions in school j during time per-

iod t are:
— — — 4T .
e AL 423 431 443,53 465 7 2 ey
ﬁj(t> pld g2 p33 ptd g3 g3 g3 ﬁj(t)
o) RS SRR DRI R N P PO
&j(t)‘ RN IS RS R & RS RS L I S éj<t) (5.19)
Ay | LI P23 p33 A3 55 63 LT 43 o)
#e) gl g23 g3 g4 g33 g8 g7 i7(e)
Yol - 4L

In Equations 5.18 and 5.19, the superscript j denotes school j and
the superscripts, 1, 2, 3, 4, 5, 6 and 7 denote, respectiyely, the on-
campus credit course program, activities related to the on-campus in-
structional program, institutional research, sponsored research, the on-
campus non-credit program, the off-campus credit coursé program, and the

off -campus non-credit course program.
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The left~hand-side of Equation 5.18 can be determined directly from

the data base. It is also possible to determine these vectors from:

al (o) rgkj ()

£3¢e) £

rj(t) 7 rkj(t)' :

gl (t) =% £ 020
o (o) S

ej(t) gkj(t)

where the right-hand-side of Equation 5.20 denotes a summation of cor-
responding vectors. Superscripts k and j denote, respectively, sub-
function k and school j. |

In Equation 5.19, &3(t), £3(t), £3(t), A(e), end &3(t) are the av-
erage unit costs, reépectively, of gj(t)g Ej(t), Ej(t), gj(t), and Eq(ts.
These average costs can be'determined directly from the data base.

At this point it is desirable to show how the total budget for per-
sonnel and object expenditures of each school can be determined. ‘The

inner product

- gt -
I () )
bl (e) bio
o | (R
mJ(t) ’&j(t)
nj(t) ﬁj(t)
Wl (6) w o)
¥ @© P

1
1
|
1
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establishes the total cost for all sub-functions and thus the total bud-

th

get of school j for the t time period. Another way to determine the

total budget is from the inner product

_ - T —
g_j(t) éj(t)
£l(e) 12105
3 (e) 2@
g3 () LIS
ul(e) &)
Ej(t) ’ gj(t)
R - — pu— e

The input-output model of the College follows from the input-output
models of the schools in the College. The input-output model of the

College, considering all schools and all functions, is represented as:

a(t) al A% 2% A% 47 A% A e
f(e) FroFe P F P FC F b(t)
| &' R B r* R &% R h(t)
_ (5.21)
g(t) et o® & % ¢ ® ¢ m(t) *
u(e) prop? %P7 % P fn
e(e) et B2 B e B % B |we)
S _ -
y(t)

Also, in terms of the respurces utilized and resource costs, the
unit costs of production for all functions in the College during time

period t are:
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2(t) Al a2 a3 A% A5 a0 A7 A(t)

b rlor2 PO P 0 F £(t)
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ol Tl 2@ @ ¢ | (o] (5.22)
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In Equations 5.21 and 5.22, the superscripts,:l, 2, 3, 4, 5, 6, and
7 denote, respectively, the sub-functions described in Equations 5.19

and 5.20. The vector a(t) is defined as:

a(t) = | f ; (5.23)

i.e. gﬁt)’is comprised of the vectors.ij(t) for the Ml schools of the
Colleges The other vectors appearing on the right and left-hand-sides

of Equations 5.21 and 5.22 are similarly defined,



CHAPTER VI
THE COLLEGE SYSTEM MODEL
Introduction

The model of the student sector developed in Chapter IV and the
model of éhe production-éector developed in Chapter V are unconstrained
models. That is, the input~output characteristics of each sector model
may be simulated independently by providing the appropriate input data.
However, simultaneous oﬁeration of both sectors as an integral uﬁit im-
plies that constraints must be imposed. These constraints are easily
identified in terms of the common variables appearing in the models of
the student and production 'sectors.

It is clear that Fhe graduate and student assistantships, denoted
by g(t) and u(t), respéctively, in the student sector model Equation
4,13, are identical to those quantities utilized in the production sec-
tor model Equation 5;210 Furthermore, the sﬁudentpcreditmhours demanded,
denoted by c(t) in Equation 4.20, correspond to the student-credit-hours
produced in Equatien 5.21. Finally, the unit coéts of thé‘studenta
credit-hours demanded; denoted byﬂé(t) in Equation 4;399 are cohsidered
to be the negative of the unit values of ‘the student-credit-hours pro-
duced in the production sector model Equation 5.22o This constraint is
consistent with.the convention that unit costs of inputs are positive

while unit costs of outputs are negative.

71
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Combining the Sector Models

The College system model is established by replacing the constraint
variables in the sector models with equivalent relationships.

The equation describing the student enrollmenf distribution of the
- College is obtained by making the following substitutions into Equation

4.13, which is repeated here for convenience:
s(t) = T()s(t=1) + Q(t)p(t-1) + X(t)gq(t-1) + Hg(t) + Ju(r) . (6.1)

First g(t) and u(t) are replaced by their equivalents from Equation 5.21.

Then applying Equation 4.20 to the result and solving for s(t) yields:

s(t) = B7lT(t)s(t-1) + B7IQ(t)p(t-1) + B IX(t)q(t-1) + B 1B x(t)

+ 37 18%(0) + B7IB%n(e) + B7MB%m(e) + BB () + 3718 (e)
+ 37187y | (6.2)
where

Bl = I - Hclc - JPlc)"'1 S (6.3a)
Bl = (HGIQ + JPIQ) (6.3b)
B2 = (ue? v+VJP2) o | (6.3¢)
8> = @e® + ap%) : (6.3d)
134 = (HG4' + JP4) (6.3¢)
B° = (HG° + JP°) (6.3£)
B6 = (HG6 + JP6) v . (6a3g)
8 = @e’ + a2y . (6.3h)

Note that I denotes the identity matrix in Equation 6.3a and 51 denotes

matrix inverse. The supersc¢ripts 1 through 7 appearing on certain
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matrices in Equations 6.2 and 6.3a-6.3h denote sub-functions (not
 powers).

For a fixed set of operating policies, any increaée in demands for
services provided by the College results in an increased demand for stu-
dent and graduate assistant effort. An increase in the number of student'
and graduate assistants raisgs studentvenrollment and creates an addi-
tional demand for credit hours of instruction. This interdependence is
described explicitly in Equation 6.2.

The equation describing the average imputed values of students in
the College is obtained by making the foliowing substitutions into Equan

tion 4.39; which is repeated here for convenience:
3(0) = Y ()8 (e-1) - Y (©)p(ta1) ~ Y ()4(t-1) ~ ¢T(t) - MB(E) . (6.4)

First é(t) is replaced by =-é(t), accounting for the change in sign from
input to output cost. Then the expression for é(t) obtained from Equa-

tion 5.22 is utilized, giving:

() = YH(e)s(e-1) - Y (£)p(t-1) - Y (£)q(t-1)

| (6.5)
T 1T 4T 4T 4T 1T 1T, T
-c (Al FURV G R EY T MR - M bce)

_ﬁ(t)
()
g(t)
a(e)

i)

An examination of Equatien 6.5 shows the dependency of the Imputed

student values upon the cost of the personnel resources and object
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expenditures allocated in the production sector for credit hours of in-
struction.
Administration, faculty, and staff effort plus object expenditures

for all production in the College, obtained from Equation 5.21 is:

a(t) al A% a3 4% a0 a8 A c(t)
f_(t) o -l S S A S L1 b(t)
r(t) TR R R R R RS R h(t) ©-e
e(t) et 2?2 et P e® B |a@
-0 T T aw
w(t)
y(t)
Using Equation 4.20 in Equation 6.6 yields:
— 4 S - - —~ —_— -
a(t) alo|sor| a x| a2 &2 4% &% 4% A7 ||bw
£(t) : Flc‘ F1§ S A h(t)
r(t) " IRl ®'% 2 B rR* B R R E(t‘; -0
e(t) | Elb E1§ B2 B E' E° E° E ‘1'_;(1;_)
I D L _ _ z<t>.
y(t)

Equation 6.7 shows explicitly thét for a fixed set of operating policies,
any increase of either the number éf'College students, s(t), or the num;
ber of non-engineering students, x{t), results in an increased demand
for administrative, faculty, and staff effort as well as object expend-

itures,
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‘From Equation 5.22, the equation for unit costs of production for
activities related to the on-campus instruction program, institutional
'research, sponsored research, the on-campus non-credit program, the off~

campus credit course program, and the off-campus non-credit course pro-

gram is:
_ ~ T - -
b(t) a2 A A% A A% A a(t)
h(t) F2 g F* F0 F® F/ ﬁ(t)
m(e) | rR* &° R* R° R0 R’ £(t) ,
a(t) R RS R RS B(t) (©-®
W (t) p2 p> p* p° P8 P/ ace)
F( g2 B2 E* B0 E® B L1(:)_

Equation 6.8 describés the unit coests of production.for ail ser-
vices provided except the bﬁocampus credit course program. At present,v
none~of.the unit costs described in Equation 6.8 are included in the
equation for average imputed values of students given by Equation 6.5,
However, those components of é(t) that denoﬁe unit cests for student

advisement could be included in Equation 6.5 if desired,
" The Inverse Matrix

In Equation 6.2, the inverse of the matrix B, defined by Equation
6.3a, is required in solving for s(t). If thé'matrix B is singular, B’=l
does not exist and ene cannot express s(t) as shown in Equation 6.2.
However, it will be shown that if certain conditions are satisfied, then
the inverse will always exist.,

Let
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A= [HGlC + JPlC] = [aij]NxN . ' (6.9)

The entry a;: represents the ratio obtained by dividing the number of

b
College students enrolled in category i that are utilized as graduate
and/or student assistants in producing credit hours of instruction for
College students enrolled in category j by the total number of students
enrolled in category j. Therefore, if it is assumed that in each student
category, the number of graduate and/or student assistants utilized in
producing credit hours of instruction for all student categories is less
than the smallest student enrollment in any category and if it is also
assumed that the number of graduate and/or student assistants utilized

in each student category is less than the student enrellment in any cate-

gory, then the entries aij satisfy the following two conditions, respec-

tively:
Y&“
0 E 2 aij < l s i=l,o¢o,N (6a10)
and

0<a.- < l ’ i=l,‘ooo,N; j=].,ooogN ° (6.11)

Theorem 6.1. Given the matrix A = [aij]NxN satisfying conditions
6.10 and 6.11, each eigenvalue of A is modulus less than 1.

Proof. Let A be an eigenvalue of A and let x = [Xl,.oo,Xm,oaa,XN]T
be a corresponding eigenvector with IXml the magnitude of the largest

entry. Clearly ]Xm| # 0. Then, since Ax = Ax,

N
>‘Xm= .21 aijj ‘ ° (6012)
=



Taking the absolute value of both sides of Equation 6.12 gives

AX

[
o

Using the triangle inequality,

which is equivalent to

Therefore,

But since

Xj\ 5 lx.mlp j=190009N9

sb that 'kl < 1 in view of conditions 6.10 and 6.11,
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The following two theorems, stated without preof (17,18) establish

the existence of Bm1

Theorem 6.2. A" -$0 as n -9 if and only if each eigenvalue of A

is of modulus less than 1.

th

In Theorem 6.2, A" denotes the n power of A.

Theorem 6.3. In order that the series

= (I - A)°1 and the non-negativity of its entries.,
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2 n
I+A.+A. +nn_o+A +s-n

converge, it 1is necessary and sufficient that A"—»0 as n —», In such
-1
a case the sum of the series equals (I =~ A) .

Combining the results of Theorems 6.1, 6.2, and 6.3, it is first of
all clear that Bn1 defined by Equation 6.3a will always exist if condi-‘
tions 6.10 and 6.11 are satisfied. Furthermore, it can be seen from
Equation 6.2 that for s(t) to exhibit positive entr;eé, all entries of

2"l must be positive.

i



CHAPTER VII
DATA BASE REQUIREMENTS
Introduction

The-model of the College formulated in Chapters IV, V, and VI re-
quiresvspecific types of data for implementation. However, a data basé
in the form suitabie for total impleméntation of the model does not exist
at present. The accuracy of any model depends upon an accufate and ade-
quate data base from which the parameters in>the:mode1.can be evaluated.
It is hoped:that in the near future; an adequate data base will be devel-
oped. In tﬁe-me;ntime, simulation effortS’ﬁust be based upon skeleton
information and hypothetical data in order to demonstrate the model.

Insofar as this model is concerned, the data base should be céntral-
ized, coerdingted, and computerized. This should eliminate duplication
of data collection and provide détailed information concerning the oper-
ation of the College with provisions to insure against use by unguthor-
ized persons.: Data acqﬁisitions should be synchronized in time, data
should be updated periodically, énd‘a standard code shopld be used.

One specific objective of this study was to establish and define
the data base requirements for a system model of the College; The very;
first‘step in this investigation was to confer with school, College, and
University officialsland administrators in order to determine the present
data base and to ascertain their future plans in this area. After in-

formation on the present data base and future data base plans were

79
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obtained, the model described‘in this dissertation wasuformulatéd. Thus,
the model. describing th¢‘College was influenced by and is compatible
with the data:base available. }

i

The University has in existence now a reasonably complete data base
on students as well as faculty and staff. The file on faculty and staff
contains information taken from the ""Request for Personnel Action' form.
This file also contains information taken from application forms filled
out by faculty and staff members.

The student file contains information taken ffom class card recdrds
and other records completed by students in thé registration process.
Additional steps are being taken to make both files more complete. With
respect to tﬁese files, data for the current semester are stored on discs
and then placed on magnetic tape when they are no longer current.

The University receives.a large number of requests for information
concerning various aspects of University operation from other colieges
and universities, gbvernment agencies, boards of regents, legislative' 
committees, boards of accreditation, etc. Aﬁ'adequate computerized data
base should be able to meet these requests with the broper data supplied.
quickly, conveniently, and accuraﬁelya

At the present time, a survey is being made concerning the nature
of records to be kept in a computérmbaséd information system. It-.is
anticipated that data will be stored on disc files allowing random access
‘call-out. Alsd, inactive files will be pulled off disc storage and
stored on-maénetic tape.

| Since one objective of this research is‘to define the data base re-
quired to implement the mathematical model of the College of Engineer-

ing, it is hoped that the requirements specified for the College will
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aid or influence University administrators in their determination of

records that should be kept for the University..
Specific Data Needed

A logical progression in developing the data base for the model is
to first‘consider the épecific data requirements for each of the indi-
vidual sectors. The information needed for the student sector is re-
ferred to as the "Student Master Record!. For evaluatibn of Equation
4,13, it is essential that the following data be provided:

1. The school and student level of each student enrolled in the
Collegé during a given semester. The categories of "Engineer-
ing Freshman! and YEngineering Sophomore!” are used to describe
College stﬁdents who have not yet declared their majors. Also,
the category "Engineering Special’ describes these students
who are not candidates for a degree.

2. The enrollment status of each student for the previous semester.
Arrivals from. off-campus are catégorized as new high séhool
graduates, transfers from another college or university, and
readmission students; Transfers ffom on-campus are ciassified
according to origins of transfers, 1In addition, it is neéessary_
to identify those students continuing in the College from the
.previous semester,

3. Identification of these students awarded graduate and student
-assistéﬁtships and the fuilntime-eqﬁivalent of each assistant-
ship. |

Some of the information reguired for evaluation of Equation 4.13 is

available from the "Registration Permit?”. This permit contains
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infofmation concerning the student's college, classification (Freshman,
Sophomore, Junior, Senior, Masters, Doctors, and Specigl), and méjoru
Since some schools of the College offer more than one major, the majors
offered in each school would have to be identified to determine the
school and student level of each student in the College froﬁ this record.
The registration permit also contains coded information that tells
whether an individual is a recent high school graduate, transfer student,
readmission student, or a continuing student.

Another source of information that could be used tb‘partially imple-
ment Equation 4.13 is the "College of Engineering Information Sheet®,
In fact, with several additional questions added to this sheet, it would
be relatively easy to collect the necessary data from this form. Simply
query the students concerning their student levels (identifying "Special”
students), the enrollment status of eaéh student for the previous semes-
ter, and identify those students awarded graduate and student assistant-
ships and the full-time eqﬁivalentvof each assistantship.

i

If the "Student Master Record” is to be updated during the semester,
the»"College'Tfansfer Permit” and "Curriculum (or Depértment) Transfér,
Permit” could be used to determine, :espectively, the number of.students‘
transferring into and out of the College and the number of students‘
chaﬁging schooi within the College., Students changing froem undergfadua
ate to graduafe status shoula‘also list the name of the college int§
whichvthey“éfe transferring. .Describing a studeﬁt as being enrolled in -
the Graduate College is not descriptive enough, -

In order to implement Equation 4.17, the reason(s) for a student's
departure must be known.  If a student graduates, this information should

be indicated in the "Student Master Record”. At the present time, about



the only means of determining if a student has graduated is to look at
offiEial records after graduation ceremonies have been conducted. If a
student departs the College‘and re-enrolls in another college in the
University, this:information could be determined from the College Trans~
fer Permit. Also, if a étudent éfficially‘withdraws from the College,
this information is available from the Registrar. However, no list is
maintained for unofficial withdrawals.

The data reguired to implement Equations 4.20 and 4.25 could be ob-
tained from several sources. Student enrollment data for the College
and for non-engineering studenté could be obtained from registration
permits. The credit hours tgken by stu&ents enrolled in various colleges
of the University could be obtdined from class cards. The:Office of In-
stitutional Research will have class card data on magnetic tape for elev- -
en previous semesters at the end of the Spring semester, 1969, Thus,
credit hours taken during previous semesters could also be calculated.

The data requirements for Equation 4.39 have already been described
in Chapter IV. The unit costs of student-credit-hours demanded from ;he
college,_@(t)9 ig determined in the production sector. However, unit
costs of student-credit-hours demanded from non—éngineering academic
units, é(t), will have to be supplied by non-engineering academic units

The data bése required to implement the production sector will now
"be describédo The equations describing the characteristics of the pro-
duction sector have a similar form for the seven sﬁbwfunctions defined
in Chapter V. Thus, it should be élear that the data neéded to evaluate
the equations describing one sub-functien will be very similar in form
to the data needed to evaluate all sub-functions.

Equation 5.7 requires that individual administrative, faculty,
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staff, graduate assistant, and student assistant effort as well as objec;
expenditures be determined for each course offered by a given school in
the College for each semester. Feculty, gfaduate assistant, and student
assistant effort can be determined from records kept by the individual
schools. Certain object expenditures might also be determined. For
example, the University Computer Center maintains rather extensive rec-
ords on use of the 360 Mod 50 computer and charges could be made to in-
dividual courses. An estimate of costs attributed to individual courses
could be made for the 1620 computer located in Engineeriné South, Class
eards contain information on the time and place of each class meeting.:
Thus a use charge could he made for room usage.

~If an administrator or staff member teaches a particular course, he
could estimate his effort. However, administrative and staff effort and
object expenditures are primarily indirect efforts or expenses tﬁat must
be distributed to individual courses on some equitable basis if school
expenses for each course are to be determined.

Records are not kept on object expenditures for each eoursen In
fact, certain object expenditures for instruction and institutional re~
search ‘are lumped together at present. |

The cost of developing and-maiﬁtaining‘a data base should be kept
in mind. There is.a trade-off between thebdetail of data provided and
the cost of the data base.

The student-credit~hours produced in Equation 5.7 can be determined
from class cards. If the departmenfal course number does not end in
zero, then the number of students enrolled times the credit hours assoc-
iated with the course gives the number of etudent=credit~hOUrs produced.

However, if the departmental course number ends in zere, the student



85

indicates the ﬁumber of credit-hoursihe éxpects to receive for tﬁe
course. The number of student-credit;hours produced is then determined
by summing the number of credit-hours for each student enrollment in the
course.

The input-output matricés‘in Equatioﬁ 5.7 a;é computed once the
inputs and outputs are determined.

The unit costs of student-credit-hours produced in each course are
determined from Equation 5.9. Here unit cost information (dollars per
FTE) for administrators, facﬁlty, staff, graduate assistants, and student
assistants is required. Unit costs of personnel could be determined
from school records or personnel action forms.

Personnel action forms and similar official records do not always
give an adequate picture of the gpecific activities of each employee for
a particular semester. Hence, some type of service report is desirable.
It is essential that‘all-sefvice report data for a given school of other
adminiétrative unit be reviewed by the school head or»similar responsible
pefson who is in a position to make consistent evalyations of distribu-t
tion of efforﬁ, i.,e. FTE!'s amongtactivities reported. It is also éssenj
tial that the service report indicate all»activities which contribute to
the reéognized function of the College. |

The University requires that each faculty-member compléte a Faculty
Service Report. In additien, the Collegé of Engineering utilizes two
service reports. One is an abbreviated form for Non-Academic service
and the other is a rather complete service repbrt. With several modifi- °
cations, the College of Engineering Service Report could serve as a
means for determining most of the data required to implement the produc-

tion sector of the model. For example, on the service report
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miscellaneous activities related to instruction such as student advise-
ment, course outlines, and corfespondence should have the FTE effort re-
ported for each of these activities.' Extension activities must describe
the FTE effort for on-campus non-credit activities, §ff-campus credit
courses, and off-campus non-credit courses. Each activity or course
must have the activity described by name and number. Additionally, the
number of man-hours and student-credit-hours produced should be given,
respectively, for these activities and courses.

A service report offers several advantages over other official re-
cords in that it allows a detailed indication of the specific activities
that each employee engages in and it answers several important questions
that are not answered elsewhere. For example, suppose that a faculty
member is employed 1/2 time in teaching. Supéose also that he teaches
one undergraduate and one graduate course. What then is his division of
time between the two courses that he teaches? Is it sihply 1/4 time to
each course? The point to be made is that tﬁe time spent on one course
may be much more than that spent on the other due to course difficulty,
student enrollment, etc. An improved service réport allowing a more de-
tailed breakdown of faculty and staff effort would allow g moere accurate

allocation to be carried into the simulation.

~

Allocating Indirect Costs

This section is intended to provide a brief descriptipn of allo-
cating indirect costs with respect to the model described in this dis-
sertation. Tt is hoped that this introduction might interest other in-
vestigators in order that woerk be done in this area.

The problem is to allocate indirect (overhead) costs, such as



87

salaries and wages of schobl and College administrators and staff, to
the various fﬁnctions-performed by the schools in th_e'College° Harris
(19) notes the problems involved in cost analysis. He quotes a study of
the cost of medical education at Emory University in‘Which the following
conclusion appeared. » |

Cost analysis, no matter what system is used is not an exact
science but, rather like medicine, an art based upon a sci-
ence., It is an art in the same sense that judgment is an im-
portant part of the process. Judgment must be used in such
matters as determining how to distribute each overhead cost
most equitably and develop the best estimate for the distri-
bution of personnel time, determining where the exceptions to
the established rules are justified, or perhaps in considering
the relationship of the purpose of an expenditure to the meth-
od of distribution. Obviously, these judgments must be based
upon a familiarity with the general philosophy of the enter-
prise under study. These judgments should be: supported by
reason, and reason of course, is frequently debatable.

Morrell (20) notes that by not including capital depreciation as an
operating expense, colleges uﬁderstate eduﬁational costs.. It is his
opinion that assets should be recorded at their replacement valué. . (By
State law, universitiés cannot depreciate capital investments. These
investments-musﬁ be reported at book vélue,) Morrell also underscorgs
ﬁhe central theme of this dissertatién in the following statement.

Profit, which can serve commercial enterprises as a yard-
stick to measure management effectiveness, does not exist for:
~a college. At present there is no recognized objective means
of measuring management effectiveness of a college. The major
function of the college accounting system is thus one of .
stewardship.

With financial reportlng of colleges becoming more de-
tailed and data being made more readily available to the pub-
lic, the emphasis of the accounting system is shifting from
stewardship to the providing of financial data reveallng
reglistic costs of operation.

A primary reason for the shift is the financial burden
colleges now have., With colleges now facing deficits, the
accounting system must supply cost information pertaining to
all activities., The system provides college administratien
with data useful in reaching resource allocation decisions.

In 1932, the National Committee on Standards Reports published a
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bulletin describing methods used in unit cost studies in highef‘educa4i
tion (21). A section of this study was devoted to.the allocatiqh of .
salaries and averhead expenditureé to courses, curriculums, departments,
‘colleges, etc., Some of the studies cited in this bulletin allocated
overhead expenditures to‘departmeﬁts by varioué'méthods such as the
physical space uéed by the various departments, the number of student-
credit-hours pro&uced? instructioenal salaries, total deﬁartmental expend-
itures, the number of studentaclockahpurs produced, etc.

A study in‘1953 revealed that college and universities still used a -
wide varieﬁy of‘méthods to allocate indirectbexpenditures (22). The
term "indirect expenditures!” in this 1953 study includes expenditures .
for instr@;tion as well as for the three categories generally thought of:.
as indirect expenditures, namely administration and general expenditures,
1ibraries, and the operation and maintenance of the physical‘plant.

The point to be made is that a variety of bases exist for alloéating.
indirect expénditures. It may well be that the different methods are
defensible in the institutioné'where they were used. However, research
in this area is needed to answer such questions as: What_s;atistical
evidence is there that allocating gener@l administrative exéenditures on
a dollar-volume basis is more desirable than on a FTE student basis?

Does a method that combines two‘or more methods assure greater‘aﬁcufaCy
and validity than the use of one method?

With respect to the model formulatéd in this dissertation, it is- -
proposed that'every individual in eaéh school of the College complete a
detailed service report at the end of each semester. The service report
should lisf the three main functions (instruction, research, and exten-

sion) broken down into sub-functions. As mentioned previously in this



. chapter, it is essehtial thatvall service report data be;reviewed by
school heads or similar responsible persons.

When‘records aré not kept to distinguish non-personnel.expenditureé
according to sub-functions, it is suggested that administrators use
their best judgment in allocating thesé costs.

At the College level, it is proposed that éxpenses of the Dean's
Office be allocated to the schools and the fuhccions performed by the
schools according to the best judgment of responsible persons in the
Dean's Office, |

Typical questions that need to be answered are: What method or
.methods of distributing indirect.costs to courses, course levels, pro-
jects, activities, eté. are most equitable? If one distributed indirect
costs to courses based on student-credit-héurs produced*for example,
then should certain level courses be more hegvily weighted than others?

Clearly9 additi@nal study:of methods to allocate indirect césts is
required. - However, should future inVestigators extend this prototype
model to include‘the entire University, then it follows that allocating

indirect costs will be explicitly achieved in the model.



CHAPTER VIII
SUMMARY ANDFCONCLUSIONS
Summary

The research reported in this dissertation was directed toward the
development of a detailed resource allocation model for use by University
administrators as an aid to operational analysis and.decisiona‘making°
The model is intended to be a proﬁotype characterization which describes
the allocation of resources in the fo;m of‘personnel and object expendi~
tures to the three‘mein functions of the University - namely, instruc-
tion, research, and extension., |

Although the model has been developed using the College of Engineer-
ing and its schoolsbas aﬁ e#ample, the basic structure of the-modelvhas
been eonceived so as to allow directvapplication to any coiiege withiﬁ
the University.

The research effort was primarily'motiva;ed by a study of the cur-
reetly availabie resource allocation models for use in computer simulag-
tion of institutions ofbhigher education; It was determined that exiet—
ing-ﬁodels were based on an extremely grosefer,aggregated view of‘ﬁﬁe
resource process and thus could net ﬁrqvide e detailed simulation of the
operation of a given school or department. Furthermore, no models had
been formuiated which could make direct and efficient use of the so-
called "basic!" or "hard" data compiled by the University from enrollment

information, faculty and staff service reports, and standard accounting
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records.

A second factor which motivated the research arose from many dis-
cussions the-author had with College and University administrators eafly
in the research period. Tt was observed thaﬁ considerable efﬁért'was
being expended By the Univefsity to.bﬁild an improved computer-based in-
formation system. Since the ope?ational details of this system were un—v'
der development by the University, it wés clear that the data base re-
quirements of a new resource allocation model could be used beneficially
to guide the development of the University's information system.,

As the survey of‘the literatufe continued, it became clear that most
previous modelinglefforts had been rather narrow in scope. Models which
had been developed for aliocation studies at a certain level.of aggrega-
tion were not flexible in the sense that a simple"modification of the
models.would allow a more detailed analysis, if desiréd.v To provide
"inherent!” flexibility“in the model and to establish a direct tie to
simulation models used widely in the analysis and design of physical
systems, the system theory concepts of ”component structure! and state-
space format were used. These concepts yield severzl important advan-
tages. First, by using>the component model approach, an individual
school or department may be studied in a very detailed manner making use
of the data base for that unit. 'Second, the separate (school) models
can be easily combined within the computer fo allow a more aggregated
analysis of an entire college if desired. Finally, the state-space for-
mat allows a real time simulation to be effecﬁed whiéh can adequatel§
represent time tranéitions of student populations and the normal time
delays of system responses to policy changes.

The compbnent structure concept was also used to separate the.model
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into twd sectors; namely the student and production sectors, The student
sector model developed in Chapter‘IV describes the.student population
distribution améng the various schools and leveis of study, the demands
for credit hours of instruction imposed by College students, and the
values attributed to these students based upon the costs of credit hours
of-instructioﬁ taken.

The production sector model, formulated in Chapter V, describes
inputwoutput-modelé and unit éést'equations for‘instruction, research,
and extension for each school in ﬁhe College.

The system model of the College is obtained by coembining, through
constraint eéuations, the two sector models as described in Chap;er Vi.
This aggregated model digplays the interesting interaction between the
student and(pfoduction sectors due to the use of graduate and student
assistahts’in the instructional and research programs.

The model is designed to be computer implementable, but. it should
be recognized tﬁat a substantial programming effort will be required fb‘
bring the model into active'pracfical use. Such an effort was not
planned as a part of this research. However,'to give at least some di-
rection té a subsequent computer impiéﬁentation and to indicate the ﬁa-
ture of thé data base fequired, two computer programs were developed.
Thé first program estabiisheé tﬁe student sec&or population model from
eﬁrollment transition data and the second program generates personnel
resources and object expenditures, inputnéutput parameters{ unit costs,

and total costs for individual courses. These programs were documented

with postulated data and are described in the Appendix.
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- . Conclusions

The primary objéctive of the research reportéd in £hié dissertation 
was to develop an improved university resource allocatién model. The
specific features of the new model which distinguish i£ from érevious
models are as follows: | |

1., The model is designed tofméke ﬁse of basic information already.
available in a typical university; e.g.,.student enrollment cards, fac-
ulty and staff service reports and university accounting records.

2,. The model is capable of simulating the detailed resource alloca-
tion associated with a singlg department and evaluating éosts for indi-
vidual courses and specific research and extension éctivities.

3. By considefing the standard departmentél-model as a component
model in a more complex system, a model of the entire collegé system can
be established taking into account student population transitions within
and between individual schools and into and out of the college as a
whole. |

4, The model is capable qf providing standard data currently ﬁsed
by administratofs, regents and the legislature inbevaluating the cost -
and quality 'of college activitiés. Moreover, the model, when implement-
ed, can provide-ﬁéw data items not now availablea

5. The general form ofvthe-model, allowing for arbitfary dimensions
of student population vectors, personnel ‘and expenditure vectors, etc.
provides for a diréct extension of the model to other departmenté or
colleges.of the.University,

6. By utilizing the-statewvariablg approach to the simulation,‘the
model is in convenient form for thé future appiication of more sophisti-

cated analysis and prediction techniques.
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By ci;ing the list above, the author does not'meaq to imply that
the model developed during this research is optimum. Glearly, much ad-
ditional time and effort will be required to fully implement the model
and it is expected that modifications will result from the implementa-
tion. The modeling of a complex process involving hundreds of variables
related in non;obvious ways requires‘many'subjective.deciéions on the
relative significance of variables, the cost of their measurement, and
the most useful units of measurement.

Added to the problem is the desire to impose linearity upon the
variable relationships without really having data to substantiate or
negate this assumption. . The total implementation of the model with
valid data is the only way in ﬁhich the author's decisions and assump -
tionS'may'be judged. |

In.spite_ofithese uncertainties9 it can bé concluded thét a prac-
tical modeling approach has been used and the resulting model is feasible
and flexible. ‘In addition, this research will have a beneficial effect
on the University's development of a computer-based information‘system.
Finally, and more generally, the unique nature of this research within
an engineering discipline will hopefully act as a cgtalyst'to eﬁcourage

future research by engineers in educational systems.
Recommendations for Further Study

There are a number of desiréble investigations related tb this re-
search that should'be considered. Soﬁe of the more important ére: 1)
continued development of the exact ﬁature of the data base ﬁo implement
this model and serve future models as well; 2) testing the model against

historical records to evaluate the basic linear assumptions; 3)
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collecting sufficient past data in order to make the mode1 probabilistic
and thus useful in making predictions; 4} eg;ehding the-model to include
the entirelﬁniversity. The model presented in this dissertation could
serve as a prototype for hodels of the other‘colleges; 5) conducting be-
havioral analyses to determine the effect of financial aid upon student
enrollment, reaéons for gtudent departures from the College or Universi-
ty, why students choose a particular-méjqr,'why students decide to pur-
sue an advgnded degree,vetc. If woﬁld bé desirable to identify tﬁose
factors which inflﬁence student enrollment and thus might be considered
control variables; 6) studying techniques for thevmost equitéble distri-
bution of indirect (overhead) costs is certainly a deéirable'extension,‘
of this study. |

There are other more general studies that would be desirable, such
as changing‘the-mix of resources ufilized in the instruction program and
observing the resulting quality of education according to some measure,

It should be apparent that the above‘recommendationé f§r further
study will require interdisciplinary research effort. No single disci-
pline is sufficiéntly Broad’to effectively aﬁalyze a complex socio~
economic system such as a college or university. Thus, the joint effort
of researchers in education, computer science,_accoﬁnting; engineeriﬁg,

and the behavioral sciences will be needed.
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APPENDIX
GCOMPUTER PROGRAMS
Introduction

Two computer programs used in this'study are presented in this
Appendix. The first progr&m’wﬁé used to implement Equation 4.2 and is
now documented and available from'the Computer Center Library. The sec-
ond program demonstrates Equétions 5.7 and 5.9. Both programs are

written in FORTRAN IV language.
Student Population Program

The first program implements a set of first-order difference equa-
tions: which describe the changes in student enfollment from one time

period to the next. The equatioﬁ simulated is:
E'(t)N)<1=U'(t)N:%cN~S?(tﬁ;l)le“'-v(t)NxNI‘R(tml)lel“HlJ(t)I\IXI\IZ-cl(tml)le * (A'l)

A discussion of Equation A,l (iqe. Equation 4.2) is presentedvin
Chapter IV and a.listing of the prégram simulating‘this equation is pro-
vided in Table 1. Output from this program is given in Table IIkand a
listing of input data is degcribed in Table I1I. |

The program listed in Table I performs the following operations.
it first computes the entires of thefmatrices and vectors on the rightw
haﬁdmside of Equation A.l (with the exceptioniof s(t-1) whose values are

given by input data). The program then multiplies the matrices times the
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corresponding vectors and thus determines s(t). The program then iter-

ates one time period. The equation now simulated is:
s(t+l) = U(e+1)s(t) + V(e+D)p(t) + W(t+1l)g(t) a.2)

s(t+l), calculated from Equation A.2, is the predicted student popu-
lation for time period t+l obtained by using the values for s(t) just
calculated and the previous values for the other matrices and vecfors.

In the fifst program liéting, the following designation is used:

ST = s(t)
U= U(t)
STML = s(t-1)
V= V(t)
PTM1 = p(t-1)
W= W(t)
QTIMl = q(t-1)
STP1 = s(t+1)

The sample output data of Table II was obtained for the input data
listed in Table III., The simulation describes transitions.for 3 schools
in the College each with 6~stﬁdent levels (N=18). Three types of new
arrivalé from off-campus (N1=3) and seven brigins of transfers from oh,
campus {N2=7) are assumed. It should be noted that the values for N,

N1, and N2, respectivély are easily changed in the program By changing
their values on ﬁhe first data card listed iﬁ Table III (Format 3I5).

The matrix L describes the actual number of students remaining in
the College from one time period to the next. Thus the first column of
L indicates that five students who were in category 1 during the previous

time period, i.e. t-l are still in category ! during time period t.
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Also, three students transitioned from category 1l to 2 and one student
transitioned from category 1 to 7;

The number of newly arriving students from off-campus of three types
that enroll in the College at time t is described by Ll. The first row
of L1 shows that five students of type 1, one type 2.student,,and no . -
students of type 3 enrolled in category 1l at time fa

L2 is similar to Ll and describes the number of ;rénsfer students
from on-campus that enroll in the College at time t.

The matrix U is calculated from L by dividing all entries in column

h

j of L by the corresponding jt row entry of STMl. Thus, the entry ui.5

J
of U represents the proportion of continuing College students that were
in category j at time t-l 'and are in category i at time t. Similarly, V
and W are obtained from L1 and L2, respectiveiy, by dividing all entries

h row entries of

in .columns j of these matrices by the corresponding;jt
PTM1 and QTM1 respectively;

S(T) is the student enrollment calculatedvfor time t and S{T+1) is
the predicted student enrollment at time t+1., f

The only restriction on the-student.population program is that the
maximum dimensipn of any array or vector is 30, ;This is easily‘changed
by changing the DIMENSION statement aﬁd by alse changing NDIM on the
first executable statement of the programo‘ The - only control card re-
quired by the prégram is the "4" card and this card is placed directly
before the "S$SIBSYS" cafd.

The first.&ata card contains the values of N, N1, and N2 in Format
(315)° The next card or cards contains the values of the column vector

§(t=1) in Format {26F3.0)., The cards which follow the values of s(t-1)

contain the values of STYPE, OSCLAS, and NSCLAS in Format (11,212).
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STYPE (student tyée) is 1, 2, or 3 depending upon whether a student is
continuing in the College, a new arrival from off-campus, or a transfer
from on-campus, respectively. Thus, a value of 1 for STYPE denotes that
OSCLAS and NSCLAS are used to determine U, If STYPE equals 2, then
OSCLAS (old student classification) and NSCLAS (new student classifica=
tion) are used to determine V and PTMl. Also, if STYPE equals 3, OSCLAS
and NSCLAS are used to determine W and QTMl. Finally, a value of STYPE
equal to 4 indicates the end of the data set.

It should be noted that the values for OSCLAS will range from 1 to
N for STYPE equal to 1, 1 to N1 for STYPE equal to 2, and 1 to N2 for

STYPE equal to 3. The values of NSCLAS range from 1 to N.
Course Cost Program

The program listed in Table IV determines input vectors, input-
output values, coéts per studentwcredit-hour, and individual course
costs according to the procedure established in Equations 5.7 and 5.9,
Qutput for this program is given in Table V and a listing of the input
data for the simulation is presénted in Table VI,

A simulation was run assuming 2 schools, 2 course levels in each
school, and two courses at each course level. However, the érogram will
allow 100 schools, 10 course levels, and the number of courses is limited
only by storage capacity and computer processing time.

The following‘designations afe used in Table IV,

CSCHL = Course school

CNUMB Course number

i

POIDEN = Personnel or Object expenditure identifier

OLDCS = 01d course school
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OLDCN = 0ld course number

SCH = Number of student-credit-hourstproduced
FTE = Full=time equivélen; semester effort.
DFTE = Dollars per full-time-equivalent

OEXP = Object expenditures per semester (
POTYPE = Personnel or Object expenditure gype

LAST = Last input data card

M2 = M2
M3 = M33
M4 = M3
M5 = M3°
vo —wl®
M7 = M3’

A =2t )
AR = 2l (o)
' JLikn

(k-:].,..-,6; 1'1=].,...,N, )

A1 () = ik

EW) = e )
EH(J) = 13 (t)

Eljkn

E].(J)= (k=1’oo+’6; r:l’oao’N' ) 'y

jk
Faculty, staff, graduate and student assistants vectors are designated
similarrto tha% above for ad-ministrat;_.iono |
| The only control card required is the "999" card that is placed
befére the "SIBSYS!" card. 999 appears in colﬁmns 34-36.
Thé values of CSCHL and CNUMB that- appear on the 2nd data card must .
be giveﬁ on the first and second executable statements of the program,

respéctivelyo The first data card provides the values of M2, M3, M4,

M5, M6, and M7, respectively, in Format (6I2) and thus these values are
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easily changed. CSCHL, CNUMB, POIDEN, SCH, FTE, DFTE, OEXP, POTYPE, and
LAST have a Format sf (12, 14, 11, 2F5.1, 2F7.2, 12, and 13). The.data
cards, excluding the first and last, must be sorted according to CSCHL
and CNUMB before running the program.

The output data provided in Table V for school 1, course number
1024 will now be discussed. The first 5 entries of the column vector
indicate individual administrator effort per student-credit-hour produced
for the course. Entries 6 through 11 indicate individual faculty effort
per SCH, entries 12=-16 deﬁote staff effort per SCH, entries 17-21 des-
cribe graduate assistant effort per SCH, entries 22-26 indicate student
assistant effort per SCH, and entries 27-28 denote object expenditures
per SCH, |

ASUM, FSUM, RSUM, GSUM, USUM, ahd ESUM denote, respectively, admin-
istrative cqsts, facuity costs, staff costs, graduate assistant costs,
' student assistant costs, and object expenditures per SCH. TCOST denotes

total course cost and CSCH denotes cost per SCH,
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TABLE T

PROGRAM TO STMULATE STUDENT TRANSITIONS

$J0B 251540047 VAUGHN GRACE
C STUDENT POPULATION MOOEL
INTEGER STYPE,DSCLAS
DIMENSION STI33 1,U(30 4,30 ),STML{30 ),V{30 ;30 ),PTML{30 ¥, ‘
1w€3G 430.),QTM1(30 ),STP1(30 1,L(30 ,30 ),L1{30 ,30 ),L2(30 ,30 )"
1, PROD(30),DATA(20)

c ‘
C - TG CHANGE DIMENSION SIZE ~—- CHANGE SIZES OF ALL ARRAYS IN THE
C OIMENSION STATEMENT ABOVE EXCEPT THE ARRAY DATAy, THEN CHANGE THE
C VALUE OF NDIM IN THE FIRST EXECUTABLE STATEMENT
[ .
’ NDIM = 30
c e
C ZERO OUT THE ARRAYS AND VECTDRS
[ : .
DO 3 I = 1,NDIM
QTMLI(IY = O
ST(I) = O
STMI{I) = 0
PTMI(I) = 0
STP1{I) = O
DO 3 J = 1,NDIM
UiLsd) =0
Vil,J) =0
Wil,J) =0
L.(EsJd) =0
L1{I,3) = 0
L2(1+d) = 0
SINCE THIS IS THE FIRST TIME THROUCH SET NCOQUNT = 1
READ . THE NUMBER OF ROWS OF THE STM1 VECTOR, THE NUMBER OF COLUMS
OF Vv, ‘AND THE NUMBER OF COLUMS OF W
FORMAT {3151}
READ(S+1) NyN1,N2 )
c IF ANY OF THE SPECIFIED DIMENSIONS ARE TO LARGE PRINT AN ERROR MESSAGE

MAXDIM = MAXO(N,N1,N2)

IF(MAXDIM.GT.NDIM) WRITE(6,111). . MAXDIMyNDIM
111 FORMAT(1HL, ¥&%% ERROR--A DIMENSION OF *,1%5,' WAS SPECIFIED -
1 ON THE FIRST DATA CARD, THE MAXIMUM DIMENSION IS 415" %%k%¢,//)

c . .
c READ THE ENTRIES OF THE STM1 VECTOR
c S o :
READ (5,2) (STML{T)4I=1,N)
2 FORMAT(26F3.0)
4 FORMAT(11,212,T1,20A4)
c _
c NOW READ THE MATRIX CARDS
15  READ(5,4) STYPE,OSCLASsNSCLAS,DATA
MAXDIM = MAXO(DSCLAS,NSCLAS)
c .
c IF STYPE IS GREATER THAN & PRINT AN ERROR MESSAGE
IFISTYPE.GT.4) WRITE(6,112) DATA
c .
€  IF DSCLAS AND/OR NSCLAS ARE LARGER THAN THE MAXIMUM DIMENSIGN PRINT
c AN ERROR MESSAGE . : : -

IF{MAXDIM.GT.NDIM) WRITE(6,113) DATA
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TABLE I (Continued)

112 FORMAT(1H ¢ ek ERROR=-=-STYPE WAS GREATER THAN 4 -—'DATA CARD
LFOLLOWS ##%%%,/,1X,20A%)
113 - FORMAT(1H ,' #%%% ERROR~=0SCLAS AND/OR NSCLAS lS LARGER THAN Dl

LMENSION SIZE -~DATA CARD. FOLLOWS*#%%v,/,1X,20A4)
IF STYPE IS 1 USE FOR ARRAY L, IF STYPE IS .2 USE FOR ARRAY L2,
IF STYPE IS 3 USE FOR ARRAY L3, .IF STYPE IS 4 THIS 15 THE END OF
THE DATA SET ‘ '
GO TO (11,12,13414)4STYPE
NOW INCREMENT THE ELEMENT OF THE PROPER ARRAY WHICH APPEARS
IN THE NSCLAS ROW AND THE OSCLAS COLUMN' - °
1 L (NSCLAS,0SCLASY = L (NSCLAS,0SCLAS) + 1
GO TO 15 :
12 L1(NSCLASsOSCLAS) = LLINSCLAS,0SCLAS) + }
PTM1(OSCLAS) = PTML{DSCLAS) + 1
: GO TO 15 : _ :
13 L2(NSCLAS,OSCLAS) = L2(NSCLAS,0SCLAS) + 1
- QTMLI(OSCLAS) = QTML{OSCLAS) + 1 ’
GO TO 15 : '

2XaXs)

= OO0

c
c FIND THE U,V,W. ARRAYS
c
1

4 DO 16 |
D0 16 J
16  UIyJd) =L
_ GO TO 30
28 DD 29 1 =
DO 29 J =

wou
T e e

1,3Y/STM1L(J)

1
1 .
29 ULIsd) = LUT,d)/STLY)
30 D017 I =1 :
DO 17 4 = 1
17 . ViI,d) = L1
DO 18 I = 1
- DO 18 4 =
8 WiLyed) = L20T,J)7QTHL(d)

JV/PTMLLY)

FIND'S(T) BY ADDING ENTRIES OF CORRESPDNDING ROWS OF L,L1l, AND LZ ARRAYS

OO0 -~

DD 19 I
SL'= 0
st1 0
SL2 0
DO 20 J = 1,N

20 SL = SL + L{lyJ)
DO 21 4 = 1,N1

21 SLL = SL1 + L1({1I,J)
DD 22 J = LiN2

22 SL2 = SL2 + L2¢(1,0)

19 STILI) = SL + SL1 + SL2
WRITE(6,104) N, N : ‘ : .

104  FORMATULHLe///s? LIS A vgI2:* X *912,* MATRIX WITH THE FOLL
LOWING ENTRIES?®,///) '
DO 34 I = 1,N

34 WRITE(6,105) (L(T,J),4J0=1,N)

105 FORMAT(1HO+30( 1X+F4,1))

_ WRITE(6,107) NyN1 e : i

107  FORMAT(LHL///4? L1 IS A *,124¢ X %,012,¢ MATRIX WITH THE FOLL
1OWING ENTRIES®y///) . .

_ DO.35 I = 1,N
35 WRITE(63105) (LL(I,4J),J= 1 NY)
‘ WRITE(6,106)NyN2

1,N

o
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106

106

36

108

37
109

38

110

39

100

32
101

23

24
25

26
27

102

33

103

FORMAT (LHL,///74% L2 IS A *412,% X *4124* MATRIX WITH THE FOLL

LOWING ENTRIESt4///)
DO 36 1 = 1,N -
HR]TE(6-1051 (L2(14J}yd= loNZ)
WRITE(6,108)N,N

FORMAT (1HL1 4///7 4" o U'IS A 1412,% X.%,12,% MATRIX WITH THE FOLL

LOWING ENTRIES*,///)

DO 37 .1 = 1.N

WRITE(&64105) (UlI4Jd)eJd=1,N}
WRITE(64109INyN1

FORMAT(1HL«///+? . V IS A 12, X ';12."HATRIX WITH THE FOLL

1OWING ENTRIES',//7)

DO 381 = 1,N )

WRITE(6,4105) (VII4g)yd=1,N1)"
WRITE{6,110) N,N2

. . )
FORMAT (1H1,/777,° W IS A-%912,% X *yE2,' MATRIX WITH THE FOLL

LOWING ENTRIES',//7)

DO 39 I = 1,N

WRITE(6,105) (H(IvJ)'J 1oN2)
WRITE(64y100) N

FORMAT(1HL /774" . StT) lS A t912,% X 1 COLUMN VECTOR WITH TH

1E FOLLOWING ENTRIES*y//7)
DO 32 I = 1,N
-WRITE(6y101) STULT)

FORMAT (1H pZOXsFlO.3)

‘NOW FIND S({T+1} USING THE OLD U,VsW MATRIX AND P AND Q VECTORS
D0 27 I = 1,N

sLl = 0

SL2 = 0

PROD(I) = O

DO 24 J = 14N

PRODY{I) = PRDD(I) + U(l,J)*ST(J)
DO 25 J = 1,Nl

SLL = SL1 + L1{I,J)

DO 26 J = 1,N2

SL2 = SL2 + L2({1,4J) .
STPL(I) = PROD(I) + SL1 + SL2
WRITE(6,102) N

FORMAT(1HL¢// /4" SIT+1) IS A *,12,* X 1 COLUMN VECTOR WITH TH

1E FOLLOWING ENTRIES'y//7)
DO 33 [ 1,N
WRITE(6,101) STPLL(I)
WRITE(6,103) :
FORMATULHL/7/777)

sTOoP

END

$SENTRY
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SAMPLE OUTPUT DATA FOR STUDENT POPULATION PROGRAM
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L IS A 18 X 18 MATRIX WITH THE FOLLOWING ENTRIES
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t1 s A 18 X

3 MATRIX HITH‘THE FOLLOWING ENTR1ES

1.0

7 MATRIX WITH THE FDLLOWING ENTRIES -

0.0

0.0

4.0

~0+0

0.0
1.0
1.0

2.0

2.0
2.0

»040

0.0
4.0
4.0

4.0

0.0

1.0

0.0

3.0

0.0

0.0

0.0

1.0

0.0
0.0
0.0

0.0
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U 1S A 18 X 18 MATRIX WETH THE FOLLOWING ENTRIES

0.0 ,\0.0
v
0.1 0.0
0.0 0.0
9.0 0.0
0.0 0.0
0.0 0.0
0.5 0.0
0.2 0.9
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.9 0.0
0.1 0.0
2.0, 0.0
0.0 0.0
0.0 0.0
n.0 0.0
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vV IS A 18 x

3 MATRIX WITH THE FOLLOWING ENTRIES

0.0 0.0
0.0 0.0
0.1 0.0
0.1 0.1
0.0 0.1
8.1 0.1
0.0 0.0
0.0 0.0
0.1 0.0
0.0 0.1
0.0. 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.1 0.0
0.0 0.0
0.0 0.1
7 MATRIX
0.0 0.0
0.0 0.1
0.1 0.1
0.0 0.1
0.1 0.0
0.0 0.0
0.1 0.0
0.0 0.0
0.0 0.0
0.2 0.0
0.1 0.0
0.0 0.2
0.2 0.1
0.0 0.0
0.1 0.0
0.0 0,2
0.0 0.1
0.1 0.0

WITH THE FOLLOWING ENTRIES

0.8

0.0
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SUTY 1S A 18 X 1

S{T+#1y IS A 18 X 1

COLUMN VECTOR WITH THE FOLLOWING ENTRIES

20,900
20,000
20.000
20,000
20,000
20,000
20,000
20,000
20,000
20,000
20,000
20.000
20.000
20,000

20,000

20,000
20.000

20,000

COLUMN

27.000
30,000
29.000
31.000
28.000
33,000
27.000
33.000
29.000

29.000
28,000

28.000
24,000
30,000
26,000
29.000
27.000
28.000

VECTOR WITH THE FOLLOWING ENYRIES
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TABLE 111

SAMPLE INPUT DATA FOR STUDENT POPULATION PROGRAM

18 3 7
10 10 10 10 10 10 10 10 10.10 10 10 10 10 10 10 10 10
10101 :
10101 ‘
10101
10101
10101
11301
11301
10102
10102
10102
10202
10202
10202 v
10202 e
10202 :
10202
10702
10303
10303
10303
10303
10303
10303
10303
11503
11503
10404
10404
10404
10404
10404
10404
10404
10404
10404
10904
10904
10505
10505
10505
10505
10505
10505
10505
11708
10506
10506
12606
10606
10606
10606
10606
‘10606
10606
10606
10606
11106
11806
10107
10707
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10707
10707
10707
10707
11307
10208
10708
10708
10808
10808
10808
10808
10808
10808
10808

10808

10808
11308
10309
10309
10909

10909 .

10909
13909
10909
10909
10909
11010
11010
11010
11010
11010
11010

11010.

11010
11010
11111
11111
11111
11111
11111
11111
11111
11711
11212
11212
11212
11212
11212
11212
11212
11212
11313
11313
11313
11313
10214
10714
11414
11414
11414
11414
11414

11414
11414
11414

“ 11515

11515
11515
11815
11515
11515
11616

11616

11616
11616
11616
11616
11616
11616
11616
11717
11717
11717
11717
11717
11717
11717
11118
11818
11818
11818
11818
11818

11818

11818
20101
20101
20101
20101
20101
20107
20107
20107
20113
20113
20201
20202
20203
20203
20204
20204
20205
20206
20206
20209
20209
20209

20210

20211
20212
20215
20215

20216 .

20217
20218

20302,
20303
20304
20304
20305
20305
20306
20306
20308
20309
20310
20310
20315
20316
20317
20317
20317
20318
20318
20318
30101
30101
30101
30101
30102
30102
30102
30102
30105
30105
20105
30105
30107
[ 30107
' 30107
30107
30109
30109
30109
30109
30111
30111
30111
i 30111
© 30114
I 30114
‘. 30114
II3114
{30115
30115
30115
30115
30117
30117
30117
30117
.30118
30118
30118
30118
30203
30203
30203

30203
30205
30205

20205

30205
30207
30207
30207
30207
30210
30210
30210
30210
30210
30210
30210
30210
30211
30211
30211
29211

-30213

30213
30213

. 30213

30213
30213
30213
30213
30215
30215
30215
30215
30218
30218

' 30218

30218
30302
30302
30302
30302

‘30303

70303
30303
30303

30304

30304
30304

- 30304

30307
30307
30311
30311
30312
30312
30312
30312
30312
30312

23312

30312
30313

30313

30313
30313

30316
30316
30316

" 30316

30316
30316
30316
30316
30317

‘30317

30317
30317
30404
70406
30406
30406
30411
30413 -
30413
30414
30414
30417
30509
30509
30509
30512
30512
30512
30515
30515
13515
30516
30601
30601
30601
30605
30708
30708
30708
30708
30708
30708
30714
30714
30714
30714
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v

PROGRAM’TO CALCULATE UNIT COSTS AND COURSE COSTS

$J0B 2515-40047 VAUGHN GRACE
PROGRAM TO CALCULATE INDIVIDUAL COURSE COSTS
INTEGER CSCHL,CNUMB,POIDEN,OLDCS, OLDCN, POTYPE
DIMENSION A(?O)’AH‘ZO)IAI(ZO'vF(50)|FH'50"FI(50)'R(50)|RH(50)'
LR11501,G{50)+GHI50)4G1(50),EL50),
SET OLDCS AND OLDCN EQUAL TO CSCH

[

-~

20

0oLNCS=1
OLDCN=1024

READ(S,7) M2yM3,M&,M5,M6,MT

FORMAT (612)

INITIALIZF VECTORS

DO 20 Jd=1,M2
AfJ)=0.0
AHUJ)=0.0
Al(J)=0.0
CONTINUE

DD 21 4=1,M3
F(J)=0.0
FH{J)=0.0,

"F104)=0.0

21

22

23

CONT INUE
DO-22 J=1,M4
R(4)=0.0
RH{3)=0.0
RL(41=0.0
CONT INUE

DO. 23 J=1,Ms
G(J)=0.0
GH(J)1=0,0
G1(J)=0.0
CONT INUF

DO 24 J=1,M6
Utdr=0,0
UH(J)=0,0
UL(J}=0,0
CONT INUE

DO 25 J=1,MT7

- El(4)=0.0

EH{J)=1.0

- E1(J)=0.0

25

11

CONTINUE
ASUM=0,0
FStM=0,0
RSUM=0.0
GSU4=0.0
USuUM=0.0
ESUM=0.0

EH(50) ,EL(50),U(50),UH(50),UL(50)
L AND CNUMB RESPECTIVELY ON FIRST

. READ (5,2) CSCHL +CNUMB+POTDEN,SCH, FTE'DFTE,DEXP'PDTVPE.LAST

FORMAT(I2914¢1142F5.1,2F742512,13)
IF(LAST.EQ.999) GO TO 50
ITF(CSCHL «NE.OLDCS) GO TO 7O
IF (CNUMB.NE.OLDCN}

GLDCS=CSCHL
DLDCN=CNuMB
0SCH=SCH
IF(POINEN.EQ.L)
IF(POIBEN.EQ.2)
IF(POIDEN.EQ, 3}
IF(POIDEN,EQ.4)
IF(PDIDEN.EQ.S)

GO T3 70

T0
T0
T0

‘10

T0

90

92
93

94
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IF{POIDEN.EQ.6) GO TO 95

90 A{POTYPE)=FTE
AH{POTYPE)}=DFTE
GO TN 1

91 F{POTYPEY=FTE
FH{POTYPE)=DFTE
GO TO 1

92 R(POTYPE)=FTE
RHIPOTYPE)=DFTE
GO 70 1

93 G(POTYPE}=FTE
GH(PDTYPE)=DFTE
GO TO 1

94 U(POTYPE)=FTE
UH{POTYPE)=DFTE
G0 TO 1

95 E{POTYPE)=0EXP
GO 10 1

T0 00 101 J=1,M2
Al(J)=AlJ)/0DSCH

101 CONTINUE
DO 102 J=1,M3
F1tJ)=F(J)/0SCH

102 CONTINUE
DO 103" J=1,y M4
R14JI=R(J)/OSCH

103 CONTINUE
DD 104 J=1,M5
Gl{J)=G(J)/DSCH

104 CONTINUE
00 105 J=1,Mb
UltJ)r=utJy/oscH

105 CONTINUE
DO 106 J=1,M7
E1(J)=FLJ)/DSCH

106 CONTINUE

WRITE(6,3) OLDCS,DLDCN

3 FORMAT (10X, *SCHODL *y (310X *COURSE NUMBER',I5/)

WRITE(6,108)

108 FORMATULX,*FULL-TIME~EQUIVALENT OR OBJECT EXPENDITURE PER STUDENT~

1CREDIT~HOUR®*//)
301. FORMAT(35X,F7.4)
DO 300 J=1,M2

WRITE(64301) Al(J)

300 CONTINUE
DO 302 JY=1,M3

WRITE(6,301) F1(J)

302 CONTINUE
DO 303 J=1,M4

WRITE(6,301) R1(J)

303 CONTINUE
DO 304 J=14M5

WRITE(64301) Gl{J)

304 CONTINUE
DO 305 J=1.M4

WRITE(64+301) Ul(J)

305 CONTINUE
DO 306 J=1,M7

WRITE(6,301) EL(J)

306 CONTINUE
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201

202

203

204

20s

602 FORMAT(6Xy'ASUMY 46Xy *FSUM? y6 Xy *RSUMY y6 Xy *GSUMT, 6 Xy " USUM? 44X,
PEESUM ,6Xy *TCOST? y4X, "CSCHY)
WRITE(64207) ASUMyFSUMyRSUM¢GSUMy USUM,E SUMs TCOST,,CSCH

207

311

312

314

DO 201 J=14M2
ACOST=-{AL(J}*AH( I}
ASUM=ASUM+ACOST
CONTINUE

DO 202 J=1,M3
ECOST=-(F1{J)y*FHIJI))
FSUM=FSUM+FCOST
CONTINUE

00 203 J=1.M4
RCOST=-{RI{JI*RH{ I}
RSUM=RSUM+RCNST

CONT INUE

D0 204 J=1,M5 :
GCOST=~-(GLLJI*GH{I))
GSUM=GSUM+GCOST
CONTINUE

DO 205 J=1,M6
UCOST==(ULLJI I #UHLI) )}

USUM=ySyMsUCDST

CONTINUE

DO 206 J=1,M7
ECOST=-{E1LJ)®EH(J})
ESUM=ESUM+ECOST

CONT INUE

CSCH=ASUM¢F SUM+RSUM+GSUM+USUM+ESUM

TCOST=CSCH*DSCH
WRITF(6,602)

FORMAT(1X,BF10.2/)
DO 311 J=1,M2
AlJ)=0.0
AH{J)=0.0
AlL(J)=0.0
CONT INUE

DO 312 J=1,M3
F(J}=0.0
FH(J}=0,0
F1{J}=0.0
CONTINUE

DO 313 Jsl,Mé
R{J)=0.0
RH({J)=0.0
R1(J)=0.0
CONT INUE

D0 314 J=1,M5
GlJ)=0.0
GH{J}=p.0
Gl1(J1=0.0
CONTINUE

DO 315 J=1,M6
UiJy=0.0
UH(J)=0,0

S Ultgr=0.0

316

CONTINUE

DO 316 J=1,M7
E{J)1=0.0
El1(J}=0.0
CONT INUE
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ASUM=0.0
FSU4=20.0
RSUM=0.0 :
GSUM=0.0
USUM=0.0
ESUM=0.0
60 TO 11
50 DO 401 J=1,M2
AL(J)=R{J1/0SCH
CONT INUE
DO 402 J=1,M3
FLIJ)=F{J}/0SCH
402 CONT{NUE
DO 403 J=1,H4
RL{JJ=R{J)/0SCH
403 CONTINUE
DO 404 J=14M5
G1{J1=6(J1/0SCH
404 CONTINUE
D0 405 J=1,44
UTEIY=ULJ)Z0SCH
405 CONT INUE
DO 476 J=1,M7
EL{I¥=ELJ)/NSCH
CONTINUE .
WRITE{643) OLDCS,0LNCN
WRITF16,407) i
407 FORMAT(1X, 'FULL-TIME-FQUIVALENT OR OBJFCT EXPENDITURE PFR STUDENT-
1CRENTT-HOUR' £/}
na 411 J=1,82
WRITE(6,301) AL(DY

40

—-

>

40

411 CONTINYE

’ 00 413 J=1.M3 .
WRITE{6,301) FL{J}

413 CONTINUE

N0 414 J=1,M4
WRITE{A,301) RLEJY
414 CONTINYE
DO 415 J=1 M5
WRITEL6,301) GLLJ)
CONT TNUE
00 416 J=1lyMa
WRITE{6,301) UL}
CONT INUE
N0 417 J=1,47
CWPITE(6,301) F1{J}
417 CONTINUE
0N 501 J=1,M2
ACOST==(AL{JY*AHII)}
ASUM=ASUM+ACOST
CONTINUE
DD 502 J=1,M3
FLOST=—(FL{JIeFH{J}])
FSUM=F SUM+FCNOST
CONT INUE
DO 503 JU=1,M4
RCOST=-{RI{J}*RHIJI)
RSUM=RSUM+RCAST
CONTINUE
DO SN4 J=s1,M5

GCOST=={Gl{J}*GH{J)}
GSyM=GSUM+GLOST
504 CONT INUE
00 505 J=1,M6
UCOST=={UL{J}3UHL I}
UStM=USUN+UCOST
5n5 CONTINUE
DO” 506 J=1,M47
FCOSF=-{EL{II&EH{J}]
FSUM=F SUM+ECOST
536 CONTINUE
CSCHFASUMFSUM¢RSUM+GSUMEUSUM+ESUN
TCOST=CSCH®DSCH
WRITEL 6,602}
WRITE{6,207) ASUM,FSUMsRSUM,GSUMUSUMyESUM, TCOST,CSCH
stop !
END

41

w

41

o

€3
2
-

5n

N

50

w

$ENTRY
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TABLE .V

SAMPLE OUTPUT DATA FOR COURSE COST PROGRAM

SCHOOL 1 COURSE NUMBER 1024

FULL-TIME-EQUIVALENT OR OAJECT EXPENDITURE PER STUDENT-CREDIT-HOUR

$.0000
0.0000
0.0000
0.0000
0.0000
0.0025
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0,0015
0.0000
0.0000
¢.0000
0.0000
0.0000
0.0000
0.0000
06,0000
0.0000
1.0000
0.5000
ASUM FSUM RSUM GSUM USUM ESUM TCOSY CSCH
0.00 ~15.00 0.00 ~3.00 0.00 ~1l.50 ~1950,00 =19,50

scHaoL " COURSE NUMBER 1313

FULL-TIME-EQUIVALENT OR OBJECT EXPENDITURE PER STUDENT-CREDET-HOUR

0.0000
0.0000
0.0000
. 0.0000
- 0.0000
0.0000
G.0017
0.0011
0.0000
3.0000
0.0000
0.0000
06.0000
0.0000
0.0009
0.0000
0.0000
0.0000
0,0000
0.0000

0.000¢ /
C.0014
0.0000
0,0000
8,.0000
0.0000
0.8333
0.1111

ASUM FSUM RSUM GSUM USUM ESUM TCOSTY CSCH
0.00 ~17.78 0.00 8.00 ~2.,08 -0.94 ~1872.50 -20,81
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SCHOOL 1

COURSE NUMBER 2124

FULL-TIME-EQUIVALENT OR OBJECT EXPENDITURE PER STUDENT-CREDIT-HOUR

ASUM FSUM
~2.92 =10.83
SCHOOL 1

RSUM
0.00

0.0004
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0017
0.0000
0.0000
0.0000
0.0000
0.0000
0.,0000
0.,0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0006
0.0006
0.0000
0.0000
1.0417
0.0000
GSUM
0.00

USUM
~2.50

COURSE NUMBER 2232

ESUM
~1.04

TCOST
~2075.00

FULL-TIME-EQUEVALENT OR OBJECT EXPENDITURE PER STUDENT-CREDIT-HQUR

ASUM
0.00

FSUM
-25,83

RSUM
0.00

0.0000
0.0000
0.0000
0.0000
0.,0000
0.0000
0.0000
0.0000
0.0000
0.0021
0.,0021
0.0000
0,0000
0.0000
0.0000
0,0000
0.0000
9.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
1.5000
1.8333
GSUM
0,00

USUM

0.00 -

- ESUM
-3.33

TCOST
~-1750.00

CSCH
~17.29

CSCH
-29.17
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'SCHoOL 2

COUKRSE NUMBER 1022

FULL~-TIME-EQUIVALENT OR OBJFCT EXPENDlTURE PER STUDENT-CREDIT-HOUR

ASUN FSUM
0.00 0.00
SCHOOL 2

RSUM
-40.00

0.0000

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0,0000
0,0000
0.0060
0.0020
0.0000
0.0000
0.0000
0.0020
0.0020
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
GSUM
-8.00

USUM
~0.00

CDURSE NUMBER 1413

ESUM TCOST
0.00 ~2#00,00

FULL-TIME-EQUIVALENT OR OBJECT EXPENDITURE PER STUDENT-CREDIT-HOUR

ASUN
~5.67

FSUM
-10.,00

RSUM
0+00

0.0008
0.0000
0.0000
0.0000
0.0000

-0.0017

0.0000
0.0000
0.0000
0,0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0008
0.,0000
0.0000
0.0000
0.0000
0.0000
0,0000
0.0000
0.0000
0.0000
GSUM
-1.67

USUNM
0.00

ESUM . TCOST
0.00 . -2080.00

cscH
~48,00

CSCH
~17.33
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TABLE V (Continued)

SCHOOL 2 "COURSE NUMBER 2022

FULL-TIME-EQUIVALENT OR OBJECT EXPENDITURE PER STUDENT~CREDIT-HOUR

0,0000
0.0008.
0.0008
0.0000
0.0000
0.0000
0.0000
0,0000
\ " 0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
C.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000 !
0.0000 ' !
0,0000
0.0000
1.,2500
0.6250
ASUM . - FSUM RSUM GSUM USUM ESUM TCOST CSCH
~10.78 0.00 0.00 0.00 0.00 ~1.88 -2025.00 -12.66

SCHOOL 2 COURSE NUMBER 2724 Cod

FULL-TIME~EQUIVALENT OR OBJECT EXPENDITURE PER STUDENT~CREDIT-HOUR

0.0000

0,0000

0.0000

0.0000

0,0000

0.0000

0.0018

0.0000

0.0000

0.0000

0.0000

0.,0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.,0000

0.0000

0.0000

0.0000

0.0004

0.,0007

0.0000 .

0.0000 .

0.0000

0.0000

0.0000 . .
ASUM FSUM . RSUM GSUM USUM ESUM TCOST CSCH
0.00 ~12.14 .00 0.00 -2.14 0.00 -~2000,00 ~14,29



SAMPLE INPUT DATA FOR .COURSE COST PROGRAM

TABLE VI
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050605050502
0110242100404250
0110244100,0.,150
011024610040
'0110246100,0
0113132 90,0150
0113132 90.0,.,100
0113135 90.04125
0113136 90.0
0113136 90.0
0121241120,04050
0121242120.0.200
0121245120.04075
0121245120.0,075
0121246120,0- _
0122322 60404125
0122322 60404125
0122326 60,0
0122326 .6060.
0210223 50,04300
0210223 50,0,100
0210224 50,0.100
0210224 50,0,100
" 0214131120.04100
0214132120.04200
0214134120,0.100
€220221160.04125
0220221160404125
022022616040
022022616040
0227242140,04250
022724514040,050
0227245140.0,100

6000.00
2000.00

000,00

7000400

1500.00

7000.00
6500400

2000400 .

2000.00
6400400
6000400

5000400
5000400

2000.00

2000,00
6800.00

6000.00

2000400
7000400
6800400

6800400
2000,00
2000400

"

100.00 01

50,00 02

75.00 01
10.00 02

03
125.0001
05

06
90,0001
110.0002
01

02

01

02

01

S 01

03
02
03
20040001
10040002

02 -

01
.02

999
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