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l:  SUMMARY

The patterns of movement of students in a multi-campus instituticn of
higher education have a significant impact upon the magnitude and major pro-
gram composition of the enrollment at any one location. Inasmuch as the
size and make-up of the student body are determinants of the demand for in-
structional services, it is of major importance that the institution be able
to measure and predict these patterns of flow and to reflact them in their
projections of enrollment.

This report is concerned with the development of a model - designated
as SFM-1 - for projecting the enrollments of The Pennsylvania State Uni-
versity by simulating the flow of students through the campuses and colleges
of which the institution is composed. Conceptually, it is based upon the
premise that at a point in time a given group of students, possessing a set
of institutionally-assigned characteristics distinguishing them as unique
from all others, has an associated set of probabilities, which describe their
distribution at the next point in time among similar sets of unique categoriza-
tions. When suitably classified enrollmants at one point in time are provided
as input to such a model and multiplied by appropriate sets of probability
distributions, the output constitutes a projection of enrollments at the next
point in time.

Models of this type are categorized as Markovian in formulation. Although
conceptually accepted by the higher educational community as an improved method-
ology for projecting enrollments, applications are few in number and cven fewer

in those cases involving not only movement within a given location but among
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different locations as well. The model described in this report bears a
resemblance to two previously formulated models of state-systems of higher
education encompassing the aspect of inter~campus flow, but it differs from
both in that it provides a much ' _her level of disaggregation making it
suitable for both system-wide as well as campus management. ©ecause it con-
cerns a twenty-two campus system of a single university, it not only constitutes
an institutional application but also represents a prototype of a state-system
of higher education.

The work was conducted principally between December 1971 and August 1972.
It has resulted in a system, utilizing the existing records of the University
and the facilities of the Computation Center, which is capable, given a fore-
cast of admissions, of generating a ten-year projection of Fall term enrollment
by campus, degree-level, sfudent-level, college, and department at a computa-
tional cost of $35 with an annual updating expense of $il0. The projections
one year into the future are accurate within 0.5% when measured on a system-
wide basis and within 4% when the sum of differences without regard for sign
betwezen the actual and projected enrollments by campus are expressed as a
percent of total enrollment.

In practice the Student Flow Model may serve several purposes. First,
in conjunction with the Admissions Model it provides an efficient way to
project future enrollments. Secondly, the output from the model when employ-
ed as input to the Instructional Activity Mode!l generates projections of the
demand for instructional activity. And lastly, the model may ultimately

serve as an essential part of a total simulation model of the University.



[1: [INTRODUCTION

The ways in which students move through and from a system of higher
education - progressing in academic level, changing their fields of
specialization, transferring to new locations, withdrawing, and graduat-
ing - are major determinants of both the magnitude and composition of the
demand imposed upon the institution for instructional services. Within
a college or university, the demand for instructional services can be
related to the enrollment of students at various academic levels in dif-
ferent curricula. Consequently, projections of enrollment similarly
disaggregated are requisite for providing adequate lead time to assure
the allocation of resources in an efficient and effective manner.

Although an institution - and indeed the educational community at
large - may influence the patterns of student movement, it does not con-
trol them. Once admitted, the initiative passes to the student and it is
the institution which must respond to the varying patterns of movement
during the period of attendance. Consequently, it is of major importance
that the institution be-able to measure and predict these patterns well
in advance of their occurrence and to reflect then in their projections
of enrollment.

For this reason cqnsiderable interest in recent years has been shown
in the use of what is characterized as the Markov process for describing
the flow of students through an educational system. The Markov process
is based upon the premise that at a point in time a given group of in-

dividuals possessing a set of characteristics categorizing them as unique
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from all other groups ~ such as sophomore cngincering students - has

an associated set of transition pronabilities, which in turn describes
the status of the group at the next point in time - such as 807 will

be junior engineering students, 5% will have transferred to another cur-
riculum, 5% will have withdrawn, etc. Using historical data, it is
possible to construct sets of transition probabilities, measuring the
distribution of students in each origin state among all possible terminal
states and to use these values as a vehicle for projecting enrcllments
from one point in time to the next.

Al though conceptually accepted, there have been relatively few ap-
plications using a Markovian approach for projecting enrollments. With
the exception of one by Gani (3) in 1963 concerning the projections of
enrolliment in the Australian system of higher education, all were reported
around the turn between the last and current decades. Models for simulat-
ing aggregate enrollments at each major level of national systems of
education were devised by Thonstad {15) and Zabrowski (16). Additionally,
the technique was adopted to describe student-flows within the framework
of resource simulation models for institutions of higher eduration by
Koenig et al. (5) and Firmin (2) and to evaluate admission and enrolliment
options by Smith (12), Marshall (8), and Oliver et al. (10).

Of particular note, because they reflect the movement of students not
only within an institution but also among different locations, are two other
applications. The first is the HEEF model, designed and implemented by the
Office of Program Planning and Fiscal Management (4) in the State of Wash-
ington to simulate the fluws of undergraduate students by various academic
levels within a state-wide system of higher education. The other, similar
in concept but providing an additional dimension to the categorization of

students, namely that of broadly defined disciplines of study, is a model
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developed and pilot-tested'by Baisuck et al. (1) of the Pensselaer Research
Corporation for the New York State tducation Departm.nt. but apparcntly not
implemented for routine application by its sponscrs.

Of more recent origin, NCHEMS, recognizing the inherent importahce of
enrcliment projections upon resource management, initiated a progran to
develop an institutional student-flow mode! (7). Availability of this modcl
is currently anticipated by the beginning of 1974.

At The Pennsylvania State University, a model was developed in 1968 by
Newton (9) employing a Markovian concept of student-flow for projecting
system-wide enrollments by academic level and college, but its utility was
limited by inadequate specification of inter-campus flows. Later research
conducted by Richard (11) provided evidence that different sources of in-
coming students need not be categorized separately for establishing their
subsequent patterns of behavior. Both of these investigations provided
insight for defining the design specifications of the model described in
this report.

The model described in this report is concerned with projecting the
enrollments in an institution of higher education by simulating the flow
of students within and from the institution. Explicit in its use is the
availability for input of a forecast of admissions into the institution.

It is principally Markovian in concept, although it has been necessary to

rely on other techniques at least on a transitory basis in order to cir-
cumvent certain informational limitations.“As such it is not methodologically
unique. What s unique about the model, which has been designated as SFM-1,
is that it depicts student~flow within as well as among the twenty-two campuses
of The Pennsylvania State University. Consequently, it bears a resemblance

to both the HEEP and Rensselaer models, but differs from both in that it is

more highly disaggregated, making it suitable for institutional as well as
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campus management. Because it concerns a twenty-two campus system of a
single university, it also represents a prototype application of a state-
syster of higher education.

Successful pursuit of efforts of this type are dependent upon the
contributing roles played by a number of individuals and this project is
not an exception. Several -of these are of particular note. "Even within
an educational institution, acceptance of the need to break new ground
can be a frustrating experience and for their support in nothing more
tangible than a conceptualized goal we are indebted to both C. G. Norris
and P. M. Etters. For their patient counsel and response to a myrt:ad of
questions in the process of design, recognition is due W. R. Haffner and
A. W. Tyson. Lastly and of major significance is the contribution of C.
A. Lindsay made years before work even began on the model; had he not
taken the initiative in the middle 1960's in the development of what still
must be regarded as a remarkable concept for maintenance of chronological
records of student progression, the essential data for construction of the

Student Flow Model would have been lacking.
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t11: CONCEPTUAL!ZATION

In the previous chapter, it was stated
that in a multi-campus institution of highen education,
<he pattesns of student mevement among academic Ceveds,
glelds of specialization, and campuses have a signiflcant
impact upon the magnifude and major-progran compo/si/téoh
04 the eywrollment at any one Location.

In this chapter it will be shown how these flowé of students may be
conceptualized in a form analogous to what is characterized as a Markov pro-
cess, which in turn may be used as the basis for development of a model for
projecting enrollments in an institution of higher education.

MARKOV PROCESS

A Markov process is a discrete time system characterized by a set cf
probabilities, one for each of the transitions from each origin state to
each of the possible terminal states at the next juncture in time. éetween
two states, the transition probabilities or rates are assumed to be depen-
dent 'only upon the origin state. |f these rates, as measured from historical
observations, are constant over time, they may be employed as the basis for
projecting the flow from an origin state to each of the possible states at
the next point in time.

The flow of students within and from an educational institution is analo-
gous to a Markovian process. At any point in time, such as the start of a
term, sémester, or academic year, students may be categorized into states or

common groups in accord with some measure of their academic level - first year,
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second year, etc. and associate degrec, baccalaureate degree, etc. - within
their fields of specialization - liberal arts, law, engineering, etc. -
within the institution. For a multi-campus institution, an additional
element represehting location is added to the dimensional characteristics
of each category. For each group of students having a unique combination of
these characteristics, there exists a set of probabilities which describe
their distribution among all possible states at the next point in time. The
utility of a Markov-type model for projecting student-flows lies in the fact
that when enrolliments, suitably categorized into common states at one point
in time, are muitiplied by the appropriate transition rates the result is a
projection of the enrol Iments similarly categorized for the next point in
time.

MODEL FORMULATION

In order to formulate a student-flow model in a form analogous to a Markov-
type process, it is necessary to have available chronological records of
students containing at calendar-identifiable points in time each student's
academic levél, field of study and, for a multi-campus institution, location.
From such a record it is possible to determine

l1: at some historical point in time, such as the start of

the Fall term, the enrollment of students suitably
categorized in accord with unique combinations of aca-
' démic level, field of study, and location;

2: for the students categorized into each of these origin
states, the enrollments at the next point in time, such
as the following Fall term, in each suitably categorized
terminal state; and |

3: by dividing the enrollment in each terminal state by that

appropriate to its origin state, to develop a set of tran-

sition rates.
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The model operates on the assumption that the future enrollment is
derived through the probabilities of students moving between two defined
points in time from one state to other states. These probabilities are
expressed by means of the transition rates. Once a student enters the

—~—" .
system, there is a limited number of optional paths in which he can move
from year to year. Once he is admitted to the institutional system, the
individual either moves from state to state until he graduates or with-

draws.

Transition Matrix

For illustrative purposes, a hypothetical example has been devised to
show how data of the type described may be developed and used to compile the
probab{lity rates comprising a transition matrix. In order to simplify the
discussion, the example is limited in scope to a single-campus institution.
Let us assume that a hypothetical institution has students enrolled in two
different fields of specialization - Letters and Applied Sciences - and at
two student-levels - first and second year - within an asséciate degree-
level program. Under such a structure, all returning and new students must
be categorized within one of the following four origin states:

Letters - Ist year

Letters - 2nd year

Applied Sciences - 1st year

Applied Sciences - 2nd year
One year later, all of these students must be categorized within one of the
following six terminal states:

Letters - Ist year

Letters - 2nd year

Applied Sciences - st year

Applied Sciences - 2nd year

Graduated

Withdrawn
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Let us furthermore assume that, from an appropriate record source, we
can determine that at a point in time, such as the Fall term of 1970, there
were 100 students enrolled as first-year students in Letters. One year
later, in the Fall of 1971, these same students were distributed as follows:
10 in first-year Letters, 60 in second-year Letters, 10 in first-year Applied
Sciences, and 5 in second-year Apblied Sciences. {In addition, 15 had with-
drawn from attendance in the institution. The flow of students between the
one origin state and all possible terminal states during these two points
in time may be symbolically described as shown in Figure lll=1. |In order
to determine the transitioﬁ rates between the origin and terminal states,
the enrollment in each terminal state is divided by the enrollment in their
common origin state. For the case under coqsideration, the computed rates
between each pair of states is shown on the arrows depicting the flow of
students in Figure I11-1. As will be noted, these fractions account for
the entire flow from the crigin state to all possible terminal states be-
tween the two points in time. As a consequence, the summation of the rates

from any one origin state must be equal to 1.0.
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FIGURE 111-1
ILLUSTRATIVE EXAMPLE OF THE FLOW OF STUDENTS
FROM ONE ORIGIN STATE TO ALL POSSIBLE TERMINAL STATES

ORIGIN "~ TERMINAL
STATE STATES

Letters- Letters-

Ist Year

Graduate

Withdraw
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In a similar manner, the various flows of students in the hypothetical
institution between each of the origin states and each of the possible ter-

minal states at their respective sequential points in time may be depicted

as shown in Figure |11-2. The distribution of the enrollment in each origin
state among all possible terminal states for the illustrative example is shown
in Table I11-] and the appropriately calculated transition rates are listed

in Table 111-2,
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FIGURE I11-2
ILLUSTRATIVE EXAMPLE OF THE FLOW OF STUDENTS FROM ALL ORIGIN

STATES TO ALL POSSIBLE TERMINAL STATES

ORIGIN TERMINAL
STATES STATES
Letters Letters

ist Year st Year
Letters

2nd Year

st Year st Year

Letters
2nd Year

2 Graduate

App.Sci. |}

2nd Year i thdraw
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Projection Model

Provided that the rates comprising the transition matrix are stable over
time, it may be employed tugether with the enrollment of returning students
and a given forecast of new admissions at one point in time to generate pro-
jections of the enrollment of returning students at the next point in time.
This is done by multiplying the sum of enrollment of returning students and
of new admissions for each year by the appropriate rates in the transition
matrix and then aggregating the products over common states to derive the
enrolIment of returning students for the following period of time. The
process is then repeated in an iterative mode until projections are develop-
ed for the entire projected time-frame.

To illustrate in tabular form how the process proceeds in an iterative
fashion, assume for the hypothetical institution an input of returning stu-
dents for time-périod 1 and forecasts of new admissions for time-periods 1,
2, and 3 and the applicability of the transition matrix shown in Table }l}-2.
The steps involved in developing enrollment projections for three time-periods
are depicted in Table |11-3.

The number of possible student-flows has been limited in this example
in order to illustrate diagramatically as well as computationally the steps
involved in the projection process. However, conceptually the steps des-
cribed in the example are equally applicable to any student-flow problem
regardless of the number of dimensions - academic levels, fields of specializa-

tion, and locations - used to describe origin and terminal states.
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MATHEMATICAL RELATIONSHIP

Mathematically the enrolliment at some point in time may be projected

from a prior point in time by means of the following relationship:
m
= . + N.
Jyt+l iil EJ(l),t NJ,t+l

E for j=1,2 ... m (1)

where: E student enrollment in year t+l in terminal state j,

J,t+]
where j defines a unique set of characteristics common
to all students in that terminal state.

Ej(i),t = student enrollment in year t in origin state i who move
to terminal state j in year t+], where i and j define
sets of characteristics common to all students in each
of the respective states.

Nj,t+l = new students entering the system in year t+]l in state j.

Since Ej(i) represents measures of the flows between origin state i and
terminal state j of students already in attendance, transition rates express-
ing the distribution of students in state i among state j may be computed

from historical data as follows:

fij=E.(i)’t for_]=l,2...m (2)
B -1

where: fij = transition rate of students between origin state i and ter-

minal state j.

Therefofe, Equation 1 may be expressed as follows:

3

E = .5, f.. E + N for j=1, 2 ... m (3)

Jot¥l 0=l Tij Ti,t j,t+]
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1v: DEVELOPMENT

In the previous chapters, it was shown

1: that in a multi-campus {mstitution of higher
education, the patterns of student movement
among academic Levels, ficlds of specializa-
tion, and campuses have a significant Limpact
upon the megnitude and majon-progham composi-
tion of enmrollment at any one Location, and

2: that these patterns of movement may be described
by sets of transition nates expressing the proba-
bilities of students following various paths
between successive points 4n time.

This chapter is concerned with establishment of a suitable base of
historical data from which the transition matrices as well as ancillary
relationships may be developed for incorporation with a model for pro-
jecting student-flow for é large mul ti-campus institution, namely The
Pennsylvania State University.

CRITERIA FOR STRUCTURE

Inasmuch as the composition of the output from a model is dependent
upon both the structure of the model and the data used to develop it, a
delineation of required output constitutes the initial step in design.
This is necessary to assure the utility of a model as a vehicle for sup-

plying both explicit and perceived informational needs.
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At The Pennsylvania State University. admission. are planned by mean
of an iterative process, invoiving the generation of enrollment projections
for a series of options concerning the magnitude and composition of ad-
missions with subsequent selection for implementation of the one option
which produces an enrollment projection reflectirg the greatest consistency
with that representing both policy and resource constraints. This pro-
jection of enrollment is then employed as the basic input to the procedures
employed for developing the University's internal budget and for preparation
of documents in support of the appropriation request to the Commonweal th.
Although the contents of the projection output required for these three
interrelated processes differ from one another, any model from which they
are derived must possess a commonality of base to provide assurance of
consistency.

For the iterative process involved in planning admissions and enroll-
ments, the enrollment projections must be displayed in a disaggregated form
by campus and by degree-level in the initial phase of testing various optional
levels of admission. Once the resulting enrollments are in general alignment
with policy and resource constraints, further disaggregation by degree-level
and in the case of the University Park Campus by college or category of en-
rollment is usually required.

For application to the internal budgetary process, projections of enroll-
ment are used both as a direct - as well as an indirect - input with the latter
involving subsequent use in «eriving instructional activity consumption and
production from the Instructional Activity Model. As a direct input, the
levels of disaggregation required of enrollment projections in the final
stage of the admission and enrollment planning process satisfy the require-
ments of budgetary responsibility, which currently rests at the so-called

administrative-division level. However, for analytical purposes, the enroll-
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ments are further subdivided by department for the University Park and
Capitol Campuses as well as the Hershey Medical Center and by college for
the balance of the campuses in the system.

At the present time, in support of the University's appropriation re-
quest to the Commonwealth both PPBS and formula submissions are required.
Currently enrollment projections on a head-count basis are not required for
these submissions. They do, however, represent an indirect input since they
are employed in the Instructional Activity Model to derive instructional
activity consumption and production values, which are inherent parts of both
sets of documents, and to derive projections of degrees-awarded by HEGIS
discipline-division in the case of the PPBS process.

For the three interrelated processes, there is consistency in the con-
tent required of enrollment projections with respect to campus, degree-level,
and student-level. Although somewhat of a dichotomy does exist concerning
the level of aggregation required for specifying fields of specialization,
the need fo delineate these fields at the departmental level for certain
campuses of the University and at the HEGIS discipline-division level for
the PPBS submission makes it necessary to produce enrollment projections
.for all campuses at the departmental level of specialization.

CATEGORIZATION OF STUDENTS

In accord with the broad criteria adopted for assessing the utility
of enrollment projections in relation to both internal and external needs,
students are categorized in accord with attributes identifying physical.
location, academic level, and field of specialization. Physical location
is denoted byrcampus, academic level by degree-level and within same where
appropriate, by student-level, and field of specialization by college or
category of enrollment and, within same where appropriate, by departmental

responsibility for major programs of study. All measurements of the number
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of students within each category are in terms of head-count enrollments
applicable to the Fall term of each academic year.
Location

Twenty-five geographical identities are currently employed to classify
the locations of attendance for the resident education function of the Uni-
versity. These encompass the twenty-two cambuses and centers of the University
as well as three other geographical identities which are essentially extensions
of programs administered by organizational units at the University Park Campus.
For this reason the latter three - involving the nursing program conducted
at selected hospitals, graduate students registered for off-campus research,
and students enrolled in the study-abroad program - are included for pur-
poses of classifying enrollments as part of University Park Campus. Shown

below are the twenty-two locations adopted for use in categorizing students.

TABLE V-1
CAMPUSES

Allentown Center
Altoona Campus

Beaver Campus

Behrend Campus

Berks Campus

Capitol Campus
Delaware County Campus
DuBois Campus '
Fayette Campus
Hazleton Campus
Hershey Medical Center
King of Prussia Graduate Center
McKeesport Campus

Mont Alto Campus

New Kensington Campus
Ogontz Campus
Schuylkill Campus
Shenango VYalley Campus
University Park Campus
Wilkes-Barre Campus
Worthington~Scranton Campus
York Campus
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Academic Level

Withfn the hierarchy conceived and used to describe the academic levels
of students, students may be categorized from the standﬁoint of degree-
level - associate, baccalaureate, etc. - and within certain of these by
student-level - first year, second year, etc. The relationships between

these measures of academic level are shown in Table IV-2.

TABLE V-2
HIERARCHY OF ACADEMIC LEVELS

DEGREE-LEVEL STUDENT-LEVEL
Associate 1

2
Baccalaureate 1

2

3

b g5
Graduate 1
2 or more

Adjunct Not Applicable

For the application under review, students are classified by degree-
level and within same by student-level with one exception. The specific
exception concerns suppression of student-level within the graduate degree-
-level, an expedient necessitated by current dafa limitations;

Fields of Specialization

Within the hierarchy used to describe fields of specialization, most
students may be categorized in accord with the specific major program of
study in which they are enrolled, the department having responsibility for
the curriculum content of the program, or the college in which the depart-
ment is situated for organizational and fiscal purposes. For application

to the Student Flow Model, student categorization by field of specialization




V-6

is limited to the aggregations of majors at the college and departmental
organization levels. Although subdivision by major program was conceived
as a desirable goal, it was considered to be infeasible to derive reliable
projections of enrollment by major at each student-level. It was necessary
to impose this limitation because of the very small numbers of students
enrolled in most majors - and frequently exhibiting random patterns over
time - at many of the campuses of which the University system is composed.

In addition to the eleven colleges offering degree programs at one or
more degree-levels, there are four administrative categories in which a
student may be classified for purposes of enrollment. These categories
of enrollment are Division of Counseling, Capitol Campus, Inter-College,
and Non-Degree. For undergraduate study, a student's program is ad-
ministered by the Division of Counseling if he has not selected a major
for study. At the Capitol Campus, the responsibility for undergraduate
majors rests with the faculty at that location and the same is true for
the preponderance of graduate progréms. Students in‘jnterdisciplinary
programs are classified within the Inter-College category for purposes of
enrollment. A student will be assigned non-degree status for purposes of
enrollment categorization if he Has been admitted to the Graduate School
but has not selected a field of study or if he has simply adjunct status.
Within each of the eleven colleges as well as the Capitol Campus and
Inter-College categories, a further subdivision of major program assign-
ment may be made to departmental units.

Shown in Table IV-3 are the colleges or categories of enroliment
and, where applicable within same, the departments adopted for classify-
ing students in accord with their fields of specialization, together with

the appropriate five-digit budget code used internally by the University
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for resource assignment. |In addition is shown for each department the
HEGIS discipline-division code applicable to the preponderance of major

programs within its area of responsibility.
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DATA REQUIREMENTS

In Chapter Il, it was stated, that although the Student Flow Model
described in this report was Markovian in concept, it was necessary to
rely on other methodology to circumvent current data limitations.
For projecting ooth associate and baccalaureate degree-level enroll-
ments, which collectiyely comprise over 80% of the University's resident
education enrollment,'the flows of students are developed in accord with
a Markov-type process, as described conceptually in Chapter Ill. [In this
step students were categorized in origin and terminal states in accord
with their campus, degree-level, student-level, and college or category
of enrollment. Although the basic record, from which the data on student
flow were extracted, would have permitted identification of major programs’
of study, wbiéh in turn could have been aggregated to the departmental
level, this opfién was not exercised because of the very small enrollments
observed in many of the major programs of study in the various campuses

of the University.

In the current absence of machine-addressable longitudinal records
on both adjunct and graduate degree-level students, itAis not possible to
utilize a Markov process as a basis for projecting enrollments of these
two classes of students. For adjunct enrollments it is necessary to employ
an empirical relationship between the number of adjunct students at a campus
and the enrollment of baccalaureate and associate degree-level students.
Graduate enrollment projections are developed from linear regression equa-
tions by college or category of enrollment at each campus.

Furthefmdisaggregation of the enrollment projections for all degree-
levels of students by field of specialization from the college to the
departmental level is achieved by use of a so-called Organization Matrix,

which subdivides the college enrollments on the basis of prior history.
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In summation the data requirements may be classified in accord with
their application in development of the components of the model as follows:
1: Transition matrices for use in the Markov process
describing the flow of associate and baccalaureate
students.
2: An empirically observed relationship between adjunct
students and undergraduate enrollments.
3: Sets of linear regression equations applicable to
graduate enrollments.
L: An Organization Matrix for disaggregation of enroll-
ments to the departmental level.

Associate and Baccalaureate Transition Matrices

For projecting both associate and baccalaureate degree-level enroll-
ments, four types of transition matrices are developed for use in ''moving"
students from each origin state in a Fall term to all possible terminal
states in the next Fall term. These are as follows: Campus, Progression,
Inter-Campus, and Switch Degree.

The Campus Matrix is the basic vehicle by which students are ''moved"
from one year to the next within a campus. For each campus at which
associate degree-level programs are offered, there are two such matrices,.
one tor each student-level; for campuses offering baccalaureate study there
are four, one for each student-level. Each matrix consists of a series of
vectors - one for zach college of enrollment in an origin state - each of
which in turn is comprised of a set of fractions representing the distribu-
tion to all terminal states. Within each of these college vectors, the
terminal states consist of the colleges of enrollment and additionally
the proportions graduating, withdrawing, switching to the other under-

graduate degree-level, and transferring to another campus.
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In series with each Campus Matrix is a Progression Matrix, by which
students are retained at the same student-level or advanced to the next
student-level. Each of the vectors, of which the matrix is composed,
consists of the two fractions representing the shares advancing and being

retained.

Two other types of matrices are used to ''move' students among campuses.

The first is an Inter-Campus Matrix which, when used in conjunction with
the flow of students through the so-called ''transfer-cell' in a vector of
a Campus Matrix, distributes students of the same degree-level among the
campuses. The second is a Switch Degree Matrix which, when used in con-
junétion with the flow of students through the so-called "switch-degree"
cell in a vector of a Campus Matrix, not only distributes students among
the campuses but also changes the degree-level of their program of study.
Shown in Figure 1V-1 are examples of vectors drawn from the four
types of transition matrices and their relationship to one another in the

student flow process from an origin to a terminal state.



ORIGIN STATE

gEnroliment -
for one cempus

FIGURE 1V -1

INTERRELAT IONSHIPS AMONG TRANSITION MATRIX VECTORS

for one degree-level
for nne student-level

for une college

| S —
AGR [ .0
AGA .000
BA .667
EOQ .000
ENG .024
HPE .000
HO .000
LA .000
EMS .000
ScI .021%
ooc |} .026
1C .000
GRAO 1 .000
w0 167
SO L0224
TRAN | 071
CAMPUS
VECTOR

O

ERIC

Aruitoxt provided by Eic:

PROGRESS ION

VECTOR

’\
*v, .. "s\‘
.. AA[.000
A AN] .000
’, Bof .167
. 8s | .o000
. BR| .083
s ct] .000
' o€ | .000
v os|.167
Aa [.000 FE| .333
AN [ .000 HN | .000 |_
80 | .000 MA| .083 >
8s | .oc0 MK | .000
8r | .000 Nk | .000
cL | .o00 0z].000
o€ [ .000 sL | .000
os | .oo00 sn| .083
FE | .000 sv | .o00
HN | . 000 up { .000
MA [ .000 we | .083
Mx | .000 vk | .000
NK 0250 ‘.'llll...ol"‘..‘.‘l.‘
0z { .000 SWITCH OEGREE
St |.000 =JECTOR
sn | .o00 ==
sv | .000
up | .750
w8 | .000
vk |_.000

INTER~CAMPUS
VECTOR

iv-16

TERMINAL STATE

Enroliment -
by campus
by degree-level
by student-level
by college



Iv-17

These matrices are developed from what is referred to as the Student
Master Research Tape - or SMART - which is a series of longitudinal records
over time of each undergraduate student indicating his term by term status
with respect to degree-level, student-level, major program of study, campus,
and attendance status from the time of_admission to graduation or alterna-
tively a maximum of twenty elapsed terms. (6) For the purpose of this
application, only certain of the fields of each term-record on each student
are employed. In Table V-4 are the appropriate fields within each record
on SMART utilized for developing the transition matrices.

For use with the Student Flow Model, the transition matrices are develop-
ed annually from data applicable to the changes occurring between the most
recent sequential pair of Fall-terms. These values are assumed to be ap-
plicable over the entire projected time-frame. The validity of this
assumption, however, was subject to evaluation prior to its adoption by
generating the matrices for each sequential pair of Fall-terms over the past
seven years and examining the patterns of behavior of corresponding values
over time. The analysis revealed that the transition probabilities for
corresponding categories remained relatively stable when the values were
either relatively large in magnitude (i.e. between 0.5 and 1.0 as contrasted
to less than 0.1) or were computed from relatively large populations of students.
Since both of these conditions contribute to the ability of the model to
generate reasonably accurate projections of enrollment, it was concluded
that the transition rates were sufficiently stable over time to assume
their applicability in the future for purposes of enrollment projection.

Empirical Relationship for Adjunct Enrollment

The projected enrollment of adjunct students is computed by means of
an empirical relationship, which on the basis of historical data was found

to be applicable at all but four campuses. Basically, the relationship is
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based on the observation that, as the enrollment of students at the
associate and baccalaﬁreate degree-levels at a campus increases, the
expression of adjunct enro}lment as an equivalent fractfon of the as-
sociate and baccalaureate eﬁrollment decreases. Utflizing the fractions
calculated from historical data and'the projected enrollments of associate
and baccalaureate degree-level students, adjunct enrollment at a campus

is computed using the following relationship:

ED,ct = (EA,ct * EB,ct) (fa)

where: ED,ct = adjunct enrollment at campus c in year t
EA,ct = associate enrollment at campus c in year t
EB,ct = baccalaureate enrollment at campus ¢ in year t
fa = adjunct enrollment as a fraction of associate

and baccalaureate enrollment.
The values of fa for the Altoona and Ogontz Campuses is 0.15 and for
the Fayette and New Kensingfon Campuses is 0.40. For the balance of
the campuses in the system, the value of fa is related to the combined as-

sociate and baccalaureate degree-level enrollment at the campus as follows:

Associate and Baccalaureate Enrollment fa
< 100 .4ho

101~ 300 .20

301- 500 .10

501- 700 .06

701-1000 .04

1001-2000 .03

>2001 .01

Although the relationship is incorporated within the program logic,

it must be reviewed periodically for applicability.
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Regression Equations for Graduate Enrollment

Graduate degree-level enrollments are developed from linear regression
equations,'Which are incorporated within the model and are updated annually
to reflect new data. The eqqations represent the graduate degree-level
enrol Iments by college or category of enrollment for each campus of the
University over time. The summation of the extrapolated values for any
one campus at any point in time is subject to normalization relative to
maximum and/or minimum levels of graduate degree-level enrollments permitted
at the particular campus. These maximums and ﬁinimums are supplied as in-
put to the model.

Organization Matrix

The Organization Matrices are employed to disaggregate enrollments
in various fields of specialization from the college to the departmental
level. Each matrix consists of a series of vectors - one for each college
or category of enrollment at each student-level within degree-level for each
campus - each of which in turn is comprised of a set of fractions represent-
ing the distribution of a given college's enrollment among the departments
of which it is composed. The Organizational Matrices are updated annually
from the data issued in the Final Distribution of Enrollment Report for the

Fall term.




V: PROJECTION MODEL

In the previous chapters, it was shown

T: that in a multi-campus Anstitution of higher
education, the patfenns of student movement
among academic Levels, gields of specializa-
tion, and campuses have a significant impact
upon the magnitude and majonr-program composi-
tion of the enrollment at any one Zoca,téon,

2: that these pattenns of movement may be described
by sets of transition hates expnessing the
probabilities of students following various
paths between successive points in time, and

3: how a suitable base of histornical data may be

compiled and used for development of these
matrices .
. This chapter is concerned with the use of the components described in
the previous chapter as an integrated model, thch, given the current enroll-
ment and a forecast of new admissions, may be employed to generate projections
of enrollment.
COMPONENTS
The projection model consists of the following major components:
1: A series of transition matrices - Campus, Progression,
Inter-Campus, and Switch-Degree - consisting of vectors

of the fractional distribution of undergraduate enrollment
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at one origin state - campus, degree-level, student-
level, and college or category of enrollment - in

the Fall term of one year among all possible terminal
states in the subsequent Fall term.

A curvilineér relationship between the number of
associate and baccalaureate degree-level students

at a campus and the equivalent fraction of these
students representing adjunct enrollment.

A series of regression equations representing the
enrollment of graduate studenté over -‘time in each
college or category of enrollment at each campus.

A series of Organizational Matrices - one for each
student-level within each degree-level at each campus -
consisting of vectors of the fractional distribution
§f the enrollment in each college or category of
enrolIment among the departments responsible for the

major programs of study.

The inputs to the projection model are as follows:

1:

Actual Fall term enrollment for the most recent historical
vyear subdivided by campus, degree-level, student-level
where appropriate, énd college or category of enrollment,
as developed from the Final Distribution of Enrollment
Report issued by the Records Office of the Division of
Admissions, Recofds, and Schedulinc

Projections of freshmen admissions for each calendar

year, but expressed in terms of those registered in the

Fall term of the particular year, for as many years as
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desired by campus, degree-level, and college or category
of enrollment, as generated by the Admissions Model (14).

3: Projections of both advanced-standing and adjunct-to-
degree undergraduate admissions as well as undergraduate
readmissions for each calendar year for as many years
as desired by campus, degree-level, student-level, and
college or category of enrollment, as generatéd by tﬁe
Admissions Model (14).

L: Parameters estabiishing the maximum and minimum levels
of graduate enrollment by campus for each year in the pro-
jected time-frame.

OPERATION
Procedurally the following steps, as schematically depicted in Figure
V-1, are invélved ih the projection process of the modei:

1: The actuaj associate and baccalaureate degree-level enroll-
ment by campus, student-level, and co]lege of enroliment
for the most recent Fall term is fterated through the Campus,
Progression, Inter-Campus, and Switch-Degree Matrices to
derive the enrollment of returning students in the Fall term
of the first year in the projected time-frame. To these
values are added the forecast of new admissions and of re-
admissions to generate the projected undergraduate degree-level
enrollments for the first year.

2: The projected enroliments for the first year in the time-t
frame are then iterated through the matrices to derive
returning students for the second year. To these are added
the forecasts of new admissions and readmissions to generate

projected undergraduate degree-level enrollments for the"

second year.
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3: The process is then repeated until undergraduate degree-
level enrollment projections have been developed for
each year in the projected time-ffame.

L: For each year in the projected time-frame, adjunct enroll-
ments are computed for each campus using the empirical
relationship provided within the model.

5: For each year in the projected time-frame, graduate en-
roliments by campus and college or category of enrollment
are projected using the regression equations provided within
the model and the input parameters relating to the minimum
and maximum enrollments by campus.

6: The projections of enrollment by college or category of
enrollment for each year in the projected time-frame are
then disaggregated to the departmental Jevel. |

OUTPUT
Output from the projectinn model is of two types. Common to both is a
subdivision of Fall term enrollment for each year in the projeéted time-frame

by degree-level and within same by student-level wherever appropriate.

Detailed Output

The first of tHe two types is characterized as detailed output of Fall
term enrollment and contains for each campus an analysis by college or cate-
gory of enrollment as well as department wherever approbriate. In order to
provide further identification of each departmental entity, the internal
five-digit budget and two-digit HEG!S discipline-division codes are also
shown. A sample of this output for one camnus and one year is shown in

Table V-1.
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Summary Output

The second type is characterized as summary output. Here the detail
by college and department is suppressed to provide on a single page the
Fall term enrollment by campus for the enti-e University system. A sample

of this output for one year is shown in Table V-2.
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EVALUATION

Evaluation of the performance of a predictive model usually invoives
providing actual historical data as input and n comparing the output
with the appropriate historical records. By utilizing such an approach
any variations between the output from the model and historical data may
be attributed to the characteristics of the model itself. However, for
evaluation of the model described in this report, a departure from this
type of procedure has been adopted which actually provides a somewhat more
stringent basis for measurement of validity. Rather than using actual ad-
missions data as input, the output from the Admissions Model (14) was
employed. Thus the evaluation is in reality an evaluation of both the Ad-
missions and Student Flow Models on a combined basis. In brief this approach
was adopted because of the existence of certain empirical relationships,
interfacing between the two models, which essentially translate student
admissions throughout a given calendar year into student registrations
in the Fall term of the same year with an ensuing question arising as to
the proper assignment of these relationships to one of the two models for
purposes of evaluation. Adoption of the combined approach eliminates the
need for what would otherwise be an arbitrary assignment.

For this reasén the evaluation was conducted by comparing the actual
1972 enro]lment; with those projected by the Student Flow Model, which in
turn was provided witn iﬁput from the Admissions Model containing the
targets and parameters which had been established in January 1972 for
guidance of the admissions process for that calendar year. From a system-
wide standpoint, the total projection of enrollment differed only by 0.5%
from the actual.

However, this value is of limited significance for internal management

application, since it is achieved in part as a result of compensating errors
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in over- and under-projecting the individuval sectors of which the University's
total enrollment in resident education is composed. Furthermore, since en-
rollments are ultimately determinants of the demand for instructional services
and it is usually infeasible from an operational view to consider the inter-
change among campuses of resources for the instructional function, the forecast
errors of the campus enrollments are of importance. The differences between
the projected and actual enrollments for each campus are shown in Table V-3.
The summation of these differences, without regard for sign, expressed as
a percentage of the actual enrollment for the total system amounts to 4.0%.
This ﬁeans that this fraction of the projected enrollment was distributed
among campuses in a manner differing from that which actually occurred.

For evaluation purposes, two other bases may also be of pqssible interest.
In the report on the Instructional Activity.ﬁodel (13), it was stated that the
interchange of resources for providing instructional activity was operational-
ly infeasible not only among the campuses but also, in the case of the University's
largest campus at University Park, among colleges. However, errors in the com-
position of the enrollment at any one location are somewhat mitigated in their
impact upon the composition of demand for instructional activity because students
register for courses not only within their own college but in others as well.
Nevertheless, for evaluation purposes there is interest in the forecast errors
among the individual colleges at the University Park Campus and the balance of
the campuses as unitary organizations since collectively these units, which
intérnally are categorized as administrative diyisions, constitute the level
of budgetary responsibility in the University. As shown in Table V-4, the
summation of the differences, without regard for sign, between the actual and
projected enrollment§ for these units amounts to 7.9% of the actual enroll-
ment for the total system, which implies that this fraction of the enrollment

Q was distributed by the model among administrative divisions in a manner dif-

ERIC

e fering from that which actually transpired.



TABLE V-3
COMPARISON OF ACTUAL AND PROJECTED FALL-TERM 1972 ENROLLMENT

BY CAMPUS
ENROLLMENT
ACTUAL PROJECTED DIFFERENCE
1,700 1,581 =119
212 145 - 67
1,573 1,626 .+ 53
714 685 - 29
936 1,023 + 87
2,190 2,495 +305
1,021 871 -150
L97 471 - 26
1,062 960 -102
773 849 + 76
749 703 - 46
1,053 1,041 - 12
1,026 1,020 - 6
1,757 1,642 -115
660 727 + 67
649 722 + 73
550 499 - 51
396 293 -103
564 534 . - 30
301 353 + 52
245 341 + 96
28,635 28,921 +266
TOTAL 47,263 47,502 +239 (0.5%)

ABSOLUTE SUM = 47,263 1,931 (4.0%)




TABLE V-4

COMPARISON OF ACTUAL AND PROJECTED FALL-TERM 1972 ENROLLMENT
BY ADMINISTRATIVE DIVISION

ENROLLMENT
ACTUAL PROJECTED DI FFERENCE
1,700 1,581 , -119
212 145 - 67
1,573 1,626 + 53
714 685 - 29
936 1,023 + 87
2,190 2,495 +305
1,021 871 -150
497 471 - 26
1,062 © 960 =102
773 849 + 76
749 703 - 46
1,053 1,041 - 21
1,026 .1,020 - 6
1,757 - 1,642 -115
660 727 + 67
649 722 + 73
550 kg9 - 51
396 293 -103
564 534 - 30
301 353 + 52
245 341 + 96
1,617 1,395 -222
1,311 1,260 - 5l
25737 2,7]0 - 27
L 255 4,576 +321
2,781 2,730 - 51
992 841 -151
2,045 2,808 -237
5,698 6,218 +520
1,013 1,001 - 12
3,693 3,779 + 86
573 672 + 99
212 56 -156
708 875 +167
TOTAL - 47,263 47,502 +239 (0.5%)

ABSOLUTE SUM 47,263 3,765 (7.9%)
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The last basis for evaluation purposes concerns the convention which
seems to prevail for displaying the enrollment projections resulting from
thé admissions and enrollment planning process, described briefly in Chapter
IV. For this purpose, the projections are subdivided not only by administra-
tive division but also by degree-level. In this case, as shown in Table V-5,
the summation of the differences, without regard for sign, between actual
and projected enrollments by degree-level for each administrative division
amounts to 10.0% of the actual enrollment for the total system, which implies
that this fraction of the enrollment was distributed among degree-levels and
administrative divisions in a manner differing from that acfually occurring.

In closing, it should be noted that the forecast errors, described
above, are limited to a one-year projection into the future. At the present
time it is obviously not possible to provide an evaluation beyond this time-

frame.
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Vi: SYSTEM APPLICATION

In the previous chapters, it was shown

11 that in a multi-campus nstitution of highex
education, the patterns of student movement
among academic Levels, fields of specializa-
tion, and campuses have a significant impact
upon the magnitude and maior-progham composition
0§ the ewrollment at any one Location,

2: that these pattenns of movement may be deseribed
by sets of thansition nates cxpressing the
probabilities of students foLlowing various
paths between successive nodnts Ln time,

3: how a suctable base of historical data may be
compLled and used fon develLopment of these
rans Ltion matrices , and

4: how these matrices together with ancillary
neliitionships may be wsed as a projection
model, which, given the cwuvent ennoflment
and ‘a fornecast of new admissions, may be em-
ployed to generate projections of cnrollment.

This chapter is concerned with a description of the system developed
to carry out the steps outlined in Chapters IV and V for routine application
within The Pennsylvania State University for generation of projections of

enrollment for the Fall term. The interrelztionships among the components
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are delineated and the function, procedural steps, and operational cost of
each programmed module are outlined in brief. Details concerning the pro-
gram logic and application are shown in the Appendices.
COMPONENTS

The system comprising the Student Flow Model consists of three modules.
These are programmed in Fortran [V for operation on the IBM System 370/165
in the Computation Center. The first of the modules, COEF-1, is concerned
with generation of the various matrices from the Student Master Research
Tape. The second, ITER-1, utilizes these matrices as a mechanism for iterat-
ing undergraduate students through the system. The third, DISAG-1, generates
projections of both graduate and adjunct students and disaggregates both
these and undergraduate projections to the departmental level.

The relationship of these modules to one another is shown in Figure VI-]
and a brief description of each is provided below.

COEF-1 Module

The COEF-1 program generates the Campus, Progression, lInter-Campus, and
Switch-Degree Matrices from the Student Ma:ter Research Tape. Each record
on SMART is read and aggregations of enroliment are prepared for the Fall term
of each calendar year on the basis of commonality of campus, degree-level,
student-level, and college or category of enrollment as well as distributions
of the enrollment for each common group among the campus, degree-level, student-
level, and college of enrollment for the subsequent Fall term. The distributions
to terminal states are then computed as fractions of the total for the cor-
responding origin states and produced in punched-card form.

ITER-1 Module

The ITER-] program generates projections of Fall term undergraduate enroll-
ments from the most recent historical enrollment and the projections of admissions

Qo for as many years into the future as desired by means of the transitions matrices
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FIGURE VIi-1
FLOW DIAGRAM OF MODULE INTERRELATIONSHIPS

STUDENT MASTER
RESEARCH TAPE

COEF-1
Module
MOST RECENT PROJECTED
~ HISTORICAL ADMISSiONS FROM
- ENROLLMENT ADMISSI0ONS MODEL
| i
B
ITER-1
Module
ORGANIZATION _ GRADUATE
MATRI X ENROLLMENT PARAMETERS
|
]
DISAG-1
Module
PROJECTED

ENROLLMENTS
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generated by the COEF-1 module as applicable tuo the most recent year. The

“summation of the enrollments of returning :tudents and new admissions is

computed for each common group for a Fall term and then multiplied by the
appropriate coefficients in the matrices to derive enrollments for the follow-
ing Fall term. The process is then repeated for as mény years into the future
as admission projections are provided. The resulting enrollments for associate
and baccalaureate students are written for output onto tape.

DISAG-1 Module

The DISAG-1 program reads the undergraduate enrollments from the output
of ITER-1, computes the adjunct student enrollment for each campus from the
empirical relationship, and by means of recression equations generates enroll-
ment of graduate students. These enrollme~ts, which are produced for each
campus, degree-level, student-level, and college or category of enrollment
for each Fall term in the projected time-frame, are then disaggregated to the
departmental level by means of the Organizstion Matrix and produced in hard-
copy form, as described in the previous chspter.

COST OF OPERATION

The system as described serves two major purposes. The first is concerned
with generation of the various transition matrices employed to simulate stu-
dent movement and the second with the use of these matrices plus additional
input for projection application.

Generation of the transition matrices involves the use of the COEF-1 pro-
gram. This procedure must be carried out cnly once a year and is characterized
as part ofﬂfhé updating process. The overall cost of operation involves an
expenditure of $110 per year.

The projectfon procesé involves the input of the matrices from the COEF-I
program, the Organization Matrix computed rom the Final Distribution of Enroll-

ment Report, and a forecast of admissions For as many years into the future as
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desired as supplied from the Admissions Model. Once the updating for a year
has been completed, the projection procedure may be conducted any number of
times without the necessity of repeating the steps involved in updating.

The cost of each projection run of ten-years duration using ITER~] and
DISAG-1 is $35.

Shown in Table VI-1 are the operating characteristics involved in ap-
plication of the three modules as described. It is of note that the data in
this table were compiled on the basis of operation on an IBM 360/67. With
the installation of a 370/165, CPU time and cost for each module are expected
to be lower.

TABLE VI-1
OPERATING CHARACTERISTICS

. CPU Time-Seconds Records Cost
COEF-1 (éacca]aureate) 350 22,000 $65
COEF-1 (Associate) 130 7,000 45
ITER-1" 100 7,000 14
DISAG-1" 100 21,000 21

“For a run with a projected time-frame of 10 years.
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Vil: FUTURE EFFORTS

An appraisal of the results of this project and the perceived use of
the model have made it desirable that consideration be given to incorporation
of certain innovations within the model. Most of these, as will be noted
below, are concerned with improvement in predictability.

Projection of Transition Rates

Explicit in the application of the basic Markov process is the assump-
tion that the transition probabilities are stable over time. An analysis
of historical data during the development process.confirmed the general
validity of this assumption for the model in question. However, some ex-
ceptions were noted. As an entirely separate project, a multi-method
general-forecasting procedure for time-series projection has now been
developed. The procedure will be applied on a test basis to historical
time-series of transition rates. |If significant improvement in predict-
ability is achieved, consideration will be given to incorporation of the
procedure within the model.

Inter-Campus Flow

0f major significance in the projection of enrollments of the campuses
of The Pennsylvania State University is the impact of student movement among
different locations. Currently, inter-campus movement is handled within the
model by a two-step process. A single-step process has now been conceived
and deemed feasible for implementation. Since application may improve the
accuracy of the projections and will permit identification of the flows be-
tween campuses, an aspect which is not possible through the existing procedure,

early consideration will be given to implementation.
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Graduate and Adjunct Enrollment Methodology

As indicated previously, current record limitations preclude the ap-
plication of the Markov process for determination of both graduate and
adjunct enrollments. |f and when suitable records become available, the
techniques currently used within the model should be replaced by ones con-
ceptually based upon the Markov process. It is of note that the forecast
error by degree-level within administrative division of associate and
baccalaureate enrollments, which were projected by application of the Mar-
kov concept, is only 8% as contrasted to 18% for graduate and adjunct
enrollments, which do not use this methodology.

Organization Matrix

The Organization Matrices, which are used for disaggregation of enroll-
ments to the departmental level in regard to field of specialization, must
be updated annually. Currently this is done by a manual procedure from
hard-copy records, a process which is not only extremely time-consuming but
also is inherently prone to inclusion of human error. An alternative source
of data must be developed and the procedure programmed for computer operation.
To improve the efficiency of the annual updating process, an investigation
must be conducted concerning other sources of data for this purpose and the

procedure programmed for computer application.
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A: COEF~-1 MODULE

The user must supply in addition to tkhe SMART tape the following card
input:

1: Parameter Card: The foilowing information must be provided in

a right justified form in the Column positions noted.
Columns 1- 2: Number of campuses.

Columns 3- 4: Number of years of data to
be extracted.

Columns 5- 6: Number of student-levels.

Columns 7- 8: Number of terminal states in
campus matrix. :

Columns 9-10: Number of coilleges or categories
of enrollment.

Columns 11-12: Last two digits of last year on
SMART.

Columns 13-14: Last two digits of first year of
data to be extracted. ’

Columns 15~16: Degreé-level (2 for associate and
4 for baccalsureate).

2: Campus Name Cards: One card per campus with abbreviation and
name of campus. |
Columns 1- 2: Campug abbreviation.
Columns 3-]8;\.Campus name.

3: Terminal State Name Cards: One card per terminal state with

college code in Column 1 and abbreviation in Columns 2-4 for
colleges and with abbreviation only in Columns 2-4 for other

states.




A-2

Column 1 Columns 2-4

AGR
AA
BA
ED
ENG
HPE
HD
LA
EMS
SC!
DoC
iC
GRADUATE
Wi THDRAW
SWITCH-DEGREE
TRANSFER
RETAIN
ADVANCE

< 4 WNZr-rcCcIXommow >

v

The COEF-1 program produces as printed output the Campus, Progression,
Inter-Campus, and Switch-Degree Matrices for all years. In addition,

punched cards for each Matrix for the most recent year are produced.
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B: ITER-1 MODULE

The user must supply the following card input for use of the INDEX-1

modd]é?

1:

Parameter Card:

Columns

Columns
Columns
Columns
Columns
Columns
Columns
Columns
.Cqumns

Columns

Campus Cards:

1- 2: Number of years to be projected.

3- 4: Maximum number of student-levels
for any one degree-lev. .

5- 6: Maximum number of origin colleges for
any one degree-level.

7- 8: Maximum number of terminal states in
Campus and Progression Matrices for
any one degree-level.

9-10: Number of campuses.

11-12: Row number of "transfer' in Campus
and Progression Matrices.

13-14: Row number of ''switch degree' in
" Campus and Progression Matrices.

15-16: Row number of ''retained' in Campus
and Progression Matrices.

17-18: Row number of "advanced'" in Campus
and Progression Matrices.

19-20: Last two digits of base year.

One card per campus with the ca:;gg abbreviation in

Columns 1-2 and name in Columns 3-20.

v Terminal State Names: One card for each row in the Campus Pro-

gression Matrices.

Coefficient Cards: The Matrices produced as punched output from

COEF-1 in the following order.

Campus and Progression: Baccalaureate

t



Inter-Campus: Baccalaureate
Switch-Degree: Baccalaureate
Inter-Campus: Associate
Switch-Degree: Associate

Campus and Progression: Associate

The last card in the two sets of Campus and Progression Matrices
must have a 9 punched in Column 8.

5: Enrollment Cards: Enrollments for the base year must be read in

on cards with the following format:

" Columns 3-4: Campus number equal to the order in which
the campus is processed, which is in alpha-
betic order of the campus codes.

: Altoona
: Allentown
Behrend
: Berks
: Beaver
: Capitol
: Delaware
: DuBois
: Fayette
10: Hazleton
11: Mont Alto
12: McKeesport
13: New Kensington
14: Ogontz
~15: Schuylkill
16: Scranton
17: Shenango
18: University Park
i9: Wilkes Barre
200: York

D O~ OV W0 N —

Columns 5-6: Student-ievel of enrollment
1, 2, 3, or 4.

Columns 7-8: College of enrcllment number
w equal to order in which cclleges
are processed. :

: Agriculture i
: Arts and Architecture

Business Administration

Education : -
Engineering

: Health and Physical Education

: Human Development

Liberal Arts

Lo~ OV W N —




B-3

9: Earth and Mineral Sciences
10: Science
11: Division of Counseling
12: Inter-College
Columns 11-15: Baccalaureate enrollment.
Columns 16-17: Associate enrolIment.
The last card must have a 9 punched in Colunm 2. All fields
must be right justified.

Example:

Altoona, Freshmen, Agriculture, 41 Baccalaureate,
14 Associate.

BBO101018BB4 188814
Example:

Berks, Freshmen, Engineering, 34 Baccaiaureate,
63 Associate.

BBoLo) @sBBB3LEKEE63
The ITER-1 program produces printed output of enrollment by campus,

degree-level, student-level, and college of enrollment at the undergraduéte

level. |n addition, a tape output is produced.
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C-1

C: DISAG-1 MODULE

In addition to the tape output from ITER-1, the user must provide the

following card input:

1:

,3:

Campus Cards: One card per campus. The first twenty campuses

are in campus abbreviation order as specified for ITER-1. King
of Prussia and Hershey are 21 and 22 respectively,

Coltumns 1- 2: Campus code.

Columns 3-18: Campus name.

College Cards: One card per college or category of enrollment.

The number of departments within each college is right justi-
fied in Columns 1-2. The college name follows beginning in
Column 3 with the order of colleges as shown below.

Agriculture

Arts and Architecture
Business Administration
Education

Engineering |
Health and Physical Education
Human Development

Liberal Arts

Earth and Mineral Sciences
Science

Inter-College

Capitol

Medicine

Non-Degree

Department Cards: The department names and associated budget and

HEG!S discipline-division code of the first college, followed by
the names of the second etc. One card per department is left

justified.
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Columns 3-18: Department name.
Columns 19-26: Budget-code.
Columns 27-34: HEGIS code.

L: Organization Matrix Cards: One card per department showing the

fraction of each college's enrollment, degree-level, and student-
level at a campus represented by the department.
Columns 1- 2: Campus number, right justified.
ColumnsAll—IZ: College code.
Columns ]4-]5: Department number, right justified.

Columns 21-25: Fraction of first year associate
with decimal point at 22.

Columns 26-30: Fraction of second year associate
with decimal point at 27.

Columns 31-35: Fraction of first year baccalaureate
with decimal point of 32.

Columns 36-40: Fraction of second year baccalaureate
with decimal point at 37.

Columns 41-45: Fraction of third year baccalaureate
with decimal point at 42,

Columns 46-50: Fraction of fourth year baccalaureate
with decimal point at 47.

Columns 51-55: Graduate with decimal point at 52.
20X,7F5.0

5: Campus Graduate Regression Equations: These project the number

[
of graduate students at each campus and are prepared using library
program POLY-2. One card per campus.

6: College Graduate Regression Equations: One card per college at

each campus having graduate enrollment with the campus number
in Columns 1-2 and the college number in Columns 3-4, where the
number represents the order in which the campus and college cards

are entered.




c-3
7: VYear Card: One card for each year of enrollment.
Columns 1- 5: Planned level of graduate enrollment
right justified.
Columns 6-10: Number of campuses with graduate en-
rollment constraints right justified.
Column 15: Index for type of output desired.
1 = output by campus
2 = output by campus and college
3 = output by campus, college, and
department
8: Graduate Constraint Cards: The number of cards will be the number

specified in Columns 6-10 of the Year Card.
Columns 1- 5: Campus number right justified.
Columns 6-10: Minimun constraint.

Columns 11-15: Maximum constraint. (Note maximun
constraint must be denoted as 99999).

In addition to the printed output of enrollment by year, campus, degree-
level, student-level, college, and department, a tape output is generated for

use into CONSUM-1 of the {A-1 model.



L R R X XX 3 BRIV
x x * * = »x « w . TTT
N % A L * SV x U S . ® oV »
%200« % * * % % =
xhkkX % o Kxwewx —_ _REXX . o L m®%a
T X x = X X o X
. 1V & . . ceecescssnnenes . R
. +200% . . . . .
T . o Axgak O = . T ° ¢ " o .
[} XEERR K F AR KRRk kX kX X x* "% XXX F XX FEE XX XXX ® EREEE AR R XN DR XN =B Ay ,rﬁs..y.%.nu#uu
= 318Vl AYVHWNS = . A = % AINIVALISNOD= -t L = - x
® SNdWYI 1Nd1N0 = . % v = INIXId x . * Unts & »  SINIVeiSNGD =
*« ONV SIN3ONLS =% *tetx®  ¢UIHSINIG " x =  SINIWTI0UNI % * * EY R R i R0 £ B Shidny x
* 1JNNFQV & S3A °=x dv3A £ % aQvd9 = N [ {31 3507 24d = « SZIMWILINISY =
= 3LIVIN2IVI. % S u® #  3ZTTVWHONIY = * * HANVINTIVD = x ) =
EE 2 SRR T AT 22 ®x %) shxxkxaRkx € Iwx ok ° EET I TR R as IR RS LR EITEIF RO TR
X "u® £d00 X uru¢. K X
S S . % B S —" J— - L .
. . : . . . X e W T e e
.' ~ X B - R . B - L Mu.—rr P R - e
. . . . . =20U= :
. L . S3IA R 7k =
T T TexancsekenEne AmvmEaER e ’ % "% < Cam s TEE T awt X o =
o ou . . a® ..
* ¥3iN1dd * * 3dvl = 2" ¢J3IVI0IA = * % = * =® "=
OGNV 3dVi 0iNO 9311 WOus S ctecetat SINIVAISNDD "x . SINIVELISLDD et R
x w._.zwx._._cmz_w * x  SIN3IWIICINT P * I "= ANY - " ° «  Shdev) UVIe k] SSA e
1Nnding _ avuy9od3unn Qvid o ct= = ° e °
kR AR AR GHE R R KB wenkngrEReAbY sxanns  ° " ) . P T
X ) X * i ed131°* X R - Id20 .
. . . X . .
ERRAEERERRKEEEERE T T stk mmtmu Ak xR . ABEXRE RS REE R E T E R . sEE e E KR mnS sy mavnewratr
* YD1DJ3A X1d1lVA = . ) ) = * = = * . % L i
* TYNOTIVZINV940* * S39431702 x M = SINJATI0OINS = N s INAW T NT = v TIVE indhT =
% _-31VI¥d0yddv_ = # OLINI SIN3UNIS »X"*° = GINNY T ) % 1O L NCIINZITTLLING
« A8 IN3AT1J8V3 # T AdvY9 1nui¥iSiux © "= 31 d49153rognd & ¢ # gINVVTY uviv = = ov3a =
* AldILINW =« % ) * * JZIVWdIN. % ° ) . e
EARXK AR RS VR G KKK EEE E TR ELA EEE S TR AEXXET T xn % ° ARXEAREE R @EC Y A x bk ENP R, N
X el L X Asia X : X . ,iu,dbm;_t.f
® e
o O . . e e
& IV = e o
o . ; N L
PR e L _EmEE e e
(100)
3INAOW 1-3VSIQ IHL 40 LYYHI MOTNJ OQ¥IVW -3 3¥n9ld
. )
) . B o e e




w0
(] -
(& ]
. . B et dotostditiohs sl NN
* ¥
. B s . . . x O3HSTINIz 8CF =+
. A . L L I Ekmuguknulbhtdn
. el GULS
— - PR N - N - .}u-u ||Ja, e m o e e ————— - ———————
= T =X**
o e o e ] =100 *
o T T ’ - ’ o ﬂ.“‘".ll.luurr.vﬁn.r.lnm..u-ﬂva%umﬂuh%ﬂ. T T
) o ) L o = e M Ea
“SNOILYIOIA €3 * *
e e . L A5 L § - S,
"Y¥3A SIHL ¥04 G3Y1S3a LNLNO 40 IdAL = PVEA aNEnIEOND #
¥ =
GNY SANIVYLSNOD IN3IWIT0YNI HLIM SISNdWYD 40 ¥3GWNN OGNV "2V srzersnaxsVernars
L o o B X ANIwIWOMD
“1=y¥3A 13S 0S¥V °SNOILYNDI NOISS3¥D A
T -34 31vNaVY9 3937707 GNV ‘SNOILVADI HO1SSIYDIY Jivnawvys ‘ ‘ :
SNdWYD ‘X1YAVH NOILVZINYO¥O 3HL ‘SIWYN INIWLYVAIA ‘SIWWN ) 3
= E S
39377103 GNV SINIWLIYVAIG ‘YIGHNN ‘SIWYN SNWYI INIGNTONI LY u.mmm“
EX T
: e . . « © T zo0) - . e
oo e (penu13u03) JINGAW 1-9vS10 IHL 40 L4VHI MO13 OHIVH :i-2 3und1d TooTm oo
o B - o=

E

[
Aruitoxt provided by Eic:



i Jhiv A S97%c4 D%xd /Y

R L R e ey o A

o T - = T I S 8 S I S € 11 E———
=l 7
T A B N L B i A s L A e T
SR . “
T T T T T T T T T T T T T T e s e e T T T TOTTITTTITTE T T e e h FINTS Yl -
- i [ P B O T Y v i
A - Tt ST T T ToTTTTTrem e ) CZ8) = 8 1 e ) fAadinm (nis]*G) ny-n -
Gltl=1  way i
AT )y (g Sletelet P set A Ay dad e ded | [ RV I ‘]
- S S - e e e e e e e . oo Y R
(ada} Pveodng 201
Tt T T T T e e TTTE T o - Tt T (P07 54 A »y (s -
RN PA NN
LIS A -0 Al IV B O B B ERAA A 0 B B (8 P 0 e S v B —
0
T T e e T OUTRRITYNNIT T T T T s T s e - COSEAML STIANY T R VT (9dE 2T SRt e
Y INTRTR )
T - TTTTTTTTTTTTTT v T s s e TTTETY T T T ot T 0=1] e
(o2 \..\,H;_C
T T NI=T7%
i (S0 (A1 1y
T e s e e e e e PR T T - - CT*n={w1yrov -
o) Ci*n={01)roy
ToT T T e ok - ¥ T e - Tin A= [CT IOy -
Ssbeongn CAiMi t =4 [ ud
A FRIR]
. - e - =iakan T - TTUTTTIT O e e e e iy e e,
P T
R i i — JO - - e e
- fieg o= ImS
YETTTATTIT
o' o Ao aie ot
1 -‘
; : . - - T T T e CONDTEST TR R I e I3 T TR AT .ﬁj&..ﬂwrxuﬁ!;— B0 T N T T
? o M T R I TR S BENPREY AR b bt woid gz oeaing] Y A
TYOOTTSTT AT Tha T =T 7 XTI 7 3
- Eontitin SHAMTSH0 {Od T dAaA L MO xatp ] RS T e K B O O A PR R 4 I
T - T T T s s e R T Y )TN TR A TIRNO T USROS IR VRSN T A T T
P 1 SOOI sse o T CSGTain’) il A e i 2 7 R
- - [ e s e e — R, . e .. CLCILTYTC Y mefc o e - e -
EERIER Y SR ESLTE (R I ey [FR TR A R VOOIALTY filamu A (DA 7 9
N - T
. N
T T T T T T T T RO T T s e e SRR MY L T W ST PANNPSNT™ 77 0 T T ey -
I ARSI}
T L B B A e LA MR D Bt e a7 TRKYE
R A e R X R T RN T S B AN O A BT T N R O A R B VMM S RO YA b ) e ]
— = - T T T e e e b e e - et o B Ko b 0 B 20 o S B O SRR TP
clonenno (211 {aTs 27 s (e
- T T T T T T T T e e T e T e P U T Py aeme (17 1 1 4 2 ) a0 2y e s G L 1 1 S 10 %A T7 I o
=it g0 (R PR LRI NS I WIS FUAN e 1G] G
P LA S A B A L0 By Rt A B I 10 89 A B e o r e e
U000 w AT WIVISMAA A4 =~ 22 /02711 4414 D
S — —tr - ——— e — ———— e e e -

C

R

Aruitoxt provided by Eic:
g U

\ll

E



—_— — - . AASXYEQ ) (LT *w ) figax woj —
4 Tl Ye |
R e A N AN e N L o -
fenm (e
Tt T T o - ToTTmmm T ) - ST - “le1=8 el i -
~ N0 AR ATS]
P m.-.. o m m e e me - P P A .
M g B s L R AR B B R N e L I I O | P = TR i
N T4 R

“-fsn L) 671
T STt T T TT T e e e Ea ¥ asistatainn - - [R"iTd, + (¢, % = ,4Hp*]
U000 gAY T A XL TS LU L Ve a NS A N4y YO e e ) G aNid 2

i

T T TIT T T T e e e e ZI7A0TINNT 70 T T TN AT T2 (PR ey (2R ) QP w0 €Y d]

(RN A (% nfazevar ) v ashd nin]
- — - S memenee o emen o - - I S h g ot B e Bt T Nl g
eiv gl Y i) LRad| K1d
- e —— T - e e i \m. CHVOGOTYT T o ot o e
i R I A A I R N L NS P TR TR B R SR AR TR A= L TR IRTR B e B R TR - BN CRE I B A IR
— P, R R R - .. .
[ CET AN ' tnlra) ey (=70 les) Al
SR [IREAZA S I RAA I I B IR T A B T
R e [T [ I A B A L B S |
-ttt T T T o TARTOOTLY T T T T T T oot ) T M) BT -
S NENAK
ot T - B R (- ~ B L T e g B T T - I P P T WdT T T
(1Y ienis» T (e {*9) S fem 41
N 77 TNTTT %1
=AYy T nta= (T ey 4] w2
o T T T Tt T Tt T e o QFTZET Q7T (v -+ T -
R I A T o Ty e e o ) - T ) T TIRNOD =T o
(P CeTaM A5+ ) Tens= (1Y THS 41
- =T [N
(e nfd)snglsvwynerxet, 4} Jrewnd 021
ST oo — e EASIERES A S A R I R BN P Sl oS B TS B8 TRt oLl RS W b - -
(e, * v 2y N i #T1
e . e 13Ty F v T JdTnT ) (BTG Sy R T e e
e i=g =/ il
- B TR TTIRITS 9T
L*T=1 w11 na
T T I o S I T - T TASTUAITY SN T T T T

(A1 Z% )« ]xtm ({ris) AT
s e At A T AT 7 s S A : - - CCTé =S NIRRT e
VO IR A A MAUHON YT w2 =) ST/ ENden ey fueNi BT
T - R, =T
.;:___._v_lJ:.:-A\.-AH_,.A‘/-T,J_‘___Juv.\-—"n_o-_...Qvt.w.\:;..11vu (w[149) L.._—L... (o~} AT
FIFT =" = e e o e IR ~ s T eT=Q0C HET M

Y=y me b N
—_— — —— e e e - e S T
CUHG4TT WY M4 s YAA IR EDYE RN ETREETEN B SRS e B LRI E e
—_ - o J—
Frmnl <11
- i - - T e e R B A gty ull o R

8 LoD (neisit (s ) Ay (we Do) i ]xm (o) d]
T o~ 01012 1a 1 & S [el=* (s 1)1 Aa) (9% ]*C) ny3IH
PSSR NS Tr* =y OT( il
s Ty G I A S MM A R B VR S I SO B B |
22100000 (21 =SINAINTAA( H01 M ewlni dYChwyZt y=40940T0 003 ) Lr-dn+d 20T
e Sy =EETT - TETOTONN T Tt AR TS (D YTy TROT g ) At sy AT
(1Y 1Ad =T

IC

Aruitoxt provided by Eic

Yo

|
O

-k



- - — . S e e g e

- " T TSR I T

eSO A Iy pul

- SET TR 99T

e

RS RN
o (610 pyvadiid 97
Ot (v te ) Ve

R . T e TN ATY T T T T S T e CoTTTom o Tl N N B YRRy

EEEPEREIN

Nl

A Py AA At N TN USSR ] Sivmbr v ] G943 = Taia4esi )
. B

TrTeT T T T T T T T T T T e ) COT ol ive (Gt atwiip) A
(sl 1o aH+d A9
- Tttty T T e o T T TTTTTTTrT__TTTnomm T m T e TOodad T A LT A0~ ] {7 TEOYT Y3 -
)
B A e S TR A B T T A BT At n T
H “
T —— T e TR AR T ST L TATITIN A XTI NN WA | SRV ST T s & o R
, SUS AR mdvimg g ey | B T R I R (RATF TS N (S W1 (R RPN [N IR A R RO T Y
- e e e e e [ v e . . R oy JUR—
R IR RTRIFTE! n= {0l Xy g ]
Ty =TT
RO AR A [ R R B
- T T T T T T T T TroTT T o .\l._v‘(l.wu.vw_‘ﬂ).wl.;lll!! - ToTTT T T T - - e CoT e - S 2
S e T S S O S O N R BN TR I A Iy A W O I AT
—_— R e - mmer AT — et e e e R, - Coe e g e
(7i*a .4 Sl
LR AR B P AP B S i EAND T M [T il M TIS BN 18 IUVA LA B I AT SR PR B 7 AP IR R I VAT 1 B I M= o
Al (ST 89) A1 pmn
—orrm T otT e e S £ 0% A B0 25 e R ST
(7
T T TS T S e s s e It S A S = ) Ty U~ ~ S -
Lothg * /oot g K0l SapAdwv )y dain) ey 31 )
. T T ISy YOGV S A P TR TATS T S VTN TARSRN T 5177y Tgayma gy~ T

A feeith) ST .

T T T T T T T T T T s T T T T T T T ! o . T Tt o T - B - T NS (YR I TRGT T T

BRI
L+n]ET=A]
Tt T T - - - dﬂuﬂt~43«.g’| - T Tt T e Tt T m———— T Tt .ﬂ.“l\l.ﬂ\Hlﬂl/’ T T R
nea=A4410

EENFERIRYE

Ael=e wCT 01
A

O, _— R, . S e . — o - B R ——
A
R RN B [ e I I S O B B A
G2y
- - T ST s e e e ATIPTOY InnpINnGD 76y -

Ua 00000 A7 SN AN

NAEMuInARasn) S T A B A

/G000 XX=(S*) 104
- - e e e b et aiaifih e - - oo FEY M (actnaeyyat oo
- — it ~CZindin (=01 472 29121 1e~un4 aal

IC

Aruitoxt provided by Eic:

O

- E



w127 B
T T e = ey _ [l
. - ot T o Tt T T D B - T PR e
[ Y ETRTE) T I N t ™ P N IR ISP
* - — -- :
= L ALIR TR FH o1 e g wy
YT T T T s T IAEET] [Rali=h= o e
Tamal =
- cT oo - T T e Tt T ) ) AGLTIWMAD AT
CotIs /DY ey eed a2 (DY) 242 () g0 [S RS R RED RO TR B R LR TS A B ST B L) 4]
o - T o B N o T o o LEANCES (YR /T VIR ) SAd T AR ()Y S3eS 0T ias (I o (Yyaaegove of ER{ Tt
- o IR vk iy (RN TR
—_—— s = T T T T T e e e - R arans R nhes T T e e e Rt TTTUTT ST s mme e e el s i.ns?ﬂ;éwﬂ..”a«(ltﬂn T e
O TR T (e [ =) a4
e e 12 T SRS T e e £y SIS oiing —
P TR TV (v 0T+ y= a1l (N1
- . T T D Tt T OO NArTIRT, YYCQRETT ® y=173 UANT A T8 YUY ST ; T RV ATRZE ) 1 LG T B
R e e  F AR T R e § CRIRTE S RN AVIVE ITRVERRE T RV Pr Y SO
R B TR B B e L E I o e e | T
frL e i R N AL N B S IS RE A ATRAN (i I TSN R LN
T T T T e e s T - ST BT e - R e s e [UT T A T e
ST : tYy =0 ) -
T T T e e e e e e e e e AL TR T Far S 1 el et EICEEE S T - - e B R B o P KT a s i - -
A I LN TR TR [ N B A TN I PR |
[EAEARER R B ) B RSTo I S B B Bl R L UL RS SR RS R IGE I AL AR R & A S I Tt B B AL B = B ey 1
R Ty R A R P R e e P e TR P PR
- T T e e = s TTOmETIISINT T e e e - - . B Gas R wutcod din B =L NN FEESONT ol =
by, LR O I N T C{DYYu e ame o) Tayy =41
A T T TS EANGANTT T T T T T I e s — e e B O R e IR by frie £ g R B B MI7TI=TTH A T Tt
t{moiin I SRR I ST AR T EATEIFIRE SR NEE I B A N A Y .._.»<_.|.r.r_.\.<ﬁ...~.. g ) vy eniia naey
—_— 4 F—————
IAR B 2N vL:.T:,«E;...:.,L.....\.._u—..:...:..w:....ﬂ.:.J Pit= T 03y whisr {e))frsy a]
e i 042 a bt AT At SR T s e e - . - bt A R EREASS —as RalF R Te b —
9o (b o i s
- T - T T e ,.I‘.:.x_ldmUjﬂliﬂﬂdlul_l.qqﬂﬂﬂv)..wuﬂ)qﬂ«dﬁ.m...ﬂ.\».—..-.lcJH T PTESALTO 1T T VYT YEROTIT Y tuannaTo FT Tt
i ANAF AR T (w T ) e (AN A
_— — T e e e TS T
HNE ) St L bty wy g
s — - T TR T s s — ST Y R T e - - HEATERTIS T 0 e e
i )
- T T T T T T T T T T T T T S s e e AR An R TUTTTTT ST RATA AN TN TSN AL TN ATy 4T T 7 e g DRI AET) T
[T AT ST 1
e SR CTT T T T e s e s TR TTETT T =771
v N R R Y S TR R
- o T T T T T T e e - T = - TR T Tt o e Tt . YT =T ] 7 na -
b 0
- - - T T o TORTThI NN .*ﬂa._‘.ﬂ._.,ﬂvﬂ.l_:ﬂ..ﬁ_uﬂ..flLJ’Jﬂ.AUJ Lavrsywg4 mr CSYOTCS Ty T3 30y 4 3y TRV T DINENGO T
YRSy ; a
R ST et g 1 2= £ SRR RS A
=} En i
- - T s T e - e h et A1 TE N B EA R R I ala s o o At Bl A ko IPE IR AT S O SAYETNIGI) Y iy tu) A [#a- tudy ey N
i ’ (9 ad ma g (Y= (4
o T T T T T T T T T T e e e n-— - e [Re R Ik o= g} PN
CaSHOTIVA YNty (ool )300NA G471 e T YAaC Yt i) (T apmiig i) T
[N B N B B L N
[EANFENUSEN .
T T TSI T - A LR E e R T s @, £y
.
" ERTE W] SSI AN ylindg | n IR N E N R T A PRI 7 TH1S I A8 B WV IR RIRT R g &lm
o Dl el R e e . . H:

E



- SRGOANTT AT R TR A TG s T (] AT AN Qe O YOI (TYERTTY ST T T T T
T S TR VR “iva ey il
AR TR TTEFELTTS [ IR B T S B BN N IS EEA I B M
4. v
ToTTTTTTTT T T - P TTTT T IO T T T ST T e
e i
Mv o0 vl (2" [t
TCTF sy 7 7 1%
LESE AL U VR PO 2 U e R IS A TE B A P
TTrTTTTTT T T Tt o T TommmmmmmmemTm an o -t N T B . ° Tr= iy 7 _.l - -
RS S LRI SRR N I AT AR AN Ay ) a7
T T T T T ST R ST OO T1E(73 7= (TS VARESD| (e -AaT o7 T -
P grus it 0 Filbey [N R IS ST I |
- T STy ettty 7N B IV B S LAY Iy B RO SR RSN A Bl BTN A R A A N BT R A B
{7179y adfrm [licfiA) 41
- - - v T or - T T T CoTTmmrm T T R A S R N B L i CATETST) AT TTTTITTTT
1
- — T oA T ETS AT S TR T A T (VU A LTS C VIR ATIF(ZYINAS T+ 075 TARTTEnCy 7 B T T
v GRS IS =) bavda ]
= E =1 T T
ittt .
_— J e e s et paus Siarame b . - JR . e e m e e o TEg §y T T T
Lo Al s tesT=es (P mae quw ) Qg ms) e Tdri=d) a4
- - - - - - TTTTIT T T T L OETOITA S TS smememmemmom oo S Tom T T . - s o - - e R
P ISR TR TR T : LN I VR e T R I B
RACATERA RS S I 7
TR R T R e I e N O A I R R B I B B
- T T T T - T o - - - Tt - —rTm T ° tT - oo o e AN v‘_‘LMJ = ﬁﬂu‘ B ST
<t . izl _.m-..l_-ﬁ-, TPt et L._
— e - e ——meTE AT e . Cee sy 3Ny e
TG fVarsNnd wing
7T T T b 7 ek
GC G NN
- T - - et T e PG I T T T T T s e e m e mms s s e T g T T AN TR T T
...\Hr_ "
- -- - - - e —— S ean e e s e e e . C e AL T
RPN R S S IC AN Y|
75T T S B S St S B B A B I i I R A BRI )Y BUC 2 el R 24 I N T B VAR 1 B R MRS Pl
<iG: AtstZsT=r" vy = oI fHa) AT
e s e ~ T TTomm omm i oy — e A0 8 T ok i T T T T T e e - - B toT T o T T b e ——
AR EVERT LINESRE RN VRS TYR T R R [0 R R A i |
S T LTI S Y. e el . R P . e [
: S [ RT) e
- - = = R | ,_\;:_ y U7 -
(1A (e T/ 0T VIS e = DY ISy (a2 *ns ) 40
-- il — e - : - STe7-1 s o
(1Y IS fad N =0K ]
T T T T Tm T - o . (1M NGHEEY T e (T ) W2 T IST8 7 -
Cit i i
SRR AR R ML | veanE
AR SEEINTRT
e - e RO Ty e Srmmemmme e - : CIe 7N S0 BNRLS Rl -
iAo (v Canryzeatcdal* vl l) | vt 4 WA .
- - o - B = = .2 8 2 & T 1 T T INjr=Iw irAVeS (1) S0 (SATCC) iyEH -
GOt WET o] by (st Ay 4
. . LB o S I I IR BN §
wis =] el 00 Fb
= -— = > bt —- — -ttty Rt - et : s o ST \Ul -

sty A

) it *

1

SiiAdwuy Jy $A89770)70 S4H1 ()] SERACGDTS D100 ea g hea TN IS P 2 parihaen”

e Vax

E

A ruiToxt provided by Eic



N - - R — . B . e
(&)
TR FI TS N R TN R U
- - - - o Tt N ST ,a,J.J.‘nn‘.\-ﬂ.v._.ﬂlununw.D.U.HJJL.:.J-..._LHC.LJ.H.L«Hﬂ\.JJ - T
B L I TR T T A P S e P L Ry I I B TCNEL) B R PR R S
T T - I - B ﬁﬂ...\.._..lnlu:dﬂﬂﬂi.ﬁ:ﬂﬂ T=T173%7 (A A AV PR TR R RaTHENY SN T GBI T
{ ez 7N s = T =gy Yo
—_— Sl T AT I TR B2 20 B Sad vt ok S8 S AN A B S W et T ST E ONTE, S T T T T ey e U B
(et
- B i R bl - i e - B x ~ ==
i nurY Neyp
- e e e e - - - - - e - — " —
B
=1ty B RN BT
A A (o Tl
- - - == - - s e e e m e e e OITITUITMITR Y S CTTTIE TS U IS SIRT AT ATreNan1Tn [iwINoIAATY LAV 2V 2 il mOaie L B SR~ e
[ TR R I ol (QE/rRY S A
- I e s TmETTTTTIN T S e e S - R T SORT IR RO - -
iyt | -oafewme (AL N o e AL N W)
[NRIEE RERALE -h SA=H IS AN =7 T
[T AT P B KN B RS = (i (3l v/
- T S T ST T T - s ommme s (Y IOANT+ PRYITITi= .
s et IERER Sy
- - Tt Tt T T T T T T TR R TRT T T I TR T VL / SNT I ASY TR, S ST NIV IR TR 0,V LU T TCy oo
Sred S (e Jaas IA s s e y) muneeul} (€2 A) AL THE
A LR IR RS g BN L NS LA V- ED I A S M 8 RO TSI At I B B S i o N ) B R P T T%aT 1 -
N vy (Alero) 21 ]>s (fJairal A
T - T R B Tt Rt s L Rl e PRI R (7 P ITTATI R T i em e =Nt - -
EAAUR RN (Li* ) Cueym® ) Ci gl Tw-nid 228
° - T TSt T T T T T e e ﬂ.m.q.].l_.._ﬂ B T T s T ST CPTTArAEYISL (G 7sRT FITEAT (T }oAT ”
P IS TR (il NI I N NI A ARTE I GRS E RV D I B |
I [N - g T TT e e S T TN T T T P ) ey
[ YR TR LR | BTN | N w77
ST Tt T e - grorToTn ST T T Zoen= () IOY (ONDZ ST IANEET OT 7
tntns ()L o/t a0t [REIEE R I NGARNIRI N i Jei® T Hamna g d]
T N S T T - e A R N R B N MR ATTSITIIANMITARY TN {77 ER -
TS TN S R ERE N STV Tl I PR TR RN AU <
- T T (ANISTEN RER RS [Gnina b te e e [ o et RS araV iRt i ol R (RIS I A
R R S S A A T I R I TR BN N R AR IR R IR e A I 13y
- T Tt e T ST s e etz (V) OY (AANT AT TN
RTINS R TRl ki B B Rl A Ay pad ) A AN ab e f A
- - o T T e e Eimtinialie - i S £ M B 3 (BT mIeAssnegTema ) e a3 L3103 °7)
(3 A0 () tadnd
—— e — B e R A B & LA i N RRRG AR E
o] et il ] (nmZ=fivabwizZe Gl ) iR
oot ST T T ST mns e oo e R o et T Aok 5 me i - : Qi inn w27
R RTTRTE R EESTNE R 00 W d
r TSt T TTTTTIT S mosomomn s mmmnmemon e T mom e e om o T+4W =41 T
(OLT*YOT*0TI/ *wmusxady ) LwHd0d e
T e T 2|
ZOOOUBNLONS TS (P T=1* LHIMIDN S (4 T=udt (X [14§) 1A (022t9) 4l Tan (Lwlnd) 41 .
- R —r=EETY e aacanzara o le Rttt ittt wiee 230 2B 2 U= A RATE Ro 2 S RETRRE SR JEOHE{E IMONE( 2 IMOHL T FROA=ENST C -
—

ARGt

277 il Ny :,._»_u.:H..._.z.:.;\.:.:m&.AL-S_._X._”:, Ocpds (Cramntny

O

E

Aruitoxt provided by Eic:



