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Abstract. — In this paper a matrix method for modelling higher education is proposed. The six basic higher
education sets which represeni the fundamenial mathematical structure for higher education model building are
introduced. Thus, the academic proeess is viewed as a six dimensional space, where elements of the basic sets interact
among themselves. In order to overcome the problems of dimensionality and large scale, the method reduces the six
dimensional description of higher education to a series of two-dimensional models. The method is used to develop a

model for temporal and spatial analysis of academie processes.

1. INTRODUCTION

During the last decade important progress has been made in
the research of different aspects of higher education.
Researchers attempting to build models of the academic
process have fo take into account the existence, not only of
dead objects, but also of live human beings. The human
factor unavoidably introduces uncertainty into the decision
making process based on the observed data. Such dual
nature of the education process - dead objects and human
beings - means that, depending on the nature of the process
under anatysis - physical and/or behavioural -science
principles will be relevant.

In this paper, we propose a matrix method for analysis of
higher education. We introduce basic higher education sets
and define mathematical structures for operational and
quantitative analysis of higher education. Some
applications of this method has already been presented in
Humo {1996], [1997].

2. BASIC HIGHER EDUCATION SETS

The matrix method to be developed is based on the
following six sets:
The departmenis set Dy consists of ali departments
which are the members of a given university
DU = {Dl ’DZ r“'DI 1"'91\ } (i}
where » is the total number of departments of the set.
The courses set Cyy is made up of all the courses
offered by particular university
Cilm {Ci L2 TR TR (2}
where m 1is the total number of elements of the courses set.

The prafessors set Py involyes all the teachers of
a given university
Py = {(Pr D2 Ba ) )
where d is the total number of teachers of the professors set.
The periods ser Hy includes alt the periods
available for teaching on a weekly basis
Hy={h hy .y hy ) 4)
where b is the total number of elements of the periods set.
The classrooms set Ry consists of all the available
classrooms
Ry={rf 0 edic d &)
where k is the total number of classrooms at  university in
question,
The students set 8, includes all the students
population of a given university
Sl! = {Sl 382 5e0eBy 5005 } (6)
where # is the total number of students enrolled at
university under analysis.
The academic process may now be viewed as a six
dimensional space, where the elements of the basic sets Dy,
Cy, Py, Hy, Ry and Sy interacting among themselves in
accordance with the existing academic regulations,
curricula and teachers, periods and classrooms schedules,
Mathematical modeliing or even visualisation of the mutual
interaction of the relevant elements in the six dimensional
space of the basic sets is impossible. We must find an
alternative approach, which would reduce
multidimensionality and large scale of the analysis-
synthesis probiem of higher education.
Relational database theory, according to Korth [1987] is
largely related with computer programming of the proposed
matrix method.
When modetling interpersonal professors-students relations,
Psychological Bulletin has published a series of articles in
the general field of interdependent behaviours that are
abserved between individuals or groups of individuals, as
viewed in lacobucci [1990].



3. SOME PROPERTIES OF BASIC
HIGHER EDUCATION SETS

Before beginning to formulate criteria for the formation of
subsets of the basic sets, we must describe some properties
of these sets retevant to modeliing.

Property of Ordering, The order is an inherent
property of set elements, which may be regarded as most
important refation between them. The element of a given
set can be ordered in many different ways according to the
specific academic criteria chosen.

Property of Partition, The elements of a basic
higher education set may be split down or grouped up in
smaller or greater academic organisational entities. The
only basic set whose clements posses this partition property
is department set.

Property of Complexity. The department set is
also the only basic set whose individual elements posses the
property of complexity. This complexity is expressed by
the fact that each element of the department set, through the
specific academic organisation, is linked to a certain group
of elements of another basic higher education set.

Basic structure. Applying the properties of
partition and complexity to a department or to its smaller or
larger academic entity, groups of other set elements,
ordered by appropriate criteria may be associated. By
ntroducing notations A, I, Co and U for the ordered set of
etements which, by the property of complexity, respectively
belong to a curricular area, department, college and
university, it is possible to set up the following relation

AcDcCocU (7]
which describes this structure.

4. BIGHER EDUCATION AS OBJECT OF
MODELLING

It is indisputable, that all the processes, operations and
interactions pertinent to all the elements of the basic sats
cannot be described in the form of a single model.

The complexity of higher education models is increased
by the scale of the problem. The number of ¢lements of
some basic seis may be in the order of dozens, as in sets
(1) and (5), or hundreds, as in sets {2) and (5), but may
also run into thousands, as in sets {3)and (6).

In order to overcome the problem of dimensionality it is
necessary to find an approach, which will enable us to
start from a common basis, and then develop particular
models of different aspects of the academic processes.
The approach proposed here is to reduce the general six-
dimensional description of higher education to a series of
two-dimensional models each of which describe one
particutar aspect of functioning. The choice of the two
conerete basic sets will depend on the particular problem
ta be considered.
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The next step in reducing scale of the two dimensional
models is to break up the basic higher education sets in
accordance with the appropriate ordering criterion. A two
dimensional model of two subsets of the basic sets
considerably reduces the problem of the large scale.

The precedent description of academic processes leads us
o postulate five main types of their contents:
operational, quantitative, dvnamic, spatial and human.

5. A MATRIX APPROACH TO HIGHER
EDUCATION MODELLING

In order to present the general ideas of the method let us
suppose that any two basic sets are given by
R SR RPN NS M (8}
Y= { Yy oY s ¥ Vi } (9)
where n and m are the total numbers of elements of sets
(8) and (9), respectively.  The order of clements in sets
{8} and (9) is arbitrary. In the following considerations,
it will be assumed that elements of the above sets are
ordered.
Interaction among elements of basic sets (8) and (9) may
be written in matrix form as follows

¥ ¥2 Yi Ym
X f";)’l Y2 f-“l?a ¥
*2 fX2Y1 f"z)’z [vxﬂ. f-“z‘m
(10
by f"j}'t f"‘jf"‘z f’(iyi txJ}’m
X “f“u}‘l r"n}': Xal¥i Le¥m |

where any element fv_y_ of matrix (13) represents
e

interaction of elements x; and y; of basic sets (8) and (9),
respectively. The order of matrix (10) s n x m.

It is known thaf interaction among elements of the basic
sets may be functionally interdependent in a rather
complicated way, which cannot be easily identified. In
many situations, identification of these functions is not
even necessary. The information as to whether there is
interaction within a considered two-dimensional matrix
modef may often be sufficient.

Therefore, matrix (10) becomes binary, Element fx'),l is
equal to 1 or 0, which depends on whether elements x;

and y; of basic sets {8) and {9) interact when involved in
the two-dimensional matrix. Thus we have

fw =1 ifelement x; "relates to” element y,
o 11
=0 otherwise (n
for every ordered pair of elements. Generatly, T, need

v
&

not be equalto f, . .
v



The inclusion of the quantitative content is accemplished
by substitution of matrix elements N

, which

correspond to the operations considered.  Sa, the
corresponding quantification matrix, which quantitatively
describes its operation, is associated with matrix (10)

=12,.m; with their numerical values qfxy
I

qf"!)‘: qfxt)': qfx:}'i qf"z}'m
qfxz}'i Qf—"zl": qf“‘z}’i qfxlym
' ' (123
qf"j}'x qf"_jlv’z qf;fj}'i qfx;‘}'m
af,y,  afs,y, afy, v, afs,y, |

Each element qf of quantification matrix (12)

expresses the corresponding quantitative characteristic of

i

operation fx_v_ in matrix {10). Operation {__ obviously
3 i

concerns the two-dimensional matrix mode academic
process under consideration.

6. THE DECOMPOSITION OF THE
BASIC MATRIX MODEL

General expressions (8) and (9) for basic sets may be
written as a union of corresponding subsets X, X, .., Xy

and ¥y, ¥, .y Yy, respectively
X=X vXuv.uXju.ulX, (13)
Y=Y, u¥,u.uY,u.uYy (14)

Assuming that every basic set is union of corresponding

subsets, relations (13) and (14), allows us to apply the
previously developed principles of modelling to every
reasonable two-dimensional submatrix of the interaction
of elements of any two subszts

! or L Or L O -
X; %[ra}\ﬂ 1t rhj 7-"9kn33 (i:))
O O O Gr
Y %’ Tay‘ﬂra 1\"'73/“1‘! (lé)

of any two basic sets.

Here, m; < n and m; < m are total numbers of elements of
sets X and Yy, respectively. The superseript Or refers to
an ordering criterion for elemenis of basic sets (8) and
{9} with regard to finer grouping into subset (13) and
{14). Thus, this approach enables decomposition of the
general two-dimensional matrix form of the order n x m
a3 in relation (10, into many particular two-dimensional
mairices form of the order 1, x m;, where generally (#,x
m; ) << (nx m) Hence, to create a particular submatrix,
which represents the operational mode! of the academic
process considered, it is necessary to order the elements
of the two relevant basic sets according to the desired
criterion of decomposition into particular subsets. When
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such ordering is effected, basic matrix (10) may be
decomposed into many particular  two-dimensional
submatrices. The same procedure applied to the basic
matrix form may now be applied to any of its
submatrices. Thus, basic matrix (10) may be rewritten in
the form of matrix (}7).

I o e
B4l ¥ Yo,
Booh ¥ Yo
X [ o Fon - Lan
]
5 f,::y, £ o :La. . f.\-?y_
xf} fr‘,.,_“,.. _]'; e /. g
: : : I
< VY S {an
i P i =l
5 o foy e
Al 7 e 7 »ya fr:y:
R : : :
" ,f 3 f*‘.y_- £, £ - T

The decomposition of basic matrix (10) may be
generally viewed through its form given by rel. (17). if al!
the elements of basic sets (8} and (9) are ordered to form
subsets according to criterion Or and if number of the
clerents of subsets {13) and {14) are characterised by
these equalities

a(X )+ n(Xy) + ...
n(Y) +a(Y) + .

(X)) + .+ (K} = n(X)
+n(Y)) + ..+ a(Y,) =n(Y)

(18)
(19)

then basic matrix (17) may be decomposed into many
submatrices of the form

Or Or Or Or
Y, Y2 e Y, Y
orl'f f o on f f oo o |
O A S0 xTY o
Or f r f 3 f { T
AN I Xy XV
: : : : : 29)
Orl £ { f f
Iy g Ky S
Gr
X f oo f f
a | o g ol xory
The elements fxo,yn,, i=1,2, .,m;j 1,2, ., n, of
i
matrix ~ (20) represent  interaction  among  the

carresponding elements x " and y1 "of sets (15) and

{16}, ordered according to criterion Cr.

Thus, the proposed approach considerably reduces the
scale of the problem by eliminating many obstacles
immanent in the mathematical modelling of large-scale
systems such as higher education.

By analogy with the previous, quantification matrix



associated with submatrix {20) is given by

of .
Wf o Wy o Do qf or o

L3R £y iy

qf i g Qf [Ee qu G q_fu or
XM LI 41 T X7 Fug
i Or

i i Yoy

qu or qfn.- or qu or qf
x5y ESA T X7 yi ¥

Af o oo @ o i G e 4
I(rv(lr -‘(,(,;}r‘gh ‘Ur o x(Jr Reld

L g X Kps Hi ENECTIN

Every element qfxg,yc, of submatrix {21) represents the
N1
quantified vajus of interaction fxgryo,. The srucial
i
question now is how to determine the function
§  representing interaction between elements  of
p 24

i¥i

respective sets.

7. TEMPORAL  AND  SPATIAL
DYNAMICS OF ACADEMIC PROCESSES

In connection with the proposed matrix approach for
modelling higher education, the dyramic content of
academic processes may be considered as the temporal
coordination of different academic activities or as
interaction among the elements of the periods set on one
side, with the elements of the courses, professors,
classrooms and students sets on the other side. Evidently,
the classic concept of dynamic analysis, where the
transient behaviour of elements of the basic sets is under
consideration does not have any importance or even lose
any sense. Therefore, every two-dimensional matrix
model that, as one dimension, comprises ¢lements of the
periods set as in relation {4}, provides the appropriate
information about the behaviour in time of elements of
another basic set which represents the second dimension
of the matrix.

in this case, the “temporal matrix” may be written in the
following way

hl hZ hl hb
X;“x,ht %k fxlhi fx,h,,
Kot txghy t‘hhz fx,hl f}nh,.,
. (22)
X} f\Jhl ijhz f,\'}h; xihy
X”fonhl fK,,h: t.‘(ﬁh] Cee fxnhhj

@n

Besides rel.(11), for elements ijhi I e S R R B

2, ..., b; of the matrix (22), the following relation

£ = fi @3)
is valig for every ordered pair of set elements.

The spatial content of academic processes may be
considered as, in a way analogous to the time conient.
Every two-dimensional matrix model (10) which, as one
dimension, has elements of the classrooms set {3), may
pravide necessary information about the distribution of
classrooms with respect to the elements of another basic
set forming the second dimension of matrix (10}. Thus,

the resulting “spaticd matrix” is this

I I, ... T T,
hd
i X0 "Xy T L84 T KTy
X’) X371 Hqly Xo T T HaTy

(24}

il fxm Xify X5 Xt

x| 1 f .. £

nL T Egh T2 XnT; e Halg
Here, besides relation (11), the following equality exists

among elements £,/ = 12, .nr = 12,4k of
-

matrix (24)

fm = fr;xi (25)
for every ordered pair of elements.
Binary interaction among elements of the periods and

classrooms sets, matrix (26), traditionally

4 5} Cas HH ree Iy
S R U A
h?. fhlri fhgrg fhzr‘x . fhsz
hj fhjr, fhjr2 fhJ-ri fh-jr,(
hb mfhhﬁ fh»rz . fhhri . fhhrh J

serves as a basis for schecduling lectures and classes. This
matrix  provides necessary information about the
distribution of classrooms with respect to the daily
available periods. Therefore, by means of matrix (26) we
can quantify daily occupation of each classroom which
disposes department under consideration.

Now, we may define depariment daily occupation

) N .
paramelter OC‘?",'," as a guotient of number of periods



G0 for which classroom r,D’ is occupied by departinent

Dy and total number of daily periods by available for
department D,

q o
Ocr”t = ~2n @n
b,

Parameter (27} is direct indicator of classroom occupation
at the department level it provides information for
lectures and classes scheduling and other teaching
activities.

This paper proposes the matrix method for

modelling academic processes. The six basic sets
represent  fundamental mathematical structure.  Thus,
higher education is viewed as six dimensional space
where elements of the basic sets interact ameng
themselves. To overcome dimensionality and large scale
problems, the method reduces six dimensional description
of higher education to a series of two dimensional
submatrix models.
The method is applied to develop the model for temporal
and spatial analysis of academic processes. The temporal
and spatial matrices are introduced. In addition, using
periods-classrooms  matrix, the department daily
occupation parameter defined. It provides necessary
information for classes scheduling as well as the other
teaching activities.

ACKNOWLEDGEMENT
The author is grateful to Mr. H. Sterling for his valuable
suggestions in the preparation of this paper.

REFERENCES

Humo, E., Mathematical Method for Computer
Comparative Analysis of New Engineering
Careers, Proceedings of the IASTED/ISMM
International  Conference  MODELLING  AND
SIMULATION, April 25-27, 1996, Pittsburgh,
USA, pp. 98-102.

Humoe, E., Model for Faculty Members Development
Planning, Proceedings of the IASTED International
Conference  APPLIED  MODELLING  AND
SIMULATION, July 27-August 1, 1997, Banff,
Canada, pp. 161-164

facobucci, 13, Derivation of Subgroups From Dyadic
Interactions, Psychological Bulletin, 1990, Vol
167, No. 1. pp. 114-132.

Korth, F.H., Silberschatz, A., Database System Concepts,
Mc Graw Hill Book Company, M.Y. 1987,

889



