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Abstract: An enrolment projection model based on the Markov chain is developed for postgraduate students at the College of Arts and
Sciences in Universiti Utara Malaysia. Four years worth of data of student enrolments at the college were studied. The Markov chain
model produced results close to the actual data for the first three yearsbut deviated towards the fourth year. The model is helpful for
the college’s future planning in matters regarding postgraduate student enrolments.
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1 Introduction

The average time taken to complete a course and the
numerical success rate in higher education vary for each
university and this has been a matter of discussion among
education policy-makers. Indirectly, this will affect the
internal planning of the universities in terms of predicting
the number of student enrolments for each semester,
estimating the number of lecturers needed to supervise
research students, implementing classroom-planning and
foreseeing other student needs such as spaces for car
park, residential placements, cafeterias, etc. With the high
rate of dropouts, deferred programs, unfinished studies,
and new student admissions in universities, without
proper planning, the managements will face problems in
making any strategic planning and coming up with a
decision. Due to this matter, decisions in educational
policies and planning require the utilization of the student
enrolment projection model. This model will translate
into the demand for courses, personnel planning, facilities
and other services needed. In addition, by understanding
the flow of students’ progressions during their studies, we
can track any existing problems and take remedial actions
to improve the matter. Accurate enrolment forecasts are
crucial for universities to remain competitive, while
inaccurate ones can lead to poor allocation of funds and
resources [1]. Hence, this study aims to analyse future
student flow based on the current one and try to answer
questions such as the average time students spend to
complete their studies as well as the probability of them

dropping out or graduating from their programs. This
study is also able to be used to predict the number of
intakes in the future. The results are hoped to provide
guidance to the university administrative as well as the
academicians in planning for the best programs.

Over the years, each department at the university
college has admitted postgraduate students without any
policy for the number to be admitted to various programs.
Conventionally, the students are admitted based on their
qualifications and the availability of lecturers to supervise
their dissertations. Even though the enrolments each year
show a generally stable condition, the management still
cannot foresee the overall flow of students when this
information is required for future planning. This is
especially essential in recent time as some changes have
taken place where the number of international student
enrolments has tremendously increased. This
phenomenon appears to affect the recruiting of students in
ways that may change historical student flows.

Because of these and other factors, it was decided that
a study of postgraduate student’s flows throughout the
university programs was necessary so that some basis
would appear to understand how admissions can relate to
available program resources and what kind of adjustments
might be useful if admissions have increased.

There are various forecasting models used to estimate
future enrolments such as cohort, regression, ratio,
Markov and simulation. Among these techniques, the
Markov chain seems to be the most suitable model for
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this study. This is due to the specialty of the Markov
chain method that not only can estimate promotion and
repetition rates, but it can also estimate the number of
dropouts, graduates and death rates in the matrix [2], [3],
[4]. The Markov chain method can also measure detailed
information on the students’ progress such as the average
time students spend in an education system whereby other
techniques like regression and ratio are unable to measure
this [5],[1],[6],[7]. Moreover, the Markov chain model is
effective for predicting enrolment for a long range
planning horizon which is over 5 years [8]. The capability
of certain approaches to make a long-range planning is
important for any institutions to give them directions and
establish control over its own future.

The important element of the Markov chain is known
as state. State can be divided into two; transient state and
absorbing state. Transient state refers to the state where
subject moves from statei during one period to statej in
the next period, while the term absorbing state refers to
the state where subject enters one state which is
impossible to leave [9]. The transient states used in this
study are the year of course enrolment [10], [11], [8],
[12], [13] and the age of course enrolment [14], [12],
[13], while the absorbing states for this study are dropouts
and graduates from courses [14], [11], [8], [3], [12], [13].
A one-year period is used as the period of transition states
[3], [12], [13], [8]. In this study, the specified states and
year of duration are used to develop the Markov chain
model for postgraduate students flow.

2 The Model

The Markov chain is a stochastic process where the
probability of occurring events is not predetermined but it
depends on the previous history events [9]. Markov
chains have the computational properties that are able to
calculate the probability of progressing from one state to
another. This property will enable us to calculate the
estimation of the probability of the students who have
been previously admitted to enroll, withdraw or advance
to the next semester.

The basic development of the Markov chain model is
in matrix form. The general form of the Markov chain
model is given byn(t) = Z(t)c+D(t) wheren(t) is the
vector of the number of students in each state at timet.
Z(t) is the matrix of the number of students moving from
statei at time t to state j at time t + 1 andcis the unit
vector of 1 andD(t) is the number of students from
transient statei at timet to absorbing statej at timet +1.
The equation indicates that the number of students at the
commencing year of study consists of those who will
survive to the next year and those who will leave the
program in that year.

By adopting the formulation in Shah and Burke (1999),
the transition matrix (Q) and the absorbing matrix (R) are
used to calculate the estimated average time a postgraduate

student spend in system (T) and estimate the probability of
graduation and termination (B) as shown below:
The matrix of transition (Q), given byQ(t) = ñ−1 (t) Z(t)
where Q(t) is the probability of students making a
transition from statei at timet to statej at timet +1, and
ñ(t) is a diagonal matrix whose diagonal elements are the
elements ofn(t).
The matrix of absorption (R), given byR(t) = ñ−1 (t) D(t)
whereR(t) is the probability of students who are in state
i at time t moving to absorbing statej at time t + 1 and
D(t) :the number of students from transient statei at time
t to absorbing statej at timet +1.
The fundamental matrix (N) of an absorbing Markov chain
acts as a tool to the assessment of the student completion
attributes

N = (I −Q)−1

whereN is the mean time (in years) a student commences
in statei remains in statej before departing the program
and I is the identity matrix. The average time a student
spends in the system is calculated by,

T = N1

where T is the mean time a student remains in the
program and the commencement of study is statei.
Finally, the probability of a student moving into
absorbing state (B) is given byB= NR.

3 The Data

The years from year 2005 until 2009 were chosen for
data. The data containing students’ information such as
age, field of study, students’ status whether they have
graduated, dropped out, or deferred from their programs
were examined. Based on the list, a transition matrix was
calculated for each successive year by tabulating the
number of students with respect to the state they were in
the previous year and the state they were in the
subsequent year. A transition matrix was calculated for
each year by taking the average number in each state. The
enrolment projection was made by the college system and
separated by the students’ status (part time and full time)
and program (master and PhD).

4 Computational Result

The results of the proposed methods are presented in this
section. In this study, we discuss the results obtained from
the College of Art and Business (CAS).
Table 1 presents the transition process of full time Master
students at CAS from one state to another in one
academic year (1 year) over the 4-year duration of their
studies that is from 2005 to 2009. In Table 1, the last
column shows the total number of students in each state
who began their studies in July 2005 (A051) and
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November 2005 (A052) and continued (to the next year)
or ended (dropped out or graduated) their studies in July
2006 (A061). For example, CAS had a total of 116
students, of which 54 students were between the age
range of 26-30. Each row in the matrix indicates where
students started and ended in a particular state. For
example in row three, it can be interpreted that 54
students commenced the course at the age range of 26-30
in A051, 35 students continued to the next year (A061) in
the same age range , while 13 other students were
between the age range of 31-35. Both groups of students
in these states were in their second year of enrolment.
From 54 students who commenced at the age range of
26-30, 5 students dropped out from their studies while 1
student graduated at A061. For the values in the table,
follow the same definition.

Table 1 Full time Master Students (CAS) Enrolment Transitions
by Age Classification from July 2005 (A051) to July 2006
(A061) Session

Transition Probabilities of CAS’ Full time Master
Students
Table 2 presents the transition probabilities in matrix
form which have been obtained from Table 1. The result
in each entry in Table 2 is obtained by dividing each value
in each row to the corresponding row total in Table 1. For
example, value 0.65 in the third row and fourth column in
Table 2 is obtained by dividing 35 with total value 54
from Table 1. Other values in the tables below follow the
same definition. Lines are drawn here to differentiate the
submatricesQ,R,O, I within the overall matrix.

Table 2 Transition Matrix for Full time Master Students (CAS)
by Age Classification from July 2005 (A051) to July 2006
(A061) Session

Analysis of the Transition Probabilities of CAS’ Full
time Master Students
From the matrix of transition probabilities constructed in
Table 2, the transition probabilities are assumed to be
constant over time since it gives a close result within the
4-year duration of studies. The steady state probabilities
(Matrix Q) in Table 2 is the heart of this study since it will
be used to predict future enrolments.

Enrolment Projection of Continuing Students

Table 3 presents the enrolment projection of continuing
students to the next year of commencement who started
their studies in July 2005. The steady state probabilities
obtained in Table 2 is used to make the enrolment
projection for the coming sessions (A061 until A081).
To project the enrolment for A061 (Table 3), the
transition probabilities in Table 2 (steady state) should be
multiplied by the individual total states from the A051
intake (Table 1). For example, the probability of 0.65
indicates that 65% of students between the age ranges of
26-30 will progress to the next year of commencement in
the following year, so therefore the number of students
involved is forecasted by0.65× 54= 35. The projection
for the next session (A071) will use forecasted data of
A061 as the inputs, and the projection for the subsequent
year (A081) follows the same manner. It should be noted
here that the figures in fraction must be rounded to whole
numbers.
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Table 3 Projected Enrolment of Continuing CAS’ Full time
Master Students for July 2007 Intake (A081) by Age
Classification

Comparison of Enrolment Projection
The prediction for the future number of postgraduate
students in the session includes students who are
commencing the course for the first time (new students)
and also students who are continuing their studies to the
next semester (continuing students). Table 4 and Figure 1
show the enrolment projection from the A061 until A081
sessions. To measure the accuracy of the model, a
comparison with the historical data using mean absolute
percent error (MAPE) is developed for results projection
of the A061, A071 and A081 sessions. The results in
Table 4 below show that the percentage errors are small
(less than 10%) at the A061 and A071 sessions, but
exceed 10% at the A081 session. This may be due to the
fact that many students have graduated in this session.
Hence, the predicted value is far from the actual
enrolment of about 39 students. Therefore, we suggest
that the results of dropouts and graduates obtained at this
session are more meaningful for analysis.

Table 4 Comparison of Results between the Actual Data and the
Markov Chain model of CAS’ Full time Master Students

5 Conclusion

In this study, the Markov chain model is proposed for
postgraduate students flow at the College of Arts and
Sciences in Universiti Utara Malaysia. Historical data of
the number of postgraduates in the college can be used to
develop transitions to and from each semester session for
four consecutive years. The results yield better estimates

of the actual data for the first three years but are less
accurate for the fourth year where most postgraduate
students are expected to have graduated. Therefore, the
Markov chain model is proposed for the postgraduate
projection model for the first three years of enrolment and
for the fourth year, other analyses such as the probability
of dropouts and graduates is expected to be more
significant.
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