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Abstract 

 
Entropy originated from physics, was introduced by Boltzman in 1872 and shows a 
degree of uncertainty or chaos for a system/subsystem. The versatility of the entropy 
concept was proven through several fields of science: chemical engineering, 
electrical engineering, metallurgical engineering, communication theory, theoretic 
entropy, water resources, and student performance in an open distance learning 
context, etc. In the current study, theoretic entropy is extended to quantify the 
amount of information/uncertainty of student enrolment associated with graduations 
and academic staff head counts (HC) at Unisa. Entropic computations revealed 
preliminarily the degree of uncertainty of enrolment; hence the information contained 
in enrolments did not vary sensibly from college to college. Similar results were also 
obtained for graduations as well as staff (HC). Around 16 to 17% degree of 
uncertainty, ignorance or chaos can be accounted for for enrolments, graduations 
and staff HC. To reduce the level of uncertainty, a reconfiguration/integration of 
Unisa as a system in terms of planning of its different subsystems was suggested: 
registration-enrolment plan, learner support, academic staff, ICT capabilities. Hence 
a schematic diagram has been derived for system integration. Further work needs to 
be done for the integration of different elements of Unisa in order to reduce the level 
of uncertainty in the system.  
 
1. Introduction 

 
Enrolment is an important element in any academic institution, particularly an open 
distance education institution. The importance of distance education (DE) in the 
world has been recognised by many scholars (Peters 2010). For instance Unisa and 
many other DE institutions have played a major role in the global world by giving all 
classes of people the opportunity to further their studies. The openness of DE 
institutions led to the industrialisation of institutions of higher learning (Peters 2010), 
hence massification. Enrolments should go hand in hand with organisational 
resources to ensure service delivery and learner-centredness. For example, 
openness in admissions at the Open University of the United Kingdom (OU UK), that 
is adequate organisational infrastructure (Haughey 2010:50), and enhanced learner 
success (Subotzky & Prinsloo 2011). Unisa currently handles more than 300 000 
students as a mega-university at the same level as OU UK and many others. The 
Vice-Chancellor and other members of the Unisa Senate have repeatedly raised 
concerns about the escalating enrolments versus available resources of the 
institution. This is likely to have an impact on the service delivery and workload of 
academic staff. Therefore the situation can become chaotic, uncertain or stochastic.      
The current study introduces an entropy approach (i.e. theoretic entropy from 
communication theory) to quantify the degree of uncertainty (disorder, ignorance or 
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chaos) associated mainly with student enrolments. Since enrolments should target 
the success of the learners through support from academics, entropic measures will 
also be expanded to graduations, and academic staff HC. The literature of entropy 
theory in an open distance learning environment as approached in this paper is 
almost nonexistent: except that this concept was used for the first time for student 
numbers per qualification type at the University of South Africa (Ilunga 2007) and 
subsequently to measure the student performance in the Statistics I module (Ilunga 
& Muchengetwa 2011). It is argued that the entropy approach offers certain 
advantages as opposed to the traditional statistical approach (Harmancioglu, 
Alpaslan & Singh 1994). The current study will preliminarily evaluate the degree of 
uncertainty associated with enrolments, and subsequently with graduations and staff 
HC. In the end, a simplified diagram depicting the entropy level of a system will be 
given. Five colleges will be considered: College of Agriculture & Environmental 
Sciences (CAES), College of Economic & Management Sciences (CEMS), College 
of Education (CEDU), College of Human Sciences (CHS), College of Law (CLAW) 
and College of Science, Engineering & Technology (CSET). 
 
2. Open distance education and entropy 
 
The openness of DE institutions is of interest in a global world. Peters (2010) argued 
that “[o]pen DE is the most industrialised form of education” as it could be compared 
to industrial mass production and at the same time reduce costs of service delivery 
and maintain an acceptable academic standard. Student enrolment versus the 
available resources (learner support, ICT capabilities, etc.) needs to be managed 
properly, otherwise service delivery can be jeopardised. This has been raised by the 
Vice-Chancellor, Prof Makhanya, and Senate members in several meetings. It is 
believed that the move at Unisa to online teaching and learning may have an impact 
on service delivery, considering the massive number of students. The same move 
has been done by other DE institutions, for instance OU UK (Haughey 2010).      
 
Currently, the many students registered at Unisa impacts heavily on the workload of 
staff, in particular academics. For instance, the turnaround time of assignments 
easily extends beyond two weeks, unlike the figure suggested by Bates (2011). In 
principle students want feedback on their assignments as soon as possible.   
 
Due to the complexity introduced by openness in DE institutions, there is a degree of 
uncertainty associated for instance with massive numbers of students that could not 
be serviced properly otherwise. It has been mentioned previously that the literature 
of theoretic entropy in open distance studies is scant, except for a few articles by 
Ilunga (2007), and Ilunga and Muchengetwa (2011). These two studies concluded 
that there was a need to reduce the level of uncertainty associated with student 
numbers per qualification type at the University of South Africa and student 
performance respectively, by enhancing the learner support system.       
 
It is argued in this paper that if student enrolments still increase uncontrollably 
without integrating (re-engineering) the institution, the system may degenerate to a 
status of chaos, uncertainty, ignorance, such that service delivery (Unisa 2005) and 
student-centredness will be affected. Hence in what follows the theoretical 
background of theoretic entropy is briefly explained.   
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3. Theoretic entropy 
 
Although other forms of entropy exist (e.g. thermodynamics), Shannon and Weaver 
(1949) are the pioneers of theoretic entropy. The current study will deal with the 
theoretic entropy form, a term borrowed from communication theory. The concept of 
entropy has a wide range of applications from physics, communication, engineering 
and other fields and now also to teaching and learning. Hence entropy depicts its 
versatility. Considering a continuous random variable X, the theoretic entropy is 
given by the following equation (Singh 1998): 
( ) ( ) ( )∫−=
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where ( )xf  is the probability distribution function of the random variable x and ( )xH  
is the marginal entropy of the random variable which is associated with the 
information content of x. Given that entropy is an indication of uncertainty 
represented by the probability distribution, equation (1) can be written as follows:    
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where K is a function of the base used or the scale factor (bits for base 2, Napiers for 
base e, decibels for base 10). So, this definition holds only numbers of outcomes, 
which are countable and equal to some integer.  
 
Since the reduction of the uncertainty by means of making observations is equal to 
the amount of information gained, the entropy criterion indirectly measures the 
information content of a given series of data (Harmancioglu & Yevjevich 1987). 
Hence, for independent variables, it is evident that the total uncertainty or chaos of 
independent variables is the summation of marginal entropy values of each variable 
(Ilunga & Muchengetwa 2011).   
 
4. Methodology and data availability 

 
To reach the main objective of the study, i.e. evaluating the degree of uncertainty 
and indirectly the information contained in the student enrolment, the methodology is 
explained below.  
 
External factors that might impact on student enrolment are ignored and hence are 
not taken into consideration. The current study assumes enrolment (yearly) per 
college as occurring at random in an open DE context. Hence student enrolment per 
college is considered to be an independent variable from any other college. The 
abovementioned variable reflects some randomness in its occurrence. The 
uncertainty associated with each variable, i.e. enrolment at each college, is 
calculated by using equation (2) as it is regarded as a discrete variable rather than a 
continuous variable. Frequency of each variable is approximated to be equal to its 
probability of occurrence. The total entropy associated with all colleges is computed 
by summing up uncertainties related to each college. The above procedure could be 
extended to student graduations as well as staff HC. Similar to that presented by 
Ilunga and Muchengetwa (2011), a simplified diagram will finally be presented to 
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show the states of system: from highest entropy to lowest entropy. For the 
sustainability of the system, change in entropy should be negative or decreasing.      
 
Data used were obtained mainly from the report by Van Zyl and Barnes (2012): 
student enrolments (HC), student graduations by college and staff (HC) by college. 
Staff are limited to academic staff. The following colleges will be considered: CAES, 
CEDU, CHS, CLAW and CSET. 
 
5. Results and discussion 
 
The results presented in Tables 1, 2 and 3 show the frequency, probability of 
occurrence and marginal entropy values for the following variables: student 
enrolments (HC), student graduations by college and staff (HC) by college. 
Frequency values for each variable are assumed to be probability values. 
 
For enrolment at each college, it can be observed that the entropy values vary 
between 0.67 and 0.70 decibels (Dcb). This suggests that all colleges are affected 
more or less in the same way by the numbers of students enrolled. The total entropy 
(total amount of uncertainty) associated with student enrolment for all colleges was 
calculated as 4.18 Dcb. In the last column of Table 1, it is shown that the relative 
entropy of enrolment for each college is the ratio between the marginal entropy for 
student enrolment at each college divided by the total entropy of all colleges. Values 
calculated were very close and varied between 16 and 17%. This could be explained 
again by the fact that since colleges have similar problems due to student 
enrolments, there is a need to reduce this proportion of uncertainty by improving the 
overall system. For instance by looking at integration of different subsystems within 
Unisa, ICT support, finances, human resources, learner support and many others to 
reach a system with fewer problems. On the other hand, a move to a new mode of 
delivery (e.g. online teaching and learning) should be done cautiously and in such a 
way to ensure that new problems are not introduced. In Table 2, student graduations 
show the same characteristics as student enrolments in terms of entropic 
calculations, which suggests that the uncertainty in enrolments may lead to 
uncertainty in graduations. In other words, if enrolments are not properly managed 
with adequate resources, the system is likely to reflect complexity, degree of chaos 
or disorder. Hence entropy will increase. From Table 3, staff (HC) depict similar 
characteristics to student enrolment, in terms of entropy calculations. Enrolments are 
very likely to affect staff as well: heavy workload, reduced responsiveness, etc. 
Hence issues associated with the enrolment plan due to openness can affect 
graduations and staff, as well as less uniformly all the colleges across the institution. 
A simplified diagram depicts the change in entropy of the system (Figure 1). The 
system relates to the variables under study. Since H2<H1 (i.e. system 2), the change 
in entropy from system 1 to system 2 is negative. In other words, the reduction in 
entropy of the system corresponds to the information inferred about the system 
(Ilunga & Muchengetwa 2011). Through system integration (re-engineering), the 
move from 1 to 2 is possible. Hence the uncertainty can be reduced. In case H1<H2, 
the system 1 is associated with higher uncertainty due to open enrolment that may 
impact on graduations and the workload for academics. 
 
6. Conclusion and suggestions 
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This study showed again that entropy is a versatile tool. In this case, it quantifies 
uncertainty/information contained in enrolments, graduations and staff HC. Entropic 
computations revealed preliminarily that the degree of uncertainty of enrolment, 
hence the information contained in enrolments, did not vary sensibly from college to 
college. Similar results were also obtained for graduations and staff HC. Due to 
openness, enrolment is likely to affect graduation and staff workload. Around 16 to 
17% degree of uncertainty, ignorance or chaos can be accounted for for enrolments, 
graduations and staff HC. To reduce the level of uncertainty, it is suggested that 
there be an integration (re-engineering) of Unisa as a system: registration-enrolment 
plan, learner support, academic staff, ICT capabilities, etc. Hence a schematic 
diagram has been derived for system integration. Further work needs to be done for 
the integration of different elements and resources of Unisa in order to reduce the 
level of uncertainty in the system.  
 

 
 
Figure 1: Simplified diagram showing the change in entropy of the system 
 
Table 1: Entropy calculations for student enrolments  
 

 

Marginal entropy (uncertainty per college) in  
decibels 

Relative 
entropy 

(%) 
 

2006 2007 2008 2009 2010 
 CAES 0.12 0.13 0.14 0.14 0.15 0.69 17 

CEDU 0.12 0.12 0.14 0.15 0.15 0.68 16 
CEMS 0.13 0.14 0.14 0.14 0.14 0.70 17 
CHS 0.13 0.13 0.14 0.14 0.15 0.70 17 

CLAW 0.14 0.14 0.14 0.14 0.14 0.70 17 
CSET 0.13 0.14 0.14 0.14 0.15 0.70 17 
Total 

entropy 
     

4.16 
  

 
 
 
 
 
 
Table 2: Entropy calculations for student graduations  
 

-Integration of system (ICT, human resources, finances, 
workload, learner support, registration-enrolment plan) 

-System re-engineering, etc. 

 

 

 

 

 

 

 

 

System 2 

        H2<H1 

System 1 

H1>H2 
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Marginal entropy (uncertainty per college) in  
decibels 

Relative 
entropy 

(%) 
 

2006 2007 2008 2009 2010 
 CAES 0.10 0.12 0.14 0.15 0.15 0.67 16 

CEDU 0.12 0.11 0.14 0.15 0.16 0.67 16 
CEMS 0.12 0.13 0.14 0.14 0.15 0.69 17 
CHS 0.13 0.13 0.14 0.15 0.15 0.69 17 

CLAW 0.09 0.14 0.14 0.15 0.15 0.67 16 
CSET 0.09 0.14 0.15 0.14 0.15 0.68 17 
Total 

entropy 
     

4.08 
  

Table 3: Entropy calculations for student graduations  
 

 

Marginal entropy (uncertainty per college) in  
decibels 

Relative 
entropy 

(%) 
 

2006 2007 2008 2009 2010 
 CAES 0.12 0.14 0.14 0.15 0.15 0.69 17 

CEDU 0.14 0.14 0.14 0.14 0.14 0.70 17 
CEMS 0.13 0.14 0.14 0.14 0.15 0.70 17 
CHS 0.14 0.14 0.14 0.14 0.14 0.70 17 

CLAW 0.14 0.14 0.14 0.14 0.14 0.70 17 
CSET 0.14 0.14 0.14 0.14 0.14 0.70 17 
Total 

entropy 
     

4.18 
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