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1. Introduction 
 
One of the ‘binding constraints’ identified in the Accelerated and Shared Growth 
Initiative – South Africa (ASGI-SA) programme is the lack of sufficient skills to 
undertake the projects for achieving the growth needed in the economy. One of these 
‘scarce skills’ identified on page 9 of the ASGI-SA document is ‘engineers and 
scientists’.   
 
The aim of this brief paper is to make a preliminary assessment of the position of 
engineering skills in South Africa relative to those in other comparable countries and 
to make initial suggestions on ways of addressing the apparent shortages. Due to time 
constraints, the analysis is not comprehensive. It is also primarily restricted to 
professional engineers who have been trained at universities. Technologists and 
technicians trained at former technikons (now ‘universities of technology’) and 
colleges are not included. 
 
2. The supply and demand of engineers in South Africa 
 
Being free and dynamic, labour markets are difficult to analyse in market economies. 
Nevertheless, it is helpful to set out the main factors determining supply and demand, 
as the ‘need’ for engineers, as generally understood, is the result of the relationship 
between these two factors.  
 
The supply of engineers available to the economy is a function of the numbers of 
South African engineering graduates coming from universities, the immigration of 
trained engineers from abroad, and the numbers exiting the profession. In turn, the 
numbers of graduates are determined by those qualifying for admission into 
engineering programmes at universities, the numbers of places universities have for 
engineering students, and the student throughput rates within the universities. The 
numbers exiting the profession are determined by retirements, deaths, emigration to 
other countries, and those that change profession, e.g. by becoming managers. Some 
comments are made on several of these factors below.  
 
In market economies, equilibrium is reached where supply equals demand at a 
particular price (wage). However, in practice, determining where this point is, is 
difficult: both because of the decentralised nature of labour markets and thus the 
diffusion of information, and because of the dynamic nature of markets. Furthermore, 
market imperfections may result in distortions, where for example barriers to entry 
make it impossible for supply to adjust to increased demand, or price fixing sends 
incorrect signals to market participants. An example of the former is where the 
secondary school system is unable to generate sufficient students to be educated as 
engineers; an example of the latter is where sectoral wage determinations render the 
returns to being trained inadequate for attracting new recruits.  
 
Further factors to be remembered are that the supply of highly skilled persons is 
subject to long lags, and that the demand for some skill categories is cyclical. On the 
one hand, lags are inevitable because of the long training periods for, say, engineers, 
starting in secondary school with the teaching of maths and science; and on the other 
hand, the demand for civil engineers, for example, is correlated with the cyclical 
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fluctuations in aggregate demand in the economy. Therefore, in judging the relative 
supply and demand of engineers at any single point, one must bear these factors in 
mind; generally, a better picture is obtained by analysing trends over longer periods. 
 
One way of determining the relative positions of supply and demand for engineers in 
the economy is to survey those that employ them. Surveying allows respondents to 
articulate relevant future and past factors but may suffer from disincentives to reveal 
respondents’ full information. A proxy for surveying, that addresses the latter 
problem, is to analyse advertisements for engineers appearing in the media. Although 
difficulties may be experienced with classifications, advertisements clearly reflect 
demand for which employers are prepared to pay. 
 
A second way of assessing the state of engineering skills in the economy is through 
international comparisons of the numbers of engineers relative to population in 
comparable nations. Although this, in itself, is not able to indicate what is optimal in 
South Africa, it does indicate what other countries have found to be necessary and 
attainable under their circumstances. As such, the experience of others can be a useful 
guideline of what is likely to be appropriate for South Africa.  
 
These two methods, namely those of evaluating advertisements and international 
comparisons, are used in what follows below. 
 
 
3. Recent advertisements for engineers and scientists 
 
In the Business Times Careers section of 29 January, 2006, an ‘overwhelming 
demand for engineers’ was identified, amounting to one third of all jobs advertised 
over the previous six months. This included all industries (chemical, mining, 
manufacturing, motorcar industries, aeronautics, defence, banking, the stock 
exchange, consulting, construction, etc.). 
 
Despite the fact that the newspaper, Beeld, reported on 7 March 2006 that the 
Department of Home Affairs estimated a need for 5000 mechanical and civil 
engineers in South Africa, local newspapers have been carrying numerous 
advertisements for South African engineers from countries such as Saudi Arabia, 
Australia, New Zealand, Canada, etc. Many of these are for positions in prestigious 
companies such as Rolls-Royce, Airbus, Boeing and NASA.  
 
Advertisements in the South African media reflect a global demand for engineers. The 
US National Science Foundation (2005 report) projects that some 2.2 million new 
jobs in science and engineering will be created in the decade 2000 – 2010 in the US; 
and Google has approximately 2 million different sources on the shortage of engineers 
worldwide.  
 
Figure 1 below is a graphical illustration of the sectoral growth in jobs over the past 
twelve months as estimated in the Business Times in April 2006, from which it can be 
seen that recently the strongest growth in jobs has been in 
mining/construction/engineering. Although this is the sector that employs the most 
engineers, engineers are also in demand in the other economic sectors. 
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Figure 1: Sectoral distribution of the growth in jobs over 12 months, April 2006 
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Source: Business Times, April 2006 
 
The few selected and summarised advertisements given above, suggest that demand 
currently outstrips the supply of engineers in South Africa, and indeed in many other 
regions of the world. Nevertheless, as already mentioned above, the demand for 
(some categories of) engineers may be cyclical, particularly those categories required 
for infrastructural development, such as the construction of roads, particularly in the 
absence of sustained infrastructural programmes by government. The cyclical demand 
for engineers is illustrated by the fact that two years earlier than the advertisements 
referred to above, the HSRC concluded that there was little sign of a skills shortage of 
engineers at that time (HSRC, Media release 25 February 2004). 
 
This property of the demand, and the consequent negative impact on the supply of, for 
example, civil engineers, is an important factor for consideration by government. 
Balanced infrastructural development, a function of (national, provincial and local) 
government, is not only important for long-term economic growth, but is essential for 
sustaining the development of scarce skills through the encouragement of students to 
enrol in there areas of study, and for retaining in the country those already trained. 
The ‘bust and boom’ characteristics of the past decade – minimal investments in 
infrastructure, including the neglect of maintenance, followed by frenetic activities to 
compensate – are inimical to the provision of scarce skills, besides being bad for 
employment and economic growth. 
 
 
4. International comparisons  
 
Information on the training of engineers, including international comparisons, is 
available from the US National Science Board, as extracted from their Science and 
Engineering Indicators, 2004.  
 
In Figure 2 below information is given on science and engineering degrees as a 
percentage of the 24-year-old cohort of the population in different countries - as 



 4

indication of the propensity of each country’s students to graduate in science and 
engineering. (Source: http://www.nsf.gov/statistics/seind04/c2/c2s5.htm ) 
 
Whereas in Finland approximately thirteen percent of the student population graduate 
in science and engineering, in South Africa this is less than half a per cent. This 
information is grouped according to geographical region in figure 3.  Figure 3 
indicates that South Africa is in a considerably poorer position with respect to the 
delivery of science and engineering graduates than comparable middle income 
countries, such as those of South America. Most disconcerting is the information that 
South Africa is even lagging behind sub-Saharan Africa. 
 
From the available evidence, both of advertisements for engineers and the percentage 
of students graduating in engineering and science, it appears that South Africa is 
facing a shortage of engineers. If the aims of ASGI-SA are to be met, many of which 
depend on the implementation of large-scaled engineering projects, and as a result of 
which the demand for engineering skills are likely to rise, it would seem that urgent 
steps are required to increase the supply of professional engineers in the South 
African economy. 
 
 
5. The output of engineers in South Africa 
 
In South Africa the training of professional engineers occurs in the country’s 
universities. Technical engineering personnel and artisans are trained in other higher 
education institutions, including the universities of technology (i.e. the former 
technikons). Information on the universities with faculties of engineering is given in 
tables 1 - 3, which contain information on the years 1995, 2000 and 2004, as extracted 
from the Department of Education’s HEMIS data base (Data for CESM 08).  
 
Important changes occurred in the decade for which the data are given, and are 
reflected in the tables. The number of universities involved in engineering training 
was reduced in this period by the merger of the Universities of Natal and Durban-
Westville to form the University of KwaZulu-Natal. In addition, the University of 
Potchefstroom became North West University. (The change of name of the Rand 
Afrikaans University, RAU, to the University of Johannesburg had not yet occurred in 
2004.) Despite these changes, the different engineering faculties remained essentially 
unchanged (although merged in some cases) and therefore the data of the different 
years are comparable.  
 
There are currently seven universities that educate professional engineers. Three sets 
of data are given: the first gives total headcount enrolments in the seven institutions 
per degree level (undergraduate, Master’s and Doctoral). The second set gives total 
graduates, also per degree level. The third table contains information on enrolments at 
the seven universities in 2004.  
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Figure 2 

 
 

 
Source: http://www.nsf.gov/statistics/seind04/c2/c2s5.htm 
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Figure 3 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Source: http://www.nsf.gov/statistics/seind04/c2/c2s5.htm 
 
 

Table 1: Headcount enrolment according to Level of qualification 
 

  B(Eng) (4 
Year) Honours/Masters Doctorate Total 

1995 8240 1857 397 10495 

2000 7151 2255 446 9853 

2004 10821 2888 601 14311 
Source: SAPSE/HEMIS, Table 2.12, CESM 08 

 
From the data in table 1, one may observe that there were 10 495 students enrolled in 
South African universities for engineering in 1995, and that this figure decreased in 
the final years of the decade (probably due inter alia to the fall in capital expenditure 
by, and thus also a decrease in demand by, the public sector), but rose again to 14 311 
by 2004.  
 
From table 3 it is evident that the University of Pretoria, which started the period as 
the largest engineering training university, ended the period almost 50 per cent larger 
than the next largest institution, the University of KwaZulu-Natal, even though the 
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latter is the result of the merger of the Universities of Natal and Durban-Westville and 
their two faculties.  
 

Table 2: Number of graduates according to level of qualification 
 

  BEng       
(4 Year) Honours/Masters Doctorate Total 

1995 1527 421 68 2017 

2004 1418 773 77 2268 

Source: SAPSE/HEMIS, Table 2.13, CESM 08 
 
Trends are also discernable with respect to graduates. However, in comparing the 
numbers of enrolments and graduates in the tables, it is important to remember that 
the graduates given for each of the years will have been enrolled for the first time a 
number of years previously (when total enrolments were probably different) and thus 
do not relate specifically to the headcount figures given for the same year. Under-
graduates can graduate in four years, but typically require five. Comparing enrolments 
and graduates for the same year will therefore only give a very rough indication of 
throughput rates, particularly if total enrolments have changed over the period.  
 

Table 3: Headcount enrolment according to Level of qualification 
 

2004 BEng     
(4 Year) Honours/Masters Doctorate TOTAL 

University of Cape Town 1724 296 132 2152 

University of Pretoria 2715 1359 130 4204 

Rand Afrikaans University 803 125 40 968 

University of Stellenbosch 784 317 73 1174 

University of Witwatersrand 1863 482 108 2453 

University of KwaZulu-Natal 2551 272 71 2894 

North West University 380 38 47 465 

Total 10821 2888 601 14311 
Source: SAPSE/HEMIS, Table 2.12, CESM 08 
 
The total numbers of graduates from all universities for 1995 and 2004 are given in 
table 2. The lags between enrolling for the first time and graduating, mentioned in the 
previous paragraph, are evidenced in the small reduction in undergraduate graduates 
in 2004. This decline follows and is the result of the fall in undergraduate enrolments 
in 2000. Despite this, there was an increase in total degrees awarded over the whole 
period: from 2017 in 1995 to 2 268 in 2004, mainly as a result of the increase in 
honours and master’s students. The rise in post-graduate enrolments indicates an 
increase in demand for specialist engineers.  
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In terms of graduate outputs in 2004, the University of Pretoria was the largest 
contributor to engineering training with its 761 graduates being more than twice as 
many as those of the next largest institution (the University of the Witwatersrand with 
334 graduates in the same year). 
 
Prima facie, the increase in engineering enrolments and graduates has been possible 
because physical capacity that was created in the Universities earlier was used more 
intensively from 2000 onwards. Although this would have to be confirmed by the 
institutions themselves, it would appear that substantial further increases would 
require capacity to be expanded through investments in teaching facilities, 
laboratories and other amenities. Besides physical capacity, a number of other 
constraints would have to be addressed in addition. These refer inter alia to funding 
and the delivery of suitable potential students by the school system, issues that are 
addressed below in sections 6 and 7. 
 
The output of graduates is also influenced by the throughput rates of the students who 
enrol. Regrettably, not all students that are admitted to university programmes are 
successful academically; in addition, some ‘drop out’ for a variety of non-academic 
reasons, e.g. financial problems and personal or family circumstances; and some 
change their minds and switch to other courses. It is therefore important to distinguish 
between pass rates, i.e. the percentage of enrolled students that are successful in their 
examinations, and throughput rates, i.e. the percentage of those that complete all the 
prescribed courses over all the years of the programme and graduate. 
 
Determining throughput rates accurately requires tracking each cohort of entering 
students through the periods that they are likely to remain academically active. As 
many students require longer to graduate than the minimum period prescribed for a 
degree, this tracking must continue for a reasonable number of years past the 
minimum. For example, in determining its throughput rates, the University of Pretoria 
tracks students in four-year degrees, such as engineering, for an additional two years.  
 
As, currently, information on pass and throughput rates in engineering are not 
generally available for all universities, the information of the University of Pretoria is 
used as indication of what may be expected. Despite perceptions of poor success rates 
in the higher education sector in general, and the fact that the engineering programme 
is considered to be one of the most academically challenging in the University, pass 
and throughput rates in engineering at the University of Pretoria are high. Although 
fluctuations occur from year to year, overall pass rates of at least 80 per cent are 
usually achieved, whereas throughput rates tend to be close to 70 per cent. 
 
Given South Africa’s history, the output of graduates must also comply with society’s 
expectations on equity and transformation. Again, due to time constraints on the 
collection of data, information from the University of Pretoria is presented below in 
figure 4 to illustrate the changes in demographic composition of the engineering 
student population that have taken place in recent years. From figure 4 it is evident 
that, from being dominated in the late 1980s by white males, the student engineering 
population has changed markedly to one where white males are now approximately 
50 per cent. Strong growth in enrolments by black students has been experienced 
since the end of the 1990s. 
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6. The public funding of engineering 
 
The previous subsidy formula for tertiary education institutions was ‘driven’ by 
student enrolments. Therefore, if a student chose to enrol at a particular institution, the 
relevant government subsidy would ‘follow’ him or her.  During the 1990s, the new 
government argued that this system was inefficient and that government should be 
able to ‘steer’ the higher education system through its funding mechanism.  
 
The New Funding Framework was implemented at the beginning of 2004. There are 
five categories of grants/subsidies, each a part of a total block grant, for which an 
institution may qualify. These are: teaching input grants; teaching output grants; 
research output grants; institutional factor grants; and development grants. 
 
Teaching input grants are allocated according to approved academic programmes and 
the actual number of enrolments for each academic year. In terms of this, the full-time 
equivalent (FTE) values of each student’s modules will be placed in a ‘funding grid’, 
i.e. a matrix with four subject groups and four levels.  
 
Broadly, the groups in the funding grid reflect the costs of teaching different subjects. 
For example, group 1 consists of the ‘cheapest’ subjects such as law, psychology, and 
education. Group 2 consists of commerce, computer science, languages and social 
science, etc. Group 3 consists of architecture, engineering, mathematical sciences, etc. 
Group 4- the most expensive - consists of agriculture, medical sciences, life and 
biological sciences, fine and performing arts. The four levels used in the funding grid 
are: undergraduate, honours, masters and doctorates, with more funding provided for 
the higher levels. 
 

Figure 4. Demographic composition of students in the School of Engineering 
at the University of Pretoria. 1986, 1992 and 2006. 

 

 
  Source: BINEB, University of Pretoria 
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Teaching output grants are allocated according to the numbers of (non-research) 
degrees and diplomas (i.e. degrees up to ‘taught’ Masters) awarded by an institution 
in a particular year. Research output grants are allocated according to the numbers of 
research Masters degrees, doctoral degrees and accredited research publications that 
an institution produces each year (weighted 1:3:1). Norms have been set for teaching 
and research outputs, with institutions that do not meet the norm, qualifying for 
development grants. 
 
Institutional grants are divided into two elements. The first allocates additional funds 
on a sliding scale to small institutions, on the assumption that large institutions have 
economies of scale and therefore can make do with less. The second allocates 
additional funds on a sliding scale to institutions that have high percentages of 
students from ‘disadvantaged groups’. 
 
The amount of money available for each of the four categories of grant is determined 
by the Minister, and can be changed by him/her to facilitate ‘steering’.  
 
The funding framework is a mechanism for dividing the funds available in each grant 
category rather than a formula that calculates what is required by the universities. 
Furthermore, the framework applies equally to all higher education institutions, i.e. 
universities and universities of technology, even though it is probable that the cost 
structures of the two types of institution vary. 
 
The new funding framework has resulted in large shifts in the funding going to 
different faculties and institutions. This is illustrated by taking the University of 
Pretoria as example and comparing the funding received for the Faculty of 
Engineering, Built Environment and Information Technology in 2003 and 2004. 
 
The implementation of the teaching input funding grid has had unintended 
consequences. In the investigation that preceded the development of the new funding 
framework, some disciplines in the Humanities were identified as being more costly 
than previously provided for in the old formula, and were accordingly placed in 
higher groups in the funding grid. However, this happened without any additional 
funding being provided, with the result that relatively less funding remained for the 
other disciplines, especially the natural sciences, engineering and related subjects.  
 
The subsidy ‘earned’ by the Faculty of Engineering, Built Environment and 
Information Technology (EBIT) in 2003 was R169.3 million; in 2004, after the 
introduction of the new funding framework, the subsidy for EBIT was R118.5 
million. Even before taking increased enrolments and inflation into account, this 
amounts to an absolute decrease of R50.8 million, which clearly contradicts 
government’s stated intention of promoting the science, engineering and technology 
(SET) group of disciplines. 
 
Furthermore, one could question whether universities and universities of technology 
should be subsidized equally in subjects such as engineering, where differences in 
teaching, the use of laboratories and other expensive facilities exist. Lumping the two 
together on the basis of data from the late 1990s resulted in engineering being placed 
in the third (rather than the highest) subsidy category. If university engineering 
training were to be evaluated on its own, it is likely that its cost structure would 
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warrant a shift to the fourth subsidy category. A study being undertaken at present for 
the National Advisory Council on Innovation (NACI) will result in clear information 
on this point becoming available shortly. 
 
In principle, it may also be asked whether it is in the interests of the country to 
encourage every university and university of technology to become research 
universities through funding all institutions in the same way, rather than applying the 
mission differentiation advocated in the National Plan for Higher Education.  
 
An additional aspect of the new funding framework impacting negatively on the 
provision of engineering is the fact that it does not cater for capital, either for the 
renewal of buildings or the replacement of assets, such as essential laboratory 
equipment. The cost differentials in the present funding framework are derived from 
differences in operating costs and do not take capital requirements into account. This 
places a particularly onerous burden on those institutions that offer expensive subjects 
such as science and engineering, where these facilities are essential.  
 
As pointed out above, it is expected that most institutions hoping to expand their 
engineering faculties will be obliged to create additional facilities, yet no provision is 
made for this in the public funding system. In contrast, increasing enrolments in many 
other disciplines is not as costly. The University of Pretoria is currently engaged in 
estimating the capital needed for major expansion, including the appointment of a 
professional team to design new lecture and laboratory facilities.  
 
Further information on the costs of operating an engineering faculty is given below in 
section 8. However, at this juncture, it is clear that, in order to meet the aims of 
JIPSA, attention must be given to the public funding of engineering at universities. 
 
 
7. Availability of students for SET faculties 
 
The major source of students for science, engineering and technology (SET) faculties 
is the school system. An analysis of the output of matriculants shows that, although 
there has been an increase in recent years, those that have passed with matric 
exemption (allowing them to enrol at universities) and with A to C symbols in higher 
grade mathematics and science, have remained just below 10 000 per year.  In most 
institutions, these are the students that qualify for admission to SET faculties, 
including the health and veterinary sciences, as well as many programmes in 
economics and management. These faculties across the country compete for students 
from this limited pool. Clearly, the throughput of matriculants who are adequately 
trained for engineering and other comparable studies is inadequate; therefore, 
addressing this bottleneck must be an important element of the JIPSA strategy for 
increasing the availability of engineers in South Africa. 
 
The US National Science Board’s Science and Engineering Indicators 2004 document 
contains a graph, which is reproduced below as figure 5, of population trends of 20 – 
24-year-olds in a number of countries.  
 
From the graphs in figure 5 one observes that, in contrast to the situation in other 
populous regions of the world, Africa’s student-aged population is predicted to 
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continue growing unabated. By 2015, there may be more potential students in Africa 
than in countries such as India and China.  Providing training for these persons will be 
both a challenge and an opportunity: if adequate primary and secondary schooling is 
provided, it will be possible to select adequate numbers of science and engineering 
students to increase the supply of these skills in the continent. Clearly, South African 
universities will have a major role to fulfil in this process. 
 

Figure 5. Science and Engineering Indicators, 2004 
 

 

Source: http://www.nsf.gov/statistics/seind04/c2/c2s5.htm 
 
In recent years, some universities have attempted to increase the availability of 
suitable students to their SET faculties by introducing ‘bridging’ or ‘foundation’ 
programmes, in which intensive post-matric teaching, concentrating on maths and 
science, is provided, mainly to previously disadvantaged, potential students. For 
several years these bridging programmes have been partially funded by the 
Department of Education. However, in 2006, the Department announced its intention 
to terminate this funding. In future, ‘foundation provision’ may only be made in 
formal degree programmes through the incorporation of additional teaching and 
materials in ‘regular’ bachelor degrees. Although doing this will undoubtedly assist 
marginal students in those programmes, the termination of funding to existing 
channels, designed to bring new students into engineering (and other SET) faculties, 
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is to be questioned. Unless alternative sources of funding can be identified, these 
programmes are likely to be closed, in conflict with the objectives of JIPSA. 
 
8. The costs of training engineers at universities 
 
One of the primary considerations for planning increased delivery of engineering 
graduates is the costs thereof. Allocating costs in institutions such as universities is a 
complex task, making comparisons difficult unless prior agreement is reached on 
definitions and categories. Allocations are complicated further by the fact that, in 
most universities, students’ programmes include modules presented in faculties other 
than those in which they will graduate. For example, during the first years of their 
programmes, engineers typically are required to take modules in maths, physics and 
chemistry, usually presented in science faculties. This point is explained in greater 
detail below in section 9, but in essence, the costs of training (engineers) is 
understated by the degree to which other faculties are contributing to their training. 
Nevertheless, the cost of training engineers in the University of Pretoria is presented 
as an example. At the University of Pretoria, the Faculty comprises three schools: 
Engineering, the Built Environment and Information Technology. The analysis below 
refers to the School of Engineering only.  
 
The University of Pretoria differentiates between direct and indirect costs. Direct 
costs are those that can be attributed to a faculty (or department) specifically; indirect 
costs are those caused by ‘overheads’. The latter are the costs of establishing and 
running a university, irrespective of which faculties are involved. Examples are: the 
central administration, management, the maintenance of grounds and buildings, non-
academic student-related costs, etc. As many expenditures as possible are allocated 
directly; and, those that cannot be, are allocated by means of ‘cost drivers’, 
quantifiable factors that are normally associated with particular costs; e.g. activities 
that are student-related are allocated on the basis of student numbers. Particulars are 
given in table 4. 
 
Table 4: Income and expenditure: School of Engineering, University of Pretoria. 

2005 
 

Income  Rands 
Subsidies R81.20m  
Fees and other income R40.93m  
Total income  122,13 million 
 
Expenditures 

  

Direct R76,64m  
Indirect R60,33m  
Total expenditures  136, 96 million 
 
Deficit 

  
11,59 million 

 
Number of students in 2005 

 
2353FTE students

 

Direct costs per FTE  32 576 
Total costs per FTE  58 217 

     Source: BINEB, University of Pretoria  
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From table 4 the following conclusions can be drawn: 
 

1) Despite cutbacks following the introduction of the new funding framework 
(see section 6), substantial deficits arise in the School of Engineering that have 
to be covered by cross-subsidies from other entities in the University.  

 
2) Overheads form a very substantial part of total costs. Increasing enrolments in 

existing programmes, rather than creating new ones, will therefore probably 
allow the overheads to the spread more widely which would reduce average 
costs. Evidence from the USA also suggests that the training of professional 
engineers is best undertaken in research universities where the sophisticated 
environment necessary already exists. 

 
3) Depending on circumstances, e.g. the availability of capacity to increase 

enrolments, the current costs of doing so are likely to vary between R32 000 
and R58 000 per FTE student. 

 
4) If new facilities must be constructed, provision must be made for capital 

expenditures in addition to the running costs. 
 
As argued above, it is probable that existing capacity in the nine faculties is being 
fully used, following the increase in enrolments over the past number of years. If this 
is correct, it implies that estimates of the costs of expanding facilities are needed. The 
University of Pretoria has embarked on a process of designing additional facilities for 
the School of Engineering and upgrading certain existing facilities. Estimates of these 
costs will be available before the end of 2006. 
 
9. The impact of expanding engineering training on science faculties 
 
As pointed above, in South African universities, most programmes draw on modules 
that are presented by other faculties. Engineering students are, for example, required 
to take modules in the basic sciences and maths which are presented by science 
faculties. Table 5 below indicates the extent of these linkages in the University of 
Pretoria.  
 
The figures on the axes refer to the University’s faculties as follows: 
 
1 – Humanities   2 – Natural and Agricultural Sciences 
4 – Law    5 – Theology 
7 – Economics and Management 8 – Veterinary Science 
9 – Education    10 -Health Sciences     
12 –Engineering, Built Environment and IT 
 
The faculties represented on the upper horizontal axis are those presenting courses or 
modules; those on the vertical axis are the faculties using those modules to construct 
their programmes. In the case of Faculty no 12, the Faculty of Engineering, Built 
Environment and IT (EBIT), the bottom row can be read as follows: 7.9% of EBIT’s 
programmes are comprised of modules offered in the Faculty of Humanities; 21.3% 
are modules in the Faculty of Natural and Agricultural Sciences; 1.0% are from Law; 
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7.4% are from Economics and Management; and 62.4% are modules presented in the 
EBIT Faculty itself. 
 
Table 5: Interaction Matrix between faculties at the University of Pretoria, 2005 
 

 
Faculty presenting modules 

Faculty 
programmes 1 2 4 5 7 8 9 10 12 

1 85.1% 0.7% 1.5% 0.5% 3.0% 0.0% 2.7% 0.8% 5.7% 

2 8.3% 70.4% 0.5% 0.0% 10.2% 0.6% 0.2% 0.9% 8.8% 

4 13.7% 0.1% 80.9% 0.1% 0.5% 0.0% 0.2% 0.0% 4.5% 

5 25.7% 0.0% 0.0% 70.7% 0.2% 0.0% 0.3% 0.0% 3.2% 

7 13.7% 8.0% 9.6% 0.0% 59.0% 0.0% 0.0% 0.0% 9.8% 

8 0.0% 0.0% 0.0% 0.0% 0.0% 100.0% 0.0% 0.0% 0.0% 

9 9.1% 0.1% 0.2% 0.2% 2.3% 0.0% 81.3% 0.0% 6.8% 

10 8.6% 8.3% 0.0% 0.0% 1.8% 0.0% 0.0% 79.1% 2.2% 

12 7.9% 21.3% 1.0% 0.0% 7.4% 0.0% 0.0% 0.0% 62.4% 

Source: BINEB, University of Pretoria 
 
Although the matrix contained in figure 5 refers to the whole EBIT Faculty, and not 
just the School of Engineering, it indicates that there will be a considerable ‘knock-
on’ effect in terms of expanded student intakes in engineering, particularly on the 
Faculty of Natural and Agricultural Sciences. Planning for increasing enrolments in 
engineering will have to take this effect into consideration. Lecture rooms, teaching 
laboratories and staff in the natural sciences will have to be increased to provide the 
courses required by the School of Engineering. This effect is likely to occur in all the 
South African universities with courses in engineering. 
 
10. Summary and conclusions 
 

1. Skills in engineering are vital for the success of ASGI-SA’s major projects and 
for attaining the rates of economic growth anticipated for South Africa. 

 
2. On the basis of an analysis of advertisements for engineers in the media, it 

appears that the demand for engineers currently exceeds the supply, with a 
shortage developing that, unless addressed, will hamper the implementation of 
ASGI-SA strategies. 

 
3. The preliminary conclusion in point 2 is corroborated by international 

comparisons of graduates in science and engineering as a percentage of the 24-
year-old population. Compared to other middle-income countries, South 
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Africa is not producing appropriate numbers of engineers and scientists. South 
Africa is even lagging behind the average for Sub-Saharan countries. 

 
4. The total enrolments of engineering students at the seven South African 

universities offering engineering decreased at the end of the 1990s but 
increased again thereafter to 14 311 in 2004. This phenomenon was probably 
(partially) the result of the reduction in government spending on infrastructure 
in the 1990s. Nation-wide in 2004, 2268 engineering degrees were awarded. 
The University of Pretoria contributed the largest share of these degrees. 

 
5. Despite being very challenging programmes, the pass and throughput rates in 

engineering in the available sample (from the University of Pretoria) are high. 
Significant positive changes to the demographic profile of engineering 
students are also evident. 

 
6. The existing facilities for training engineers at universities are probably now 

being used close to full capacity, making it necessary to construct new 
facilities if the intake of students is to be increased. 

 
7. The public financing of engineering decreased in relative terms with the 

introduction of the Department of Education’s new funding framework, 
contrary to the ideals expressed for ASGI-SA and JIPSA. In addition, no 
provision is made for funding the expansion of the facilities needed for 
training engineers. The provision of capital funding needs to be investigated. 

 
8. Increasing the intake of engineering students is currently constrained by the 

small numbers of matriculants with suitable symbols (C or higher) in maths 
and science. The annual national throughput of such students has remained 
below 10 000. Steps will have to be taken to improve this in order to meet the 
ASGI-SA and JIPSA targets. In this light, it is regrettable that the Department 
of Education will not be funding bridging programmes that are not part of 
formal degrees from 2007. 

 
9. Whereas the numbers of 24-year-olds of the population have either stabilised 

or are expected to decline in other nations, this population group is projected 
to continue increasing in Africa. This means that there will be increasing 
numbers of potential students in Africa, including increasing numbers 
available for being trained as engineers. South African universities are 
expected to play an important role in this process. 

 
10. Information from one of the universities offering engineering degrees (the 

University of Pretoria) suggests that operating costs vary between R32000 
(only direct costs) and R58000 (overhead included) per student per annum. 
This does not include the costs of creating new facilities, however estimates of 
capital costs are being prepared and will be available within months. A project 
to estimate costs is also being undertaken by the National Advisory 
Committee on Innovation (NACI). Plans for expanding engineering training 
should be based on these estimates.  
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11. Because of the relative impact of overhead costs, expansion is likely to be 
more cost effective at institutions that have already established faculties of 
engineering, (as overheads will be spread over larger numbers of students.) In 
addition, evidence from the USA suggests that the training of professional 
engineers is best undertaken in research universities, where the sophisticated 
environment required already exists.  

 
12. Increasing the intake of engineering students will have a significant impact on 

the teaching loads of the institutions’ science faculties, in addition to those in 
the engineering faculties. This ‘carry through effect’ must be borne in mind in 
planning the expansion of engineering training. 
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