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Synopsis

The need to recruit locally produced engineers by the South
African Mining Industry led to the Engineering Faculty at the
University of the Witwatersrand developing a number of
academic bridging initiatives for educationally disadvantaged
students. The graduation rate achieved during the initial five
years of operation by the most successful of these programmes
has been on a par with that of all other students but the
performance of subsequent intakes has declined to such an
extent that the continuance of this scheme could now be at
risk. One reason for this reduction in throughput is that many
of the applicants for the increasing number of mining bursaries
have been more interested in the bursary than the profession
and have either failed or dropped oUt due to a lack of application
and motivation. This will have serious consequences for both
Wits and the Industry if it continues and some method of
identifying unsuitable or suspect applicants needs to be
introduced as a matter of urgency. It is recommended that an
introductory course be set up at a working mine that would be
run under the auspices of Wits, as a joint venture with
industry, and include a level of academic input that would
provideboth bridging needs and certain first year credits. The
final form of this course will require extensive consultation
with all parties but needs to be completed before the end of
1996. It is further recommended that the advertising and
promotion of mining careers be expanded and much improved.

Introduction

The Engineering Faculty at the University of
the Witwatersrand (Wits) has long been a
leader in the development of academic
initiatives designed to enable black matric-
ulants to meet the demands of degree courses.
Such development was necessitated by the
short supply from the late 1970s, of locally
produced graduate engineers, and many
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industries, mining in particular, could no
longer rely on the annual recruitment of
overseas graduates because the increasing
political instability and the effects of sanctions
had begun to deter potential immigrants. The
resulting shortfall was exacerbated by a
levelling off in the number of students
applying for engineering degrees and by the
very high failure rate among the few black
matriculants who attempted these courses.
Also, the increased activism among black
students had led to widespread school boycotts
and disruptions, which had tended to further
reduce the number of black pupils matricu-
lating with the subjects and grades required
for entry to the engineering faculty.

This trend had serious implications for
industry, but was especially so for its
expanding sector, which had by then, because
of either enlightened self-interest or social
awareness, introduced some measure of
affirmative action policy into its human
resource planning. These firms generally had
the noble aim of achieving a substantial degree
of black professional representation in their
management structures by the year 2000.
However, it soon became apparent that this
goal would be unobtainable unless both the
number and the success rate of black
engineering students were considerably
increased.

Bridging courses

In an attempt to reduce the obstacles to
successful black participation in engineering
management, the Anglo American Corporation
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(MC) provided funding for an engineering bridging course
based at Wits, which became known as the MC
Undergraduate Cadetship Scheme (UCS). It started in 1980,
and ran for six years under the stewardship of the Education
Faculty. The results of the scheme were disappointing: only 4
of the total intake of 70 over its six years of operation
graduated in the minimum time, and a majority spent two or
more years at Wits before dropping out. Also, not a single
mining graduate was produced, and the sponsors concluded
that this and other issues, such as the very high cost, a lack
of formal links with the main faculty, and the need to
increase numbers, necessitated a major restructuring of the
course.

This resulted in the introduction of the Pre-University
Bursary Scheme (PBS) in 1986, which then became based
within the Engineering Faculty, and which allowed for a
substantial re-structuring of the curriculum in acknowledge-
ment of the fact that far more is involved in the preparation
of potential engineers than only academic development. A
comprehensive 'life skills' component was then introduced,
as well as substantial exposure to the world of general
engineering, which, with the participation of the sponsors,
included two periods of on-site training during the year in
order to provide students with an insight into the
employment activities, responsibilities, and career paths of
company engineers.

Course statistics

The Engineering PBS was designed to accept an annual
intake of 60 students, and achieved this target after three
years of operation. From the ten years that it has been in
operation, shown in Table I, it can be seen that the pass rate
has been around 65 per cent, and that approximately 36
students continue with engineering at Wits each year of
whom 18 eventually graduate. There has been an average
loss of about 6 students per intake owing to reasons other
than academic failure, but many of these have gone on to
graduate in other disciplines and/or at other universities. The
achieved graduation rate, based upon the number entering
the mainstream, has been on a par with the faculty average
of about 58 per cent.

The sponsors of the PBS have generally been satisfied
with the Scheme's performance despite its somewhat low

Table I

pes student performance

N = size of initial intake. P% = PBS pass rate. 1st yr = number entering the
mainstream. Loss = number who dropped out for non-academic reasons.
Grads = number of graduates as at January 96. Max = possible number of
graduates should those still in the system eventually succeed. GR% =
current graduation rate based on the first-year intake
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overall throughput and the small number of graduates. A
comparison between the PBS and the UCS graduation
statistics for the intakes with sufficient years to graduate is
given in Table n, and shows that, although a smaller
proportion of PBS students entered the mainstream, the
graduation rate has been significantly higher and the cost, as
indicated by the total student years per graduate, much
lower. Furthermore, the quality of the graduates, indicated by
the average number of years that each one took to complete
the degree, has also improved. It is probably a valid
assumption that a student who graduates in the minimum
possible time is a better career prospect than one who takes
an extra year or two longer because, although it should be
possible for any student to graduate if he or she remains at
university for long enough, it is unlikely that such individuals
would do well in an engineering career.

The data for direct-entry black students (DEBS) , those
who had either not been offered a place on the scheme or had
rejected one, provide clear evidence that the PBS preparation
has led to a dramatic improvement in throughput and cost, in
spite of the fact that the DEBS tend to have a higher matric
rating than the PBS students do. Details of the white student
performance are included as a guide to the number of
students expected to graduate, the aim of programmes such
as the PBS being to produce at least the same number.
However, the additional year of study required by the PBS
and other similar programmes militates against such
students ever matching the cost or time taken to graduate by
direct-entry students.

Table 11

Comparative graduation statistics

N = net intake for the period. P% =
pass rate for the bridging year. 1st yr

=
net intake into the mainstream. Grads = number of graduates as at
January 1996. Max = total number of graduates should those still in the
system eventually succeed. GR% = graduation rate achieved to date,
based on first year net intake. YTG =

average number of years taken by
each graduate. YPG = total number of student years per graduate.

An encouraging statistic for the sponsors with a mining
interest such as MC, Iscor, and Sasol, has been the
increasing output of mining graduates from the scheme.
Reference to Table III shows that PBS alumni accounted for a
third of the Mining Department's graduation class of
December 1995 and, as the totals show, the PBS has been by
far the major source of black graduates since 1992. This
achievement may well have led to the dramatic rise in the
number of places in the PBS awarded to potential mining
students.

The major reason for this increase in mining graduates is
that black matriculants, ,and specifically those from the PBS,
have graduated at a much higher rate and more quickly in
mining than they do in any other discipline. This is clearly
demonstrated by the comparative four-year graduation rate
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Table 11/

Annual output of mining engineers

"
Other support programmes (WISPE and ESCOS)

t Includes one who may graduate in June 1996

for the Faculty's new intake of 1991, which is shown in
Table IV. The somewhat dismal picture presented by the
remainder of the statistics given in the Table becomes even
worse when one considers that the students accepted by the
Departments of Electrical and Chemical Engineering are of a
much higher quality than those accepted by the Department
of Mining, as measured by either matric rating or PBS course
aggregate. Thus, the better-qualified black students are
shown to fare particularly poorly in their most popular choices
of discipline. The applied nature of much of the mining curri-
culum, rather than the considerable conceptual content
common to the other disciplines, may well be better grasped
by students who have suffered educational disadvantage, but
it must also be acknowledged that the Mining Department
itself has been highly pro-active in supporting these students
during their initial years of the degree through initiatives
such as staff mentoring.

Developments

Although the throughput of the PBS has been encouraging, it
has fallen well short of meeting the increasing demand for
black engineers, and there are indications from the inter-
mediate results achieved by the intakes since 1991 that there
is likely to be a decline in the graduation rate and an increase
in the time taken to graduate. This trend could well
jeopardize the continuation of the scheme and thus negate
much of the Faculty's success in producing a more represen-
tative graduation class. The reasons for this downturn have
not yet been precisely determined and may never be, but it
would appear to be linked to two relatively recent develop-

Table IV

Four-year graduation rate for the 1991 Engineering intake

ments: the increase in the number of places offered to black
matriculants by other schemes, including two at Wits that
form part of the Division of Engineering Support Programmes
(ESP), and a much greater increase in the proportion of
potential mining students among the group selected for the
PBS.

Following the inception of the PBS, similar schemes were
introduced at the universities of Cape Town and Natal in
1988. Other universities set up bridging programmes
subsequent to this, and Wits expanded its involvement by
developing a five-year extended-curriculum programme
known as the Wits Integrated Studies Programme for
Engineers (WISPE), which was superseded in 1992 by an
engineering stream within the College of Science (ESCOS).
Although it has not been possible to ascertain the precise
numbers of matriculants who have been qualified to study
engineering during each of the past ten years, it would seem
unlikely that this number has increased at the same rate as
places that have been offered on these programmes. The
reported decline in the number of university exemptions
gained by the 1995 matriculation class would seem to support
this assumption.

The schemes and their sponsors have thus been drawing
an ever-increasing number of bursars from a static pool of
matriculants, resulting in a decline in the academic quality of
the intakes and an increase in the drop-out rate. Mining
students have generally been at the lower end of the matric
scale, and have thus been more affected by this development
than most others. In spite of the considerable efforts made in
the selection of the increasing mining intake to the PBS and
the promotion of that discipline as an interesting and reward-
ing career during the year, the performance of these students
since the 1991 intake in both the PBS and, for those who
pass it, the first year of study in the mainstream, has been
far from satisfactory, and their graduation rate is likely to fall
well below that obtained previously. The development of this
trend is immediately apparent from the ten years of data
presented in Table V which shows the intake and throughput
for mining students who have entered the mainstream via
anyone of the various schemes that fall under the ESP.

Table V shows how many, or how few, of the students
from the various programmes proceeded into the first year
and then graduated, or can yet do so. It is of concern to note

Engineering
discipline

Chemical
Civil
Electrical
Mechanical
Metallurgical
Mining
Total"

"
The totals exclude students who are repeating a year but include the black (African) numbers given in the remaining columns.

t The DEBS column includes the 9 black students of the final WISPE intake, but only one of these graduated in the minimum time of five years.
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Table V

Intake and throughput of ESP mining students

from the Table that the increase made in the intake from 1991
onwards has, contrary to expectation, led to a decline in the
number entering the first year and also in the proportion that
may graduate. The 'maximum' row in the table is almost
certainly optimistic for the last four years shown in that some
of the students from each of these intakes are still likely to
fail and drop-out. In effect, the Table indicates that the
mining industry is facing a rapidly diminishing return on its
increasing bursary investment. One must conclude that some
alternative strategy to the current one of merely funding
more awards needs to be developed as a matter of some
urgency if these valuable resources are to be utilized more
effectively.

Motivation

From informaldiscussionswith a number of the students
who have failed at either stage and taken up some other
course of study, it has become apparent that many of them
opted to take a mining bursary as a stop-gap while they
settled into Wits and explored the availability of bursaries for
Commerce, Law, and Medicine. Several of those interviewed
admitted that they opted for the PBS in order to enhance their
weak matriculation rating and so improve their course
mobility, and had not intended studying engineering of any
form, let alone mining.

It is alleged, that in addition to the experience of the PBS
in attracting uncommitted bursars to mining, this is also
being experienced in the recruitment of direct-entry
applicants, both black and white. These direct-entry students
may well be applying for such bursaries because there are
fewer awards available to them in other disciplines, but it is
disturbing to note from Table VI that the DEBS intake to
mining continues to grow in spite of their known poor
prognosis. It is also apparent from the Table that the entry to
mining via WISPE and then ESCOShas been minimal, an
indication that those students who are either privately
financed or are recipients of university and other bursaries
without employment commitments are rarely attracted to
mining engineering as a career option.

Although one of the aims of the PBS is to enhance the
students' awareness of all professional engineering options
so that they can "makean informed and committed choice of
career at the end of the year, it would appear that many of
the applicants are stretching this opportunity to the point of
dishonesty and are, in effect, milking the system dry.
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Table VI

First-year new intake in Mining Engineering

* Other support programmes (WISPE and ESCOS) in their second year

One development that may well have contributed to this
unsatisfactory situation is the declining quality of the student's
sitework experience, a vital element of the PBS approach in
motivating students towards the desired engineering
discipline. In the early days of the scheme, there was a major
'nvolvement in this activity by relatively senior engineers,
who acted as mentors and both designed and monitored their
charges' sitework programmes. In recent years much of this
has been delegated to training departments, which have often
substituted time-absorbing workshop practice for the
preferred, and far more motivational, mentored work
experience and project-based activities.

Alternative approach

Because a commitment to the profession would seem to play

such an important part in the academic and career success of
mining applicants, some method of assessing and developing
this before they are offered expensive bursaries could well
improve the throughput and reduce costs. Although it is not

the role of a university to dictate to industry how it should go
about selecting and preparing its bursars, both parties would
clearlybenefit should this be improved.Someform of joint
venture, like the PBS, might well be the most efficient
approach to achieving this.

One possible model would be for potential mining bursars
to undergo an extensive, employment-based introduction to
the miningenvironmentthat would enable unsuitable or
suspect applicants to be weeded out while, at the same time,
improving the preparedness and motivation of the remainder.
This could be similar in structure to the type of programme
that learner mine officials currently undergo during their first
two years of block release, but the programme should be
somewhat more focused and the students should be assessed
regularly.

The course would need to be based at a working mine
that could cater for the envisaged extensive workplace
experience, but would probably have to be run under the
auspices of a university because it would also include a sub-

stantial academic element, probably somewhat similar to the
PBS content and, where possible, the course should be taught
on campus. It is envisaged that those who pass the require-
ments of this course would then enter the first-year main-
stream at university, possiblywith creditor exemption for
part of the curriculum;and that others, at various stages
during the course, would be streamed off to a technikon, or
to some other institution appropriate for the individuals
concerned.

The setting up of such a scheme will require the co-
operation and support of the industry as a whole. There are
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already major differences of opinion as to the optimum
recruitment policy for mining bursars, and the scheme will
not work effectively if there are doubts as to its merits.
Informal discussions have indicated that the suggested
approach would attract the requisite support and could, no
doubt, be improved upon during the subsequent consultation
process. It has been suggested by some that a moth-balled or
under-utilized mining training centre would be the ideal
location for this type of scheme, while others have indicated
a firm preference for separate work and academic blocks. It is
to be hoped that consensus will not become a protracted
affair and delay the possibility of implementation beyond the
start of 1997.

Career promotion

The success or otherwise of any scheme to increase the output
of black mining engineers will depend to a great extent on
the numbers and academic quality of the matriculants who
are attracted to the profession. Although a significant propor-
tion of the black applicants for mining are probably enticed
by the bursaries that are offered, there are probably, but not
exclusively, many less-qualified matriculants who have never
even considered such a career but could well succeed in it.
The general career information provided for matriculants by
the mining industry appears to be less self-promotional than
that provided by many other sectors, and is certainly not as
effective in attracting high-quality applicants from the black
community.

A major advertising campaign and a greater effort in career
guidance introduced into schools at the standard 8 and 9
levels could be highly beneficial in this regard. Introducing
youngsters to the challenges and technology of the industry
through a series of suitably informative presentations and
structured visits should result in a better response than that

from present campaigns, which seem to concentrate on the
dangers of rock bursts and mud rushes and involve brief
visits to the hottest and most inaccessible of stopes.

Conclusions

Although the various bridging initiatives introduced at Wits
over the past 15 years have had a measure of success, it is
apparent from recent trends that this is unlikely to continue,
and that the expected decline in throughput, coupled with
increasing costs, is likely to endanger the continuance of
such schemes. Because of the small number of qualified black
matriculants being produced at present by the transitional
education system, there is nothing to be gained from merely
continuing to increase the number of bursary awards.
Furthermore, the suspected reasons for the acceptance of
awards to study mining by the current bursars would apply
equally to any additional recruits, and there is a need for
some method of inculcating a commitment to the profession
and of filtering out the unmotivated.

The development of an introductory course based in the
workplace environment could achieve these desired results
provided that it gains the full support of the industry and is
linked to a substantial investment in the promotion of mining
careers. The viability of such a radical departure from the
current approach will depend upon its acceptability by all
members of the mining fraternity. However, the time
available to achieve the necessary agreement is limited, and a
start on this should be made as soon as possible.

The demand for black mining graduates is increasing,
while the funding required to support their production has
now to be found from decreasing profits. Urgent action is
required if these two realities are to be dealt with in a manner
beneficial to both the industry and Wits. .
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