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The general conclusion arrived at in the literature is that the South African National Senior Certificate (NSC) is not a

reliable predictor of academic success at traditional universities. By sharing research undertaken at a South African

University of Technology (UoT) on the impact of individual cognitive factors andNSC results on study success, this paper

shows that this conclusion is not necessarily true for South African UoT Engineering students. To assess this impact and

determine the readiness of students for UoT Engineering curricula, the relationship between pre-university academic

factors and the success of engineering students was investigated. An ex post facto study was carried out on a sample of 416

students drawn from first-time-entering National Diploma engineering student cohorts of 2009 and 2010 to determine a

possible correlation between their NSC results, additional pre-admission test results and the number of subjects passed

after one year and four years of study, respectively. The findings indicated thatNSCMathematics and Physical Science are

statistically themost significant predictors of success in the first year. Despite the pre-admission tests used in this study not

revealing significantly more about a student’s potential than only the final NSC results, the conclusion reached by the

researchers was that such tests might be useful when student application data is unreliable, i.e. when students apply with

Grade 11 or interim Grade 12 results.
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1. Introduction

Various studies have shown that the higher educa-

tion study duration and success rate vary consider-

ably between countries. While higher education

participation rates have risen sharply in many

European countries, about one third of all entrants

leave higher educationwithout completing a degree.
Completion rates vary greatly between countries: in

some countries, only a minority of entrants com-

plete the course; in others, almost all do. Higher

education survival rates range from over 80% in the

United Kingdom to 55% or less in Austria, France,

Portugal andTurkey; in Italy the survival rate is just

35% [1]. Overall, a third of students in the Organisa-

tion for Economic Co-operation and Development
(OECD) countries withdraw from higher education

before obtaining a diploma [2]. Success rates also

vary considerably between different fields of study.

The highest success rates are frequently found in

medicine and dentistry courses, while the technol-

ogy educational sector often falls behind, achieving

only moderate or low success rates.

TheHigher EducationManagement Information

System (HEMIS) of the South African Department

of Higher Education and Training (DHET) only

recently matured to such an extent that broad

undergraduate cohort studies, starting with the

2000 first time entering intake, became possible.

Scott, Yeld and Henry [3], in a research report

commissioned by the Council for Higher Education
(CHE) of South Africa, reported that despite sig-

nificant improvements in access, substantial short-

comings in performance in terms of completion

rates remain. These researchers performed a basic

analysis of current student performance patterns

using a disaggregation of student data provided by

theDHETand argued that systemic responses, such

as the reform of core curriculum frameworks, build-
ing educational expertise in the sector and strength-

ening structures to enforce accountability, are

essential for improving outcomes.

In their report, Scott, Yeld and Henry [3] noted

how the 2000 cohort study conducted by the DHET

revealed that, five years after entering their course of

study (i.e. in 2004), only 30% of the total first-time-

entering student intake had graduated, 14% were
still in the system and 56% had left without graduat-
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ing. Only 54% of the students who enrolled for a

four-year professional bachelor’s degree in 2000 in

Engineering, had graduated within a five-year

period, while 19%were still in the system. Although

disturbing overall, the picture for engineering stu-

dents at Universities of Technology (UoTs) is much
worse. Nationally, a mere 17% of students who

enrolled for a three year National Diploma in

Engineering in 2000, at residential educational

institutions graduated within a five-year period

while 14% were still in the system. Based on these

findings, fundamental, targeted interventions are

clearly long overdue and urgently required.

Despite the survival rate of tertiary students being
comparable to that of someEuropean countries, the

dismal state of the secondary and primary school

system in South Africa is no secret. Higher Educa-

tion South Africa (HESA) chairman, Professor

Theuns Eloff, during August 2009, told Parlia-

ment’s higher education committee that most first-

year students could not read, write or comprehend

adequately [4]. Professor Nan Yeld, Dean of the
Centre for Higher Education Development at the

University of Cape Town, is the principal investi-

gator of the National Benchmark Tests Project

(NBTP), commissioned in 2005 by HESA. The

NBTP, initiated to provide criterion-referenced

information to supplement the new national

school-leaving examinations and based on a new

school curriculum, had its first trials in February
2009 and the outcome has not been encouraging [5].

Thirteen thousand students already accepted for

tertiary education were tested. Findings revealed

that only 25% were proficient in quantitative lit-

eracy. Only 7% tested proficient inmathematics and

a meagre 20% tested achieved an intermediate level

in mathematics. No more than 47% tested were

proficient in English, the dominant language used
for tertiary education [5].With fewer than half of all

first-year students possessing the necessary aca-

demic skills to succeed, vice-chancellors warned

Parliament that a further drop in retention of, in

particular, black students, who comprise approxi-

mately 63% of the total enrolment, should be

expected [4]. The majority of the students tested

were first graduates of the Outcomes Based Educa-
tion (OBE) school curriculum, which is widely

blamed for the prevailing situation. Although find-

ings such as those reported by Rudd and Steedman

[6] showing that in the UK middle range General

Certificate of Secondary Education (GCSE) grades

(C, D, E and F) in English andMathematics do not

appear to guarantee threshold attainment levels in

basic numeracy and literacy as measured by the
Adult Literacy and Basic Skills Unit (ALBSU)

tests, are alarming, the South African situation

seems worst.

Internationally, many studies were done to com-

pare the Scholastic Aptitude Test (SAT), Scholastic

Assessment Test (SAT 1) and High School Grade

Point Average (HSGPA), or indicators such as the

General Certificate of Education Advanced Level

(A-level) or the National Certificate for Educa-
tional Achievement (NCEA), with first year or

freshman success [7–17]. Ting looked at non-cog-

nitive factors, using the Non-Cognitive Question-

naire (NCQ) in combination with SAT and Grade

Point Average (GPA) and found that the inclusion

of non-cognitive factors with SAT is more effective

in predicting success [18]. Studies such as the one by

Sackett, Kuncel, Arneson, Cooper andWaters [14],
where they mentioned that critics claim that SAT

tests actually measure Socioeconomic Status (SES)

[8], have added relevance in the South African

context. In South Africa poverty is often divided

along racial lines and a vast majority of students

come from poor and historically disadvantaged

communities [19–21] due to the Apartheid regime

that did not afford everybody equal education. In
South Africa SES plays a definite role in academic

progress. According to Harding, the educational

reform that was introduced by the new democratic

government failed the poor again as the teachers

did not manage to teach the Outcomes-based

Education system that was adopted [20, 21].

2. Economic perspective

Underprepared students lead to extensive rates of

dropping out, which in turn leads to economic loss

and a shortage of high-level skills nationally. Scott,

Yeld and Henry [3] re-iterated the findings of

Moleke [22] who pointed out that the fact that

high-level skills shortages have been identified is a
clear indicator that the country’s needs are not being

met and that a mismatch between output and the

requirements of the economy exists. Du Toit and

Roodt [23], who conducted a detailed analysis to

quantify the shortage of engineering skills in South

Africa and put forward an array of reasons to

explain the deficit, indicated that the shortage in

engineering capacity faced by South Africa, parti-
cularly in the public sector, is one of the worst

capacity and scarce-skills crises in a long time.

They noted that SouthAfrica only has 473 engineers

per million citizens while Japan has 3 306 engineers

per million citizens. Lawless [24] noted that South

Africa’s capacity is low when compared to other

developing countries. To put it in another way,

South Africa has 3 166 people per engineer while
Malaysia has 543 people, Brazil 227 and India 157

people per engineer.

The theory of human capital [25–27] forms the

starting point for an economic perspective on
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education. The length of the study duration in

university education is interpreted as the result of

individual cost-benefit considerations. Costs and

benefits are understood in the broadest possible

sense so that not just financial but also non-

material arguments, e.g., ‘usefulness and satisfac-
tion’, are considered [28]. Although cost-benefit

considerations are an individual’s decision, the

decision is not reached on a purely individual

basis. More factors than just his or her individual

characteristics such as their capacities influence the

size and capacity of the individual’s costs and

benefits; the student’s social and cultural contexts

also play a role [29, 30]. For example, the education
and professions of the student’s parents, as well as

the parental income are strongly associated with

this, and are co-determinants for the form and size

of the cost-benefit curves [31]. A distinction is made

in the so-called cultural theories, between the

theoretical conflict vision, in which an individual’s

social status, race and gender determine his/her

social position, and the structurally fundamental
vision [32]. In this second vision, not only do social

status, race and gender play a role but also indivi-

dual (psychological) characteristics, such as apti-

tude, motivation and effort. Social skills acquired

by the individual are influenced by (school) experi-

ences, [33, 34]. In the present study, the focus is

placed on the impact of individual cognitive factors

on study success.

3. Research questions

The following research questions were formulated
to determine the impact of individual cognitive

factors, including that of the NSC, a national

examination at the end of Grade 12, on study

success when following a typical UoT Engineering

curriculum:

1. What is the strength of the relationship between

pre-admission cognitive factors (NSC, EPT,

PIBspEEx and ELSA (section on Independent
Variables refers)) and the number of subjects

passed after one year of study?

2. What is the strength of the relationship between

pre-admission cognitive factors (NSC, EPT,

PIBspEEx and ELSA (section on Independent

Variables refers)) and the number of subjects

passed after four years of study?

3. Do additional tests such as the EPT, PIBspEEx
and ELSA add any value to student selection?

4. Method

4.1 Setting and participants

This study was conducted in the Faculty of Engi-

neering and the Built Environment of the Tshwane

University of Technology (TUT), South Africa.

Participants selected for this study were 174 first

year students from the 2009 first-time-entering

National Diploma cohort and 269 first year stu-

dents from the 2010 first-time-entering National

Diploma cohort. The data of 416 students were
therefore available for the analysis of academic

performance. The students in the sample were

admitted based only on their NSC results, but

were also subjected to the EPT, PIBspEEx and

ELSA tests (the following section refers) during the

faculty’s Orientation Week, to collect cognitive

factor data and to establish which students might

need additional support. International students
and other students who had not followed the

NSC curriculum, students who wrote the NSC

before 2008 (old curriculum) and students who

had not attended the faculty orientation weeks

during 2009 and 2010, were not included in the

sample.

Currently, students interested in studying engi-

neering at a South African University of Technol-
ogy first enrol for a three year National Diploma.

After successfully completing the National

Diploma, deserving students may add another

year of full-time study to obtain the Bachelor of

Technology degree. The Engineering Council of

South Africa (ECSA), a co-signatory of the

Dublin and Sydney accords, accredits these qualifi-

cations, resulting in international recognition in co-
signatory countries. The National Diploma com-

prises four semesters of theoretical study and two

semesters of industry placement. Providing that a

student does not fail any subject, he/she will be able,

on average (depending on the engineering sub-

discipline) to complete 12 of the 24 theoretical

subjects during the first year. Since there is on

average, a lag of three months to find industry
placement, students in the sample were tracked for

four years, i.e. one year longer than the minimum

duration of three years to obtain the National

Diploma.

During the first year, only 18% of students in the

sample passed all their subjects. After four years,

28% of students in the sample met the requirements

for graduation, a significantly higher percentage
than that of the National Diploma in Engineering’s

average for the 2000 cohort as reported by Scott,

Yeld and Henry [15]. Eighteen percent of the

sample dropped out or were academically

excluded, leaving 54% remaining in the system.

About 28% of the students in the sample who

remained in the system after the fourth year were

busy completing their industry placement require-
ment. Students at TUT are usually allowed double

the minimum duration, i.e. six years, to complete

the National Diploma.
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4.2 Independent variables

4.2.1 National senior certificate

The Mathematics, Physical Science and English

scores, as well as the Academic Potential Score

(APS), i.e. the aggregate of allNSC subjects, exclud-

ing Life Orientation, were used.

4.2.2 PIBSpEEx [34]

The PIBSpEEx is a commercial test developed by

Psi systems and has been used by TUT (previously

Technikon Pretoria, before 2004) for more than a

decade. In this study, only the seven PIBSpEEx

source competencies related to cognitive potential

were used.ThePIBSpEEx scales are classified by the

PsychometricsCommittee of theBoard for Psychol-

ogy of the Health Professions Council of South
Africa (HPCSA) and are subjected to ongoing

independent research. Claimed predictive validities

range from 0.70 to 0.94 while test reliabilities range

from 0.58 to 0.92.

4.2.3 Engineering Placement Test

The EPT was developed at TUT (Technikon Pre-

toria prior to January 2004) as part of an Engineer-

ing Access Initiative and has been used as part of a

battery of admission tests during the period 1999–

2007. Each question, sub-section, student scores

and subsequent student performance during the

first year of study, were reviewed on an annual

basis to find a balance between predictive validities
and test reliability. In contrast to the PIBSpEEx

source competencies, which focus on cognitive

potential, the EPT largely tests for a basic disci-

pline-specific understanding and the ability to apply

basic mathematics and science knowledge to solve

problems. Further development on the EPT ceased

in 2007.

4.2.4 ELSA [36]

The English Literacy Skills Assessment test is a

standardised English proficiency measuring instru-

ment designed and developed in SouthAfrica by the

Hough and Horne consultancy. Reported predic-

tive validity is 84% and reported reliability is 0.67.

4.3 Dependent variables

The respective percentages of subjects passed, after

the first and fourth years of study, were used as

dependent variables. The students who do not

succeed in passing more than 50% of the prescribed

subjects for a particular year of study at TUT are
placed on academic probation. For the purpose of

our study, we did not exclude students from our

sample that withdrew or were academically

excluded before the end of the period under inves-

tigation, since the ultimate aim of this study was to

identify which independent variables are able to

predict success reliably.

5. Limitations

Before data from this study is analysed, discussed

and conclusions drawn, some limitations should be

noted:

1. Although the NSC is a National examination

and TUT currently is one the most demogra-

phically representative UoTs in South Africa,

the data has nonetheless been drawn from a

single institution and caution should be exer-
cised before broad generalisations are made.

2. As mentioned, the EPT is unique to TUT and

not all UoTs administer the PIBSpEEx or

ELSA tests. Caution should therefore be exer-

cised before generalising the value of additional

admission tests.

3. Although all National Diplomas in Engineer-

ing at South African universities are quality
assured by ECSA and follow the contents

described in Nated Report 151 [37], small

institutional differences are inevitable.

6. Data analysis

In summary, the study attempted to identify which
independent variable(s) (NSC, PIBspEEx, EPT and

ELSA) might serve as predictors for academic

success as measured by the dependent variables

(percentage of subjects passed after the first and

fourth years of study).

MATLAB,Version 7, was utilised for all analyses

conducted. Firstly, significance tests determined

which independent variables were significantly dif-
ferent for the group of students who passed more

than 50% of the curriculum during a given period,

and the group whose members failed more than

50%. Both the two-sided t-test and bi-variate logis-

tic regression were used. Where appropriate, the

Wilcoxon rank sum test was also performed to

verify the results of the two-sided t-test since there

were concerns that not all independent variables
were normally distributed. Pearson correlation was

carried out to determine if there was a significant

correlation between an independent variable and

the percentage of subjects passed during a specific

period. Stepwise linear regression, a step-by-step,

iterative construction of a linear regressionmodel to

find the combination of independent variables that

best explain the dependant variable, was also per-
formed. To enable us to compare the magnitude of

the regression coefficients, the independent vari-

ables were normalised by subtracting the mean

and dividing by the variance.
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6.1 After one year

The correlation between the significance values
given by the two-sided t-test and bi-variate logistic

regression, which was included for confirmation

and comparison purposes, is obvious in Table 1. It

is clear that of all NSC results, Mathematics and

Physical Science are the two most significant inde-

pendent variables todiscriminate between the group

who passed � 50% of their subjects and the group

who failed >50% . Pearson correlation was also
performed to determine if there was a significant

correlation between an independent variable and

the percentage of subjects passed after one year. The

correlation coefficients are indicated in parentheses;

it is obvious that of all NSC results, Mathematics

has the highest correlation coefficient, i.e. 0.32.

Stepwise linear regressionwas alsoperformed.To

enable the researchers to compare the magnitude of
the regression coefficients, given in parentheses, the

independent variables were normalised by subtract-

ing the mean and dividing by the variance. The

coefficient for Mathematics is only marginally

larger than the coefficient for Physical Science

while both their significance values are smaller

than 0.001. The standard errors are indicated in

italics. None of the other NSC, EPT or PIBspEEx
variables, except Observance, from the PIBspEEx

test, were included in the final result of the stepwise

linear regression, irrespective of the initial variables

used. The fraction of variability in the response

fitted by the model (or explained variance) is 43%.

If just Mathematics and Physical science are used,

the fraction of variability in the response fitted by

the model drops to 40%.

If one assumes that the final NSC results are not
available, then the question arises whether the

PIBspEEx and EPT results on their own have the

same significance and predictive value as the NSC

results. The results for such a scenario are provided

in Table 2. Stepwise linear regression was again

performed, but with the NSC results excluded.

The independent variables were again normalised

by subtracting the mean and dividing by the var-
iance to enable us to compare the magnitudes of the

coefficients. In the absence of NSC Mathematics,

the Algebra section in the EPT gained prominence.

The third column of Table 2 demonstrates that the

magnitude of the coefficient for Algebra is more

than twice the value of the coefficient for Obser-

vance. The fourth column of Table 2 demonstrates

that when using different initial terms, Algebra and
Conceptualization may alternatively end up in the

final model. However, when both terms are made

part of the model, their significance values decrease

considerably; this is probably due to there being a

significant correlation between these terms (correla-

tion coefficient is 0.38). The fraction of variability in

the response fitted by the model in column three is

BJ van Wyk et al.1162

Table 1. Significance values for NSC and pre-admission test variables (* < 0.1, ** < 0.05, *** < 0.01, **** < 0.001)

Significance (p-value)

Independent variables

Two sided
t-test/ Wilcoxon
rank sum

Pearson
Correlation

Bi-variate Logistic
Regression

Stepwise Linear
Regression

PIBspEEx Test 1: Conceptualization ** *** (0.19) **
2: Mental Alertness ** * * (0.13) **
3: Observance * *** (0.18) * *** (4.57) 1.65
4: Insight * * (0.12) *
5: Calculations (0.01)
6: Assembly * * (0.12) *
7: Reading Comprehension (0.03)
8: Combined Score
(Aggregate of 1–8)

** *** (0.17) **

Engineering
Placement Test

9: Algebra **** *** (0.18) ** *
10: Logic * ** (0.14) *
11: Numeracy *** *** (0.18) ** *
12: Mechanics (0.02)
13: Electricity (0.09)
14: Chemistry ** ** (0.13) **
15: Trigonometry ** ** (0.14) **
16: Combined Score
(Aggregate of 9–15)

**** **** (0.22) ***

NSC Results 15: Mathematics **** **** (0.32) **** **** (7.77) 1.66
16: Physical Science **** **** (0.11) **** *** (6.49) 1.72
17: English (0.01)
18: APS (aggregate of NSC
subjects)

*** *** (0.17) **

ELSA * (0.01) *



25%while the variability in the response fitted by the

model if only the combined EPT score is used, is

22%.

6.2 After four years

The correlation between the significance values

given by the two-sided t-test and bi-variate logistic

regression, which was included for confirmation

and comparison purposes, is again apparent in

Table 3. It is evident that of all the NSC results,
Mathematics and APS are the two most significant

independent variables to discriminate between the

group who passed � 50% of their subjects and the

group who failed >50%. Pearson correlation was

also performed to determine if there was a signifi-

cant correlation between an independent variable

and the percentage of subjects passed after four

years. The correlation coefficients are indicated in
brackets; it is clear that of all NSC results, Mathe-

matics has the highest correlation coefficient, i.e.

0.23. The results for the PIBspEEx, EPT and ELSA

tests are omitted, since the significance values for the

two-sided t-test, bi-variate logistic regression and

correlation were all > 0.1. It is also of interest that

the significance value of Physical Science dropped to

< 0.05, that the significance value of APS increased
to< 0.01 and that a slight increase in the significance

of English was observed. An explanation for this

might be that the syllabus places a lesser emphasis

on fundamentals and a greater emphasis on applica-

tion, integration and communication, including

presentations and report writing. Nevertheless, as

expected, the performances of a student, after one

semester and one year of study, have significance
values < 0.001.

Pearson correlation was also performed to deter-

mine if there was a significant correlation between

the NSC results, the percentage of subjects passed

after one semester, and the percentage of subjects

passed after one year together with the percentage

subjects passed after four years. The correlation

coefficients are shown in parentheses and it is

obvious, that as expected, the percentage of subjects

passed after one year of study is a powerful pre-
dictor of academic success during subsequent years.

7. Discussion

On average, as noted, the National Diploma stu-

dents are required to complete 12 subjects during

their first year. Of the students in the sample, only

18% passed all their first and second semester

subjects during the first year. If one takes into

consideration that at least nine of the subjects

studied during the first year are mathematical and

scientific in nature and use mathematical concepts
extensively, then it comes as no surprise that there is

such a strong correlation (0.32) between the perfor-

mance in NSC Mathematics and the percentage of

subjects passed during the first year. It is therefore

logical that NSC Mathematics has a statistical

significance value of less than 0.001 (two-sided t-

test, bi-variate logistic regression and linear regres-

sion, as perTable 1), despite the criticisms levelled at
the OBE syllabus and the South African schooling

system in general. Klopper [38] and Rademeyer [20]

pointed out that in 2008, when the first of theseNSC

exams were written, 592 000 of the learners wrote

the mathematics exam in 2008, yet only 4% passed

with more than 50%. As pointed out at the begin-

ning of this article, the general conclusion drawn in

the relevant literature is that the NSC is not a
reliable predictor of academic success [39, 40]. The

results in this paper have demonstrated that this

conclusion is not necessarily true for UoT engineer-

ing students and that NSC Mathematics and Phy-
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Table 2. Stepwise linear regression results for pre-admission test variables (*< 0.1, ** < 0.05, *** < 0.01, **** < 0.001).

PIBspEEx Test 1: Conceptualization *** (5.47) 2.63 * (3.74) 2.27
3: Observance *** (4.8) 2.76 * (1.9) 3.51

Engineering Placement Test 9: Algebra *** (10.4) 2.7 ** (9.37) 2.40 ** (9.64) 3.88

Table 3. Significance of significant pre- and post-admission variables (* < 0.1, ** < 0.05, *** < 0.01, **** < 0.001)

Significance (p-value)

Independent variables Two sided t-test/
Wilcoxon rank sum

Pearson
Correlation

Bi-variate Logistic
Regression

NSC Results Mathematics **** **** (0.23) ****
Physical Science ** ** (0.12) *
English ** ** (0.12) *
APS (aggregate of NSC subjects) *** ** (0.13) ***

Post admission
variables

Mathematics I **** **** (0.55) ****
% Subjects passed after one semester **** **** (0.64) ****
% Subjects passed after one year **** **** (0.72) ****



sical Science are indeed statistically significant indi-

cators of success in engineering courses at a UoT.

The problem is not with the NSC, but rather, as

indicated in Tables 4a and 4b, that there are too few
students with high enough NSC Mathematics and

Physical Science results entering engineering pro-

grammes. When, for example, separating the

sample into those who have passed with more

than 50% of the subjects after one year and those

who have not, themedians of theNSCMathematics

scores for these two groups are 5 (i.e. 60-69%) and 6

(i.e. 70-79%) respectively. Similarly the medians of
the NSC Physical Science scores for these two

groups are 4 (i.e. 50-59%) and 5 (i.e. 60-69%)

respectively. The two-sided t-test confirmed that

these differences are highly significant (p <

0.0001). As indicated in Tables 4a and 4b, the

difficulty is that 33% (68%) of the sample obtained

a score below 60% for Mathematics (Physical

Science) and it is largely this group of students
who were put on academic probation.

Table 3 showed that of all the NSC results,

Mathematics and APS are the two most significant

independent variables to discriminate between the

group who passed � 50% of their subjects and the

groupwho failed>50%after four years of study. It is

clear that of all NSC results, Mathematics has the

highest correlation coefficient, i.e. 0.23. It is also
obvious that, that as expected, the percentage of

subjects passed after one year of study is a powerful

predictor of academic success during subsequent

years. Although Adamson and Clifford [16] in their

UK-based study reported a much stronger correla-

tion between A-levels and success than we reported

between APS and success in the UoT system,

equally high correlations between performances
during the first and subsequent years, are reported.

Nevertheless, directly comparing our results with

similar studies conducted in other countries remain

problematic due to differences between systems.

Many comparable US-based studies use the

HSGPA (comparable to the APS in the South

African system) and SATMath scores, but not

individual high school Mathematics and Physical

Science scores, as independent variables. Although

a weak relationship is sometimes reported between

SAT scores and college performance (see [7] and [9]
for example), if the APS and NSCMathematics (or

Algebra component of the EPT) scores are consid-

ered comparable to the HSGPA and the SATMath

scores, our results are consistent with previous

institutional and cross-institutional engineering

education research studies showing that HSGPA

andSATMath are reliable predictors of college level

performance in engineering studies [11, 12].
Camara andEchternacht [7]mention the fact that

colleges are selecting students but students are also

selecting colleges. In this regard UoTs in South

Africa are competing for the pool of students who

did not get admission to traditional universities or

who obtained lower Academic Potential Score

(APS) scores from the onset. In general there are

too few students with high enough NSC Mathe-
matics and Physical Science results entering UoT

engineering programmes and it is clear that simi-

larly to other countries, South Africa is also experi-

encing a serious decline, not only in students’

mastery of basic mathematical skills and level of

preparation for mathematics-based degree courses,

but also in the number taking preparatory mathe-

matics courses, contributing to a smaller pool to
select from [41, 42].

Another issue experienced by South African

institutions is the fact that the majority of students

apply using their Grade 11 or mid-Grade 12 results

and that there is not a reliable correlation between

these results and the final National NSC results.

When correlating the results with which students

applied and their finalNSC results, then the correla-
tion coefficients for Mathematics, Physical Science

andEnglish are 0.09, 0.20 and 0.33, respectively. It is

thus straightforward to predict how thismay lead to

difficulties with selection, admission and planning.

The only way to mitigate this problem is to use

admission tests, since the results from tests such as

the PIBspEEx and EPT correlate more accurately

with performance during the first year (Tables 1 and
2 refer) than interim Grade 12 or Grade 11 results.

Although the additional tests used in this study told

us nothing more than could be inferred from the

final NSC results, they do however have a purpose

and place in the system, until interim school results

may be relied on.

8. Conclusion

It seems obvious that the South African public

higher education sector has no choice but to balance
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Table 4a. Cumulative Mathematics Profile of Sample

NSCMathematics Score Cumulative% Applicants

< 50% 7%
< 60% 26%
< 70% 59%
< 80% 89%
< 100% 100%

Table 4b. Cumulative Physical Science Profile of Sample

NSC Physical Science Score Cumulative% Applicants

< 50% 18%
< 60% 50%
< 70% 83%
< 80% 96%
< 100% 100%



access and retention targets. As was plain from the

background discussion and the data presented in

this paper, a noteworthy number of students

admitted to Universities and Universities of Tech-

nology in South Africa are not sufficiently acade-

mically prepared for tertiary education. Thirty-two
percent of first-time-entering engineering students

in the studied sample passed less than 50% of their

subjects during the first year of study, leading to

academic probation andultimately to dropping out,

forced withdrawal, disillusionment and significant

economic loss for all concerned – family, the uni-

versity and the national economy. Since NSC

Mathematics and Physical Science scores remain
statistically the most significant indicators of suc-

cess in the first year, it is not difficult to contemplate

that an improvement in secondary education in

South Africa will minimise this loss.

Since the combined effect of admitting increasing

numbers of underprepared students in an effort to

meet government targets for providing access to

previously disadvantaged studentswhile attempting
to stay financially viable as an institution have a

direct, detrimental influence on retention, admis-

sion policies should be revised to correlate access

and enrolment targets with retention targets. The

authors are currently investigating the development

of an optimal admission policy for engineering

technology students. Additional tests used in this

study have not revealedmore than could be inferred
from the final NSC results, but it is envisaged that

admission tests will be part of such a policy, at least

until such time as interim school results become

more reliable.

References

1. OECD,Education at a Glance: OECD Indicators 2000, Paris:
Organization for Economic Cooperation and Development,
http://www.oecd.org, Accessed 10 July 2011.

2. OECD, 2010, Education at a Glance: OECD Indicators 2010.
Paris: Organization for Economic Cooperation and Devel-
opment, http://www.oecd.org, Accessed 10 July 2011.

3. I. Scott, N. Yeld and J.Henry,A case for improving teaching
and learning in SouthAfrican higher education,HEMonitor
6, http://www.che.ac.za, Accessed 10 July 2011.

4. K. MacGregor, University world news, Africa edition, http://
www.universityworldnews.com/article.php?story= 2009081
6082047397, Accessed 10 July 2011.

5. M. Roodt, Education, in J Kane-Berman (ed), South Africa
Survey 2009/2010,SouthAfrican Institute ofRaceRelations,
Johannesburg, 2010, pp. 459.

6. P. Rudd and H. Steedman, GCSE grades and GNVQ
outcomes: Results of a pilot study, Centre for the Economics
of Education, 1997, http://cep.lse.ac.uk/pubs/download/
DP0366.pdf, Accessed 15 January 2015.

7. W. J. Camara and G. Echternacht, The SAT[R] I and High
School Grades: Utility in Predicting Success in College.
Research Notes, http://eric.ed.gov/?id=ED446592, Accessed
16 November 2014.

8. J. M. Rothstein, College Performance Predictions and SAT,
Working Paper 45, http://eml.berkeley.edu/�cle/wp/wp45.
pdf, Accessed 16 November 2014.

9. T. Abdel-Salam, P. Kauffmann and K Williamson, A Case

Study: DO High School GHPA?SAT Scores Predict the
Performance of Freshman Engineering Students?, Proceed-
ings of the 35th ASEE?IEEE Frontiers in Education Con-
ference, Indianapolis, 19-22October 2005, http://fie2012.org/
sites/fie2012.org/history/fie2005/papers/1292.pdf, Accessed
17 November 2014.

10. J. Grandy, Ten-year Trends in SAT Scores and Other
Characteristics of High School Seniors taking the SAT and
Planning to Study Mathematics, Science or Engineering.
Research Report, http://files.eric.ed.gov/fulltext/ED289739.
pdf, Accessed 17 November 2014.

11. B. F. French, J. C. Immekus andW. C. Oakes, An examina-
tion of Indicators of Engineering Students’ Success and
Persistence, Journal of Engineering Education, 94(4), 2005,
pp. 419–425.

12. G. Zhang, T. J. Anderson, M. W. Ohland and B. R.
Thorndyke, Identifying Factors Influencing Engineering
Student Graduation: A Longitudinal and Cross-Institu-
tional Study, Journal of Engineering Education, 93(4), 2004,
pp. 313–320.

13. J. L. Kobrin, B. F. Patterson, E. J. Shaw, K. D.Mattern and
S. M. Barbuti, Validity of the SAT for Predicting First-Year
College Grade Point Average, http://research.collegeboard.
org/sites/default/files/publications/2012/7/researchreport-2008-
5-validity-sat-predicting-first-year-college-grade-point-
average.pdf, Accessed 18 November 2014.

14. P. R. Sackett, N. R. Kuncel, J. J. Arneson, S. R. Cooper and
S.D. Waters, Socioeconomic Status and the Relationship
between the SAT and Freshman GPA: An analysis of data
from 41 Colleges and Universities, http://research.college
board.org/sites/default/files/publications/2012/9/research
report-2009-1-socioeconomic-status-sat-freshman-gpa-analysis-
data.pdf, Accessed 18 November 2014.

15. A. Olani, Predicting First Year University Students’ Aca-
demic success, Electronic Journal of Research in Educational
Psychology, 7(3), 2009, pp. 1053–1072.

16. J. Adamson and H. Clifford, An appraisal of A-level and
university examination results for engineering graduates,
International Journal of Mechanical Engineering Education,
30(3), 2002, pp. 265–279.

17. A. James, C. Montelle and P. Williams, From lessons to
lectures: NCEA mathematics results and first year mathe-
matics performance, International Journal of Mathematical
Education in Science and Technology, 39(8), 2008, pp 1037–
1050.

18. S.R.Ting, Predictingacademic success of first-year engineer-
ing students from standardized test scores and psychological
variables, International Journal of Engineering Education,
17(1), 2001, pp. 75–80.

19. V. John, A matric pass means nothing, http://mg.co.za/
article/2014-01-09-a-matric-pass-means-nothing, Accessed
22 November 2014.

20. A. Harding, Mathematical modelling: From school to uni-
versity,Die Suid-Afrikaanse Tydskrif vir Natuurwetenskap en
Tegnologie 28(4), 2009, pp. 355–365.

21. A. Rademeyer, South Africa’s mathematics crisis: Innova-
tive resolution imperative, Die Suid-Afrikaanse Tydskrif vir
Natuurwetenskap en Tegnologie 28(4), 2009, pp. 393–398.

22. P.Moleke, Inequalities in higher education and the structure of
the labour market, Cape Town: HSRC Press, 2005.

23. R. Du Toit, and J. Roodt, Engineers in a developing country:
The profession and education of engineering professionals in
South Africa,HSRC Press, Cape Town, 2009.

24. A. Lawless,Numbers and needs: Addressing imbalances in the
Civil Engineering profession, South African Institute of Civil
Engineers, Halfway House, 2005.

25. G. S. Becker, Human capital: A theoretical and empirical
analysis, with special reference to education, National Bureau
of Economic Research (NBER), New York, 1964.

26. G. S. Becker,Human capital and the personal distribution of
income: An analytical approach, W.S. Woytinsky Lecture
No. 1, University of Michigan, Ann Arbor, 1967.

27. J. Mincer, Schooling, Experience, and Earnings, in Human
Behavior and Social Institutions, No. 2, 1st edn, National
Bureau of Economic Research; Cambridge, Massachusetts,
1974.

Impact of Mathematics and Physical Science on the Success of South African Engineering Technology Students 1165



28. H. Oosterbeek andH vanOphem,Human capital technology
and schooling choices. Discussion paper TI 95–90. Tinbergen
Institute, Rotterdam, 1995.

29. R. Boudon, Education, opportunity and social inequality,
Wiley, New York, 1974.

30. A. Kraak, Building social capital: Strategies to overcome
graduate unemployment in the Western Cape, 6th Annual
South African Technology Network, 2-4 October, Pretoria,
South Africa, http://www.satnconference.co.za/proceed-
ings-2013/, Accessed 12 November 2013.

31. M.N.VandenBerg andW.H.A.Hofman, Student success in
university education: A multi-measurement study of the
impact of student and faculty factors on study progress,
Higher Education 50, 2005, pp. 413–446.

32. V. Tinto, Student attrition and retention, in B. R. Clarke and
G. Neave (eds), The encyclopaedia of Higher Education 3
(analytical perspectives), Pergamon Press, Oxford, 1992, pp.
1697–1709.

33. W. H. Sewell andR.M.Hauser, TheWisconsin longitudinal
study of social and psychological factors in aspirations and
achievements, in Research in Sociology of Education and
Socialization 1, A.C. Kerckhoff (ed), JAI Press Inc., Green-
wich, Connecticut, 1980, pp. 59–99.

34. M. Bruinsma, Effectiveness of higher education, PhD Diss.,
University of Groningen, 2004

35. Psi Systems, PibSpeex, http://www.pibspeex.com, Accessed
10 July 2011.

36. Kaleidoprax, ELSA, http://kaleidoprax.co.za/ELSA.html,
Accessed 10 July 2011.

37. Department of Higher Education and Training, Formal
Technikon Instructional Programmes—Report 151 (1014)
Diploma Programmes, http://www.dhet.gov.za/Reports,
Accessed 15 January 2015.

38. C. Klopper, Afrikaanse onderwys: Die probleme en die soeke
na oplossings, FAK seminaar [Afrikaans Education: The
problems and search for solutions], FAK seminar, Centur-
ion, 27 May 2009.

39. R. Van Eeden, M. De Beer and C.H. Coetzee, Cognitive
ability, learningpotential, andpersonality traits as predictors
of academic achievement by engineering and other science
and technology students, South African Journal of Higher
Education, 15(1), 2001, pp. 171–179.

40. S. Grussendorff, M. Liebenberg and J. Houston, Selection
for the science foundation programme (University of Natal):
The development of a selection instrument, South African
Journal of Higher Education 18(1), 2004, pp. 265–272.

41. N. Gordon,Crisis—what crisis?MSORConnect, 5(3), 2005,
pp 1–10.

42. T.Hawkes andM. Savage (eds),Measuring theMathematics
Problem, ECUK, 2000, http://www.engc.org.uk/ecukdocu-
ments/internet/document%20library/Measuring%20the%20
Mathematic%20Problems.pdf, Accessed 15 January 2015.

Barend van Wyk has a passion for technology and the demystification and communication of complex technological,

scientific, educational andmanagement concepts in a novel and interestingway.He is aResearch and InnovationProfessor

at the Tshwane University of Technology and the Executive Dean of the Faculty of Engineering and the Built

Environment. He obtained a PhD from the University of the Witwatersrand, has more than 12 years of industrial

experience in telecommunications andaerospace engineering, and is anNRFC2 rated researcherwhopublishedmore than

120 peer reviewed conference/journal papers since 1998. He has extensive industrial and education management related

experience. His research interests are telecommunication networks, signal processing, machine intelligence and control,

image processing, pattern recognition, aerospace engineering and engineering education.

Adriaan Hofman currently is director of the University Education Expertise Centre of the University Groningen (UOCG)

in the Netherlands. He is also appointed as Professor of Education at Groningen University in the Netherlands where he

specializes in School and Teacher Effectiveness, Higher Education, Education in Developing Countries, Research

Methods, Urban Education and Learning Cities. Hofman has been active as senior consultant in the Middle East and

Eastern Europe. He has been involved in the Think Tank of the Institute of Prognostic Technology Studies (IPTS,

EuropeanCommission) on education issues of the Enlargement Countries (Bulgaria, Romania, the Baltic States, etc.) and

the Mediterranean region. He is involved in several international research projects on issues regarding indicators of

educational effectiveness. He was a member of the Advisory Committee ‘‘Rotterdam Education Plan 2002-2006’’

appointed by the City Council Rotterdam.

InaLouw is anEducationConsultant in theEducation InnovationDepartmentofUniversity ofPretoria, SouthAfrica. She

supports the staff members in the Faculty of Natural and Agricultural Sciences. She has 26 years of experience as a

mathematics educator in aUoT.Her research focuses onmathematics education and academic staff development in higher

education. Currently, she does research on the scholarship of teaching and learning in South Africa.

BJ van Wyk et al.1166


