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ABSTRACT Addressing first year engineering students’ basic mathematical competencies have become a prime
focus for many higher education institutions in South Africa. Improving these mathematical competences early
during the students’ studies is an onerous task. This paper reports on an e-interaction of first year engineering
students in mathematics. The findings of the research suggested that the design and implementation of e-learning
content could be used to assist students in improving their basic mathematical skills. Within the domain of
sustainable learning, the educational attainment is possible by managing an e-learning environment effectively.

INTRODUCTION

The poor performance in mathematics by
pupils who exit school at grade twelve is of seri-
ous concern in South Africa (Bansilal et al. 2014;
Brijlall 2014; Brijlall and Maharaj 2014). An add-
ed concern for teaching staff from tertiary insti-
tutions is how to address this low performance in
mathematics when these school leavers enter the
universities (Brijlall and Maharaj 2015; Ndlovu
and Brijlall 2015). Ally et al. (2015) have found
that e-learning is one way in which this concern
could be addressed. These researchers, who work
in a department that services other departments,
were granted funding by their university to ex-
plore the successes and weaknesses of e-learn-
ing. For this paper, the researchers explored e-
learning with students from the engineering fac-
ulty. The exploration was called “The Mathe-
matics Pathfinder Project”. The first part of this
project was to explore whether e-learning was
sustainable. That aim was interrogated by con-
sidering a framework for sustainable learning.
This interrogation led to a report (Ally et al. 2015).
In this report the researchers found that previ-
ous study findings, the availability of e-learning
resources and the analysis of data all satisfy the
demands of the three domains of sustainable
learning. With these findings the researchers

deduced that e-learning can be adopted as a
sustainable tool to communicate effective math-
ematics learning. Once the researchers were con-
vinced that e-learning would be a sustainable
mechanism to address the mathematics gaps of
first year engineering students, they now inves-
tigate the effect of e-learning in addressing these
gaps. With this investigation in mind the re-
searchers asked whether e-learning support
materials could make a difference in the perfor-
mance of engineering students in mathematics.
To unpack this question the researchers en-
quired: What can a quasi-experiment reveal
about the use of e-learning support materials
serving to sustain the academic performance of
at-risk first year engineering students? To an-
swer this question and for the sake of uniformi-
ty the researchers adopted the same conceptual
framework they used in the first part of the study
by Ally et al. (2015).

Research Framework

The researchers describe a framework for
research, which they found useful. For all the
papers emanating from the Pathfinder project,
the researchers adapted the research framework
formulated by Asiala et al. (1997). This frame-
work has been effectively adapted in many oth-
er South African studies (Ally et al. 2015; Brijlall
and Maharaj 2009, 2015; Brijlall et al. 2011; Brijla-
ll and Ndlovu 2013; Ndlovu and Brijlall 2015).
From this framework the researchers found how
the underlying structure of this study was con-
ceptualized within this framework. For the theo-
retical analysis they employed the three domains
of sustainable e-learning. For this paper a great-
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er emphasis is laid on the one domain (educa-
tional attainment). This domain informed the
study appropriately in terms of the desired re-
search question, which was investigated. Also,
the design and implementation of the pretest
and posttest were aptly carried out. The pretest
and posttest items addressed concepts in nu-
meracy, exponents, surds, algebraic expressions,
algebraic fractions, linear and quadratic equa-
tions, functions and trigonometry. The data aris-
ing from the students’ written responses were
collected and analyzed. This data analysis and
discussion were redirected to the theoretical
analysis so as to motivate the conclusions made
by the researchers. A theoretical analysis em-
ploying the domains of sustainable e-learning
informs the design and implementation of in-
struction. The instructional tools for this paper
were the use of post-tests and pre-tests. This
aspect of the framework then informs the collec-
tion and analysis of data. In this paper the sta-
tistics from the student responses provided the
data. There is a bi-directional interaction be-
tween the theoretical analysis and the collec-
tion and analysis of data.

Conceptual Framework

This paper lays special emphasis on the do-
main of educational attainment. This is one
domain guided by the domains of sustainable
e-learning. Stepanyan et al. (2013) formulated a
coherent body of knowledge on sustainable e-
learning. In that paper they emphasize that the
lasting success of e-learning endeavors is a
growing concern for educational institutions that
rely on governmental funding. In this study the
researchers considered the domains presented
by Stepanyan et al. (2013). For the domain re-
source management the researchers are involved
in writing a separate paper to primarily focus on
the electronic media used in the Pathfinder
project. The researchers have addressed the
domain professional development and innova-
tions in Ally et al. (2015). For that paper, the
researchers referred to the findings of previous
South African studies (Brijlall 2011, 2014; Brijlall
and Isaac 2011; Brijlall and Maharaj 2009, 2014;
Brijlall and Ndlovu 2013; Brijlall et al. 2011, 2012).

METHODOLOGY

This paper utilized a quantitative paradigm.
The researchers have used a pretest and a post-
test to gauge whether there was a significant

difference in the mathematics performance of a
group of engineering students. In a quantitative
study the focus will be on control of all compo-
nents in the actions and representations of the
participants and the variables (Cohen et al. 2011;
Henning 2004; Maree 2007). In this case e-learn-
ing was kept constant. A total of 43 participants
were selected from two engineering groups of
students. The actual variables to be compared
were the mathematics concepts tested and they
were kept the same in both tests.

The aim of the paper was to determine the
effectiveness of e-learning practices used in this
study on remediating basic mathematical gaps
in prior learning, which have been identified in
the at-risk students. With this aim in mind, the
researchers sort to foster a rationale for the use
of e-learning as a sustainable communication
tool in the mathematics learning process. This
aim led the researchers to formulate the critical
research question: What can a quasi-experiment
reveal about the use of e-learning support ma-
terials serving to sustain the academic perfor-
mance of at risk first year engineering students?

A purposefully selected sample of first year
engineering students was chosen for this project.
For this paper, the researchers focus on the pre-
test (Noor et al. 2014). It is hoped that the pre-
test would indicate the areas of weaknesses the
students have in relation to the high school
mathematics syllabus (Department of Basic Ed-
ucation (DoBE) 2011). Once these mathematical
weaknesses are identified, other e-learning sup-
port materials would be designed to foster e-
learning over a sustained time frame. A special
pre-test (see Appendix) on basic mathematical
competencies, which were prior learning require-
ments for Math 101, was carried out on mechan-
ical and industrial entry level Math 101 students
early in the semester. Students who achieved a
mark of less than fifty percent were identified as
‘at risk’. Students repeating Mathematics S1
were also included in the ‘at risk’ group.

RESULTS  AND  DISCUSSION

Thirty-five questions from the following sec-
tions formed the pre-and post-tests: numeracy,
exponents, surds, algebraic expressions, alge-
braic fractions, linear and quadratic equations,
functions and trigonometry. The duration of
both tests was 1.5 hours. Students were not al-
lowed to use calculators. The total number of
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students who wrote the post-test on 21st Octo-
ber 2014 comprised 22 mechanical engineering
students and 21 industrial engineering students.
These students were all registered for a first
course in mathematics, namely, Math 101. Ques-
tions were also graded into cognitive levels.
These are shown in Table 1.

Table 1 shows the questions coded per sec-
tion and categorized according to four levels
described in DoBE (2011: 53). These levels in-
clude L1 (knowledge), L2 (routine procedures),
L3 (complex procedures) and L4 (problem solv-
ing). The researchers all coded the levels sepa-
rately and later a collective discussion ensued
to reach consensus on these levels.

Eleven of the questions were at level 1, eigh-
teen at level 2 and five at level 3. Questions in
the post-test were kept similar to that of the pre-
test differing only in the numerical value used.
Thus, for example, question 6 for the pre-test

read, ‘simplify 3a3 (2ab2).’, whilst the post-test
question 6 read ‘simplify 4a2 (5a2b3)2. Both tests
were conducted under typical exam conditions
and question papers were collected from stu-
dents on completion of the tests.

Table 2 shows the comparison of the overall
results for the 43 candidates who wrote both
tests.

Of the 43 candidates who wrote both the pre-
and post-tests, eight scored less than forty per-
cent in the pre-test while only three scored be-
low forty percent in the post-test. Five more stu-
dents scored more than forty percent in the post-
test than what was recorded in the pre-test. The
increase in the number of students scoring more
than fifty percent was significant. 34 achieved
more than fifty percent in the post-test while
only 12 achieved more than fifty percent in the
pre-test. Further evidence of improvement in
basic mathematics becomes clearer when con-
sidering the mean: forty-five percent in the pre-
test versus 59.65 percent in the post-test. The
improvement must however, be tempered with
the standards expected by the researchers. As
much as eighty-two percent of the questions
were placed on levels 1 and 2, which require
basic recall of mathematics concepts or the per-
forming of routine mathematical procedures.

Figure 1 shows a graphical representation (5
number summary) of the comparison between
the overall pre- and post-test results.

  All critical values comprising the box and
whisker diagram show increases. The median
value increased from forty-six percent to sixty-
three percent whilst the maximum value showed
an impressive gain of twenty-nine percent im-
proving from fifty-seven percent to eighty-six
percent. Although the minimum value increase

Table 1: Cognitive levels of pre-and post- tests

Question    Section        Sub-section  Cognitive
number   level(L)

1 Numeracy 1
2 Numeracy 1
3 Exponents 2

  and Surds
4 Ratio 4
5 Exponents 3

  and Surds
6 Algebra Expressions 1
7 Algebra Expressions 1
8 Algebra Expressions 2
9 Algebra Expressions 2
1 0 Algebra Expressions 2
1 1 Algebra Expressions 2
1 2 Algebra Fractions 2
1 3 Algebra Fractions 3
1 4 Algebra Fractions 2
1 5 Algebra Fractions 1
1 6 Algebra Equations 2
1 7 Algebra Equations 2
1 8 Algebra Equations 3
1 9 Algebra Equations 2
2 0 Algebra Inequalities 2
2 1 Functions Function values 2
2 2 Functions Function values 2
2 3 Functions Line 2
2 4 Functions Line 1
2 5 Functions Parabola 1
2 6 Functions Parabola 1
2 7 Functions Parabola 1
2 8 Functions Hyperbola 1
2 9 Trigonometry Special Angles 3
3 0 Trigonometry Identities 2

Table 2: Comparison of overall report on pre-
and post-tests

Pre-test   Post-
   test

Negative marking used N N
Number of test papers processed 4 3 4 3
No of questions in the test 3 5 3 5
Total number of marks 3 5 3 5
Number of candidates scoring 3 5 4 0
  40% or higher
Number of candidates scoring 1 2 3 4
  50% or higher
Mean percentage 4 5 59.65
Mean 15.75 20.44
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was benign it also improved by five percent.
The 3rd quartile value of the pre-tests, that is, 51
is the 1st quartile value of the post-test. The 3rd

quartile value of the post-test increased from 51
to 67.5. The overall performance shows a gener-
al improvement of the group. This improvement
suggests the need for a sustained intervention
and concurs with Ally et al. (2015).

Individual results become the focus for the
remainder of the discussion. Table 3 shows the
students’ individual performance in the pre- and
post-tests. The ranking was obtained directly
from the results of the pre-test by arranging them
from lowest to highest. A score of less than fifty
percent in the pre-test was deemed to be of con-
cern. Such students were identified as at risk
and were either inducted into a pathfinder project
using e-learning as the primary mode of delivery
for academic support in Basic Mathematics or
directed to an open e-learning site for all first
year mathematics students. Of the 43 students
in the group, 31 scored less than fifty percent in
the pre-test.

Only three candidates scored less in the post-
test than in the pre-test. The biggest decline
was the candidate ranked 21st who showed a
decrease of twelve percent. The remainder
showed improvement with the biggest gain from
the student ranked 19th. This student doubled
the performance obtaining eighty-six percent in
the post-test from a low of forty-three percent in
the pre-test. 15 candidates increased their per-
formance by more than twenty percent whilst 29
showed improvements of more than ten percent.
On average, performances improved by fourteen
percent. Further investigation is needed to ad-
dress individual performances. However, this
does not fall within the ambit of this paper.

CONCLUSION

The thirty-five multiple-choice questions in
the pre- and post-tests covered basic skills re-
quired in numeracy, exponents, surds, algebraic
expressions, algebraic fractions, linear and qua-
dratic equations, functions and trigonometry.
The performances of students in the pre- and
post-tests was discussed and analyzed as a
group as well as individuals to ascertain wheth-
er the mathematics gap in first year engineering
students could be addressed by using e-learn-

Fig. 1. 5 number summary diagram

Table 3: Students’ comparative performance in
pre-and post-tests

Ranking Pre % Post % % in/
decrease

1 2 9 4 6 1 7
2 3 1 5 4 2 3
3 3 1 6 3 3 2
4 3 4 6 9 3 5
5 3 4 5 4 2 0
6 3 7 5 1 1 4
7 3 7 5 1 1 4
8 3 7 6 6 2 9
9 4 0 7 1 3 1
1 0 4 0 6 3 2 3
1 1 4 0 4 6 6
1 2 4 0 4 3 3
1 3 4 3 6 3 2 0
1 4 4 3 8 6 4 3
1 5 4 3 4 0 -3
1 6 4 3 3 7 -6
1 7 4 3 4 9 6
1 8 4 3 5 1 8
1 9 4 3 5 1 8
2 0 4 6 6 3 1 7
2 1 4 6 3 4 -12
2 2 4 6 5 7 1 1
2 3 4 6 6 3 1 7
2 4 4 9 5 1 2
2 5 4 9 6 9 2 0
2 6 4 9 5 1 2
2 7 4 9 6 6 1 7
2 8 4 9 5 4 5
2 9 4 9 7 1 2 2
3 0 4 9 6 0 1 1
3 1 4 9 4 9 0
3 2 5 1 5 4 3
3 3 5 1 6 3 1 2
3 4 5 1 7 7 2 6
3 5 5 1 7 7 2 6
3 6 5 1 7 7 2 6
3 7 5 1 6 6 1 5
3 8 5 1 6 6 1 5
3 9 5 4 7 4 2 0
4 0 5 4 6 3 9
4 1 5 4 6 6 1 2
4 2 5 7 6 9 1 2
4 3 5 7 7 1 1 4

Pre-Test versus Post Test

Post-Test

Pre-Test

0             20             40              60               80            100

%

1

2
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ing support materials. The improved positive
performances indicate that the one domain within
the three domains of sustainable e-learning,
namely, educational attainment, could be met by
using suitable e-learning methods. Aligning the
pre-and post- tests along similar basic mathe-
matics as well as cognitive levels was necessary
to ascertain whether candidates showed im-
provement in the understanding of basic mathe-
matics concepts. This was aptly shown in the
analysis considering the data first as a collec-
tive and then as individuals.

RECOMMENDATIONS

The design of appropriate e-learning con-
tent to ensure learning objectives are met and
the need to define and monitor every activity is
paramount in addressing the mathematics gap
of first year engineering students. Systematic
management of the process of e-learning is a
major contributing factor of its success leading
to sustainable learning. It is further recommend-
ed that all first year engineering students en-
rolled for Mathematics 101 attempt the pre-test
as a process of early identification of at risk
students.
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APPENDIX
For the pretest the reader is referred to the paper by
Noor et al. (2014). The researchers present here the
posttest.

Post-Test

Complete  the following information:

Surname
First Names
Student Number
Signature
Programme of Study

INSTRUCTIONS

1. All questions are multiple- choice and have a num-
ber of possible answers labeled A, B, C, or D. Select
only one option.

2 . Record your answers to the multiple-choice ques-
tions on the Multiple choice  Response Card
Read the instructions – use a black/blue pen or pen-
cil only.
Shade in your student number and complete the
information at the back of the card.

3 . The whole booklet as well as the Multiple Choice
Response Card must be handed in.

4 . You may write on the test booklet if you need to do
rough work.

5 . Calculators are NOT ALLOWED in this test.

1. Which value is the smallest? 
A. 8.35    B.  0.835   C.  83.5      D. 8 35

100
 

 
2. Which number is the odd one out? 
A. 0.45    B.  45

100
    C.  9

20
      D.  4,5 

 
3. Find the value of   2√25− √273 + 3√164   . 
A. 7    B.  13    C.  14    D.  12 
 
4. A rugby player scores 85% of his team’s 40 points. How many points were scored by the rest of his teammates? 
A. 85    B. 32    C. 6    D. 34 
 

5. Evaluate:  2
2−1−3−1

2
 

A. 144    B. 12    C. 4     D. 9 
 
6. Simplify:    4푎2(5푎2푏3)2 
A. 40푎8푏6   B. 100푎6푏5    C. 100푎6푏6  D. 40푎6푏5 
 
7. (2푥 + 1)2 can also be written as… 
A. 4푥2 + 4푥 + 1  B. 4푥2 + 1C. 4(푥 + 1)2   D. 4푥2 + 2푥 + 1 
 
8.  The highest power of x in the expression  [5(푥4 + 5)(푥2 − 1)]3 is 
A. 20    B. 24    C. 9   D. 18 
 
9. A possible simplification of  √푥2 − 6푥 + 9  is: 
A. – 푥 − 3   B. 푥 − √6푥 + 3  C. 푥 − 3  D. 푥 + 3 
 
10. Expand and simplify. 푥 + 2

푥
푥 − 2

푥
 

A. 푥2 + 4
푥2   B. 푥2 − 4

푥2   C. 푥2 + 4푥 + 4
푥2 D. 푥2 

 
11.  Which of the following is a factor of both  푥2 + 2푥 − 8  and 푥2 − 5푥 + 6 
A. x-3    B. x+3    C. x-2   D. x+2 
 
12.  푎

푏
− 푏

푎
 = 

A. 푎
2−푏2

푎푏
   B. 0  C.  푎−푏

푎푏
    D. 푎2 − 푏2 

 
13. Simplify:  푎

2−푏2

1
푎+1

푏
 

A.  푎 − 푏   B. 푎3 − 푏3  C. 푎 + 푏  D.  푎푏(푎 − 푏) 
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14. Simplify:  푥
2−2푥+1

푥3−2푥2+푥
 

A.  푥3 + 1   B. 푥3    C.  1
푥
  D. 푥 

 
15. Which answer is applicable to the following expression?   푏+푐

푎
 

 A.  Cannot be simplified  B. 푏
푎

+ 푐
푎
  C.  푏 + 푐 ÷ 푎  D.  푎

푏
+ 푎

푐
 

 
16. Solve for t: 푡

3
− 4

7
= 2

7
 

A. 18
7

    B.  6
21

    C.  7
18

   D.  − 1
7
 

 
17.  Find one root of the equation: 푥2 − 5푥 = 6. 
A. x =1    B. x=2    C. x=3   D. x=-1 
 
18. If α and β are the roots of the equation   2푥2 +  5푥 − 18 = 0, what is the value of α + β? 
A. − 7

2
    B.  − 5

2
   C.  5

2
                                           D. 0 

 
19. Find y in terms of a and  b if  3푎푦

8푏
= −5 

A. − 40푏
3푎

   B. − 40푎
3푏

    C.  −15푎
8푏

                            D. − 3푎
40푏

 
 
20. Solve for x: −5푥 + 8 ≤  −7 . 
A. 푥 ≥ 3   B.  푥 ≤ 3  C. 푥 ≤ 1

5
  D.  푥 ≥ 7

13
 

 
21. If 푓(푥) =  2√푥2 + 25 find the value of 푓(5). 
A. 0                B. 20     C.  10√5  D.  10√2 
 
22. If  푓(푥) =  푥2 − 2푥 + 4 . then  푓(푎 + 1) =  
A. 푎2 +  7  B. 푎2 + 3   C. 푎2 − 2푎 + 3 D. 푎2 − 2푎 + 4 
 
 
23. The standard form of the equation  5푥 + 3푦 = −12 is: 
A. 푦 = − 3

5
푥 + 12  B. 푦 = 3

5
푥 − 12  C. 푦 = 5

3
푥 + 4  D. 푦 = − 5

3
푥 − 4 

24. If  the line with equation 푦 = −3푥 − 1 is perpendicular to the line with equation  푦 = 푎푥 + 5 then the value of 푎 is 
A. -3    B. 3    C.  1

3
   D.  − 1

3
 

 
25. The parabola with equation  푦 = 푥2 − 4 has 
A. Two x-intercepts  B. No x-intercepts  D. One x-intercept D. No y-intercept 
 
26. The parabola having  equation 푦 = (푥 − 3)2 + 5 has a maximum turning point at 
A. (3;−5)   B. (3; 5)  C.  (−5;−3)  D.  (−3;−5) 
 
27. Which of the following best represents the function  푦 = −푥2 + 9 ? 

18. Which of the following best represents the function  푦 = −푥2 + 9 ? 
A.      B.     C.      
            9 
            
           -9 
 
               -9 
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18. Consider the following graph.   
Which equation best describes the graph? 
A. 푥푦 = 푘 ,푘 > 0 
B. 푥푦 = 푘, 푘 < 0 
C. 푦 = 푘푥 ,푘 > 0 
D. 푦 = 푘푥 ,푘 < 0 
 
 
 
 
19. If  휃 = 60표  푓푖푛푑 푡ℎ푒 푣푎푙푢푒  푠푖푛 휃

2
+ 푐표푠휃

2
 . 

A. 1
4
                B.  −  1

4
     C.   3

4
   D.   1

2
 

 
20. Find the value of  1 − 푠푖푛2휃 − 푐표푠2휃 . 
A. 0               B.   1     C.  -1   D.  2 
 

21. A possible simplification of     √1−푐표푠2푥
푠푖푛푥

  is : 
A. 1                B.  0.5     C.  0   D. 2 
 
22. Calculate the value of  sin	(2푥 − 300) correct to two decimal places if  푐표푠푥 = 1

2
 푎푛푑 푥휖[00 ; 900].  

A. 0            B.   1
2
     C.   √3

2
   D. 1 

 
 
23. Using the information in the figure, what is the value of 푠푖푛휃? 
 
 
 
       17 
      8     
                  θ 
 
A. 8

17
                B. 15

17
     C.  17

8
   D.  15

8
 

 
 
 
24. In the right-angled triangle shown, what is  푡푎푛휃 ? 
 
      1 
                          θ 
 
                    x 
 
 
 
 
 
 
A. x                B. 푥√푥2 − 1    C. √푥2 − 1  D. x – 1 
 
 
 
25. Use the information in the figure to find 푠푖푛휃. 푡푎푛휃. 
 
 
        
 
 
                  c      b  
 
      θ 
 
               a 
 
A. 푎2

푐푏
                B.   푏

푐
     C.  푏

2

푐푎
   D.  푎푐

푏2 
 


