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Review Process Undertaken
For These Proceedings
The SASEE Biennial Conference is focussed not only on
giving experienced scholars a platform to engage with
their peers around issues in engineering education, but
is also an opportunity for scholars new to the field to
write about the work that they do and present this for
discussion. Given the formative approach adopted,
there was a two part review process for research to be
accepted for presentation at the conference.

First round of review – extended
abstracts

The initial requirement was for all interested researchers
to prepare a 1000 word extended abstract – to be
submitted by 27/02/2015. The conference’s academic
committee removed from the extended abstract
all references to the author(s) and submitted these
for blind peer review. The reviewers considered the
following criteria in their consideration of the submitted
extended abstracts:
• Clarity, coherence and organisation of writing;
• Potential to stimulate discussion among conference
participants;
• Scholarly and research-based nature of the paper
(key challenges and current issues raised are scholarly
and research-based, or analysis of practice-based
work is robust and evidence-based); and
• Contribution to scholarship and/or innovative practice
in engineering education.
There were three options available post review and
author(s) were informed of their outcome accordingly:
1. The reviewers recommended that the extended
abstract wss appropriate to be developed
and submitted as a paper to be to be further
peer reviewed and included in the conference
proceedings.
2. The reviewers recommended that the author(s) be
invited to resubmit their extended abstract – taking
the reviewers comments into account – and that
this extended abstract then formed the basis for
a presentation (oral or poster) at the SASEE 2015
conference. In this case, only the updated peer
reviewed extended abstract is included in the
conference proceedings.
3. If the reviewers were of the view that the work was
not appropriate for the conference, the extended
abstract was withdrawn from further consideration.
Feedback from the reviewers was collated by the
Conference Secretariat and final decisions taken
where conflicting reviews were received.
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Authors whose extended abstracts were included in the
conference – and thus the conference proceedings
– were required to submit the reworked extended
abstract by 15/05/2015. This final submission included
a schedule of changes where the author(s) described
how they made changes to their extended abstract
based on feedback received from the reviewers.

Second round of review – full
papers

For those author(s) who were invited to develop a full
paper from their extended abstracts, they needed to
submit these by 17/04/2015 for peer review should they
wish to accept this invitation.
The full papers received were then sent for further peer
review to two reviewers (once again a blind process
where the authors and affiliations were removed was
undertaken).
Authors received detailed feedback within three weeks
of submission date and were required to submit the final
version of their paper or reworked extended abstract
by 17/05/2015. The reviewers used the following criteria
for their review1:
• Is the research question or purpose clearly stated
and is its importance justified?
• Does the paper draw on the latest and most relevant
research findings on the topic? Is it located within a
relevant theoretical framework?
• Taken as a whole, is the paper consistent? For example,
is the methodology appropriate to the question and
is the question answered in the conclusion?
• Is the design and execution of the methodology
adequate in relation to the question? (Depending on
the design, this question may have to be answered
in a number of ways. In qualitative designs issues of
dependability and interpretation are important. In
quantitative designs, issues of reliability and validity
should be considered.)
• Where applicable, are the results clearly and correctly
presented? Are they consistent with the methodology?
• Are the conclusions justifiable in terms of the
methodology and/or the results (where applicable)?
Does the discussion of the results show insight and
originality? Does it suggest implications and/or make
recommendations that are applicable and useful?
• Does the paper satisfy accepted criteria for academic
writing in terms of coherence, grammar, layout and
organisation? Do the references adhere to APA
standards?
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• Is the title appropriate and does it reflect the gist of
the paper?
• Is the abstract (included as part of the paper)adequate
and precise in its summary of the paper as a whole?
• Is the paper original, and does it contribute towards
scholarly debates in the field?
Based on feedback from the reviewers, authors
received one of the following outcomes:
• The full paper was accepted ‘as is’ with no further
editing required. However, there may have been
instances where reviewers made editorial and/or
other comments that authors may wish to consider
before submission of the final version of the paper
for publication.
• The full paper was accepted subject to authors making
changes as required by the reviewers. Authors were
required to make these changes before resubmission
of the final paper for publication. When submitting
the updated paper, authors included a schedule of
changes where they describe how they had made
changes to their paper based on feedback from the
reviewers. These schedules were considered by the
conference Chair on receipt of the final paper.
• The full paper was considered by the reviewers to
not be at the level required for publication in the
proceedings. Although the paper was thus not
be included in the conference proceedings, the
author(s) were none-the-less be accepted by the
conference organisers to make a presentation of
their work during a formally scheduled session as per
the acceptance of their extended abstract in the first
phase of peer review.
The Proceedings of the Conference consist of two
sections, extended abstracts accepted for presentation
(which were subjected to a first round review process)
and full papers which were subjected to the full two
round double-blind peer review process.
The initial call for abstracts garnered 74 submissions of
which 21 were accepted for submission of a full paper,
with 41 requests for extended abstracts made. Of the
full paper submission requests, 14 were submitted as
full papers for the second round of reviews, whilst the
remaining 7 authors submitted extended abstracts.
A list of reviewers with their affiliations is given below:

First Round – Abstract Acceptance
Prof Brandon Collier Reed
Dr Wolf Bernhardt
Prof Tilahun Seyoum
Dr Tracy Craig
Dr Naven Chetty

University of Cape Town
University of KwaZulu-Natal
University of KwaZulu-Natal
University of Cape Town
University of KwaZulu-Natal

Nicky Wolmarans
Prof Thomas Afullo
Prof Laurie Woollacott
Rosanne O’Hara
Dr Annah Bengesai
Zach Simpson
Johnson Carroll
Prof Jeff Smithers
Dr Bruce Kloot
Dr Prathieka Naidoo
Dr Deborah Blaine
Dr Carl Sandrock
Prof Jenni Case
Dr Keith Jacobs
Dr Mogasuri Moodley
Dr Jon Pocock
Reshma Subbaye
Dr Margaret Blackie
Dr Helen Inglis
Dr Aidan Senzanje
Dr Marc Tshibangu
Dr Vino Paideya
Kate Le Roux
Prof Hannelie Nel
Prof Woyessa Yali
Fran Saunders

University of Cape Town
University of KwaZulu-Natal
University of the
Witwatersrand
University of KwaZulu-Natal
University of KwaZulu-Natal
University of Johannesburg
University of Johannesburg
University of KwaZulu-Natal
University of Cape Town
University of KwaZulu-Natal
University of Stellenbosch
University of Pretoria
University of Cape Town
UNISA
University of KwaZulu-Natal
University of KwaZulu-Natal
University of KwaZulu-Natal
University of Stellenbosch
University of Pretoria
University of KwaZulu-Natal
University of KwaZulu-Natal
University of KwaZulu-Natal
University of Cape Town
University of the North West
Central University of
Technology
University of KwaZulu-Natal

Second Round – Full Paper Reviews
Dr Mogasuri Moodley
Dr Jon Pocock
Dr Aidan Senzanje
Dr Marc Tshibangu
Prof Brandon Collier Reed
Dr Prathieka Naidoo
Dr Deborah Blaine
Dr Carl Sandrock
Prof Jenni Case
Dr Annah Bengesai
Zach Simpson
Johnson Carroll
Dr Naven Chetty
Prof Tilahun Seyoum

University of KwaZulu-Natal
University of KwaZulu-Natal
University of KwaZulu-Natal
University of KwaZulu-Natal
University of KwaZulu-Natal
University of KwaZulu-Natal
University of Stellenbosch
University of Pretoria
University of Cape Town
University of KwaZulu-Natal
University of Johannesburg
University of Johannesburg
University of KwaZulu-Natal
University of KwaZulu-Natal

The organisers would like to express their gratitude to all
the reviewers for their donating their time and expertise
in the review process.

Sincere thanks to the Southern African Association for Research in Mathematics, Science and Technology Education (SAARMSTE) for permission
to adapt their paper review template.
1
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Developing the Learning Practices of
First Years Students Through Read and
Reflect Assignments
Laurie Woollacott
School of Chemical and Metallurgical Engineering,
University of the Witwatersrand, South Africa.
lorenzo.woollacott@wits.ac.za

In the first year chemical and metallurgical engineering
programme at Wits, a number of approaches have
been implemented for helping the students to develop
their study and learning practices up to a level
appropriate for success at university. The need for
such development is commonly recognized and has
been clearly demonstrated by research. For example,
Simelane (Simelane, 2007; Woollacott, Simelane, &
Inglis, 2011) investigated the learning practices of Wits
entrants and found that in many cases key aspects
of their practices were problematic for effective
learning at university. This presentation will describe the
evolution and evaluation of an innovative method for
facilitating the development of the study and learning
practices of first year engineering students in a South
African engineering school.
The presentation will begin by providing a brief
history of the various approaches that have been
implemented in the school from 2001 to date. These
were implemented as a component of the introduction
to process engineering course. The spectrum of
approaches included a few lectures at the beginning
of the first term focusing on learning practices versus
three lecture periods a week for a full academic
quarter with this focus; structured engagement
with students by mentors in a weekly tutorial; formal
group mentoring interactions with academic staff; a
booklet entitled “Strategies for academic success”;
and assignments for facilitating the development of
learning practices appropriate for higher education.
Several conclusions were drawn from a review of this
history and feedback received from the students.
Firstly, the attention that was given to learning practices
was initially not very popular with the students but
many of them came to appreciate their value later
as their experience of university matured. Secondly,
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some students valued the input immensely because
their school background was so different from the
teaching and learning environment at university.
Thirdly, it became apparent that students did not
engage very deeply with the verbal and written input
given to them. Accordingly, a different approach was
developed that involved a very much reduced verbal
input in lectures and a much greater requirement for
students to read and engage with written text on
the various aspects of study and learning practices
that are relevant to academic success at university.
The system that was developed became known as
‘R&R assignments’ – (Read and Reflect assignments).
These involved reading material relevant to a specific
aspect of studying and learning, reflecting on their own
experience and practice with regard to that aspect,
and completing several short written assignments
based on their reflections.
The system of using these R&Rs as a method for
developing the students’ awareness and practices
began in 2010 and evolved through several cycles of
modification. The assignments varied slightly as the
system evolved but included topics such as the nature
of knowledge and learning; note taking and study skills;
learning practices and problem solving; peer-assisted
learning and peer-problem solving; test-taking and
time management; and report writing. The first R&R
assignment each year was always based on the LASSI
(the Learning and Study Skills Inventory; Weinstein et al.,
1987) and was aimed at helping students to reflect in
a general way on their own learning and study skills. In
addition, and perhaps most importantly, the reflective
nature of all the assignments was intended to develop
the students’ reflective and meta-cognitive skills.
Several measures were used to optimize the educative
value of the R&R assignments. To ensure the students
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took the assignments seriously, they were required to
hand them in for grading. To optimize the formative
value of the assignments, they were handed in,
graded and discussed with a mentor within three
days of completion. In addition, the course in which
the assignments were given was modularized so that
students had to obtain a passing grade for the R&R
component of the course in order to pass the course. In
order to obtain that mark, the students’ were required
to collect their graded R&R assignments in a portfolio
and write a reflective assessment of their work and of
the progress in the development of their study and
learning practices.
To investigate the effectiveness of this system as a
means of developing the students learning practices,
the portfolio submissions of the 2012 cohort were
analysed. Although it was not possible to gauge
objectively the extent to which their learning practices
had improved, it was possible to make the following
conclusions from what the students reported.
1) The system was very effective in improving the
students’ engagement with the issues raised in the
assignments and in developing their reflective skills.
2) Although many students were initially a little irritated
by having to do the R&R assignments their
appreciation of the system grew through the year

as they became increasingly more aware of the
importance of the issues addressed in the
assignments and the extent to which their own
learning practices were or were not in alignment
with good practice.
3) Both the academically stronger and weaker students
reported gaining significant benefits from the R&R
assignments especially with regard to the awareness
of their own learning practices.

References
Simelane, Z. F. (2007). Identification and classification
of incoming learning behaviours amongst a sample
of first year, english second language, engineering
students: A case study. Dissertation. University of the
Witwatersrand.
Weinstein, C. E., Schulte, A., & Palmer, D. (1987).
Learning and Study Strategies Inventory (LASSI):
Clearwater, Florida.
Woollacott, L. C., Simelane, Z. F., & Inglis, J. (2011). On
the Learning Behaviours of English Additional-Language
Speakers Entering Engineering Education in South
Africa. South African Journal of Higher Education,
25(3), 612-630.
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Making Key Engineering Education
Decisions with Incomplete Information
Bhekisipho Twala
Department of Electrical and Electronic Engineering Science, University of Johannesburg,
P.O. Box 524, Auckland Park, Johannesburg 2006, South Africa
(btwala@uj.ac.za)

Abstract:
BACKGROUND: Data quality is a very important
component in supervised learning. Unfortunately,
engineering education data frequently contain missing
values which brings a significant impact on student
performance prediction. However, most downstream
analysis for engineering education experiments requires
complete data. In the literature many methods have
been proposed to deal with the poor data quality
problem (including noisy and incomplete data) when
building prediction systems. Each method has its own
strengths and weakness but the specific condition for
which each method is preferred remains unclear.
OBJECTIVE: To investigate a new probabilistic supervised
learning (classifier) approach that incorporates
“missingness” into a decision tree classifier splitting
criterion at each particular attribute node in terms of
student performance predictive accuracy.
METHOD: The proposed approach is compared
empirically with ten state-of-the-art classifiers that have
mechanisms for dealing with incomplete information.
Four student performance datasets are utilized for this
task.
RESULTS: Overall, missing incorporated in attributes 3 is
the top performing strategy, followed by C4.5, missing
incorporated in attributes, missing incorporated in
attributes 2, missing incorporated in attributes, linear
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discriminant analysis and so on. Classification and
regression trees and C4.5 performed well in data with
high correlations among attributes while k-nearest
neighbour and support vector machines performed
well in data with higher complexity (limited number of
instances). The worst performing method is repeated
incremental pruning to produce error reduction.
CONCLUSION: Our findings provide an insight into the
incomplete information problem of which supervised
learning methods are optimal for a given dataset.
Most of the methods are highly competitive with each
other. The success of each method appears to depend
on the underlying characteristics of each of the four
education datasets. Incorporating missing values as
part of a strategy for dealing with informatively missing
data (the most difficult mechanism to deal with) is
a promising way forward in engineering education
research. Furthermore, if it is impossible to include all
the relevant information, classifiers allow us to predict
the effects of the missing information. Finally, the results
tentatively suggest that engineering educators may
so wish to omit attribute information from their student
performance assessment in order to exploit inferences
that may be more favourable than the factual
attribute level. Thus, showing the possibility of using
such techniques on process data is one contribution
of this paper in terms of improving future decisions.
Index terms- software effort prediction; supervised
learning; imputation.
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Using the low ground to get high: why
you should teach your students to
plagiarise well
Ken Barris 1
Faculty of Engineering,
Cape Peninsula University of Technology, South Africa
1

1

ken.barris@gmail.com

Plagiarism as moral or
academic risk
As a communication lecturer in an engineering faculty,
I am confronted by the ubiquitous phenomenon of
plagiarism, while acknowledging its complexity. Many
lecturers are certain that they know what it is, but there
is ample evidence to suggest that achieving certainty
is problematic. There is no agreed definition amongst
researchers about the boundary between plagiarism
and legitimate paraphrasing. Sun (2012, 296-7) observes
substantial variation in the quantitative measures that
are often advanced as criteria. This uncertainty is
matched by subjective uncertainty in students, more
so in the case of non-native speakers. According to
Chen and Van Ullen (2011, 210), students felt that their
“ability to locate pertinent passages from different
sources and group them appropriately in a cut-andpaste document, a practice termed ‘patchwriting’
in the literature, demonstrated mastery of the subject
matter and should not be considered cheating”. This
flexibility is reflected amongst lecturers: a study of
the writing practice of English-speaking psychology
professors observed a higher degree of word string
appropriation in low-legibility texts than in highreadability texts (Roig 2011, 316-9). This grey zone of
conceptualisation and practice is compounded by the
frequently reported fact that instruction in plagiarism
is ineffective; that students struggle to recognise and
understand referencing conventions; and that there is
a disjuncture between what students understand to be
illegitimate and their actual writing practice (see also
Currie, 1998; Drum, 1986; Moore, 1995; Pecorari, 2006).
The traditional response to plagiarism is to understand it
in moralistic terms, and consequently to frame it within
disciplinary discourse. There is also a contrasting view
which understands plagiarism as a developmental

problem for which the remedies are at first educational,
leading progressively to disciplinary sanction, while
Abasi & Akbari (2008) argue that patchwriting arises
in response to implicit cues from lecturers to do it. All
these approaches aim to extinguish the practice of
plagiarism.

Patchwriting as a learning asset
I argue, however, that the practice of plagiarism is
a rational response to the complexity of learning
specialised academic discourse, and that it presents
a student-owned learning asset that teachers can and
should exploit. Instead of suppression of plagiarism
as the first resort, the techniques of plagiarism should
explicitly be taught as a platform for the acquisition
of legitimate information literacy practices, and as a
space for ethical discussion.
My argument draws on studies which provide evidence
of a developmental sequence in the acquisition of
illegitimate skills of plagiarism, particularly located
in the practice of patchwriting. Howard (1992, 233),
for example, argues that patchwriting is not an
infringement of appropriate academic practice, but
part of a learning curve:
…our adherence to the received definition of
plagiarism blinds us to the positive value of […]
“patchwriting”: copying from a source text and
then deleting some words, altering grammatical
structures, or plugging in one-for-one synonym
substitutes. By failing to recognise patchwriting as
a valuable composing strategy in which the writer
engages in entry-level manipulation of new ideas
and vocabulary, we fail to support our students in
their efforts to assimilate the constructs of unfamiliar.
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Using the low ground to get high: why you should teach your
students to plagiarise well ...continued
More significantly, it is a recognisable learning curve.
Howard (1992, 237) observes that deletion of selected
words is the simplest method, with substitution of
synonyms occupying a middle ground, and changes in
syntax the most sophisticated. She reports that although
her subjects were first year students in an elite American
university, deletion occurred most frequently, i.e. the
least sophisticated techniques. In similar vein, Brown
et al. (1983, 974-6) posit a “copy-delete” method of
immature summary, which Howard (1992, 237) notes
was the most frequent technique in her class. Mature
summary, by contrast, is where students “use their own
words to rearrange and recast the ideas presented in
the original source (Howard 1992, 238).
A study of postgraduate perceptions and writing
practices by Yu-Chih Sun (2012, 301) provides a more
sophisticated scale of patchwriting/paraphrasing
technique, drawing this time on student perceptions:
[…] about 90 percent of the students considered the
following two strategies appropriate: (1) paraphrasing
the source text by using one’s own words to express
the ideas of another’s work with the sources cited, or
(2) using quotation marks to copy another’s words
verbatim and citing the sources.
Over half of the students also considered the following
strategies appropriate: (1) using the same rhetorical
structure as the source text, (2) using the same
argument as the source text, (3) only inserting some
of one’s own words into a verbatim text, (4) combining
sentences verbatim from different sources, and (5)
copying verbatim from the source.
The least acceptable strategies identified by the
participants belong to surface-level concerns, such
as using synonyms as substitutes for some words in
the source, making syntactic changes, or deleting,
inserting, or reordering some of the words from the
source.
The least acceptable strategies identified by the
participants belong to surface-level concerns, such
as using synonyms as substitutes for some words in
the source, making syntactic changes, or deleting,
inserting, or reordering some of the words from the
source.
It can be seen that at this postgraduate level, Howard’s
entire hierarchy (deletion, substitution, syntactic
change) is collapsed into the “least acceptable”
range. In fact the students regarded the “higherorder text borrowing, such as using the same rhetorical
structure or argumentation, to be more acceptable
than surface-level modification of source texts, such
as using synonyms, reordering, or deleting some words
from the sources” (301).

or difficulty of reading (the latter defined as both lexical
and syntactical complexity). Summaries of more difficult
texts show more primitive means of expropriation (exact
and close copying), while easier texts result in a higher
incidence of legitimate paraphrasing.
I conclude on the basis of these findings, and in accord
with Vygotsky’s proximal development theory, that it
is strategic for teachers to proceed from the ground
of praxis established by the students, modifying rather
than attempting to suppress it. In other words, what
students do naively should be used to scaffold the
acquisition of information literacy. This implies a dual
scaffolding procedure: to move from primitive to
sophisticated patchwriting techniques, and from highto low-legibility texts.
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The effect of supplemental instruction
of engineering students’ academic
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The massification of higher education globally has
resulted in a number of educational reforms which
aimed to increase retention and throughput. Early
attempts at educational reformation, although there
is evidence that these have been sustained, focused
on addressing deficits in the student experience with
little consideration of the causal mechanisms for such
deficits (Boughey,2012). These programmes have
taken the form of educational support which is mainly
concerned with fixing perceived deficits in students.
This results in learning becoming a ‘spectator sport’
for these students as the learning opportunities are not
‘involving’ (Tinto, 2005).
Boughey (2012; 2005) locates the provenance of
educational support in South Africa in the nature of
higher education internationally and the change in
the political context in the country. Literature reviewed
reflects that although the doors of opportunity had
been opened for all students regardless of race or
ethnicity, the question that was asked within the
academy was whether these doors were open enough
(see Thesen and van Pletzen, 2006; Tamminga, 2006;
Pandor, DoE, 2006). In other words, were the obstacles
to epistemological access removed? Pandor (2006)
captures this well when she says “There is little virtue
in admitting students into higher education unless we
create conditions conducive to success (Pandor, DoE,
2006 para 17). Unsurprisingly, there were major concerns
expressed in regard to attrition rates of the so called
‘disadvantaged’ students. Clearly, higher education
in South Africa was faced with a heterogeneous
group of students that had different sets of needs and
challenges that institutions of higher learning had to
meet. Thesen and van Pletzen (2006) suggest that
institutions in South Africa were not prepared for such
change. This belief has led some scholars to identify
lack of support after admission (Boughey 2012; Scott
2009) as the overarching reason for the high attrition and
poor graduation rates among previously disadvantaged
students. Hence, the changes in the demographics
of students, driven by the equity-of-access objective,
together with institutional unpreparedness, necessitated
the shift from locating deficits entirely in the students to
institutional development. This shift has taken different

forms at different institutions. In this paper, we are
mainly concerned with one intervention, Supplemental
Instruction (SI), which adopted by the University of
KwaZulu-Natal’s faculty of engineering as a tool for
achieving equity of outcomes. In the South African
context, SI has been embraced as a catalyst for change
and a vehicle for the transformation that started with
the desegregation of university education (Zerger, ClarkUnite and Smith, 2006).
Supplemental Instruction (SI) was introduced in 1973
at the University of Missouri in Kansas City through the
work of Deanna Martin. After observing a dramatic
change in the demographics of the student body and
a simultaneous sudden rise in attrition rates (Arendale
2002) a need was identified for a programme that
would enhance learning. Comparisons can be made
with the South African context where high attrition rates
have been attributed to the massification of higher
education (Zerger et al. (2006). In this regard, SI is ideal
for South Africa.
SI is a “peer facilitated academic support programme
that targets historically difficult courses so as to improve
student performance and retention by offering
regularly scheduled out of class review sessions,” (UMKC
SI Homepage). Hence, SI does not focus on particular
students, but rather on the nature of the subject. For
this reason, SI as part of academic development assists
students in taking the focus away from their individual
‘deficits’ while accommodating their academic needs.
There are many studies, both locally and internationally
which have focused on the impact of SI in engineering
education. For instance, Malm and Bryngfors and
Morner (2011) explored the impact of SI on overall
academic performance for undergraduate students
at a Swedish University. They found that students who
had an above average attendance had better pass
marks than those who did not. Moreover, Malm et
al. (2012) also found that the transferable effects of
study strategies to other non-SI courses. These results
resonate with Bengesai (2011) who found that regular
attendance had a positive impact on the final course
grade among chemical engineering students. While
these studies have been informative, and indeed
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The effect of supplemental instruction of engineering students’
academic achievement ...continued
have increased knowledge about the effect of SI on
academic performance, there are some aspects of
the interaction that have not been sufficiently explored.
Other factors that need to be addressed to adequately
answer and explain the interaction between SI and
academic performance include:
• Who attends SI?
• What are the demographic attributes of the students
who attend SI?
This paper draws on the existing body of knowledge
which seeks to understand the effect of taking
Supplemental Instruction on engineering students’
academic performance. Further, an attempt is made
to extend this body of knowledge by exploring the
nexus between SI attendance and other student
demographic attributes such as matric points, gender
and race. The actual data used in this paper was drawn
from the chemical engineering cohort of 2014. The
sample consisted of 131 students who were enrolled in
the following modules: Chemical Engineering Principles
1 and Chemical Engineering Principles 2. Supplemental
Instruction was offered in these modules. The following
research questions guided the study:
1. What is the distribution of SI participants’ gender, race
and matric points compared to non-SI participants?
2. Which variables best predict success in a course?
3. What is the effect of number of sessions on the final
course grade?
In line with these questions, the following hypotheses
were tested:
1. There is no difference in gender or race composition
of the SI participants and non-participants.
2. There is no difference in average matric points for
the SI participants and non-SI participants
3. Gender, race, matric points and SI attendance are
not the best predictors of the course final grade
4. There is correlation between the number of SI sessions
attended and the final grade.
Descriptive analyses using frequencies and cross tabs
and calculating the X2 test of significance were used
to answer research question1. Regular attendance
was defined as attendance of at least 4 SI sessions
during the semester. The approved university grading
system was used for quality of pass, i.e 0-39, fail; 40-49,
qualifies for supplementary exam, 50-69, pass; 70-74,
second class pass and 75+, merit or first class pass. The
next step involved performing a correlation analysis
of the effect of gender, race and matric points on
SI attendance and overall academic performance.
The results show that there is a positive, albeit weak,
relationship between SI attendance and overall
academic performance, r (112) = 0.257, pvalue=0.006;
a significant negative relationship between race and
SI attendance, r (112) =-0.234, pvalue=-0.012. Although
the results show that SI attendance is not a strong
predictor of final course grade, regular attendance
was positively correlated with the quality of pass. There
was no statistically significant relationship between
gender and attendance as well as matric points
and attendance. It should be noted that regular
attendance as defined in this paper was low n=13.
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It is believed that this may account for the lack of
statistically significant results or the weak associations
found in this study.
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Introduction
This paper addresses key issues and findings
about the use of three educational data mining
classification algorithms in the educational context.
These methods of extracting knowledge on effective
teaching practices are used to estimate one global
characteristic: teachers’ ability to change the course
of events. We believe that assessment is essential to
predict, improve and maintain an acceptable level
of teacher effectiveness. It ensures accountability and
creates ways to improvements and future investments.
However, this happens when the system generates
authentic, participatory and grounded information.
This information, when captured and interpreted,
will reflect an acceptable level of the reality. In a
cognitive ergonomics way we processed as described
by Braverman, (2004) to ensure work conditions
improvement. They have to be responsible enough
to feed the system meaningful and rational data that
reflect realities on educational fields. It will not be easy,
since teaching is a highly cognitive complex behaviour.
Teachers are actors who should have in hand a set of
alternative forms of representation, which can derive
from research or have their origin in the wisdom of
practice.

Classifications’ Methods
Data mining, or knowledge discovery, attempts
to obtain valuable knowledge from data stored in
large repositories. Data mining has been considered
as an appropriate method of knowledge discovery
to excavate the implicit information. Thus, this study
presents a data mining approach that integrates three
computational intelligence schemes. Artificial immune
recognition systems (AIRS) are defines by previous
research as a class of computationally intelligent
systems inspired by the principles and processes of

the vertebrate immune system. According to “Artificial
Immune system” website, the algorithms typically
exploit the immune system’s characteristics of learning
and memory to solve a problem. Sugandhi and al,
(2011) identified random tree as a class for constructing
a tree that considers K randomly chosen attributes at
each node, and performs no pruning. Also, has an
option to allow estimation of class probabilities based
on a hold-out set (back fitting). Lazy K Star “K*” is an
instance-based classifier, that is the class of a test
instance is based upon the class of those training
instances similar to it, as determined by some similarity
function. It differs from other instance-based learners
in that it uses an entropy-based distance function.
We process our educational database using those
algorithms, we extract, and we pedagogically interpret
knowledge from findings.

Methodology
The teachers’ ability to change the course of events
is a pedagogical concept that we can define by the
ability to enhance the general educational level of
students. It means that the new students’ conceptions
of knowledge are better constructed; students can
solve problems more easily, their assimilation of
knowledge evolves constantly, their performances
in evaluations are better and they feel motivated
to be in class. In order to assess the teachers’ ability
to change the course of event, three classification
methods are applied on data set collected by an
interactive grid. These collections are done within
the classroom using this grid as an observational
instrument. The different parts of the grid that gather
different teachers’ practices, students’ interaction,
and channels of conveyed knowledge will be detailed
later in this paper.
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Estimating “teachers’ ability to change” using
classification ...continued

Data description
We obtained a collection of many teaching practices
and students’ interaction acts from many classrooms
visits. We used an interactive grid conceived in thesis
work of Besbes, (2012) as an observational instrument
for our measures. The knowledge content of the visited
courses is about physics, chemistry, and mathematics.
In about 30 visits we record teaching practices of
Arabic, French, and English courses sessions. The
interactive grid contains 63 pedagogical acts, which
are generally manifested in most teaching practices.
Those acts are subdivided in three sets. The first set of
27 practices are measured by their time durations, and
then quantified by their rates according to the total
session course duration. The second set of 27 teachers
and students’ behaviours and attitudes are evaluated
on -3 to +3 Likert scales. The final sets of 9 measures
are the durations of channels that teachers choose to
convey knowledge: when they speak, draw, write, and
show pictures or curves. It is important to notice that at
the end of each visit the expert (educational inspector)
who used the observational instrument, evaluated
the teaching effectiveness within the course session
by giving a grade varying between 0 and 20. Those
grades are taken in our research work as reference
sequences. According to them, classified instances
of teaching effectiveness and the main evaluated
concept will be assessed. Our first version of interactive
grid did not contain the 27 behaviours and attitudes
criteria of the second set. As a consequence, missing
data appear within more or less than 100 visits. Missing
data are extremely common through social science
research as mentioned by Puma and al (2009); we
tried to gap this missing data by substitutions that will
be described.

Conclusion
Within this research, we were able to quantify in realtime relevant criteria for the recognition of actors’
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profiles in the process of teaching and learning.
Criteria for equity confer more justice and rigor with
associated indicators to assess. These quantified
indicators constituted a generated raw data source
from which three classification algorithms extract
relevant and vital knowledge. They classified, with
high rates accuracy, the most effective teaching
and learning course sessions and the least effective
ones. They classified teachers who are highly “able to
change the course of events” and those who have
low aptitude to make the change. More processes
can be done with findings of research in data mining
using recognition and extraction features algorithms.
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The main purpose of higher education is to contribute
to and support the process of societal transformation
in South Africa. They also provide for the labour market
in a knowledge-driven society with the ever-changing
high-level competencies and expertise necessary for
the growth and prosperity of a modern economy. It
is reasonable to argue that academic disciplinary
knowledge is not sufficient to meet employers’ and
students’ expectations about higher education
studies. Students need to be prepared for today’s
rapidly changing and highly competitive labour
markets, for periods of unemployment in terms of
economic downturn, and for lifelong learning. The
so-called discrepancy between the needs of the
world of work and those offered by higher education
could possibly be addressed by placing a focus on
the development of graduate attributes. Despite
the fact that graduate attributes have been the
centre of discussion in many countries over a number
of decades, literature indicates that the notion of
graduate attributes is a complex concept that relates
to issues such as employability, life-wide and lifelong
learning, social responsibility and good citizenship, as
well as others related to environmental consciousness
and technological adeptness. A knowledge driven
economy demands that a larger proportion of the
workforce have a university education and access
to lifelong learning opportunities. A skilled workforce
is necessary for a country to be a leader in the global
economy. The challenge lies with the higher education
sector to ensure that its graduates have the required
knowledge and skills to apply themselves in the working
world. During interviews companies typically use a
discourse of “competence rather than skill. This reflects
their over-riding concern with employee performance
which bears little relationship to formal qualifications or
levels of skills. Levels of qualification are still considered
to be important as a measure of “hard skill” in

identifying appropriate candidates. For virtually all jobs
the primary focus was on behavioural competencies
(soft skills) including initiative, perseverance, timemanagement and team working. Companies can
easily provide training for those who need to get up
to speed with the latest technical developments.
The major concerns are in finding people with the
appropriate behavioural competencies to “get the
job done” or “take the business forward”. There seems
to be a mismatch between current workforce and
organisation’s strategies leading one to believe that the
curriculum of higher education are not focusing on the
needs of industries. There is a difference in the needs
of the industries and graduate attributes. Industry jobs
require more knowledge, teamwork and more use of
technology than in the past. The engineering profession
has its own set of graduate attributes which has to be
incorporated into engineering curriculums.
The in-service trainees registered in the department
of Chemical Engineering for the National Diploma
(ND) are assessed on site by their supervisors. In
order to fulfil the requirements of the ND, a student
spends 2 years on theoretical study on campus and
1 year of training in industry. The student is expected
to complete a series technical reports to meet the
outcomes of the training. The first assessment is done
within 3 months of employment when the student is
visited by the university mentor, and the second after
the 12 months of training. Students are assessed on
their knowledge, skills, attitudes and values in the
initial assessment which is usually within 3 months of
employment. In the final assessment they are assessed
on their ability, performance, judgement and attitude.
The 1st assessment is carried out by the university
mentor when the student is visited on site. The industry
supervisor is requested to fill out the survey and submit
it to the university. This study is focused on the 1st on-
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Graduate attributes and readiness of chemical engineering
technicians for the world of work ...continued
site assessment. An analysis was done on the results
of the assessment over a 3 year period (2012-2014).
Approximately 30 students meet the requirements
of experiential learning per year. The total number
completed in the 3 year period was 82. 6 assessments
were not completed during the visit. 7 were found to
have missing information. The final number used in
this study was 76. Students undertaking experiential
learning may have subjects outstanding for the
ND. The completion dates do not coincide with the
graduation dates. Although a number of instruments
of data collection could be used, the survey with a
rating was deemed to be most appropriate. They
were easy to administer, friendly to complete and
fast to score therefore taking relatively very little time
of the researchers and the respondents. The overall
objective was to ascertain whether students are able
to display the graduate attributes necessary for working
in the real world and whether the knowledge gained
at the university is transferable to the workplace. The
survey was divided into two sections, viz. attitudes and
values, and knowledge and skills. Under attitudes and
values, the student is assessed on adaptation to work
environment, initiative, confidence, interaction with
supervisors, interaction with colleagues, willingness
to learn, reliability, judgement and integrity. For the
assessment of knowledge and skills, basic calculation
skills; application of technical knowledge; viz. chemistry,
material and energy balances, flowsheeting, heat
transfer, fluid flow calculations, plant safety, instrument
and basic control, mass transfer, general plant
operations; problem solving skills, oral and written
communication skills, report writing and computer skills
are rated. A rating of 1 was used for poor, 2 for average
and 3 for good.
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For the assessment of the 9 variables under attitudes
and values, the response averaged 72% for a rating
of good, 27 % for average and 1 % for poor. Students
scored high on interpersonal skills but lower on
judgment and confidence. This is indicative of the
student’s “immaturity” in the working world as they
are not decision makers but merely shadow those
that make them. The results of the knowledge and
skills survey rated the students at an average 67 %
being good, 32 % and 1 %. 68 % of the students were
rated as good for having core chemical engineering
knowledge, 31 % as average and 1 % as poor. Overall
the students were rated at an average of 68 % as
having good attitudes and values, and knowledge and
skills. A recommendation is that this survey be carried
out at the end of the 12 month training period to see
if there was any change in the rating if the assessment
was done after a longer work placement. An important
factor to keep in mind is that students may work under
the supervision of managers who learnt the trade over
many years and that the industry is non-academic. The
university’s focus is on knowledge, while the workplace
focuses on production for profit. Universities need to
adapt the curriculum to incorporate the “soft skills”
or graduate attributes into their curriculum by using
activities such as work based learning prior to the
student placement in industry. Higher education must
take its rightful place in producing thinking, responsive
and intellectually well-grounded individuals who are
flexible and can readily adapt to new demands and
challenges.
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The use of ICTs in the classroom has seen an explosive
growth over the past few years as lecturers attempt to
introduce new ways to enable students to engage with
teaching and learning activities. One such use of ICTs
– the backchannel – enables students to anonymously
ask questions of the lecturer while a class is in progress
(Bry, Gehlen-Baum, & Pohl, 2011; Camiel, GoldmanLevine, Kostka-Rokosz, & McCloskey, 2014; Poppe,
Truong, & Heylen, 2011). It is typically also possible for
other students in the class to read the questions being
posed as they are posted in a private chat forum that
is accessible via mobile phone, tablet, and laptop. The
lecturer can integrate the answers to these questions
into their lecture or simply take the time to specifically
address the question asked.
The focus of this paper is to understand how the use
of a backchannel in an engineering classroom can
impact on the teaching and learning that takes
place. The focus is thus on the student rather than
the technology being employed. The “approaches
to learning” framework (see, for example, Case,
Gunstone, & Lewis, 2001; Entwistle, 1997) has regularly
been used to make claims about the impact that
innovations of this nature have on student learning.
However, Mann (2001) has provided a robust critique
as to why this may not be the most useful framing – and
suggests that one could rather adopt an alternative
perspective on the student learning, one that focusses
on “alienated or engaged experiences of learning”
(p.8). It has been suggested that this alternative focus
“could provide a broader and more contextualised
view on the student learning experience” (Case, 2008).
For this study, data were collected from a third year
mechanical engineering course where a backchannel
was used for the majority of the 24 lectures. Data were

collected through the survey of 71 students during
the course as well as through in-depth interviews with
nine students after the course was complete. Field
observations by the author (who did not teach on the
course) suggested that while there were questions
being asked in the traditional way during class, there
were a significant number of questions being posed via
the backchannel. The findings that emerged from an
analysis of the survey data supported this observation
with useful results emerging if one split the class into two
groups, viz. English home language (EHL) speakers and
English second language (ESL) speakers. 72% of EHL
students logged into the backchannel with about 72%
of those asking questions through the backchannel.
Interestingly, the spread of grade point averages
(GPAs) for those students who asked questions ranged
from 54% to 86% suggesting that it was not only the
weaker EHL students who were asking questions
via this ICT-mediated route. When one considered
the ESL students, 50% of them had logged onto the
backchannel. However, of those, 90% indicated that
they asked questions through the backchannel.
The following extracts are taken from the comments
collected as part of the surveys and indicate quite
clearly why so many students asked questions using
the backchannel:
“Now all my questions can get answered without
having to worry about feeling stupid in class. You
don’t need to be brave to put up a question on the
backchannel.”
“It affords students whom are often shy of being the
centre of attention when asking questions, the ability
to ask without feeling worried, shy or scared that they
may be ridiculed for asking.”
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What it takes to ask a question: Using a backchannel in an
engineering classroom ...continued
“It gives students an avenue to openly ask questions,
arbitrary or significant, without fear of being judged
or drawing attention to themselves.”
Drawing on Mann’s (2001) framework of alienation
and engagement an interpretivist approach was
adopted in the analysis of the interview data collected.
Emerging from the data were clear themes to support
the argument that in a traditional class, a significant
number of students felt the absence of a relationship
in the class that could support their engagement.
Furthermore, they felt “isolated from a group or activity
… in which one should be involved” (Oxford English
Dictionary definition as cited in Mann, 2001, p.8) –
in other words, they felt alienated by their inability
to engage with the lecturer during the class. The
following extracts indicate the impact that having the
backchannel had on students’ ability to interact in the
activities in the class:
“They want a platform where they can ask silly
questions and not be judged … “
“I think it is also that people are scared to ask stupid
questions. … You feel like you are holding everyone
back or you are slowing the class down...”
“… tended not to ask questions because of your peers
– well you are scared of your peers.”
“[They] are clever but they never ask questions in
class, because they don’t feel confident about
themselves. They are scared about the others how
they feel about their question. They don’t want to be
seen in a wrong way.”
Considering the findings that emerged from this study,
it is argued that Mann’s framework that uses the notion
of alienation and engagement provides a robust
way of being able to understand how the use of a
backchannel impacts of the teaching and learning
that takes place in a classroom. Students indicated
quite clearly that they were better able to follow what
was happening in the class – not only through their
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engagement with the activities in the class through
their use of the backchannel, but also through the use
of the backchannel by others. They further suggested
that they felt less isolated from the activities that were
taking place in class as they were able to participate
through the backchannel from what they considered
a safe space.
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Vector preparation for Dynamics:
What can we learn?
Craig, T.S.; Cloete, T.J., le Roux, P.

Vector functions (collectively geometry and algebra)
is a topic taught in first-year engineering mathematics
and thereafter used by the students in a variety of
contexts. One such context is dynamics, where the
students can exhibit difficulty in engaging with the
vector content of the course. The authors, representing
both mathematics and dynamics lecturers, have
engaged in a project to investigate the vector skills
and knowledge of incoming students in the dynamics
course at the University of Cape Town.
The topic of vector functions in first-year mathematics
is one which appears to have a threshold of
understanding where students either “get it” or they
find the topic extremely challenging and opaque.
The theory of threshold concepts (Meyer & Land,
2013) posits that there are certain types of knowledge
which are troublesome to come to know, but once
understood are transformative and irreversible. The
observed struggles of first-year mathematics students
strongly suggest that there are specific elements of
vector functions which prove troublesome to come to
know, yet are transformative for those who do cross
that threshold.
In the dynamics course, the lecturers find that students
struggle with using vectors in context, one such instance
being drawing scaled vector diagrams. Specifically,
students are reluctant to attempt to interpret vectors
in a spatial, that is geometric, sense. In general,
students have no hesitation to attempt dynamics
problems using vector algebra, meaning here symbolic
manipulation. However, for complicated kinematics
problems, this approach is seldom successful because
students often make algebraic errors which they can
fail to recognise as such through lack of visualisation
afforded by the algebraic approach. By contrast to
vector algebra, students who commit to the geometric
rendition of the vectors typically make fewer errors. A
possible reason for this is that errors are more obvious
in a diagrammatic representation, since vectors are
inherently imbued with meaning to the same degree
as other diagrammatic devices, such as free body

diagrams.
As the first in a series of vector related investigations by
this research team, a vector functions test was given to
the first semester 2015 dynamics class. Analysis of the
test results can potentially shed light on issues related
to the teaching and learning of first-year mathematics
as well as dynamics.

The vector functions test
The test was designed by the first author with input from
mathematics lecturer colleagues. One question was
added by a lecturer of dynamics (the second author).
The test was explicitly designed to test proficiency with
typical first-year vector functions questions. Future
versions of this test will be more heavily influenced by
specific dynamics content.
The test was written in the first two-hour tutorial period
of the semester. The test was compulsory, however
students had the opportunity to refuse permission for
their data to be used in analysis. Ethical clearance for
this study was obtained from the institution. 71 students
wrote, of whom 63 gave consent for their data to be
used in analysis. This data set is small and any results
we have found are suggestive rather than significant.
The expectation is that this test is the first in a series of
semester tests, dynamics being a semesterised course
at our institution. Over time the data set will grow and
results will become more reliable. The results were
analysed using the Rasch measurement method (RMM)
(Andrich, Sheridan and Luo, 2011; Dunne, Long, Craig,
and Venter, 2012).
Preliminary questions we hoped to answer included
• Is there any evidence of threshold concepts in vector
functions?
• Is there a correlation between proficiency in vector
functions and in dynamics?
• What items were at either end of the spectrum of
difficulty?
• What was the response to the item designed to test
interpretation of vector diagrams?
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Vector preparation for Dynamics:
What can we learn? ...continued
• Did RMM identify any so-called “bad” questions?

Results
The results of this sample of 63 students do not indicate
the presence of threshold concepts. This finding is
interesting in that it stands in contrast to lecturer
experience of either “getting it” or not. Further iterations
of this study will provide more data. A further negative
result was the lack of correlation between student
proficiency at this vector function test and the first
dynamics class test of the semester with the correlation
coefficient being r = 0.23.
The test items range from extremely easy to fairly
challenging. The test was, in general, a good fit for
the population, however it was slightly on the easy
side and future versions of the test could contain
more challenging questions. The easiest items
were, unsurprisingly, simple dot and cross product
calculations. The most challenging questions were
a surprise to us, namely decomposing a vector into
parallel and perpendicular components of another
vector. There were two versions of this question in the
test and they were the first and third most difficult, as
determined through RMM. Also challenging were items
requiring the students to either impose coordinate axes
onto a sketched physical system or to read vectors
off a sketched system – as opposed to having vectors
pre-packaged in symbolic form. Both the apparent
difficulty with decomposition of vectors and the
apparent difficulty in imposing a coordinate system
onto a physical system have implications for engaging
with dynamics content.
The dynamics lecturers observe that students appear
reluctant to draw vector diagrams. Impelled by this
observation, one item in the test was designed to
require students to interpret given vector diagrams.
This item was of average difficulty (18th of 29 items
ranked easy to difficult) which is again an interesting
observation, suggesting that while students might be
apparently reluctant to draw vector diagrams (as is
observed) they do not struggle to interpret them.
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A valuable use of RMM is to analyse the test instrument
itself for “bad” questions, such as poor discriminators
due to guessing. Results point to some of the questions
as being ambiguously phrased which might have
affected the results. In the next iteration of this test,
those questions will be rephrased.

Further research
The dynamics course at UCT is run every semester,
with the second semester having the greater student
numbers. The project discussed here can be seen as
a pilot for the more refined study on the larger cohort
to take place in the second semester 2015, in July. In
order for the results to be comparable, few changes
will take place on the instrument, except for minimal
rephrasing and potentially adding a few more items.
In 2016 and beyond we shall explore changing the test
substantially to make it more about the skills clearly
required for dynamics and less about first-year vector
functions content. As a closing note we would like
to raise the concern that there is such a wide gap
between first-year maths content and the needs of
dynamics. Certainly first-year mathematics needs to
serve the needs of multiple engineering departments
and courses, but we argue that the gap can be
narrowed with greater communication between the
relevant academic parties.
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“We are what we repeatedly do. Excellence, then, is
not an act, but a habit.” - Aristotle
The habits of final year mining engineering students
over a period of five years are explored by using
Shadowmatch™ (an online people optimisation
tool) measuring behavioural patterns against a
predetermined set of habits. The quest were whether
final years in the mining engineering department would
display common habits as predictors of success to
complete the B Eng degree in Mining Engineering at
the University of Pretoria and to explore such habits. By
determining the habits of final year mining engineering
students would inform conventional teaching styles to
increase awareness of the role of habits and to realise
which habits are linked to success in an engineering
degree with the aim to reinforce and strengthen these
habits in undergraduate students.

Introduction
South Africa produces more mining engineers than all
other English-speaking countries combined, but is still
not producing sufficient young engineers to replace
the aging engineering population (Landelahni Business
Leaders Report, 2010). Ways to increase the number
of new engineers, improve the throughput rate, and
retention it therefore vital.

Purpose
The purpose of this article is to increase awareness
of the role that behavioural habits play in producing
successful mining engineering students. In an attempt
to improve the engineering education and to improve
the throughput rate at the University of Pretoria
(Department of Mining Engineering), Shadowmatch™
(De Villiers, 2008), was used to explore the behaviour
of final year students over the last five years.

This study exposes dominant and weakest habits of
successful students in the Mining engineering course at
TUKS (according to Shadowmatch™) from 2010-2014
(defined as the sample period).

Why habits?
Habits can be developed or changed. Behaviour
can be observed and is malleable if the individual is
motivated to do so and if the environment allows for
that change to be executed.
Habits are defined as goal-directed automatic
behaviours and are mentally represented as
associations between goals and actions (Aarts &
Dijksterhuis, 2000). Much of what we do in everyday
life is automated so that we don’t think how to do it
while we are doing it. These behaviours form a pattern
because of its repetitive nature. Examples of such
behaviours are typing on a computer or driving a car.
Many of these behaviours are directed at another aim
or fulfilling another task. These actions/behaviours are
automated to increase our effectiveness to be able to
focus on a deep seated set goal. The method we use
to type gets focus. The behaviour becomes automated
focusing on another goal.
Engineering students need to have embedded habits
to be effective and successful. Examples are typically:
participating in class group activities and managing
time optimally. The more automated habits a student
has the better he/she will perform in their studies. These
examples are behaviours directed towards their goal
to be successful within the minimum time to obtain a
degree. It is proposed that students who progressed
to their final year employed specific habits that made
this achievement possible.
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The habits of final year mining engineering students:
A five year sample. ...continued

Shadowmatch

Data analysis

Shadowmatch™ measures the strength of an
individual’s habits according to a predetermined
set of behavioural habits. Individuals are rated on
19 different habits and attitude after completing an
online worksheet with 75 questions (De Beer, 2013).
The application determines the scores received by
the applicant on the behavioural habits by using the
input of the applicant. Habits are a very reliable way to
predict the behaviour of people; they have recurrence
patterns and these patterns can be predicted with
relative high accuracy (Wevell & De Villiers, 2013).

In total 188 final year students were part of the study.
The participants in the study made up 83.9% of the
total number of final year mining engineering students
between 2010 and 2014.

According to how embedded the individual’s habits
are or how likely the behaviour will be executed by
the individual, Shadowmatch™ distinguishes between:
1) Radical habits, score: 65-100
2) Strong habits, score: 50-65
3) Contextual habits, score; 30-50
4) Necessary behaviour, score: 20-30, and
5) Planned behaviours, score: 0-20.
Radical habits are executed in the majority of situations
even in situations that are different from the everyday
life style and work environment and can often be
forced on others. Strong habits are predictable
behavioural patterns which will be executed without
or with minimal planning in most situations that the
individual finds him/herself in. Contextual habits are
behavioural patterns used in day-to-day situations and
will be used as far it is functional in the daily context.
Necessary habits are used only when necessary.
Planned behaviours are behaviours which are not part
of the behavioural pattern are executed only with
planned attention.

Most dominant habits of final year
students
Two habits (responsiveness and problem solving) were
included annually in the five most dominant habits.
These habits are considered as strong (score: 50-65)
and are defined as follows: Responsiveness (reaction
speed: the habit of acting immediately if, and when
necessary), and Problem solving (the habit of engaging
with challenges on a conceptual, social and practical
level and successfully managing these difficulties/
challenges towards resolving them). The other habits
which were amongst the most dominant five habits
were (in order of priority), Discipline (working in a highly
disciplined working environment where adherence
to structure, rules and regulations and time-frames
are imperative); Self-confidence (acting with a
high level of trust in your own abilities, qualities and
judgement) and Resilience (overcoming challenges
despite the difficulties experienced). Resilience and
Self-confidence were equally strong habits. Two
other dominant habits only featured within the cohort
of students in 2013. These habits are To simplify (the
habit of breaking complex scenarios down to linear
challenges that can easily be resolved) and Team
Inclination (preference to work in a team).
Table 1: Most dominant habits displayed by the final
year mining engineering students (2010-2014)

Five most dominant habits per year group ranked from strongest to weakest
2010

2011

2012

2013

2014

Habit

Avg Habit
score

Avg Habit
score

Avg Habit
score

Avg Habit
score

1

Responsiveness 52

Discipline

51

Responsiveness 53

Responsiveness 48

Self
confidence

48

2

Resilience

50

Problem
solving

48

Discipline

51

Discipline

48

Resilience

48

3

Discipline

48

Responsiveness 48

Self
confidence

49

To Simplify

47

Responsiveness 47

4

Selfconfidence

48

Self
confidence

48

Resilience

48

Team
Inclination

43

Team
Inclination

46

5

Problem

47

Resilience

47

Problem

47

Problem

43

Problem

45

solving
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Avg
score

solving

solving
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The weakest habits of final year students
In all five years the final year mining engineering students consistently did not display four behavioural habits. The
lowest habit was Individual inclination (working as an individual and not as part of a team) followed by Propensity
to change (how positive (comfortable) the individual behaves towards change and adopts new and different
things), Propensity to hand-off (preference to an outside agent to solve problems, handle difficulties or even
execute tasks), and Routine (repetition of mundane activities where every day is the same). Individual Inclination
was the weakest habit and fell in the category of planned behaviours (score: 0-20) and Propensity to change,
Propensity to hand-off and Routine resorted in the category of necessary behaviours (score: 20-30).
Table 2: Weakest habits displayed by final year mining engineering students (2010-2014)

Four weakest habits per year group: ranked from weakest to weak
2010

2011

2012

2013

2014

Habit

Avg Habit
score

Avg Habit
score

Avg Habit
score

Avg Habit
score

Avg
score

1

Individual

28

Individual

28

Individual

31

Propensity to

27

Individual

28

2

Propensity to

33

Routine

31

Propensity to

33

Individual

30

Propensity to

inclination

Inclination

Inclination

hand-off
3

Routine

change
33

Propensity to

33

change
4

Propensity to
change

change

36

Propensity to

Propensity to

Inclination

Inclination
33

Routine

34

hand-off
33

Routine

30

change
Propensity to

33

hand-off
34

hand-off

Propensity to

35

Routine

36

hand-off

Attitudinal habits of final year students
Shadowmatch™ also measures the attitude (the way people approach life and work through their actions) of
individuals according to four habit categories. Category one display behaviour that is positive, involved and nonaggressive. Category two displays positive involved behaviour that is assertive and more aggressive. Category
three displays behaviour that is aggressive and assertive but not involved. Category four displays patterns of
behaviour that are not involved, not assertive but also not destructive. The final year mining engineering students
from 2010 to 2014 displayed the following attitude according to Shadowmatch™ (see Figure 1).

Involved

Assertive/
Aggressive

Un Aggressive

Un involved

Figure 1: Attitude chart of final year mining engineering students (2010-2014) (shadowmatch.co.za).
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The habits of final year mining engineering students:
A five year sample. ...continued
The attitude displayed by this cohort of students was
mainly involved (Category 1 and 2). The behavioural
pattern detected is that students firstly participate
positively with the aim to succeed in what needs to
be done and work with others towards meaningful
outcomes. The second category displayed is that of
aggressive involvement. They are willing to become
firm and even aggressive when things don’t happen
or when others neglect what are expected of them.

Conclusion
The results of the analysis could influence the
conventional approach to teaching by:
- Emphasizing the significant behavioural habits linked
to successful completion of the B Eng in Mining at the
University of Pretoria
- Reinforcing and strengthening these essential habits
in undergraduate students.
Future research should focus on habits as possible
selection criteria for prospective students to ensure
better throughput and retention of students.
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Higher education prepares citizens of a country for
becoming distinguished contributors to their country’s
well-being. Higher education is not just a process of
gaining academic knowledge in a chosen field but it is
meant to be a transformation of a person into one who
has grown both socially and intellectually. Graduates of
higher education institutions need to be equipped with
the skills to be able to contribute significantly not only
with knowledge of their field of study but also displaying
skills that demonstrate a well-rounded citizen that can
make a meaningful contribution to the development
of their country.

Extensive video footage and interviews with students
on the team were analysed with a view of determining
the impact that participation in such a project had
on developing the students to understanding the
world of work, understanding their role in society, in
industry and in life in general. The interviews took on
a semi-structured format to; on the one hand guide
the questioning but also on the other hand to allow
for free comment by the students. Data gathered was
a qualitative nature. Responses from the interviews
were scaled against the Engineering Council of
South Africa (ECSA) Standards and Procedures
System (2012). The ECSA Standards and Procedures
System (2012) identifies 11 outcomes for professional
engineers. These outcomes fall into five broader
categories, namely, Knowledge-based Engineering
Problem Solving; Managing Engineering Activities;
Risk and Impact Mitigation; Exercising Judgement
and Taking Responsibility; and finally Developing
Own Competency. The analysis of the findings of this
research aims to affirm the notion that integrated
learning through projects, allows for acquiring the
necessary skill for being an effective contributor to
development in the 21st Century.

The South African Education White Paper 3 states
that the role of higher education is to produce
citizens with critical thinking minds, a willingness to
debate and tolerance to accept differences (South
Africa. Department of Education, 1997). According
to Saavedra and Opfra (2012), Levy and Murnane
(2005) state that employers are more and more
seeking people with not only the basic skills sets, but
excellent communication skills and complex thinking
skills. These complex skills cannot be acquired through
rote learning but require engagement with real-life
situations and application of a set of skills and not just
one skill at a time.
This paper describes an initiative undertaken by
the TIA Adaptronics Advanced Manufacturing
Technology Laboratory (AMTL), a technology station
within the Department of Mechanical Engineering at
Cape Peninsula University of Technology (CPUT). The
initiative is called Formula Student and forms part of
the CPUT Motorsport Programme. Formula Student is
an international inter university competition that tasks
students to design and manufacture a formula type
(like Formula 1) racing car and ultimately compete
with the car in a student run racing team.

The skills acquired by the students are referred to by
Bennet (2002) as “transferrable skills” which include
amongst others the ability to work with others, selfmotivation and problem-solving. Through interviews
and video footage, students who participated in
the programme have shown acquired skill in firstly,
team work where in order to pass all phases of
the competition, team members had to rely on
each other’s individual expertise and so showed
an appreciation of the contribution that each
team member makes. What emerged was a clear
understanding of the fact that one’s academically
acquired course discipline and knowledge does not
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Developing engineers fit for the 21st century: Integrated
learning in the CPUT Motorsport Programme ...continued
exist as an island but that the contribution from other
disciplines is important for most big projects to succeed.
Secondly, students acquired finely tuned
management skills through working to strict deadlines,
acknowledgement of leadership in the team and
fulfillment of leadership roles. Thirdly, students acquired
good presentation skills and the ability to be assertive
and confident in defending their design to a panel
of judges. This required a pride in their work and
confidence in their team.
Finally, participation in the competition taught students
the understanding of the highs and lows of competition,
be it in or outside the workplace and the important skill
of how to deal with failure and how to rectify mishaps
that may occur.
As a member of the Formula Student team, students
are exposed the real world pressures of operating in
the motorsport industry. Although the project emanates
from the Faculty of Engineering, the success of the
team is not only dependent on students in engineering.
After participating in the competition twice, the AMTL
has found it essential that students from other disciplines
form part of the team. An added benefit from the
interviews highlighted this finding as team members
realized that their respective professions cannot be
seen in isolation to any industry as a whole.
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Through this project students were given the platform
to showcase their skills to the world, market their skills to
the world and become ambassadors for their institution.
The project has also encouraged students to pursue
postgraduate studies and has acted as a springboard
for lucrative employment opportunities.
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Abstract
ODL education has been developing rapidly in
Southern Africa recently. The system involves study
and practice in order to broaden knowledge beyond
formal education. At University of South Africa (UNISA)
adoption of this method on theoretical knowledge has
been successful. The practical component has not
been effective particularly in Electrical Engineering
Curricula. This result to the high volume of dropouts,
contribute to unskilled graduates and unemployment
growth. In this paper an emerging centered learner
and a developed centered learner method is
proposed. These two methods simulate unemployed
and employed students who study part-time at the
university first entry level. Employed are classified as
developed centered (DV) and unemployed newlymatriculated as emerging centered learner (ECL).
The results show the correlation between two groups
of students and their learning method. Developed
centered learner attains better pass-rate than an
emerging centered learner. A conclusion is made
by drawing attention to the integration of practical
curriculum elements and lasting understanding of
theory in practice for ODL graduates.
Authors key words: Open learning, Engineering
curriculum and Practice

1. Introduction
Past research indicate clearly that there is a gap
necessary to be closed on the transfer of skills within the
higher education sector. Although providing academic
excellence in teaching and learning is essential for
the attainment of a degree, employers are looking
for more than in-depth knowledge and understanding
of relevant subject material from the graduates [1]
Numerous white papers from the department of higher

education and training in South Africa, have impacted
largely upon higher education by emphasizing the
need of undergraduates to be better prepared for
the working environment. To achieve the adaptability
required for working within different contexts and
situations, exiting students are now required to have
acquired some level of competence in a range
of transferable skills to enhance their personal
development and professional capabilities. To meet
this demand, students are offered opportunity to do
practical work as a group at the near university of
their choice which has the memorandum (MOU) of
understanding with UNISA. In most cases this is a one
day session for all the experiments which a student
requires for that particular subject. The efficiency of
this method is questionable as students cannot obtain
enough practical training as they do in theory.
Additional universities will eventually be required in the
context of meeting our enrolment targets. A particularly
important role must be played by the expansion of
distance education at both Unisa and mainly contact
universities [2].

2. Methodology
Case Study 1 2013
This was performed for Engineering 1 practical class,
a first year level module where two groups are
investigated.
Experimental group students of 50 emerging centered
learner (ECL) and 50 developed centered learner
made one class. The first ECL group of students was
allocated the practical session on the 04th September
2013. This group was asked to do preparation for
the experiments to be done during the session.
They then presented to the lecturer who assessed
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An Approach to integrate skills development in Open Distance
Learning (ODL) Environment ...continued
the preparation. The students then carried out the
experiments according to the instructions given to
them by the practical instructor. Explanations were
made where necessary.

learner and 50 developed centered learner who did
not attend class.

3. Analysis

Control group of students 50 emerging centered

3.1 The performance statistics of DCL and
ECL experimental group.

Y-axis (%Mark obtained)

Y-axis (%Mark obtained)

X-axis (number of tests)

Figure 1: Experimental group of DCL

X-axis (number of tests)

Figure 2: Experimental group of ECL

3.2 The performance statistics of DCL and
ECL control group.

Y-axis (%Mark obtained)

X-axis (number of tests)

Figure 3: Control group of DCL

4. Discussion
According to the findings from the study, a developed
centered learner has attained skills through industrial
training in a relevant field of engineering. These
particular learners have ability to work independently
throughout the entire course of study. Experimental
group of students who are named emerging centered
learner take maximum time of one hour approximately
to complete a 45minutes task. As seen on Figure 1 of
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Y-axis (%Mark obtained)

X-axis (number of tests)

Figure 4: Control group of ECL

DCL experimental group, the minimum average mark
obtained is 60 percent within 45minutes whereas for
ECL group the minimum average is 39 within 48 minutes.
When considering the control group, developed
centered learner mark correlates with the one obtained
by the DCL experimental group. There is a rise in time
for ECL in that the maximum time spends is almost three
hours for the same task which is performed by the DCL.
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5. Conclusion
Educating students from ODL environment requires
the integration of theory and practice for successful
skill impartation. It is quite a challenge in that theory
is done separately and practical has a limited time.
In most cases practical experiments and industrial
work help students to understand theory for the entire
path of their career. Therefore graduates who have
attained both theory and practice excel in what they
do and are more hunted by the employers. Students
also seem to appropriate the value of developing skills
in this manner as they recognize their performance
in application of skills for learning further. This is found
as a deciding factor for lectures to judge student’s
success even though they were not formally aware of
putting more emphasis in teaching practical parallel
with theory. Furthermore we believe that the sequence
which teaching approaches are applied for ODL
should take into consideration whether a student is
ECL or DCL type. Study materials should be designed
to accommodate both types of students.
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Extended Abstract
Before the days of online assessment, two or three time
periods of lecturing would each be followed by a test.
At the end of the semester, an exam would be written
based on all theory lectured from the beginning. The
tests and exams were set by each lecturer, who drew
up a memorandum against which answer scripts were
marked. The quality, standard and fairness of the
assessments could vary according to the experience
of the lecturer. In recent years, with the increase in
student numbers, the marking load of lecturers has
increased correspondingly, in such a way that several
days are required to mark a test or exam for around 100
students. At the same time, the pressure on lecturers to
produce time consuming publications has increased,
even as throughput rates of students are still policed.
It is proposed that these challenges can be mitigated
using online assessment.
This work has been inspired by Assessor Training
(where the paradigm is that students can become
competent in all subject outcomes given enough
time and assessment opportunities), by the realization
that complicated calculations can be broken
down into smaller parts corresponding to learning
outcomes, by pass rates that stayed high even with
online assessment, and by the belief that information
technology can conveniently be employed to improve
teaching efficiency.
The online assessment occurs as follows: Engineering
students arrive in a computerized venue and are
provided with classical questions for the engineering
course in question. They submit the answers
electronically, and marks are immediately allocated
and the students commended for submitting a
correct answer. Students cannot copy from each
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other as values used in the calculation are randomly
selected by the software (Blackboard). For incorrect
answers, the students are further interrogated to
establish where they went wrong and appropriate
feedback is then given. More complicated calculations
are divided into sections which are interrogated
separately so that correctly understood sections can
be eliminated facilitating the process of identifying
student errors. Marks are automatically, accurately
and fairly allocated based on how many errors a given
student has made. Hence feedback to students is
instantaneous and student-specific, and they get the
feedback needed for their understanding while doing
the assessment.
From the students’ responses during the tests, a portfolio
of outcomes per subject and student is constructed
electronically and used to systematically pin point
precisely what each student specifically does not
understand. Formative online assessments for each
unreached course outcome are set up automatically
for each student, and these have to be repeated
untill they are successfully answered, at which stage
each student is deemed to be competent in all the
outcomes. This is similar to the one method used
by Weurlander et. al. (2012) in their study regarding
formative assessment, and they deduced from
students’ responses that formative assessment could
act as a tool of learning. The formative assessments
were not based on individual student performance in
previous tests, however.
Before implementation of formative assessments, about
11% of students experienced a drop of more than
20% in their exam marks compared to their average
test mark. This dropped to 0.4% with the manual
implementation of formative assessments in 2007.
There is a lot of scatter (R2 = 0.1), but a general linear
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trend was detected with an 8% increase in learner
performance in the exam for every 10 hours spent
doing the formative assessments (Huberts, 2008). From
the implementation of formative assessments, about 2%
of students on average would typically fail their course
after completing the required formative assessments.
Feedback from the students was positive. For these
reasons, the formative assessment intervention was
adopted permanently.
The formative assessments were put online seamlessly
from 2010 to 2012. Online assessments for tests were run
since the beginning of 2013 and for the main exams
since the second semester of 2013 for 2 ND and 2
BTech subjects (Chemical Engineering Technology 3A,
Applied Thermodynamics, Heat and Mass Transfer, and
Production Engineering respectively). In total, twenty
one standard engineering tests and five exams have
been successfully conducted online in our department
since 2013. Negative and positive comments were
obtained from students about the online assessments.
However, no sudden changes in student performance
have been recorded for the author’s subjects during
the computerization of the tests, formative assessments,
and exams, with pass rates over 90% and in excess
of 20% distinctions being achieved in recent years.
Moderators of the subjects are positive about the
consistent mark allocation, the feedback provided to
the students, and the interactive nature of the online
assessment process.
Computer based assessment has been implemented
according to Zakrzewski and Bull (1998) for many
subjects of a single university, however the questions
they used were not based on classical course questions
used in written tests and exams.

In the future, databases of questions can be set up
and maintained by a subject qualified panel member
with input from lecturers. Databases will result in no
setting of tests and exams or manual marking, even
across universities. More efficient use can then be
made of lecturers’ time, for example lecturers could
prepare better for lectures or do more research. Due
to the standardized assessment, the curricula will
also have to be standardized, and all students will
be assessed in the same way from year to year, even
where a less experienced lecturer offers a subject.
No manual marking of assessments is necessary,
meaning that personal time of lecturers will not be
used marking. Current moderation of marked scripts
could be replaced by sample auditing. In order to test
the practicality of this scenario, a multi-institutional
e-learning project for a single course in the second
semester of 2015 is envisaged.
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PRIORITISING ECSA EXIT LEVEL OUTCOMES
FOR DESIGN AND DEVELOPMENT OF NEW
ENGINEERING TECHNOLOGY QUALIFICATIONS
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Department of Civil and Chemical Engineering, University of South Africa, South Africa.
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INTRODUCTION
Competences and outcomes of engineering
qualifications in a transformative curriculum process
have been reported in the past (Edwards e .al, 2009;
Noor et al., 2004). The legislative framework issues of
the South African qualifications were discussed by
Jewison (2008). After almost a decade of gazetting
the new Higher Education Qualification Framework
(HEQF) (Government gazette, 2007), tecknikon types of
programmes in South African tertiary education have
still not complied with the HEQF. In compliance with the
South African African Qualifications Authority (SAQA),
the Engineering Council of South Africa (ECSA) released
recently the framework of the new engineering
technology qualifications, i.e. Higher Certificate in
Engineering NQF level 5, (H Cert(Engineering)), Diploma
in Engineering Technology: NQF Level 6 (Dip (Eng Tech),
Advanced Diploma in Engineering: NQF Level 7 (Adv
Dip (Engineering), Bachelor of engineering technology
NQF level 7 (BEngTech) and Bachelor of Engineering
Technology Honours NQF Level 8 (BEngTech Hons)
(https://www.ecsa.co.za/education/SitePages/
Education%20and%20Accreditation%20Documents.
aspx). In Appendix B of each qualification, an
equivalence, called consistency, between ECSA exit
level outcomes (ELOs) and SAQA critical cross field
outcomes (CCFOs) has been established. Tables 1 and
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2 show ECSA ELOs and SAQA CCFOs, respectively.
Different universities of technologies (UoTs, i.e. old
technikons) and comprehensive universities (emanating
from the merger of former traditional universities and
technikons) are in the process of curriculum design
and development of these new qualifications. There is
no clear indication so far of prioritising/ranking ELOs as
compared with cross-critical field outcomes (CCFOs)
during curriculum design and development.
The purpose of this study is an attempt to establish such
a ranking through a simple scoring technique of the
ELOs within a qualification. Based on the scores, this
study may guide the team involved in new engineering
technology programme development to focus on
critical areas of the curricula. Although the overall
qualification focuses on graduate competency in all
areas, prioritisation of areas is very appealing when
developing or reviewing a qualification. Hence some
areas may need serious and immediate attention
than others. Curriculum design and development is
usually approached in teams (Moore & Kearsley, 2012,
Unisa, 2013). Scoring methods can be reported in the
literature, e.g. Welman, et al. (2005), Fox and Bayat
(2007). This preliminary study does not use rigorous
decision tools, such as analytical hierarchy process
(AHP), etc. For more detail on AHP technique, the
reader can referred to e.g. Ilunga (2014); Saaty (1980).
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Table 1. ECSA exit level outcomes (ELOs)

Exit level outcomes
Exit level outcome 1: Problem solving
Exit level outcome 2: Application of scientific and engineering knowledge
Exit level outcome 3: Engineering Design
Exit level outcome 4: Investigation
Exit level outcome 5: Engineering methods, skills, tools, including Information technology
Exit level outcome 6: Professional and Technical Communication
Exit level outcome 7: Impact of Engineering Activity
Exit level outcome 8: Individual and Teamwork
Exit level outcome 9: Independent learning
Exit level outcome 10: Engineering Professionalism

Table 2. SAQA Critical Cross-Field Outcomes (CCFOs)

Critical Cross-Field Outcomes
Critical Cross-Field Outcome 1: Identifying and solving problems in which responses display that responsible
decisions using critical thinking have been made.
Critical Cross-Field Outcome 2: Working effectively with others as a member of a team, group, organisation
and community.
Critical Cross-Field Outcome 3: Organising and managing oneself and one’s activities responsibly and effectively
Critical Cross-Field Outcome 4: Collecting, analysing, organising and critically evaluating information.
Critical Cross-Field Outcome 5: Communicating effectively using visual, mathematical and/or language skills
Critical Cross-Field Outcome 6: Using science and technology effectively and critically, showing responsibility
toward the environment and health of others
Critical Cross-Field Outcome 7: Demonstrating an understanding of the world as a set of related systems by
recognising that problem context do not exist in isolation
Critical Cross-Field Outcomes 8: Contributing to the full personal development of each learner and the social
and economic development of society at large, by making it an underlying intention of the programme of
learning to make an individual aware of:
• reflecting on and exploring a variety of strategies to learn more effectively
• participating as responsible citizens in the life of local, national and global communities
• being culturally and aesthetically sensitive across a range of contexts
• exploring education and career opportunities
• developing entrepreneurial opportunities

Problem statement
In different UoTs and comprehensive universities, prioritisation/ranking of ELOs has not been dealt with explicitly
during the design and development of new engineering technology qualifications. ELOs are approached
by ECSA in terms of equivalent CCFOs. This results in a disorganised, impractical approach to the design and
development of curricula.

Main question
How should ELOs be prioritised/ranked to guide academic units during the process of curriculum design and
development of new engineering technology qualifications?
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Sub-questions
How should the different ELOs be scored in a given engineering qualification?
How many times (i.e. frequency) should the ELO appear as part of the programme before it is finally assessed?
How can this scoring help academic to focus on critical areas of the curriculum for a given qualification?
Which ELOs appear more frequently in all qualifications?

DATA USED AND METHOD
Data is extracted ECSA website for new qualifications, specifically Appendix B
(https://www.ecsa.co.za/education/SitePages/Education%20and%20Accreditation%20Documents.aspx)
For instance, Table 3 shows the equivalence between ELOs and CCFOs for Higher Certificate in Engineering H Cert
(Engineering): NQF Level 5. From the same website, similar tables can be extracted for Adv Cert (Engineering),
Dip (Engineering), etc.
Table 3. Consistency of Exit Level Outcomes with Critical Cross-field Outcomes (Normative) as extracted from
ECSA website

SAQA Critical Cross-Field Outcomes

Equivalent Exit Level
Outcome

Identifying and solving problems in which responses display that responsible ELO 1.2.3.5
decisions using critical thinking have been made.
Working effectively with others as a member of a team, group, organisation ELO 8
and community.
Organising and managing oneself and one’s activities responsibly and ELO 8
effectively
Collecting, analysing, organising and critically evaluating information.

ELO 1, 3, 5

Communicating effectively using visual, mathematical and/or language skills ELO 2, 6
Using science and technology effectively and critically, showing responsibility ELO 2, 3, 4, 5, 7
toward the environment and health of others
Demonstrating an understanding of the world as a set of related systems by ELO 1, 3
recognising that problem context do not exist in isolation
Contributing to the full personal development of each learner and the social
and economic development of society at large, by making it an underlying
intention of the programme of learning to make an individual aware of:
• reflecting on and exploring a variety of strategies to learn more effectively
• participating as responsible citizens in the life of local, national and global
communities
• being culturally and aesthetically sensitive across a range of contexts
• exploring education and career opportunities
• developing entrepreneurial opportunities

ELO 9
ELO 10
ELO 7
ELO 8
ELO 3

Based on the equivalence/consistency between ECSA ELOs and CCFOs and for a given qualification (programme),
the method used for ranking/prioritising ELOs is outlined as follows:
1. Count the number of times a given ELO occurs
2. Compute the frequency of occurrence of this ELO, which the count computed in step 1 over the total number
of occurrence of all ELOs.
3. Draw the frequency distribution, which enables to make a good comparison among the different scores of ELOs
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4. The highest score (frequency) will determine the
focus on the most critical area of the curriculum/
qualification. The second highest, etc can be found,
hence will relate to the second most critical area,
etc.
5. Repeat the above until the last engineering
technology qualification.
From the previous calculations, and for each ELO,
1. Establish the qualification that has the highest score
for a specific ELO
2. Establish the second highest score, etc for the
qualification in step 1
3. Repeat the above until the last qualification.
4. Draw the frequency distribution, which enables
to make a good comparison among the different
qualifications.
The last step is to determine the overall score(s) related
to each ELO(s).

PRELIMINARY RESULTS

Frequency (-)

Frequency (-)

Results presented in Figure 1show that for H Cert
(Engineering), ELO3 has the highest score (i.e. frequency
of 0.22) as compared to the rest, followed by the group
ELO1, ELO2, ELO5 and ELO8. Then ELO7 followed by
the group ELO4, ELO5, ELO9 and ELO10, which has the
lowest score (i.e. frequency 0.043). This could mean that
that the academic team would pay primarily attention
to engineering design (ELO3) during curriculum design
and development. In other words, at the completion of
the H Cert (Engineering), engineering learners should
have adequate skills for engineering design. Teaching
method and learning will focus as well on ELO3. Then

the focus of the academic team will be on problem
solving, application of scientific and engineering
knowledge, engineering methods, skills, tools, including
information technology, individual and teamwork. This
will be followed by impact of engineering activity.
Finally the curriculum design team will make sure
aspects related to investigation, professional and
technical communication, independent learning and
engineering professionalism. The results for Dip (Eng
Tech), BEngTech, Adv Cert(Engineering), and Adv Dip
(Engineering) are similar to the above results and are
not presented in a graphical form; however the only
difference is that ELOs are approached at different
NQF levels. However the results for (BEngTech Hons)
presented in Figure 2 are different to some degree
when compared with other qualifications. In this case,
for instance ELO3 still has the highest score, but its
frequency (i.e. 0.2) is slightly lower than in the case of
Higher Certificate. ELO3 is followed by the group ELO1,
ELO4 and ELO7, and then followed by the group ELO2,
ELO5, ELO8. Finally, the group ELO6, ELO9 and ELO10
have the lowest frequency (i.e. 0.033). In other words,
for (BEngTech Hons), engineering design is the first
priority when this qualification is developed. Then the
team will focus on problem solving, investigation and
impact of engineering activity. Thereafter the focus
will be on application of scientific and engineering
knowledge, engineering methods, skills, tools, including
information technology, individual and teamwork. The
last focus for BEngTechHons will be on engineering
professionalism, independent learning and professional
and technical communication, which have the lowest
score that in H Cert(Engineering).

ECSA exit level outcomes

Figure 1: Scores (Frequency) of ECSA exit level
outcomes for Higher Certificate in Engineering:
NQF level 5

ECSA exit level outcomes

Figure 2: Scores (Frequency) of ECSA exit level
outcomes for Bachelor of Engineering Technology
Honours: NQF Level 8
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PRELIMINARY CONCLUSION
A simple scoring approach for prioritising/ranking the
different ECSA ELOs (compared with SAQA CCFOs)
showed that academic department involved in the
curriculum development of engineering technology
should primarily concentrate on engineering design
aspect. H Cert (Engineering), Dip (Eng Tech), BEngTech,
Adv Cert(Engineering), and Adv Dip (Engineering)
qualifications were found to have the same ranking
for ELOs, expect for BEngTech Hons.
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Analysis of the Higher Education Qualification
Sub-Framework and the Engineering Council
of South Africa Qualification Standards
Linda Jewell
Department of Civil and Chemical Engineering, Unisa.

Under the HEQSF (2013), ECSA has recognised several new Engineering Qualifications which will allow one to
register professionally in various categories. Most of the Universities of Technology and Comprehensive Universities
currently offer qualifications which will be phased out as a result of the changes in the HEQSF. The focus of this
paper is on the different pathways from NQF levels 5 to 8: an analysis is presented of the credits funded by DHET,
those required by ECSA for the new qualifications and the effect of the number of credits required per module
or course in a particular University or Engineering Faculty. This enables one to gain insight into the notional hours
required for a qualification at a particular university, the cost carried by DHET and the shortfall carried by the
University.
The difference between the credits required by ECSA and the credits required and funded by DHET is due to fact
that most ECSA standards require 140 credits per year, while the HEQSF stipulates only 120 credits. This means that
for all qualifications, except the 360 credit Diploma in Engineering, ECSA requires more credits than DHET. Since
DHET only funds the credits required by the HEQSF, and there is no point in offering an engineering qualification
in South Africa that is not accredited by ECSA, all Engineering Departments in South Africa are teaching credits
which fall outside of the Government subsidy. Some universities cross-subsidise from other Faculties to make up
this shortfall, while others do not.
Table 1: Comparison of credits required by the HEQSF and ECSA standards

Qualification

HEQSF credits

ECSA standard

Higher Certificate

120

140

Advanced Certificate

120

140

Diploma in Engineering Technology

240

280

Advanced Certificate in Engineering Technology

120

140

Diploma in Engineering

360

360

Advanced Diploma in Engineering

120

140

Bachelor of Engineering Technology

360

420

Bachelor of Engineering Technology Honours

120

140

Bachelor of Engineering

480

560

This in turn means that most Engineering Departments are under stress, relative to colleagues in other faculties.
Added to this, Engineering is challenging academically due to the requirement for maths and science skills which
are known to be weak in South Africa. To succeed in maths there must be no disruptions in 12 years of Primary and
Secondary Education. Such disruptions are often introduced by the kind of turbulence that seems to be inherent
in life in South Africa: e.g. strikes. There are different views about how to address these gaps, but considering that
Engineering Departments are strapped for resources due to the requirement for extra ECSA credits, there is no fat
in the system to use to address the challenges facing tertiary education in the scarce skills field of Engineering.
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An example is presented in below to illustrate this point. To calculate the actual excess credits that need to be
taught one must take into account the number of credits required in a module or course at a particular university.
For illustrative purposes this has been done for 12 credits modules, as is required by Senate at Unisa and DUT.
Table 2: Credits required by ECSA and funded by DHET for a suite of qualifications from NQF level 5 to 8 via 280
credit Diploma

Qualification

ECSA credits
required

DHET credits
funded

Unisa Credits ≥
ECSA credits

Unisa Credits DHET credits =
unfunded
credits

Dip (Eng Tech)

280

240

288

48

Adv Cert (Eng Tech)

140

120

144

24

Adv Dip (Eng)

140

120

144

24

BEng Tech Hons

140

120

144

24

Total

700

600

720

120

The difference between the credits that Unisa/DUT would need to teach and what will be funded by DHET has
been calculated in the last column; this comes to 120 credits if this PQM is selected. If the route via the 360 credit
diploma is chosen instead, 48 credits will need to be taught without funding. For the BEng, Unisa would need to
offer 564 credits, of which 84 would not be funded.
Under the New Funding Formula (NFF), teaching input grants are determined by funding group (Steyn and de
Villiers, 2005). Fields of study are divided into different funding groups by CESM category. Engineering falls into
funding group 3, while Life and Physical Sciences (amongst others) are in funding group 4. Group 3 is funded at
a lower weighting factor than group 4. According to Steyn and de Villiers (2005) the NFF is biased in favour of
non-SET programmes. However this issue of unfunded credits is not one that has been raised. The author has been
unable to ascertain whether the extra credits are necessary for international recognition of the qualifications. As
Engineering Educators we need to understand what gives rise to these extra credits and either decide that they
are unnecessary or, if they are, ask DHET to fund the extra posts required to do the extra teaching.
The National Development Plan (NPC, 2012) calls for increases in graduates in Science, Technology, Engineering
and Mathematics in order to meet South Africa’s needs for graduates in Scarce Skills fields (DHET, 2014). To address
this, there is currently a proposal to extend the length of professional degrees in South Africa by a year (CHE,
2014). Perhaps the problem could be solved for engineering by lightening the load and requiring only 120 credits
per year for engineering qualifications?
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The epistemology of engineering
education and the problem of
implementation
Bruce Kloot
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This paper explores the disjuncture between
engineering education as an endeavour to optimise
the undergraduate learning process and its ability to
bring about systemic change. ‘Systemic change’ in
this context may be understood as change at the
level of curriculum, at the institutional level or in terms
of the articulation between the academic and the
professional engineering space. As such, this paper
does not fit into any of the foci listed for the SASEE
conference but is a discussion about the nature of
engineering education knowledge and a reflection
on the ability of the field to bring about the types of
systemic change required in South Africa.
In many ways the theme of the third biennial SASEE
conference is typical for an engineering education
conference. ‘Retaining the Best and the Brightest in
Engineering Education and the Profession’ foregrounds
the importance of efficiency in the education process,
and the production of graduates who are properly
equipped for the engineering workplace. The notion
of contributing towards efficiency, of research and
activity that seeks to optimise the education process
with workplace in mind, is a strong underlying theme
in engineering education worldwide.
The emphasis on retention suggests that the
conference is to contribute to the improvement of
throughput which is of particular importance to
the South African context. Statistics show that the
throughput rates in South Africa are low and racially
skewed (Scott, Yeld and Hendry, 2007) and the desire
to improve overall throughput rates and bring about
greater equity between demographic groups is
an important goal. The complementary foci of the
SASEE conference speak to this theme. For example,
the focus on ‘Academic Support Programmes and
Initiatives in STEM teaching’ is a particularly South

African emphasis. The focus on student placement, as
indicated in ‘Pathways into the profession’, also has a
long history in the academic development movement
in South Africa. Another focus, ‘Changing curricula
for a Changing landscape’ engages with a recent
initiative to transform the curriculum in on a national
scale (CHE 2013) and so is also particularly relevant to
the South African case.
However, there is a profound disjuncture between
what might be called the typical – or traditional
– focus of engineering education and the types of
knowledge and theoretical/analytical tools that are
required to implement the kinds of change required in
South Africa. To illustrate what is meant here, a review
paper written by a group of colleagues from Australia,
Europe and the United States (Litzinger et al. (2007) will
be analysed. This is a comprehensive and well-cited
review that synthesises the engineering education
literature to provide a list of instructional practices that
support the approaches to learning required for the
development of expertise. It goes on to discuss five
examples of effective learning experiences that are
consistent with these practices, namely: enhancing
conceptual understanding, improving analysis skills,
developing complex problem-solving and professional
skills, enhancing learning from experimentation, and
integrating the liberal arts and engineering.
As can be seen from the words that are used here
– enhance, improve and develop – the focus is on
the creation of an optimal learning experience for
engineering undergraduates. This is typical in the
engineering education literature. The impression is that
there is not much more that can be done to make the
learning process more efficient; the question is really
about how to implement what has been learned. On
this score, Litzinger et al. (2007) begin to broach the
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interesting questions that are relevant South African
context but which push the epistemological boundaries
of engineering education research. They note that
the majority of enhancements in undergraduate
education take place at course level while very few
take place at the level of curriculum. They point to
an emerging literature that looks at the effect of the
academic culture in engineering (Brint et al., 2007;
Nelson Laird et al., 2008) and how this ‘may discourage
the development and implementation of experiences
that promote deep approaches to learning’ (p. 144).
Finally, they ask why, despite compelling evidence for
what is required to produce more effective learning,
there is not a greater adoption of engineering by
engineering educators.
These points suggest that the focus on the optimisation
of the learning process within engineering education
makes it, as a discipline, unable to account for the
barriers to implementation that are inherently social
and thus require analytical tools that are quite foreign
to typical engineering education practitioners. Indeed,
most engineering educators are engineers with an
interest in education and, as engineers, tend to focus
on problem-solving and optimisation. The nature of
knowledge and power, issues that are grounded in the
humanities, do not easily fit into engineering education
discourse. The reasons for a proven model of learning
not being easily adopted by engineering colleagues
is not easily understood through the analytical tools
usually available within the realm of engineering
education. Perhaps, just as there seems to be a certain
academic culture that discourages the implementation
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of experiences that promote deep approaches to
learning within engineering education, as mentioned
above, there is a certain ‘culture’ within engineering
education that makes it possible to ask these questions
but unable to answer them.
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Introduction
A 100% throughput rate has been the holy grail of
educators around the world. In most South African
Institutions throughput rates are well below this
value. However in other countries like China, such
high throughput rates are quite normal. This paper
aims to discuss some success stories in the South
African context. Innovative methods of assessment
will be discussed in a University of Technology (UoT)
Environment. This is not a scholarly analysis of education
methodology, but a report on methods that have been
tried and tested in Electrical Engineering Technology
UoT environments (University of Johannesburg, & Cape
Peninsula University of Technology), for the subjects
Project II, Design Project III, and industrial Project IV.
This paper is the first of a series which includes papers
on, deep structure assessment techniques, student
motivation, lecturer motivation, and the application
of the above in normal theory subjects. The use of
these methods has been producing throughput rates
of over 95% while maintaining high learning standards
by verifying the acquisition of deep structure learning.
Deep structure learning means the students have
formed subconscious associations of the concepts
learned.

Problem Statement
While universities of science attract the top achievers
in South Africa, the Universities of Technology (UoT)
are left with those that meet their minimum entrance
requirements. These students are perceived to be
underprepared as well as having a low potential for
succeeding in their studies. Many of them come from
homes where engineering is not a familiar profession,
just expect to pass in order to get a job, and don’t have

a clear understanding of what a career in Technology
entails. Also, most academic institutions hold the view
that high throughput rates are a sign of collapsing
standards, or worse, unethical practices.

Methods
In this paper the following two methods which help
achieve an over 95% throughput rate will be discussed:
Flexible assessment dates.
Multiple assessment opportunities.

Flexible Assessment Dates
and Multiple Assessment
Opportunities
Firstly, since performance can be mastered regardless
of intelligence level (Sternberg RJ, Pretz JE, 2005) a
fundamental shift in attitude from testing in order to
pass or fail a student, to one of assessing in order to
identify what they do or do not know so that they can
be guided to learn, must be made! For this the students
are provided with clear objectives in their study guide,
which contains a distributed rubric with the required
outcomes after every section (see example A below).
Then they are given the opportunity to be assessed as
many times as they want during the semester, during
which they get feedback. All these assessments are
formative. This means that the students have as many
opportunities as they want to improve their project
submissions.
In the beginning of the semester the students inform the
lecturer what mark they want, from the list below (see
example B). The lecturer then guides them to get what
they asked for. No PoE is accepted unless it has been
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Towards a 100% Throughput Rate While Improving Learning Standards,Using
Flexible Assessment Dates, and Multiple Assessment Times....continued
checked to comply with all the outcomes in the study
guide. This means that no student can fail the course,
unless they decide to drop out. It must be noted that
the lecturer does not provide tuition, just assessment
and questioning! This means that the students are
entirely on their own when they have to rectify their
work. Needless to say this is a very time consuming
process. Assessments, especially toward the end of the
semester, sometimes go on until late in the evening.

The final result is a 95% to 100% throughput rate. The
University of Johannesburg awarded the writer with the
Vice Chancellor’s Award for Academic Excellence in
2013, for his efforts described above.
Example A: This is a section of the study guide indicating
what an abstract should have in it. The CHECK section
is the assessment rubric embedded in the study guide.
ABSTRACT

The lecturer can see when a student is providing
answers without any understanding of the words used.
This is impossible when questions are asked in a written
exam paper. In an oral assessment all the theory and
calculations are up for review together with the PoE
being checked for compliance, and the students
cannot fake knowledge.
The final date for handing in the PoE is made to be two
to three weeks earlier than the end of lectures for the
semester. At this time most of the students have met
all the outcomes and their work is accepted for final
assessment. This means that 60% to 70% of the students
have passed. The lecturer then has the opportunity to
focus on the 40% to 30% of students who need special
attention. Technically those students would have failed,
but in the two weeks remaining they are given the
opportunity to complete their projects. I hope that it
is obvious that these students are very motivated and
focused to complete the course, as the only other
alternative is to repeat it the following year. Having
their full attention, the lecturer can guide them (never
assisting) in what needs to be done in order to comply
fully.
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The abstract must be 50-100 words. In it must be
mentioned, the problem, the methods used to solve
it, the findings and the final result.
CHECK: Problem

Methods

Findings

Final result

Example B: This shows the range of marks allocated
for the PoE:
Less than 40%: Fail (cannot be improved),
45 - 50%: Fail, but can be improved,
50s%: Just meets requirements
60s%: Average, meets the requirements fully,
70s%: Above average,
75% and more: Distinction. Distinction criteria: Work
which exceeds what has been covered in the theory
classes and is submitted over and above the basic
requirements listed. The submission of such extra work
must be negotiated with the lecturer beforehand.
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Cooperative learning is a pedagogical practice that
has been attracting much attention because of the
large body of supporting research (Gillies & Boyle, 2010,
Felder & Brent, 2004) and the associated benefits of
students learning through interacting with each other
to interrogate issues, share ideas, clarify differences
and construct new understandings (Gillies & Boyle,
2010). Cooperative education has been defined as
instruction that involves students working in teams to
accomplish a goal while under conditions that include
the following elements (Felder & Brent, 2004):
i. Positive interdependence: team members must rely
on one another to achieve the team’s goal and if
members fail to do their part, the team as a whole
would suffer.
ii. Individual accountability: every team member is
held accountable for doing their share of the work
and for mastering the learning material.
iii. Face-to-face interaction: even if different parts of
the work is allocated to individual team members,
some of the work must be done interactively. This
means that team members would provide each
other with feedback, challenge reasoning and
conclusions and teach and encourage each other.
iv. Appropriate use of collaborative skills: students
are encouraged and assisted in developing
complementary skills such as trust-building,
leadership, decision-making, communication and
conflict management skills.
v. Group processing: team members set team goals
and at certain intervals assess what they are doing
well and identify changes that they have to make
to function more effectively.
Not only does a cooperative learning approach
support engineering subject-specific learning, but
it is also a means to develop complementary skills
which are much needed for coping with the world

of work and life in general. Furthermore, Engineering
faculties are ideally-positioned to facilitate cooperative
learning owing to the practical and hands-on nature
of engineering.
However, such an approach implies that facilities
need to be available to support cooperative
learning practices. In 2007, the Industrial Engineering
Department at a South African university secured
funding for the development and building of a stateof-the-art industrial engineering laboratory facility
which was completed in 2013. This facility meant that
cooperative learning could be incorporated on a
larger scale into the industrial engineering curriculum.
This research explored how a cooperative learning
approach was facilitated by means of a team
assignment to teach engineering principles whilst
developing complementary skills to prepare students
for the world of work.
Accordingly, this poster presentation illustrates the
development and execution process of a team
assignment, in the context of cooperative learning, for
one of the compulsory Industrial Engineering modules.
This poster illustration concludes by describing how the
lessons learnt from the first (2013) team assignment
developed for utilising the industrial engineering
laboratory equipment were incorporated into a second
(2014) team assignment. The team assignment required
industrial engineering students to build a rubber-band
powered vehicle. In order to execute the assignment,
students were required to develop strategies for
problem-solving and independent learning while
working in their teams. This co-operative teaching
practice also demanded effective communication,
leadership, team work, initiative and creativity.
Additionally, team members had to rely on each
other to achieve the team’s goals with the realisation
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A cooperative learning approach to teaching engineering and
complementary skills...continued
that if one member failed to deliver, the whole team
suffered. Each team member was held accountable
for doing their share of the work and for mastering the
learning material. As a result, students had to master
certain skills to perform the practical assignment
requirements with the acquired skills and knowledge
being tested in the final examinations. Due to the
nature of the team assignment students could not
perform any part of the assignment by themselves,
therefore, the students were required to meet on
a regular basis, and the majority of the assignment
was performed interactively. Team members were
required to provide each other with feedback and
challenge each other’s reasoning so that they learnt
from each other while also encouraging each other.
The nature of the team assignment, thus encouraged
the development of complementary skills such as trust
building, leadership, decision-making, communication
and conflict management skills.

The development of complementary skills such as
communication, leadership, initiative, creativity,
teamwork and conflict management could also
assist engineering students to transition into the
work environment with more confidence. For future
assignments particular emphasis will be placed on
the role and importance of incorporating individual
learning styles into cooperative learning-type
assignments for engineering students.
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It is envisaged that this assignment will be expanded
and more data will be collected relating to developing
complementary and engineering-type skills by means
of hands-on, cooperative learning-type assignments.
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All engineering disciplines require a firm grounding
in mathematics thus establishing mathematics as a
gateway to engineering. At a South African Higher
Education institution (SAHEI), Mathematics for Engineers
(ME), a core module in the first year engineering
syllabus, exhibits high failure rates thus establishing
it as a barrier to the progression and graduation of
students. The mathematics education of engineering
students is thus of particular concern. The study that this
article is based on sought to understand how teaching
and learning is approached in the ME module at the
SAHEI and the perceptions of lecturers and students
about how well they learned mathematics. To analyse
teaching, I used Bernstein concept of framing which
determined the extent to which lecturer or students
had control over the selection, sequencing, pacing
and evaluative criteria of the lessons. Data collection
methods included observations of lectures and tutorials
and document analysis. Data that could explain
lecturer and student views of how well they learned
mathematics were generated through interviews.
The findings show a strong framing (therefore a strong
degree of control by the lecturer) over selection,
sequencing, pacing of content and evaluative criteria.
While Bernstein contends that strong framing over
selection, sequencing and evaluative criteria with
weak framing over pacing privilege working class
students academically, the high failure rate amongst
students in the ME and subsequent module could be
attributed to the strong framing over pacing as it does
not provide the opportunity for students to learn at their
own pace. Furthermore, analysis of the interview data
reveal that both successful students and lecturers felt
the students learned the mathematics sufficiently to
pass the module.

This finding suggests that innovative approaches and
further investigations into teaching and learning are
required to develop strategies that enhance pass rates
and quality of learning in the ME module.
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Worldwide engineers play a crucial role in economic
development and providing required infrastructure
in societies. According to the Royal Academy of
Engineering (2007) “no factor is more critical in
underpinning the continuing health and vitality of any
national economy than a strong supply of graduate
engineers equipped with the understanding, attitudes
and abilities necessary to apply their skills in business
and other environments.” The shortfall of engineers in
South Africa is not only impeding its ability to meet its
internal social development needs such as sanitation,
clean water supply and electricity, but also to compete
globally. Two factors in the university training of
engineering students, namely graduation in regulation
time and first-year attrition, appear to be fundamental
in this regard. According to a discussion document
of the Council on Higher Education (August, 2013),
the completion rate in regulation time is especially
low in Engineering and Science degrees - in 2006 the
completion rate for BEng degrees was 23%. A further
complicating factor is the lower success rate of black
aspiring engineers when compared to white students
studying Engineering. According to the CHE for the
2006 first-time entering cohort engineering students,
55% of white students and only 23% of black students
obtained degrees after 5 years of study. Additionally,
41% of coloured students and 37% of Indian students
graduated within 5 years.
In 1994 the School of Engineering at the University of
Pretoria introduced a 5-year BEng programme allowing
students to spread the first two years of study over
three years. Although extra tutorials were offered for
some first year modules and a developmental module
was offered to students who needed more support in
mathematics and communication, only about one
third of black students graduated after seven years.

Based on the Department of Education requirement of
coherent extended degree programmes set in 2006, a
new programme was designed in 2009. The Engineering
Augmented Degree programme (ENGAGE) was
launched in 2010. The design of ENGAGE is guided
by five underlying principles: (1)students should be
supported in making the transition from high school
to university; (2)student workload should be high
throughout; (3)the volume and difficulty of work should
be low initially and increase over time; (4)support
should be high initially and decrease over time; (5)
students should encounter familiar subjects early in
the program, less familiar subjects later on. As an
augmented degree programme ENGAGE is composed
of mainstream modules augmented by developmental
modules. Developmental modules, offered in the first
two years of the programme, comprise two onesemester modules named Professional Orientation
and additional modules, running parallel to the
corresponding mainstream modules. Professional
Orientation is aimed at the development of a range
of academic, life, communication and IT skills, while
the additional modules address students’ conceptual
understanding, problem solving skills and background
knowledge. Developmental modules also support
students to develop the habits of a successful student.
In Year 3 there are no developmental modules, but
the credit load is still slightly smaller than that for the
mainstream. Although taking mainstream modules
from Year 1, ENGAGE students fully join the mainstream
programme in Years 4 and 5. The structure of the
curriculum therefore provides scaffolding for student
learning and self-regulation.
When comparing data of overall progression rates
from Year 1 to Year 2 for the 2010 to 2012 cohorts, a
steady improvement is noted. Where 58.4% of ENGAGE
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2010 cohort could proceed to Year 2, this percentage
increased for the 2011 cohort, and again for cohort
2012 when 62.3% of the cohort could proceed to Year
2 in 2013.
Comparing data of progression rates for the different
cultural groups in the ENGAGE programme presents
additional encouraging results. In 2010, a total of 305
students registered for ENGAGE. At the end of Year
1, 58.4% of the students passed at least 70% of their
modules and could proceed to Year 2. Of these, 53%
were White students and 71% were African students.
In 2011 the African students’ performance was again
better than that of the White students: of a total of
384 students enrolled for Year 1 in Engage in 2011, 69%
could proceed to Year 2 - 66% of White students and
74% of African students. In 2012 White and African
students displayed a similar performance with regard
to progression to Year 2. Of the 297 students registered
for Engage in 2012, 62.3% could proceed at the end
of Year 1 - 63% of White students and 63% of African
students. This pattern was continued in 2013 and 2014
when the African students again outperformed the
White students. Although the percentage of White
students who could proceed from Year 1 to Year 2 has
gradually increased from 2010 to 2012 (53% to 63%),
the African students’ percentage for the same period
has outranked that of the White students in 2010 and
2011 and equalled that of the White students in 2012
(71%, 74%, 63%).
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After the completion of the first five years of the
ENGAGE programme, 40 students (13%) of ENGAGE
2010 cohort successfully completed their degrees in
regulation time (5 years). Of these students 30 are
White, 9 are African and 1 is Indian. In 2015 a total of
108 students from cohort 2010 re-registered for Year
6 – 30% of the original number of White students in
comparison to 45% of the original number of African
students.
In this paper I will present results for the ENGAGE 2010
to 2012 cohorts, focusing on retention rates from Year
1 to Year 2 and throughput until 2014. The potential of
the ENGAGE programme as useful tool for redress in
increasing the pool of African engineers is explored.
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The disparity between the technical skills and aptitude
of engineering graduates and that which is required
by industry is a topic of increasing discussion amongst
employers and those in education. With the low
employability levels of graduates becoming a major
concern, not many Higher Education Institutes (HEIs)
have adapted to meet the changing demands of
industry. While it is impossible for programmes to adjust
their curriculum with the changing technology and
skills sets, it is vital that graduates enter the workplace
prepared with the basic foundations in engineering
technical and soft skills as well as behavioural
proficiencies to succeed.
This study interviewed managers of/and graduates in
or having completed graduate training programmes.
The feedback from the surveys follow the trend from
global studies in that learner should be provided with a
comprehensive education which responds to industries’
needs. Most companies are considering providing a
structured developmental programme (if already
not in place) and though do invest significant time
and resources to put graduates through workshops
to improve on these technical skill, behavioural and
interpersonal skills.
The agreement amongst most global and local studies
and this study conclude that the quality and relevance
of education must be improved to reduce skills
mismatch. Furthermore, studies conducted indicate
that African universities do not educate for African
needs and this could be one significant element in
addressing the skills mismatch locally. It is proposed
that since employability of graduates is the key issue,
a diverse teaching and training approach should
be adopted where research-focused Universities
offering technical and professional courses should
produce industry-ready graduates, while Universities

of technologies provide a well-rounded education as
well as appropriate skills relevant to local industry and
communities.

Survey and Findings
Local and global surveys1-5 on graduate employment
and job market evaluations show that while there are
enough graduates in the economy, many employers
face skills shortages and skills deficit when hiring
new graduates. Research studies performed locally1
and globally2-5 show that those graduates who are
successful in finding employment, enter as interns or
trainees into a structured graduate or mentorship
programme5, 6 and will undergo rotation in a structured
developmental plan to acquire the necessary training
for the workplace, as well become better acquainted
with their business structure and its operations.
The aim of this investigation is to identify the mismatch
between curricula taught at universities and the needs
of the local job market. The objectives of this study
were to determine firstly the views of employers in
local chemical engineering companies and that of
the graduates completing the training courses, and
thereafter to look at the structure, the competencies
developed in these engineering graduate training
programmes at the different industries. The information
was obtained from questionnaires and interviews with
employers/managers and graduates who completed
these training programmes.
The questions in the surveys were developed from similar
studies conducted1-6 and over a period of four months
15 responses were received, including 10 responses
from engineers currently in, or having completed a
graduate training programme and 5 responses from
managers of graduate training programmes. Key
questions posed in the surveys related to attributes
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required for a new graduate entering a programme,
attributes greatly improved upon during the training
programme, the structure of the programme, in-house
or outsourced training courses facilitated/funded by
the employer, any under-emphasis or over-emphasis
of aspects by academic institutions in relation to the
needs of the participant in their career, any notable
differences between graduates of various institutions,
and suggestions of improvements or changes to
undergraduate programmes in terms of content or
teaching methodology. Respondent’s feedback and
company details were provided on condition of full
anonymity.
In-line with findings from the studies1-5, respondents
agree that the undergraduate programmes have a
broad engineering focus, however, many graduates
may be equipped with very high level knowledge and
applications, and may not possess the understanding of
logical, sequential and simple science and engineering
principles and applications. The application of
fundamental engineering concepts were lacking and
many graduates have to attend courses on safety
awareness and assessment, risk assessment techniques,
SIL, and Hazop analysis. Employers expect the
graduates to come to the workplace with improved
practical experience and exposure, with graduates
being able to relate the practicals performed in the
laboratories with those applications and equipment
used in industry. Basic practical engineering skills
(understanding of pumps, valves, heat exchangers,
and controllers) are necessary for process operation
and thus greater exposure is needed. Teaching
programmes should also invest more effort to help
students understand their roles and responsibilities
in their profession, their accountability and social
awareness. Some comments by managers include that
graduates are unaware of immediate environmental
and societal problems, lack understanding of energy
efficiency, water shortage and its impact. Learners
must also understand the pathways in the profession,
and the (technical) competences which must be
acquired for professional registration.
Much improvement must be made in the learners’
project management skills, their understanding and
contribution when working in an interdisciplinary and
multidisciplinary environment and more especially the
business systems and environment, specifically basic
familiarity with concepts relevant to business. It is seen
both at tertiary institutes and at the workplace that
there is much interventions required to improve report
writing skills with a need to produce concise and well
written technical documents.
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Many companies invest in workshops to improve the
behavioural and interpersonal skills of employees.
Graduates must be competent to converse in the
business language (English). It is a common comment
that some students from disadvantaged backgrounds
struggle and therefore additional support mechanisms
are needed. Similarly, it is accepted that when working
at different levels, conversing in different languages
are an advantage. Many respondents revealed
that graduates lack the assertiveness, initiative and
confidence to ask questions and propose strategies.
Conflict management and resolution, social and
emotional intelligence are other key areas for
development.

Conclusions and
recommendations
McKinsey2 reports that tertiary education institutions
globally are not keeping up with relevant curriculum
and while there are many reasons to get a qualification,
this must ultimately lead to a promising and successful
career7. In-service training and learnership programmes
as well as initiatives by the government and
engineering bodies through JIPSA8, CHIETA9, etc. are
valuable though there are some disadvantages in this
especially when learners choose the wrong careers
resulting in poor retention. McKinsey2 reports that 42%
of employers believe that graduates are ready for work,
while 72% of educational institutions do. The opinions
from this survey support the above results. Students
perceive that on-the-job training is more valuable
than traditional learning methods, and learning styles
and methods could improve with exposure to relevant
material and technologies.
Relationships between HEIs and industries must be
strengthened. While this is usually seen in respect
to research related work (MOUs and professorship
appointments, etc.), it would be beneficial for
professional engineers to volunteer their time and
expertise in various roles such as members of industrial
advisory boards on teaching programmes, supervise/
advise student projects/designs and provide adhoc lectures on specialist topics. Industry and
engineering bodies should support experiential learning
programmes involving collaboration between student
teams at HEIs and industry on real-world business issues3.
Universities do provide a broad-based knowledge for
graduates to function in a wide range of environments,
however there should be more focus on translating
this to applied technical engineering fields where
critical skills must be acquired. One can clearly
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identify that while there is an increase in the number
of students graduating from tertiary institutes, the area
for major development is to build these engineering
and practical skills to help alleviate the low levels of
employability. Educating for the changing environment
with skills relevant to industries and social improvements
will help address some of these shortcomings and allow
for creative and innovative, as well as entrepreneurial
opportunities.
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Abstract
Computer-based assessment methods for meeting the
criteria in the Engineering Council of South Africa’s exit
learning outcomes (ECSA ELOs) have been developed
over the past four years in the final year Advanced
Mass Transfer module at the University of KwaZuluNatal (UKZN). The assessment is accomplished using
ASPEN Plus computer simulation methods to assess
the students’ knowledge, execution, application and
evaluation of chemical engineering separation based
problems. Positive feedback has been received from
the reviewers on the module as well as by industrial
partners on the students’ abilities in the use of simulation
tools and in tackling distillation design problems;
this improvement is also evident in the students’
performance in the final year design project, where
previously an extraordinary amount of time was spent
in trying to learn how to use the simulation package,
and execute the simulated design correctly. The
learners are able to reflect on their performance and
hence improve their competence and ultimately their
confidence in tackling design related problems in other
areas of engineering.

Background
Technological innovations are advancing practice
across all domains of education and industry1, and the
use of simulation-based work is becoming valuable as
a means to provide innovative teaching and learning
experiences. The use of simulation software allows the
student to critically analyse their own actions, reflect
on their own skill sets and reasoning2. It promotes active
learning and participation, to enhance students’
critical thinking skills.
The assessment of the ECSA ELOs 3 (ELO 2: the
application of scientific and engineering knowledge,
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and ECSA ELO 5: the use of the appropriate
engineering methods, skills and tools, including
information technology) in this module was developed
over the years (beginning 2011) as an individual
computer-based assignment, with this now being a
computer-based “ELO assessment” test. The content of
this assignment and test centres on multi-component
distillation (conventional and enhanced) simulation
design, optimization and costing.
The specific content and rationale of the Advanced
Mass Transfer module, the maturity of the students
eligible to register, the use of interactive simulation
software, and the assessment guidelines for the
assignments/tests mentioned earlier, together
promote an excellent motivation for active learning.
It is believed that learning of this nature is assisted
greatly by collaborative elaboration4 via an interactive
social process. Mandatory weekly computer-based
problem-specific learning tutorials were scheduled
for all students, with experienced tutors to assist in
facilitating these sessions. Collaboration amongst
students is encouraged.
Once students were familiar with the use of ASPEN
Plus5 and the execution of simulations for the above
mentioned applications, the approach to lecturing
in this section of the course departed from traditional
textbook examples, as students were provided
with a selection of journal articles describing real
industrial separation problems. The simulation
outputs were compared to the results obtained using
basic engineering knowledge or those reported
in the examples provided. It is important to get an
understanding of the differences and acceptable
range of outputs. These experiences offer the
opportunity for students to build confidence. It is also
important for learners to understand the limitations of
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The use of simulation software to assess ECSA ELO 2 & 5 in the
Advanced Mass Transfer module at UKZN ...continued
these simulations packages, and the errors inherent in
the use of such tools; troubleshooting and problemsolving skills are developed and strengthened during
this module.
On performing the first computer based test, students
who do not achieve a mark of 50% or more on the
first attempt are permitted to write a makeup test. The
learners must pass (obtain a mark of 50% or more) on
this second attempt else they would be deemed not
to have met the ELO, hence fail the course.

Conclusions and
recommendations
The feedback from reviewers and moderators on
this style of assessment has been positive, and the
students’ abilities in tackling their final year design
course particularly in the use of simulation tools, has
improved significantly. Whilst this style of assessment
is a good reflection of the candidates’ abilities, it is a
recommendation that improvements can be made
with respect to the marking criteria in the computerbased test.
The use of simulation has grown to assist students
consolidate their learning. This allows multiple learning
objectives to be taught and assessed6. It challenges
the learner to use problem solving skills and critical
thinking with active engagement and some element
of creative input, not otherwise experienced in the
typical classroom environment.
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Abstract
It is of paramount importance that upon completion
of a chemical engineering degree that a student has
a thorough grasp of the concepts of energy intensive
types of separation, along with the ability to design
and critically optimize such processes. This requires
in-depth knowledge that can only be established
by acquiring a comprehensive understanding of the
driving forces of the majority of separation processes
which are governed by the thermodynamic limitations
of the system.
The introductory thermodynamics module at the
University of KwaZulu-Natal (Thermodynamics I) is a
second-year module that is not an ECSA exit level
module but contributes significantly to the ECSA
knowledge area of Engineering Sciences. This module
serves as a so-called feeder module to the more
advanced Thermodynamics II module, as well as the
fundamental separation and advanced separation
courses at third and fourth year level (ECSA exit level
module). The module content includes the study
of the thermodynamics of gas compression and
expansion, refrigeration and liquefaction cycles,
solution thermodynamics, as well as chemical reaction
equilibria.
As thermodynamics is an exact science, the majority of
the course content relies heavily on the understanding,
expression and derivation of exact thermodynamic
expressions from a few fundamental axioms. The most
essential skills include an adequate understanding
of differential and integral calculus, deriving and
manipulating partial differential equations, as well
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as the manipulation of complex functions in order to
obtain numerical solutions.
It is a well-accepted fact that the concepts that
must be covered in the introductory thermodynamics
module at UKZN are challenging, with pass rates for
this module over the past 8 years not exceeding 70%.
Although it is obvious that a great deal of mathematics
understanding is employed in the Thermodynamics I
module, no mathematic course pre-requisites were
required for enrolment into the module until 2012.
At that point it was proposed that a minimum of
40% for the Mathematics 2A course for engineers
at UKZN be designated as a pre-requisite module
for the Thermodynamics I module. The effect of this
decision on the pass rates in the Thermodynamics I
module has not been critically assessed until this point.
Furthermore the performance of students in previously
completed mathematics modules in comparison to
the performance in the Thermodynamics I module has
not been executed till this point. It is likely that these
performances provide good indicators of performance
in subsequent mathematically intensive modules.
In this paper the authors attempt to correlate the
performance of students in the Thermodynamics
I module, to the students’ grasp of mathematic
concepts in general. The grasp of mathematic
concepts is established by the performance on an
individual student basis, in each of the preceding
engineering mathematics modules undertaken at
UKZN. Furthermore the effect of implementing the
prerequisite of the Mathematics 2A course on the
performance of students in Thermodynamics I is
established. From this research it can be established if
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the Mathematics 2A course is a necessary and sufficient
mathematics prerequisite for Thermodynamics I, and
whether the content of the prerequisite adequately
prepares students for Thermodynamics I. To this
regard it is the hope of the authors that an in-depth
understanding of thermodynamics by students can be
attained, which will not only improve the pass rate of
the module, but better equip the students to tackle the
more complex subsequent separation and advanced
separation modules.
The Mathematics II-A pass rate for chemical
engineering students has been evaluated for
the period of 2007-2014 and is 86.3 % for students
attempting the module for the first time, with 8.8 %
of the remaining enrolled students passing on a
subsequent attempt. It is assumed that the remaining
4.9 % of students have deregistered. The pass rate for
Thermodynamics I in the period 2007-2010 was 35.3%
for students attempting the module for the first time,

while 51.13 % of those that did not pass on the first
attempt, did so in a subsequent attempt. It is assumed
that the remaining students have deregistered. In the
period of 2011-2014 the pass rate for Thermodynamics
I has improved to 50.1 % for students attempting the
module for the first time, while 41.18 % of the students
that did not pass on the first attempt, have passed in a
subsequent attempt. It must be noted that a significant
number of students will make their second attempt of
the module in 2015. It is clear from Figure 1 below that
the introduction of the Mathematics II prerequisite has
aided in improving the “first attempt” Thermodynamics I
pass rate. Over the period 2007-2014, the average final
mark in Mathematics II for those students that have
passed Thermodynamics I on the first attempt is 70.4 %,
while those who were required to repeat the module
obtained an average Mathematics II mark of 58.4%.
The maximum Mathematics II mark for a student that
has had to repeat Thermodynamics I is 76 %.

Figure 1. Overall pass rates for the Thermodynamics I module at UKZN, before and after introducing the Mathematics
II prerequisite.
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There seems to be consensus, nationally and
internationally, that writing laboratory reports at tertiary
level is problematic. These problems encompass
an array of challenges that face the student as an
author of an authentic disciplinary text type. The
use of argument, judgement, reasoning, evaluation,
critical and analytical thinking are some of the literacy
practices expected from engineering students (ECSA,
2012; Simpson & van Ryneveld, 2010). As such, this
paper reports on a laboratory report writing intervention
that used argumentation to promote critical thinking
among first year mechanical engineering students at
a comprehensive university.
The study employed a writing intervention which
resulted in a modified engineering report template
based on an expanded Science Writing Heuristic
(SWH) approach. The template attempted to
scaffold students’ argumentation within Toulmin’s
argumentation framework and an academic literacies
approach. The rationale for explicitly incorporating
argumentation in laboratory report writing through the
SWH approach is that international studies have found
that the SWH helps students to reason about laboratory
data and concepts, and assists them to articulate their
understandings (Nam, Choi, & Hand, 2010; Wallace,
Hand, & Prain, 2007). However, while the heuristic
has been used in science subjects such as biology,
chemistry and physics, the notion of argumentation
has not been made explicit in any engineering context.
The findings of this study support Wallace et al.’s (2007)
contention that writing laboratory reports is highly
intertwined with the investigative activity itself. Using the
SWH to prompt students to examine the connections
between questions, observations, data, claims and
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evidence, helped provide scaffolding for authentic
thinking. Duschl (2008) posits that argumentation can
help make thinking and reasoning visible when it is
situated as a critical element in the design of inquiry
learning environments. While first year mechanical
engineering students in this study are expected
to conduct laboratory investigations, relate their
laboratory work to engineering theory and consider
anomalies and possible improvements, the processes
of generating claims based on evidence and assessing
and critiquing evidence is not made explicit.
In essence the SWH is a lab report writing guide which
prompts metacognition. The prompts guide students
through the practice of formulating evidence-based
claims, through (i) pre-laboratory activities that explore
students’ understanding of the topic under investigation
before they commence laboratory work, (ii) during
laboratory activities that require students to be critical
of the steps involved in producing a supported claim,
and (iii) through post-laboratory activities that require
students to reflect and consider how learning might
have occurred (Wallace et al., 2007). The heuristic also
offers opportunities for students to negotiate meaning
by comparing their own ideas with existing literature,
their peers and consider how they might persuade
someone else that their investigation was valid.
The study was motivated by the need to promote
learning from laboratory work and to improve
laboratory report writing among first year mechanical
engineering students at the Nelson Mandela
Metropolitan University (NMMU) (a comprehensive
university) where a questionnaire completed by first
year mechanical engineering students in semester 1 of
2013 indicated that 35% had not written any laboratory

Proceedings of the 3rd Biennial Conference of the South African Society for Engineering Education

reports at school and that 14% of the students who
had written reports had only written a maximum of two
reports. Therefore, 49% of incoming first year students in
2013 either lacked experience or were underprepared
for the genre of writing laboratory reports. These data
suggest that incoming engineering students need to be
provided with authentic meaning making opportunities
as they are socialised both in the discourses of higher
education and in the discourses and genres of their
disciplines.

counter claim, were considered to be more difficult
for some students.
Word count: 900
Theme: Progressive teaching methods in Engineering
Education

A quasi-experimental, mixed methods approach
with pre-tests and post-test was used to determine
the effects of this writing intervention in terms of
critical thinking and argumentation. Conceptual
scores as well as language literacies scores were also
generated from students’ laboratory reports, and their
perceptions of the intervention were generated via
semi-structured interviews. This abstract focuses on
the use of argumentation to promote critical thinking.

Duschl, R.A. (2008). Quality arguments and epistemic
criteria. In S. Erduran and M.P. Jimenez-Aleixandre
(Eds.), Argumentation in science education:
Perspectives from classroom-based research (pp159175). Netherlands: Springer.

The sample (n=56) was divided into three groups by
way of convenience sampling (pre-assigned groups
as determined by the Department of Mechanical
Engineering at the NMMU). The first group used an
online heuristic (n=15); the second group used a
paper-based intervention (n=20); while the third group
(comparison group) (n=21) worked on a traditional
paper-based laboratory report writing template. There
were 56 matched pairs for the critical thinking pre-post
tests and 50 matched pairs for pre-post laboratory
reports. The variation between the numbers in the two
groups was due to a number of factors such as dropouts and non- submission of reports. The Cornell Critical
Thinking test, Form X for deductive reasoning and the
students’ ability to use argumentation in their reports
were used as measures of critical thinking.
The data were analysed statistically using Analysis of
Variance techniques (ANOVA). While no statistically
significant improvements were recorded in terms of
critical thinking pre-post the intervention, the data
suggests improvement in terms of students’ use of
argumentation and their awareness of their own
thinking processes. Semi-structured interviews indicated
that students preferred using the modified template
over the traditional approach and that the lab report
intervention made some to “think deeper” about
what they wanted to say. One student revealed
how he could no longer “fabricate” data after
using the laboratory report intervention due to the
interconnectedness of this argument-based laboratory
report intervention. Prompts that scaffolded students
to formulate a rebuttal i.e. a response to a critique or
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Nearly six years ago the academic staff of the
Department of Chemical Engineering at UCT started
the process towards the implementation of a new
undergraduate curriculum that would not only address
the rapidly changing engineering profession but would
also incorporate contemporary findings on learning
and teaching in the (South African) Higher Education
context. The new structure consist of one full year
course per year with strong horizontal (across one
year) and vertical (across degree) integration. The
new curriculum is being rolled out with implementation
from the 2014 intake.
The framework was offered and taken from the
requirements of the Engineering Council of South
Africa (ECSA) and guidelines offered by the Institution
of Chemical Engineers (IChemE). From that foundation
every aspect of the old curriculum was evaluated and
critiqued against current scholarly work around learning
and teaching in higher education to ensure this was a
holistic process. A first step was the decision to move
to full year courses to allow for subject content to be
structured in a way that it could re-emphasise concepts
rather than disjointed in a range of separate courses.
Also, specific content linked to theoretical concepts
around sustainability and economics was added. But in
order for a more logically restructured content to result
in deeper learning it was a clear that we needed to
align and re-align our teaching and assessment to that
goal. In terms of teaching this meant that firstly every
lecture slot is now followed by a one hour mini-tutorial
to immediately re-inforce the concepts (learning by
doing), furthermore projects that include the concepts
taught run alongside lectures over a whole semester
which puts theory immediately in a practical context.
This also helps students to be introduced from early
on to the Discourse of the engineer as a professional.
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In terms of delivery of content the explicit choice
was made to introduce technology where suitable
(backchannel, response systems, podcasts,…). From
the assessment point of view we moved to a system
of more continuous evaluation distinguishing between
concepts to be mastered and skills to be competent
at. This was complemented with more conventional
tests and exams. The combined system does allow to
identify students with difficulties early on in the year
and monitor them throughout. To ensure that students
who struggled throughout the semester or simply need
some more time to grapple with certain concepts,
bootcamps (tutored reassessment) were successfully
introduced. This range of innovations was successfully
implemented in the new first year course in 2013 (Case
et al., von Blottnitz et al.). Since then the process has
been taken forward with the roll out of the new second
year in 2015 and the new third year on track for 2016.
At this very moment we are in the middle of delivering
the new second year course for the first time. This paper
will offer an outlook on the journey the department
and its staff members undertook from planning to
implementation. Where the first year course was
the redesign of an existing full year course, the new
second year is much more complex in structure as it
integrates content of five courses. Initial impressions
from the teaching staff indicated that they adapted
well to the new structure, both in terms of the day to
day demands of delivering the material in this new
mode as well as the different time constraints block
teaching entails. There is also excitement about some
of the more complex material and tools students have
been already exposed to and grappled with. From
the students perspective there is appreciation for the
variety of learning activities offered however with
a flipside of a very high workload for the chemical
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engineering course in particular time spent out of
class to prepare a range of submissions. Some minor
changes implemented throughout the semester with
others planned for the second one will be discussed.
Furthermore we will report on the progress of the
development of a framework for monitoring, evaluation
and feedback in collaboration with the Centre for
Innovation in Learning and Teaching (CILT) at UCT.
Due to the complexity and the dynamic nature of this
process no existing methods could readily be applied
and a more organic approach was needed.

von Blottnitz, H., Case, J.M., Fraser, D.M. (2015)
‘Sustainable development at the core of
undergraduate engineering curriculum reform: A new
introductory course in chemical engineering’, Journal
of Cleaner Production, In Press.
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Rationale

In the past ten years, the South African Higher
Education system has undergone significant changes
to its structures, the curricula followed, and the high
school curricula used for entry to the various institutions.
In 2008, the National Senior Certificate (NSC) replaced
the former matriculation examinations at high school,
and tertiary institutions adapted their entry criteria
from 2009 to accommodate the new qualifications
and ethos of the assessments. In 2011, the National
Benchmarking Tests (NBT) were introduced as an
additional tool at some of the Universities in South Africa
to assist in placing students into extended programmes
where they met the minimum entrance criteria (Yeld,
2007). Since then, a number of Universities within the
country have adopted the NBT for placement reasons
(see for example (UCT, 2015)).
The University of KwaZulu-Natal, however, has not
introduced the use of NBTs (or any other placement
tests) for admissions or placement purposes. This
decision was taken during the initial test phases of
the NBT so as not to disadvantage potential students
from areas where access to the tests may be limited
or require extensive travel. At present, a significant
proportion of our students still come from rural KwaZuluNatal as well as Limpopo, the Eastern Cape and
Mpumalanga which are not well served with test
centres (NBT, 2015).
The lack of NBT for placement of students, does not,
however, mean that we should not find ways to do
so to increase retention and the likelihood of student
success. In this study, a cohort analysis of students
entering the School of Engineering’s four year degree
programmes has been undertaken to determine
whether the overall NSC score used as a criterion for
admission to the programmes can be used to assist
in placing students into extended programmes, or
provide academic development interventions within
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the four year programme.

Methodology

The initial 2010 normal admissions cohort have now had
up to five years to graduate, and can still complete
their degrees within minimum degree completion time
plus two years. Student records for each student in
the School of Engineering (including Land Surveying)
from this cohort were studied and coded according
to their history. The code took the form of four
indicators; NSC overall score, years of registration at
the University, highest year of study at the time of
either leaving the University (or current), and status.
The status is indicated by G=Graduated, T=Tranferred
to another School within UKZN, D=Dropped Course
(did not complete but could re-register), E= Left when
on academic probation/Academic exclusion, and
R=Registered.
Using this system, a student with a code of 38-4-4-G
means the student had an NSC aggregate score of 38
points (see calculation example below), was registered
for 4 years, was a 4th year student at last registration
and Graduated.
Calculation of the NSC score is through the range
indicators shown in Table 1.
Table 1. NSC percentage ranges and points allocated.

NSC Percentage

Points Awarded

90-100%

8

80-89%

7

70-79%

6

60-69%

5

50-59%

4

40-49%

3
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The current minimum requirements (as they were
adopted in 2009) is a total of 33 points from the
best scores in 6 recognised subjects excluding
Life Orientation, and a minimum score of 6 in both
Mathematics and Physical Sciences. Mathematics
Literacy cannot be accepted, and a minimum 4 in
English as a first or first additional language must be
achieved.
Student codes were then sorted into ranges of NSC
totals to provide a close to even split of number of
students between four ranges – 33-36 points (n= 85),
37-38 points (n=97), 39-41 pts (n=101), and 42 points or
more (n= 80). An additional ……students did not have
any NSC data recorded due to having taken other
entrance qualifications.

Results

Figure 2 shows the split of reasons for leaving amongst
the same NSC score ranges:

Figure 2. Distribution of Reasons for Leaving
Once again, the students entering with 33-26 pts were
much more likely to either leave when on academic
probation (suggesting that they were not coping
academically with their studies) or through academic
exclusion (failing to meet probation requirements after
falling below specified minimum progression credits).
Once again, this suggests that placing students in
entering in the lower quartile of NSC points into a
more structured extended programme could improve
retention of these students to completion.

Conclusion
Figure 1. Distribution of Graduation Figures for the NSC
Ranges.
The graduation figures shown in blue represent the
percentage of students with NSC scores within the
range who have graduated, whilst the red block
represent those still registered who can potentially still
graduate. The maximum possible graduation rate for
students entering University in 2010 through the NSC
qualification is 59.5%, however, the maximum for those
in the 33-36 pt range is only 37% whilst that for students
in the 37 pt or above range is 66.5% suggesting that
placement of the lower NSC point scoring entering
students into an extended or augmented programme
is necessary to improve their chance of completion.
Those students entering with 37-41 points may be well
served by additional support throughout their studies, to
improve their graduation rates, whilst those with 42 pts
or above are achieving reasonable graduation rates.

In conclusion, this initial cohort study suggests that it is
possible to distinguish between students who require
extra support to complete their degrees by using their
NSC overall score on entry to University. Although this
may not be generalisable (the only cohort data for
which a six year study can be analysed is the 2010
data), it does assist in the debate regarding entrance
into extended programmes and instruments that can
be used to assist placement.
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Encouraging academic literacy consciousness among
the Electrical Engineering students can be a daunting
task. There are many factors that potentially hinder
the successful implementation of academic literacy
support programmes. These factors include, but not
limited, to Academic Literacy Intervention being
offered by ‘outsiders’ as add-on, accessorial generic
service to students “At Risk” that often speak English
as a second language. Generally, such interventions
carry a lot of stigma. The study explored a mechanism
to transcend the boundaries attributable to sustaining
Academic Literacy Intervention in Electrical Engineering
Department at CPUT.
The study was undertaken among 55 first year
Electrical Engineering students at Cape Peninsula
University of Technology (CPUT). Assignment scripts
were analysed, and a reflective task was given to the
students/participants to reflect on their understanding
of, attitudes and commitment toward Academic
Literacy Intervention programme. Findings indicated
that students’ understanding of and attitudes
toward Academic Literacy Intervention vary. The
paradox is that some students expressed a desire to
improve their learning capabilities, writing abilities
and communicative competencies whereas others
do not value the Academic Literacy Intervention or
improving communicative competencies since their
primary goal is to acquire the technical skills needed in
the labour market. Moreover, the participants’ writing
exhibited some syntactic-semantic challenges: it
does not meet the expected standard of academic
writing. Misapplication of writing conventions, weakness
in defining and interpreting concepts and models,
employment of short/lengthy ambiguous sentences,
absence of ‘critical’ voice and illogical connection of
ideas during argumentation were identified.
This calls for the attention of content lecturers,
Academic Literacy lecturers and students to cast
their gaze beyond immediate pedagogic and literacy
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practices in the Electrical Engineering Department.
The adoption of Academic Literacies Model can
enable the students to communicate authoritatively
what is in their mind about the curriculum (i.e. being
able to actively identify and communicate diligently
concepts, theories and principles embedded in the
subject matter). As Elton (2010) put it this is about
“making tacit knowledge more explicit”, and thereby
improve students’ performance, critical awareness and
general attributes. Structure of Electrical Engineering
knowledge stresses the need for the development
of technical, procedural and problem solving skills.
According to National Society of Professional Engineers
(2013) tomorrow’s successful and relevant professional
engineers need to acquire more than technical/
content knowledge: they have to develop attributes
such as ‘communicative competencies’, ‘analytical
and practical expertise’ and ‘dedication to lifelong
learning’.
Academic literacy is a specialised form of literacy that
takes place in an academic social context where
certain implicit and explicit ideologies are held with
regards to the purposes of the social practices of,
amongst other things, reading and writing (Boughey,
2000; Jacobs, 2007). Woodward-Kron (2009) maintains
that faculty use student writing to assess and scrutinise
the students’ understanding of and engagement with
the course content. This put emphasis on students’
necessity to acquire the discourse of the discipline.
Academic discourse refers to particular ways of
constructing and interpreting text in different areas
of the academe, which are shaped by beliefs, values
and perspectives of the academe as an institution,
and as an institution comprising many parts, each
with its own values, beliefs and perspectives which
shape expectations and practices regarding students’
academic literacy (Papashane & Hlalele, 2014).
The study is framed theoretically and methodologically
by the work of Brian Street and Mary Lea on Academic
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Literacies which conceptualises literacy as a social
practice (Lea & Street, 1998). Academic Literacies
Model provides critical lens through which the
contested terrain of Electrical Engineering knowledge
can be viewed in relation to what enables and
impedes student achievement and epistemological
access. This approach is divided into three main
perspectives: Study Skills, Academic Socialisation and
Academic Literacies. Study Skills refers an atomised
skills, surface language and grammar. It sees writing
and literacy as primarily an individual and cognitive skill
(Lea & Street, 2006). Academic Socialisation is about
inculcating students into new ‘culture’. It focuses on
student orientation to learning and interpretation of
learning task. However, it lacks focus on institutional
practices. Academic Literacies Model sees literacies
as social practices (Lea & Street, 1998). Academic
Literacies is concerned with meaning making, identity,
power, and authority. It foregrounds the institutional
nature of what counts as knowledge in any particular
academic context (Lea & Street, 2006).
The study revealed that there is a need for both
Academic Literacy lecturers and content lecturers to
work together on strategies that will motivate students
to value Academic Literacy Intervention. Young (2010)
warns about the students’ involvement: if students
do not participate in these interventions or are only
present in body, but not in spirit, such interventions
cannot be effective. Students’ engagement with
key discipline-related ideas and concepts involves
pursuing a coherent line of reasoning through activities
that require them to “mirror” the ways of thinking and
meaning of scientists or mathematicians (Gibbons,
2009). This requires the students to develop a deeper
understanding of the field, rather than simply acquiring
isolated facts. Effectively, Goodier and Parkinson
(2005) proposes a discipline-based approach to
academic literacy development with the notion of
discourse communities and the genres important to
such communities form the basis of Academic Literacy
interventions.
A model that blends core disciplinary knowledge
and promotes effective communication of that
knowledge needs to be designed and foregrounded
to assist Electrical Engineering students to enrich their
academic literacy competencies. The following
pathways may assist: (i) developing the students’ active
approach to reading complex theoretical texts, (ii)
integrating course material from Electrical Engineering
modules into Academic Literacy Intervention – to
increase the interventions’ credibility and students’
buy-in, (iii) assessment rubrics to include clear
instructions on academic literacy, as opposed to the
assessment of language in general, (iv) explicating
misconceptions demonstrated when students apply
academic writing conventions, and (v) activating the

Academic Literacies Model to enlighten students about
disciplinary genres and requisite literacies beyond the
mastery of content knowledge. More research needs to
be done on pedagogic strategies to scaffold Electrical
Engineering discourse for “At Risk” students, which
legitimises a dialogic, collaborative process between
content lecturers, students and Academic Literacy
lecturers.
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Introduction

Tertiary Construction Management education
develops future graduates to manage the business
of construction and projects, which in the case of
the latter entails the management of the physical
construction process at three levels, namely top,
middle, and operational level. In terms of middle and
operational level, the management of the construction
of structures is a critical competency. Furthermore,
Construction Management is the gateway qualification
for the discipline of Construction Project Management,
which essentially entails the management of design
delivery, procurement, and overseeing of the
construction process. The management of design
delivery obviously entails, inter alia, an understanding
and appreciation of how structures work, and then, the
integration of design and construction is critical in terms
of assuring quality in terms of the integrity of temporary
works and permanent structures. Furthermore, in
recent years there have been a spate of collapses in
terms of buildings, slabs, and support work. Although
not necessarily linked to BSc (Honours) Construction
Management graduates, they are notable and amplify
the need for reflection.

Review of the Literature

The ‘Building Performance and Technology’ theme
of Section 2.4 ‘Construction Technology’ of ‘The
Education Framework for Undergraduate Degrees’ of
the Chartered Institute of Building (CIOB) (CIOB, 2012)
records, inter alia, as requirements for Construction
Management programmes at Level 5 as:
• describe and illustrate the functional and
performance requirements of framed and complex
buildings; understand,
• describe, select and illustrate alternative options
available for the construction of primary and
secondary building elements of framed and complex
buildings including those with basements, and
• undertake design option appraisal to ensure
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adherence to current building legislation including
structural performance control.
Then in terms of ‘Site Investigation’ at Levels 5 and
6 apply principles of site investigation to assess the
suitability of sites for construction projects.
A study conducted by Crafford (2007) determined
that in terms of thirty-two construction management
competencies, Structural Knowledge was ranked
twenty-sixth (82.6%) in terms of importance. However,
in terms of evidence it was ranked twenty-fifth (69.1%).
Then, in terms of deficiency as represented by the
gap analysis (of importance vs evidence) it is ranked
twentieth (16.8%).

Research Method

Construction Management programmes generally
include three streams, namely economics,
management, and science and technology. The
university concerned includes the module Structures
over three years in its undergraduate (BSc) programme.
A study was conducted among the alumni of the
university programme practicing as either Construction
Managers (CMs) or as Construction Project Managers
(CPMs). 32 Responses were received from a potential
148, which equates to a response rate 21.6%. Most of
the questions were five point Likert scale type questions,
and therefore descriptive statistics in the form of
percentages and a measure of central tendency in
the form of a mean score (MS) were computed.

Research Findings

The traditional three project parameters in the form of
cost (4.78), quality (4.72), and schedule (time) (4.72)
are more important than H&S, which finding correlates
with the findings of most studies (Table 1). However,
the aforementioned MSs recorded within parentheses
are marginally higher than that for H&S, namely 4.66.
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Table 1. Importance of project parameters.
Parameter

MS

Std Dev

Cost

4.78

0.55

Quality

4.72

0.63

Schedule (Time)

4.72

0.63

Health and safety

4.66

0.55

Productivity

4.53

0.95

Environment

4.09

0.93

exception of the subject areas Section properties,
the following subject areas are between more than
important to very important / very important in terms
of the mean of the sub-cluster MS: Theory of structures
(4.51); Structural Design (4.43); Structural Analysis (4.42);
Stress (4.34), and Soil Engineering (4.31). The MS of
the cluster Section properties is 4.13, which indicates
the importance is between important to more than
important / more than important. However, 4.13 is
marginally below the lower limit of the upper MS range.
Table 3 Importance of ‘Structures’ core content.

Table 2 indicates that the inclusion of the subject
Structures in the Construction Management
programme is between more than important to
very / very important (4.84). The subject Structures is
between more than important to very / very important
(4.72) for practicing CMs, and between important to
more than important / more than important for CPMs
(4.16), and Construction H&S Agents (CHAs) (3.66).
Then, permanent structure design for practicing CMs is
between more than important to very / very important
(4.53), and between important to more than important
/ more than important for CPMs (4.16), and CHAs (3.56).
Lastly, temporary works design for practicing CMs is
between more than important to very / very important
(4.75), and between important to more than important
/ more than important for CPMs (4.03), and CHAs (4.00).
Table 2. Importance of ‘Structures’ for CHSAs, CMs,
and CPMs.
Aspect
Subject ‘Structures’ for CM program

MS

Std
Dev

4.84

1.11

• Construction Managers

4.72

0.77

• Construction Project Managers

4.16

0.77

• Construction H&S Agents

3.66

1.18

• Construction Managers

4.53

0.95

• Construction Project Managers

4.16

0.81

• Construction H&S Agents

3.56

1.16

• Construction Managers

4.75

0.80

• Construction Project Managers

4.03

0.93

• Construction H&S Agents

4.00

1.08

Subject Structures for practicing:

Core Content
Theory of structure

Temporary works design for
practicing:

Table 3 indicates that in terms of the importance of
the core content of the subject ‘Structures’, with the

4.51

Structural Design

4.43

Structural Analysis

4.42

Stress

4.34

Soil Engineering

4.31

Section properties

4.13

In terms of the importance of Temporary works design
aspects, the following clusters are between more than
important to very important / very important in terms of
the mean of the sub-cluster MS relative to: practicing
CMs (4.53), and practicing CHSAs (4.37). The mean
MS relative to practicing CPMs is 3.90 indicates that
the importance is between important to more than
important / more than important (Table 4).
Table 4. Importance of Temporary work design aspect
to Professionals.
Aspect

Permanent structure design for
practicing:

MS

Practicing Construction Managers

MS
4.53

Practicing Construction H&S Agents

4.37

Practicing Construction Project
Managers

3.90

Conclusions
Cost, quality, and schedule (time) are still more
important than H&S. This leads to the conclusion that
there is still need for a paradigm shift in terms of H&S
and the inclusion of it as a value.
The subject Structures is important in terms of
Construction Management programmes. Then the
related streams, namely Structures, Permanent structure
design, and Temporary works design are important
for CHSAs, CMs, and CPMs. Therefore, Construction
Management programmes must include Structures
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Tertiary Structures Education: Construction Management
Graduates’ Perceptions ...continued
modules, and the focus of such modules must be on enabling the management and project management of
the construction of buildings and structures within H&S and quality parameters thus reducing risk.
All the subject areas of the subject Structures, namely Theory of structures, Structural Analysis, Section properties,
Stress, Soil Engineering, and Structural Design are at the very least important, Section Properties being the only
subject area that is not between more than important to very important / very important.
Temporary works design is important to practicing CHSAs, CMs, and CPMs. This is currently a shortcoming of
the subject Structures in that it is not specifically addressed. However, the ‘theory’ in terms of focusing on
permanent structure design empowers students and graduates to undertake temporary works design. Despite
the aforementioned it is recommended that temporary works design be specifically addressed.
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Science and Engineering occupations are critical to
global competitiveness and for an economy to prosper.
Engineering is linked to innovation, jobs and wealth
creation. Previous studies have shown that engineering
is often seen as a strong profession but few high school
pupils have a good understanding of what an engineer
does. In South Africa as in most countries there is a
shortage of engineers, leading to slowed economic
growth.
A lot of research has been done internationally
to determine what motivates students to study
engineering and how to attract more students to
the field. In the USA President Obama started the
“educate to innovate” project (The White house,
Office of the press secretary, 2009). A large study
was done in Europe called the “The Attract project
–Enhance the Attractiveness of Studies in Science and
Technology”. This research looks at eight European
countries. Four specific areas this study focused on
was the attractiveness of being an engineer; barriers;
attraction and retention. (Attract project, 2012) Even
though the South African environment is very different
from European environment a lot of insight can be
gained from this study. They found that engineering
is perceived as a difficult field which is one of the main
reasons for decreased interest in the field. As a career
it is seen as a high income, exciting job with high status.
According to PISA (PISA IN FOCUS ,2012) fewer than
five percent of girls in OECD countries see themselves
as following a career in engineering and computing
whereas eighteen percent of boys see themselves
following these careers. In none of the OECD
countries did the number of girls exceed the number
of boys anticipating a career in engineering and
computing. The absence of woman in the labour
market has been associated with lower economic
growth and development (Elborgh-Woytek, et. all,
2013). According to Assessing Woman in Engineering

(AWE) the discrepancy between the number of men
and women in engineering fields is not because of a
mismatch of skills and the requirements of successful
engineers but rather of perceptions about engineering.
They recommend that projects are initiated with all
ages of school going pupils to expose them to what
engineering is really about (AWE, 2005).
It is the researchers’ belief that in South Africa high
school pupils have a limited understanding of what
engineering entails. If it is known what high school
pupils know about engineering it will help to better
understand misconceptions pupils have and to get
ideas on how to better attract and retain students to
engineering.
A quantitative study was done by surveying high
school matric pupils. For the purpose of the survey
a questionnaire was compiled to ascertain what
matric pupils know of engineering. the study adopted
and modified measuring instruments to suit our local
conditions. (Tyler-Wood et. Al 2010) The questionnaire
addresses perceptions of engineering as well as current
measures used to educate and attract engineering
students such as open days at universities and
engineering weeks held by some universities. Pupils’
perception of mathematics and science were also
established.
Two private schools and one public school participated
in the study. In total five hundred questionnaires
were completed but only two hundred and sixty two
questionnaires could be used.
The results from this survey showed that 20% of
students do not have mathematics as a subject and
47% do not have science as a subject. This reduces
the pool of students that qualify for engineering. Of
the pupils surveyed 68% believe that mathematics is
moderately to extremely important and 44% believe
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that science is moderately to extremely important.
The percentage of pupils that agree that engineering
is a good career to pursue is 47% and 18% strongly
agree with this statement. However 12 % agree that
they are interested in studying engineering and 11%
strongly agree. Even though 65 % believes it is a good
career to follow only 23% is considering it as a career
choice. Out of the pupils surveyed 49% have a close
family member that is an engineer. This was found
to be higher than expected, maybe because of the
sampled group which has two private schools in it.
Only 8% of the pupils have attended an engineering
week out of this group 33% believes it changed their
view of engineering. Out of those pupils whose view
was changed about engineering 63% believes that
it was a somewhat positive to very positive change.
The number of pupils that have attended open days
at universities are much higher at 44% of pupils. Out
of these students only 20 percent believed that it
changed their view of engineering. For the students
whose view has changed about engineering due to
an open day 67% believes it was a somewhat positive
to very positive change. So open days are reaching
a larger number of students but the intervention has
less of an impact on pupils compared to engineering
weeks.
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The characteristics the pupils feel most strongly
associated with engineering were that engineering
is difficult, this is consistent with the Attract project.
Engineering is a challenge and engineers are
professionals, the next trait is that pupil’s feel strongly
about is that engineers are very involved in technology.
Finally an open ended question was asked: What is an
engineer, several pupils describe engineers as designers
and problem solvers. A large portion of the pupils do
seem to have an elementary understanding of what
engineers do.
In order to attract more pupils to study engineering,
universities should develop projects to expose pupils at
all school going ages to the fun and interesting part of
engineering (AWE, 2005). Institutions exist with a science
focus such as Sci-Enza and Sci-Bono and it is believed
that lessons can be learned from these projects.
It is recommended that Engineers become more
involved in social upliftment projects. Engineers
change the world and it is believed that more top
performers would be drawn to the field of engineering
and specifically more women will be interested if
engineering is seen as a profession changing the world.

Proceedings of the 3rd Biennial Conference of the South African Society for Engineering Education

Student Perceptions of Practical
Instruction offered at a University of
Technology – A Case Study
James Swart1, Lienie Olwagen, Cameron Greyling,
Nicolaas Luwes, Carel Korff, Pierre Hertzog
Department of Electrical, Electronic and Computer Engineering, Central University of Technology, Free State,
South Africa
aswart@cut.ac.za; aolwagen@cut.ac.za; cgreyling@cut.ac.za;
nluwes@cut.ac.za; ckorff@cut.ac.za; phertzog@cut.ac.za

Introduction and rationale
“Your most unhappy customers are your greatest
source of learning” (Brainy Quote, 2015). These words,
by Bill Gates, illustrate the value of feedback which can
be used to rectify deficiencies or improve products or
services. Within higher education, student feedback or
perceptions are useful in measuring effective instruction
(Loes, Salisbury, & Pascarella, 2014) and are important
to evaluate the nature and quality of educational
interventions (Richardson, 2010). Student perceptions
may often be gathered to determine whether student
academic satisfaction exists with regard to the quality
of engineering education being offered. In fact, a key
dispositional factor, emerging from the literature, that
serves to enhance or inhibit student retention is their
satisfaction with their course experience (Seidman,
2005; Taylor, 2005; Freeman, Hall, & Bresciani, 2007;
Medrano, Liporace, & Pérez, 2014).
Student retention is defined as the ability of an
institution to retain a student from admission through
graduation (Renn & Reason, 2013). However, at the
operational level, student retention includes continuing
further studies at the same university (Gorky, 2014). This
suggests that undergraduate students who perceive
their current educational experience to be satisfying
will most likely continue their postgraduate studies at
the same institute. In fact, laboratory work, or handson activities, can improve student understanding,
providing high student satisfaction with the learning
experience (Mosterman et al., 1994; Steele, 2013).
Undergraduate engineering students at the Central
University of Technology (CUT) have the choice to
enrol for a National Diploma in a number of different

engineering disciplines which include both theoretical
and practical work. This affords students the opportunity
to demonstrate vital graduate attributes such as
problem-solving and being technologically literate
(J. Swart, Olwagen, Britz, & Luwes, 2014). Problemsolving requires students to use prior knowledge to
find a solution to a problem (Teakle, 2008) while a
technologically literate person must have a certain
amount of basic knowledge about technology
(Garmire & Pearson, 2006). These attributes may be
assessed by means of practical assignments scheduled
in a laboratory.
Research has shown that many undergraduate
engineering students really enjoy practical work
scheduled in a laboratory (A. J. Swart, 2010, 2012, 2014),
thereby indicating a measure of student satisfaction.
However, this was reported on only for students in an
electronic communications course, with fewer results
published for undergraduate engineering students in
other disciplines at a university of technology (UoT).
The following research questions therefore arise: What
are the perceptions of undergraduate students with
regard to practical work done in a number of different
engineering disciplines? Do they find it enjoyable,
challenging, relevant and constructive?
The purpose of this paper is to present student
perceptions of practical instruction offered in a
number of different laboratories at a UoT. These
laboratories include logic systems and solar energy
(electrical engineering), applied strength of materials
(mechanical engineering), construction technology
(built environment) and transport engineering (civil
engineering).
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Student Perceptions of Practical Instruction offered at a
University of Technology – A Case Study ...continued
Student perceptions are relatively easy to obtain (Den
Brok, Brekelmans, & Wubbels, 2004) that allows for
different aspects of the learning environment to be
assessed on the basis of the individual student (Ludtke,
Trautwein, Kunter, & Baumert, 2006). It must though be
noted that these perceptions are really only personal
assessments (Den Brok, et al., 2004). However, students
can validly comment on the quality of teaching as
they directly experience it (Wilson, Lizzio, & Ramsden,
1997), as it constitutes a mental representation of
learning activities that affect student’s conscious and
unconscious choices in the learning environment
(Boekaerts & Cascallar, 2006). The perceptions of
undergraduate engineering students enrolled for five
different engineering disciplines at CUT were obtained
using the following research methodology.

Research Methodology
An exploratory case study is employed along
with descriptive statistics of the quantitative data.
According to Yin (2009), an exploratory case study
is appropriate for preliminary inquiries and is ideal for
analysing what is common and different across cases
that share some key criteria. The analysis of common
and different student perceptions across five different
disciplines is sought regarding the same criteria, namely
enjoyment, difficulty, relevance and constructiveness
of the practical work done in a laboratory. Descriptive
statistics are used as the results are interpreted with
regard to specific African engineering students
enrolled at CUT. Quantitative analysis is important
as it brings a methodical approach to the decisionmaking process, given that qualitative factors such
as “gut feel” may make decisions biased and less
than rational (Reddy, Higgins, & Wakefield, 2014). The
target population was restricted to African engineering
students enrolled for Construction Technology I, Solar
Energy Systems II, Transport Engineering II, Logic Systems
III and Applied Strength of Materials III for 2014. These
modules represent different engineering disciplines at
CUT, focusing on all levels of education, from freshman
to senior engineering students. An electronic response
system was used in a classroom environment at the
end of the semester to obtain student perceptions
on specific questions relating to the practical work
done in the laboratory and its submission via a
learning management system. These questions were
based on previous research done with regard to
student perceptions of whether their practical work
was enjoyable, challenging, relevant to the theory
and constructive in helping them solve engineering
problems.
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Results
The target population eventually yielded a total of
187 student perceptions. Results indicate that more
than 70% of students across four of the five disciplines
enjoyed the practical work done in the laboratory,
while more than 75% of these students perceived
the work to be relevant to the theory done in the
classroom. However, only 23% of students in Transport
Engineering II enjoyed the practical work, while only
40% indicated that it was relevant to the theory offered
in the classroom. On average, 59% of the students
reported that the practical work helped them to apply
new knowledge in solving engineering problems, while,
on average, only 28% of the students were in favour of
submitting their practical assignments online.

Conclusions
The purpose of this paper was to present student
perceptions of practical instruction offered in a number
of disciplines at a UoT. Results from four disciplines
indicate that practical work done in a laboratory has
the potential to enable students to develop the right
graduate attribute of problem solving. However, the
negative responses of students to the possible online
submission of their practical assignments tend to
suggest that they may not be technologically literate
(another important graduate attribute), or that they
may not have the necessary resources to achieve this
mandate. Nevertheless, these perceptions do confirm
that many of the students felt that the practical work
was enjoyable, challenging, relevant and constructive
in helping them apply new knowledge in solving
engineering problems, resulting in a measure of
student satisfaction. This has the potential to result in
the retention of the best and brightest students from
among these participants for future postgraduate
studies which will most likely involve more intensive
laboratory work!
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Introduction

Screencasts are one of several electronic popular
teaching methods that gained much attention
in the last decade. Udell (2004) coined the term
“screencasting” first. It is a way to present digitally
recorded play-back of computer screen output that
may contain instructor narration (Tekinarslan, 2013;
Betty, 2008). Utilisations of screencasts have been
applied in several fields ranging from mathematics,
librarian, computer science, engineering science, etc.
Screencasts are typical introduction to topics, solutions
to example problems, explanations of concepts,
descriptions of diagrams, reviews of material, etc.
Several benefits were shown from using screencasts
as teaching method over classical methods, such
as: decreasing lecturing and office hours, enhancing
student learning and increasing student motivation.

Objective and research
questions

The main purpose of this study was to investigate
the effect of applying screencasts teaching in an
undergraduate module at Stellenbosch University
(Process Engineering Department). More specifically,
to understand from a students’ perceptive what they
“feel” about a module that used screencasting. The
main research questions were:
1) Do students enjoy screencasts as a teaching tool?
2) Do students feel that screencasts are beneficial?
3) Do students prefer using screencasts in or out of
class sessions?
4) Do students feel that screencasts help them safe
time?
5) Do students feel screencasts helps them increase
their learning?
6) Do students prefer the classical teaching method
above screencasts?

Methodology

The research was conducted in a 15 credit
undergraduate second year chemical engineering
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module (Principles and Process). In- and out-class
screencasts sessions that are less than 6 minutes were
provided for students. Screencasts were used as a
teaching tool: (1) overview/introduction video in-class
sessions, (2) elaborating on content out-class sessions
and (3) sample solutions. A classical questionnaire
and informal interviews methodology was applied to
determine the students perception and experience.
A four-point Likert scale (1 = strongly disagree, 2 =
disagree, 3 = neither agree or disagree, 4 = agree
and 5 = strongly agree). The surveys were completely
voluntary with no monetary or material incentives
received for participation.

Main Results

In terms of enjoyment and helpfulness, the results are
similar to literature (Green et al. 2012). In general the
majority of students, more than 80% of those responded
to the survey, agreed that they would recommend
screencasts to their friends and they indicated that
this teaching method is enjoyable. One student further
mentioned that he would like to see other modules also
applying this method.
The students believe overall that screencasts enhanced
their performances and learning. In terms of time
management, the results showed a neutral response.
Furthermore, the results indicate mixed emotions
around the application of screencasts in a class session
and out of a class session. The students had favorable
impressions of using screencasts out of class sessions
at home as a type of supplementary or review source.
Several students stated that they are afraid that this
method in a class session will substitute lecturer-student
interaction. The students prefer a classical interactive
class above a screencast in class session.

Take away message:

Investing in developing screencasts is beneficial for
both lecturer and student. Lecturers are no longer
required to keep repeating methodology and attend
several out of class question sessions.
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Abstract

Metal Casting Technology Station at the University of Johannesburg (MCTS-UJ) is an initiative of the Department of
Science and Technology (DST), managed through Technology Innovation Agency (TIA) and collaborates closely
with the School of Mining, Metallurgy and Chemical Engineering, UJ. The mandates of MCTS are technology transfer
and capacity building and this has been the case for many years. As part of the capacity building programme to
address government’s localisation plan, the first proposal for Research and Innovation in Foundry Technology (RIFT)
programme was submitted by MCTS-UJ to DST in 2011 in response to Human Capital Development in advanced
foundry technology for SA foundry industry. As part of RIFT programme, MCTS-UJ and Technische Universität
Bergakademie Freiberg, Germany partnered to train and retain Masters students from South Africa. Four students
participated in the programme and they have completed something equivalent to our Masters that is Dipl. Ing.
We use case study method to explore why some students who enrolled for the programme decided to leave
and how MCTS-UJ was successful in retaining one of the Engineering students. We make recommendations on
the Engineering student retentions based on their experiences with RIFT programme and propose a model for
student retention.
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In contrast to the first year, student attrition in the second
year of study and beyond is related to institutional
factors such as the quality of interactions with academic
and administrative staff, feedback processes, quality of
teaching, course advice, and university policies and
facilities (Willcoxson, Cotter & Joy, 2011). It has been
suggested that identity-relevant factors may impact
on students’ goal commitments, and the size of the
investments they make in their studies (Human-Vogel,
2008; Human-Vogel & Mahlangu, 2009; Human-Vogel,
2013), while the ability to take an autonomous I-position
(Human-Vogel & Rabe, 2015) and identity styles have
also been implicated in terms of predicting academic
performance (Berzonsky & Kuk, 2005). The present
study contributes to debates on student attrition and
throughput (Lewin & Mawoyo, 2014).

to an engineering identity (Meyers, Ohland, Pawley,
Silliman, & Smith, 2012), academic commitment (HumanVogel & Rabe, 2015) and academic achievement (the
final semester mark in Additional Materials Science) in a
sample of engineering students (n = 120; mean age =
20.34). The majority of the sample was male (n = 91). The
Academic Commitment Scale (Human-Vogel & Rabe,
2015), the Identity Style Inventory (Berzonsky, 1992), and
an adapted Factors Defining Engineering Inventory
were used to collect data. We obtained correlations
for all variables except Level of Commitment (omitted
from analysis due to severe skewness), and Quality of
Alternatives (ni items = 3).
Table 1: Pearson correlations between identity style,
engineering identity factors, academic commitment,
and academic achievement

In the present study we investigate the relationship
between identity style (measured as informational,
normative, or diffuse) (Berzonsky, 1992), factors relating
Aspect

1

2

3

4

5

6

7

8

Informational

1

.126

-.175

.153

.176

.241**

.108

.007

1

.053

.194*

.325**

.243**

.233*

.027

-.286** -.325**

Normative
Diffuse
Satisfaction
Meaningfulness
Investment
Engineering factors
Final Mark
* p = .05 ** p = .01

1 -.299**
1

-.271**

-.037

.636**

.540*

.266**

.151

1

.452**

.348**

.052

1

.323**

.171

1

-.004
1
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Surprisingly, we noted that the final semester mark
for the Additional Materials Science module was not
significantly associated with any of the study variables,
although previous research (Berzonsky & Kuk, 2005) did
suggest a link between identity styles and academic
achievement. Secondly, the intracorrelations between
the academic commitment variables were significant
(p = .000) and in the expected directions, ranging
from r = 0.348 - 0.636. In terms of identity style, none
of the identity styles were, as expected, significantly
associated with one another. In terms of students’
factors relating to engineering identity, we note
that it was significantly correlated with a normative
identity style (r = .233; p = .01) and a diffuse identity
style (r = .271; p = .003), but not with an informational
identity style. Engineering identity factors was also
significantly correlated to meaningfulness (r =. 348;
p = .000), satisfaction with studies (r = .266; p = .003),
and investment (r = .323; p = .000). Our pattern of
correlations confirm previous research that students
with a normative identity style generally have a clear
sense of purpose and direction, are conscientious,
focused and goal-oriented (Berzonsky & Kuk, 2005),
while those with a diffuse identity style are generally
ill prepared to cope with the demands of university.
Next, we tested a series of hypotheses to explore
whether identity style and engineering identity predicts
meaningfulness and satisfaction with studies, and
whether it would also predict how much investment
(time and effort) students put into their studies.
Theoretically, when students experience their studies
as meaningful, they are more likely to make larger
investments in their studies and our regression model
indicated this to be the case (R2 = .204; F = 30.26; p =
.000). We found that that normative and diffuse identity
styles and engineering identity factors predicted
meaningfulness, as well as investment (R2 = .238; F =
12.07; p = .000).
Human-Vogel (2008) suggested that meaningfulness
maintains commitment in the absence of
satisfaction. Our sample demonstrated relatively high
meaningfulness (x = 4.4; sd = .78), and lower satisfaction
with their studies (x = 3.0; sd = .47) indicating that it is
possible to experience higher meaning simultaneously
with lower satisfaction. We then examined whether
the identity style would also predict satisfaction with
studies as was the case with meaningfulness. Our
results demonstrated that only a diffuse identity style
predicted satisfaction inversely (R2 = .159; F = 5.43; p
=.000). The combined model is presented Figure 1 in
the next column.
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Figure 1: Combined model for identity style, engineering
identity factors, and commitment
We concluded that while both meaningfulness and
satisfaction predict investment, their role differs with
respect to identity styles. Students with a normative
identity style and engineering identity would
experience their studies as more meaningful, leading
to greater investments, but they do not necessarily
experience satisfaction. We think this indicates that
meaningfulness in the absence of satisfaction would
be sufficient to maintain high investment in their studies
and thus, greater academic commitment. Contrarily,
a diffuse identity style will more likely lead to less
meaning and satisfaction, so that both are necessary
for academic commitment to be maintained. In terms
of practical implications, students with a normative
identity style and engineering identity would possibly be
less likely to abandon their studies, whereas those with
a diffuse identity style would constitute a vulnerable
population at risk for abandoning their studies prior to
completion.
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Recent research findings indicate that while the United
States (U.S.) continues to play a distinct leadership role
in global science and engineering (S&E) research
and development, other countries such as China are
also making significant gains. Data on recipients of
higher education degrees show the decreasing U.S.
advantage in the supply of human capital for research
and other work involving S&E. Typically, such studies fail
to disaggregate S&E, thereby concealing significant
differences between the two fields. In engineering,
variations in the production of human capital are
particularly large. For example, approximately 5% of
all bachelor’s degrees awarded in the U.S. were in
engineering, compared to 31% of such degrees in
China (NSB, 2014). These and related findings have
prompted U.S. policymakers and business leaders to
make it a national priority to produce sufficient numbers
of graduates who are prepared for S&E careers. To
attain this goal, one policy strategy involves reducing
attrition at the college level. This strategy is viewed as
a low-cost, efficient way to produce both the quantity
and quality of the S&E talent pool needed to enhance
U.S. competitiveness in a global S&E-driven market
place (President’s Council of Advisors on Science and
Technology, 2012; Chen and Soldner, 2013).

last semester. The College of Engineering at Georgia
Tech is an excellent site for this study because it is the
largest in the U.S. and produces one of nation’s most
diverse baccalaureate pool of engineers. Among
U.S. engineering institutions, Georgia Tech is first in the
number of females, second in the number of Blacks,
and third in the number of Hispanics1.

This paper reports progress on a larger study of
undergraduate engineering majors at the Georgia
Institute of Technology (Georgia Tech). For this paper,
the research team has identified four general classes of
factors: a) traditional demographic factors including
ethnicity and sex; b) pre-college factors including
high school GPA and standardized test scores; c)
in-college factors including participation in various
co- and non-curricular activities, grades in specific
classes, and financial aid status by semester; and d)
post-college factors including grades at graduation/
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Since 1999 fall semester, 38,115 students were admitted
to Georgia Tech as first-time freshman, 64.5% (24,608)
of these as first-time freshman engineering majors.
Among the first-time freshman engineering students,
61% (14,991) have graduated with baccalaureate
degrees, 25% (6,130) are continuing progress towards
their first degree, and 14% (3,567) left Georgia Tech
without completing their degrees. This paper presents a
comparative analysis of first time freshman engineering
students: “persisters”, i.e., those who complete their
engineering degrees; and “leavers”, i.e., those not
completing their engineering degrees (and factors that
influence their choice). Moreover, this study examines
the demographic characteristics of students entering
as engineering students who graduate—but not with
degrees in engineering. Throughout the analyses,
special attention is given to women, Blacks and
Hispanic students. This paper will present selected
findings to date from the larger study, and discuss
implications of these findings for policy, research and
improved intervention programs.
For the 2010 census, the U.S. Census Bureau defined
“Hispanic” as a person of Cuban, Mexican, Puerto
Rican, South or Central American, or other Spanish
culture or origin regardless of race
1
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Abstract:
In response to the Higher Education Qualification
Framework (HEQF) it was required to determine if a
truly articulated qualification model can be developed
and implemented within the constraints of the HEQF
for the South African Mine Survey profession?. It would
be necessary for the developed model to include
persons within the Chamber of Mines framework of
industrial qualifications. An interpretivist, constructivist
Epistemology using Ethnography as a method was used
to address the research question (Baillie & Douglas,
2014). Personal and participant observations of work
practice formalized through discussions at a number
of Industry liaison meetings were used to identify the
research question and proposed solutions. The heuristic
interventions suggested have been developed within
the unique context of the complexity of the South
African mining environment.
The new suite of qualifications has been designed in
such a manner that all accommodates persons that
have obtained a Grade 12 will be able to register for
recognized qualifications leading up to a Bachelors
degree and from there, up to a Doctor of Philosophy
degree. In the old order of qualifications, surveyors
could register as candidates to the Chamber of
Mines examinations and be awarded three levels
of certificates based on these examinations. These
examinations have no official SAQA or NQF recognition
and therefore prevent “owners” of such qualifications
to use them as entrance into the traditional higher
education stream. The newly introduced suite of
qualifications aims to improve this shortcoming by
introducing certificates recognized by the HEQF that
can articulate into main stream higher education
qualifications as well as providing for mine surveyors
with existing qualifications A new Bachelor degree
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of Mine Surveying has been designed to replace the
current National diploma and an Honours degree will
replace the current professional qualification of the
Bachelor of Technology degree. For post-graduate
studies, Master’s and PhD degree programmes are
already available. This paper will outline the historical
background of the current qualifications and discuss
the advantages that a complete and articulated suite
of qualifications will provide all mine surveyors in future.

Introduction
The Higher Education Qualification Framework Act has
provided an opportunity to educational institutions
and professional bodies to rethink the articulation of
qualifications leading to a Mine Surveyor registering
with the South African Council for Professional and
Technical Surveyors (The South African Council for
Professional and Technical Surveyors, 2014) (PLATO).
Mine Surveyors in South Africa have three routes
available to obtain qualifications that may culminate
in being accepted as a candidate to the “licence
to practice” examinations held by the Directorate of
Mineral Resources (DMR). The routes are referred to in
the mining industry as the “practical”- , “part-time”and “full-time” route (Grobler, 2014) These routes are
administrated respectively by the Chamber of Mines
(The South African Chamber of Mines, 2014) and
Universities. The final qualification, the Mine Survey
Government Certificate of Competency (MSGCC),
is administered by the Department of Mineral Resources
(DMR) (The Department of Mineral Resources, 2014)
The research question that needs to be addressed
by this paper is: “Can a truly articulated qualification
model be developed and implemented within the
constraints of the HEQF for the South African Mine
Survey profession?” In this framework it is also required
to answer the following question: “How will this
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model address persons within the Chamber of Mines
framework of industrial qualifications?”
The design and development of an intervention in
the form of a consolidated educational model will
ensure articulation between qualifications for South
African Mine Surveyors within the Higher Education
Qualification Framework. Borrowing from Plomp and
Nieveen (Plomp & Nieveen, 2007), it can be postulated
that the design of the research is utility orientated as the
merit of the design will be measured by its practicality
for Mine surveyors in the context of future education
within the profession. An interpretivist, constructivist
Epistemology using Ethnography as a method was used
to address the research question (Baillie & Douglas,
2014). Personal and participant observations of work
practice formalized through discussions at a number
of Industry liaison meetings were used to identify the
research question and proposed solutions. The heuristic
interventions suggested have been developed within
the unique context of the complexity of the South
African mining environment.
The proposed new suite of qualifications will allow
the introduction of a new certificate, diploma and
Bachelors Degree, with recognized NQF levels. The
entry level Certificates and diploma will provide the
opportunity to obtain entrance into a higher education
institution, and articulate between qualifications. The
suggestions outlined in this paper may be of benefit
to professions that have a similar structure of industry
examinations and qualifications with student entry point
challenges.
Mining Surveying and Mining Engineering courses
have the privilege of close co-operation between
educational institutions, state and the mining industry.
Industry demands that students from these courses
must be multi-skilled individuals with excellent “coreskills” who are able to “do the job” immediately after
graduating. The reality is that for a student to become
competent in the practical aspects of the job, it
requires more practical exposure over a longer period
of time, experienced in a safe, controlled manner;
with reduced risk should things not go according to
plan. This requires a significant investment of time and
patience from the education provider, the mentor and
the student.

Tertiary model
The original intent of the introduction of a tertiary
Mine Surveying qualification offered since 1926
was to improve the academic foundation of Mine
Surveyors before attempting the GCC. From the

original mining courses presented at this time, the
Universities of the Witwatersrand and Johannesburg
can trace their roots. Before the consolidation of
the University of Johannesburg and the Technikon
Witwatersrand, mining courses were presented at
the Technikon of the Witwatersrand in the format
of a “sandwich course” presented in the evenings.
Students attending this course were full-time mine
employees attending the course in their own time.
This model is well-respected in industry and has been
the foundation of the development of the current
diploma and degree structure of mining courses in
South Africa. The shortfall of the vocationally orientated
Chamber of mines Certificates is that the qualifications
are not recognized within the tertiary environment
preventing the articulation of qualification routes for
mine surveyors.
The National Diploma was offered in 1976 for the
first time. It was originally intended to be a 4 year
qualification and was offered until 1983. After 1983
the duration of the course was reduced to 3 years and
was offered as a full time course at the Technikon of
the Witwatersrand. Alternatively the National diploma
as the qualification was now known as could be done
through correspondence with the Technikon of South
Africa (TSA), that later became the University of South
Africa (UNISA). The National Diploma consisted of 18
months (3 semesters) of Academic course work and 18
months (3 semesters) of Practical exposure on a mine.
By 2003 the National Diploma changed in curriculum
to two years of academic course work (4 semesters)
and one year of practical exposure. At the moment
the National Diploma provides the only route to the
Bachelors Degree.
The National Higher Diploma was introduced by
the Technikon of the Witwatersrand in 1986. This
qualification added on the 3 year National Diploma
followed by a further 1 year broken down into a single
semester of academic course work and a further
semester of practical training in industry. The format of
the NHD changed in 2003 to one year of full- time study
at Technikon of the Witwatersrand. The Technikon of
South Africa (TSA) offered the National Higher diploma
for approximately two years.
Degree Courses. The University of the Witwatersrand
offered the B.Sc. Mine Surveying degree from
1982. The course had a limited number of students
attending and was discontinued in 1988. In the
year 2007 the first Bachelor of Technology: Mineral
Resource Management was offered by the University
of Johannesburg that incorporated the Technikon of

School of Engineering, University of KwaZulu-Natal, Durban 4-5 June 2015

82

An integrated approach towards a new suite of qualifications
within the Mine Surveying industry ...continued
the Witwatersrand. This degree course is recognized by
PLATO2 as a professional degree. The minimum entry
requirement to this qualification is a National Diploma.
Advanced diploma courses. The Graduate Diploma
of Engineering was offered by the University of the
Witwatersrand and provides a route to be accepted
into the Masters - and Doctor’s degrees offered by
this institution. Candidates that have obtained the
National Diploma and the GCC or the NHD and the
GCC can obtain access to this qualification. A diploma
in Advanced mine Valuation is still offered by WITS.

The Chamber of Mines
(Vocational) model
This suite of qualifications is normally used by fulltime mine employees studying in their own time to
obtain a Chamber of Mines (COM) certificates. The
current COM certificates were introduced in 1976 in
order to create consistency in the different “in-house”
certificates offered by the different mining houses. The
COM qualifications have a well-defined curriculum in
Mine Surveying and Mine Valuation. These examinations
were administered by the University of South Africa
(UNISA), but will be phased out by 2018. The reason
for the phasing out of these qualifications were not
circulated in industry, it is commonly assumed that the
decision was based on financial and administrative
factors. Until the point when they will be phased out,
three levels of Chamber of Mines Certificates exist:
1. Basic Survey certificate
2. Elementary Survey - and Sampling certificates
3. Advanced Survey - and Valuation certificates
This decision by the Chamber of Mines created the
impetus to relook at the qualification models. The
main strength of the model is that persons following
this route could “earn as they learn” and benefit
from actual work experience and as a result has
earned great respect and stature within industry. The
advantage to employers of this group of qualifications
is the standardization of knowledge and quality
control, coupled with the fact that the person can be
productive on site while completing the qualification.
It is a widely held opinion in industry that persons with
COM qualifications are employed by preference as
a result of the “hands-on” experience of persons with
these qualifications. What is less commonly recognized
is that these persons are normally employed in the
mining environment, while studying part-time, making
the learning experience directly applicable to the work
performed by the student. The benefit of this model
cannot be replicated.
The Government Certificate of Competency is a
legal requirement defined by the MHSA in order for a
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surveyor to practice as the responsible Mine Surveyor
on a mine (DMR, 2011). The GCC was first introduced
in 1905. In an analysis made by Grobler in 2011 it was
found that 150 certificates were issued in 17 years up to
2011 that equates to ± 9 GCC’s per year. Compared to
the current attrition rate of approximately 3 certificated
persons per year, leaves a very small number of
certificated surveyors for the expanding mining
industry. To date approximately 2100 certificates have
been issued. The examination has always been seen
as difficult examination to pass, with a 6% pass rate
noted in 1964, (Morton, 1964) and in a study completed
in 2014, the pass rate was still at that level (Grobler,
2014) Morton noted in his article that “…candidates
ill-prepared for examination…” and that the “…
standard of mathematics among candidates very
low…”. As a result of these observations and pressure
from industry, the National diploma for Technicians
was first introduced.
The Mine Qualifications Authority (MQA) in conjunction
with the Directorate of Mineral Resources requested
an investigation into the poor pass rates of candidates
to the Government Certificate of Competency: Mine
Surveying (GCC) examinations in 2013. In order to
evaluate the examination process permission was
obtained from the Directorate of Mineral Resources
to view examination papers and scripts. From the
information obtained from these evaluations it was
concluded that most candidates to the examination
are indeed still inadequately prepared for the
examination. The average pass rate per examination
of approximately 19% with an average mark for the
examinations evaluated of 30.5%. (Grobler, 2014) Meyer
in an analysis of results in 1964 found that an average
of 4 attempts per subject had to be made in order to
pass one subject and that the ration of certificates
issued to Mine Overseers, Mine Managers and Mine
Surveyors “…is roughly 5:2:1”. (Meyer, 1964)

Identified Shortcomings
The COM qualifications, although well respected by
industry carried insufficient credit and no NQF level
correlation. A common occurrence is that persons with
these qualifications at some stage in their careers wish
to improve their formal qualifications, but inadequate
recognition can be given to these qualifications.
The Integrated model provided the opportunity to
motivate for a new registration model for mine surveyors
with PLATO and allows the opportunity to convert
the current Chamber of Mines qualifications into
recognized NQF level qualifications. The new model
will allow for a full suite of qualifications, including two
Certificates, a two-year Diploma, a Bachelors degree
and Honours degree feeding into the normal post
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graduate qualifications. The Government Certificate
of Competency will remain unchanged and will still
be the final “license of practice” administrated by the
DMR. The different qualifications will be recognized by
PLATO for registration as Technician, Technologist and
Professional Mine Surveyor.

Entry requirements
In the new suite of qualifications WIL will no longer form
part of any of the qualifications. It has been proven
that industry experience provides students with a
critical understanding of the terminology and spatial
understanding of the mining environment.
Although it is unclear how industry experience can be
made a part of entry requirements, it is recognized
that prospective students should ideally complete an
exposure year or “apprenticeship”. Such an exposure
year will evaluate the medical and psychological
suitability of candidates to the mining environment.
By the time such a student commences studies, the
language of mining and culture has been made
familiar to them easing them into the academic
environment. This form of apprenticeship is still seen
as the ideal way of affording a student the correct
exposure to the work environment. Students straight
from school suffer a very distinct disadvantage to these
industry students. Over the last three years it has been
observed that certain companies are now reverting
back to some form of exposure year or cadet mining
program (Lloyd & Roos, 2015)

The Certificates (NQF Level 2 to 5)
The HEQF in its current form makes provision for a Higher
Certificate4 qualification. This qualification can be
used to facilitate the transition between school and
the mining environment while providing the student
with a NQF recognized qualification. The traditional
“Vocational route” of the Chamber of Mines system
of certificates will be phased by 2018. (IMSSA, 2015)
Students who could not obtain University admission can
follow this route to eventually obtain admission into the
degree or diploma course. The certificate will provide
persons with a recognized NQF level qualification with
which they can exit into the working environment.
A complication with these qualifications occurred
when after an accreditation visit by PLATO in 2014,
it was recommended to UNISA to veer away from
original proposal of using the Higher and Advanced
certificates as a replacement for the COM
certificates, in preference of a two year diploma. This
recommendation created a gap in the articulation
process as it does not provide for persons that cannot
gain entrance to the two year diploma or persons

who may not be suitable to complete the two-year
diploma. In response it was resolved that the MQA5
be requested to consider the creation of a QCTO6
Level 5 qualification to fill the COM certificate gap
(IMSSA, 2015) The NQF level 2 to 4 qualifications not
addressed by the HEQF are being finalized and will take
the form of an Elementary Certificate in Mine Surveying.
The NQF4 certificate will be a combination of the
current Chamber of Mines Basic Survey and Sampling
certificates. In addition, a Level 4 QCTO Drafting / GIS
qualification to replace the COM draughting certificate
is to be considered.
The QCTO Level 5 qualification or Higher Certificate
is designed for persons entering the Mining Industry
and Survey Profession for the first time with a National
Senior Certificate (English Language, Mathematics
and Science) or a person who has obtained an QCTO
Elementary Survey Certificate who wish to further
improve their technical skills and obtain a basic level
of Higher Education Knowledge in order to access a
tertiary education at some stage. The certificate is
intended to replace the Chamber of Mines Elementary
Survey and Valuation Certificates, and will include
Mathematics, Physics, GIS, Draughting, Information
Technology and a portfolio of evidence. Accumulated
credits may be presented for admission to the Diploma.
The Advanced Certificate: Mine Surveying7 was
designed to be a vocational qualification of 120
credits NQF level 6, one year qualification, combining
the elements of the Advanced Chamber of Mines
Survey and Valuation certificates into the qualification.
This qualification was designed for persons who have
successfully completed a Higher Certificate (Mine
Surveying)
The certificate is intended as a combination of the
Advanced Chamber of Mines certificates. Although
the course have been designed and approved, this
qualification will on recommendation of PLATO not form
part of the new suite of qualifications, mainly due to
resource constraints.
The Diploma was originally intended and currently
offered to be a tertiary qualification of 360 credits at
NQF level 6, including a minimum of 60 credits on NQF7
level. The question was asked “is it worth the effort?”
as both the Diploma and Degree is a three year
qualification but the Degree is at a NQF level 7. With
the recent change in the HEQF the two-year diploma
of 240 credits provided an avenue to convert the
current three year diploma into a two year diploma,
excluding the year of WIL. The content of the diploma
will be extensively reworked and updated to reflect
the current requirements from industry. This diploma
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will be offered by UNISA as a distance learning option.
Post Graduate diploma qualifications in Mineral
Valuation and related disciplines are offered by WITS
University.

with a Survey Certificate of Competency will allow a
graduate to be appointed as responsible mine surveyor
on a mine.

Bachelor of Mine Surveying Degree will replace the
current National Diploma and Bachelor of Technology
degree. It was recommended after an industry liaison
meeting that the diploma will no longer be offered
by UJ with a shift in focus to the professional degree.
The Bachelor Degree is designed for persons entering
the Mining Industry with an NQF level 4 Mathematics
and Science or for persons with a Higher Certificate.
The new degree will share common areas with other
surveying degrees (PLATO) and a common first year
with Mining Engineering (BET) degree. PLATO will
recognize the degree at Technologist level register as
Mine Surveyor. According to the HEQF, a degree will be
required as a pre-requisite if student wishes to continue
post-graduate type studies.
The suite of qualifications is summarized in Figure 1.
The Bachelor of Mine Surveying: Honours Degree will
aim to equip persons to undertake research and set
industrial standards in both Underground and Surface
mining operations. The three year Bachelor degree
plus one year honours degree will be recognized by
PLATO as a Professional Degree and in combination
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Based on the model above entry candidates can be
guided to the correct level of qualification using the
diagram, source (Grobler, 2012) modified according
to resolutions (IMSSA, 2015)
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Will Articulation truly be possible?
Referring to the current qualification model with the
option between the vocational and tertiary route, it
is not unusual for persons with a COM qualification
or the GCC to realize somewhere along their career
path that the qualifications they have earned are
not considered to be sufficient within the corporate
hierarchy to be appointed to a senior position. For such
a person to continue with their tertiary qualifications
requires a strenuous RPL application which can only be
considered for the GCC. Persons with only a Chamber
of mines Qualification will not get any credit except in
the case of the advanced Surveying Certificate which
may be recognized as a credit for the WIL portion of
the diploma.

A suggested Second level
qualification model
In order to register as a Professional Mine Surveyor, the
graduate surveyor must complete a prescribed number
of years working in industry and write an examination
set by the Professional body9. The entry requirement for
the GCC examinations is a “letter of sobriety10” and
either a ETQA11 Level 5 Certificate or a Diploma plus at
least 3 Years practical experience in mine surveying in
the mining industry of which 1 year which must be in the
underground workings of a mine. An Australian model
that offers a good combination of training includes
Career Episode Reports12 (CER) (Surveyors Board
Queensland, 2014). The Queensland model requires a
surveyor who wishes to apply for a mining endorsement
regulated by the Surveyor’s Act, Section 39 of 2003, is
required to complete an Activity Planning Sheet for
each section of mine Surveying applied for, including
opencut13, underground coal and underground
metalliferous14. (Survey Board Queensland, 2014)
The process of improving the quality of the fundamental
knowledge of candidates have been addressed by
the replacement of Chamber of Mines Qualifications
with a formalized educational structure of the
Higher Certificate and two year diploma which will
replace the advanced COM certificates. Due to the
perceived lack of Work Integrated Learning within
the new qualification framework it will be necessary
to incorporate a comprehensive practical training
component to the on campus curriculum culminating
in a project. This will not be sufficient to ensure the
competency of graduates. It will be necessary to
ensure that all graduates undergo a “Graduate in
training” period, a longer training period including
more detailed work to compensate for lack of WIL at
the tertiary institutions. Such a period of “Graduate in
training” should ideally include a period of 6 months
during which the candidate should be seconded to

the DMR in order to work under direct supervision of a
DMR inspector in order to understand the requirements
of the DMR and the practical application thereof in
the mining industry. This model is successfully utilized in
Germany where “Markscheide (Bergbau)” candidates
must spend time in the government department in
order to form an understanding of the workings of
the mining regulatory requirements before becoming
eligible to write the qualifying examinations.
Currently a new format of providing a portfolio of
evidence related to actual work experience is being
investigated. The strategy of this period of postgraduate work integrated learning will be that the
candidate will have gained experience in all aspects
of the examination syllabus. The completion of a trial
survey which at this stage may be completed after the
candidate has successfully completed all examinations
will become part of the pre-requisites for candidacy.
It is hoped that this exposure will improve the quality
of the knowledge candidates through experience.

Suggestions for the Licence
to practice
One of the main criticisms of the GCC examination
throughput rate is the inadequate preparation of
the candidates. Preparation and experience has to
be linked. Competency cannot be expected if the
candidate has not been exposed or experienced a
specific survey problem and have a grasp of how to
apply the techniques to different types of problems.
Preparation does not just require practice to make it
perfect, but requires correct practice in order to be
perfect. Willows-Munroe remarked on this aspect as far
back as 1948 “…the theory of surveying can be learnt,
but the art can only be acquired by long and patient
experience,…success is usually associated more with
training and judgement of the surveyor than theoretical
knowledge,… “ (Willows-Munro, 1948)
Regardless of the structure decided upon, the cooperation and transparency between the DMR and
Education providers needs be improved further. It has
been proposed that DMR officials examine or moderate
the examinations set by educational institutions to
ensure that the outcomes of these qualifications meet
the academic outcomes required by the DMR for the
GCC. In such a case it would be possible for the DMR
to dictate the content, standards and outcomes of all
academic qualifications. (Grobler, 2014)
Competence should be the culmination of
Qualifications, Skills, Knowledge and Experience (Survey
Board Queensland, 2014). The knowledge component
is tested well by the GCC examination process, but
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does not prove competence. It is therefore recommended that the competence aspects of the GCC be
separated from the knowledge component which can be better examined and evaluated in the formalized
education structures that exist and improving the competence evaluation component that have direct impact
on safety and Health to the DMR structures.

Conclusion: Will the new suite of qualifications promote a streamlined
process of qualifications?
According to Nieveen the requirements of a quality intervention should be validity, practicality and effectiveness.
These requirements are based on state of the art knowledge (relevance). Interventions will be considered as
practical by users if they find the intervention useable and compatible with the intent of the intervention. And
lastly the desired outcomes of the intervention must be met. (Nieveen, 1999) Applying the criteria outlined by
Nieveen (Nieveen, 1999), a tabulation of the intervention of designing a new suite of qualifications can be made
to evaluate the quality of the intervention.

Criterion

Remarks

Relevance

A new suite of qualifications to address all entry levels of aspirant mine
surveyors have become necessary to address the requirements of the HEQC
and the changes in policy regarding the Chamber of mines qualifications.
The mining industry requires an effective and timeous intervention to address
these issues.

Consistency

A full range of qualifications have been designed to address persons from
an NQF4 level through to NQF level 7. With this process it will be possible for
a person with a less than ideal grade 12 certificate to obtain the correct
combination of qualifications to obtain a professional degree and ultimately
be accepted as a candidate to the GCC examinations.

Practicality

The incorporation of the Chamber of Mines qualifications into an NQF level
framework presents the opportunity for surveyors to use the certificate(s)
obtained to articulate into higher education when required.
The new three year Bachelor degree will replace the current National diploma
and the Honours degree will provide the four year Professional degree
required for registration as a Professional Mine Surveyor.
The Government Certificate of Competency will remain the “license to
practice” for Mine Surveyors that wish to take the legal responsibility for the
surveying operations on a mine. The new suite of qualifications will require an
investigation into the exemptions from certain subjects granted to candidates
that have obtained the new range of qualifications.
A more robust approach to second level qualification will ensure that
the candidate receives the correct amount of practical experience to
underpin the theoretical knowledge obtained through a combination of
the qualifications discussed.

Effectiveness

The effectiveness of the new suite will have to be evaluated, but the
suggested combination of Qualifications, Skills, Knowledge and Experience
should ensure a better avenue towards the ultimate competence of mine
surveyors.

The HEQF has provided the ideal opportunity to relook at the suite of qualifications for Mine Surveyors. The
combination of certificates, diplomas and degrees now provide a choice of qualification routes for all levels
of Mine Surveyors and allows for exit and re-entry depending on the needs of the surveyor. These qualifications
can be used to articulate between qualifications and ultimately lead to candidacy to the GCC examinations.
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Abstract:
There are many classroom teaching approaches
available, but they generally all have one fundamental
commonality: they require some form of human
communication. As human communication is subject
to several perceptual errors in both listening and
seeing, there are challenges imposed on the success
of the communication. The ability of the teacher and
the students to communicate effectively with each
other is a factor for the success of each reaching their
goals. The teacher imparts his/her knowledge in the
classroom, but as von Foerster reminds us: “It’s the
listener, not the speaker, who determines the meaning
of an utterance” (Glasersfeld, 2007); for the listener
contextualises this information based on their own past
lived experience. Thus, the student’s epistemology
and their expression of their understanding is integral
in the classroom context. This position paper presents
a cybernetic approach to the teacher-learner system,
challenging traditional ideas about the role of each
actor within the system, with special attention given to
Pask’s (1976) Conversation Theory and its fit for purpose
in a contextual learning system.
“Fundamentally, a university is a community holding
conversations about knowledge”
Sir John Daniel, 1998

Introduction
Apprenticeships were the earliest training approaches
available to the aspiring artisan; however, as
engineering education became formalised with its
curriculum being influenced strongly by the science
and mathematics streams, so too did the engineering

education programs change (Poitras & Poitras, 2011).
Engineering education requires both theory and
practical based teachings, which also requires both
additional laboratory equipment in addition to the
standard teaching equipment, which is costly. This
additional cost and infrastructure – including additional
floor space - further pressurises the engineering
departments to achieve positive results in their
courses on offer. The South African Department of
Education has promoted new teaching paradigms.
Paradigms that allow for learners to achieve
creativity, problem solving, higher-order thinking
skills and reasoning. Further, the department would
also like to see learner’s exhibit improved effective
communication, interpersonal skills, such as writing,
public speaking, teamwork and collaboration (DoE,
2004:16), within the backdrop of the requirement for
sustainable development1. Achieving the DoE’s goals
is a challenging endeavour, which for many educators
would require careful examination of their approach
to teaching and learning. Du Plessis (2015:4) states:
The way teachers have been taught and lectured,
the factory bell driven school model and a too fully
packed curriculum are some of the forces that
prohibit alternative ways of learning. This results in
the presentation of science and traditional teacher
talk dominating the teaching space, i.e. a transmission
model, as well as subscribing to a textbook knowledge
teaching approach. The belief is that ‘If I have
transmitted it, I have covered it and if I have taught
it then my learners have learned what was taught’
which translates into a focus on teaching instead of
learning.

Universities have a central role in educating their learners about sustainable development; however, this concept of sustainable development
is problematic – see Scott, 2009.
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Du Plessis highlights pertinent oversights in the
education system. The first issue is the interpretation
of terms. Presenting information is not teaching,
and information is not knowledge: “we do not
transmit knowledge, we transmit information and this
information only becomes knowledge when there is
real understanding and application, not mere rote
regurgitation” (Du Plessis, 2015:4). This “information
transmitted” and its associated absolute judgments
vested in Shannon Theory, is problematic in social
sciences, with channel capacity being reliant on
human memory capacity (Nizami, 2011), as well as
cognitive processing factors. Learning is biological
adaptation, which happens incidentally in the context
of the pursuit of current “need-satisfying” goals (Scott,
2010).
New styles of learning have arisen owing to various
factors, including the changes in society and the
economy (funding models); rising expectations
amongst learners that education will maximise their
personal fulfilment; the potential for new forms of
communication made possible by new technologies;
and the changes in skill required by the labour market
(Kalantzis & Cope, 2005; Reyes & Gálvez, 2011). Fresh
catchwords/phrases have emerged, such as reflection
and sharing; e-learning; facilitating; co-learner;
problem focussed; project based learning; outcomes;
meaningful learning and so forth. Several new teaching
approaches have arisen with the implementation of
Information and Communications Technology (ICT)
in the learning environment. However, much of the
new discourse on new teaching paradigms revolves
around the technology (see Kalantzis & Cope, 2005; Du
Plessis & Webb, 2011; Leach & Moon, 2000; Howland
et.al, 2013). This is problematic as the goals of many
of these new approaches are similar to the goals that
the transdisciplinary cybernetic approach already
provides, yet this approach is either unknown or not
understood. These earlier approaches were the first
emerging technology based learning solutions that
had already predicted the future trends. Pask’s (1975,
1976, 1976a, 1976b) Conversation Theory (CT) is one
such example, which has successfully been evolving
since the 1970s. Unfortunately, most universities do not
provide this paradigm; rather, favouring a Western
linear view (Baron, 2014; Scott 2012). In turn, many
educators have not been exposed to a cybernetic
epistemology and thus these new catchwords and
themes in education seem to be something that has
recently been introduced. Coupled with the large-scale
introduction of technology within the classroom, many
educators are faced with a requirement to adapt,
yet do not have the training or knowledge to actually

jump into these new approaches. Cyberneticians have
already laid clear paths in both teaching and learning
both with and without technology, and thus is a good
fit. Pask (1961:11) states:
Cybernetics… like applied mathematics cuts across
the entrenched departments of natural science;
the sky, the earth, the animals and plants. Its
interdisciplinary character emerges when it considers
economy not as an economist, biology not as a
biologist, engines not as an engineer. In each case
its theme remains the same, namely, how systems
regulate themselves, reproduce themselves, evolve
and learn. Its high spot is the question of how they
organize themselves.
Attempting to achieve the DoE’s ideals of effective
education systems, I propose a re-examination of the
roles of educators and learners within the education
system. The purpose of this paper is to provide a basis
for improved teacher student responsibilities and better
knowledge acquisition through error reduction. The
main focal areas are CT and an explanation for its fit
for purpose, as well as a few cybernetic principles to
aid the explanation, which may be integrated into
the classroom. My motivation for this topic rests on
the findings conducted in a pilot study comparing
traditional teaching methods with an approach that
adheres to a cybernetic epistemology (see Baron, – in
press). The study consisted of two independent groups
with each group receiving a different treatment. The
first group had their lesson presented in a traditional
teaching approach, which was the status quo of
the school, while the second group were part of a
cybernetic approach. After each group had their
lesson, each learner was assessed and asked a series
of 10 questions. The total correct answers for the
traditional group was compared to the total correct
answers of the cybernetic group. The results were
statistically examined using a t-test and Pearson r
correlation, which showed that the introduction of a
cybernetic approach allowed for a 46% increase in the
total number of correct answers. This initial study justifies
a series of further experiments, which are taking place
for larger group sizes and new experimental designs.
This positive result of the cybernetic group in the said
study was not surprising though. Being a university
lecturer, I notice that many adult students have still
not learned efficient ways of managing their own
learning. They have not found efficient ways to
understand and verbalise their coursework, remain
focused in class, integrate their understandings
of different subjects, conceptualise new theories
integrating this new information into their already
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present knowledge store. Some of these items are
also prescribed by the Engineering Council of South
Africa as exit level Outcomes to which students are
supposed to meet before graduation (ECSA, 2012).
Having incorporated a cybernetic approach to my
lecturing style of engineering subjects, I have seen
improvements in my pass rates, as well as improved
evaluations that the students provide after completing
the courses. The projects and work standard has
improved. But, most importantly, the ideas surrounding
what it means to be a lecturer and what my role is in
the class, have changed. Moving from a reliance on
traditional methods to one that embraces a cybernetic
mutual learning approach is challenging. A new way
of thinking about teaching and learning is required.

Historical Narrations and their
Linguistic Domains
There are many classroom teaching approaches
available, but they generally all have one fundamental
commonality: they require some form of human
communication. As human communication is subject
to several perceptual errors in both listening and seeing,
there are challenges imposed on the success of the
communication (Baron, 2015; Glanville, 2001 & 2001a;
Maturana & Varela, 1987). The challenges of accurate
human communication gives rise to communication
theory, linguistics and so forth. The ability of the teacher
and the students to communicate effectively with
each other is a factor for the success of each reaching
their goals. The teacher imparts his/her knowledge
in the classroom, but as von Foerster reminds us: “It’s
the listener, not the speaker, who determines the
meaning of an utterance” (Glasersfeld, 2007). Meaning
is determined by the listener, as it is the listener that
places this message into context in their own neurology
based on their past lived experience2. For example,
a person with no background knowledge in physics
would probably not be able to follow the teacher in an
advanced physics class. The prior knowledge and past
learning experiences that a person has had determines
how one interprets and understands new information.
This also relates to the epistemology of the actors within
the communication system. The worldview of a person
is a factor in how new information is understood by the
individual (MacIntyre, 1987). The ability to innovate
and extrapolate terms originates from the vast works
that poets and mythical writers have built up over
the years, to a point where it becomes formalised
as an accepted societal standard for that society or

culture (MacIntyre, 1987:392). Thus, the canonical texts
form a foundation and justification system that seems
unarguable, unless the arguments are made within the
same frame of reference or epistemology. MacIntyte
believes that these linguistic domains determine the
way we carry out our activities including laws, ethics,
rationality, beliefs and values. Our weltanschauung
or even our cosmic order as MacIntyre termed it, is
dependent on our linguistic domain.
A person’s use of language often translates to
mean a different lived experience. A person, who
for example is a member of the San Bushmen of the
Kalahari Desert (South Africa, Botswana and Namibia
region), would have a different way of expressing
their thoughts and communicating their views through
the eyes of most Westerners. While both may share
similar existential values regarding birth, death and
illness, the reasoning and conclusions might be
different and incommensurable. From a biological
perspective, Maturana and Varela (1987) explain
how our experiences are mapped in our neurology,
which in turn relates to how our thoughts come
together to produce our epistemology. With every
person experiencing their life differently, there exists
multitudes of worldviews, one for each observer, with
some being radically diverse aided by cultural and
social differences.
The relationship between names and their evoked
meaning and use are not common to all people. A
traveller may use a proper name merely for directional
purposes, almost in a way that may seem ignorant to
the culture where that name has more substance than
merely a label on a map. For example, a few years ago
if a European holidaymaker had to ask for directions to
an airport, namely O.R Tambo, but was not aware of
the name change and reads off his/her outdated map
“Jan Smuts Airport”, it may evoke certain memories
in the person who has a lived experience of times
of Jan Smuts and racial segregation in South Africa.
The tourist may be inadvertently offending the local
without having any idea of why this is happening. The
map is not the territory, as Alfred korzypski (1933) and
later Bateson reminded us. When the early Spanish
explorers were met by the Native American Indians,
there was some disputes regarding land ownership. The
Spaniards, believed in individual property rights, while
the Native American Indian inhabitants had the belief
of a common unownable land, as who could own
something that was shared. Some documents were

Past lived experience is collection of past behaviours, memories, reflections and understandings that a person has. These include all life
experiences that assisted in how a person interprets their world.
2
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signed, which later were unfortunate for the Natives
with this different worldview and its associated linguistic
domain taking hold on their land (MacIntyre, 1987).
The natural course of events in one culture may be
immoral or unthinkable and absurd to another culture.
With such differences in worldviews, there are often
occasions where the common everyday words in one
culture has no direct translation into another culture,
and thus to portray the word’s true meaning becomes
difficult. The word “weltanschauung” which many
people have commented how there is no adequate
word in English that can encompass the totality of
the German meaning for worldview. Carl Jung and
others have shown repeatedly how words lose some
of their meaning when translated from one language
to another, for example words like libido, hysteria, and
the Greek word hamartia, which means to miss the
mark, but translated in English to mean sin.
Following this tract of thought now within a classroom
context, it is an oversight to assume that a group of
people sitting in a class will all understand the teacher’s
expressions and integrate this information into their
personal worldview. This is particularly true for the
South African context with our 11 official languages
and diverse ethnic and cultural groups. How each
individual observes and makes sense of these
observations differs considerably. Radical differences
in meaning construction are taking place in the
classroom irrespective of what the teacher assumes
is taking place. The text and language style used in
the engineering text books are not excluded from this
argument. On many occasions I have experienced
students remember phrases word for word and position
these phrases in the correct places in their test answer
scripts, yet have no understanding of what the phrases
mean or how they relate to the subject area. While the
student may have provided the correct answer and
have managed to memorise what I refer to as “a wall
of words”, these words only seek to set up a boundary
between themselves and the very thing they attempt
to master. Embracing a cybernetic approach relying
on a contextual enquiry into knowledge may solve
this problem. For example, asking a student details
about how they have located their answers and what
they understand about these answers in their own life –
contextual enquiry - will allow the teacher to ascertain
errors in the system. Memorising information that has no
personal meaning to the student does not serve him/
her (or the educator for that matter) any purpose. This
concept is expanded on in the next sections with the
discussion of conversation and meaning generation.

Human Communication
Our desire to communicate and share information is
central to our life. Conversations provide a context for
the human world and become the domain to which
we inhabit, bringing forth our self-consciousness. Our
languaging is our manner of existence (Maturana,
1997). Human linguistic communication has a purpose.
Austin (1962:138) stated:
Once we realize that what we have to study is not the
sentence but the issuing of an utterance in a speech
situation, there can hardly be any longer a possibility
of not seeing that stating is performing an act.
These acts have been addressed by Searle (1975:5)
whereby he provides five illocutionary points; namely:
assertive (these include explanations where the
speaker commits to the truth of the information);
directive (an attempt to obtain action from the listener
by use of requests, orders or commands); commissive
(a commitment made by the speaker to perform an
action usually in the form of a promise); expressive
(express an emotive response to the current context
such as an apology or an acknowledgement), and
declarative (bringing about a change in the world
by declaring an activity, for example declaring war).
For the linguistic communication between people to
be effective for any of these five elocutionary points,
several factors would need to be addressed: good
communication skills such as attentive listening; listening
with clear mind; focusing on the current conversation
at hand; and attempting to understand the other with
the goal of sharing a mutually co-created world of
meaning. An awareness of the other is paramount to
achieving these goals. Thus, human communication
goals include conveying a message to a designated
audience; to have this message understood in the
way that it was meant; to receive confirmation of
this information and to share meaning. Glasersfeld
(2007) provides four additional points of how the
listener may determine what meaning to attach to
the communication; namely:
• Sounds must be recognized as sound-images of
words that suggest correlations.
• These correlations are re-presentations of
components of earlier experience.
• Our past experiences form the basis of the
remembered components for possible meanings of
the utterance.
The choice of meanings that the listener attaches to
the utterance is dependent on the context including
the listener’s familiarity with the actor.
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In adopting a cybernetic approach in the classroom,
a few cybernetic principles should be known by the
educator. This is probably the biggest challenge for
the educator as cybernetics is not a model. It is not
something that can be learned and then applied
(Baron, 2014). Referring back to MacIntyre’s linguistic
domains, while also acknowledging Maturana’s
languaging beings, a way of knowing something is
different from having knowledge of something. For
example, I may have knowledge of the therapeutic
counselling process, but that does not make me an
effective counsellor. In terms of counselling3, Carl
Rogers who was one of the most famous Western
Psychologists - often referred to as the founder
of counselling psychology – wrote several books
describing his humanistic approach. His teachings
have been modelled and formulated into an almost
“to-do list” for prospective counsellors, yet few can
mimic his skill. The problem is that in his most prolific
writings, he speaks more about how he was present
in the here and now, rather than focusing on tricks on
what to do to listen empathetically. It is the realness
of the here and now and the spontaneous relational
conversing including personal meanings that I believe
he was referring to. One of Rogers’ books is actually
titled “A way of being” (1980). Glanville reminds us that
cybernetics is something that is lived (in the sense of
a verb), not just talked about (2012:84). Cybernetics
could be seen as an epistemology. This means that
the educator needs to change their way of thinking as
well as their way of acting. A theoretical understanding
is insufficient. Just as Aristotle spoke of sophia arising
from phronesis but also returning to phronesis. The
theory of something and the practical example of it
should neither be seen as superior to each other, but
rather sophia and phronesis being equals, with neither
omitted. The duality between theory and practice is
perfectly exemplified in the engineering courses with
most having a practical expression of knowledge as
an integral requirement for successful completion of
the course, with neither being superior to the other.

I cannot Teach You
In the traditional sense, the teacher “teaches” the
students. There is a hierarchy in the system with teacher
separate to the students, taking the position of the
leader in the class. The learners are generally seen
as a group, which is separate to the teacher. The
teacher may speak individually to the learners, but
ultimately the learners are seen as a group from the

eye of the teacher. The teacher “teaches”, and has
the main responsibility of what learning should take
place. During the lesson, the students may tell of their
own stories relating to what the teacher has spoken
about, following which the teacher moves on with
his/her lesson usually according to a set lesson plan
or course file. If another teacher offered to take the
lesson in place of the original teacher -from the same
course file-, the next teacher would offer a similar
structure and epistemological stance based on the
traditional teacher and student model including a
similar classroom setup.
From a cybernetic approach, it is the listener who
determines the meaning of an utterance, and the
listener’s past-lived experience is a major contributor
to this meaning; thus, the listener’s context is also of
interest in a lesson and should be incorporated into the
learning system. The teacher/presenter/speaker cannot
create meaning in another individual; rather, the
responsibility of meaning generation is in the hands of
the person who hears/sees the message. For example,
a teacher may introduce a new topic to a group of
students – a topic of viruses and malware in computers
- with each student arriving at a different understanding
of this new topic. After the topic is introduced, asking
the students what they understood about computer
viruses will find the teacher hearing several different
versions of the topic, some with errors introduced. These
errors cannot be the sole responsibility of the learners
for “misunderstanding” the teacher, as these errors
which ultimately result in failed courses, later reflect
on the teacher in some way. It is this introduction of
errors that arises in human communication that makes
a cybernetic ethic of participation a best fit, for without
error there would be no need for cybernetics (Glanville,
2012). The teacher - which is a problematic term in itselfis part of the learners’ environment and thus has to take
responsibility for presenting the necessary information
that forms part of the lesson plan. The teacher, however
is not solely responsible for the learning, as learning
is an activity that the student and teacher do within
each other’s presence mutually cooperating with each
participant in the group, but not necessarily under the
rules of the teacher. Learning from the lessons of Pask
(1975) and coworkers in their CT, the teacher would
need to determine if the learners’ understandings are
within the range of his/her understandings of each
of their understandings. The teacher would need to
perturb each student to compare the interpretations

Cybernetic psychology has had much influence in the field of psychology with the introduction of family therapy in the 1970’s and the
evolution of the systemic approaches ever since. The reason for this footnote is to highlight the fit for purpose of cybernetics into the field of
education. Therapeutic psychology rests heavily on the conversation and epistemology of the therapist. Education too rests on the abilities of
the communicators within the learning system.
3
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of observations. Using Pask and Scott’s (1973; 2000)
Teachback - a method in which, after the teacher has
presented to the learners the topics of the learning
outcomes, the learner is invited to teach back his/her
understanding of this material to the teacher. When
the learner teaches back their interpretation of the
new concept/s they are providing a glimpse into their
world of understandings, but more importantly how
they arrive at these understandings is a feature that
the teacher can use to improve the learning process.
During the Teachback, the teacher stresses the “how”
of knowing. This implies that the learner tells of how
they arrived at their understandings. For example, in
an electrical engineering class, we were discussing
waves and resonance. Having heard previous stories
from students about how they understood magnetism
and current in terms of their sound system and various
Disc Jockey endeavours, I positioned the concept
of resonance in terms of subwoofers and how the
rear view mirror of the taxi or car on certain notes has
excessive vibration that stands out more so than with
other frequencies of the bass rumble. The students had
experienced this and thus could make further sense of
the topic of resonance effects. 4Taking this further, by
knowing about whose who on the DJ scene and the
various music genres, I could add the names of different
DJs to the story and discuss parts of songs and their bass
lines and how the amplifiers need to either work harder
for hard house music (higher beats per minute) than
for deep house (lower beats per minute), which then
introduces the topic of capacitive charging and the
importance of the cooling system and so forth. Thus, the
teacher hears contextual information that the learner
provides, which the teacher can then use in future
explanations allowing for this information to be framed
in a manner that now has personal meanings for the
learners. The learners will also tell of stories that would
show a misunderstanding of the concepts presented in
the class, including the learner’s use of language and
their challenges in expressing themselves.
The Teachback is a method that the teacher can
use as a form of error correction to reduce the gap in
understandings of the constructs being discussed. It
is important for the actors to see how others created
their interpretations of the lesson. Merely correcting
the student robs the whole system of exploring the
learning process. Glasersfeld (1992) says that people
need to be allowed to make sense for themselves of
their experiences, which the teacher needs to allow

before attempting to modify or correct. This allows the
teacher entry into the learner’s world to see how the
learner is interpreting the teacher’s information. An
atmosphere needs to be created of conversation and
mutual co-creation; whereby, students are allowed to
be part of, rather than receivers of. Imagine changing
the phrase: “I am going to lecture [teach] my students
now” to “I have class now and have a conversation
to be part of”.
Cybernetics is concerned with circularity and mutual
causality. Glanville states (2008:168-169):
The Principle (or Law) of Mutual Reciprocity states that,
if through drawing a distinction we are willing to give
a certain quality to that we distinguish on one side
of the distinction, we must also permit the possibility
of the same quality being given to that which
we distinguish on the other side of this distinction:
If I distinguish myself from you and I consider I am
intelligent, I must consider that you (which I distinguish
from I) might also be intelligent…
This principle explains how qualities such as intelligence
may be understood to belong to both participants
in an interaction; shared, in the between (Glanville,
2008). In the classroom context, if the actors (teachers)
are to think of themselves as having knowledge, so
too must they allow the other actors (students) to also
have the option of having knowledge for the teacher
alone with knowledge is meaningless, unless this
knowledge is being acknowledged by the co-learners
in the classroom. There needs to be compliance/
cooperation between the relational elements, with
neither side thinking they are in control. Is there such
a thing as power and control? Does a slave have no
power? For example, in Hegel’s (1998) Phenomenology
of Spirit, he shows how the master and the slave are
both required for each to individually exist. In the same
way the sadist needs a masochist, thus educators need
learners. Von Foerster states: “the principle of relativity
says that a hypothesis that is true for A and B can only
be acceptable if it is also valid for A and B together”
(von Foerster & Poerksen, 2002:28).
For my students to think of me as a good lecturer, I
need to co-create a classroom context where their
observation of my behaviour and utterances give rise
to their experience of me as “good”. This in turn means
that definitions of behaviour are context specific and
vary. I may have one class [or student] who thinks I

The common example of the soldiers who may not march across a bridge owing to possible resonance effects is a good discussion but remains
abstract to the students in the class as none had any experience of soldiers. By providing examples, which are themes of the students’ own lives
improves the memory retention as they have personal connections to the discussions in the class. education. Therapeutic psychology rests heavily
on the conversation and epistemology of the therapist. Education too rests on the abilities of the communicators within the learning system.
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am a good lecturer but another who does not. The
answer to the question of “am I a good lecturer?” lies
in the observing person/group who wants to draw this
distinction. Being called a good teacher is an attribute.
An attribute is something provided by someone else.
This is in line with the Turing Test. Alan Turing (1950) in
his paper “Computing Machinery and Intelligence”
introduced a test based on his question of whether
machines can think. The common description of this
test is that it is set up to determine whether a human
can judge whether they are interfacing with a human
or a machine in a texted conversation. The person
who makes this conclusion of intelligent interaction
has no knowledge of whether they are interfacing
with a human or machine. The beauty of this test is
that it moves away from tests based on definitions
of what would be considered intelligent behaviour,
to a test where one determines whether they are
communicating in an intelligent conversation based
on the experience of the tester in the conversation.
In this way the test allows for the Black Box approach
to be utilised in an outwardly obvious manner. The
tester has no knowledge of who or what they are
interfacing with. The tester judges intelligence based on
whether they experienced the interaction as intelligent.
Turing does not assume intelligence to be a property
of the machine; rather, in the way the test is set up,
intelligence is attributed to the machine/box/other
by the tester. The same applies for teachers. For a
teacher to think of them self as a teacher, they need
to allow their students to attribute this to them by way
of acknowledging that learning is taking place.
The teacher who sees misbehaved or naughty students,
should also see this too can be mutually reciprocal.
What role has the teacher played to have learners who
are misbehaving or students who are not learning? Is
the teacher also misbehaving? The responsibilities of
the actors within the learning system may be discussed
with all the role players. Once the responsibilities of the
actors are understood, the next step would be to focus
on who is doing what. In CT, Pask is concerned with
processes rather than processors. Processors could be
seen as the fabric, the physiological or biological stuff
we are constituted of. While the biology is important
in knowing how cognition impacts communication,
Bateson (1979:204) reminds us that “Thoughts can
be about pigs or coconuts, but there are no pigs or
coconuts in the brain.” Kauffman states that when a
distinction is drawn “A space is severed or taken apart.
Form appears in the process, and the form appears to
enter into or re-enter the very space that generated it”
(1987:56). This highlights the importance of circularity
in human communication. Cybernetics shows that all
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communication be it between man and man or even
man and machine, is always circular. Owing to the
circularity in the relationship, the notion of unilateral
control is rejected. Control is not located in any one
entity but rather is in between. Observers or actors in
a conversation are never outside of this system but
are part of it, including their own observations and
their observations of the other’s observations and so
forth. By use of feedback, which teacher and student
provide as a process, neither controlling the other.
Barnes (2007) says “I don’t control you, though I may
think I do or wish I did”. Teachers need to move away
from linear thinking - thinking that they are in control
of their learners. With the cooperation of the learners
in a given context, the teacher may experience that
they are “in control” but this is an illusion. The control
is in the between as Glanville (2008) put it. This means
that there should also be a mind-set change from
hierarchy to heterarchy. The role of the teacher could
also be seen as a steersman or a variety regulator.
However teachers should not violate Ashby’s law of
requisite variety, which is that only variety can match,
absorb or destroy variety (Ashby, 1956). In terms of
the earlier example with the resonance discussion,
without the teacher having the available variety to
discuss aspects of the course in terms of the learners’
context, missed opportunities would have taken place.
Having the variety or range of conversation allows for
a wider catchment of topics that can be positioned
or framed in the hope that the students in the class will
gladly accept and absorb this information into their
own knowledge or experiences that are real to them
– personal meanings.
According to Pask (1987:18), “the main point of
conversation is the converse of control. It leads to
deregulation.” New questions arise from this way
of thinking and acting: how does the teacher take
responsibility in the class? How do the learner’s show
their responsibilities? How do you know learning is
taking place, and so forth? What is interesting is that
many people mistake a “what” for a “how”. To answer
a “how” question, it is important to focus on process,
who is doing what and what steps were followed. The
cybernetics is in the doing or being rather than in the
definitions of things.
Referring back to Searle’s (1975) illocutionary acts, the
teacher may think they are being directive – trying
to obtain action from the listener by use of requests
or commands - but it is up to the learners to provide
their frame of reference to the teacher’s utterance.
Individuals differ in how they conceptualise and
interpret things even if these things have the same
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tag or name. One of the reasons for conversations is
that it generates difference – a forum for clarification,
which is so close to the nature of learning. Included
in the conversation, especially in the schooling
system are themes of recognition and respect.
Although the conversation is between systems that
are organisationally closed or autonomous, they are
open to information. It is the differences or conflict
that arises within conversation which allows the actors
to converse, for in the hypothetical scenario of two
people with the same knowledge and thought pattern,
no basis for communication would be present. Thus,
the differences that arise in conversation is in fact the
reason for the need to converse (Barnes, 1993). As
the differences arise in conversations, so too will there
will be conflicting ideas. It is through resolving these
conflicts in the classroom whereby understanding
can take place instead of rote learning, for learner
and teacher are in conversation with one another.
Without the conflict there would not be the opportunity
for cooperation, which is one of the behaviours the
teacher requires for there to be learning taking place.
Notwithstanding that the teacher may also be learning
from the information they receive from the students
– each perturbing each other in a circular manner.
Cooperation does not mean the students doing what
the teacher wants; rather, the students taking part in
the class and being part of rather than receivers of.
The teacher thus needs to work with the goals of the
learners as well as his/her own goals.
There are many teaching strategies, but some are more
effective than others. The point of departure is that
the student is only one part of the system, as Gardner
(2006:198) states:
It is our claim that the capacity of individuals to
acquire and advance knowledge in a cultural domain
and apply it in some purposeful fashion toward a goal
has equally to do with the competencies inside a
person’s head and with the values and opportunities
afforded by society to engage these competencies.

Limitations
Training educators in adopting a cybernetic approach
to their teaching can be challenging. Firstly, in just
describing a cybernetic teaching style, problems
arise owing to the self-negating nature of the unmodelled cybernetic approach. Modelling cybernetics
is troublesome. People gravitate to modularising
new information – looking for good examples - and
then attempting to follow it in a similar manner. This
may be fine for the introductory stages of learning
something new; however, as in the case of the
counselling example stated earlier, one cannot just

learn stuff, regurgitate it and expect their audience
to be impressed. The person would surely not pass the
Turing Test as there would be insufficient variety in their
options of behaviours. In learning cybernetics, one
needs to move away from a model to a way of thinking
and a way of being (see Glanville, 2014; Baron, 2014).
This person would need to understand and live the
principles of cybernetic thinking. Unfortunately there is
no user manual or course file on how to be cybernetic.
Conversational learning may be challenging when
there are large groups of students. Methods of dealing
with this include asking the learners to verbalise their
ideas about a topic before the teacher starts his/her
presentations. This allows the teacher to gauge where
the class is in terms of their knowledge. At certain
points the teacher can then set aside 20 minute purely
for conversation and Teachback about the work
covered or spin off ideas. The learners are invited to
communicate with some ground rules set beforehand.
Many traditional classrooms are not physically arranged
for conversations. The students tend to be on one
side and the teacher in the front. The layout could
be changed to allow for each person in the group
to be able to see at least 50% of the class at any one
time. This allows for students to respond to students. A
horseshoe or circular arrangement is helpful.
Initially there is a strong requirement on the teacher
to provide a forum for a conversation. This may be
challenging to some educators; whereby, they are
not used to allowing their students to also adjust the
trajectory of the class.

Conclusion
With the changes in the education landscape in
South Africa, and the goals of the various education
departments, new ideas surrounding education need
to be acted upon. The engineering faculties with the
requirement for both theory and practical proof of
learning have a mandate to provide an environment
where high quality engineers, technologists and
technicians can graduate, and reduce the skills
shortage in this important work area. The South African
Department of Higher Education specifically requires
that learning environments are constructed taking into
account the contexts of the students, allowing for many
methods for learning programs (DoHET, 2013:48). There
are challenges in adopting different approaches and
this is especially true for the cybernetic approaches.
However, Vygotsky’s (1978) central focus on learning
was social, cultural, and historical, which form a
complex system that one is part of. For Vygotsky,
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understanding learning, one must also look to the
social processes from which a person’s thinking is
derived, while acknowledging the cognitive growth
as a collaborative process as we learn through social
interactions. With the education goals of improved
communication, interpersonal skills, public speaking
and collaboration (DoE, 2004), a conversational
approach with the awareness of epistemological
differences, could fulfil these objectives. Conversation
theory has already added much to the field of
education; however, it is still relatively unknown in
the South African context. One major contribution of
cybernetics is CT and a tool such as Teachback – with
its focus on knowing how rather than knowing what.
Allowing students to be part of and not just receivers
of information in the class, answering question with
statements such as “what I have understood…” or
“What this means to me…” or “How may I use it…” or
“Let me practically demonstrate my understanding…”.
This links Aristotle’s ideas about knowledge, merging
the “knowing why” – theory/conceptual ideas with
the “knowing how” – practice or performance, and
obtaining verification of this knowledge by allowing
the students to participate in the here and now – as
Rogers found most valuable. This further means that
our investigations, including our studies on education,
teaching and learning must include all the observers
within the system.
A contextual approach to teaching and learning
implies an allowance for the students’ own context to
become a trajectory for the class’s learning outcomes,
making space for their own experiences of their world;
merging this into the curriculum to allow for courses
that are personally true to those who attend the class,
by creating a conversational scope for students’
own examples; and allowing for a shared forum of
discussion in the presence and direction of the teacher.
For communication to be effective, the message
should be sent to an audience who is both interested
and able to respond. The parties to the conversation
need to confirm or acknowledge they understand the
information, meaning sharing should take place in a
co-created environment of mutual respect, which are
all addressed in cybernetic theory and practice.
Learning begins with each student’s aims or outcomes
(Pask, 1976:45). The teacher is part of the learning
system. For the teacher to reap the fruits of new
approaches in education, changes in the ideas
surrounding responsibilities in the classroom are
required. Von Foerster says “If you desire to see, learn
how to act” (1992).
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The Academic Support Programme for Engineering at
the University of Cape Town (ASPECT) has operated
under a slowly evolving model since its inception in
1989. Different models of access and curriculum are
frequently under consideration and in 2014 we had the
opportunity to put into practice a new model, involving
self-selection and delayed transition into ASPECT driven
by first term assessment. In this paper we present a
historical overview, reflect on the 2014 experiences
of students and staff in light of relevant theory and
conclude with an argument in favour of the delayed
transition model.

Background and history of
selection of ASPECT students
Prior to 2014, the admission of students into ASPECT,
the Academic Support Programme for Engineering
at the University of Cape Town (UCT), was based on
offers made to students who applied to any of the
4-year BSc(Eng) programmes at UCT but whose final
high school results and National Benchmark Test results
gave a Faculty Point Score slightly below the entrance
requirements. In line with transformation goals, these
offers tended to be made to African and coloured
students, reflecting the initial purpose of ASPECT as
an intervention to address the low throughput of
underrepresented South African black students who
had been disadvantaged by apartheid (Sass, 1988;
Meyer and Sass, 1992; Jawitz, 1994; Jawitz and Scott,
1997). Many students were the first in their families to
attend university and many had earned a place at
university by achieving high academic marks from
the under-resourced schools (Kapp et al., 2014;
Craig, 2013). Students could not apply for the 5-year
BSc(Eng) programme but were offered a place in the
5-year programme if their admission into the 4-year
programme was narrowly unsuccessful and they
matched the underrepresented race groups.

The programme operates on an extended degree
structure, spreading the credit load of the first two years
of the 4-year programme over three years. Students
do not take any courses below first year university level
(i.e. no ‘bridging’ courses of high school content) but
additional time for first year mathematics and physics
courses allows for revision of school-level content to be
built into the design of the courses, a model of “more
time, more tuition” (Kloot, Case and Marshal, 2008) .
The key features of the 5-year programme are more
class time for mathematics and physics, a reduced
academic load, frequent assessment with feedback,
and a sense of community developed through active
and cooperative learning in mathematics and physics
and approachable lecturers who quickly get to know
all the students. Typical class sizes range from 60 to 90.
A full description of the ASPECT programme is given in
Pearce et al. (2015).
In addition to students who started in the 5-year
programme, a small number of students would join
the 5-year programme during or after the first semester.
Students failing multiple subjects after the first class
tests or after the first semester were counselled to
consider moving to a structured 5-year programme.
Counselling was through emails and face-to-face
interviews with academic development lecturers within
each engineering department and ASPECT staff. The
strongest motivating factor for a move into the 5-year
programme after failing multiple first semester courses
was the reduction in the number of credits needed to
avoid being academically excluded from the university
at the end of the first year, due to spreading the 576
credits for the degree over 5 years rather than 4 years
which typically reduced the number of courses from
five to three per semester in the first year.
The model ASPECT had operated on for several years
prior to 2014 therefore involved a cohort of students
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who were in ASPECT from the beginning of their
academic first year, joined by a smaller number of
students later in the first term, or even second term.
These transitioning students were generally few in
number and joined at staggered intervals, not all at
once. No model is perfect and we were pleased to
inadvertently be allowed to trial a new model in 2014.

The new model: Delayed
transition and self-selection
In 2014, an unanticipated high number of candidates
with provisional offers of acceptance into the 4-year
BSc(Eng) programmes achieved the minimum marks
required for automatic acceptance. As a result, no
offers were made for places in the 5-year programme
for fear of exceeding capacity. In line with the results
from student performance in previous years, and
recent reports on the low percentage of students
nationally who graduate in minimum time (Council
on Higher Education, 2013; Scott, Yeld and Hendry,
2007), it was expected that a significant number of
students would need longer than 4 years to complete
their degree. Since the provisional offers for the 4-year
programme could not be changed to offers for the
5-year programme, plans were made for constituting
an ASPECT class after the first term tests.
At orientation in the beginning of the academic year
as well as in special sessions after the first tests were
written, students were advised to switch to a 5-year
programme if they were failing multiple subjects. These
group advice sessions were followed up by emails
to targeted students inviting them for one-to-one
counselling regarding their curriculum planning. At
the start of the second term, students who agreed to
move to a planned 5-year programme reduced the
number of courses per semester from five to three (in
most cases) and switched to double-contact classes for
mathematics and physics, taught by ASPECT lecturers.
No students were forced to change their programme,
however the risk of exclusion as a result of remaining
on a regular load and failing to pass sufficient courses
was emphasised. The result was a self-selected
cohort based on the results of the first class tests and
counselling. These self-selected students all transitioned
to ASPECT within the first week of the second term.
These unexpected circumstances gave us
the opportunity to compare and contrast the
implementation and effects of the new and old
selection model, to reflect on our findings and to
consider theoretical explanations for or against the
new selection model.
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Observations
Over the course of the challenging second term of
2014 and the slightly more stable second semester,
we as staff observed and experienced positive and
negative effects of the new model. The new model
gave rise to a class with greater diversity and a more
positive attitude towards interactive learning than in
previous years. Shifting to ASPECT gave students a clear
advantage with respect to passing mathematics and
physics due to the replacement of their first, low test
marks with new assessments of the first term’s content.
The self-selection model was not without its challenges,
including that work already ostensible covered had
to be revised, contact time with the ASPECT staff
was decreased compared to starting the year with
an ASPECT class, logistic issues of administrative work
and venue booking were onerous, sponsors could be
unwilling to accept the change and students may
have experienced identity struggles due to high stakes
failure, often for the first time in their lives. Despite the
challenges of the new model, we argue that the
benefits outweigh the constraints.
The new model allowed for a direct comparison
between students with similar academic records
yet who made different decisions with respect to
transitioning to ASPECT. We present the results of one
possible analysis here. Our focus on data included in
this paper is on student performance in the first and
second semester courses in first-year mathematics and
physics, a total of four semester courses, as failing these
is most likely to increase the time to graduate beyond
4 years. Results for students in ‘repeat’ courses were
excluded from our analysis. In order to compare the
benefit of moving to the 5-year programme with staying
in the 4-year programme, the 2014 year-end results of
students who moved to the 5-year programme were
compared to the results of students who were advised
to move but chose to stay in the 4-year programme.
These results were split to into two groups: students
who failed both mathematics and physics first tests
(Table 1) and students who failed either mathematics
or physics (Table 2). Although students in the 5-year
programme have different assessments in mathematics
and physics from the equivalent courses in the 4-year
programme, the course content is the same and the
courses share the same external examiners to ensure
the same academic standards in the courses.
A total of 49 students out of a cohort of 575 failed
both first tests for mathematics and physics. Of these,
24 students moved to the 5-year programme after
the first term. A large majority of that 24 (19 students,
79%) passed all mathematics and physics semester
courses or failed at most one course. Four students
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(17%) only passed one or two courses, and one
student failed all courses. There were 25 students who
failed both mathematics and physics tests but chose
to stay in the 4-year programme after the first term.
Their year-end results were worse. Only 6 students of
the 25 (24%) passed three or four courses, 10 (40%)

only passed one or two courses, and 9 (36%) failed all
courses. Failing multiple semester courses in the first year
greatly increased the chance of academic exclusion
at the end of the first year due to slow progress. It also
increased the financial burden of the students as full
fees are required when repeating courses.

Table 1. Year-end results of students who failed both mathematics and physics first tests.

Number of mathematics and physics semester
courses passed in first year
N

4 or 3

2 or 1

0

Number who shifted to 5-year plan

24

19 (79%)

4 (17%)

1 (4%)

Number who stayed in 4-year plan

25

6 (24%)

10 (40%)

9 (36%)

Total

49

A similar pattern appears in the year-end results of 116
students who failed the first test in either mathematics
or physics, detailed in Table 2. A total of 19 out of the 25
students (76%) who moved to the 5-year programme
went on to pass all or most of their mathematics and
physics semester courses. The comparative number for

students remaining in the 4-year programme was 55 out
of 91 students (60%). Relatively more students staying in
the 4-year programme failed all or most mathematics
and physics semester courses compared to students
who shifted to the 5-year programme: 36 out of 91
(40%) compared to 6 (24%) for students who shifted.

Table 2. Year-end results of students who failed mathematics or physics mid-semester tests.

Number of mathematics and physics semester
courses passed in first year
N

4 or 3

2 or 1

0

Number who shifted to 5-year plan

25

19 (76%)

6 (24%)

0 (0%)

Number who shifted to 4-year plan

91

55 (60%)

23 (25%)

13 (14%)

Total

116

Discussion
The most obvious change apparent in the new cohort
was the increased racial and socio-economic diversity
of the class. Previously the overwhelming majority of the
class were African students with most of the remaining
students coloured, many with low socio-economic
status (Craig, 2013; Pearce et al., 2015). The new cohort
had white students making up a quarter of the class
and there was greater diversity in backgrounds with
more students from private schools or well-resourced
government schools. The wider mix of backgrounds in
the students stimulated more questioning in class and,
we hypothesise, may have contributed to reducing the
stereotype of the ASPECT student as coming from a
disadvantaged background and being academically
weak. Pym (2013) notes that having a separate
academic support programme increases the possibility
of students underperforming due to stereotype threat
(Steele & Aronson, 1995).

The active and collaborative teaching approach
in the ASPECT mathematics and physics classes
remained unchanged from previous years under the
new selection procedure. However, there was a sense
from lecturers that the class was more receptive to
working in groups compared to previous cohorts. In
a review on student engagement, Zepke and Leach
(2010) linked higher levels of student engagement with
a willingness to exert agency, citing Yorke and Knight
(2004)’s finding that students with malleable rather than
fixed self-belief are more likely to stay engaged despite
not reaching learning goals. The greater engagement
in group work by the self-select cohort suggests that
students who chose to shift to the 5-year programme
may be more likely to have malleable self-belief.
A move to the 5-year programme is a positive step that
a student can make when they are confronted with
test mark evidence of not managing their academic
load. Since the first class test contributes up to half of
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the class mark in a course, and a minimum class mark
of 35% is needed to be allowed to write the exam,
obtaining a very low mark for the first test makes it
more likely that a student will fail if they remain in the
4-year programme. If a student moves to the 5-year
programme, their first test mark is not counted and the
content is reassessed after it has been revised. Support
for students who remain in the 4-year programme
include optional tutorials in evenings and Saturday
mornings, ‘hot-seat’ tutorials for one-to-one help,
consultations with lecturers and online quizzes on
Webwork for mathematics.
Either entering the university via the 5-year programme
(as in the previous model) or shifting to the 5-year
programme after one term (as in the new model),
requires the students to grapple with the shift in selfperception of “top academic achiever” in their
schools to “student at risk” in an extended programme.
Many students receiving a failing mark in the first tests
are experiencing academic failure in a high-stakes
assessment for the first time in their lives. To help with
the difficult decision of whether or not to transfer into
the 5-year programme, each student wishing to move
to the 4-year programme is interviewed by the ASPECT
coordinator or deputy coordinator who looks at all
their results, including National Senior Certificate results
and National Benchmark Test results and questions the
students on their approach to their studies. A qualitative
judgement call must be made on how that student
is performing, taking into account how they claim to
be working and what sporting, volunteer or personal
commitments they have. A small number of students
are advised to remain in the 4-year programme.
Although these interviews are intensely time consuming,
direct contact with a staff member has been shown to
be a significant factor in students deciding to remain
at university (Tinto, 1990; Kuh, Kinzie, Schuh and Whitt,
2011). The impact of confidence, morale and identity
cannot be ignored, such affective issues have great
impact, and the new model of self-selection might
assist the students to perceive themselves less as
“students at risk” but more as “students who are solving
their problems”.
The first and second semester mathematics and
physics courses in the 5-year programme cover the
same content as the equivalent courses in the 4-year
programme. However, when students move into these
courses mid-semester, it is necessary to revise the
work covered in the first term before moving forward
with the remaining content due to the hierarchical
knowledge structure of the content (Gray, Pinto, Pitta
& Tall, 1999). Two mathematics and two physics lectures
are timetabled for each day to allow for revision. The
work is intense and remains at a fast pace. Scheduling
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examinations late in the examination timetable allows
for revision workshops to be scheduled in the study
break before examinations start. The work demand on
students is high and some are not able to assimilate the
course content sufficiently quickly and still fail to meet
a minimum passing grade of 50% for all courses. Tables
1 and 2 indicate, however, that those students who
shift to ASPECT still succeed at a higher rate than the
students who chose to stay in the 4-year programme.
Compared to the previous model in which students
started with a reduced academic load and additional
time for mathematics and physics, shifting after the first
term reduces the contact time in these courses by 25%,
and time that they would have spent on new content
in the second term now needs to be spent revising
work from the first term. From this perspective, more
assistance is offered to students when they are placed
in the 5-year programme from the start of their degree.
Starting the year on a 5-year programme may
seem more expensive due to the extra year of
accommodation costs. However, if a move to
the 5-year programme prevents failure, students
experience a financial advantage by not paying
course fees to repeat the failed courses. The ASPECT
mathematics and physics courses in the 5-year
programme are the same price and credit value as the
equivalent courses in the 4-year programme despite
the additional contact time. Moving to the 5-year
programme changes the distribution of the course
fees over five years instead of four. The only additional
costs are accommodation and living expenses for an
additional year of full-time study, and inflation-related
increases in course fees from year to year.
The administrative work involved with shifting to the
5-year programme in the middle of the first semester
is high. A live document recording students who plan
to move is compiled by the deputy coordinator in
ASPECT in order to help reorganise tutorial, practical
and lecture groups to fit the venues with balanced
numbers. It is also difficult to know how many students
to expect and book venues accordingly. In 2014 only
49 students moved into the 5-year programme but in
2015 this number increased to 107. That being said, it
has always been challenging to predict numbers in
ASPECT; the self-selection model simply delays that
challenge by one term.
A letter explaining the structure of the 5-year
programme is sent to sponsors of students who plan
to move, explaining that the total fees for the degree
remain unchanged (see appendix 1). Some sponsors
are still reluctant to sponsor for an additional year,
despite historical data reporting that only a minority
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of students in the 4-year programme graduate in
minimum time (Council on Higher Education, 2013;
Scott, Yeld and Hendry, 2007).

Questions for Further Research
While the self-select model encourages students to
be proactive in directing their university experience,
the high entrance requirements for a BSc(Eng) restrict
the group to high achievers, who may struggle with
identifying themselves as needing support. The risk
of the current selection model is that students who
are advised to switch to a 5-year programme but
choose not to may fail, incurring expenses and risking
exclusion. The link between self-belief, engagement
and academic achievement (Zepke and Leach, 2010;
Yorke and Knight, 2003) may explain why those who
choose to switch to a 5-year programme outperform
those to remain in the 4-year programme. Similarly, if
students hold a fixed mindset regarding academic
ability rather than a growth mindset (Dweck & Master,
2008), recovery from the shock of failing may take
longer. Further studies would be needed to identify
if there is a difference in the self-belief and learning
mindsets of students who do or do not switch to
the 5-year programme, and if this is related to the
academic achievement of these students.
Statistics for the 2014 and 2015 cohorts will help to
identify indicators that could make a switch to the
5-year programme mandatory, particularly with the
move to an admissions policy from 2016 based on an
index that proposes to measure previous disadvantage
(Price, 2014). A statistical analysis of the progress of the
2014 and 2015 students will also help to answer the
question, If places are limited, how do we determine
those students most worthy of additional support?
The large difference in the number of students who
chose to shift to the 5-year programme in 2015
compared with 2014 (107 and 49 students, respectively)
was largely due to differences in the test marks for
mathematics and physics. This raises the question,
Are the first tests written at university a good indicator
of future success? A study by Lee, Harrison, Pell and
Robinson (2008) showed that a mathematics diagnostic
test was the best predictor of overall performance in
first year engineering, suggesting that early assessment
can be a good indicator, however analyses with
our students have showed low correlation between
performance in a mathematics diagnostic test and
students’ performance in mathematics courses (Craig
and Campbell, 2013).
Students who are academically proficient also
join the programme and use resources. Should we

be preventing students who feel that they are not
coping from switching? What additional academic
support can be given to students remaining in the
4-year programme and should the responsibility (and
cost) for additional support be placed on the service
departments or on the Faculty of Engineering and the
Built Environment who select the students?
The challenges and benefits involved in the self-select
model suggest that a hybrid selection model could
be considered, whereby some students are admitted
directly into the 5-year programme and another cohort
moves to the 5-year programme after the first tests.
Given the revision that the latter group would need,
the classes might need to be run separately, and this
split has staffing and venue implications.

Conclusion
The self-select model highlights the need for more
opportunities for students to receive feedback
on their progress, particularly in mathematics and
physics, before the first class test. Students’ initial
high confidence, based on a history of excellent
achievement in mathematics and science in school,
may exacerbate the shock of failing their first term tests.
Theory suggests that students with growth mindsets
and malleable self-belief may be better positioned to
recover from academic failure.
The shift to a self-selected cohort has given an
opportunity for statistics to be gathered that can help
in advising students on whether or not to change to
the 5-year programme. While it is possible for students
to graduate in 4 years if they fail a first semester
course, it usually requires 5 or more years to complete
the degree. The 2014 year-end results show a clear
advantage in shifting to the 5-year programme in
terms of reducing the number of mathematics and
physics semester courses failed, which has a financial
advantage to students.
It is too early to see what impact the self-select shift to
the 5-year programme will have on graduation rates. It
would be worse for students to avoid exclusion in their
first year through joining the 5-year programme, only
to be excluded in later years when they have incurred
more expense. The difficulty is knowing how students
will develop and whether they can meet the changing
demands of the engineering degree in the planned
time framework. Some students who get excluded
complete credits through distance learning institutions
and return to graduate at UCT, indicating that exclusion
does not correspond to a student being unable to
meet the demands of the degree.
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The role ASPECT has played in the country’s higher
education transformation process, along with other
similar programmes, has had significant success in the
last 26 years (Badat, 2013). The country has changed
in many ways over the years of the programme’s
existence and it is reasonable that ASPECT changes
accordingly. While the focus of ASPECT has always
been at least partly on equity of access for all South
Africans, equity of outcomes is as important (DoE,
1997) and perhaps gaining in relative importance
as demographic factors shift and change. The new
model of self-selection has many advantages over the
previous models, however our attention must remain
on the continued progress of these cohorts of students
over the next few years to assess throughput rates. Our
observations during 2014 leave us hopeful that the
engagement and agency demonstrated by these
self-selected ASPECT students will reap success in the
years to come.

Mathematical Knowledge: Learning and teaching with
understanding (pp. 111-133). Netherlands: Springer.
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Appendix 1: Email letter to sponsors explaining about
the 5-year programme

Dear Sponsor
The University of Cape Town strives to maintain the
highest academic standards in order for our students
to graduate with an internationally accredited degree.
Aligned with this we have systems in place that
evaluate the performance of our students so that we
can advise them on making sound academic choices.
In the Engineering and the Built Environment (EBE)
faculty we find that the most of our students struggle
with the heavy load in their first year of studies. The
transition from school to university both academically
and socially is difficult for many of our students. The
academic support programme in the EBE faculty,

called ASPECT, is designed to identify students who
are struggling with the heavy load in first year. These
students are then streamed onto an extended program
to establish good foundational understanding so that
they can move confidently into the more difficult
engineering courses in the later years.
We have just completed our evaluations and we are
in a position to identify and advise these struggling
students. One of the students your company/institution/
department is supporting financially, ________________,
has been identified and advised by us to consider
transferring onto the extended program. This advice
is not given lightly and many factors are taken into
consideration, including Matric, NBT, diagnostic testing
and current course results.
The implications are that the time to graduate for the
student will be extended by one year, i.e. 5 years to
graduate. The same courses are taken as the regular 4
year programme, but these will be spread over 5 years
so that extra support can be given on the core subjects
in the first year. To achieve this students switching to the
programme will have to “postpone” one or two courses
this year in order spend more time on the core subjects.
These “postponed” subjects are will then be taken next
year in the 2nd year along with some carefully selected
2nd year subjects.
There are no costs associated with transferring onto
the ASPECT programme. Any fees already paid this
year for courses that will now be “dropped” will be
credited to the student fee account and this can be
used to pay for the courses when they are taken in
the following year.
Also, students on the programme are still eligible to
graduate with honours if the requirements of finishing
in 5 years and maintaining a high average in courses
are met.
We usually send out this communication to sponsors
to assure you that we are trying to make the best
decisions in assuring the success of each student and
improve the chance to graduate. ________ will also
be making contacting with you to inform you of the
advice been given and to hear your response.
If you have any further questions or queries please feel
free to contact me. I have also included on this email
a document answering the usual questions students
ask me when we advise students for you to look at.
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In South Africa, the variety of engineering qualifications
available makes the task of appropriately placing
students unusually problematic. Students who are
unsuccessful in a particular engineering programme
may excel in another, and frequently students who
are excluded from a four-year Bachelors programme
are recommended to a three-year National Diploma
programme. However, these recommendations are
often made without understanding the expected
outcome of such a transfer, and to the best of
knowledge there has not been an engineeringfocussed study of how transfer students perform.
This study fills that gap, classifying and analysing
the performance of students who have transferred
between engineering qualifications at the University
of Johannesburg. The academic pathways followed
by students are codified in a manner similar to that
suggested by Robinson (2004), adapted to show
more details relevant to South African engineering
programmes. The results provide insight into the
pathways followed by students as they transfer
between programmes, and consider student
characteristics that can be used to evaluate policies on
transfer students. Notably, several common theories on
which transfer students are successful are considered,
though the results show that the indicators are not
significant enough to form a basis of policy. Generally,
a more comprehensive policy on transfer students must
inform decisions.

Background
One of the persistent challenges in engineering
education is predicting student success in a chosen
programme. Trying to identify significant factors
affecting student success became a popular research
field in the late 1960s (see, for example, the survey of
(Tinto, 1975)) and continues to be popular today (e.g.:
(Tough, 2014), (Murray, 2014), (Jia & Maloney, 2014)).
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A consistently significant factor is the selection and
placement of students into the most appropriate
programme (Cosser & Nenweli, 2014). Not all students
will be successful in all programmes, and students
who do not succeed in one programme may excel
in another. The variety of qualification types offered in
South Africa makes this problem relevant even within
the field of engineering; students who are ill-suited to
a science-heavy, four-year Bachelors programme
may be well-suited to a more hands-on, three-year
National Diploma programme. On the other hand,
some students may be ill-suited to engineering and
would be better served by another career choice
entirely.
Hence, there is a need to investigate the academic
success of students who transfer to a different
engineering qualification. Unfortunately, most studies
do not track students once they have left their initial
higher education programme. Studies that follow
students through their full higher education career
frequently depend on survey results that may have
inconsistent response rates (e.g.: (Eckland, 1964),
(Cosser & Nenweli, 2014)), and may not provide an
appropriately complete view of higher education
pathways.
The Faculty of Engineering and the Built Environment
at the University of Johannesburg (UJ) offers a uniquely
diverse set of qualifications, including 4 four-year
Bachelors (BEng) programmes, 16 three-year National
Diploma (NDip) programmes. UJ is therefore able to
track all of the students who transfer between these
programmes to their ultimate result. This study will
examine the body of students who have transferred
from one engineering qualification at UJ to another
between 2006 and 2015.
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Methodology
Complete student records are complex and difficult
to analyse, particularly when seeking patterns of
behaviour (rather than trying to identify a known
pattern). In order to approach the body of data, we will
utilise a coding scheme that will summarise a student’s
progression through one or more qualifications. The
coding scheme (described in detail below) follows
the precedent of Robinson (2004) who proposed a
sequence of numerical digits to indicate a student’s
status in each year of higher education. Robinson
used six digits to indicate commencing, continuing,
repeating, temporarily absence, transferring, or
dropping out; in a sequence, these digits provide a
neat summary of a student’s pathway through higher
education, even if the student spends some time away
from higher education.
For the current study, more detail about the student’s
academic status is desirable in order to grasp the

student’s situation before and after the transfer
between programmes. This detail should not interfere
with the readability of student pathway, but should
indicate a student’s academic status. The proposed
coding therefore will use two digits for each calendar
year. The first digit will indicate the highest nearlycompleted academic year, while the second will
indicate a student’s academic status, both measured
at the end of the calendar year. Table 1 below defines
the codes used, and Table 2 describes three illustrative
examples in detail. To avoid ambiguous vocabulary,
the scheduled year of the programme will be
referred to by abbreviation (Y1, Y2, etc); by contrast,
the number of years a student has been enrolled in
a particular qualification will always be written. For
example, “The third-year student finished the last of
the Y1 modules” should be interpreted as a student
who has been enrolled for three years has completed
all of the modules scheduled for the first year of the
programme.

Table 1. Pathway coding definitions.

Code

Definition

0

Student has more than one Y1 module outstanding at the end
of the calendar year

1

Student has at most one Y1 module outstanding, but has more
than one Y2 module outstanding (if applicable)

2

Student has at most one Y2 module outstanding, but has more
than one Y3 module outstanding (if applicable)

3

Student has at most one Y3 module outstanding, but has more
than one Y4 module outstanding (if applicable)

4

Student has completed all Y4 modules

T

Student transfers to a different programme

G

Student graduated at the end of the year indicated

w

Student was placed on academic warning

e

Student was excluded for academic reasons

D

Student dropped out for at least one year but was not
excluded

-

Student was enrolled normally
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Table 2. Examples of coding used to describe student pathways.

Example Coding

Description

1-2-3-4G

Student completed all modules each year and graduated at the end
of the fourth year.

0w0eT 1-2D

Student was placed on academic probation at the end of the first
year, still did not complete all of the Y1 modules in the second year
and was academically excluded. The student then transferred to a
different programme, completed (or was exempted) from all but one
of the Y1 modules, then completed all but one of the Y2 modules, but
finally dropped out for non-academic reasons.

1-2w2eT 2-3G

Student completed all of the Y1 modules in the first year, was placed
on academic warning in the second year, still didn’t complete the
Y2 modules in the third year and was academically excluded. The
student then transferred and was able to complete or be exempted
from all of the Y1 and Y2 modules in the first year of the new
programme, completed the Y3 modules in the following year, and
graduated.

In the current study, the pathways of transfer
engineering students at the University of Johannesburg
were analysed and coded as described. Since 2006,
412 students have transferred either from an NDip
to a BEng programme or from a BEng to an NDip
programme. Of these, 156 are currently enrolled in an
engineering qualification, and so their undergraduate

academic pathway is incomplete. The remaining 256
have either completed their ultimate qualification or
discontinued their studies at the University, and these
students’ pathways will form the basis of our study. The
numbers of students in each category are detailed in
Table 3.

Table 3. Transfer engineering students at the University of Johannesburg, 2005-2015
Student transfer description

Number of students

Started BEng, transferred to NDip, and graduated

125

Started BEng, transferred to NDip, and dropped out

123

Started NDip, transferred to BEng, and graduated

3

Started NDip, transferred to BEng, and dropped out

5

Transferring to the
National Diploma
Over the eight years included in this study, 392 students
transferred from a BEng programme to an NDip. 144 of
these students are still enrolled in an NDip programme,
and their incomplete academic pathways provide only
partial insight into their success within the programme.
The other 248 students, however, provide a set of
complete academic trajectories that are analysed in
all of the following three sections.

Pre-transfer academic status
The first interesting characteristic of students transferring
to an NDip programme is their academic status before
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transferring, and this is one area of analysis where
the entire set of 392 students can be considered. It
is frequently assumed that students would prefer
to pursue the more exclusive and rigorous BEng
programme if the choice is offered, but rarely do
academics provide evidence that this assumption is
valid.
As shown in Figure 1, in the current set of 392 BEng-toNDip transfer students 277 (70.7%) were academically
excluded before transferring. The high percentage
supports the supposition that the majority of such
transfers are motivated by a continued desire to study
engineering even if the programme initially chosen
is no longer available. However, an additional 45
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students (11.5%) were on academic warning, but
were not barred from continuing their BEng studies,
and the remaining 70 students (17.9%) transferred to
an NDip programme without any formal academic
status change. This suggests that although academic

exclusion motivates many students to continue their
studies via an NDip programme, a significant number of
students choose to transfer from the BEng programme
for other reasons.

Figure 1. Academic status of 392 students transferring from BEng to NDip.

Another useful observation relates to how much
progress students have made before they transfer to
a new programme. Generally, the results show that
most students transferring from a BEng programme to
an NDip programme did not make significant progress
through the BEng curriculum before transferring. As
shown in Figure 2, 243 students (62.0%) transferred
without having completed the Y1 modules. 113 students
(28.8%) completed all but one of the Y1 modules

before transferring, and 36 students (9.2%) completed
all but one of the Y2 modules before transferring. No
students transferred after completing Y3 of the BEng
curriculum. However, it should be noted that this data is
based on the pathway coding described earlier, which
necessarily removes some of the detail of a student’s
performance. For example, some students may have
completed most of the Y2 modules, but still are coded
as a “0” due to outstanding Y1 modules.

Figure 1. Curriculum progress before transferring from BEng to NDip.
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Transfer between programmes
An interesting question is whether the students
transferring to the NDip programme chose to remain
in their initially chosen discipline. The three BEng
programmes offered at UJ (Civil, Mechanical, and
Electrical & Electronic) have a very similar Y1 and Y2
curriculum, so a student changing to a new field is
not significantly disadvantaged in terms of transfer
credits. However, 316 (80.6%) of the students chose
an NDip programme in the same discipline as their
initial BEng programme. This could suggest that students
identify themselves with their chosen discipline quite
early in the curriculum, or could be a product of the
relationship between the academic department Heads
coordinating and accepting transfer students.
Another notable feature of the pathways gathered is a
non-academic hiatus (coded as D in the above tables):
108 (27.6%) of the students spent at least one year
away from the University without being academically
excluded. This finding suggests that other significant
issues may be affecting students’ academic pathway
decisions, such as financial or familial concerns.

Completion rate
The next notable feature of the BEng-to-NDip transfer
pathways studied is the rate of completion of the
ultimate programme. 248 of the students have been

tracked to the end of their engineering studies,
allowing evaluation of transfer student success rates.
125 students (50.4% of the students with complete
pathways) completed the NDip programme after
transferring.
One might hope and expect that a student’s
performance in the BEng modules might provide a
good indicator of the expected success in the NDip
programme. The graph in Figure 2 further indicates
which transferring students went on to complete the
NDip curriculum or dropped out before graduating.
Interestingly, although students who completed more
of the BEng curriculum were slightly more likely to
graduate after transferring to the NDip programme,
the difference in performance is not dramatic. This
finding indicates that students who are progress further
in the BEng are not necessarily going to perform well
in an NDip programme.
Traditionally significant modules in the BEng programme
at UJ are the Y1 first-semester physics and mathematics
modules. As can be seen in Figure 3, though success in
mathematics and physics does suggest an increased
chance of success after transferring to an NDip
programme, the correlation is not significant enough
to recommend a policy based on the pre-transfer
module success.

Figure 3. Modules passed before transferring from BEng to NDip.
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Completion time
The final characteristic of the academic pathways considered here is the time that transfer students take to
complete the NDip programme. The time taken by the 125 successful BEng-to-NDip transfer students is shown in
Figure 4.

Figure 4. Years taken to complete an NDip after transferring from a BEng.

The largest number of students finished the NDip
programme in the expected three years, following their
transfers. A few students managed to complete in two
years, or in one case one year; this is possible because
transfer students are able to obtain credit for some
modules based on modules completed in their original
programme. Overall, though, the transfer students are
able to complete the NDip in a reasonable amount
of time, particularly given their frequently inconsistent
performance with the BEng programmes.

Transferring to the Bachelors
There are notably fewer students transferring from the
NDip to the BEng. This is not surprising since the entry
requirements for the BEng are significantly higher than
the requirements for the NDip, meaning that all BEng
students are eligible to study an NDip but many NDip
students do not qualify for the BEng programmes. For
such a small number of students, it is more convenient
to present those students’ complete pathways in their
entirety, presented in Table 4.

Table 4. Students transferring from an NDip to a BEng.
1-T 0-0-0w0e
0-T 1-1-2-3-3G

0-T 0-0wD 1e

0eT 2-2-2G

0-0wD T 0e

1-T 1-2-3-3G

0wT 0e
0eT 0e

The eight students who have transferred to the BEng
from a National Diploma programme fall into two
dramatically different categories of performance.
The three students who completed the BEng degree
are shown on the left of Table 4; all three completed
the degree in five years or less, and all completed the
entire Y1 within a year. (Note that the middle student
was able to complete Y1 and Y2 due to credits earned
prior to registering in an engineering programme.)
Somewhat surprisingly, the successful students did not

necessarily have completely flawless academic records
while studying Y1 of the NDip. However, all three finished
the BEng curriculum in good time, with only one of the
three requiring an extra year to complete. On the other
hand, the unsuccessful students (shown on the right of
Table 4) made rather poor progress through the BEng
curriculum irrespective of performance in the NDip.
Only one of the unsuccessful students managed to
complete Y1 of the BEng, and none progressed further.
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Despite the extremely small data set, it is still interesting
to note that there is little difference between the
pre-transfer performance of the successful and
unsuccessful students. Yet the degree of success is
markedly different. Indeed, the successful students
were actually more successful than the average BEng
student, while the unsuccessful students were less
successful than average. Further study with a more
significant set of data would be required in order
to draw significant conclusions about these transfer
students.

Conclusions and Future Work
This study presents an adaptation of Robinson’s
scheme for coding academic pathways, suited to
the South African context and including sufficient
information to evaluate student progress through
multiple programmes. Generally, the results confirm
several notions of student behaviour cited by
South African academics; however, the pathways
presented do not show a strong enough pattern to
particularly guide policy around transferring students.
Particularly, progress through the BEng curriculum and
performance in physics and mathematics do not make
reliable indicators of post-transfer NDip success, and
no probable indicators could be found for students
transferring to a BEng programme.
Further studies should pursue a more comprehensive
portrait of student decisions, seeking to identify
motivations through surveys or interviews with students
who have transferred between programmes. Greater
insight into the student situation is also necessary to
create informed policies for allowing students to
transfer between programmes.
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Significant numbers of students entering post-secondary
institutions in South Africa do not possess the critical
writing abilities they need to succeed. This, coupled
with engineering students’ apparent dislike for writing,
poses a significant challenge for engineering instructors
in the area of academic writing instruction. The aim
of this study was to undertake a baseline assessment
of a first-year cohort of engineering degree students’
writing abilities as well as their sense of self-efficacy
in academic writing. This study emerged from the
need to understand where writing interventions may
be most beneficial and how such interventions can
harness students’ existing resources. Two types of data
were collected for the study. A survey instrument was
designed to assess students’ sense of self-efficacy in
writing as well as their perceptions of the importance of
writing skills. The students were given a baseline writing
task which was evaluated according to a research
instrument designed to assess a sample of higher,
middle, and lower order concerns in the writing. A
close textual analysis of selections of students’ writing
was also conducted. Students did not perform nearly
as well on the writing task as they expected they
would. The results from this study indicate that while the
student-participants have a high sense of self-efficacy
as writers, their beliefs about their writing skills (formed
before university) do not match the expectations of
their instructors. This suggests that the context in which
students formed their sense of self-efficacy as writers is
very different from university; the sources of their selfefficacy may not be particularly relevant for the kind
of writing they are doing as engineering students. A
positive observation from the study is that the students
perceive that communication skills are as important
as technical skills to their success in their studies and
beyond. The student-participants’ confidence in
their abilities as writers and their perception of the

importance of communications skills are resources
that can be leveraged to develop activities aimed at
student writing development. The results also indicate
that writing development initiatives should focus
on developing students’ explicit knowledge of the
conventions of engineering writing, and the need to
link writing processes and practices with the processes
and practices by which engineering knowledge is
constructed.

Introduction
Recent scholarship demonstrates that significant
numbers of students entering post-secondary institutions
in South Africa do not possess the critical writing abilities
they need to succeed (Archer, 2010a; Council on
Higher Education, 2013; Slonimsky & Shalem, 2006;
Van Dyck, 2005). South African literature pertaining
to development of academic literacies offers much by
way of strategies for use in addressing this challenge
(Boughey, 2007; Jacobs, 2007; Van Dyck, 2005).
However, such literature seldom pertains specifically
to the engineering fields, and even more rarely begins
from the perspective of students’ current writing
abilities, sense of self-efficacy, and opinions as to the
importance of writing in their academic lives.
Anecdotally, engineering students often dislike writing
and select programmes in engineering at least in part
because they hope that writing will play a marginal role
in their academic life. Such beliefs have, historically,
been reinforced by engineering curricula that have
been ‘lighter’ on writing and ‘heavier’ on technical
content. At the higher education institution at which
this study was undertaken, efforts have been made
to address this by building writing-intensive modes of
instruction and assessment into the curriculum. This is
not only because effective written communication
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abilities are important for students’ future careers
(Crawley et al., 2007; Sulcas & English, 2010), but also
because writing is an important vehicle for enquiry
and learning about technical content (Kalman, 2008;
Richardson, 2000).
This paper reports on a study aimed at undertaking a
baseline assessment of students’ writing abilities as well
as their sense of self-efficacy in academic writing. This
two-pronged approach emerged from the need to
understand not only where writing interventions may
be most beneficial, but also how such interventions
can harness students’ existing resources. The primary
research question that informed this study, therefore,
was: To what degree do engineering students’ sense of
self-efficacy and related beliefs about writing correlate
to their actual ability?
To address this question, two types of data were
collected. First, a survey instrument was designed
which asked respondents about their sense of selfefficacy as writers and their perception of the
importance of writing. The survey contained a number
of task-specific questions and was analysed using
descriptive statistics. Second, the first-year cohort of
engineering degree students was given a baseline
writing task. This writing task was evaluated by a
team including the researchers as well as a Facultyappointed writing tutor. The evaluation was done
according to a research instrument designed to assess
a sample of higher, middle, and lower order concerns
in the writing. A close textual analysis of samples of
students’ writing was also conducted.

Student Writing Development
and Self-efficacy
There is increasing international recognition of the need
for communicative competence in virtually all fields of
industry (Sulcas & English, 2010). Numerous studies have
demonstrated the important premium that employers
place on graduates’ ability to write well (Crawley et al,
2007, provide a useful summary of such studies in the
context of the engineering profession). However, few
students enter into the university experience having
mastered academic writing practices (Paxton, 2007).
Paxton’s (2007) notion of interim literacy is useful in
understanding where students are in their development
as writers when they enter engineering programmes.
‘Interim literacy’ refers to the fact that students are in
transition from the literacy practices of the school and
home to those of the university. Such a notion reminds
researchers and educators alike that the development
of academic literacy practices does not occur in a
simple, straight-forward manner (Paxton, 2007), but
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rather requires multiple, focused opportunities for
developing new practices. It also emphasises the need
for mediation of academic writing practices within
higher education, including engineering programmes.
Students do not, of course, enter into the university
experience as blank slates: they bring with them a
variety of resources. The New Literacy Studies literature
(Gee, 2000, provides a useful introduction and overview
of this literature) shows that different social institutions
privilege different literacy practices and that, because
some social institutions are more powerful than others,
so too are some literacy practices more powerful than
others (Barton & Hamilton, 2000). Often, the resources
that students bring are not recognised by institutions of
higher education and, as a result, academic literacy
practices have come to serve a gate-keeping function
within higher education (Lillis, 2001). The work of Archer
(2009; 2010b; 2012) shows how the recognition of
multimodal student meaning-making resources (i.e.,
modes other than academic writing) can positively
impact on student success in university curricula. This
paper builds on Archer’s argument that multimodal
pedagogies allow students to bring different forms of
cultural capital (Bourdieu, 1991) into the classroom,
and suggests that such an approach also improves
students’ sense of self-efficacy more generally.
Given the gate-keeping function currently served by
academic writing, the current research argues for a
curricular approach that begins with an improved
understanding of students’ self-efficacy and beliefs
about the mode of academic writing specifically.
Since the publication of Bandura’s work on self-efficacy
more than thirty years ago (Bandura, 1977), education
researchers have been demonstrating the impact that
students’ beliefs about their own abilities have on their
academic success. Some scholarship has focused both
on post-secondary students’ “perceived capability to
perform various reading and writing activities” and their
expectations “regarding the value of these activities in
attaining various outcomes” (Zimmerman, 2000, p. 84).
More recently, research has confirmed that students’
self-efficacy influences their agency, especially with
regards to writing tasks at the post-secondary level.
Jones (2008) observes that individuals with a high
sense of self-efficacy have confidence in their ability
to perform a skill or complete a task. He further suggests
that they are more likely to take on challenges, set
goals and identify strategies for meeting them, selfregulate, and work hard. Recent research also suggests
that self-efficacy includes metacognitive skills such as
the ability to identify and obtain assistance when it is
needed (Williams & Takaku, 2011; Stewart, Seifert, &
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Rolheiser, 2015). A more confident student, then, may
have more interest in a writing task, invest more effort,
get support from a writing centre or instructor, and
have greater perseverance when revising and editing
a draft (Pajares, 2003). These behaviours can have as
significant an impact on students’ performance as their
technical writing skills.
In their review of research on the impact of self-efficacy
in academic settings, Usher and Pajares (2008, p. 752)
identify four sources of self-efficacy for students. First
and foremost is so-called mastery experience — the
students’ interpretation of the result of their own work.
If students interpret an outcome as a success, their
self-efficacy is raised; if they interpret it as a failure,
their self-efficacy is lowered. The second source of
self-efficacy is the vicarious experience students have
when observing others. In other words, students will
measure themselves by comparing their results and
actions with those of their peers. A third source of
self-efficacy beliefs is the feedback students get from
others (peers and instructors); some feedback can
empower, while some can weaken. Finally, the physical
experiences (such as pleasure or anxiety) students have
when completing academic tasks can influence their
sense of self-efficacy. It seems clear that instructors can
have a significant impact on each of these factors.
There is considerable evidence that self-efficacy is a
strong predictor of behavioural (including academic)
outcomes (Graham & Weiner, 1996; Jones, 2008;
Pajares, 2003; Prat-Sala & Redford, 2012). Indeed,
in his review of research focusing on the relationship
between self-efficacy and student writing, Pajares
concludes that “students’ confidence in their writing
capabilities influence their writing motivation as well as
various writing outcomes in school” (2003, p. 141). In
the same paper, Pajares reports on studies of college
undergraduate writing which found “effect sizes for
writing self-efficacy in multiple regression models [that]
ranged from .32 to .42” (p. 144). In other words, there
is typically a strong correlation between self-efficacy
and writing outcomes. There is also evidence that
students with better writing skills are less impacted by
self-efficacy while those with weaker writing skills are
more impacted by self-efficacy (Stewart, Seifert, &
Rolheiser, 2015).
Following the principles set forth by Bandura (1997),
Pajares (2003) offers some basic guidelines for assessing
writing self-efficacy, some of which are particularly
relevant here and are further elaborated in the
Methodology section below. Researchers should ask

students to rate their belief in their ability to perform
a specific task that they will perform in the very near
future. In other words, the efficacy instrument (e.g., a
survey) should be administered immediately before
students perform the task with which the survey results
will be compared.
Self-efficacy is, then, an important aspect of writing
studies. In order to create interventions that will help
students develop the academic literacies required,
it is necessary to understand not only students’
strengths and weaknesses as writers but also their own
perceptions of themselves as writers, the confidence
they have in their writing abilities. It is only with a
clear baseline understanding of students’ abilities
and their perceptions of those abilities that effective
development strategies can be conceptualized,
created, and deployed. The remainder of this paper
reports on a research project aimed at collecting
and analysing baseline data that will help make such
intervention possible.

Methodology
Working with students in a large (400+) first-year
engineering class at a South African university, the
researchers deployed the following instruments: 1) a
survey that focused primarily on students’ perceptions
of themselves as writers and attitudes towards writing;
and 2) a baseline assessment of students’ writing
abilities.
The survey instrument was administered using
SurveyMonkey (a commercial product that guarantees
the respondents’ anonymity and encrypts the data).
Students who were enrolled in the course in the
third week of classes received an email invitation
to complete the survey through Blackboard, the
university’s Learning Management System. The third
week was chosen as it was hoped that, by this time,
most possible student registration problems would
have been resolved. The email included a brief
description of the proposed research and a link to
the survey. The survey asked three different sets
of questions: 1) demographics; 2) writing skills and
abilities, particularly as related to an upcoming writing
assignment; 3) perceptions of the importance of writing
skills in different domains (including, but not limited
to the engineering program). These questions were
developed using existing methodologies for assessing
writing self-efficacy for post-secondary students
(McCarthy, Meier & Rinderer, 1985; Shell, Murphy &
Bruning, 1989; Lavelle, 1993; Shell, Colvin & Bruning,
1995; Pajares & Valiante, 1999; Schmidt & Alexander,
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2012). In total, 78 students (out of approximately 400)
completed the survey, representing a response rate
of roughly 20%.
Thereafter, a writing assessment was undertaken which
required students to write a short, in-class essay during
the fourth week of class. This essay was on a topic
relevant to the students’ field of study, namely, the
technological process, which had been covered by
the lecturer in the week prior to the writing task. No
instruction was given beforehand on the academic
writing process, and students were given no direction
beyond what was included on the assignment task
sheet. Students were allowed a maximum of thirty
minutes to complete the task. While the writing
assessment was not formally incentivized with course
marks, students were advised that it would be graded
and that their completion of the task would constitute
part of their participation mark; students were also
told that the information gathered from the writing
assessment would help determine the content of the
“academic literacies” component of the course.

The writing samples were assessed by a team including
the course lecturer, writing experts and a writing tutor,
all from within the university at which the study was
undertaken. The assessment was undertaken using
a rubric specially designed for the exercise (i.e., using
assessment criteria based on items in the efficacy
instrument). Benchmarking was conducted regularly
throughout the grading process to ensure each assessor
was interpreting the grading criteria in a similar fashion.
The academic writing concerns assessed within the
rubric include a selection of higher-, middle- and lowerorder concerns which the research team identified as
broadly constitutive of ‘good’ academic writing and
which were the focus of parts of the efficacy survey
instrument. These concerns are indicated in Table
1. The research team also undertook a close textual
analysis of a selected sample of students’ writing,
chosen randomly but representing an array of student
writing ability, as indicated by the assessment rubric
deployed. The purpose of this analysis was to elucidate
upon the concerns evident within the students’ writing.

Table 1. Writing concerns evaluated
Higher-order concerns

Understanding of topic

Middle-order concerns

Coherence and cohesion

Argument
Paragraphing
Lower-order concerns

Style and vocabulary
Editing

Findings
Student self-efficacy
Overall, the findings suggest that the first-year cohort
of engineering students under study herein have an
inflated sense of self-efficacy in that they generally
consider themselves to be better writers than the
research team’s assessment of their actual ability
indicates. In other words, the students’ self-efficacy
does not correlate to their writing outcomes in
the expected way. This is evident in the fact that
respondents were asked to indicate their ability
regarding various aspects of formal academic essay
writing. Across all of these aspects, the studentparticipants indicated a high level of confidence
in their ability to perform well. Figure 1 depicts the
results obtained for a selection of these concerns:
paragraphing, argument, editing, and coherence /
cohesion.
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Each criteria coded as follows:
0: Student demonstrates little or none of the
required ability
1: Student has some skills but likely needs a
significant intervention to achieve required ability
2: Student can achieve required ability with minor
intervention
3: Student possesses or exceeds required ability

The four areas depicted in Figure 1 are selected for
particular discussion here because they represent
the two areas where the students performed best in
the writing task (editing and coherence / cohesion)
and the two areas where they performed worst
(paragraphing and argument). In all four areas, at least
67% of students expressed at least some agreement
with the fact that they would be able to meet
expectations regarding these aspects of academic
writing. In the case of paragraphing, this figure was
as high as 80%. Furthermore, at least 18% expressed
strong agreement with these positive statements of
readiness and ability. However, as was found upon
analysing their performance on the assigned writing
task, the student cohort generally performed poorly
across all of these areas.
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Figure 1. Students’ perceptions of self-efficacy related to a) paragraphing, b) argument, c) editing and d)
coherence/cohesion.

Student performance
The student-participants’ high level of confidence
contrasts with the research team’s assessment of
the students’ ability regarding four aspects of formal
academic writing. As can be seen in Figure 2, at
least half of the students were identified as requiring
significant intervention in all four of these aspects of
formal academic writing.
With regards to Editing, 60% of students performed very
poorly (scoring a 0 or 1) while just over a third (36%)
wrote essays that met minimal expectations and could

be improved with a minor intervention (for example,
detailed feedback on the assignment or a followup workshop). The results are similar for Coherence/
Cohesion where over half (52%) scored a 0 or 1 while
just under half demonstrated a need for some minor
instruction. The most dramatic results were found in
the Paragraphing and Argument areas. A full 71% of
student papers had either no paragraphs or very poorly
structured paragraphs, while 76% had no argument or
a very weak argument. No more than 3% of papers
were assessed as already demonstrating the required
ability in any of the areas.
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Figure 1. Students’ performance related to a) paragraphing, b) argument, c) editing and d) coherence/cohesion.

In order to support the assessments made by the
research team, it was necessary to examine a smaller
sample of student writing in order to demonstrate
where, why and how students were assessed as
requiring some writing development in order to meet
the requirements of formal academic writing. To this
end, the researchers conducted a close textual analysis
of a small sample of students’ essays. This sample was
selected such that they represented a range of student
abilities. For reasons of space, only two students’ writing
are reported on herein. These two students’ writing
samples are indicative of the kinds of challenges
that were found across the student writing. Selected
excerpts from the writing are reproduced in Figure 3.
When examining the excerpt provided in 3(a), it is
immediately apparent that certain superficial, editing
concerns exist. As was mentioned above, editing was
one of the areas where students performed best, yet
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it often carries greatest sway in assessments of student
writing. Of greater concern for the purposes of this
paper are the higher-order concerns of coherence
/ cohesion, paragraphing, and argument. In terms
of coherence / cohesion, it is evident in this student’s
writing that there is a lack of adequate transition
between ideas and between claims. For example, in
the final sentence of the paragraph, beginning with
“Nowadays we have all kinds…”, the student raises two
separate issues (the impact of existent transportation
technologies and the continued need for improvement
of such technologies) within a single sentence. The
transition from one idea to the next is not signalled,
either through the use of linking devices, or through
the demarcation of text via sentence construction
or paragraph construction. More generally, there is
no single, clearly-stated main idea with supporting
evidence in the paragraph. This is typical of all papers
that received a grade of 1 or 0 (over 50% of the class).
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Figure 3. Student writing samples: a) excerpt of student A’s writing from benchmark task and b) excerpt of student
B’s writing from benchmark task.
The same can also be said of the excerpt in Figure
3(b). The third paragraph of this essay begins with
the assertion that engineers apply science so as to
“make something special out of nothing”. The following
sentence provides a further example of the impact of
engineering activity: that of heating. Thereafter, the
writer speaks to the individual brilliance of engineers
before introducing a further example – this time of
telecommunications. Although the writer demonstrates
significant enthusiasm and commitment to the given
topic, s/he neither extrapolates a focused and
coherent argument, nor organizes the discussion into
a paragraph with a clear main idea. Again, this is a
structural feature of well over 50% of the papers.

Comparison of survey and writing
assessment results

than the writing samples indicate is warranted, some
survey data contradict this finding. For example, the
survey instrument asked student-participants to indicate
what grade they expected to receive both for the
essay assignment and for the course as whole. The
results of these two questions are provided in Figure 4.
These data demonstrate that although the students
had high expectations for both the assignment and
for the course as a whole, their expectations regarding
the assignment were lower than those regarding the
course: 65% expected an A or B on the assignment,
while 89% anticipated an A or B in the course. This
suggests that students expect their performance
on writing tasks to negatively impact their overall
performance on the course.

While most of the survey results clearly indicate that
students have a higher sense of self-efficacy as writers
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Figure 4. Students’ expectations of the grade that they will obtain for the a) course in general and b) the essay
assignment.
The students’ sense of self efficacy as writers may derive
in part from their matric English results. According
to the survey data, 96% of the student participants
indicated that they received a C-grade (between 60
and 69%) or better for English; as Pajares suggests, this
result has likely been interpreted by the students as a
mastery experience, one of the four likely sources of
self-efficacy. In contrast to these survey data, only 16%
of students received a C-grade (between 60 and 69%)
or better when marks from all six assessment criteria in
the researchers’ rubrics were averaged. This implies
that there is a disconnect between secondary school
and university expectations of students’ writing skills.
Nonetheless, the contrast between the survey results
and the analysis of the writing samples suggests that
instructors need not only to take advantage of student
confidence (which is a condition of possibility for
effective learning) but also to develop interventions
that will help students develop the writing skills they
need to succeed. These findings demonstrate the
adage that “students don’t know what they don’t
know” and clarify precisely what it is that the students
don’t know. It is the task of well-designed engineering
curricula to address these related challenges. To put
it rather bluntly, engineering educators must pitch
interventions at an appropriate level without damaging
their students’ confidence.
The survey instrument also asked respondents to state
the extent to which they agreed with the statement
that ‘even if I don’t know anything about the topic, I will
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still be able to write a good essay’. As can be seen in
Figure 5, well over half the respondents expressed some
agreement with this statement. This result suggests
that the respondents do not see the writing process
as integral to the processes by which engineering (or
any) knowledge is constructed. This is concerning
and may help to explain the general weaknesses the
assessors found in the students’ arguments. Although
knowledge in engineering is also constructed through
graphics, tabulations and calculations, these are
generally integrated into written documentation and
are deployed as evidence to support claims most often
made using written language.

Figure 5. Students’ expectations of the grade that they
will obtain for the a) course in general and b) the essay
assignment.
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Finally, all of these observations must be considered
in terms of students’ responses to a question in the
survey instrument about whether communication skills
or technical skills are more important to their future. The
vast majority of students (over 90%) seem to understand
that communication skills are of equal or greater
importance to the technical skills they will develop
throughout the course of their degrees. These data
suggest either that the students believe they already
possess these important communication skills or that
they would be willing participants in interventions
designed to improve their writing skills.

Figure 4. Students’ perceptions of the importance
of writing skills in relation to the importance of
technical skills.

Discussion and Implications
These findings reiterate the importance of explicit
knowledge regarding conventions of academic
writing. Students need to access this knowledge,
both as readers and as writers. The prompt given
for this assignment was intentionally vague so as to
ascertain how students might independently interpret
the context for the task and adjust their writing
accordingly. As was demonstrated in Figure 2, very
few students interpreted the context as requiring an
essay that included a formal introduction (with clearly
stated, arguable thesis), focused and well-developed
paragraphs (with clear claims and evidence in support
of the thesis), and a conclusion. The conventions of
academic writing, often encapsulated in the notion
of “essayist literacy”, invoke a particular way of
constructing knowledge that has been privileged
and taken for granted in higher education (Lillis, 2001;
Starfield, 2007). If the engineering curriculum presumes
that students know what is meant by “essay”, or “lab
report”, or any other text-type deployed in engineering
writing (and if lecturers assess students’ knowledge
accordingly), then the findings of this paper suggest

an obvious gap in students’ knowledge that will
significantly detract from student success at university.
Furthermore, this analysis also indicates that students
need specific instruction on how to connect the writing
process (and writing more generally) to knowledge
construction in their discipline. This is because
literacy practices are implicated in the knowledgemaking, or epistemological, practices of disciplinary
communities (Starfield, 2007, p. 883). The ‘content’
of the engineering disciplines is not an assemblage
of information; instead, it is a mode of thought (Elder,
2009) expressed through writing, in conjunction with
other forms of meaning-making.
Students’ inability to perceive their writing as implicit in
the construction of engineering knowledge was made
manifest in the students’ writing samples (for example,
in the writing samples provided in Figure 3). Figure 2
also demonstrates that many of the students’ essays did
not provide evidence that supported the arguments
that the students were (apparently) trying to make.
Sometimes the evidence simply did not exist; at other
times, it did not connect logically to the claim that
preceded it; still other times, it connected to the claim,
but needed more explanation or analysis to make the
connection clear. In the sample included in Figure
3(b), the introduction suggests that the ‘argument’
of the essay is that “engineering has brought a lot
of changes in this world”. (Note, however, that the
topic required students to discuss the impact of one,
specific technological breakthrough, and not the
contribution of engineering more broadly, so this
student has also missed the point of the assignment
in a significant sense.) The remaining paragraphs,
rather than providing claims in support of this argument,
provide examples that illustrate the initial claim, such
as advances made in communication, lighting,
heating and refrigeration. This is a good illustration of
students’ general tendency to present lists of evidence
disconnected from a thesis-driven argument.
Another way of explaining this feature of student
writing is through what Paxton refers to as the process
of ‘fact-telling’. Paxton (2007, p. 52) argues that
such fact-telling is typical of students in a stage of
‘interim literacy’ as it involves drawing on practices
that previously aided those students at school. This,
Paxton (2007) continues, also goes some way towards
accounting for the lack of coherence in student writing.
This is evident in both writing samples discussed in this
paper. In most cases assessed in this study, students
do not seem to know how to introduce or explain
the evidence in a way that links it back to the topic
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sentence in the paragraph and/or the thesis of the
paper. A simple transitional expression preceding or
following the evidence would help signpost the logic
of the paper and mitigate this problem considerably.
Other rhetorical strategies (warrants/claims; patterns
of argument) are similarly lacking.
These conventions of “essayist literacy” are not merely
arbitrary conventions. Instead, they are central to the
ways in which engineering knowledge is constructed.
When students develop the ability to organize their
thoughts (on heating and telecommunication, for
example, in Figure 3(b)), they are also developing
the ability to generate abstractions, to categorise
information and provide thematic observations
about the world. At stake, therefore, in these
writing excerpts is not simply the need for a topic
sentence and supporting sentences, for claims and
sub-claims, but the need to argue that heating and
telecommunications are two of the myriad ways in
which engineering knowledge can be applied to
the issue of improving human health and granting
enhanced access to a global economy. It is this level
of abstraction and reasoning that is absent from many
of the students’ writing. As Lerner (2007) argues, physics
and writing are both laboratory subjects in that each
inculcates students into an approach to thinking and
reasoning. When we argue that engineering students
should be effective ‘problem-solvers’, this does not just
mean that they must have effective mathematical,
physics or design knowledge; it also means that
they must be effective writers who can employ the
conventions of academic writing that elevate their
thinking beyond (for example) the statement that
“everyone can now cook without looking for wood
in the forest” and instead can help them think about
food preparation within the broader contexts of time,
health, the economy or progress.
Of course, we must be careful not to use the
conventions of academic writing to stifle creative
reasoning. As Devitt (2009) insists, it is imperative that
instructors teach genre awareness rather than the
formulas or templates associated with a genre. The
developing writer that produced the text in Figure 3(b)
displays a high level of passion and a good amount
of knowledge about technological advancement.
We must recognize this passion and knowledge, and
we must engage students in a scholarly conversation
about how greater awareness of the conventions of
academic writing can themselves be harnessed by
writers so as to enhance their ability to make sense of,
and enact change within, the world.
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These data imply a need for writing instruction
that teaches students the relevant conventions for
presenting and explaining evidence and argument.
They suggest a requirement to teach writing practices
through subject content, in a discipline-specific rather
than generic context (Kloot, Case & Marshall, 2008). In
short, our research indicates that writing development
initiatives in engineering are likely to be most effective
when the mode of writing is conceptualized not as
an isolated, technical skill, but rather as a practice
that is integral to how engineers come to know and
talk about what they know — as an integral part
of their conceptual understanding of engineering
activity (Lerner, 2007). Engineering students need
to be initiated into the ‘social language’ of science
(including its genres) if they are to function within the
‘culture of science’ (Kloot, Case & Marshall, 2008).
Another significant finding of our research is the
contradiction between students’ high sense of selfefficacy as writers and their poor performance on the
writing task. While all of the literature demonstrates
writing self-efficacy is a predictor of writing outcomes
(Pajares, 2003), this is clearly not the case with the
current study. We believe these students’ high levels
of self-efficacy do not correlate to their writing
performance because the sources of their self-efficacy
were not connected to the specific kind of writing they
did for this research. Students were required to write
an academic essay and were assessed using standard
criteria for evaluating academic writing produced at
the university level, but their sense of self-efficacy was
likely related to the writing they did in high school. In
other words, their perceptions of their abilities were
based on their experiences producing a very different
kind of writing for a very different kind of audience.
Students’ high sense of self-efficacy is largely based
on their “mastery experiences” in high school—their
interpretation of the successes they had producing
written texts that were not likely academic essays.
Their beliefs would also be based on their observations
of their peers, the feedback they received, and the
physical experience they had when writing in high
school. Self-efficacy derived from these sources would
have correlated with high writing outcomes in high
school, but it would not necessarily produce the same
results in a different context with different tasks and
assessment practices.
This suggests a need for interventions and pedagogical
practices that can not only leverage students’
perceptions of their abilities, but also build on the skills
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and knowledge they have developed in high school
or elsewhere. Our students’ prior knowledge must
be activated. Their positive attitudes towards and
experiences of writing must be nurtured and directed
towards new applications. All of this must be done
before students receive the discouraging message
that everything they learned in high school is useless;
and it must be achieved through interventions and
assessment practices that do not lower the university’s
standards.
Finally, the spirit of this paper has been to acknowledge
and leverage what students already know and
do. In this spirit, it is heartening to learn that the just
over two thirds of the students claim to believe that
communicational abilities, such as formal academic
writing, are as important to their future success as
technical skills are, while another 20% claim that
communicational abilities are in fact more important
than technical skill (see Figure 6). These unexpected
results suggest that students are predisposed to be
receptive to future writing development activities
integrated into the engineering curriculum.

Conclusion and
Recommendations
This paper has made three inter-related arguments:
1. Students’ sense of self-efficacy is an important facet
in the development of academic literacies. In this
study, the student-participants’ confidence in their
abilities as writers is a resource that can be harnessed
when designing and implementing activities aimed
at student writing development. A further resource
that can be harnessed is the students’ general
recognition of the importance of communicational
ability in their engineering study and beyond.
2. However, students’ sense of self-efficacy as writers
has been established in a context very different
from that of a first-year engineering course, and so
the students do not achieve the writing outcomes
typically associated with these beliefs. Across the
board, the student-participants’ perceived abilities
did not match their instructors’ expectations
regarding key aspects of formal academic writing,
such as paragraphing, argument, and coherence
and cohesion. It is the task of well-designed
engineering curricula to address these gaps in a
way that does not demean students’ confidence
in their extant abilities. Future research needs to
be conducted to identify the precise sources of
the students’ self-efficacy, the best practices for
activating their prior skills and knowledge, and the

best strategies for building on the experiences that
have given them confidence and agency as writers.
3. Furthermore, writing development initiatives should
focus on the dual concern of developing students’
explicit knowledge of the conventions of engineering
writing, and the need to link writing processes and
practices with the processes and practices by which
engineering knowledge is constructed.
These findings suggest that efforts aimed at
implementing writing development initiatives across
engineering curricula are necessary and important.
One way of achieving this aim is through a process of
curriculum mapping (Felder & Brent, 2003; Crawley et
al, 2007). The need for such curriculum mapping stems
from the fact that it is evident from this research that
students do not enter into engineering programmes
with the required control of foundational writing
practices that correspond to the relevant ‘exit level
outcomes’. Such a process of curriculum mapping
involves identifying the relevant exit level requirements
and, working backwards to where the students are
upon entry, identifying where and how the relevant
writing practices can be embedded into modules in
each year of the programme. It also involves a clear
identification of the wide variety of skills and abilities
that students possess in all modes of communication,
not just the mode of academic writing. This approach
would allow curriculum designers and instructors to take
better advantage of students’ sense of self-efficacy
which research suggests is more typically correlated
with writing outcomes.
Such an ‘infusion model of curriculum development’
(Kloot, Case & Marshall, 2008) demonstrates a genuine
attempt at incorporating professional communication
abilities into the curriculum, and goes beyond paying
mere ‘lip service’ to the required exit level outcomes. To
be successful, curriculum mapping must be an activity
that involves entire departments, rather than isolated
individuals, so as to ensure that the relevant academic
skills and practices are being developed at multiple
points within engineering programmes. This avoids the
problem of academic development initiatives in the
first year of a programme being undermined through a
lack of follow-up in subsequent years of the programme
(Onsongo, 2006). Data such as those collected in this
study are vital in establishing the benchmark from
which such developmental interventions can begin. As
Paxton (2007, p. 53) argues, students’ interim literacies
(and, we would add, students’ sense of self-efficacy)
must inform our teaching because they tell us who our
students are and where they come from.
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Abstract
This paper intends to determine if NSC results can
be used to predict success in the mechanical
engineering diploma offered at the Durban University
of Technology, as well as to determine if the current
entrance requirements are appropriate.
A pilot study examined the correlation between a
limited number of students’ scores for NSC English,
NSC Mathematics, NSC Physics and Mechanics I
and Mathematics I and Engineering Materials and
Science I. The results thereof informed a full study that
examined the correlations between Mathematics I
and NSC Maths and NSC Physics as well as between
Mechanics I and NSC Maths and NSC Physics. This was
done for all first time students registered in 2009, 2010
and the first semester of 2011. The combination of the
NSC subjects’ scores were also correlated against the
same diploma subjects to determine if together they
showed a stronger correlation than in isolation. Further,
the NSC marks were tabulated against the distribution
of success rates in order to further explore the effects
of the NSC scores on success.
A further study was undertaken to look at the long
term performance of the 2010 first semester cohort. A
number of variables were utilised to define individual
student success, namely; the number of semesters
taken to complete the programme, the number of
subjects passed or failed per semester, as well as the
number of students that either dropped out or were
excluded from the programme.
From both the full and further studies it was seen that
students with a combined NSC score of less than 120 for
Maths and Physics performed especially poorly. Their
success rates in the major first semester subjects were
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far below that of their peers and they had little chance
of success within the program with the majority either
dropping out or being excluded academically. It is
concluded that the department’s entry requirements
should be changed to include a minimum combined
score of 120 for NSC Mathematics and Physic. Failing
this, interventions should be put into place to support
students with a score of less than 120.

Introduction
Most South African universities utilise the National Senior
Certificate (NSC) examination results in their admission
processes. These examinations are quality controlled
by Umalusi, the council for quality assurance. Due to
the standardised nature of these examinations they
should be seen as a reliable measure of academic
potential and allow for the ranking of applicants
accordingly. Numerous studies show that success
in first year university courses correlate highly with
matriculation results (Jawitz, 1995; Tewari, 2014; Van
Eeden, De Beer, & Coetzee, 2001). The NSC is however
relatively new, having replaced the Senior Certificate
in 2008, and there is still uncertainty as to its reliability as
a predictor of academic success (Schoer, Ntuli, Rankin,
Sebastiao, & Hunt, 2010).
The credibility of the NSC mathematics marks in
particular have been brought into question (Dennis &
Murray, 2012; Du Plessis & Gerber, 2012; Rankin, Schoer,
Sebastiao, & Van Walbeek, 2012), although this may
have already been an issue in Senior Certificate (SC)
mathematics prior to the introduction of the NSC
(Wolmarans, Smit, Collier-Reed, & Leather, 2010).
It is of importance to attract, engage and retain
students that have a reasonable chance of success.
Enrolling students with little chance of success is unfair
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to students and detrimental to universities, due to
the financial implication of lower throughput and
graduation rates (Imran, Nasor, & Hayati, 2014; Rankin
et al., 2012). This paper intends to determine if NSC
results can be used to predict success in mechanical
engineering at the Durban University of Technology,
as well as to determine if the current entrance
requirements are appropriate.
To gain entrance to the Diploma a prospective student
must, as a minimum, have achieved a level 4 (50%) for
NSC Maths, Physics and English. A points system is also
in place where the point score is the sum of the NSC
achievement level for all subjects with NSC Maths and
Physics scoring double. The minimum score required
is 28. It follows that if students that meet, but do not
substantially exceed the entrance requirements, have
little chance of success, then these requirements should
either be raised, or interventions be put into place to
support these students.
The department of Mechanical Engineering at the
Durban University of Technology currently offers a
National Diploma. There are two options within the
diploma: a mainstream option and a mechatronics
option. The diploma consists of four semesters of
academic tuition and two semesters of workplace
learning (WPL). The four academic semesters are
known as S1, S2, S3 and S4 respectively, whilst the two
periods of WPL are known as P1 and P2 respectively.
Students who have completed the National Diploma
may opt to pursue a Bachelors Degree in Technology,
which is offered on a full or part-time basis.
Three separate studies were carried out. The first, a pilot
study, was undertaken to inform how best to proceed
with a full study. The full study was carried out in 2011
and only looked at success at the S1 level. This was
because NSC students only entered the programme
in 2009 and so none would have completed the
programme when the study was done. A further study
was carried out in 2014 to look at success in the whole
programme.

Method
Pilot Studies
In an attempt to better understand the impact of
students’ NSC results on success, a pilot study using all
first time students registered for Engineering Materials
and Science I (Materials I) in the second semester of
2011, was undertaken. Materials I is compulsory, and
at the time was offered during S3. The purpose was to
determine if correlation could be found between a

student’s NSC results for English and results obtained for
Engineering Materials and Science I. The correlations
would be done separately for both English 1st
Language and English 2nd language groups. Materials
I was chosen as it is assessed predominantly via short
essay type questions, as opposed to calculations which
tend to dominate the other subjects. The assumption
was made that NSC results for English would be a major
factor in success in Materials I for second language
English speakers due to the essay type questions. If this
was to be the case then the effect of NSC English on
other subjects would also be investigated.
The academic record of every student registered for
Materials I was manually retrieved and their NSC and
Materials I results of collated on spreadsheets. The
NSC results were recorded according to the national
achievement levels system as in Table 1.
Table 1. NSC Achievement Level
Level 7:

80 - 100% (Outstanding achievement)

Level 6:

70 - 79% (Meritorious achievement)

Level 5:

60 - 69% (Substantial achievement)

Level 4:

50 - 59% (Moderate achievement)

Level 3:

40 - 49% (Adequate achievement)

Level 2:

30 - 39% (Elementary achievement)

Level 1:

0 - 29% (Not achieved – Fail)

The NSC results recorded were the levels, not the
percentages achieved. This allowed for rapid capture
of data at the expense of accuracy. It was considered
acceptable for a pilot study as the purpose was to lead
the direction of the full scale study only. The Materials I
results recorded were the students final mark. The results
for NSC English and Materials I for first time registered
students were then correlated according to Pearson’s
correlation coefficient. It should be borne in mind that
correlation coefficients are dependent on the context
(Cohen, 1988) . Those used, as shown below, were
chosen due to their applicability to research in the
social sciences.
Table 2. Correlation Coefficients
Correlation

Negative

Positive

None

-0.09 to 0.0

0.0 to 0.09

Weak

-0.3 to -0.1

0.1 to 0.3

Medium

-0.5 to -0.3

0.3 to 0.5

Strong

-1.0 to -0.5

0.5 to 1.0

School of Engineering, University of KwaZulu-Natal, Durban 4-5 June 2015

128

The relationship between NSC results and success in mechanical
engineering at Durban University of Technology ...continued
The results ran counter to expectation and the pilot
study was broadened to include the correlation
between NSC Mathematics, NSC Physical Science
and Materials I in the same manner.
Based on the results obtained the study was once
again extended, this time to include Mathematics I
and Mechanics I. These subjects were chosen as they
historically have poor success rates and are commonly
held to be ‘bottleneck’ subjects in the programme.
It was assumed that NSC English, Maths and Physics
would all show significant correlation with Maths I and
Mechanics I. It is important to note that these results
were drawn from all students registered for Materials
I in the second semester of 2011, not just the first
time registered students. The Maths I and Mechanics
I results used would be from the particular students
first registration for that subject. It is also important to
note that Materials I was a S3 subject at the time whilst
Maths I and Mechanics I are both S1 subjects. Thus this
study would exclude students that had dropped out
between S1 and S3 and so would not be accurate,
but would suffice to lead the direction of the full study.

Full Study
Due to the results obtained in the pilot study the full
scale study would examine the correlations between
Maths I, Mechanics I and NSC Maths and NSC Physics.
The results of all first time students, from both semesters
of 2009 and 2010 as well as the first semester of 2011,
for Mechanics I and Mathematics I were utilised. The
department’s entrance requirements include a points
score where the results for Mathematics and Physics
are doubled in the calculation. Because of this it was
decided to see if the combination of the subjects’
results showed a stronger correlation than these
subjects in isolation.(Walker & Graham, 2013)
Correlations were determined for each individual
semester and presented in tables along with a
weighted average for the five semesters. Due to the
varying size of each semester it was decided to use a
weighted aggregate in order to prevent the smaller
samples skewing the data.
To further explore the effect of NSC results on student
performance it was decided to examine the effect
of NSC results on success rates in these same subjects.
Although there was a correlation between the
NSC results and the subject results, it was believed
that students may ‘aim to just pass’. Students that
performed well at school may well be satisfied with
a pass at University even though they are capable
of achieving more. If a significant number of students
behaved as such, this would in essence weaken the
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correlation. A further limitation of the correlation study is
that it shows that students that perform well in the NSC
also perform well in their equivalent S1 subjects. It does
not show how NSC results affect a student’s chances
of passing the subject. It was decided to examine the
distribution of success against the NSC results.
The data used was the same as that used in the main
correlation study, with one small exception. Only first
time students who were registered for both Maths I
and Mechanics I were used here. This excludes the
small number (2.4% of the total sample) of students
who may have been exempted from one of these
subjects due to credits obtained at an FET college
or other institution. The results for Mechanics I and a
Maths I were grouped in bands according to NSC
performance. The success rate of students in each
of these bands was then calculated and tabulated
accordingly

Further Study
The full study above was undertaken in 2012. It was
not possible to investigate the long term performance
of the NSC students at that time due to the recent
introduction of the NSC. In 2014 a further study was
undertaken to look at the long term performance. It
was decided not to use either of the 2009 cohorts as
they comprised mainly of non NSC students. The 2010
first semester comprised mainly of NSC students. The
academic records of all NSC students were generated
and the relevant information tabulated.
Students are allowed a maximum of 5 years in which
to complete the diploma. It is not possible to look at
graduation as a measure of success for this cohort as
only four years have passed. Success could be betted
defined by the average number of subjects passed
and failed per semester as well as the dropout and
exclusion rates.
Most students register for WPL after the completion
of the academic portion of the programme(Graham
& Walker, 2011). For this reason most students should
have finished the academic portion of the programme
within four years. The percentage of students that had
completed all academic subjects within the time frame
was also recorded. Those that left the university to
undertake WPL in the middle of the programme may
still return in 2014 to complete the outstanding subjects
meaning that these percentages may still increase. Of
those that had completed all academic subjects the
average number of semesters taken to do this was
also calculated.

Proceedings of the 3rd Biennial Conference of the South African Society for Engineering Education

Results
Pilot Study
The correlations shown in Table 3 ran counter to expectation. English 1st language scores showed a weak correlation
with Materials 1 scores, whilst English 2nd language showed no correlation. The weak correlation shown between
English 1st language and Materials 1 is unlikely to be a major causal factor. Students who performed well in all of
their NSC subjects, including English probably perform well in all their University subjects.
Following this it was decided to investigate whether NSC Mathematics and NSC Physical Science results showed
any correlation with Materials I results. These are also shown in Table 3. There was a medium correlation between
NSC Mathematics and Material Science I for English 2nd Language students.
Table 3. Correlations between Materials I results and NSC results
NSC English

NSC Physics

NSC Maths

English 1st language students

0.287

0.230

0.2846

English 2nd language students

0.084

0.252

0.425

Because there were no strong correlations the study was broadened to include Mathematics I and Mechanics I.
These subjects were chosen as they historically have poor success rates. It was assumed that NSC English, Maths
and Physics would all show a significant correlation with Maths I and Mechanics I. Table 4 shows that once again,
counter to expectation there was no correlation between English and Maths I and Mechanics I.
Table 4. Correlations between NSC English results and Maths I and Physics I results
Maths I

Mechanics I

English 1st language students

- 0.025

0.178

English 2nd language students

0.057

- 0.012

Stronger correlations were found between NSC Maths and Physics and Mechanics I and Maths I and these were
included in the full study as shown in Table 5.

Full Study
Table 5 shows that NSC Mathematics results correlate strongly with those of Mathematics I. There is also a medium
correlation between NSC Physics and Mathematics I. As expected the correlation between NSC Maths and
Mathematics I is stronger than that NSC Physics and Maths I. Surprisingly the combination of the NSC results shows
as strong a correlation as that of NSC Maths by itself.
Table 5. Correlations between NSC results and Mathematics I results.
Sem1 '09

Sem2 '09

Sem1 '10

Sem2 '10

Sem1 '11

weighted ave

NSC Math

0.43

0.18

0.55

0.43

0.60

0.54

NSC Physics

0.22

0.32

0.37

0.66

0.43

0.38

NSC Maths +
Physics

0.39

0.25

0.54

0.68

0.59

0.54

Sample size

26

17

86

27

93

249

Table 6 shows a medium correlation between all NSC results listed and Mechanics I. NSC Maths shows approximately
the same correlation with Maths I and Mechanics I as NSC Physics. The combination of the NSC Maths and Physics
shows a stronger correlation than that of the individual subjects.
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The relationship between NSC results and success in mechanical
engineering at Durban University of Technology ...continued
Table 6. Correlations between NSC results and Mechanics I results.
Sem1 '09

Sem2 '09

Sem1 '10

Sem2 '10

Sem1 '11

weighted ave

NSC Math

0.33

0.55

0.46

0.41

0.42

0.43

NSC Physics

0.33

0.43

0.38

0.40

0.44

0.40

NSC Maths +
Physics

0.37

0.54

0.48

0.48

0.50

0.48

Sample size

26

17

92

29

91

255

Table 7 shows students’ performance in NSC Physics and the corresponding success rates for Mathematics I and
Mechanics I. As expected, the higher the students’ results for Physics the greater their success in Mathematics I
or Mechanics I. The range of success for Mechanics I is greater than that for Maths I, with lower performing NSC
students performing worse in Mechanics than they do in Maths I. However, students with more than 65% for Physics
perform equally well in both S1 subjects.
Table 7. Relationship between NSC Physics and Mathematics I and Mechanics I success.
NSC Physics %

Passed Mathematics I

Passed Mechanics I

% of cohort

50 – 54

49%

33%

30%

55 – 59

61%

48%

23%

60 – 64

58%

48%

18%

65 – 69

69%

67%

14%

70 – 74

60%

62%

6%

75 – 79

88%

89%

6%

80 - 100

71%

70%

3%
n= 249

Table 8 shows students’ performance in NSC Mathematics and the corresponding success rates for Mathematics I
and Mechanics I. In contrast to the results for Physics, the results for NSC Maths at the lower levels are near identical
for both subjects, but diverge at the higher level. The success rates, for both Maths I and Mech I, are much worse
for students with low NSC Maths scores than they are for those with low NSC physics scores.
Table 8. Relationship between NSC Mathematics and Mathematics I and Mechanics I success.
NSC Physics %

Passed Mathematics I

Passed Mechanics I

% of cohort

50 – 54

14%

14%

9%

55 – 59

36%

35%

9%

60 – 64

41%

40%

15%

65 – 69

55%

44%

17%

70 – 74

71%

57%

18%

75 – 79

76%

64%

15%

80 – 100

93%

74%

18%
n = 249

What is interesting is the distribution of NSC Maths and NSC Physics results across the bands. 30% of students fall
into the 50 to 54 band for Physics yet, only 9% fall into the same band for Maths. Further, 53% of the students had
less than 60% for Physics but only 18% had less than 60% for NSC Mathematics. Conversely only 15% of the students
had 70% or more for Physics, whilst 51% had 70% of more for Mathematics. In simpler terms, students entering the
programme, by and large, have weaker results for NSC Physics than they do for NSC Mathematics.
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Table 9. Relationship between NSC results and Mathematics I and Mechanics I success.
NSC marks
Maths + Physics

Passed Mathematics I

Passed Mechanics I

% of cohort

<110

31%

25%

11%

110 - 119

36%

27%

19%

120 -129

66%

52%

23%

130-139

57%

51%

19%

140-149

77%

62%

14%

150-159

89%

89%

11%

160- 200

100%

90%

4%
n = 249

From Table 9 it can be seen that students with a combined NSC score of less than 120 have extremely poor
success rates. These students currently make up 30% of the intake.

Further Study
Table 10 shows the relationship between the combined NSC and Maths and Physics results of the 2010 Semester
1 cohort and their likelihood of completing the programme (ex WPL) within the four year period in question.
It can be clearly seen that the higher the NSC score the greater the likelihood of a student completing the
programme (ex WPL) and conversely the lower the NSC score the more likely a student will leave the programme.
Students with a combined NSC score of less than 120 make up 30% of the cohort, but the majority, over 63%,
leave the programme. Reasons for this are detailed later in Table 13.
The values in the column ‘Completed programme’ may increase if the students counted under the ‘Still in
programme’ column complete their studies successfully. If these students are added to the completed programme,
then, for example, 37% of students with an NSC score of less than 120 could potentially complete the program
(ex WPL).
Table 10. Relationship between NSC results and completion of programme
NSC marks
Maths + Physics

Completed
programme (ex WPL)

Left programme

Still in programme

Percentage of
cohort

100 - 119

22%

63%

15%

30%

120 - 129

39%

42%

19%

29%

130 - 139

67%

33%

-

20%

140 - 149

75%

25%

-

13%

150 - 200

86%

14%

-

8%
n = 90

The number of subjects passed and failed per semester, shown in Table 11, was calculated using results from the
entire cohort, not just those that had completed the academic component. Again those with higher NSC scores
pass more subjects, on average, per semester than those with lower scores.
As mentioned previously, the programme (ex WPL) consists of a minimum of 24 subjects. A student would need to
pass an average of six subjects per semester in order to complete the programme (ex WPL) in the minimum time.
Similarly a student would need to pass, on average, a minimum of 3 subjects per semester in order to complete
the programme (ex WPL) within the maximum allowable time. Students that do not pass, on average, 3 subjects
per semester may find themselves subject to academic exclusion.
The average number of subjects passed per semester, by students with a combined NSC score of less than 120,
is 3. Since a number of students in this band must score less than the average it is unsurprising that a significant
number are excluded academically, as shown in Table 13.
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engineering at Durban University of Technology ...continued
Table 11. Subjects passed and failed per semester (full cohort)
NSC marks
Maths + Physics

Subjects registered per
semester

Subjects passed per
semester

Subjects failed per
semester

100 - 119

5.1

3.0

2.1

120 -129

5.2

3.4

1.8

130-139

5.3

3.4

1.9

140-149

5.3

4.0

1.3

150 - 200

5.6

4.7

0.9
n = 90

Table 12 shows that of those that have completed the programme (ex WPL), students with higher NSC results
do so in fewer semesters than those with lower results. This stands to reason based on the results from Table 11.
Table 12. Semesters taken to complete programme
NSC marks
Maths + Physics

Semesters taken to complete
programme (ex WPL)

Number in cohort

100 - 119

6.7

6

120 - 129

6.6

10

130 - 139

6.1

12

140 - 149

5.7

9

150 - 200

5.3

6
n = 43

Information from students’ academic records was collated in Table 13 to provide some insight as to why students
did not complete the program (ex WPL).
Table 13. Students not completing program
NSC marks
Maths + Physics

Still in
programme

Academic
exclusion

Transferred
to another
program

Dropped out

Number in cohort

100 - 119

19%

48%

19%

14%

21

120 - 129

31%

37%

13%

19%

16

130 - 139

-

50%

17%

33%

6

140 - 149

-

33%

-

67%

3

150 - 200

-

-

-

100%

1
n = 47

An academic record shows whether a student is
registered for the programme, has been formally
excluded for academic reasons, or transferred to
another programme in the institution. Any student that
had not completed the program (ex WPL) for one of
these reasons was included in the column ‘Dropped
out’. This would include students that opted to leave
the program due to poor academic progress, before
being formally excluded, students that left due to
financial reasons or students that transferred to another
institution.
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Conclusion
From both the full and further studies it can be seen
that students with a combined NSC scores of less than
120 for Maths and Physics perform poorly. Their success
rates in the major S1 subjects are far below that of their
peers. From the further study it is shown that the higher
the students combined NSC score the better they
perform by a number of measures. The true measure
of success is completion of the programme. A full 63%
of students that had a combined NSC score of less than
120 left the programme before completion. A further
15% had not completed within the expected time.
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Entrance requirements should ensure that students
admitted into the programme have a reasonable
chance of success. Allowing students with little
chance of success into the programme is both unfair
to the students and detrimental to the department.
The department’s entry requirements should be
changed to include a minimum combined score for
NSC Mathematics and NSC Physics of 120. Failing
this, interventions should be put into place to support
student with a score of less than 120.
Since the start of this study the Department of Basic
Education has introduced the Curriculum and
Assessment Policy Statements (CAPS). CAPS is not a
new curriculum, but an amendment to the current
curriculum. This move to CAPS may mean that this
study does not accurately reflect the current cohort
of students and further research should be undertaken
to determine the effect of this amended curriculum.
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Laboratory reporting skills are vital to the successful
development of engineering students for the industry.
Students offering Electrical, Electronic and Computer
Systems Engineering at the Central University of
Technology (CUT) are required to conduct laboratory
experiments under the supervision and assistance of
staff employed by the respective department. This
paper presents how Blackboard was used to enhance
Electronics II students’ laboratory reporting skills. The
“Assessment” functionality of this course management
system was used to create an online laboratory report
questionnaire for each experiment. Students’ used
this to capture data and results observed during
the laboratory session using a number of attempts
allocated relative to the experiment. When preparing
their detailed laboratory reports, the knowledge
gained during the process is brought to bear when
discussing, analysing and providing conclusions
on the experiments. They will then be required to
submit an electronic copy on Blackboard. Students
have presented better reports and as a result earn
better mark scores. Marks of paper-based reports
from semester two of 2014 and Blackboard-based
reports for semester one of 2015 were compared
and an improvement in students scoring between 80
and 100 was observed. This can be translated to an
improvement in knowledge of applying theoretical
concepts in practice and in improved skills in the whole
laboratory reporting process.

Introduction
Electronics II is a lab-based semester module offered
to students enrolled for undergraduate qualifications
in the different fields of the Department of Electrical,
Electronic and Computer Engineering at the Central
University of Technology (CUT). For this module, students
are expected to first attend lectures, then go to
laboratory sessions where they get to do experiments
that apply electronic principles that are taught to them

135

during theory sessions. Based on these experiments,
they are required to record their observations, analyse
them, draw conclusions and make engineering
decisions. Maximum exposure to laboratory
experiments assists students with a better understanding
of the applications of theoretical electronic concepts
(Corter et al, 2011). Also, these sessions provide the
students with troubleshooting skills and the ability to
apply relevant methodology to physical processes
(Ton de Jong et al, 2013; Gustavsson, 2002). After every
laboratory session, students are expected to submit
the results collected during experiments in a form of a
report for the purpose of assessment and evaluation to
see whether they have met the expected outcomes.
Some students may require one-on-one attention
from the laboratory supervising staff in order for them
to successfully conduct the experiments, grasp the
fundamental concepts acquired theoretically and
master the skill expected. Most first level Electrical
Engineering students in South Africa have to use these
laboratory equipment for the first time. Considerable
amount of time is spent learning how to use these
instruments and little time is left for the actual
experiments. This results in students often leaving the
laboratory more confused than when they went in.
In addition, students are expected to submit the results
collected during experiments in a form of a report for
the purpose of assessment and evaluation to see
whether they have met the expected outcomes.
However, many students fall short of the correct
expected results and reporting. They struggle to pen
down their findings during the laboratory sessions due
to the overwhelming requirement of time and lack of
understanding of the basic electronics concepts hence
may need more time. Feedback helps students know
what they know and what they don’t in order for them
to focus on that which they don’t (Hammerling, 2012).

Proceedings of the 3rd Biennial Conference of the South African Society for Engineering Education

McGregor et al contribute seven factors to students not
acting of feedback, two of them being it is not timeous
and lack of follow-up to give incentive.
Assessment is known to play a critical role in the
progress made in Engineering Education. More so
because the good standard of the assessment leads
educators to make informed decisions about the
progress of students, if the standard is poor, then the
evaluation is ineffective (Old et al, 2005). Students need
to get immediate feedback on their performance.
Experience has shown that a lot of time and energy is
required to manually evaluate students’ reports after
every experiment. At this stage, it is too late to provide
any kind of support to the students that perform poorly.
This overwhelming requirement of time is often not
met if the staff is occupied with the tedious task of
assessment and evaluation of students’ laboratory
reports.
Many institutions of higher learning around the world
use Course Management Systems (CMS’s) to improve
the teaching and learning experience (de Broer and
Collis, 2008; Cubbage, 2003; Vovides and SanchezAlonso et al, 2007; Bongey and Cizadlo et al 2005; Finn
and Fraser, 2012; Epping, 2010; Ali and McCarthy et al
2013; Back and Haberstroh et al 2014). Finkelstein (2003)
reports that at the time of their publication, Blackboard
had 27 000 institutions of higher learning as clients in
over 140 countries. These numbers continue to grow
as more institutions buy in to the idea of e-learning.
Although these institutions have made Blackboard
available, the discretion on the extent of its
implementation still mainly remains with the instructor as
it is the case with CUT. There are many ways Blackboard
can be used to further the cause of education. Finn

and Fraser (2012) and Back and Haberstroh et al
(2014) used Blackboard to support existing teaching
methods by firstly making use of its “Build content”
functionality to give students convenient access to
course data and secondly, to communicate with
students. Northwestern University made use of the
delivery of electronic documents feature of Blackboard
as an e-reserve delivery system (Cubbage, 2003). Ali
and McCarthy et al (2013) used it to conduct a crosssectional survey using open-ended and closed-ended
questions to improve teaching and learning. Finally,
Epping (2010) describes how he used the “multiple
choice test” functionality to assess individual laboratory
skills of a large number of Biochemistry students at the
Queensland University of Technology, Australia. This
platform has also been used to give students feedback
in time to recognise top achievers and make struggling
students aware by implementing online assessment in
Engineering Analysis I (Vasquez et al, 2015).

On-line Data capture

In this paper, Blackboard is used for online capture of
observations. An innovative use of this popular CMS
is engaged to help students quickly record their data
collected during the laboratory session and receive
instant feedback from the platform. Experiments were
designed using the “Test” function; shown in figure 1; to
meet the objectives of the different experiments. These
are presented as multiple choice in figure 3, formula
and or numeric in figure 4. Multiple choice questions
are where students need to analyse, in this case they
are given at least four possible options that best suits
their analysis. In formula questions, students capture a
three step formula for their calculations and numeric
answer questions are for the measured data collected
during the experiment.

Figure 1. Create Test using Blackboard
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Figure 2. Experiment data capture page

Figure 2. Multiple choice questions used for analysis
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Figure 2. Numeric questions used for measured data
Once data is collected in the laboratory, students
can now begin to capture it on the test. They have at
minimum a number of two attempts to complete the
test depending on the complexity of the experiment.
They receive immediate feedback and scoring and
may choose to retake the test to improve their skill and
ultimately their marks as illustrated in figure 5. Those
that score poorly know immediately and as such will
get the needed assistance before it is too late. Now
students can analyse and interpret correct data and
as a result come to better conclusions.

Results

Marks of Electronics II students from two semesters were
compared; semester 2 of 2014 using paper-based
reporting and semester 1 of 2015 using Blackboard
for laboratory reporting; to see what impact on-line
reporting has on the performance of the students.
Automatic grading on Blackboard proved to be a
challenge with some parts of some experiments. These
required manual grading from the instructor due
to the complexity of the range of results obtained.
The comparison showed an increase in the number
of students scoring between 80 and 100 marks for
Experiment 1, Experiment 2 and the Practical Test.
Figure 6 and figure 7 show a chart representation of
the marks for the two semesters and a difference of
35%, 57% and 60% for the respective experiments can
be observed.

Fii
Figure
6.
6 Number
N
b off St
Students
d t vs. M
Marks
k Obt
Obtained:
i d
Electronics II 2014 Semester 2
Figure 5. Students Submit Results On-line Until they are
Satisfied with the Marks
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From the results of the study it is highly recommended
that engineering experiments be designed using
Blackboard or a relative Course Management System.
Benefits; more time dedicated to student support for
instructor and timeous feedback for students; have
been presented in this paper.
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Figure 6. Number of Students vs. Marks Obtained:
Electronics II 2015 Semester 1
The improvement in the students’ marks can be
attributed to the immediate feedback that allowed
repetition of experiments or parts of experiments that
students scored poorly in. The feedback assisted in
students knowing what they don’t know while working
in the lab session. This was a challenge not previously
met by the manual or paper based reports. Students
would conduct the experiment and record results,
however accurate or inaccurate, then go away to
prepare a report only to receive feedback once
grading has been done manually. Reporting on
inaccurate results produced low scoring of marks.

Conclusion

This paper presents a method of using Blackboard
for the purpose of improving laboratory reporting in
Electronics II students in CUT. Experience has shown
that the reason for scoring poorly in an experiment
could either be the lack of skill required to perform
the experiment or simply the way that the student
reports the acquired data. Student marks from a
semester using Blackboard for laboratory reporting
showed a significant improvement when compared
with a semester using a paper based method of lab
reporting. The immediate feedback that they got from
Blackboard allowed them to remedy their weakness
by either repeating the experiment or recapturing the
required and necessary data in a correct manner, thus
improving their technical skills. The improved acquired
data enables better analysis, interpretation and hence
conclusions in the report. The process of trial and error
also helps the students to be independent in solving
engineering related problems, a skill very vital to the
industry.
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The Community-based Project (JCP) module, a
compulsory module for all undergraduate students
in the Faculty of Engineering, Built Environment and
Information Technology at the University of Pretoria, was
implemented in 2005. This is the only compulsory service
outreach for students in the Faculty. The community
experience consists of a short-term engagement of at
least 40 hours. The outcomes of the module include the
ability to understand social issues in a specific context,
perform leadership functions and work effectively in a
multidisciplinary environment.
The enrolled students of 2014 were requested to
complete a survey at the end of their academic year.
Alumni who graduated between 2005 and 2010 (after
having experienced distance and emotional growth)
completed a similar survey. The maturity of the alumni
offered a valuable perspective on the value of this
service-learning endeavour. The respondents (alumni,
as well as enrolled students) were of the opinion that
there is a place for a service-learning module in the
Faculty’s undergraduate curriculum and indicated
the crucial role the module plays in raising students’
awareness of their social responsibility.
Overall, the enrolled students were more positive
than the alumni about the role of the service-learning
endeavour in the curriculum. The enrolled students were
also more positive about the important role the module
plays in raising awareness of their social responsibility.
The alumni indicated that the module had influenced
their decision to continue with community outreach
projects. A high percentage of the enrolled students
indicated that they would continue with community
outreach projects after completing the module. The
results from both surveys validated the outcomes of
the module.
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Introduction
Undergraduate engineering students of the Faculty
of Engineering, Built Environment and Information
Technology face a future in which they will need more
than just a solid technical background. To achieve their
goals, they will not only be required to work with people
whose technical experience differs from their own; they
will also need to interact effectively with people from
various socio-economic backgrounds. Therefore, these
students require a curriculum that will develop both the
technical and the “soft skills” that they will need when
they enter the workplace (Oakes, Duffy, Jacobius,
Lions, Lord, Schultz & Smith, 2002). Service-learning, as
an educational approach, is the most feasible means
of incorporating these outcomes in the academic
curriculum. In a service-learning module, students
receive academic credit for performing community
service (Osman & Attwood, 2007). This requires them
to participate in a specific organised service activity.
The aim of service-learning is to connect students’
personal abilities with their intellectual abilities. Students
acquire knowledge that is useful in understanding
the world. They build critical thinking capacities
that will enable them to answer important questions
about learning and society, creating a commitment
and responsibility to both (Eyler & Giles, 1999), and
developing a combination of knowledge, skills, values
and motivation to make a difference in communities
(O’Connor, 2006:52). These skills are important building
blocks for future of these students to be accomplished
employers and employees.
The study aims to determine the perceived value of this
undergraduate module by comparing the feedback
of alumni with that of enrolled students from similar
questions in two separate surveys.
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Course description
In 2005, the Faculty of Engineering, Built Environment
and Information Technology at the University of Pretoria
implemented a compulsory module, Communitybased Project (JCP), for all undergraduate students in
the Faculty. Since service-learning was not included
in the undergraduate curricula of existing modules, it
was necessary to establish a new, separate module to
centralise and coordinate service-learning initiatives.
This was a new endeavour for the Faculty (Jordaan,
2012). In 2009, the JCP module became compulsory
for all undergraduate students in engineering, the built
environment and information technology.
The JCP module aims to have a beneficial impact
on society and expose students in the Faculty to reallife problems. Through the module, students gain
increased awareness of their social responsibilities as
critical citizens and come to understand how they
can employ their newly acquired knowledge for the

improvement of the community they serve. Students
have some degree of choice regarding the type of
project or community involvement on which they wish
to embark. The learning outcomes depend on the
nature of the chosen projects. Students have to learn
to work effectively in a multidisciplinary and multilingual
environment, and to practise various life skills such as
communication, interpersonal and leadership skills
(Jordaan, 2013).
The increase in the number of students in the module
correlates with the increase in the number of students
enrolled in the Faculty (see Figure 1). The average
class size ratio in this module is extremely high (1 700
students to one permanently appointed lecturer). The
module format and scale, as indicated by the figures
and focus, are unique in South Africa. Therefore, the
results of the study may guide other institutions with a
similar context and scale to integrate service-learning
in non-service academic degrees.

Figure 1. Number of students enrolled in the Community-based Project module.

The module is an eight-credit module of 80 hours
and is offered on an open-ended, project basis. The
80 hours include 40 hours of fieldwork and 40 hours
of reflection assignments to be completed on the
University’s e-learning management system, as well as
a presentation. From 2010, more social media reflection
assignments, such as blogs, were included and, as of
2013, students had to include a YouTube video about
their projects.
Students are encouraged to choose a project
about which they feel passionate and that will

address the needs of one of the existing community
partners identified by the lecturer of the JCP module.
Alternatively, students can identify a possible new
community partner, if they can show the feasibility of
the proposed partnership.
Generally, students seem to prefer projects such
as teaching computer skills, designing, developing
and uploading websites for non-profit organisations,
helping secondary school learners with Mathematics
and Science, serving at shelters and children’s homes,
renovating buildings and participating in animal-
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related projects. Students may work in teams or alone,
depending on the nature of their projects. Students’
marks reflect the quality of learning, as indicated
by the outcomes of their chosen projects and the
community’s assessment, but not the quality or quantity

of the service provided (Jordaan, 2014).
The number of community partners and projects
involved in the module has naturally increased
significantly over the years (see Figure 2).

Figure 2. Number of community partners and projects involved in the module.

Service-learning pedagogical framework
Service-learning has been linked to various pedagogical
philosophies, such as those of Dewey, that support the
concept of authentic learning in a context outside the
traditional educational environment. These philosophies
focus on student-centred approaches, such as active
learning, problem-based learning, collaborative
learning, undergraduate inquiry-based learning and
constructive learning (Maloney, Dent & Karp, 2014).
Constructive learning theory is also enabled since
service-learning provides a beneficial context for
students to construct knowledge and understanding of
a specific problem in a specific context. When students’
beliefs are challenged through what they observe
during engagement with communities, new syntheses
of their understanding of the challenges communities
face are likely to emerge (Fenzel & Peyrot, 2005).

Methodology
In order to evaluate the perceived value of alumni and
enrolled students of the compulsory undergraduate
service-learning module in their curriculum, data
was collected through two online surveys that were
administered separately. The enrolled students of 2014
were requested, via the e-learning management
system, to complete the online survey. Alumni of the
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Faculty who graduated between 2005 and 2010 were
invited, via SMS and email, to complete the survey. The
SMS messages and emails were sent to the cell phone
numbers and email addresses that were available on
the University’s student administration system. The
announcement on the e-learning management system,
as well as the SMS messages and emails, included the
URL to the survey. The alumni and enrolled students
were requested to participate voluntarily.
For the feedback from the alumni students a probability
sampling would not have been successful, as the
response rate could have been low due to outdated
personal biographical data on the University’s
database. In 2013, the University migrated the
internal student email system to Google Gmail. Only
a small percentage of alumni complied with this
migration. There was also a concern that alumni’s
cellphone numbers may be outdated or may not
have been captured at all. The researchers followed
a non-probability convenience sampling method and
depended on the willingness of alumni and enrolled
students to complete the online survey. The surveys
were submitted for ethical clearance to the Faculty
of Engineering, Built Environment and Information
Technology at the University of Pretoria and were only
available for two weeks.
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Research topic and questions
The objective of the study is to compare the alumni’s perceptions of the value of the JCP module in the Faculty’s
undergraduate curriculum with those of the enrolled students. The following research questions were asked to
pursue this objective:
1. How do alumni and enrolled students perceive the value of the undergraduate service-learning module in the
curriculum of the Faculty of Engineering, Built Environment and Information Technology?
2. Do the alumni and enrolled students view the compulsory undergraduate service-learning module as a core
component of the curriculum in the Faculty?
3. What was the impact of the undergraduate service- learning module on the possible ongoing community
involvement of alumni and that of enrolled students?

Online questionnaire
For this research, some of the questions in the alumni survey were compared to those in the enrolled students’
survey. The structure of the questionnaire allowed the respondents to be branched to specific relevant questions
based on answers already provided.
Table 1. The link between the research questions and the online survey questions.

Research question

Question type

Question summary

Question 1: How do alumni and enrolled students
perceive the value of the undergraduate servicelearning module in the curriculum of the Faculty
of Engineering, Built Environment and Information
Technology?

Likert scale

The impact of the undergraduate
service-learning project on
understanding social responsibility

Multiple response

The skills that the respondents
indicated they had gained during
their service-learning module

Question 2: Do the alumni and enrolled students
view the compulsory undergraduate servicelearning module as a core component of the
curriculum in the Faculty?

Likert scale

The importance of the servicelearning module as a core
component in the undergraduate
curriculum

Question 3: What was the impact of the
undergraduate service-learning module on the
possible ongoing community involvement of
alumni and that of enrolled students?

Yes/no
Yes/no/maybe

Ongoing involvement in
community service

Biographical information
Year of enrolment (alumni)

Multiple response

Degree enrolled for (alumni and enrolled students)

Multiple response

The first question focused on providing informed consent for the study. The respondents were asked to acknowledge
that they understood the nature and objective of the survey and that the results would be published. Out of the
520 alumni responses, only two indicated “no” to this question and only one student out of the 347 students who
were enrolled in the JCP module in 2014 indicated “no”.

Findings
Findings from the questionnaire data
Some 518 alumni responded to the online survey, while 346 of those students enrolled in 2014 completed the
survey. Figure 3 indicates the percentage of responses received from the alumni and enrolled students. The
highest percentage of responses received from the alumni respondents was from the 2009 and 2010 groups.
The percentage of responses received from the enrolled students was 20.57% of the total number of students
enrolled for 2014. The enrolled students completed the survey after completing the module, hence the much
higher response rate.
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Figure 3. The percentage of responses received.

Figure 4 shows the responses received as a percentage per school (Engineering, Built Environment and Information
Technology) compared to the enrolments as a percentage of the average enrolment per school for the indicated
period. The graph indicates that there was an equal distribution between the three schools. As more students
from the School of Engineering were enrolled in the module compared with the other two schools, 69.56% of the
alumni respondents and 64.94% of the enrolled JCP students studied engineering.

Figure 4. Percentage of responses received per school compared to enrolments.

Findings to answer the research questions
The following paragraphs provide answers to the research questions that were asked to determine how alumni
and enrolled students perceived the value of the undergraduate service-learning module in the Faculty of
Engineering, Built Environment and Information Technology at the University of Pretoria.
Research Question 1: How do alumni and enrolled students perceive the value of the undergraduate servicelearning module in the curriculum of the Faculty of Engineering, Built Environment and Information Technology?
Two questions were asked to determine respondents’ perceived value of the JCP module. They were asked to
indicate whether the module had an influence on their understanding of their social responsibility, and to reflect
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on the importance of the module in the undergraduate curriculum and the skills acquired through the completion
of the module. Figure 5 indicates the respondents’ reflection of the JCP module’s contribution to their sense of
social responsibility.

Figure 5. Reflection on the importance of the JCP module in understanding social
responsibility.

Nearly three quarters (74.54%) of the alumni and 89.92% of the enrolled students agreed and strongly agreed that
their experience during the fieldwork for their undergraduate module gave them an opportunity to understand
their social responsibility. This correlates with the findings of Astin, Sax & Avalos (1999) and Astin, Vogelgesang,
Ikeda & Yee (2000), who indicated that service-learning has a positive effect on sense of social responsibility and
citizenship skills. Stukas, Clary & Snyder (1999) also confirmed that service-learning improves the personal growth
of students, especially with regard to self-esteem and social responsibility. However, all these studies focused on
a service-related field of study, while the service-learning in this study occurs in a non-service discipline.
The alumni’s higher percentage of disagreement can be attributed to their objective reflection on the value of the
module and their exposure to their working environments. It is important to note the relatively lower percentages
in terms of the agreement and disagreement feedback received from both groups of students.
Figure 6 indicates the respondents’ reflection on the skills they acquired during the execution of their projects.

Figure 6. Respondents’ reflection on the skills acquired during the JCP module.
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A significant percentage of the respondents indicated
that they had developed skills in group work (alumni:
77.63%; enrolled students: 73.78%), time management
(alumni: 56.95%; enrolled students: 70.03%), project
management (alumni: 53.11%; enrolled students:
53.31%) and leadership (alumni: 48.83%; enrolled
students: 53.89%) during their involvement in the
module. Enrolled students also had the option to
indicate building and renovation skills (45.43%),
workshop practice skills (17.87%), developing a YouTube
video (40.06%) and budgeting skills (39.48%). In the
“Other” section of the question, respondents also
indicated mentorship, teaching, communication and
interpersonal skills, as well as working with people from
diverse backgrounds and cultures as skills acquired
during their service-learning experience.
These findings correlate with the research of Moely,
McFarland, Miron, Mercer & Ilustre (2002). Their research
indicated that a service experience required students
to be creative and resourceful in dealing with new or
unfamiliar situations. The service-learning experience
gave students the responsibility of deciding on the most
effective way to complete a project. In the process,
project management, leadership, teamwork and
relationship skills are developed (Mouton & Wildschut,
2005).

The results of this study show that the development
of “soft skills” is one of the most important learning
outcomes of the JCP module. This correlates with the
criteria as stipulated by the Engineering Council of
South Africa Exit Learning Outcomes competency
standard for registered professional engineers in South
Africa (Engineering Council of South Africa, 2011).
During a service-learning project, students have to work
with people from different backgrounds, cultures and
ages. Students have to work under time constraints
and be aware of life issues. It leads students to
address problems of which the solutions seem beyond
their reach. It also connects students to their local
communities, which creates bonds between them,
their community partner and the higher education
institution.
Research Question 2: Do the alumni and enrolled
students view the compulsory undergraduate
service-learning module as a core component of the
curriculum in the Faculty?
One question was asked to determine the importance
of the JCP module as a core component in the
Faculty’s undergraduate programme. Figure 7 reflects
the respondents’ opinion that the JCP module fulfils a
core component of any undergraduate course.

Figure 7. Respondents’ opinion of whether or not the JCP module fulfils a core
component of any undergraduate course.

The highest percentage of alumni (73.55%) and
enrolled students (84.44%) agreed or strongly agreed
that the JCP module fulfils a core component of the
Faculty’s undergraduate curriculum.
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According to the respondents, a service-learning
module has a place in the undergraduate curriculum
of the Faculty.
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Research Question 3: What was the impact of the undergraduate service-learning module on the possible ongoing
community involvement of alumni and enrolled students?

Figure 8. Involvement in community outreach projects after completion of
the module.

The respondents were asked two questions with regard to their ongoing involvement in community outreach
projects. The alumni had to indicate whether they became involved in community outreach projects after
completing the JCP module. The enrolled students were asked whether they would get involved in a community
outreach project after completing the module.
Figure 8 indicates that more than half of the alumni respondents (54.83%) became involved in a community
outreach project after completing the JCP module. Of the enrolled students, 68.59% indicated that they would
get involved in other community outreach projects and 30% indicated that they might get involved again.
The alumni were also asked why they were not involved in a community outreach project. The major reasons
included a demanding work schedule (39%), private life priorities (20%) and the lack of opportunity (20%). The
enrolled students were not asked why they would not get involved or why they were not sure whether they would
get involved. This will be addressed with the enrolled students of 2015.
The alumni’s ongoing involvement in community outreach projects may be attributed to the positive impact of
the JCP module that required students to work in the community for at least 40 hours. Fenzel and Peyrot (2005)
found that alumni are more likely to become involved in community outreach projects if they have been involved
in a service-learning initiative for 10 hours or more, where the programme content and service experience are
integrated and where reflection on the service-learning projects is done in more than one way.

Conclusion
The compulsory JCP module is part of the prescribed curriculum of all undergraduate students in the Faculty of
Engineering, Built Environment and Information Technology at the University of Pretoria. This is the only compulsory
service-learning module for students studying non-service-related courses.
The alumni’s maturity offered a valuable perspective on the value of this service-learning endeavour and validated
the module’s outcomes. The alumni, as well as the enrolled students, were of the opinion that there is a place for
a service-learning module in the undergraduate curriculum of the Faculty of Engineering, Built Environment and
Information Technology, but that the importance of the module is to raise awareness of their social responsibility.
A service-learning module in the undergraduate curriculum of the Faculty emphasises proactive task-orientated
projects that assist students to acquire and apply knowledge that allows them to understand their immediate
social context, build critical thinking capabilities that will contribute to fundamental questions about learning and
society, as well as develop a commitment and responsibility to both. Service-learning involves students making
a positive contribution to individuals in a specific community and develops a combination of knowledge, skills,
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values and motivation to make a difference, thereby
promoting the quality of life in a community.
Overall, the enrolled students were more positive
than the alumni respondents about the role of the
service-learning endeavour in the curriculum, as
well as the important role that the module plays in
raising awareness of their social responsibility. This
might be because they had completed the module
and still had a fresh reflection on their experience.
The module has also matured since the module was
first presented. In this regard, in 2014, the module has
received acknowledgment in the form of the Marketing
Advancement and Communication in Education
(MACE) Excellence Award in the category Integrated
Campaigns/Projects and the subcategory Social
Responsibility Citizenship Development. The module
also received the University of Pretoria’s Community
Engagement Award in 2015.
The alumni indicated that they continued with
community outreach projects after completing the JCP
module. A high percentage of the enrolled students
indicated that they would continue with community
outreach projects after completing the module.
Some of the alumni, as well as enrolled students of
the University of Pretoria, confirmed the importance
of a service-learning module in the undergraduate
curriculum for non-service-related courses. This paper
may be a guideline for other schools and faculties of
engineering in South Africa to follow a similar model,
as the success of such a service-learning format has
been established and the feedback from the alumni
and enrolled students indicates a positive reflection
of the inclusion of a service-learning module in nonservice-related courses.
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The aim of this paper is to reconceptualise the
development of employability skills in electrical
engineering students from the University of Cape Town
(UCT), using two courses that are run in tandem as
a case study. The first course, New Venture Planning
(NVP) is a semester-long fourth year course during
which groups of students develop and work on a
hypothetical engineering-related entrepreneurial
idea. The second course is Professional Communication
Studies (PCS), during which students produce texts
related to their NVP project, for example a summary
of a business plan, a poster to investors and a group
presentation to potential funders. The study uses
Gee’s (1996) notion of discourse as a tool to move
beyond the traditional notion of skills development as
embodied by the “transfer metaphor”, whereby skills
developed in higher education are transferred wholly
and neatly once students enter the workplace. This is
done by assessing whether and how students employ
engineering discourse during their studies, thereby
developing understanding around how prepared
they are for the workplace. The data for the study was
collected via focus group interviews with students. The
findings show that students participating in the NVP and
PCS course coupling are constrained in their practice
of engineering discourse by the focus on academic
demands, lack of knowledge about the workplace
and the heavy weighting throughout the degree
programme on theory. However, their identities have
transformed through the development of personal
resources in response to academic challenges, the
focus on group work and the status that they perceive
arises from being a UCT graduate, all of which do
contribute to their level of preparedness for the
workplace.

Introduction To The Study
This paper considers the development of employability
skills in senior undergraduate engineering students,
using a fourth-year electrical engineering course at
the University of Cape Town (UCT) as a case study. The
development of these skills has become increasingly
pertinent in the light of changing conceptions
regarding the role that a university should play in
a society (Barnett, 1990, 1994; Collini, 2012; Habib,
2013; Waghid, 2008; Winberg, Engel-Hills, Garraway,
& Jacobs, 2013). One conception, curriculum
responsiveness, looks at how university curricula
respond to economic and non-economic imperatives
(Moll, 2004). This is expressed as “X is responsive to Y
by doing Z”, where X is the university curriculum and
the focus of interest is on the meanings of the other
two terms.
A particular focus on economic responsiveness turns
the lens towards the ways in which universities are
preparing qualified workers for key sectors of the
economy in order to increase economic productivity
(Moll, 2004, p. 3). This means that the qualifications,
knowledge and skills demanded by the economy
are being incorporated into the curriculum. One
way in which this occurs is the movement in higher
education internationally to develop what are variously
called core, generic or, for the purposes of this study,
employability skills in higher education (Gedye, Fender,
& Chalkley, 2004; Harvey, 2000; Mason, Williams, &
Cranmer, 2009; Oria, 2012). While the nomenclature
used to describe these skills is contested, what they
share is that they are not specific to any particular
subject area or career path, they are generic and
apply generally to the workplace, and they are
common to both general and vocational education.
Examples of these kinds of skills include communication
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skills, technological proficiency, teamwork and the
selection and evaluation of information.
The aim of developing these employability skills in
higher education is that newly employed graduates
are able to “hit the floor running” when they begin
their careers. Griesel and Parker (2009, p. 4) highlight
the Mayer Report (1992) and the Finn Report (1991)
from Australia, the Dearing Report (1996) from the
United Kingdom and the Secretaries Commission on
Achieving Necessary Skills (2000) from the United States,
as examples of publications that list skills that are seen
as essential features of employability. In South Africa,
the seven Critical Cross Field Education and Training
Outcomes (or Critical Outcomes) describe the generic
qualities that the National Qualifications Framework
has identified for development in students within the
country’s education and training system (SAQA, 2000).
These are: identify and solve problems using critical
and creative thinking; work effectively with others;
organise and manage oneself and one’s activities;
collect, analyse, organise and evaluate information;
communicate effectively; use science and technology
effectively and critically; and demonstrate an
understanding of the world as a set of related systems.
Focussing particularly on engineering education, these
employability skills are stipulated by the Engineering
Council of South Africa (ECSA) as requirements for
accreditation of an engineering degree programme.
There are ten exit-level outcomes that students
must exhibit in order to attain qualification as an
engineer, two of which relate directly to professional
communication training. These are exit-level outcome
6 (professional and technical communication) (ECSA,
2012, p. 5) and exit-level outcome 10 (engineering
professionalism) (ECSA, 2012, p. 6). As these are
requirements for accreditation, all South African
universities that offer engineering degrees must
find ways to integrate these outcomes into their
programmes.
There are various ways that employability skills can be
worked into degree programmes, both in engineering
and in other fields of study. Mason et al. (2009, p. 2)
outline some of the ways this is currently being done.
These include modifying existing course content,
introducing new courses and teaching methods,
and work experience initiatives for students. They also
make the distinction between embedding the desired
skills into discipline courses and offering standalone
courses that “bolt” on to the traditional academic
program. However, while the pedagogic means of
incorporating these employability skills may differ, the
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rationale behind their inclusion is the same: that it is
possible for employability skills that are developed in
higher education to transfer to a workplace context
once students graduate. For example, the assumption
is that if an undergraduate student learns how to write
a professional report during her studies, she will be able
to replicate this skill once she is employed.
This paper aims to move beyond this notion of
“transfer”, reconceptualising work readiness as an
adoption of a new discursive identity. Through the use
of focus group interviews with students, the paper sets
out to examine how, if at all, the students utilise the
discourse of engineering. In addition, it examines the
constraints and enablements that students encounter in
the development of a discursive identity of engineering
during the case study course and, more generally,
throughout the degree programme.

Context Of The study
As a case study, this study uses a course coupling
undertaken by fourth-year electrical engineering
students at UCT. This sees students working on two
courses in tandem. In the first course, New Venture
Planning (NVP), students work in self-selected groups
to develop a hypothetical engineering-related “new
venture”, which is a product/process that is a viable
moneymaking idea. In the semester-long course,
the students learn about aspects of developing an
engineering-related entrepreneurial idea, including
product conception, market segmentation and
financial projections, using their product/process as
an example. Lectures are held bi-weekly and students
are assessed via a test (10% of their course mark), the
development and presentation of a business plan for
their product/process (60% of their course mark), and
a final exam (30% of their course mark). The content
of both the test and the exam relates to material
covered during the course, with students required
to apply knowledge around financial processes, risk
assessment in the workplace and project management
to hypothetical business scenarios. Throughout NVP,
guest lecturers, successful entrepreneurs in the
electrical engineering field, are brought in to share
their insights. The course addresses ECSA’s exit level
outcome 5 (engineering methods, skills and tools,
including information technology) (ECSA, 2012, p. 6).
In the second course, Professional Communication
Studies (PCS), the students use the same product/
process and work in the same groups to develop texts
related to their product/process. Outputs from the
course are an executive summary of a business plan,
a poster for potential investors, a group presentation
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to potential investors, and a professional e-portfolio.
Students are assessed individually on all of these texts,
with the exception of the poster, which receives a
group mark. In addition, there is a particular focus
during the course on the development of practical
skills that the students will need when they get to the
workplace, including group work, job interviews and
negotiation skills. Students practice these skills during
class through small group activities and role-plays. The
course addresses ECSA’s exit-level outcomes 6 and 10
as described above.

These complexities notwithstanding, Bridges (1993, p.
50) highlights that while it may be interesting to identify
different transferable employability skills to be taught
in higher education, it is more intriguing to identify:

The NVP and PCS course coupling is compulsory for
all fourth-year electrical engineering students at UCT.
The NVP course has been offered since 2000, with
the PCS course being introduced as a parallel course
in 2004. In 2015, there were 148 students registered
for the courses. Of these, 18 were female and 130
were male. While there are two other courses in the
electrical engineering curriculum that focus on the
development of employability skills (third year courses in
Project Management and Professional Communication
Studies), the NVP and PCS course coupling was chosen
as a case study for this paper because of its explicit
aim to prepare students for the workplace as well as
its focus on group work. This makes it an appropriate
site for this study, which aims to reconceptualise the
development of employability skills in higher education.

In this way he redirects the area of focus from the skills
to be taught to how knowledge generalises across
social contexts.

Reconceptualising The Transition
From Student To Professional In
Engineering Education
While the incorporation of the employability skills into
higher education curricula is becoming increasingly
widespread (as discussed above), this is not without
complications. For example, even labelling and
defining these skills is extremely complex (Wilton,
2008, p. 146). Bennett, Dunne and Carré (2000)
provide a list of common synonyms for these kinds
of skills: key, core, generic, process, common, workor employment-related and soft. However, they also
highlight the ambiguities that exist around these terms.
Some of these include whether: all skills are potentially
transferable to a variety of settings or if is this limited
to skills of a particular nature; core skills are core to
particular disciplines or core to generic functioning in
industry; and specific skills mean the same thing to all
stakeholders. While it may be desirable for graduates
to have good communication skills, the specifics of
what this entails will differ in different industries and will
change over time. For example, a human resources
professional will need to communicate differently from
a factory foreman.

…what is is involved in the transferring skills or what
it is that enables someone with some knowledge,
learning, understanding or skill gained in one cognitive
domain and/or social context to adapt, modify or
exted it in such a way as to be able to apply it in
another.

One way of understanding this rests on what Beach
(1999, p. 106) calls “the transfer metaphor”, which
invokes the idea of transporting something from one
place to another. In this case, employability skills, such
as report writing or oral presentation skills, are picked
up by the student in higher education and carried over
neatly and wholly to the workplace where they are
applied. The “transfer metaphor” is enduring because,
as Billet (2013, p. 6) explains, developing adaptable
learning is central to the purposes of educational
institutions. Beach (1999, p. 105) calls this the
“functionalist epistemology of public education tasked
with preparing all students to be productive members
of a society viewed as static, neutral and hermitic”.
This is at odds with Street’s (1993) “ideological” model
of literacy, which claims that can be no such thing as
neutral, value-free, “packages” of skills. Rather, the way
students will need to be able to communicate once in
the workplace must be situated within complex cultural
and power structures in society.
Moreover, Fenwick (2013) points out that the transfer
metaphor is problematic because it assumes that
spaces and places (for example, higher education
institutions and the workplace) remain static and
stable while the individual moves between them. It thus
ignores the “continuous dynamics through which space
is open, relational and multiple, socially produced and
productive of social relations” (Fenwick, 2013, p. 361),
flattening out the journeys individuals actually trace
as they transition from, between and to new contexts.
In order to move beyond the transfer metaphor,
Beach suggests a broadening; according to him,
knowledge generalisation is better understood as “the
continuity and transformation of knowledge across
various forms of social organisation involving multiple
interrelated processes rather than a single analysis of
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transfer” (2003, p. 41). This means that generalisation
is reconceptualised from a unidirectional procedure
(as in the transfer metaphor) to one that involves
changes in both individuals and organisations, as
well as in their changing relations to each other. In
this conceptualisation, learning to write a business
proposal for a new engineering venture is more than
just a decontextualised application of skill. Rather,
it represents “the construction of new knowledge
identities, ways of knowing, and new positionings
of oneself in the world” (2003, p. 42). This relates to
the acquisition of a new discourse (Gee, 2008), as is
discussed in the next section of the paper.

to an engineering business idea, and the production
of engineering-industry texts, which provide the
students with experiences like those they will face in
industry (Jordan, Carlile, & Stack, 2008, p. 206), the
NVP and PCS course coupling aims to provide this sort
of environment for fourth year electrical engineering
students. This creates opportunities for students to
learn to read, write, speak and think like professional
engineers (Allie et al., 2009). However, the extent to
which this is possible, given its ultimate grounding in an
academic environment (with the concomitant marks,
assignments, due dates and classrooms), is difficult to
know, and it is this that this study probes.

Employability Skills
Development As The Acquisition
Of The Discourse of Engineering

Method For Data Collection And
Analysis

Gee defines discourses as “ways of being in the world,
or forms of life which integrate words, acts, values,
beliefs, attitudes, and social identities, as well as
gestures, glances, body positions, and clothes” (1996,
p. 127). He goes on to distinguish between primary and
secondary discourses. A person’s primary discourse is
the discourse into which he/she is born, which serves
as a foundation for the acquisition and learning of
other discourses later in life. These other discourses,
which Gee refers to as secondary discourses, are
those discourses that are formed through association
and interaction with institutions beyond the family, for
example schools, workplaces, stores and businesses
(1996: 142). Each person is a member of many
discourses at the same time, and these may be
compatible or in conflict with one another.
Applying this idea to teaching and learning, Gee
posits that students are never just taught reading
and writing. Rather, in order to succeed, students
must master the discourse that is dominant in their
context. In this study, this relates to the discourse of
engineering. Allie et al. understand this as “certain
ways of using language, acting, interacting, behaving,
believing, using tools, sign systems, and so forth, which
characterise a particular community” (2009, p. 361).
This idea of community is fundamental; by taking on a
discursive identity (Brown, Reveles, & Kelly, 2005, p. 783),
individuals use a particular discourse knowing that this
will signal their membership of particular communities.
The classroom, Allie et al. (2009) explain, is an important
opportunity for students to start experimenting with
these new identities.
Through its focus on experiential learning, the emphasis
on small group work, the application of knowledge
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The data for this study was collected by means of
semi-structured focus group interviews with fourth year
electrical engineering students in their NVP groups.
The choice was made to hold focus group interviews
(as opposed to individual interviews) because of
the emphasis on the interaction within the group
and the potential that this creates for the views of
the participants to predominate, as opposed to a
backwards and forwards with the interviewer (Cohen,
Manion, & Morrison, 2000, p. 288). Three interviews were
held, with a total of twelve students taking part. The
groups were selected in order to provide a purposive
sample that was diverse with respect to race, gender
and age. After some initial introductory questions, the
focus group interviews dealt with: skills and knowledge
developed as part of the electrical engineering
degree; concerns facing electrical engineering
students as they consider their futures as professionals;
the importance of employability-skills development
initiatives in higher education; student motivation; and
future professional plans.
The interviews were transcribed and analysed using
Computer Assisted Qualitative Data Analysis Software
package Nvivo. Maxwell’s (2012, pp. 111–113)
organisational, theoretical, and substantive categories
were used in this analysis. The decision to adopt a
qualitative approach to data collection and analysis
is in line with the interpretist paradigm of the research,
which is focussed on “harnessing and extending
the power of ordinary language and expression to
help us understand the social world” (Terre Blanche,
Kelly, & Durrheim, 2006, p. 274). While quantitative
methodologies such as surveys are appropriate for
positivist research that has as its aim generalisability
and prediction (Martin, Maytham, Case, & Fraser, 2005,
p. 169) this study, which aims to understand whether

Proceedings of the 3rd Biennial Conference of the South African Society for Engineering Education

and how students experiment with new discursive
identities, is better suited to qualitative methods, which
can be used to identify variables that are relevant to
the research and to generate hypotheses about how
these may be related (Terre Blanche et al., 2006, p.
273). With regards to sample size, Cohen et al. (2000,
p. 95) explain that sampling size is always determined
to some extent by the style of the research. Thus, while
a quantitative study may require a large sample size in
order to achieve generalisability, qualitative research,
with its focus on understanding in context, can be
carried out with a smaller, well-chosen sample.

Research Findings
Lack of awareness of what to expect in the workplace
The interviews show that the students have little sense
of what to expect once they graduate, are hired, and
enter into industry. In their discussions, some students did
draw on their experience in the workplace as part of
vacation work, however others reported not having yet
completed this, or having instead undertaken practical
learning opportunities. For the most part, however,
students expressed a sense of insecurity regarding
whether there would be a correlation between the
knowledge developed in higher education and the
tasks that they will have to carry out once they enter
the workplace. This is clearly indicated in the exchange
below:
Student A: I’m concerned for when I get hired. Do I
know enough?
Student B: Ja, I also have that fear of once I graduate,
I won’t be able to do what they give me.
Student A: Ja, what do they expect from me…
Student B: Straight away. It’s always been one of my
fears… In the first, on the first day, what am I going to do?
There was an acknowledgement by certain students
that the skills developed in the NVP and PCS course
coupling would be useful when they enter the
workplace. Particular skills cited were presentation
skills, teamwork and interview skills. Also, those students
who want to start their own businesses in the future
highlighted the financial focus of the NVP course as
particularly useful. However, the general sense from
the interviews was that the students believe that
one can only really know what to expect from the
workplace once one is actually there. Preparation
in higher education, they explain, while useful to a
certain point, is no substitute from the actual learning
that will take place once they take on their new roles
as professional engineers.

Focus on the academic imperatives of the degree
A common thread running through all the interviews
is how challenging the electrical engineering degree
programme is, both intellectually and emotionally.
Intellectually, students describe the challenge of
mastering large amounts of content across a number
of courses, juggling hand-in dates and assessments.
Failure of courses has severe repercussions for students
in terms of adding time on to the degree programme
and the financial cost of having to pay to re-take the
course. As a result, they describe the strategies that
they develop in order to pass, including all-night study
sessions and sleeping in the university laboratories.
Emotionally, students describe the psychological
repercussions of poor results and course failures. This is
particularly the case for those students who were high
achievers at school and have to deal with the change
in their status. Additionally, there is an awareness of
the sacrifices students make because of the amount
and nature of the academic work. Students describe
giving up hobbies like drawing, creative writing and
rapping and not being able to spend time with family
and friends. Also, some mentioned that while those who
succeed in particular subjects often do so because
of their personal passion and concomitant additional
efforts, it is hugely challenging to find time to do extra
reading or spend extra time in laboratories to fuel this
passion.
An example of this emerged from a discussion during
the interview about the guest lecturers in the NVP
course. Student C felt that these guest lecturers were
unnecessary and a waste of her time. Student D initially
disagreed:
Student D: The guest lecturers, it is nice. Although we
could go on YouTube and we could watch videos
about businesses, now we have them in the lecture
room. We can ask them questions… I find it more
engaging compared to, like, you know, just looking
at something on line. I guess my only concern would
be if there’s an exam…
Student C: Not if! There is an exam.
Student D: So now, that’s an issue. What are they going
to examine us on?
Student C: We still have to pass.
Thus, even though Student D saw educational value
in the guest lectures, his concern was drawn back to
the academic imperatives of the course, in this case,
the exam.
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Reconceptualising Employability Skills: Constraints and Enablements to Discursive Identity
Development in Electrical Engineering Students ...continued
Importance of group work and social networks
The group work that was discussed during the interviews
took two forms: formal and informal. Formal group
work, such as that required by the NVP and PCS
course coupling, sees student working together to
complete required academic tasks. In the interviews,
students highlighted both the positive and the negative
aspects of such work. On the one hand, group work
encourages students to interact with others and
to share the workload, while on the other hand,
lack of communication and planning can lead to
disorganisation, making the task more challenging
then it would be individually. One student voiced her
frustration around a particular group activity in the
PCS course. She felt that she had done most of the
work on the poster to investors. Because the other
students hadn’t contributed, she felt that the poster
was not up to standard. Another member in the group
countered that she had tried to contribute, but felt
that her opinions were not considered. This typifies the
sort of challenges that students experience in formal
group work.
Informal group work refers to the networks that students
develop between one another as support throughout
the electrical engineering degree programme. In one
case, this network was quite established. One student
explained that he and 11 of his classmates had
gravitated towards one another at the end of first year,
and ever since then had relied heavily on each other
for help with understanding difficult concepts, catching
up missed work, preparing for assignments, tests and
exams, and so on. However, for other students, these
informal groups are less structured and simply constitute
opportunities to discuss complex content and develop
new ways of understanding the material.
Balance between practice and theory in the degree
The interviewed students were very vocal about a
perceived imbalance between theory and practice
in the undergraduate electrical engineering degree.
Many feel that the degree places a heavy weighting
on theoretical concepts, without creating adequate
opportunities for practical implementation until fourth
year. Students felt that this was detrimental in two ways.
Firstly, not having opportunities to apply the theory that
they have learnt makes it more difficult to understand
the complex concepts and ideas. Student E explained
this idea in the following way:
Student E: When you do something practically, you
actually get results there and then. Like, with theory,
you’re doing calculations, you just get the answer as
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five, but you don’t really know how five affects the
system. But when you actually do it, lets say you’re
actually building a circuit, and then you actually
find that, no, five wasn’t enough, the LED’s still off,
so then you have to actually now improvise? And
actually find a different way to make the system
and you update the theory and you’re like, ‘This
actually doesn’t work, you have to do this and that
and that.” So it’s like doing stuff practically actually
in a way improves the theoretical part as well.
The second way that students feel the focus on theory
in the first three years of the degree disadvantages
them is that it does not adequately prepare them for
the workplace. As Student F explains:
Student F: … when you actually go out into the industry
when you’re gonna be working, you’re gonna be
working with practical systems, not theoretical or
imaginary systems, and that’s one of the things that
makes it even more important.
Nevertheless, it appears that students are critical
of having to undertake practical tasks that do not
directly align with the nature of the work that they
will be doing as professional engineers. For example,
when asked about the value of creating the aforementioned poster to investors for the PCS course,
most students were critical of the learning value of
the assignment. This, they explained, was because if
they were entrepreneurs, they would hire a professional
graphic designer to carry out this sort of work.
“Prestige” of being a UCT graduate
Every student interviewed as part of this study stated
that a deciding factor in his/her choice to study at UCT
was that it is the “best university in Africa”. They clearly
identified a level of prestige with attaining a degree
from this university, which they understand will translate
into tangible benefits for them in a number of ways in
the future. Firstly, the international accreditation of the
electrical engineering degree programme means that
they will be able to work overseas if they wish to in the
future. Secondly, some students believe that being a
graduate from UCT will be advantageous for them
when they are looking for jobs. Student G expresses
this assertion:
Student G: And if someone wants to hire you, they’re
gonna know, “Ok, this guy went to UCT” and if you’re
in engineering they already know, “OK, students who
go to UCT will come out like XY and Z” and that’s what
they’re looking for.
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Additionally, students spoke about the social status
that comes with being a UCT student and graduate.
They describe going home to their families and friends
and being recognised and acknowledged for this
fact. While this brings a level of repute, it also carries a
pressure to succeed and a responsibility. One student
felt like he was setting the bar for other people from
his hometown and that this spurred him on to achieve.

Discussion of findings
From the findings above, it is clear that while the NVP
and PCS course coupling does create opportunities for
students to practice the kinds of skills that they will need
when they enter industry, the students’ primary focus
at present is on mastering the academic discourse,
not the discourse of professional engineering. This
presents a constraint on the students’ development
of a discursive identity. While the students understand
the value of the two courses and appreciate them
for their interest factor, deadlines, exams, assessments
and ultimately passing the courses and the degree
programme are of primary importance. Thus they are
unable (or perhaps, unwilling) to allocate the personal
resources such as time, effort and energy to practising
reading, writing, speaking and thinking like engineers
in industry (Allie et al., 2009).
Hence, while a course like PCS does specify outputs
that require students to perform skills-based tasks that
they might one day encounter in the workplace,
these remain firmly located within an academic
framework, since students know that they will be
assessed on them. This often leads to the adoption of
a surface approach to learning (Ramsden, 2003, p.
47), whereby the students’ intention is only to complete
the task requirements, not to understand or to relate
previous knowledge to new knowledge. The demands
of academic assessment have been shown to cut
knowledge off from everyday reality. In the example
of the NVP and PCS course coupling, this would mean
that because of their focus on fulfilling the course
requirements, students do not make connections
between what they are doing in the classroom and
what they will one day do in the workplace. They
are not, therefore, taking on the discursive identity of
engineering.
Another constraint in the students’ development of
a new discursive identity is their lack of knowledge
of what to expect in the workplace. While the
students recognise that employability skills such as
communication, teamwork and negotiation are valued
in industry, they have little concrete understanding of
how these will actually need to be applied. While the

fact that the NVP groups develop a product/process
that they work on throughout the semester does
encourage a more coherent, applied approach to the
skills developed in the PCS course, the project remains
purely hypothetical. Students aren’t starting real
businesses. When they learn about financial planning
in the NVP course, there’s no real financial risk involved.
Their group presentation to investors is actually directed
at an audience of classmates and their PCS lecturer.
The learning tasks are not authentic, and as such the
students are not pushed to truly practice engineering
discourse.
This is compounded by the focus on theory throughout
the degree programme. The students’ assertion that
the first three years of the electrical engineering degree
is very theory-heavy indicates that they are not being
exposed to the discourse of engineering throughout
their studies. Although attempts are made to do this
in fourth year, particularly in the NVP and PCS course,
one could argue that this is a case of too little, too
late. From a discursive perspective, the lack of ongoing exposure to the practical world of professional
engineering from the start of the degree places a large
burden of expectation on fourth year students, who are
now expected to master a brand new discourse that
they are only just beginning to understand.
Nevertheless, if work-readiness is reconceptualised from
straight transfer to identity transformation, then there
are certain fundamental ways in which the NVP and
PCS course coupling, and the degree programme in
general, prepare students for their professional lives.
These are indicated by the ways that students express
their own identity development over the course of
the programme. For example, the highly pressurised
academic environment means that students have had
to develop personal resources such as tenacity, selfreliance, time management and project management.
The group work discussed above, both formal and
informal, has taught students how to interact with
others, how to delegate, how to network amongst
peers and how to resolve conflict. The prestige
associated with being a UCT student has instilled
confidence and self-belief in the students. There is no
doubt that their experience in their undergraduate
degree programme has enabled a fundamental
change in these students, and that this transformation
will carry over into the workplace.
Conclusion and future research
The NVP and PCS course coupling makes explicit
its aim to develop employability skills in fourth year
undergraduate electrical engineering students.
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Development in Electrical Engineering Students ...continued
Reconceptualising this process from straight skills
transfer to identity transformation amongst students
allows for a more nuanced understanding about how
students are prepared for the workplace while in higher
education. Gee’s notion of discourse provides a tool
through which to assess whether and how students
begin experimenting with new professional engineering
identities. The results of this study show that students
participating in the NVP and PCS course coupling
are constrained in their practice of engineering
discourse by the focus on academic demands, lack
of knowledge about the workplace and the heavy
weighting throughout the degree programme on
theory. However, their identities have shifted through
the development of personal resources in response
to academic challenges, the focus on group work
and the status that they perceive arises from being a
UCT graduate. This identity shift would appear to be
preparing the students more generally for professional
life as it does not appear to focus explicitly on the kinds
of skills and competencies that will be needed in the
engineering workplace.

Beach, K. (1999). Consequential transitions: a
sociocultural expedition beyond transfer in education.
Review of Research in Education, 24(1), 101–139.

There is much scope for future research in this area.
Firstly, the students from this study could be interviewed
at the end of the NVP and PCS course coupling in order
to ascertain whether and how they have transformed
over the course of the full semester. Secondly, electrical
engineers in industry could be surveyed to develop an
understanding of their work. This could be compared to
the tasks included in the NVP and PCS course coupling
to determine how aligned the curriculum is to actual
engineering discourse. Finally, similar studies could
be carried out on other employability skills building
initiatives in higher education in order to compare the
efficacy of these.

Brown, B. A., Reveles, J. M., & Kelly, G. J. (2005).
Scientific literacy and discursive identity: A theoretical
framework for understanding science learning. Science
Education, 89(5), 779–802.
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Abstract
The main purpose of this research study is to explore
whether teaching and learning mathematics using
engineering application problems (EAPs) improve
students’ understanding and per formance in
mathematics. In addition, the study aims to determine
the achievement emotions that are present during the
course of mathematics learning and whether these
emotions change as a result of doing mathematics
through EAPs. The study also probes students’
experiences about learning mathematics through
EAPs. The data collection involved a mathematics
pre-test, an intervention (tutorial sessions for the
experimental group where they learn mathematics
by solving EAPs) and a mathematics post-test. A
questionnaire to determine students’ achievement
emotions pertaining to mathematics was completed
before the intervention and again after the
intervention by both the experimental and control
groups. A focus group interview was conducted with
a sample of students’ of the experimental group to
determine the benefits and challenges of learning
mathematics solving EAPs. The results indicate no
significant difference (p > 0.05) between the groups
regarding their mathematics performance although
the mean scores of the experimental group increased
by a higher percentage for the post-test. In addition,
the results indicate a significant (p < 0.05) increase
in anger towards mathematics after the intervention
phase of students in the experimental group. It is
possible that the students reported on their emotions
towards mathematics in general, as opposed to the
mathematics they were doing during the intervention.
However, the experimental group students reflected
positively about their experiences of mathematics as
a result of their engagement in the tutorial sessions.
This study adds to the body of knowledge on positive
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emotions towards mathematics and improving
performance in mathematics.

Introduction
South Africa has a critical shortage of students
matriculating with mathematics and science pass
rates that qualify them for further study in Science,
Technology, Engineering and Mathematics careers
(Fricke, Horack, Meyer, & Van Lingen, 2008). Although
there is an increasing number of young South Africans
who pass the National Senior Certificate (NCS), the
following concerns about their performance in the
gateway subjects of mathematics and physical science
are raised: 1) the proportion of learners enrolled for
mathematics (rather than mathematics literacy) and
physical science in the further education training phase
and 2) the quality of passes achieved. In addition,
the basic education department’s reports indicate a
17% decline in the number of candidates who wrote
mathematics between 2009 and 2013 which was from
about 290 400 to 241 400. At the same time, the number
of candidates writing mathematics literacy rose sharply
to 58% of the 2013 cohort (Campbell & Prew, 2014).
Against this backdrop the Department of Higher
Education and Training (DHET) provided funds for
three years to the Tshwane University of Technology
(TUT) to embark on a research project with the aim of
improving the teaching and learning of Mathematics
1 for engineering students.
Since 2008 Engineering Extended programmes for Civil,
Electrical, Industrial, Mechanical and Mechatronics
Engineering have been offered at TUT. Mathematics
(Extended) 1 is offered for all the different fields.
Students placed in these programmes do not meet
the minimum requirements for direct entry into
diploma courses and normally have barriers in terms
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of background knowledge and skills, especially in
mathematics and science. These students are placed in
small group classes (maximum 40 students) where they
have an extended period of one year to complete the
six-month S1 course. Experienced lecturers with a solid
understanding regarding problematic areas normally
encountered by students teach these subjects. The
students attend three 1½ hour sessions with these
lecturers per week.

Purpose of the research
There is a growing recognition among mathematics
educators that “a serious mismatch exists between
the low-level skills emphasised in test-driven curriculum
materials and the kind of understanding and abilities
that are needed for success beyond school” (Lesh
& Zawojewski, 2007, p. 763). These authors support
the notion that people learn mathematics through
problem solving and that they learn problem solving
by creating mathematical models (Lesh & Zawojewski,
2007). Lesh and Doerr (2003) propose the use of model
eliciting activities for students to reveal their thinking,
and prove, revise and refine their ways of thinking
with a particular purpose. Model eliciting activities are
defined as real life situations that require conceptual
tools where students have to create models to describe
and explain the situations Lesh & Doerr, 2003).
Given this background the main purpose of this
research study is to explore whether teaching and
learning mathematics using engineering application
problems (EAPs) improve students’ understanding and
their performance in mathematics. In addition, the
study aims to determine how students’ achievement
emotions regarding mathematics change as a result of
engaging with the mathematics through EAPs. Hence
the research questions that guide this study are:
1) How does the teaching and learning of mathematics
using engineering application problems enhance

students’ understanding of and performance in
mathematics at a Higher Education institution?
2) How do students’ achievement emotions change
as a result of engaging with the mathematics
through EAPs?
3) What are students’ experiences about learning
mathematics through EAPs?

Theoretical and conceptual
framework
The main concepts that this study aims to address
are the teaching and learning of mathematics using
EAPs and students’ achievement emotions regarding
mathematics. The research approach was conducted
within the model and modelling (MM) perspective,
situated in the sociocultural learning theory. These
concepts are discussed in the next section.
The model and modelling perspective
Within the boundaries of the traditional mathematics
curriculum “real life” applied problems are assumed
to be the most difficult types of problems to solve (Lesh
& Zawojewski, 2007). Such problems are commonly
addressed only after computational procedures have
been learned and practiced on story problems (or
word problems) and problem-solving strategies have
been taught. From the MM perspective, learning of
mathematics takes place through modelling (Lesh
& Zawojewski, 2007). This means that students begin
their learning experience by developing conceptual
systems (models) to make sense of a real-life situation.
Mathematical models are models that mimic reality
by using the language of mathematics (Bender, 2000).
According to Lesh and Doerr (2003) models are systems
of elements, operations, relationships and rules that can
be used to describe, explain, or predict the behaviour
of some other familiar system.

Figure 1. Views of problem solving: traditional versus modelling
(adapted from Lesh & Doerr, 2003).
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Teaching and learning mathematics using engineering application
problems ...continued
The first diagram in Figure 1 illustrates how applied
problem solving is treated as a subset of traditional
problem solving, while in the second diagram
traditional problem solving is treated as a subset of
applied problem solving (Lesh & Doerr, 2003). Wessels
(2014) argues that in contrast to a narrow view of
problem solving where a single cycle process is used to
get the answer to a routine problem, modelling consists
of multiple problem solving cycles.
Dossey et al. (2002) define modelling as a process
through which reality-based situations are represented
through the use of mathematics. During this process
meaningful mathematics is learned through which
real-life situations can be understood, predicted and
controlled. According to Wessels (2014) the modelling
process involves gradually stripping the context
away and shaping the question into a mathematical
problem. The mathematical problem is then solved
and interpreted in the reality-based context wherein
it is set. The modelling process begins with a model
eliciting activity, which, according to Mousoulides et al.
(2009) differs from traditional problem solving in at least
two ways. First, in solving modelling problems students
need to use and interconnect mathematical concepts
and operations (Lesh & Zawojewski, 2007). This can
result in opportunities for students to make sense of the
realistic situations they need to mathematize. Second,
in modelling activities students are encouraged to
create models that are applicable to a range of
similarly structured situations, and as a result, they can
generalise and extend their solutions (English, 2006;
Doerr & English, 2003; Wessels, 2014).
Lesh and Zawojewski (2007) mention four characteristics
of the MM perspective when used by researchers: 1)
The conceptual models researchers use to study and
understand mathematical problem solving are
expected to be continually under design;
2) The research activity is organised around the
production of products and tools that are tested in
the classroom;
3) An increased emphasis on theory development and
a decreased emphasis on theory borrowing should
prevail and
4) The perspective embraces a goal of producing
results that need to be generalizable. Bearing these
four characteristics in mind, this study is designed
to inquire more broadly into the nature of learning
in a complex system of teaching and learning
mathematics at a tertiary institution and aims to
generate a model of successful innovation which
can lead to theory development.
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Linking model and modelling perspectives to theory
MM perspectives (and EAP solving) naturally emphasize
sociocultural influences on learning and the nature
of what is learned. The notion of communities of
practice emphasises the fact that knowledge is also
socially situated. The sociocultural theory of teaching
and learning is based on the work of Vygotsky, who
believed we learn from others more competent in
culturally appropriate skills and technologies (1978).
Sociocultural learning theories emphasise learning that
is learner-centred and provide insight into collaborative
approaches to student learning. These theories take
into account the social and cultural aspects of
acquiring knowledge.
Lesh (2006) believes that when problem solvers interpret
realistically complex problem solving situations, the
conceptual systems that they engage are not purely
logical or mathematical in nature. They also involve
beliefs, attitudes, dispositions, values, problem solving
processes, and other attributes of a mathematics
learning and problem solving personae (Lesh, 2006).
Achievement emotions in mathematics
Emotions represent individuals’ reactions to stimuli,
together with their judgements on the circumstances
surrounding the stimuli (Valiente, Swanson & Eisenberg,
2012). Hannula et al. (2004) believe that emotions are
connected to personal goals and affect cognition
in terms of both attention and memory. Kort, Reilly
and Picard, as cited by May & Fray (2010), states that
positive emotions can enhance learning, whereas
negative emotions can disable learning. As a result
emotions form an integral part of the learning process
(May & Fray, 2010).
Pekrun, Goetz and Frenzel (2005, p.2) view emotions “as
sets of interrelated psychological processes including
affective, cognitive, physiological, and motivational
components”. Achievement emotions are defined
as emotions that are directly linked to achievement
activities or achievement outcomes (possible success
or failure) (Pekrun, 2006). Activity emotions related to
current achievement activities are also considered
achievement emotions (Schutz & Pekrun, 2007).
Examples of emotions pertaining to achievementrelated activities are enjoyment of learning, boredom
experienced in classroom instruction, or anger at the
task demands of academic learning (Pekrun et al.,
2005). For the purposes of this study, we will focus on
domain specific achievement activities, namely, the
domain of mathematics.
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Pekrun (2006) designed the Control-Value Theory
of Achievement Emotions, in order to develop an
integrative framework for understanding emotion
in education. The key element of the theory is that
“individuals experience specific achievement
emotions when they feel in control of, or out of control
of, achievement activities and outcomes that are
subjectively important to them, implying that control
appraisals and value appraisals are the proximal
determinants of these emotions” (Schutz & Pekrun,
2007, p.16).
Most studies on emotion and achievement focuses
on negative emotions, such as anxiety (Valiente,
Swanson, & Eisenberg, 2012). However, a few studies
done in the area of positive emotions have shown a link
between positive emotions and achievement (Valiente
et al. 2012). Since emotions are highly subjective
researchers rely on the use of self-report measures
to assess emotional experiences in participants. In
this regard Pekrun et al. (2005) have developed an
Achievement Emotions Questionnaire – Mathematics
(AEQ-M) to measure the emotions in students’ learning

and performance in mathematics activities. There are
seven emotions, believed to be present in academic
settings, which are measured by the AEQ-M, namely
enjoyment, pride, anger, anxiety, shame, hopelessness
and boredom. Enjoyment and pride constitute positive
emotions, whereas anger, anxiety, shame, hopelessness
and boredom constitute negative emotions.
Illustration of theoretical and conceptual framework
The theoretical and conceptual framework for this
study can be illustrated using two diagrams to present
the bifocal lenses this study uses to investigate firstly the
students’ performance and learning of mathematics
and secondly the achievement emotions associated
with the mathematical modelling process. Figure 2
indicates how the MM perspective is embedded in
the socio-cultural theory where students from different
cultural backgrounds using different home languages
solve EAPs cooperatively with the assistance of a tutor.
Figure 3 illustrates seven achievement emotions that
students might experience in a mathematical context.

Figure 2. The socio-cultural theory and perspective of this study

Figure 3. Achievement emotions in mathematics
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Teaching and learning mathematics using engineering application
problems ...continued

Methodological considerations
Engineering application problems
A textbook which is intended to provide firstyear engineering students with a comprehensive
introduction to the application of mathematics in
engineering (Rattan & Klingbail, 2015) was issued to
the students in the experimental group for use during
their once a week tutorial sessions. This textbook
includes mathematics topics ranging from precalculus
and trigonometry through calculus and differential
equations, with all topics set in the context of an
engineering application. The experimental group tutor
uses this textbook to provide the students with real
world application problems applicable to the field
of engineering. The tutors who conduct the tutorial
sessions with the control group revise the mathematics
that was taught by the lectures in class during the
tutorial sessions. Both groups therefore have tutorial
sessions in addition to their normal mathematics
lectures, but the content differs.
Research site and sampling
The research site for this study was a University of
Technology in Gauteng. A sample of 176 first-year
engineering students registered for the Extended
Engineering programme was selected from the
population of 480 first year engineering students.
Thirty seven mechatronic engineering students form
the experimental group. This field of engineering was

selected as the experimental group because there is
only one group in this field. The control group consists
of 137 students in the fields of mechanical engineering,
civil engineering and electrical engineering. The criteria
for selection as a participant included the factors of
convenience, access, and willingness of participants.
All students were invited to take part in the research
project even though the sample sizes were unequal,
as the faculty decided that students would not be
excluded if they chose to participate. The expectations
of the study were presented to the participants verbally
and in writing.
Research design
A research design is a plan or strategy that moves from
the underlying philosophical assumptions to specifying
the selection of respondents, the data-gathering
techniques to be used and the data analysis to be
done (Nieuwenhuis, 2010). Because this study has a
quantitative component (measuring whether doing
mathematics using EAPs improve performance, and
whether achievement emotions change as a result
of the intervention), as well as a qualitative focus
group interview with students about their experiences
regarding learning mathematics through EAPs, the
study falls within the field of mixed-methods research.
The mixed-methods research design to be employed
is a pre-and post-test control group design, followed
by a qualitative interview illustrated in Figure 4 below.

Figure 4. Mixed methods pre-test/post-test research design for the study

From the figure it is clear that the research approach
is mainly quantitative, indicated by the “Quan”
sections, with a qualitative component indicated by
the “Qual” section. The first bubble in the diagram
indicates the pre-test that both the experimental
group (E) and control group (C) will write. The second
bubble in the diagram indicates the emotions pre-
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test (AEQ-M) questionnaire for both groups. The third
bubble indicates the intervention phase of the project.
The post-tests for both the mathematics and emotions
are incorporated in the fourth bubble. Lastly the
qualitative part is illustrated by the fifth bubble where
the experimental group’s experiences of the project
will be explored through a focus group interview.
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A discussion of the methods of data collection follows.

the textbook they use (Rattan & Klingbail, 2015). The
control group also engaged in tutorial sessions but the
mathematics content was dealt with in the traditional
way. Two tutors assisted the students with their queries
and problems they experienced in class and helped
them with assignments and homework.

Methods of data collection
The data collection took place in four phases.
The initial phase of data collection consisted of a pretest in each of the two relevant domains that both
the experimental and control groups wrote before the
onset of the research study. The mathematics pre-test
consisted of a selection of questions from the 2014
International Exam Board (IEB) matric examination
to provide an indication of the students’ proficiency
in school mathematics. The achievement emotions
pre-test consisted of an Achievement Emotions
Questionnaire – Mathematics (AEQ-M) (Pekrun, et
al., 2005), adapted for university students. The AEQ-M
measures seven emotions relating to mathematics:
Enjoyment, pride, anger, anxiety, shame, hopelessness,
and boredom. Items are presented in three sections
which pertain to emotions relating to mathematics
class attendance, studying and doing homework
assignments in mathematics, and taking tests and
exams in mathematics. The AEQ-M was completed
by both the experimental and the control groups.

During the post-test phase the students’ performance
on two major tests was computed to establish
whether the intervention had any impact on the
experimental group’s understanding and performance
in mathematics compared to the performance of the
control group writing the same tests. The AEQ-M was
administered as a post-test to both the experimental
and control groups in order to establish whether the
intervention resulted in changes in the emotions first
recorded in the pre-test.
During the final phase of data collection a sample
of students in the experimental group reflected on
learning mathematics through EAPs to establish the
benefits and challenges they experienced during the
process. The focus group interview was transcribed
verbatim.
Relationship between research questions and data
collection techniques

During the intervention phase the experimental group
engaged in seven tutorial sessions which was facilitated
by a tutor. In all the sessions the tutor captures the
students’ attention by an introductory video (they
dealt with vectors and matrices during the first cycle
sessions) and then links it to application problems in

Table 1 illustrates the relationship between the research
questions and data collection techniques for this study.

Table 1. Year-end results of students who failed both mathematics and physics first tests.

Research question

Data collection technique

Purpose

Question 1:
How does the teaching and
learning of mathematics
within the MM perspective
enhance engineering
students’ understanding of and
performance in mathematics at a
Higher Education institution?
Question 2:
How do students’ achievement
emotions change as a result of
engaging with the mathematics
through EAPs

• Pre-test (2014 IEB matric exam
paper)

• To establish students’ level of
understanding of the Grade 12
mathematics content
• To establish whether the tutorial
sessions had an impact
on students’ performance
compared to the control group

Question 3
What are students’ experiences
about learning mathematics
through EAPs?

• Post-test (combination of 2
major tests written by all
extended engineering students)
Pre-test (AEQ-M)
Post-test (AEQ-M)

Focus group interview

• To determine which of the seven
emotions are predominantly
experienced by students in the
domain of mathematical learning
• To establish whether these
emotions have changed as a
result of the intervention
• To establish whether there is a
between-group difference for
emotions experienced in the
post-test when compared to the
control group
• To establish benefits and
challenges about learning
mathematics using EAPs.
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Ethical considerations
According to Burns (2000), both the researcher and participant must have a clear understanding regarding
the confidentiality of the results and findings of the study. Ethical clearance to conduct the study was obtained
from the Research Ethics Committee of TUT with a formal clearance number. All participants received a letter of
consent which informed them about the study, exclusion criteria, potential benefits of the study, their rights as
participants and confidentiality. Results are presented in an anonymous manner in order to protect the identities
of the participants.

Results and discussion
Mathematics pre-and post-test results
Table 2 gives descriptive statistics of the performance of each of the groups.
The pre-test analysis indicates that, although the control group consisted of a significantly larger sample than the
experimental group, their average is more than 7% higher. A ranksum test was performed and after adjusting for
the differences in variance, a t-test was also performed. The results of the tests confirmed that the difference in
pre-test averages is statistically significant, i.e. that there is a less than 5% probability that the observed pre-test
differences are due to chance.
Table 2. Group statistics

Group
Pre-test
Post-test

Experimental
Control
Experimental
Control

N

Range

Mean

Standard
Deviation

37
137
37
137

54
81
68
71

42,6000
50,0797
54,8571
57,3536

12,6426
17,5533
13,9266
14,6761

The post-test analysis indicates that the mean scores of the experimental group on average improved by more
than 12% and the control group by less than 7%. After adjusting for differences in pre-test averages, a t-test and
a ranksum test were performed. The results confirmed a more distinct improvement for the experimental group,
but indicated that the null hypothesis (means are equal) cannot be rejected at the 5% significance level. The
ranksum test indicates that there is a 8% probability that the observed differences are due to chance (p = 0.08).
Although there is no significant difference between the two groups’ performance on the mathematics pre-and
post-tests (p > 0.05), the mean results still support previous research that modelling activities (EAPs) might lead to
significant forms of learning (Lesh & Doerr, 2003; English, 2006; Lesh & Zawojewski, 2007). It seems that students’
engagement with such mathematical tasks results in developing mathematics concepts through the need to
develop powerful mathematical ideas in order to solve application problems (Mousoulides, 2009).
AEQ-M results
Table 3 contains the descriptive statistics for each of the seven emotions in the pre- and post-tests of the
experimental group. After adjusting for variance a paired t-test was performed on the seven emotions to establish
within-group differences for the experimental group. Results revealed a significant difference (p < 0.05) in only
one emotion. There was an increase in anger (p = 0.006), indicating that the experimental group demonstrated
more anger in the post-test. Shame, hopelessness and boredom also increased, but this is not significant at p < 0.05
(p = 0.09, p = 0.08, and p = 0.09, respectively, indicating that there is a less than 10% probability of the observed
differences being due to chance).

165

Proceedings of the 3rd Biennial Conference of the South African Society for Engineering Education

Table 3. Experimental group statistics

Pre-test

Post-test

Emotion

N

Range

Mean

Standard
Deviation

Enjoyment
Pride
Anger
Anxiety
Shame
Hopelessness
Boredom
Enjoyment
Pride
Anger
Anxiety
Shame
Hopelessness
Boredom

38
38
38
38
38
38
38
38
38
38
38
38
38
38

22
19
17
41
24
22
13
20
15
28
45
22
17
10

37,5405
23,6486
14,3783
33,1351
16,0000
11,3513
37,0526
37,0526
23,2368
17,0789
36,0000
17,8157
12,6842
10,5263

5,4599
4,5412
4,6984
11,6551
6,1644
5,0674
3,3032
5,4599
4,5412
4,6984
11,6551
6,1644
5,0674
3,3032

Table 4 contains the descriptive statistics for each of the seven emotions in the pre-test and post-test of the
control group. A paired t-test was performed on the seven emotions to establish within-group differences for the
control group. Results revealed a significant difference (p < 0.05) in six of the seven emotions. Enjoyment (p =
0.006) and pride (p = 0.00002) both decreased, while anger (p = 0.04), shame (p = 0.03), hopelessness (p = 0.04)
and boredom (p = 0.03) all increased.
Table 4. Control group statistics

Emotion
Pre-test

Post-test

Enjoyment
Pride
Anger
Anxiety
Shame
Hopelessness
Boredom
Enjoyment
Pride
Anger
Anxiety
Shame
Hopelessness
Boredom

N

Range

Mean

Standard
Deviation

155
155
155
155
155
155
155
155
155
155
155
155
155
155

31
17
19
46
22
17
16
30
17
20
45
22
18
14

41,4709
25,5225
13,9354
33,1612
16,3290
10,9548
8,6580
40,1419
24,0129
14,6580
33,4387
17,3548
11,6903
9,2580

5,0185
3,2620
3,7962
9,8807
4,9584
3,7595
2,6047
4,8623
3,4111
4,2601
9,4711
4,8278
3,9650
3,1226

A two sample t-test was also performed to establish whether there was a significant difference between the
means of the experimental and control groups for each of the seven emotions before and after the intervention.
Table 5 contains the test statistics for the pre-test. Results of the pre-test analysis revealed a significant (p < 0.05)
difference in enjoyment (p = 0.0001) and boredom (p = 0.03), with the experimental group scoring lower on
enjoyment and higher on boredom before the intervention.
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Table 5. Pre-test: Two sample t-test statistics

Emotion

Mean experimental
group

Mean control group

p-value

37,5405
23,6486
14,3784
33,1351
16,0000
11,3514
9,7568

41,4710
25,5226
13,9355
33,1613
16,3290
10,9548
8,6581

0,0001
0,0111
0,298
0,495
0,382
0,328
0,032

Enjoyment
Pride
Anger
Anxiety
Shame
Hopelessness
Boredom

Table 6 contains the test statistics for the post-test. Results of the post-test analysis revealed a significant (p < 0.05)
difference in enjoyment (p = 0.001), anger (p = 0.02) and boredom (p = 0.01). The experimental group exhibited
significantly less enjoyment, and more anger and boredom, than the control group after the intervention. Taking
into account the results of the pre-test analysis, it therefore appears that the intervention changed students’
emotions towards mathematics only in respect of anger.
Table 6. Post-test: Two sample t-test statistics

Emotion

Mean experimental
group

Mean control group

p-value

37,0526
23,2368
17,0789
36,0000
17,8158
12,6842
10,5263

40,1419
24,0129
14,6581
33,4387
17,3548
11,6903
9,2581

0,001
0,151
0,016
0,147
0,349
0,139
0,012

Enjoyment
Pride
Anger
Anxiety
Shame
Hopelessness
Boredom

It should be noted that the post-test was administered at the end of a test week, directly after the last test was
written by the students. This could account for the increase in anger seen in both groups, since emotions commonly
elicited by stress include annoyance, anger, and rage (Weiten, 2013). The supposition that the changes in emotion
are not as a direct result of the intervention is further supported by the students’ reflections (discussed in the next
section). The focus group interview revealed that the students reported more negatively about their emotions
regarding their mathematics lecturer, as opposed to their feelings about their tutor (who ran the intervention).
As the AEQ-M measures emotions towards achievement activities in the mathematics domain, students could
conceivably have reported on their emotions towards mathematics in general, as opposed to the mathematics
they were doing during the intervention. The change in results could also be due to maturation (i.e. fatigue as
a result of the mentally taxing test week), and testing effects (i.e. boredom caused by having to respond to the
same questions again). Both the experimental and control groups showed a decrease in positive emotions and
an increase in negative emotions.
Students’ reflections on the project
A focus group interview with seven students of the experimental group was conducted to establish their experiences
about learning mathematics through EAPs. From the analysis of the focus group interviews four themes emerged.
Firstly, students gained knowledge and skills by solving EAPs in the tutorial classes.
It is quite helpful. When you are in a math class, when you think of the things you have done in the project, you
can imagine the problem and how to solve it. So it makes life easier in a math class
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Secondly, the tutorial classes led to a changed view
of mathematics. One student reflected on how his
view of mathematics has changed as a result of the
project as follows:
For me, at the beginning … math, it was about solving
for x … I knew that solving for x is solving a problem,
but I didn’t have any idea what kind of a problem
we are solving there … but now, with T’s [the tutor]
class, doing math, solving problems … you use math
to make robots, you use math to make a car, each
object has to be calculated, and now I know the
purpose of math, it’s all about solving problems …
Thirdly, differences between the tutorial sessions
and normal mathematics lectures were noticed. It
seems that the mathematics lecturer is more strict in
adhering to mathematical rules and regulations while
in the tutorial class the students have more freedom
to explore their own methods without being judged,
“… as long as we get the right answer …”.
For me, with T, he makes math more interesting,
he shows us videos, you can picture everything,
compared to math in normal lectures; your mind is
not there …
I would say that T’s classes are good, I personally enjoy
it more to apply … in normal class it’s just math math
math …
My maths lecturer, everything is just straight, must
be in order, but with T we can do anything. Our
maths lecturer is quite strict, unfortunately, I’m not
relaxed, free with him, but with T, you can text him
and whatever …
T even gave us … the events FLL [First Lego League]
… the championships; he told us about events,
gave us an email address and encouraged us to
volunteer … He broadens your horizon and opened
up opportunities for us
We don’t work in groups, but we do discuss with our
friends, but not in groups. T gives us a choice; you can
work alone or with someone. But the WhatsApp group
really helps. It is quite helpful. He will put a problem
on the board, and then ask if someone wants to try it,
and then do it, if we can’t figure out T will go through
it. It’s wonderful to have that freedom, you don’t have
to worry the lecturer is going to hate you because you
talk in class, when you are just trying to understand
what’s going on …

Fourthly, challenges were mentioned. Language
emerged as a challenge. The tutor is English speaking
and most students have English as second or third
additional language. “He [the tutor] talks too fast,
like brrrrr …”. The tutor used slide shows to teach the
content and made less use of the whiteboard, and the
students reported negatively about using technology
as follows: “He should be doing more board work than
slides, he doesn’t often use the board … I understand
more if they explain how they get the answer on the
board …”. Lastly, students mentioned an increase in
workload as a challenge:
At the beginning it was challenging but now it is
frustrating, because of the workload, the work just
keep on coming … You don’t really get some of the
things, and you’re still struggling and then the next
topic comes up, that’s frustrating …
These results validate claims by Blum (2015) who
concurs with Ikeda and Stephens (2001) that
group work is particularly suitable for classes where
mathematics is taught using models and modelling.
The role of the lecturer or tutor is considered critical
to guiding the group experience (Lesh & Zawojewski,
2007). These authors (ibid., 2007) argue that instead
of solely depending on teacher-student interaction
to prompt learning, the main learning should occur
through student interaction, as the teacher, lecturer
or tutor orchestrates the experience and ensures that
the intended learning takes place.

Limitations of the study
The primary limitation of this study was the unequal
sample sizes for the experimental and control groups,
due to a decision to allow all students who were
willing and available to participate in the study. The
experimental group had to be the smaller group in
order to solve the EAPs collaboratively. Therefore,
generalisation of the results of this study should be
treated with caution.

Conclusion
Data analysis revealed no significance increase in
mean scores between the experimental and control
groups; although the experimental group reported
that they gained mathematical knowledge and skills.
The experimental group students also admitted to
a changed view of mathematics as a result of the
intervention and expressed enthusiasm for the way
their tutorial sessions were conducted. The results
indicate that a significant link between positive
emotions and mathematics using EAP’s could not
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be established. However, a few studies done in the
area of positive emotions have shown that a link
between positive emotions and achievement exists
(Valiente et al., 2012). If using a modelling perspective
in mathematics results in positive changes in emotion,
this could have implications for the development of
improved mathematics curricula. This link needs to be
explored in more depth in future research. Students’
experiences about learning mathematics through
EAPs was explored through a focus group interview
and the students reported growth in mathematical
knowledge and skills at problem solving, and the value
of learning mathematics by solving EAPs, which resulted
in a changed view of mathematics. The challenges
mentioned are language, technology and an increase
in workload as a result of the additional tutorial sessions.
The social-cultural theory provided a milieu for
researching students’ experiences and emotions
while engaging collaboratively in mathematical
activities during sessions where students feel free
to share their problems and solutions within a safe
space. The findings of this research study may lead
to the design of mathematics lessons at university
level allowing additional time for students to explore
their mathematical abilities by solving application
problems cooperatively with fellow students. The
study allows observation of how mathematical ideas
evolve in the community of engineering students by
observing the evolution of a concept, idea, or model
that is externalized during group interaction (Lesh &
Jawojewski, 2007).
The importance of this research rests on its unique
association of cognition (solving mathematical
application problems); reflection regarding
mathematics learning; and affective factors
(experiences and emotions), in the field of
mathematics. The results of this study have implications
for designing modelling activities for tertiary students as
well as the facilitation of learning mathematics using
application problems. Future research may focus on
the experiences of facilitators conducting tutorial
sessions where students engage in solving application
problems and how the facilitation of such sessions
could be improved to enhance the quality of students’
learning of mathematics.
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In response to our previous research (Inglis & Sandrock
2014) which highlighted some of the difficulties
encountered by students in the second year course
Dynamics, we have redesigned one of the tutorial
activities in the course. This paper presents the design of
the randomised control trial that we use to determine
the effectiveness of the redesigned tutorial activity
(“the intervention”).
312 students consented to take part in the trial and
they were randomly assigned to groups which would
cover combinations of extra time and receiving the
intervention as well as control groups who would not
receive the intervention.
By randomising the trial groups and doing the trial
systematically, statistical analysis could be used to
determine that the intervention had a statistically
significant effect on students’ understanding as
measured by a subset of the Dynamics Concept
Inventory (DCI). This result would not have been
obtained robustly by comparing year-on-year
performance.

Introduction
Educators often have no choice but to make
judgements between different teaching methods
based on intuition or informal feedback. The problem
is that cognitive biases prevent us from accurately
measuring the effect of an intervention, unless we
take specific steps to reduce the effect of bias. The
randomised control trial (RCT) has emerged as an
effective way of comparing treatments objectively.
It avoids a number of biases which may occur in the
choices of test subjects and the evaluation of results.
Hutchison and Styles (2010) offer motivation and
methods for running RCTs for educational interventions.
They also address many of the concerns that are often
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raised regarding the differences between education
and medical practice where RCTs are very common.
Dynamics is a large second year module presented in
the Engineering faculty at the University of Pretoria, with
more than 700 students enrolled. It is a core module for
Mechanical Engineering students and a service module
for students from other departments, namely Industrial,
Mining, Metallurgical, Electrical and Electronic
Engineering. In our previous research (Inglis & Sandrock
2014) we demonstrated that students focus on passing
the module, but do not necessarily develop a strong
conceptual framework for Dynamics. In response to
this, we aim to improve the effectiveness of tutorials
in the module by designing more structured tutorial
activities which directly address student misconceptions
as well as giving more explicit guidance in problemsolving skills. We have collaborated with lecturers from
a number of universities to redesign a tutorial activity
on the topic of Fixed Axis Rotation. We have chosen
to assess the effectiveness of this redesigned tutorial
objectively, using a randomised control trial.
This paper documents the design of the tutorial activity
as well as the design of the trial protocol which will
be used to assess its effectiveness. We discuss the
implementation of the RCT protocol and the tutorial
activity. The effect of the redesigned tutorial activity on
student conceptual understanding and on semester
test results are determined using statistical regression.

Design of the Tutorial Activity
A tutorial activity related to work presented in the first
and second weeks of class (Fixed Axis Rotation) was
selected for redesign. In a one-day workshop involving
lecturers from 5 South African universities, we discussed
possible reasons why students experience Dynamics as
a difficult subject, and strategies which could address
those problems. Although many problematic elements
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were identified during the workshop, the following three
observations are of particular relevance to this study,
and informed the design of the tutorial activity.
First, students do not see the relevance of what they
are studying to real applications. A simple exercise in
which students think of applications and discuss them
with classmates can help to address this.
Second, the vector nature of variables in Dynamics is a
critical concept, which not all students are adequately
prepared for. Three-dimensional (3D) visualisation
of vectors and vector operations can cement this
concept. Students should use their hands to form the
right hand rule when calculating cross products, draw

representations of the vectors, or build models of the
vectors.
Finally, In the earlier stages of the course, some students
skim over material without realising that they have
misconceptions, perceiving it to be “easy”. Course
activities should be designed to confront students
with their misconceptions, rewarding explanations of
concepts, and asking a number of different kinds of
questions within each problem.
We identified key concepts and known misconceptions
which should be addressed by the tutorial. These are
summarised in Table 1.

Table 1. Key concepts identified in the topic of Fixed Axis Rotation. Associated misconceptions are also listed.

Key concept

Associated misconception(s)

Vector nature of angular velocity and angular
acceleration

Angular velocity, angular acceleration are scalars;
direction of angular velocity, angular acceleration
cannot be represented
All lines on a rigid body undergoing fixed axis rotation Angular velocity and angular acceleration differ
for different lines; angular velocity and angular
have the same angular velocity and angular
acceleration can be defined at a point
acceleration
Relationship between velocity of a point and angular Angular velocity can be defined at a point
velocity of a line
A point on a rigid body rotating with constant angular
Acceleration of a point on a rotating rigid body is
dependent on both the angular velocity and angular velocity will have zero acceleration
acceleration of the body

The redesigned tutorial activity (the “intervention”)
begins by allocating students to groups, taking into
account gender, language and program of study.
Groups are asked to relate the idealised problem of
a rotating cam to real-world applications. This allows
groups to benefit from the experiences of students
from different programs of study. Students subsequently
build a physical model using cardboard and coloured
straws, allowing 3D visualisation of vectors and cross
products. Finally, students must solve numerical
problems of increasing complexity, requiring them to
draw on the collective expertise of the group.

Design of the Randomised
Control Trial Protocol
We aim to assess the effect on student performance
of receiving an intervention (the redesigned tutorial
activity). Students who are willing to spend extra time
taking part in an activity may perform differently from

those who are not, and simply spending more time
with a student may affect their performance as well.
Therefore, we have designed the trial to control for
both willingness to spend extra time and receiving
additional time. We will determine the individual effects
by statistical comparison between performance of the
different groups.
Students were asked to indicate their willingness
to spend extra time in an activity. Students who
indicated that they are willing to spend extra time are
denoted Group T. These students will either receive
no intervention (T0), the designed intervention during
an extra period (T1) or have an extra period during
which normal help will be available as though it were
a normal tutorial period (T2). Students who are not
willing to commit to extra time will be denoted Group
T’. This group will receive either no intervention (T’0) or
the designed activity during a normal tutorial period
without spending extra time (T’1).
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A Randomised Control Trial to Assess the Effectiveness of a
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In order to avoid bias in the group selection process,
students in group T were assigned to one of the three
subgroups randomly. However, due to logistical
constraints regarding the availability of venues and
staff, the T0 group was made smaller than the T1 and
T2 groups by assigning a 20%, 40% and 40% probability
respectively to each group. Once they had been
assigned to the subgroups, the students in group T1
and T2 were assigned randomly to a session based on
their availability during that session. Figure 1 shows how
the groups are related and the group sizes obtained.
The group demographics were checked for
representativity based on gender, engineering
discipline and language of instruction (Afrikaans or
English) using Pearson’s Chi Squared test. These are
the demographic variables which are captured in

the university lists. Table 2 shows a summary of these
results. The table shows the number of students in each
subgroup (the first figure in each cell) along with the
expected values given the demographics of the whole
class (the second figure in parentheses). Pearson’s test
is designed to determine the likelihood of observing at
least as much deviation from the expected value as
we see here. This likelihood is called the p value, which
varies between 0 and 1. Smaller p values indicate
unlikely distributions. All the p values are reasonably
large, allowing us to conclude that the distribution is
reasonably representative. Some expected values
(bolded) are less than 5, indicating the Chi Squared
test is less reliable (Greenwood and Nikulin, 1996). The
representativeness of the the groups does not affect
the later results, although it makes comparison simpler.

Figure 1. Breakdown of group assignment.

Table 2. : Pearson’s Chi Squared test results for the group assignment, showing the observed (expected)
frequency of each of the demographics.

Group
Female
Afrikaans
Metallurgical
Mining
Industrial
Electrical
Electronic
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T'0

T'1

T0

T1

T2

X2

p

24 (27.4)
35 (29.7)
11 (8.1)
8 (5.2)
21 (17.0)
7 (9.8)
9 (11.0)

24 (27.4)
34 (29.7)
6 (8.1)
3 (5.2)
16 (17.0)
7 (9.8)
14 (11.0)

7 (7.6)
8 (8.3)
3 (2.2)
1 (1.4)
6 (4.7)
4 (2.7)
2 (3.0)

16 (14.3)
15 (15.5)
4 (4.2)
1 (2.7)
9 (8.9)
6 (5.1)
7 (5.7)

24 (18.3)
11 (19.8)
4 (5.4)
5 (3.5)
7 (11.3)
10 (6.5)
6 (7.3)

2.89
5.50
2.21
4.34
3.00
4.19
2.07

0.57
0.24
0.70
0.36
0.56
0.38
0.72
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Outcome Measures
In order to assess the effectiveness of the intervention, a
subset of the Dynamics Concept Inventory (DCI) (Gray,
Costanzo et al., 2005) has been identified that covers
the rotational motion concepts that are addressed by
the intervention. These are questions 2-4, 6 and 8. We
administered this subset of the DCI to all students one
week after the intervention took place. Students took
the full DCI at the beginning of the semester, and the
results on the same subset of questions will be used as
a baseline. We also investigate the effects on the results
of the first semester test on questions featuring similar
concepts (questions 2 and 3 of the semester test).
For each of these outcomes, we will fit a linear model
of the form
(1)
0 = a0+∑ ai vi
i

where O is the outcome, a0 is known as the intercept
value and can be seen as the average for the base
case, ai is the coefficient for variable i, and vi is 1 for
an effect variable if it is true and 0 otherwise. The
procedure for determining these coefficients is also
known as Ordinary Least Squares (OLS) regression and
is a standard function in most statistical software. We
used the routines in seaborn (Waskom, M. et al., 2014).
We will assess the size of the coefficient associated with
each variable to determine the effect of that variable.
In order to accommodate categorical variables like
study program, dummy variables are introduced. If
there are n categories, n-1 dummy variables are
introduced to avoid over specifying the problem.
The dummy variables associated with demographics
are already visible in the headings of Table 2. In
addition, we include willingness to spend extra time,
having received extra time and having received the
intervention. We also include the initial DCI result on
the subset of questions as a predictor.

Implementation of the
Randomised Control Trial
Protocol

semester. Students were then asked to sign an informed
consent form, to indicate their willingness to attend
additional sessions, and to indicate their availability
for sessions which had been chosen to fit with most
students’ timetables. This was done electronically using
the campus course management software.
Students were notified of the session to which they had
been allocated at the beginning of the second week
of the semester, and the intervention was run in the
second half of that week.
Students in group T1 and T2 (who had been assigned to
spend extra time) were randomly assigned to a session
where they were available. Some students who were
selected in these groups were not available for any
session. They have been flagged and will be treated
separately when we attempt to determine factors
that lead to non-attendance, but for the purposes of
this analysis only students who attended will be used
in judging the effect of the intervention.
Attendance details are given in Table 3. Roughly half
of the students allocated to groups T1 and T2 attended
the sessions. We note that we used the students’
university-supplied e-mail accounts to notify them of
their venue allocations. Although the university expects
them to check these accounts daily, students who
monitor them infrequently may have been unaware
that they had been assigned to attend sessions. A small
number of students excused themselves.
The T’1 group posed significant logistical problems.
While a random assignment was made during the
experimental design phase, it proved impractical to
extract these students from their normal tutorial in
order to administer the intervention and only a small
number of students actually attended. This has not
been handled separately in this analysis.
A small number of students attended sessions to which
they had not been randomly assigned. These data
points have been excluded from the analysis.

The experimental procedure was explained to students
during normal tutorial sessions in the first week of the
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Tutorial ...continued
Table 3. : Attendance of groups. Note that T’0 and T0 were control groups and therefore guaranteed to
attend. Note that the columns do not sum to the total as the categories overlap..

Group
Female
Afrikaans
Metallurgical
Mining
Industrial
Electrical
Electronic
Total

T'0

T'1

T0

T1

T2

24/24
35/35
11/11
8/8
21/21
7/7
9/9
90/90

3/24
0/34
0/6
0/3
2/16
1/7
0/14
6/90

7/7
8/8
3/3
1/1
6/6
4/4
2/2
25/25

11/16
7/15
1/4
0/1
6/9
3/6
5/7
27/47

12/24
4/11
1/4
2/5
3/7
5/10
4/6
28/60

Implementation of the Tutorial
Activity
Three undergraduate teaching assistants from the
course were recruited to assist with the non-control
groups. They were trained on the tutorial activity,
completing it as participants in a trial run. One of the
researchers (Inglis) facilitated the three T1 and one T’1
sessions, assisted by one or two teaching assistants.
The two T2 sessions were facilitated by a lecturer from
the course, assisted by one or two teaching assistants.
In the T2 sessions, students were invited to continue
working on their regular weekly homework assignments,
and to take the opportunity to ask for assistance. This is
very similar to the structure of normal tutorial sessions in
Dynamics. The T2 session differed from a normal tutorial
in that students had been randomly assigned to attend,
so were less likely to be attending with their friends.
In addition, the number of students was significantly
smaller than in the usual tutorial session, which was
noted by students in follow-up questionnaires as a
positive factor.
In the intervention sessions (T1 and T’1 groups), at the
beginning of the session the students were allocated to
groups of 2 or 3, taking into account program of study,
gender and preferred language. First, students from
the Afrikaans language class were asked to indicate
whether they would be comfortable working in English,
and students who showed a preference for discussion
in Afrikaans were allocated to a group together. In
most cases, students did not have a strong preference.
Second, students were assigned to groups with mixed
programs of study. Finally, groups were not permitted
to have a minority (i.e. 1 out of 3) female students, and
groups were reallocated to ensure that this requirement
was met (Heller & Hollabaugh, 1992). As the class
groups were small (as few as 7 students in a session),
the allocation of students to groups was constrained.
Each group was given a worksheet to guide their
activities during the tutorial, as well as stationery
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supplies (glue, prestik, cardboard, straws, stickers and
scissors) for building the model. Few of the students
were familiar with cams, or knew where they might be
used. The function of cams should be explained in more
detail in a future revision of the worksheet. Students
reported that they enjoyed building the physical model
of the cam and the vectors, and some reported it
helped them to understand the concepts. The activity
of building together helped with group interaction
and cohesion. Once the students started working on
calculations, many of them stopped referring to the
model, perhaps seeing calculations as a separate
activity to understanding. The worksheet should be
updated to explicitly link the results of calculations with
the physical model, and encourage the students to
use the model more to demonstrate components of
the calculations, e.g. right hand rule.
Owing to the small groups of students, with two or
three teaching staff available, students had a lot of
opportunity to interact with instructors. If this tutorial
activity would be implemented in the larger class, it is
necessary that the students should be able to proceed
through the worksheet without instructor intervention,
with students only calling for assistance as needed. This
would require the worksheet to be more explanatory,
and it should also give some guidance for selfassessment of the tasks. It is noted that it is difficult as
an instructor who has completed the activity a number
of times to allow students to struggle without giving
them the answers.
The decision was made when planning the sessions
that the sessions would be facilitated by one of the
researchers, who is also the lecturer for the English
class in the first half of the semester. This was partly
based on the consideration of available resources,
and allowed the researcher to evaluate successful
and unsuccessful aspects of the tutorial. However, it
is noted that this makes it more difficult to distinguish
whether the effect size of the intervention is due to the
details of the activity, or to additional attention from
the lecturer early in the module.
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Statistical Analysis of Intervention
Results

Figure 2 shows the results of the DCI subset for the nonintervention and intervention groups. The intervention

group did better on average as well as scoring
fewer very low scores. Since the students allocated
to the intervention group were demographically
representative of the class as a whole, this suggests
that the intervention has had a positive effect.

Figure 2: Histogram of the results of the DCI subset for the group who did not receive
the intervention compared to the group who did receive the intervention. The
intervention appears to have led to an increase in DCI performance.
In order to assess the effect of the intervention
separately from other factors, equation 1 was fitted
on various outcomes as a function of receiving
extra time, receiving the intervention, willingness
to participate, gender, and engineering discipline.
Dummy variables were created for the gender and
engineering discipline. In order to make the coefficients
comparable in size, test scores were normalised to
between 0 and 1. The base case was taken as a male
mechanical engineering student in the English class
who did not receive the intervention, did not indicate
willingness to participate in the study and did not
receive extra time. This was the most common subclass.

Figure 3 shows the fitted coefficients associated with
each of the factors considered on the initial DCI result
(written before the intervention). The dots indicate
the fitted value of the coefficients, while the bars
show the 95% confidence intervals. The intercept
value indicates the average score of the base case.
Positive coefficients indicate positive correlation,
negative coefficients indicate negative correlation
and coefficients near zero indicate no effect. When
the 95 % confidence interval bars cover both positive
and negative values, that factor is neither clearly
positive nor clearly negative and should not be overinterpreted.

Figure 3: The coefficients obtained when fitting the initial DCI results (i.e.
before the intervention).
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As one would expect, there is no significant correlation between this result and the intervention, although gender
appears to be a significant factor in the initial DCI score. Performing the statistical regression allows one to separate
out the correlations for different factors. For example, students in Mechanical Engineering have done better on
average than students in other disciplines in the past. There is also a smaller percentage of female students in
Mechanical Engineering than in Industrial or Metallurgical Engineering. Looking only at averages for a single group,
we cannot discern whether the lower average for female students is due to gender effects or due to the fact that
they are over-represented in disciplines which have poorer performance. The OLS result suggests that female students
enter the class with less preparation, even when accounting for the differences in gender makeup of disciplines.
The same fitting strategy was repeated for the DCI subset administered after the intervention (to all students). The
score on the initial DCI subset (DCI1 subset) was added as an explanatory variable. Figure 4 shows the results of this fit.

Figure 5: Coefficients with 95 % confidence intervals for each factor
considered in the OLS fit of the DCI subset administered after the intervention

It is clear that the strongest predictor of performance in this test was the performance in the entering test. The
effect of the intervention is clearly seen here, while receiving extra time had a smaller effect, which may in fact be
negative. An interesting observation is the comparatively small effect of willingness to participate. This is an important
result as it allows future studies to be designed more parsimoniously, without having to control for this factor. Again,
note that the regression coefficients aid in separating the effects, which may have been correlated within groups.

Figure 6: : Coefficients with 95 % confidence intervals for each factor
considered in the OLS fit of Question 3 in the first semester test (Relative
acceleration analysis of a four-bar linkage).
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Conclusions
Running an RCT is difficult. Practical issues were
encountered with the logistics of running the
experiment, including availability of staff and venues,
and effectively communicating with participants in
a short time frame. It should be noted that it can be
psychologically difficult to accept that the benefits of
the randomised control trial will exceed the benefits of
testing the tutorial activity on more students.
The results from the RCT are more useful than the typical
alternative of implementing an intervention on the
whole year group and comparing results between
years as it allows a less ambiguous comparison of
like to like. Every year a large number of things will
change due to rotating staff, differing lecture plans
and different characteristics of the student group.
This makes year-on-year comparisons very difficult.
Using grades on significantly different tests to compare
performance is also problematic.
Running an RCT allowed us to gain unique insight into
the effect of the intervention, taking into account the
various other confounding factors on the most similar
student groups that we have access to. We conclude
that the intervention had a significant effect on the
DCI subset, even though the effect on questions in the
semester test which featured similar concepts was less
encouraging.
We feel that these benefits make up for the difficulties.

Ongoing work
We have designed two questionnaires which aim to
assess student perceptions about the intervention as
well as their attitudes toward learning and tutorials.
The Likert scale questions in the questionnaires are
based on the instrument developed for evaluation of
a learning intervention by du Plessis (2010). Additional
qualitative questions were included to address student
perceptions based on the work of Moody and Sindre
(2003). The questionnaires feature repeated questions
with different wording for consistency checking. These
results will be correlated with success in the subject as
well as the effectiveness of the intervention.
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The attraction and retention of women in engineering is
a key issue for the profession. Given the continued need
for qualified, skilled engineers, particularly within an
emerging economy such as South Africa, it is necessary
to attract and retain greater numbers of women
within the engineering professions. This paper focuses
specifically on civil engineering, and a first-year module
on Concrete Technology. The paper presents analysis
of the participation of male and female students as
they complete a laboratory practical exercise. Two
groups of four students were filmed as they undertook
the described practical. Close analysis was undertaken
on the footage obtained, which precluded largescale assessment. The footage was first time-coded
according to broad categories of activity, where it was
found that the female participants tended to spend
more time than their male counterparts engaged in
group discussion and less time physically engaged in
the concrete mix proportioning process. Thereafter,
the data was analysed using multimodal interaction
analysis. This analysis reveals the fine patterns of
participation that characterised the students’
completion of this particular task. It was found that
the female participants spent considerably less time
handling objects that mediated physical engagement
with the concrete, such as the spade and tamping rod.
Rather, the female participants’ handling of objects
indicated their relegation to the completion of support
activities. It was also found that the female participants
were largely responsible for custodianship of group
documentation. These subtle manifestations of gender
roles are shown to work against the pedagogic aims
of such a practical exercise. For female participants,
the inclusion of group-based practicals may reinforce
stereotypes that prevent the enhancement of their
sense of self-efficacy in preparation for entry into the
workplace. This may impact on their ultimate retention
in the field.
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Introduction
The attraction and retention of women in Engineering
is a key issue for the sustainable development of, not
only the profession itself, but the broader economy as
a whole (Randerson & Kumar, 2011; Hobart et al., 2006).
In 2004, the ratio of professionally registered engineers
in South Africa was 1 engineer per 3166 population.
By 2014, this figure had shown scant improvement
(Tancott, 2014). As such, there is a continued need
for qualified, skilled engineers (du Toit & Roodt, 2008).
This is particularly so within the context of an emerging
economy such as South Africa. To improve the abovementioned ratio and meet the needs of the economy,
more women need to be attracted to, and retained
within, the engineering professions.
This paper focuses specifically on civil engineering, an
engineering field which arguably fares worst amongst
its peers in terms of attracting women, but which
produces custodians of the national built environment
infrastructure and, in so doing, makes an important
contribution to the economic well-being of nations and
their populations. The challenges faced by women
in terms of their access to and retention within civil
engineering begin at a young age, and continue well
after graduation. In the paper, specific attention is
given to the patterns of participation amongst female
first- and second-year civil engineering students, as they
participated in and completed a practical exercise in
which they had to proportion two concrete mixes, and
then determine the seven-day characteristic strength
of the concrete cubes produced. Data was collected
by filming students as they completed this practical
exercise.
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Participation of women in (civil)
engineering: A review of the
challenges

understand and improve young females’ perception
of the engineering industry (Hodgkinson & Hamills, 2005;
Becker, 2010).

The shortage of engineers is a challenge in both
developed and developing countries, and the
attraction of greater numbers of female engineers
can be seen as a key part of addressing this shortfall
(UNESCO, 2010a). Despite recognition thereof, there
continues to be a shortfall in the number of women that
are attracted to, and retained within, the engineering
professions. The barriers to women’s participation in
terms of their access to and retention within (civil)
engineering begin at a young age, and continue
well after graduation. These challenges are reviewed
herein so as to make the point that understanding
the participation of female civil engineering students,
during their time at university, is only part of the larger
social and institutional narrative that needs to be
understood if more equitable participation in the
engineering sector is to be achieved.

The number of places available in civil engineering
programmes of study is, of necessity, limited. However,
a vast number of female matriculants who do qualify
do not apply to such programmes favouring, instead,
other fields of study such as law and medicine (Lawless,
2005). Medicine at the University of Cape Town, for
example, registers 65% female enrolment (Jawitz et
al, 2000), and these top performing students are the
candidates that (civil) engineering are ‘losing’.

Particularly in developing countries, girls’ access
to basic education is more severely limited than
that of boys, an issue that is rooted in basic social
and economic challenges that dictate girls’ future
prospects (African Development Forum, 2008; UNICEF,
1999). These basic social and economic concerns
are fundamental to the problem, and the challenge
is to overcome these in order to minimize gender
inequality. In South Africa, the number of girls entering
primary school, and the number matriculating with
mathematics and science, is roughly equal to that of
boys (Lawless, 2005). Nevertheless, even in countries
where such basic concerns around girls’ access to
education are less present, there remain disparities in
access to engineering fields (Nechifor, 2008; UNESCO,
2010b). In South Africa, fewer girls than boys identify
civil engineering as a viable career option and, as
a result, only about a quarter of civil engineering
graduates in South Africa are female (Lawless, 2005).
The question of girls’ access to engineering study is, to
an extent, a self-reinforcing cycle. One of the main
reasons young people choose to study engineering is
the influence of family background and the prevalence
of role-models (Jawitz and Case, 1998). In particular,
Jawitz and Case (1998) find that female students are
encouraged by the support of family members who
are engineers. It stands to reason, therefore, that
the present low number of female engineers serves
as a vicious circle, limiting the amount of young girls
that may be inspired to pursue engineering study
in the future. This makes it ever-more important to

Female graduates in the workplace experience an
altogether different set of challenges, which impact
upon their retention within the sector. Generally,
women have, in the past, been paid as much as 40
percent less than their male counterparts (Lawless,
2005). More importantly, they are often placed in
positions that offer little opportunity for personal and
professional development, where they are often
relegated to performing supportive functions (Roberts
and Ayre, 2002). In addition, many women report
having experienced gender discrimination and sexual
harassment from colleagues, clients and employers
alike (Hobart et al, 2006; Roberts and Ayre, 2002).
A key indicator of participation in the engineering
professions is professional registration with engineering
authorities such as the Engineering Council of South
Africa (ECSA). In its 2013/2014 annual report, ECSA
reports that women make up only 5% of its registered
professionals (ECSA, 2014). Amongst professional
engineers, this drops to 4% (ECSA, 2014). Of greater
concern is the fact that women only accounted for
12.5% of new registrations during this period (ECSA,
2014). These statistics demonstrate the extent to which
female graduates fail to be incorporated into the
industry and workplace. Evidence suggests that lack
of career guidance, lack of mentorship, insufficient
professional development, and the perception that
career progression is impossible, all contribute to fewer
female graduates seeking professional registration, as
compared to their male counterparts (Lawless, 2005).
Sandwiched in between these crucial phases of
basic schooling and the workplace is the university
experience. In South Africa, comparatively little
research attention has been given to this phase in
the development of engineering expertise amongst
females, hence the need for studies such as this one.
Some international research (Sonnert and Fox, 2012;
Ohland et al, 2011) finds that the gender disparity
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at universities and its impact on academic success
is ambivalent at best (and non-existent at worst).
The contention of this paper is that it is nonetheless
important to acknowledge that institutions of higher
education are not gender-neutral spaces and that they
mirror broader social patterns. For example, Holloway
et al (2013) found statistical evidence suggesting that
the admissions process into engineering programmes
includes a gender bias and that this bias was reduced
when changes were made to selection criteria.
International surveys also show that one of the greatest
challenges facing female students is the continued
lack of female role models (Cronin and Roger, 1999;
Fouad and Singh, 2011; Kiwana et al, 2011). Kolmos
et al (2013) find that female students are particularly
influenced by the presence of role models. As such,
there is a need to increase the number of female
faculty staff, which has the added benefit of increasing
awareness of (civil) engineering amongst women
and girls (Cronin & Roger, 1999). Research into such
institutional imbalances is necessary and important,
but it is the argument of this paper, that attention must
also be paid to the subtle, everyday interactions that
create, inform and reinforce gendered stereotypes
that, in turn, determine individuals’ access to learning
resources both within and outside of the formal
university classroom.

The Concrete Technology
practical: Mix design and
strength determination
This study involved filming students as they undertook a
practical exercise in concrete mix design and strength
determination. This exercise is similar to the kinds of
practical exercises that civil engineering students
across South Africa undertake. The inclusion of such
practicals is meant to deepen students’ knowledge
and understanding of programme content (Lerner,
2007). This particular practical exercise took place
over two weeks. In the first week, the students were
required to proportion two batches of concrete,
according to two common procedures: the eyeball mix
proportioning method, and the Cement and Concrete
Institute (C & CI) mix proportioning method. The
procedures undertaken by the students in this regard
were in line with the methods outlined in Owens (2012).
The same water:cement ratio, as well as sand, stone,
water and cement type was used in each of the two
mix proportioning methods. As part of the exercise,
the students had to assess the fresh properties of the
concrete. This entails undertaking a slump test as well
as assessing the cohesiveness, stone content and
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finishability of the fresh concrete of each of the two
mix proportions. The student groups had to achieve a
specified slump as well as acceptable cohesiveness,
stone content and finishability in the fresh concrete,
before casting the concrete into cubes (Kellerman,
2001).
The concrete cubes were then left in the moulds in
the laboratory out of direct sunlight and wind for two
days. Thereafter, the cubes were removed from the
moulds and placed in a curing bath for five days to
cure and gain strength. In the second week of the
practical, the students used a concrete crushing
machine to ascertain the seven-day compressive
strength of the concrete. Owing to the fact that the
same water:cement ratio and materials were used for
both mix proportioning methods, it was expected that
the fresh and hardened properties of the concrete
would be very similar across both methods.
Two groups of students were filmed as they undertook
the described practical. Although this sample is
relatively small, fine-grained analysis was to be
undertaken on the footage obtained, which precluded
large-scale assessment. The focus of the analysis was
not to obtain generalizable facts, but to demonstrate
the subtlety and complexity of the gender roles evident
within the groups. Each of the two groups consisted
of one female student and three male students. The
groups were formed randomly by the lecturer and,
as such, the gender disparity within the groups was
representative of similar imbalances in the cohort as a
whole. The mixing, testing and casting undertaken in
the first week took each group approximately one and
a half hours to complete. The crushing undertaken in
the second week took each group approximately 30
minutes. In total, therefore, approximately 2 hours of
footage was taken per group.

Analysis of video material:
Methods and challenges
In total, almost four hours of video footage was
obtained. Although this does not represent a largescale research study, the close analysis of the video
data envisioned presented a distinct challenge, even
regarding the quantity of video footage obtained. For
this reason, the video data was analysed in two stages.
The first stage sought to classify students’ participation
on the basis of four, pre-defined categories of activity:
(1) Group discussion (GD): this included all time spent
engaging in discussion with one or more fellow
group members. Such discussion may or may not
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have included reference to notes, calculations or
the concrete mix itself. Reference to notes and
so on was specifically examined in the secondary
analysis described below.
(2) Working on the concrete (WC): this included all
time spent on physical engagement with the
concrete, that is, on pouring materials, mixing the
concrete, or placing the concrete in cubes. In the
secondary analysis, particular attention was given
to the students’ handling of objects.
(3) Doing nothing (DN): this included all time spent
engaged in no particular activity. It includes time
spent watching fellow group members engaged
in other activities. This activity was ignored in the
secondary analysis.
(4) Other (O): this included all time spent engaged in
activities not listed above. Such activities included
asking lecturers/tutors questions and fetching/
returning equipment. Again, this activity was largely
ignored in the secondary analysis, except where the
participants were handling objects, as this was one
of the foci of the fine-grained, secondary analysis.
In the first analytical phase, the video data was timecoded. This involved coding (using the codes above)
the video data for each participant according to the
activity they were engaged in at any given point.
This allowed for calculation of the total time each
participant spent engaged in each of these broad
categories of participation. This was important in order
to ascertain whether or not any broad patterns of
participation could be identified.
Thereafter, multimodal interaction analysis of the
video data was undertaken. Only those sections of
the video where participants were involved in group
discussion or direct engagement in the concrete mix
proportioning process were analysed in this regard. The
purpose of this secondary analysis was to examine the
nature of the students’ participation in the concrete
mix proportioning process. Multimodal interaction
analysis presupposes that communication is not bound
exclusively to language, but that myriad modes exist
for meaning-making (Norris, 2004; 2011). This secondary
level of analysis thus included the following aspects:
manipulation of objects, references to texts, and body
language (including gesture and posture). These
categories were selected not only on the basis of the
fact that they were indicative of the students’ interest
and participation in the practical exercise, but also
because it was necessary to establish how objects

and texts, and access to these objects and texts, were
shared within the groups. The aim of this more detailed
analysis was to uncover more nuanced patterns of
participation in the set task.
The software programme utilized for this purpose was
ELAN. ELAN is a software application that facilitates
the creation of detailed annotations of video and
audio data. It should be noted that ELAN does not
automatically analyse video data, but simply provides
an electronic platform that facilitates easier and more
rigorous analysis of video data.

Broad patterns of participation
in concrete mix design and
strength determination
As described in the previous section, broad
participation in the concrete mix design and strength
determination practical was characterised as per
four broad categories of activity: group discussion
(GD), working on the concrete (WC), doing nothing
(DN) and a generalised ‘other’ (O) category. Each
participant’s time was coded in one of these four ways.
The results of this coding revealed broad patterns of
participation amongst the participants, and there
were notable discrepancies between the nature of
the participation of the female and male participants.
A visual summary of the broad participation of each
student is presented in Figure 1, in which the female
participant in each group is denoted by ‘F’ and
the three male participants by ‘M1’, ‘M2’ and ‘M3’.
Broadly speaking, the female participants tended to
spend more of their time in discussion with their peers,
and less time directly engaged in the concrete mixing
process. They also spent more time doing nothing.
This is because a sizeable portion of the exercise was
spent mixing concrete, an activity from which they
were largely, and quite deliberately, excluded (this
point is returned to later). The students’ participation
was mixed regarding activities relegated to the ‘Other’
category.
The results obtained from this first level of analysis
are stark in their elucidation of the fact that the
female and male students showed different patterns
of participation in the concrete mix design task.
However, they provide only a broad and superficial
understanding of the students’ participation. In the
secondary analysis, closer attention is paid to the
specific
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Figure 1: Results of time-coding of video data

Fine patterns of participation
in concrete mix design and
strength determination
Upon finer analysis of the data, three patterns of
participation emerged as significant in the video data
obtained. In brief, the analysis demonstrated that the
female students were (1) marginalised when it came
to direct and physical engagement with the concrete,
(2) that they were relegated largely to support activities
and (3) that they were appointed (consciously, or not)
as custodians of group documentation. The evidence
pertaining to each of these three emergent themes
is presented in turn below, before more detailed
discussion of the pedagogical significance of the
findings is presented.
Physical engagement with concrete
The student groups spent the vast majority of their
time in direct physical engagement with the concrete
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and/or its constituent materials. However, analysis of
the video data reveals that the female participants
spent considerably less time so engaged than their
male counterparts. One of the categories of analysis
included in the multimodal interaction analysis
undertaken was object manipulation. This involved
transcribing the students’ handling and manipulation
of objects and artefacts during completion of the
practical exercise. Various objects were used to
complete the activity: spades, measuring cylinders,
rulers, tamping rods, containers and so on. The analysis
revealed a clearly gendered dimension to use of these
objects. Those objects that mediated interaction
with the concrete, such as the spade and tamping
rod, were most often used by the male participants.
Table 1 summarises both the number of interactions
that the participants in each group had with objects
that mediated physical engagement with the fresh
concrete, and the total time spent handling such
objects.
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Table 1. Students’ handling of objects that mediate physical engagement with concrete

Group A
Group B

F

M1

M2

M3

3
2:34
0
0:00

16
21:46
4
7:28

17
9:29
3
2:20

17
18:33
6
9:04

Number of interactions
Total duration of interactions
Number of interactions
Total duration of interactions

Both female participants had considerably less opportunity to directly engage with the concrete, and it was
evident in the video data that both groups decided (one consciously, the other subconsciously) that physical work,
such as mixing concrete with a spade, was ‘not suitable for women’. In the one group, the female participant
had no engagement with the spade at all. In the other group, the female participant interacted with a spade
only twice: in one instance she merely held it, while in the other she spent approximately twenty seconds mixing
concrete. The still images provided in Figure 2 represent two minutes of interaction between this participant and
her peers, during which time both of these spade-handling interactions occur. The still images (see stills (c) and (k),
specifically) show that, in both instances, the spade is taken from the female participant without any discussion
thereof. In both instances, the participants are engaged in discussion relating to other aspects of the activity. In
the first instance, the participants study the data sheet provided by the lecturer; in the second, their attention is
drawn to something in the distance. This two minutes of interaction occurs early on in the group’s activity and
thereafter, the female participant does not handle the spade again.
Support activities
Where the female participants did interact with objects, this was done in order to undertake activities that can
generally be classified as support activities. Table 2 summarises the participants’ handling of such objects. In
these instances, the objects do not mediate engagement with the concrete, but are handled for other purposes.
Many of these instances involve simply going to collect individual objects, or passing such objects on to another
group member. In some instances, it involved using objects, such as a ruler, to take measurements or to fulfil a
function not directly related to the concrete mix proportioning. Such object handling is evident in still (d) in Figure
2, where the female participant passes a scoop to a fellow student in another group who is off-screen.
Table 2. Students’ handling of objects that mediate completion of support activities

Group A
Group B

F

M1

M2

M3

7
7:39
5
4:20

10
7:33
4
5:20

8
3:15
5
4:33

4
1:08
2
1:31

Number of interactions
Total duration of interactions
Number of interactions
Total duration of interactions

Custodianship of documentation
Within the multimodal interaction analysis undertaken, a sub-category of object handling pertaining to the
handling of documents and documentation was identified. This involved transcription of all the occasions
in which participants handled and referred to documents. Table 3 summarises the analysis in terms of the
number of, and duration of, interactions that the participants had with documents and documentation.
Table 3. Students’ handling of documentation

Group A
Group B

F

M1

M2

M3

6
12:50
2
3:52

2
3:20
2
4:09

1
0:08
1
1:11

0
0:00
0
0:00

Number of interactions
Total duration of interactions
Number of interactions
Total duration of interactions
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In both groups, the female participants interacted
particularly often with documents during the concrete
mix proportioning exercise, albeit that, in one of the
groups, one of the male participants also frequently
interacted with such documents. Upon closer
transcription and analysis, it emerged that three types
of document-handling occurred during completion of
the practical exercise.
First, certain calculations had to be undertaken. As
mentioned previously, the students were required
to perform two different mix proportion exercises,
the eye-ball and C&CI mix proportion methods.
The information provided to the students included
water:cement ratio, the relevant material properties
and the values that were required for the calculation
of the proportions. There were no calculations required
for the eye-ball method, but the C&CI method required
some calculations, which in turn required the studentparticipants to read values from tables and graphs
provided in their textbooks. The calculations that the
students undertook gave values for one cubic metre
of concrete and, therefore, had to be scaled down
so as to produce just 15 litres of concrete.
These calculative tasks, involving the given data sheet
as well as the textbook, were generally undertaken
by the group as a whole, or by the majority of
members of the group. This accounts for much of the

male participants’ interaction with documents and
documentation during completion of the practical
exercise. In the two-minutes of activity depicted in the
still images in Figure 2 (specifically, see still (e)), it can be
seen that the female participant and one of her male
counterparts examine the results of their calculative
work and verify that the correct quantity of water is
being added to the concrete mix. It is apparent that
it is the female participant who acts as custodian of
the document throughout the exchange and it is the
female participant who takes responsibility for the care
of the group’s documentation (see still (f) in Figure 2).
Thereafter, a second type of document-handling
involved record-keeping regarding the values obtained
from, amongst others, the slump test undertaken and
the results of the strength determination testing done
in the second week. This task involved entering data
into the data sheet that was given to the students at
the start of the practical. In both groups, this recordkeeping was undertaken by the female participant.
Finally, included in the category of documenthandling was the creation of labels to be placed
on the concrete cubes so that they would not be
confused with other groups’ concrete cubes. Again,
in both groups, this task was undertaken by the female
participant. It is therefore evident that, in this data,
custodianship of group documentation lay with the
female participants.

Figure 2: Story-board of two-minute excerpt from concrete mix proportioning exercise
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Pedagogical implications
Roberts and Ayre (2002) find that, in the workplace,
women are often relegated to performing supportive
functions within engineering contexts. This finding was
seen to also become manifest in the participation of
female students in the practical exercise at stake in
this paper. In this way, these results may mirror patterns
of participation evident more broadly in society. The
female participants in this study spent considerably less
time in direct physical engagement with the concrete,
and comparatively more time engaged in what can
be termed support activities.
Such adherence to gender roles undermines the
pedagogic purpose of this activity. Concrete is the
most commonly used construction material in the world
today (Owens, 2012) and is a mixture of cement, sand,
water and stone. From an engineering perspective, it
is important that students have a good understanding
of the physical properties of concrete, as well as the
individual materials from which it is made. Students
need, furthermore, to be able to assess the physical
properties of freshly prepared concrete so as to
exercise judgement on the suitability of concrete for
its intended use. The purpose of practical, laboratory
exercises such as that described in this paper is to
add value to module content by giving it practical
credence (Lerner, 2007), particularly as this relates
to aspects such as proportioning materials, assessing
properties of fresh concrete and testing properties of
hardened concrete.
Professionals who work with concrete use the majority
of their senses in order to exercise such judgement,
and the ability to do so arises from direct physical
experience in the concrete mix design process. This
ability arises from experience, confidence and a
sense of self-efficacy. Indeed, during their time at
university, students are building academic self-efficacy
and, in turn, work self-efficacy (Raelin et al, 2014) and
confidence (Litzler et al, 2014). The experience of
proportioning concrete mixes enables students to
understand the influence of each constituent on the
properties of the fresh, and hardened, concrete. In
the theory classes, mention is made of the fact that
it is important to visually inspect and physically touch
the stone and sand (collectively, the aggregates)
to be used in the concrete, as this gives a sense of
the physical properties of the aggregates (surface
texture, shape and flakiness of the stones, for example)
which can greatly impact upon the proportioning and
properties of the concrete, and enables individuals
to make alterations to the proportioning process to
overcome possible problems in the mixing process so
as to ensure that the hardened concrete conforms
to the desired specifications. In the groups filmed as

part of this project, the task of obtaining the requisite
aggregates was taken up by the male participants and
the female students had only a cursory opportunity to
inspect these materials.
In completing a slump test, it is equally important to
use the senses: to feel the resistance of the tamping
bar when it enters into the fresh concrete; to hear
what noise is made when the tamping rod enters
into the fresh concrete; to see, and assess, the
cohesion and finishability of the fresh concrete after
completion of the slump test. In both groups filmed,
the female participants had no physical interaction
with the tamping rod. Only the male participants
handled this object. Obtaining a ‘feel’ for the
concrete is also important when mixing the constituent
materials together, undertaken using a spade. As was
demonstrated in discussion of the still images in Figure
2, the female participants did little to none of this.
Concrete Technology represents that aspect of civil
engineering that attracts some to the discipline,
but also discourages others: it is not technologically
mediated. In most other aspects of civil engineering,
such as structural analysis, for example, computerbased modelling and design have become the
norm. However, construction professionals, because
of the preponderance of concrete works, still require
practical experience with and exposure to concrete
as a physical entity. The gender roles that can be
seen to play out in the groups filmed herein seem
to work against female civil engineering students
obtaining such experience and exposure. Recent
research (Raelin et al, 2014; Litzler et al, 2014) indicates
that female students generally have a lower sense
of self-efficacy and self-confidence than their male
counterparts. This self-efficacy is fostered, or not, by
individuals’ experiences in practice. It relies on all
participants gaining comfort within the group. Such
comfort in group work has been shown to be related
not only to self-efficacy, but also persistence within
programmes and ultimate academic success (Micari
and Drane, 2011).
Although the purpose of the practical laboratory
exercise discussed herein is to develop students’ sense
of self-efficacy, it is clear that such development is
potentially taking place in an inequitable manner.
It is important that engineering educators work
towards creating learning environments in which the
contributions of all students are respected; this may
require additional oversight of student interaction
during group work (Amelink and Creamer, 2010).
Such learning environments, as Amelink and Creamer
(2010) continue, not only enhance student satisfaction,
but also impact on student intentions to remain in a
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career in engineering. Failure to create such conducive
learning environments may perpetuate inequalities
in the engineering workplace, and may have longterm impacts regarding the retention of women in the
engineering fields.

Conclusion
This paper has presented a fine-grained analysis of
the participation of male and female students as they
completed a laboratory practical exercise for one of
their core civil engineering degree modules, Concrete
Technology. Two groups of students were filmed as
they undertook the described practical. Although
this sample is relatively small, fine-grained analysis was
undertaken on the footage obtained, which precluded
large-scale assessment. The focus of the analysis was
not to obtain generalizable facts, but to demonstrate
the subtlety and complexity of the gender roles evident
within the groups.
The footage was time-coded according to broad
categories of activity, where it was found that the
female participants tended to spend more time than
their male counterparts engaged in group discussion
and less time physically engaged in the concrete
mix proportioning process. Thereafter, the data
was analysed using multimodal interaction analysis,
undertaken using ELAN, a video data analysis software
application. Although various aspects such as posture
and gesture were analysed, this paper has focused
specifically on object handling. This analysis reveals
the fine patterns of participation that characterised
the students’ completion of this particular task.
It was found that the female participants spent
considerably less time handling objects that mediated
physical engagement with the concrete, such as
the spade and tamping rod. Rather, the female
participants tended to handle objects that were
indicative of the fact that they were largely relegated
to undertaking support activities. More specifically, it
was shown that the female participants were also, in
both groups, largely responsible for custodianship of
group documentation.
These subtle manifestations of gender roles within
the context of the Concrete Technology laboratory
practical work against the pedagogic aims of a
practical such as this, where it is the manipulation
of, the ‘play’ with, the concrete that is productive of
learning. Furthermore, these findings suggest that,
for the female participants, the inclusion of groupbased practicals may reinforce stereotypes that
prevent the enhancement of their sense of self-
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efficacy in preparation for entry into the workplace.
This may have longstanding impacts on their ultimate
retention in the field. As such, further research needs
to be undertaken into the nuances of gendered
participation in engineering study. Such research could
also examine how gender roles play out in groups with
different compositions of male and female students.
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The poor throughput and retention rates in engineering
education are of global concern. Engineering has
become increasingly complex, particularly in the light
of rapid technological development. The research
presented in this paper contends that the theory/
practice relationship is not adequately understood.
In order to enable engineering graduates to effectively
apply their knowledge and solve complex 21st
century problems, it is necessary to develop a better
understanding of what that problem-solving process
entails. The research aim is to understand and map how
different engineering practitioners work with different
forms of disciplinary knowledge when solving industrial
problems.
The research draws its theoretical framework from
the field of the sociology of education, primarily
the work of Basil Bernstein and Karl Maton, and the
concepts of disciplinary knowledge structures and their
impact on complex sociocultural practices. Using the
Legitimation Code Theory (LCT) tool of Specialisation,
the analytical focus is on the relationship between the
significantly different forms of disciplinary knowledge in
the multidisciplinary field of mechatronics engineering.
Following a methodologically pluralist approach, data
from 18 case studies in three types of industrial practice
contexts have been collected in the form of participant
texts, interviews and observations.
This paper presents three examples of problem-solving
patterns that emerge following the application of a
particular LCT instrument (the epistemic plane). The
instrument enables a view of the problem-solving
context as well as a ‘map’ of the problem-solving
process. These ‘maps’ provide a useful framework
against which to decipher disciplinary boundary
crossing and ‘code clashes’ which may impede
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the problem-solving process. Understanding such
code shifting and clashing may provide insights into
the difficulties faced by engineering students and
graduates when solving problems in increasingly
complex contexts. It is also hoped that the findings
will contribute to a view of curriculum that addresses
the changing engineering practice landscape.

Introduction
“Advances in engineering have been central to
human progress ever since the invention of the wheel”
(UNESCO, 2010), and the role of the engineering
practitioner in contributing towards socioeconomic
development is crucial. In South Africa, engineering
is cited as a particular area “in which skills are in
short supply or decreasing” (CHE, 2009, p. 40). A
report by the Human Sciences Research Council
(HSRC) describes the current state in South African
engineering “as one of the worst capacity and
scarce skills crises in years” (Du Toit & Roodte, 2008,
p. 1). The tertiary education sector responsible for
producing engineering professionals is not managing
to do so effectively enough, with low graduation rates
and an average non-completion/dropout rate on
engineering programmes of 50% (CHE, 2013; Fisher,
2011). However, this picture is not unique to South
Africa. Local and international studies to determine
the cause of low retention and high attrition reveal key
factors are content overload, inadequate study skills,
misconceptions about the nature of the engineering
profession, and the disjuncture between science
and engineering (Bernold et al., 2007; Vogt, 2008;
Andersson et al., 2011). In a national comprehensive
employer survey on graduate performance (Griesel
& Parker, 2009), 56% of the industries surveyed were of
SET (Science, Engineering and Technology) sectors.
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The key gap to emerge is that “between employer
expectations and higher education outcomes” with
respect to application of knowledge (p. 1). It is this
‘gap’ that may be one of the reasons for the fact that
despite the skills shortage, over 10 000 qualified SET
technicians were recorded as unemployed in South
Africa in 2012 (CHEC, 2013). In the Western Cape alone
(the regional site of the research), 31.2% of all 2010 SET
graduates were unemployed in 2012 (ibid.). Clearly
something is amiss.
Engineering in the 21st century has become increasingly
complex in the face of globalisation and exponential
technological development. Tertiary education
institutions, worldwide, face the unprecedented
pressure of training masses of “professionals [equipped
with the] broad problem-solving skills” (Kraak, 2000, p.
11) necessary to cope with the reality of an increasingly
complex field. The demand “that graduates can
deliver value from their first day in the workplace”
(Case, 2011, p. 3) has resulted in widespread curriculum
review and redesign processes. Selecting appropriate
knowledge elements is complicated by the fact
that “the ‘content’ of engineering practice other
than basic principles is changing far too rapidly for
engineering curricula to keep pace with” (Felder,
2012, p. 11). What exactly are the ‘basic principles’,
though? The knowledge profile for all South African
Higher Education engineering qualifications lists natural,
mathematical and engineering science knowledge
in one competency outcome, as though they were
comparable (Engineering Standards Generating
Body, 2012 ). This condensation suggests the lack
of a “sophisticated understanding” (Shay, 2008, p.
596) of the nature and purpose of the disciplines in
enabling engineering problem solving. The contention
in this research is that we have a poorly informed
conceptualisation of the nature of and relationship
between both theory and practice with regard to
enabling the ‘problem-solving’ abilities necessary for
the different engineering qualification levels.
Based on a current PhD study, which is a continuation
of earlier research into multidisciplinary engineering
practice (Wolff & Luckett, 2013), the focus in this paper
is primarily on an analysis of practices observed in three
different types of industrial sites. It is the intention to
better understand how successful novice practitioners
draw on different forms of engineering disciplinary
knowledge when solving a particular real-world
problem. Using a set of theoretical tools and instruments
from the sociology of education, notably the work
of Basil Bernstein (2000) and Karl Maton (2014), the

paper presents a ‘language’ through which to analyse
engineering practitioner problem-solving practices.
The early findings, based on 18 case studies, suggest
there is a generative relationship between the nature of
the problem solver, the problem environment and the
disciplinary problem structure. Each of these elements
may manifest a different orientation to both the ‘what’
and the ‘how’ of the problem. Where there are
clashing orientations, a problem-solving process may
be impeded. The paper begins with relevant elements
of the theoretical framework and introduces one of
the analytical tools. This is followed by an overview of
aspects of the methodology, and the presentation
of three sample case studies. The paper concludes
with comments on the potential implications of the
research and its attempt to make a contribution to
developing an informed curriculum that will attract,
retain and enable engineering graduates for a
changing professional landscape.

Conceptual framework
Engineering is classified in Bernsteinian language as a
‘region’, which sees ‘singulars’ (pure disciplines such as
physics and mathematics) combined into ‘knowledge
areas’ appropriate to a specific occupational or
professional purpose. The challenge with ‘regions’ is
that they may lose sight of their disciplinary basis, and
lack ‘conceptual coherence’ (Muller, 2008). The focus
for this research is one of the most rapidly emerging
and expanding engineering sectors – that of controlled
electro-mechanical systems (or Mechatronics
Engineering). Mechatronics represents one of many
regions in which the growth of the region itself is not
only directly related to but dependent on industrygenerated technological developments aimed at
more efficient automation or automated production.
The reason for this particular focus is that the core
disciplines that constitute the ‘region’ are significantly
different: the mathematics and physics underpinning
the mechanical and electrical elements, and what
I am terming ‘logic’ as the discipline underpinning
control systems and computer programming
(Wolff & Luckett, 2013). Mechatronics curricula
are broadly designed around three core subject
areas: structures (mechanical engineering), power
(electrical engineering) and control (computer and
systems engineering). From a knowledge perspective,
‘structures’ and ‘power’ draw on the mathematics
and physics underpinning mechanical and electrical
engineering, albeit in different ways. ‘Control’, in this
region, is based on the ‘logic’ and mathematics of
computer engineering.
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Knowledge structures and organising principles
The key Bernsteinian concept is that of the way in which
knowledge is structured. Vertical discourse - formal
“systematically principled” knowledge (Bernstein, 2000,
p. 157) - consists of two primary structures which reflect
the way in which knowledge has progressed in the
field. Hierarchical knowledge structures, represented by
the natural and physical sciences, attempt “to create
very general propositions and theories, which integrate
knowledge at lower levels” (p. 161). Hence, we see a
‘subsumptive progression’ of knowledge over time,
where new theories or concepts extend and integrate
earlier ones. Physics is the key hierarchical knowledge
structure in Mechatronics engineering. Its organising
principles are reflected in strongly sequenced concept
chains. For example, Ohm’s Law subsumes a number
of concepts - the behaviour of electrons, the nature of
different conductors, the principles of resistance and so
on - and is reduced at its simplest to V=IR. The building
of this kind of knowledge occurs over a long period of
time, as is evident in the school’s physics curriculum.
In contrast, horizontal knowledge structures “consist
of a series of specialised languages with specialised
modes of interrogation and criteria for the construction
and circulation of texts” (Bernstein, 2000, p. 161). In
other words, there are kinds of knowledge structures
where the same type of knowledge has different
‘languages’. Inherent in the notion of structure is the
question of its strength (durability) and its relation to
the world in which it exists. Young and Muller (2007)
suggest that the difference between horizontal
knowledge structures can be described in terms
of ‘grammaticality’: “how theoretical statements
deal with their empirical predicates” (p. 188). Those
horizontal knowledge structures “whose languages
have an explicit conceptual syntax capable of
relatively precise empirical descriptions” (Bernstein,
2000, p. 163) exhibit ‘strong’ grammaticality. One such
example is mathematics , the second key discipline
in Mechatronics engineering. By way of example,
the ‘explicit conceptual syntax’ in the theorem of
Pythagoras (a2 + b2 = c2) clearly announces itself as
mathematics, and stably identifies the relationship
between the lengths of the sides of a right-angled
triangle. Each of the languages in this kind of knowledge
has strong and recognisable organising principles.
Learning entails similar procedures to the learning of
physics, for example. The difference is that there may be
a different ‘language’ to draw on to represent the same
knowledge. An algebraic linear equation, for example,
can be represented using coordinate geometry, each
with their own rules of syntax.
Then there are horizontal knowledge structures with
‘weak’ grammaticality, such as those of the social
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sciences, where the “capacity of a theory to stably
identify empirical correlates” is weaker (Young & Muller,
2007, p. 188). The term ‘functionalism’, for example, is
to be found in several disciplines, and would require
clarification in particular contexts. Bernstein establishes
that knowledge in such fields progresses by way of
proliferation and redundancy. This is particularly evident
in Information Communication Technologies (ICTs), a
‘region’ which is at the heart of 21st century computerbased engineering practice. This region represents
the third key discipline: ‘logic’. Evidence of the ‘weak
grammaticality’ here lies in the use of common words,
such as ‘function’ or ‘object’ which take on specific
meanings in different programming paradigms.
Working with these knowledge structures requires one
to constantly refresh one’s knowledge base, adapt to
new forms, and respond to a different set of organising
principles. This implies “masses of particulars” (Muller,
2008, p. 15) need to be learnt independently, not
necessarily sequentially as in the case of physics, and
more often than not in specific and multiple contexts.
So, the question for this research is what happens when
these three significantly different disciplinary structures
meet in a problem-solving moment?
Legitimation Code Theory
Legitimation Code Theory (LCT) forms a core part of
a broad social realist ‘coalition’ of approaches which
reveal knowledge as both socially produced and
‘real’, in the sense of having effects. LCT provides a
rich (and developing) “sociological toolkit for the study
of practice” (Maton, 2013, p. 5). One dimension of the
‘toolkit’ is the concept of Specialization which “extends
and integrates Bernstein’s concepts of ‘grammars’”
(Maton, 2014, p. 95). Specialization is about ‘what
counts’. What is legitimate in a field of practice? There
are two sets of specialization relations: those concerned
with knowledge and those concerned with knowers.
The former provides one of the frameworks for the data
presented in this paper. The ‘relations’ concerned with
knowledge are called ‘epistemic relations’ (ER). ER
“highlights that practices may be specialized by both
what they relate to and how they so relate” (Maton,
2014, p. 175). In other words, practices are recognised
as legitimate by participants in the field of practice.
The relationship between ‘what’ the practice relates to
and ‘how’ it relates is illustrated on a Cartesian plane
(Figure 1). The y axis (vertical) represents the strength of
the relationship between a knowledge claim and the
empirical data (ontic relations), in other words what is
the focus of the claim. The x axis (discursive relations)
represents the strength of the relationship between
ways of referring to or dealing with (how) a particular
object of study (the empirical data). This gives us four
quadrants which each represent a different insight.
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Figure 1. The epistemic plane (Maton, 2014, p. 177)

The following are examples of engineering knowledge
practices which illustrate the four insights:

(OR+) by a particular need (what), but the means to
accomplish this (how) may vary (DR-).

Purist insight: Here we see strong adherence to both
the phenomenon studied and the approach. The
concept of structural ‘force’ in physics is governed
by a commonly agreed set of laws and expressed
in particular formulas, which thus dictate particular
procedures for determining force at a given moment
in a system. In other words, there are both strong ontic
relations (OR+) – what - as well as discursive relations
(DR+) – how.

Knower/no insight: This is the weakest point of the
epistemic relations, either characterised by an
‘anything goes’ (OR-,DR-) philosophy or the practice
is legitimated through the “attributes of the subject”
(ibid.), in other words, a knower code. This insight is
dominant when a decision is based on the nature of
stakeholders and not a particular phenomenon or
method.

Doctrinal insight: This is the notion of practice governed
by methodological dogmatism, and very common
in the way in which students/graduates have been
taught to apply mathematics. Mathematical models
and methods are followed rigorously, implying
stronger discursive relations (DR+) irrespective of
the phenomenon (OR-). Similarly, a dogmatic
methodological approach to a problem or process
also sees practices based on doctrinal insight, where
the method is more important than the phenomenon
in question.
Situational insight: “Knowledge practices are…
specialized by their problem-situations” (Maton,
2014, p. 176), which means a greater degree of
methodological freedom (DR-). In other words, there
are more ways to accomplish the same thing. Any
number of programming languages or technologies,
for example, can be used to fulfill the same objective.
Businesses which specialise in custom-made machines
display a situational insight orientation as the particular
customer needs could be met in a number of ways.
The focus of the potential solution is strongly bound

The two key concepts of knowledge structures and
epistemic relations are used in this paper to analyse
mechatronics engineering practice. Each knowledge
structure and each insight represents a kind of
‘code’, a way of thinking. Each ‘code’ or ‘insight’
is significantly different. In a multidisciplinary field it is
quite conceivable that one needs to shift one’s way of
thinking at different times. The question in this research
is what does this shifting look like in different but
comparable engineering problem-solving contexts?

Methodology
The research seeks to understand how mechatronics
practitioners in a range of industrial sites solve problems
in the context of a controlled electro-mechanical
system. The contention is that in the problem-solving
moment, the engineering practitioner needs to
navigate his/her way through different disciplines,
which have different organising principles and
require different ways of thinking. This ‘navigation’
entails not only crossing disciplinary boundaries, but
dealing with knowledge code clashes. But this is not
the only thing a practitioner has to navigate. There
is an entire contextual world around the machine or
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system in which the technical problem occurs. A key
concept to assist in understanding this complexity is
Herbert Simon’s (1996) distinction between the inner
and outer environments of a particular ‘artefact’. The
‘artefact’ here is the focus of the engineering problem
itself – the actual technical problem site. The inner and
outer environments of the problem site may differ
significantly enough to impact on the problem-solving
process. “The inner system is an organisation of natural
phenomena capable of attaining goals in some range
of [outer] environments”, which, in turn, “determine the
conditions for goal attainment” (Simon, 1996, p. 11).
Three inner/outer systems contexts have been classified:
the Contained Systems environment, where the focus

is a discrete ‘contained’ object that fulfils a particular
stand-alone function; the Modular Systems environment
where different machines and subsystems are built or
set in relation to each other to form an automated
system; and the Distributed Systems environment such as manufacturing - where the focus is on actual
production. While the ‘inner’ environment of the
problem itself may be the same in all these contexts,
the ‘outer’ environments differ significantly with respect
to scale, stakeholder relations, procedures, and
organisational structures. The categories are illustrated
in Table 1, and are based on the nature of the range
of industrial sites where participating mechatronics
technicians and technologists in the Western Cape
are employed.

Table 1. Mechatronics systems categories

Data collection proceeded in three phases beginning
with a questionnaire requesting a description of the
context, the most recent technical problem faced,
and how the practitioner solved the problem. The
volunteer participants, barring one, all hail from
the same institution, and are regarded as ‘novice’
practitioners with between one to five years’ industrial
experience. 27 questionnaire responses were sifted for
appropriacy and then allocated to a specific category.
18 were selected for phase two: a semi-structured reenactment interview recorded in both audio and
video formats. The re-enactment protocol entailed
the practitioner’s ‘reliving’ the problem moment and
context by using the actual artefacts in their original
problem location (where possible).
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The problem-solving process was divided into three
stages:
• ‘how’ the practitioners approach the overall problem
itself
• ‘how’ they determine the cause (analysis)
• ‘how’ they implement a solution (synthesis)
This process was mapped onto the epistemic plane
(Figure 1) to capture the problem-solving trajectory
across different insights – in other words, the ‘basis’
of their thinking and action at each of the three
stages. At the heart of each problem lies a particular
configuration of mathematical (red), physics (green)
and logic-based (blue) knowledge within a particular
context (purple). These knowledge areas were colourcoded on the problem-solving maps so as to enable
a visual depiction of both the knowledge type (with
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its relevant structural characteristics) as well as the
dominant insight at a particular stage of the problemsolving process.
The third phase entailed industry expert verification
of the analysis. In order to enable the industry experts
to understand the analysis, the epistemic plane was
simplified using accessible terminology and translated
into the ‘5P’ model (Figure 2).

unit at an access control systems manufacturer for
18 months. A new automated access control system
is being developed by the company using a more
powerful microcontroller. A1’s role is to add a ‘battery
disconnect circuit’ (amongst other things) to the
new system. He built a prototype circuit using what
is called a ‘Zener diode’ to read the voltage levels
and trigger the disconnection and reconnection of
the battery. However, when he transferred the circuit
to the actual PCB (printed circuit board), he had not
taken the capacitance into account, and the current
surge blew the transistor. A1 needed to regulate the
incoming energy better, and solved the problem by
adding a different component - a P-channel Field
Effect Transistor (FET).
The dominant insight orientation in this part of the
business is ‘situational/purist’ - these access control
systems are custom-made designs – in other words
responding to a particular customer ‘situation’,
but also based on the appropriate laws of physics
underpinning electronics. There are different possible
solutions to a specific technical need, but each solution
is underpinned by specific principles, the key one in this
case being Ohm’s Law.

Figure 2. . The ‘5P’ problem-solving model
Although the ‘5P’ model loses some of the nuances
implied in the epistemic plane, it was used as a simple
translation device to enable experts to talk about
how the participants engaged with their particular
problems. The lower left quadrant ignored the ‘no’
insight element and retained the ‘knower’ orientation,
as it had emerged as being significant across all the
case studies. For the purpose of the PhD study, the
expert verification discussions were translated back
onto the epistemic plane and interpreted using the
ontic relations and discursive relations discourses. For
the purpose of this paper, I will continue to use the 5P
model, but will refer to the insights as per the formal
LCT names.

A1 displays a typical situational insight in all
aspects of his life and work. He loves trial and error
experimentation, is haphazard in his approach to
problem-solving, and relies on previous experience:
‘I tend to refer to a lot of older designs - I have a
whole bunch - and if I need to reference something I
go there, but if it’s something new I would do a quick
google search’ (A1).

Problem-solving case studies
Three case studies have been selected for this paper,
one drawn from each of the contextual categories.
Each case study will be briefly introduced, but the focus
for this paper is on the element of ‘code shifting’ or
‘code clashing’. In each case, a possible implication
for curriculum is suggested.
Case study A1: contained systems
Technician A1 has worked in a small separate R&D

Figure 3. . A1 problem-solving process
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The problem-solving trajectory is illustrated in Figure
3. He approaches the problem (1) from a situational
perspective. In other words, here is a new product and
it needs to do a number of additional and different
things from the one previously produced, and there
could be a number of ways to do this: the first solution
attempted being the Zener diode circuit, and the
second (following the impact on the transistor) being
the P-channel FET. He is required to shift into purist mode
when analysing (2) the cause of the blown transistor.
There is not necessarily a logical or procedurally
efficient sequence to his explanation. He moves
from one circuit to another and then to a different
component, but at each stage explaining the various
power values (mathematics). He articulates the various
aspects of Ohm’s Law (physics) continuously, several
times also correcting himself. He determined that the
difference between the PCB and the prototype was
the existence of the capacitors (3) and that he needed
to regulate the voltage better. He consulted Google,
having used FETs before and suspected they might
work. He deduced from the component explanations
on a particular website what he should do. In other
words, he ‘synthesised’ (4) a solution for this particular
problem in this context by implementing one of a
number of solutions, which had to fit into the logic of
the PCB as a whole.
The problem in this case study is precisely that of
the research: the implications of the broader/wider
context. When A1 moves his prototype design to
the actual circuit board environment, he has not
considered all the other components on the board,
how they are connected and how the energy flow
through all the components might affect individual
components. The movement between situational and
purist insights is appropriate in this context, as the two
insights represent both a typical R&D environment and
the nature of the problem. However, as a practitioner,
he confesses that he “basically came here knowing
nothing” and that his conceptual grasp of the
disciplinary basis of the problem was lacking. The shift
into purist mode represents a code clash for A1 as a
practitioner. However, as is the nature in the sector,
A1 is part of a small team. His colleague (another
participant in the research) is a clear purist, preferring
well-established and known principles and related
procedures. The colleague admits he gets “frustrated
when this language can’t do what another language
could do, because I always used that feature and then
I have to find a way around that” (A2). The synergy
between different members of the small R&D team
- with different insight orientations and open lines of
communication - facilitates effective problem-solving
in this context. A key feature, therefore, of successful
problem-solving practice in such contexts is access to
the collective ‘reservoir’ (Bernstein, 2000) of available
knowledge and supportive stakeholder relations. It is this
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aspect of supervised ‘team work’ that the engineering
curriculum tries to emulate in the provision of project
opportunities. All too often, however, the structure of
the project teams is not necessarily taken into account,
and the expectation is that all members are equally
equipped in all areas.
Case study B2: modular systems
B2 works as a machine builder and systems integrator (3
years), moving from one manufacturing site to another
to maintain and improve existing production processes
where his company’s custom-made machines have
been installed. The company also oversees an
international machine builder’s local clients. B2’s
dominant purist insight orientation reveals itself in his
systematic, detailed and analytical questionnaire
response. Although he is a purist in nature, his
customer environments are doctrinal proceduresdriven manufacturing plants. B2’s standard approach
is thus necessarily from a situational perspective (1),
as each context is different. This is followed with a
detailed analysis of the context (2a), the existing and
required processes (2b), the human decisions (2c) in
relation to those processes, and finally an analysis of
the problem-site artefact (2d). The large company in
question manufactures pharmaceutical products. One
of the internationally-supplied packaging production
lines entailed two sealing bars above and below
the product. The two bars were not completing the
packaging cycle at the same time. The fault was
registering as an overload on the top servo motor.
After establishing this context, technician B2 studied
the production process in ‘inching mode’:
‘I noticed that the bottom bar had finished its motion
while the top one was still in motion and pushing
the bottom bar. That was clearly the cause of the
overload’ (B2).

Figure 4. B2 problem-solving process
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B2 then investigated the possible impact of any
recent changes to the system. It was revealed that
through a maintenance process the top sealing bar
had been replaced, and that the new bar measured
under a millimetre thicker than the old bar – sufficient
to cause a difference in the high-speed motion of the
production line. The synthesis of a solution (4) entailed
the procedural modification of parameters on the
control system to allow both bars to complete the
cycle simultaneously.
The interesting feature in this case is the fact that the
company had already attempted to solve the problem
by consulting the international suppliers (remotely).
They had been advised to replace the motor, then
the drive and the cable. None of this had solved the
problem. The local company did not think to mention
the sealing bar had been replaced, and did not realise
it was slightly thicker. The international suppliers did not
enquire about any changes to the system. B2 explained
the difference the fraction of a millimetre made to the
process, drawing on the physics and mathematics of
force, motion and friction.
The problem-solving trajectory through different insights
reveals a kind of analytical process that could be
equated with purist thinking. For this practitioner, each
of the contextual and conceptual elements entail
distinct principles and associated procedures. His grasp
of the requirements of the different insights is reflected
in his appropriate use of different discourses at different
stages of the explanation, and this case study reveals
no evident code clash. This is one example of four
full-cycle cases where the practitioners all happen
to be high achievers in both mathematics and the
logic-based subjects. Such cases represent only 2.9%
of a total of 290 under-graduates on the mechatronics
qualification in question. I will make no generalisable
claims here about the correlation between ease of
movement across insights and the high achievement
in both mathematics and logic programming. I would
like to suggest, however, that the nature of the two
types of horizontal knowledge structures (strong and
weak ‘grammaticality’) are reflected in the difference
between strong and weak discursive relations (the
x axis on the epistemic plane) – in other words, the
movement between fixed, commonly agreed
procedures and a range of possible procedures. It is
crossing this boundary from right to left or left to right
that has emerged as presenting the most common of
code-shifting challenges, if not explicit code clashes,
across the majority of case studies in this research. The
implications of the relationship between knowledge
structures with strong procedures and those with openended or choice-based procedures are significant
for curriculum rethinking, as these subjects are often
treated as separate.

Case study C1: distributed systems
Technician C1 has worked at the medium-sized
automotive component manufacturer for four years.
He is responsible for monitoring, improving and
reporting on specific production line processes. The
company has a distinct doctrinal orientation and is run
according to a strict 6 sigma methodology, which is “a
disciplined, data-driven approach and methodology
for eliminating defects” (www.isixsigma.com). The focal
problem is relatively straightforward. A production line
is rejecting components due to their ostensibly not
meeting the product height specifications. Visible
inspection of the rejected parts suggests they cannot
all be defective. It seems clear that the heightmeasuring device itself is problematic. This is a subsystem (mounted on the production line) consisting of
‘linear probes’, which ‘touch’ the product and send
a signal to the computer to verify whether or not the
height is accurate.

Figure 5. C1 problem-solving process
C1 approaches (1) the problem with a doctrinal
6 methodology and describes the definition,
measurement, analysis (2), and implementation
of a solution (4). Through his root-cause-analysis
methodology on the physical artefact itself, it is
determined that an inappropriate ‘connector bank’
has been supplied by European manufacturers (3). The
connector bank is used to reduce unnecessary cabling,
and the one in question is intended for digital inputs.
It has built in Light Emitting Diodes (LEDs) which cause
voltage interference in the highly sensitive analogue
probes, and thus cause the height measuring device to
reject components as it is not getting a ‘clean’ signal.
The entire analysis is from a purist perspective. The
interim solution (situational) is to bypass the connector
bank and wire all the linear probe cables directly into
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the PLC (which is not ideal as it causes various delays
and slows down overall production processes).
C1 is not naturally of either purist or doctrinal
orientation. He is essentially a situational problemsolver, preferring trial and error and drawing mostly on
experiential knowledge. However, he has absorbed the
company’s strict methodology, and according to his
supervisor his process is “structured and well-sequenced
if he understands the machine… when he does not
know something, he jumps around quite a bit”.
The problem took three days to solve, and entailed
the step by step alteration of every component
between the probes and the PLC, as per the standard
approach in this context. Although the industry expert
was quick to defend this process, he conceded that
they had neglected to check the connector bank
properly – the changing luminosity on the visible LEDs
should have been a clue to voltage interference on
the highly sensitive probes. In other words, if C1 had
taken a moment to absorb the problem in context
(and taken the suppliers into account by reviewing
their documentation), he may have solved it far more
efficiently. However, given that the supplier is a highly
reputable one, C1 admitted he “assumed it was meant
to be like that… European machine suppliers think
they’re of a high standard”. The cause of the problem
was human error and required an unsatisfactory
situational solution.
C1’s problem-solving trajectory is a common one in this
research, and his doctrinal approach is standard in the
‘Distributed Systems’ category. In most of these cases
it emerges that a supplier or stakeholder is responsible
for a decision that leads to an error. In each of the
similar cases, the participant has assumptions about
the reliability of new components and equipment,
and neglects to take the contextual stakeholders (or
their documentation) into account. Secondly, when
dealing with international stakeholders it emerges
that few of the participants have the requisite ability
to comfortably shift to a knower insight orientation –
in other words, they do not necessarily know how to
engage productively with stakeholders who literally
speak a different language and follow different
procedures. While our curricular attempts to include
‘communication skills’ courses are intended to enable
improved communications, these courses do not
necessarily capture the range of discourses and ways
of thinking that an engineering practitioner is going to
encounter in an increasingly global context.
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Concluding comments
This paper has presented three case studies to
demonstrate engineering technician problem-solving
practices in three different contextual categories. Using
tools drawn from the sociology of education, namely
the Bernsteinian concepts of knowledge structures
and the LCT dimension of Specialization, the analysis
entailed the graphic plotting of actual problemsolving trajectories, highlighting the shifting between
significantly different forms of and approaches to
disciplinary knowledge.
A key finding to emerge is that the most common
code-clash or code-shifting challenge is along the
horizontal axis, between stronger and weaker discursive
relations. In other words, the shift between fixed ways
of doing things and a broader range of possibilities.
From a disciplinary perspective, mathematics and
logic respectively represent the knowledge forms
on either side of the ‘discursive relations’ continuum.
Across all the case studies - barring the four anomalies
(including B2) - the practitioners manifest an insight
orientation on one particular side, and this happens to
be reflected in their academic performance profiles
as a significant difference between mathematics and
the logic-based subjects. This suggests the practitioners
are orientated towards certain disciplinary ways of
thinking. In supportive, possibly smaller environments such as in the case of A1 - the navigation of disciplinary
boundaries (or code-shifting) is facilitated through
access to a collective ‘reservoir’ of knowledge. A
second finding to emerge is that the larger the scale of
the environment, the more doctrinal its key orientation
is likely to be, and the greater the chance is that a
situational practitioner will experience a code clash.
In three such cases, the participating technicians have
subsequently left their companies. They were simply
not suited to the environment.
The evidence of ‘code shifts’ and ‘code clashes’
in different contexts suggests that the engineering
curriculum could benefit, first of all from an analysis
of the different forms of code in the different
knowledge areas, and secondly, by making such
differences explicit, particularly in cases where codeshifting is anticipated. Furthermore, there is a clear
need to introduce curricular elements that entail
weaker discursive relations – in other words, problem
contexts that offer a range of possible approaches,
particularly with respect to both technology and
knowers. It is hoped that this research will contribute to
an engineering educational experience better suited
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to the rapidly changing landscape of 21st century
engineering practice.

education (pp. 9-14). Leiden: CRC Press. Retrieved June
17, 2012, from http://www4.ncsu.edu/unity/lockers/
users/f/felder/public/Papers/TwoParadigms.pdf
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Abstract
Social media has been used effectively for teaching
and learning for many years in developed countries.
It seems there needs to be an understanding of
the affordances that social media could bring to
the learning space in the African context. We use
qualitative research and content analysis to see how
and why the learners used social media in a private
Higher Educational (HE) institution in South Africa to
enhance their learning experience. The course was split
into face-to-face lectures and the deployment of social
media by the learners and facilitators. The learners
were required to engage with various social media
tools to collaborate and share skills with their classmates
and facilitators. We also explore the affordance of
social media. Content analysis was done to see the
participation of the learners in the course’s Facebook
page. Data was also collected from the focus groups
that led to the findings that indicate that WEB 2.0 tools
had the potential to support learner collaboration that
is self-directed and engaging. Learners adopted social
media with confidence and used it to learn beyond
the borders of the physical classroom. Daily interactions
and the sharing of artefacts resulted in an informal and
vibrant learning ecology that became self-sustainable.
We propose a conceptual framework that forms part
of the learning ecology for the course studied.
Keywords:
Social media affordances, Self-directed learning,
Learning ecology, Guided learning, Mobile learning
and Learner engagement.

Introduction
We refer to social media as the set of internet
applications such as Facebook, Twitter, You Tube,
WhatsApp or any digital technology that has shared
content which dominate the way in which individuals
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collaborate and enhance creativity. Unlike the past,
the incoming students in the Higher Educational
(HE) institutions are ‘born into a world woven from
cabled, wired or wireless connectivity’ (Bauman,
2010:7). According to Beetham, McGill & Littlejohn
(2009), educational institutions are failing to meet the
expectations of learners who necessitate that learning
be relevant, engaging and purposeful to their real-life
needs. With these challenges facing the institutions,
there is a pressing requirement for educators to find
more innovative ways to promote learner engagement.
South African Higher Education Institutions in
particular are facing many challenges today arising
from factors such as under-prepared learners,
technology availability, escalating costs, infrastructure
maintenance and development, and the low levels
of learner pass and throughput rates. Bosch (2009), a
lecturer at the University of Cape Town, postulates that
there is potential to use social media for teaching and
learning, however, there is little research findings on the
use of these tools and services. The learning needs of
the learners are of primary concern to Higher Education
institutions. Students are using WEB 1.0 tools to browse
and search for information and use social software
such as Facebook to connect to people, friends,
relatives and communities. However even though
students embrace the digital world of social networking
but have not necessarily transferred this to learning
(Barnes & Tynan, 2007). Ubiquity, availability, response
time and the affordance of digital technologies are
changing their expectations of education and these
institutions need to respond by introducing creative
collaboration. Most students today have access to
the internet via their academic institution or their cell
phones. Using these tools for learning can support
collaboration and engagement and provide a rich
networking learning experience. Due to the necessity to
improve pass and throughput rates, this study explores
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possibility of students creating a social networking
learning ecology. This paper draws on the author’s
research which employed the use of focus groups
and qualitative content analysis to see how social
media enhanced the students learning experience.
The course was split into face-to-face lectures and
the deployment of social media by the learners and
facilitators.
The main objective of this research is to explore how
social media can Create Social Learning Spaces to
Enhance the Learning Experience
The sub-objective is to understand how and to what
benefit students deploy social media.

Affordance of social media
The affordance of social media can be described as a
quality of an object, or an environment, that allows an
individual to perform an action (Doering & Veletsianos,
2008). Spires, Lee, Turner and Johnson (2009) states
that the affordance of WEB 2.0 tools will provide
students instant access to information. “It also provides
them with authoring capabilities to create, mash up,
comment on, and edit content, and allows them to
communicate with people globally” (p.7). Barczyk and
Duncan (2013) argue that the use of social media is
progressively changing education due the additional
affordances it offers to learning. Many educational
practitioners believe social media can be harnessed
for learning purposes and has significant benefits to
the way we learn. Conole and Dyke (2004) list these
affordances as accessibility, speed of change, diversity,
communication and collaboration. Higher Educational
institutions have made great advances in implementing
technology into learning, yet the advantages of using
social media for learning remain vastly unexplored
(Hemmi, Bayne, & Land, 2009). Rambe (2012)
indicates that social media affordances promote
21st century learning such as creating a culture of
creativity and innovation, collaboration, engagement
and interaction. Rambe (2012) further explains that
understanding the concept of affordances in relation
to teaching and learning would guide academics
in their use of technologies for learning and identify
potential limitations and inappropriate uses of these
technologies.
Strydom, Mentz and Kuh (2010) state that various
studies conducted by the Indiana University Centre
for Postsecondary Research has revealed that there
is a strong correlation between student engagement
and student achievement in Higher Education. They
argue that by engaging students in contemporary
educational activities, the performance of at-risk
students in terms of grades can significantly progress.

Kuh (2009) emphasizes two major factors that influence
student success for the better: social interaction and
engagement in academically pertinent activities. The
exploration of the potential of the use of social media
to enhance student engagement and promote
self-directed learning can offer some resolution.
According to Cisco (2012) WEB 2.0 tools were originally
limited to more affluent societies, however, more
than one billion people outside the United States
and Europe use the Internet globally. Mobile and
wireless technology have also reported significant
growth in Africa, India and China (Cisco, 2012).
McGee and Diaz (2007) state that social media
tools afford academic institutions opportunities to
create students-centred environments. This enables
lecturers to become less authoritative, but facilitators
of exploration and collaboration – thereby enhancing
student engagement. The World Wide Web together
with WEB 2.0 tools allows learning to happen anytime
and anywhere. Firpo and Ractham (2011) suggest an
additional benefit of social networking is the creation
of online communities that can encourage interaction
and participation beyond the classroom.

Social media and learning
Mobile computing devices and the use of social media
has already created opportunities for interaction in the
United States of America and provided opportunities
for collaboration and allowed students to engage in
communication (Gikas and Grant, 2013). Barczyk &
Duncan (2012) argue that the use of social media is
progressively changing education due the additional
affordances it offers learning. Many educational
practitioners have indicated social media can be
harnessed for learning purposes for various disciplines
including engineering and health sciences and has
significant benefits to the way we learn. Conole and
Dyke (2004) list these affordances as accessibility,
speed of change, diversity, communication and
collaboration. Higher Educational institutions have
made great advances in implementing technology
into learning, yet the advantages of using social media
for learning remain vastly unexplored (Hemmi, Bayne, &
Land, 2009). Rambe (2012) indicates that social media
affordances that promote 21st century learning such
as creating a culture of creativity and innovation,
collaboration, engagement and interaction.
The future development and sustainability of our
economy depends on the ability of Higher Education
institutions to prepare students to reach higher levels of
achievement (Scott, Yeld & Hendry 2007). However, in
spite of several efforts to improve education, academic
institutions around the world fail to develop 21st century
students that have the skills to collaborate, be critical
thinkers and be self-directed. South African Higher

School of Engineering, University of KwaZulu-Natal, Durban 4-5 June 2015

200

Creating Social Learning Spaces to Enhance the
Learning Experience ...continued
Education Institutes in particular are facing many
challenges today arising from factors such as underprepared students, restricted technological availability,
budget restrictions and escalating costs, infrastructure
maintenance and development, managing lecturers’
and students’ expectations and the low levels of
student pass and throughput rates (Strydom, Mentz
& Kuh 2010).
Currently within South African academic institutions,
students browse and search for information on
the internet, and sign in to an institutional Learning
Management System (LMS) to access content, and to
complete tasks and assessments related to their studies.
Whilst some students and lecturers embrace new
learning opportunities, others resist the change and
may develop negative attitudes towards technology
and technology enhanced learning. Hedestig and
Söderström (2008) indicate that in order to avoid a
negative uptake, there needs to be a comprehensive
exploration and how technology affordances can
enable interactions and engage students in online
environments. Globally, young adults are using WEB 2.0
tools to communicate, collaborate, engage and learn.

A learning ecology
Often, traditional approaches to learning were
accompanied with pre-packaged learning materials,
fixed due dates and assessments. In order to improve
levels of learner engagement and drive self-directed
practises, traditional approaches to learning need
to fall away. Desharnais and Limson (2007) argue
that learner’s should be given more control and
responsibility over their learning process. This means that
learners should be given the responsibility to become
constructors of knowledge and develop their own
learning paths. Felix (2005) indicates that learners need
to construct and reconstruct through experiencing
things and reflecting on those experiences. Principles
of constructivist learning indicate that learners should
become self-directed using their unique experiences
to construct knowledge in multiple ways through the
use of various tools and resources. For the purpose of
this research learners will be introduced to a learning
ecology as a will provide a framework for them to
engage collaborate and become self-directed.
Barron (2006) described a learning ecology as
learning that is active, living and in an evolving state;
and further defines a learning ecology as the “set
of contexts found in physical or virtual spaces that
provide opportunities for learning” (p.195). Barron’s
(2006) research emphasised that learning can be
distributed over several settings using various resources
and that “learning about an area of interest can
be distributed across resources including personal
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contacts, text-based resources, Internet exploration,
and more structured learning opportunities”(p.194).
Her proposed ecology framework highlights themes
of connection and interdependency which is crucial
when considering the use of WEB 2.0 tools. Richardson’s
(2002) model for holistic learning will be adapted later
to develop the learning ecology for this inquiry. The
reason for the adaption is that the model, as indicated
by Jackson (2013), focused more on a structure
predetermined by a curriculum with course objectives,
content, resources and processes that engage learners
in activities. As we move into the 21st century, learners
require capabilities that will include technology and
a support. Richardson’s (2002) model will be used to
propose a conceptual framework that forms part of the
learning ecology for our Digital Photography course.
We explain four main components in his model.
Self-Directed Learning: Fiedler and Pata (2009)
argue that in order to foster self-direction, learning
negotiations and decisions on technological tools
and services are required. Using self-directed learning
practises, this phase of the learning ecology framework
aims to exploit the affordances of WEB 2.0 technologies
to foster self-direction, self-reflection, interactive
learning and increased engagement.
Guided Learning: Svendsen and Mondahl (2011) opines
that the role of educators should be that of initiators
and facilitators of learning activities. Through the
process of guided learning, the instructor or facilitator
guides the learner on how to find information, relate
information to the learner experience, and places a
focus on problem-solving within real-world situations
(McAuliffe, Hargreaves, Winter, & Chadwick, 2008).
Community of Practice: Wenger (2006) describes a
community as a form of social interaction in which
members share a common goal in wanting to improve
by collaborating and constructing new knowledge. In
a socially networked environment, participating in a
social constructivist learning ecology affords learners
a ubiquitous learning environment that encourages
collaborative activities, discussions and sharing within
their communities of practice.
Content Delivery: Bretag (2010) indicates that the need
for educators to rethink the delivery of content has
become crucial to creating a classroom environment
that is collaborative and engaging. Summers and
Svinicki (2007) indicate that learners should be provided
with authentic opportunities to construct and create
their own learning content. Social media provide many
opportunities to completely rethink delivery of content
and to adopt more learner-centred approaches. For
the purpose of this enquiry Facebook was utilised
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as supplementary learning tools to provide a space
for learners to reflect and share their thoughts and
understandings and provide opportunities for feedback
and possible scaffolding of new ideas.

low attendance and low throughput rates. With these
challenges facing the institutions, there is a pressing
requirement for lecturers to find more innovative
solutions to promote student engagement.

Research Design and
Methodology

Due to the necessity to improve pass and throughput
rates, this study explores the use of social media as a
supplementary tool to enhance student engagement
on and off campus. Students studying at Rosebank
College, in their first year of study, complete a course
called Digital Photography. This course aims to provide
a practical overview of using a variety of WEB 2.0 tools
to position the student to communicate, collaborate,
interact, and construct information.

We use qualitative content analysis of the Facebook
pages to explore and harness the affordance of social
media tools and services to support classroom learning.
Due to the limited research on the utilisation of social
media in the classroom, this study was an exploratory
study making use of a qualitative content analysis.
Coldwell and Herbst (2004) define qualitative research
as observation of a subject’s opinions, beliefs or
behaviour. Babbie (2010) further describes qualitative
research as interpretation of underlying significance
and patterns of relationships established during the
observation.
The use of social media has become popular among
South African students; however, it is used mainly for
personal reasons. In 2013, Rosebank College, one of
many Higher Education Institutions in South Africa,
continued to experience the problem of low pass,

This study explores the use of social media in particular
Facebook page: https://www.facebook.com/
groups/323390661120295/ as a complement to their
face-to-face course taught on campus in an attempt
to encourage learner engagement with various social
media tools. In Table 1 we provide interconnected
codes developed through open coding that were
grouped together resulting in emerging themes as
indicated in the right-hand column.

Table 1: Code derived to reflect emerging themes
Codes emerging from Data Analysis:

Theoretical Framework : Learning Ecology

Flexible
Student – centred
Learning all the time
Constant reflection
Encouraged creativity
Self-evaluation

Self-Directed Learning

Learning includes constant navigation
Lecturer provides constant feedback and guidance.

Guided Navigation

Online discussion
Interactive
Collaboration beyond classroom borders
Increased engagement

Community of Practice

Utilisation of mobile technology
Lack of access on campus
Expensive to upload via mobile phones

Content Delivery

We also conducted focus groups in May 2013 with 5 students and posed five related interview questions:
1. How did the use of the Digital Photography Facebook page support the learning activities within and outside
the classroom?
2. What was your experience of social media in allowing you to be part of a social learning community?
3. How would you like to use social media as a tool in the future and why?
4. What were the benefits of using social media for the course Digital Photography?
5. What are your views of Facebook being banned as I know part of the course design was to request for
open access?

School of Engineering, University of KwaZulu-Natal, Durban 4-5 June 2015

202

Creating Social Learning Spaces to Enhance the
Learning Experience ...continued
The results of the focus group interviews and the
content analysis are compared in the next section.
All participants agreed to partake in the Facebook
group page for research purposes and the students
volunteered to be interviewed.

Data collection and Analysis
A two phase research approach was employed to
obtain data about and from learners enrolled at the
College. The first phase of the research was document
analysis, where a variety of sources – including learner
material, photographs, and digital artefacts that have
been generated and shared in various social media
spaces – was gathered. The final phase of this research
used purposive sampling to assemble a focus group
interview comprising of the lecturer and five learners
who have demonstrated high as well as low levels of
participation in the social media spaces in order to
gain a balanced view of learner activity.
Data gathered was obtained from interview transcripts
from a single focus group. The sources included among
document analysis were:
• Student Guides,
• Digital Photography Group Facebook Page.

Findings and Discussions
The purpose of the paper was to understand the
learning experiences of the students and the kinds of
interactions and engagements that occurred during
the use of social media. The findings presented are
an expressive representation of the analysis of data
from the focus group interviews together with contents
and artefacts from the Facebook group page. The
Facebook group page allowed participants to share
and exchange information and ideas on an hourly
basis.

Facebook Tool Usage
According to Schultz-Jones (2009), a network map
diagram provides information on the level of activity
between participants through the connection of
points or nodes. Figure 1 is a network map diagram
of the interaction between participants in the Digital
Photography Facebook group.

The ATLAS.ti, a computer-aided qualitative dataanalysis software (CAQDAS) program, was used to
manage and sort the gathered data. In this research,
open-coding, which is a process of selecting text,
graphics and assigning a code to it (Saunders, et al.,
2000) together with an interpretive content analysis
approach, was used.
The codes were mapped, transcribed and analysed
in relation to the 4 components of learning ecology
framework namely:
• Self-Directed Learning,
• Guided Learning,
• Community of Practise, and
• Content Delivery.
Open-coding allowed the researcher to analyse
documents in detail and develop categories, which
were then examined for specific attributes. Attributes
included the students’ experiences, requirements
and activities as related to their experiences about
interacting with the content using Social Media.
ATLAS.ti made the task of open-coding more
manageable, enabling the researcher to inductively
reduce data into themes or categories (Creswell, 2005).
This allows for comparisons to be made across different
sets of documents for a particular category of codes.
Refer Table 1 provided earlier to see the sample of the
codes derived to reflect emerging themes.
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Figure 1. Network map of the Digital Photography
Facebook Group
The map provides an overview level of connection
amongst the participants. The image provides some
information on the frequency of contact between
different individuals. The thick lines in the image
indicate the ties or frequent posts that occurred
between certain individuals. There is also evidence of
nodes in the network diagram, which indicates that
interaction was limited or no interaction at all. Few
isolated nodes indicate there were 3 or 4 members
that did not partake in the interactions. Details from
the focus group interview revealed that some students
experienced time constraints as well increased mobile
costs. Barriers experienced by some students will be
discussed later in the article.
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To complement the network map results: Table 2 provides usage statistics of students using Facebook. The Digital
Photography course had 19 students enrolled, however, towards the end of the semester the Facebook group
page had a total of 44 members that included the lecturer, researcher and fellow students of Rosebank College.
This was particularly interesting to note that other students joined the Facebook group page to become part of
discussions and collaborations.
Table 2. Facebook Statistics of Digital Photography Page
Item

Total Number

Post views

556

Likes

243

Photos uploaded

112

Comments

185

Members

44

Therefore this group page served the purpose of
creating an engaging and collaborative environment.
Furthermore, photos uploaded by the students, “Like”,
as well as comments from lecturer and students
stimulated students to participate, reflect and
collaborate. They also created layers using photo
editing tools which show they were keen to create
new contents for the social media.

Emerging Themes
The Learning Ecology Framework was used as a
theoretical lens to analyse the primary data resulting in
a number codes as depicted in Table 1. In that table we
provided the interconnected codes developed. Based
on Richardson’s (2002) model we propose (Figure 2) a
schematic representation of the conceptual framework
that forms part of the learning ecology for the Digital
Photography course.

Exploiting the power of WEB 2.0, the model presented
aims to create a constructivist self-directed learning
environment that will encourage learners to engage,
collaborate and network. Figure 2 will be explained
in accordance with the four components depicted
in the diagram.

Self-Directed Learning
In this study self-directed students were given the
opportunity to create their own learning spaces to
reflect, share, engage and collaborate. Even though
the course consisted of many face-to-face lectures,
students were required to engage with different social
media tools to collaborate, discuss and share skills.
Student A indicated “Facebook allowed me freedom
to express my thoughts as we could be less formal.”
Further comments from students “Facebook motivated
us to post our pictures, be creative with and share our
techniques” and “We could share our pictures and
expose our creative sides with each other and receive
feedback from friends about them” highlighted the
social media ability to encourage creativity. Students
were encouraged to participate in informal discussions
about Photography, techniques used in Photoshop
thus resulting students in posting and sharing pictures.
To this end, generally students perceived Facebook
group page as empowering them to become
independent and motivated students. However,
a few students found maintaining their blogs and
collaborating on the Facebook page challenging due
to the lack of internet access and increased mobile
costs. These barriers will be discussed later in the article.
Guided Learning

Figure 2. Conceptual framework for the learning ecology

The presence of the lecturer within the learning
ecology was essential in guiding students in becoming
autonomous and developing their skills to search for
information, engage in discussions and construct
learning content. Effective management, facilitation
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and implementation were crucial to the success
of course and in creating a constructive learning
experience.
Ensuring that face-to-face classes remained part of
the learning ecology, students were provided with
the opportunity to engage in the classroom, discuss
concerns and exchange ideas without feeling isolated.
Students were introduced by the lecturer during
classroom sessions to the concepts of e- portfolios and

Facebook Group pages and various links on how to
get started. Pettentati and Cigoginini (2007) advise
that students need to be introduced to new tools
through demonstration and exercises to ensure students
never feel disengaged. Students were introduced to
the Facebook page by the lecturer as indicated in
Figure 3. The social platform of this page encouraged
17 members to connect within one day reaching 44
at the end of the semester.

Figure 3. Welcome to Facebook page
Exercises and probing questions by their lecturer “Your
test is approaching soon. Who can describe what
approach was used to take this photo?” encouraged
students to collaborate and engage. Student E stated:
“interactions on Facebook allowed me to remember
and answer question on slow shutter speed”.

This post was viewed by 36 people that were suggestive
of the ability of Facebook to disseminate information
within a group beyond the physical classroom. Its ability
to enable peer-to-peer and instructor feedback in a
user-friendly environment also fosters self-directed and
reflective practices. Prompt lecturer feedback directing
students in taking responsibility for their learning were
also important characteristics of a successful learning
ecology.
Overall, it seems as if the class activities not only
provided students with the opportunities to practice
their skills, but also to explore the potential of social
media to engage, collaborate, aggregate and share
content. The posts on the group Facebook page
(Figure 4) is also suggestive of reinforcing of ideas and
techniques not with only one student, but its ability to
be disseminated among 31 students. Encouragement,
experimentation, trial and error were also encouraged
by the various comments posted by the lecturer as
noted in the comment posted by their lecturer Melvin
Pather (Figure 5).

Figure 4. Facebook Discussion on Slow Shutter Speed
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Community of Practice
Research conducted by Summers and Svinicki
(2007) indicate that social and learning elements
are interconnected and foster a sense of classroom
community. Mason and Rennie (2009) reveal that WEB
2.0 technologies not only support social interaction
but increased a member’s sense of belonging and
emotional connectedness.
Evidence in the study indicate that students felt that this
was a positive learning experience and that using social
media for other courses such as Digital Photography
created a sense of community and belonging. They
professed that Facebook group page enhanced their
enthusiasm to share and learn. As one student pointed
out, “The Facebook page created a space for us to
share with others and learning was not dictated by the
lecturer.” Another student further indicated “I felt that
learning went beyond the classroom as I was constantly
on my mobile phone and I was also encouraged
to share thought and ideas online whereas in the
classroom I may not have participated at all as I felt
shy.”
During the course of this inquiry, students comment
on being part of the Facebook group: “Facebook’s
allowed me to belong to a classroom community were
we shared ideas and photos”. Students who did not
belong to the course were also encouraged through
the informal conversations amongst peers to join the
group and post their pictures. The Facebook usage
statistics reveal that although there are only 19 students
in the classroom, the group has grown 44 members.
Another student indicated that “Facebook gave me
instant access to other students over the weekend,”
clearly revealing the potential of Facebook to extend
beyond the borders of the physical classroom.
Spires et al., (2009) propose that within a new learning
ecology, lecturers must be prepared to make a
pedagogical shift to use technology and create
networked learning environments that harness
collaboration, student engagement, problem
solving, and the sharing of innovative ideas. In this
way, the physical classroom can become part of a
global network or community that helps engage and
empower students to be enquiring and innovative.
These results coincide with Barron’s (2006) learning
ecology view that individuals learning within and across
settings. It was eminent by the times that the posts such
as were made learning on campus led to learning
activities outside of the college.

Figure 5. Facebook communication extended after hours
Classroom hours which are generally from 8:30 am
to 17:00 pm, evidence of posts in Figure 5 disclose
discussions that occurred outside of classroom hours
notably at 18:24 pm and 19:11 pm. This was an
important finding indicating that Facebook allowed
for conversations to extend beyond the classroom,
resulting in dialogues that could occur 24 hours of the
day.

Content Delivery

Exploiting the use of the Facebook in this enquiry
allowed for a student owned page that encouraged
creativity, freedom of expression and engagement.
Finding within this inquiry revealed the increased
use of mobile technology and the need for sound
infrastructure to be in place.
The following statement made by Kop and Hill (2008)
are indicative of this “The rapid development of
technology and exponential growth in the use of
the Internet, along with the Web 2.0 and mobile
developments, make new and different educational
structures, organizations, and settings a possibility” (p.
9). A common theme that arose from the focus group
interview was the recurrent use of mobile technology.
The design of the learning ecology did not include the
use of mobile technology due to the costs associated
with it. However, students and the lecturer involved
agreed that their mobile phones allowed students
to feel included, having previously felt excluded in
the classroom. Students felt that their mobile phones
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kept them connected 24 hours a day as one student
indicated: “I was constantly connected to Facebook
via my phone on campus and off campus even when
I took the taxi to go home. The posts on the Facebook
page encouraged me to take pictures with my phone
where ever I was and then post them,” further revealing
the collaborative nature of Facebook its ability to
support classroom learning. Another learner reiterated
that the “Posts on the Facebook page encouraged me
to take pictures with my phone where ever I was and
then post them,” further revealing the collaborative
nature of mobile phones and its ability to support
classroom learning. Overall, students agreed that
social networking and the portability of their mobile
phones allowed them to move learning beyond the
classroom and creating opportunities to learn anytime
and anywhere.
Essentially students agreed that social networking and
the portability of their mobile phones allowed them
to move learning beyond the classroom and that
access to a wireless network on campus would indeed
enhance their learning, through improved response
time and frequent communication. This was highlighted
in suggestion that “it would be great if we had access
to a wireless network in the canteen as that is where
we gather and do our assignments”.
The design of the learning ecology did not initially
consider mobile technology as a critical factor
for participating in the learning ecology – for the
high data costs, lack of ownership and support.
However, evidence during the course of this research
indicates that mobile technology enabled students
to continuously and seamlessly use social media as
a learning tool. It can therefore be summarised that
mobile technology together with social media enabled
students to be self-directed motivated, creative,
collaborative and resourceful.

Barriers to learning
Even though students were happy to engage in online
discussions with their mobile phones they were aware
of the cost of uploading pictures or videos as this would
directly impact on their data usage and increase costs.
During a discussion with the lecturer, he indicated
that the use of social media in the classroom was
not sufficiently supported on campus by the college.
Despite having an access to technologies, such as
email and the Internet in the classroom, social websites
are blocked. The lecturer experienced frustration with
the repeated requests to unblock the Facebook
sites during the face-to-face contact sessions. This is
indicative to the fact that many South African higher
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education institutions, are behind when it comes to
infrastructure, technology and bandwidth availability.
Research conducted by Bosch (2009) discloses that at
many South African university campuses’ access to
social networking sites in university labs and libraries
is discouraged to an extent – that there is signage to,
intended for students, indicating that access to social
networking and other recreational sites are not allowed
as there is the potential to slow down the networks.

Conclusion
In this paper, we have argued about the affordances
that WEB 2.0 offers, a social and collaborative space
for learning, as well potential barriers in education.
We have explored students’ experiences of using
social media in their classroom in a Higher Education
Institution and presented a conceptual framework
for the learning ecology. Based on the findings it is
evident that the use of the Facebook group page in
this inquiry highlighted the potential of WEB 2.0 tools
in enhancing student collaboration and engagement
beyond the physical classroom. Overall, there are
signs of optimism that the implementation of social
media tools resulted in a learning ecology that was
self-directed and that afforded an engaging and
collaborative community of practise. Evidence of
their activities and digital traces show that the course
established social interactions and through guided
navigation students adopted social media with
confidence, using it to learn beyond the borders of the
physical classroom. Sharing of content such as pictures,
techniques and ideas were recorded on a daily basis,
thus resulting in an on-going and sustainable learning
ecology. This learning ecology allowed for flexibility
permitting students to collaborate and engage on
their group Facebook page. Mobile technology as a
new and sustainable way in which content could be
delivered was a significant contributor in increasing
student interactions using social media tools. However,
this came with increased costs for the lecturer and
students. Students and lecturer alike experienced
frustrations with the blocking of Facebook in the
computer laboratories and the library – even though
request to unblock various sites were made at the onset
of the course. Costs, technology and infrastructure are
important considerations when choosing to implement
social media tools with the physical classroom.
Williams, Karousou and Mackness (2011) state that
providing low cost access for students to engage,
communication, and networking requires new
institutional and social memes and structures. With
the augmented reality of cloud-based WEB 3.0
applications, HE institutions will have to quickly adapt
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to these new nuances for collaborative and social
learning.

technologies? Association for Learning Technology
Journal, 12(2), 113-124.
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