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Abstract: Sustainability has been extensively promoted across all spheres of life, including
engineering, business management and education. The purpose of this paper is to highlight how an
engineering curriculum can be made sustainable in order to benefit both academics and students
alike. It places particular emphasis on reflecting on and revising vague learning outcomes, which
are not conducive to a sustainable curriculum. A possible definition for a sustainable curriculum is
substantiated which is based on its learning outcomes that need to be clear, concise, measurable,
manageable, reasonable and sustainable, being interpreted in the same way between relevant
registered students from different cohorts and between academics within the same department.
Feedback was obtained via a focus group interview of post-graduate engineering students in a
telecommunications course who indicated that the revised learning outcomes where easier to
understand, enabling them to know what was exactly expected from them.
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INTRODUCTION

£ £ I'm not a left-wing person. I'm just a person interested in the sustainability of my country” [1]. These words by
a well know actor, Robert Redford, highlights the ever-increasing awareness of ensuring sustainability, whether
it involves energy generation, economic systems, business ventures, social endeavors, environmental affairs or
higher education. Indeed, sustainability involves the multiple objectives of social, economic, resources and
environmental sustainability with some of them regularly conflicting [2]. A large and growing body of research
examining sustainability in higher education has emerged in the past decade [3] including research into ensuring
sustainable curriculums.

The notion of a sustainable curriculum may be interpreted in different ways [4]. Some academics define a
sustainable curriculum in terms of being able to develop the professional competencies of engineering graduates [5],
while others advocate that a sustainable curriculum should integrate the learning and professional needs of the whole
student body [6]. These graduate attributes and learning needs must be well articulated if both academics and
students are to know what is expected from them! Rickman [7] states that a sustainable curriculum should have a
holistic framework while Watson et al. [8] considers the point of view of a student in that a sustainable curriculum
should exert power in terms of securing employment, encouraging further study and obtaining citizenship. Added to
this is the need for a sustainable curriculum to engender a student culture of lifelong learning [9].

A desire exists to develop sustainable curriculum models which includes the design and development of creative
curriculum [10]. This creative curriculum needs to keep pace with the technological advances in modern society,
helping students to easily integrate themselves into an industrial world which keeps changing rapidly and un-
expectantly. In order to fulfill the societal demands and to keep pace with the rapid advancement of technology in
engineering, sustainable curriculum is currently being advocated in many educational disciplines and professions
[11]. Relevant and sustainable curriculum reform would require research on effective local innovative practices of
academics in adapting curricula and materials to the concrete challenges at the local level, and disseminating these
practices rather than simply emulating practices [12]. Reflecting on current engineering curriculums in order to
adapt them to help students solve real world problems is therefore a necessity! This is especially so as many student
graduates cannot reason clearly or perform competently in analyzing complex, nontechnical problems, even though
Faculties of Education rank critical thinking as the primary goal of a college education [13]. While educational
institutions face issues of creating flexible and sustainable curriculums [14], their faculties need to engender a
collective responsibility of creating systemic and sustainable curriculums [15].
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The purpose of this paper is to highlight how an engineering curriculum can be made sustainable in order to benefit
both academics and students alike. It places particular emphasis on reflecting on and revising vague learning
outcomes, which are not conducive to a sustainable curriculum, expressing them in explicit, reasonable and
measurable terms. A case study is used from a telecommunications course offered at a University of Technology
where student feedback on the revised learning outcomes was obtained by means of a focus group interview.
Quantitative results were primarily obtained and presented in a number of figures and tables with succinct
conclusions being drawn. The curriculum design process will firstly be considered in order to establish that explicit,
reasonable and measurable learning outcomes play a significant role in ensuring a sustainable curriculum.

CURRICULUM DESIGN PROCESSES AND ANOTHER POSSIBLE DEFINITION FOR A SUSTAINABLE CURRICULUM

A number of curriculum design processes exist, which includes: (a) Backward design (see Fig. 1) [16, 17] (b)
Forward design (see Fig. 2) [16] (c) Student-centered design (see Fig. 3) [18]

The backward design incorporates the thoughtful consideration of instructional goals, the conceptualization of
assessments to evaluate the achievement of those goals, and the instruction needed to meet those goals [17]. The
backward design starts with the learning outcomes which stipulate what students should be able to do, demonstrate
or achieve during the course or at the end of the course. Developing these learning outcomes is usually a collective
effort involving a number of stakeholders, including official accreditation bodies (such as the Engineering Council
of South Africa (ECSA)), industry partners (such as Telkom SA), academics within a relevant department and
curriculum design specialists. Assessment strategies are then selected to suit these learning outcomes so that
students can successfully demonstrate if they have achieved them. Pedagogies suited to the learning outcomes and
assessment strategies are next considered and selected on the basis of providing the correct learning environment in
which students can succeed. A syllabus based on the learning outcomes is then developed and relevant content is
sought to support the syllabus and learning outcomes. It is important to note that the learning outcomes form the
basis for each of the subsequent backward steps and must therefore be developed in a detailed, thorough and holistic
manner.

The forward design starts with the syllabus. Again, consultation among key stakeholders is the first step in
determining the core syllabus of a curriculum. Content, in terms of a prescribed book, e-book or journal articles is
then selected to cover the topics listed in the syllabus. Pedagogical methods should then be chosen with both the
content and student in mind which will eventually lead to the assessment strategies required to assess the content.
Only then are the explicit, reasonable and measurable learning outcomes formulated.

The student-centered design of curriculum focuses on the needs of the students in formulating the objectives,
assessments and instruction. A continuous feedback cycle exists between [18]: (a) planning (identifying course
content and defining measurable learning objectives for it); (b) instruction (selecting and implementing the methods
that will be used to deliver the specified content and facilitate student achievement of the objectives); and (c)
assessment (selecting and implementing the methods that will be used to determine whether and how well the
objectives have been achieved and interpreting the results) that leads to continuous improvement.

It should be noted that, in an ideal world, the writing of learning outcomes should be the first stage in the creation of
any unit of teaching [19]. Using the backward design for sustainable curriculums in engineering has the advantage
of including real life problems upfront, as the initial focus of students is turned towards solving an engineering
problem which is a key graduate attribute of any engineering student. It has long been advocated that theory and
practice must be integrated into any engineering curriculum [20, 21] and that engineering students need to be
assisted in how to apply theory in different practical contexts. Stating the practical context or problem upfront and
having students locate and apply relevant theory to solve the problem is a prime example of problem-based learning,
which usually starts with a learning outcome [22]. A substantial body of literature further indicates that problem-
based learning has important advantages over more traditional pedagogies in producing sustainable learning
outcomes [23]. Problem-based learning has helped students to conceptualize different engineering fundamentals [24,
25] in order to develop holistically acceptable solutions to engineering problems [26] and has been widely used in
many engineering curriculums. Ernest Boyer [27] developed a model of scholarship in which he advises academic
leaders to adopt new ways of scholarship, looking for new connections to their theory, while at the same time
building bridges between theory and practice. Equally important is developing the ability to effectively
communicate these new connections and bridges to aspiring students by means of effective learning outcomes.
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Using learning outcomes then, as the starting point for designing a sustainable curriculum, requires a number of
important principles, namely: (a) Clarity; (b) Conciseness; (c) Measurability; (d) Manageability; (¢) Reasonability;
and (f) Sustainable.

Learning outcomes should not be too broad, but must be concise and measurable, being kept to a manageable
number and being reasonable [28], being communicated to the students at the start of the course [29]. It has been
reported that there is a positive correlation between a high number of student dropouts and a low number
of learning outcomes [30]. On the other hand, some students may become intimidated by the fact that
many learning outcomes exist within a given curriculum [19]. Too many learning outcomes may also be prescribed
for too short a period of time or too few learning outcomes may be prescribed for a too lengthy period of time [31].
This really necessitates a balance between the number of concise learning outcomes (i.e. outcomes which are limited
in the number of words used and that get to the point) and the notional hours that a student is required to spend in a
specific module, which is usually dictated by the number of credits awarded that module in South Africa.

Learning outcomes also need to be measurable and well-defined so that all teaching and learning activities can
support student achievement of the learning outcomes [32]. The alignment aspect of constructive alignment refers to
establishing a teaching environment where the teaching activities support and lead to the achievement of the
desired learning outcomes as evidenced by students' engagement with the assessment tasks [33]. Learning
outcomes should furthermore be clear statements of what the learners will be able to do [34]. Students should be
able to know and understand relevant content, knowledge, principles, concepts, and theories, be able to demonstrate
a specific set of skills and competencies and display appropriate attitudes and values [35]. This implies that a verb
such as “understand” that is so often used as a cornerstone for many learning outcomes should be replaced with
verbs such as “identify”, “apply”, “analyze”, “compare”, “evaluate” [33] and “calculate” [36]. Yes,
learning outcomes must express in operational terms what students should be able to demonstrate or achieve for
purposes of assessment [37]. Learning outcomes need to drive modules and be designed within proper guidelines in
order to promote intellectual thinking and higher levels of applications among students [38].

Learning outcomes also need to be sustainable! To create sustainable learning outcomes, the design of the learning
occasions has to take into account the knowledge and experience of the individual learner or learning groups [39]. In
particular, questions relating to the internationalization of content and learning outcomes needs to be addressed [40].
These statements make clear that learning outcomes need to be interpreted and understood from one student group to
another, across universities from one country to another. Furthermore, lecturers need to understand what students
need and want and efficiently offer knowledge that makes the student more global in line with international
educational goals [41].

Subsequently, in the context of this study, a sustainable curriculum is defined as one where its learning outcomes are
clear, concise, measurable, manageable, reasonable and sustainable, being interpreted in the same way between
registered students from different cohorts and between academics from the same department. The design principles
mentioned above as well as the definition of a sustainable curriculum were applied to a telecommunications module
which serves as the case study for this research.

CASE STUDY — A TELECOMMUNICATIONS COURSE AT A UNIVERSITY OF TECHNOLOGY

Electronic Communication Systems 4 (EKS4) is an optional offering or module for the Baccalaureus Technologiae
(BTech: Engineering: Electrical) qualification in South Africa [42] Table 1 outlines the module structure, syllabus
and assessments. The syllabus and type of assessments of the module were not revised, but only the learning
outcomes which were only 16 in total prior to 2014 (4 learning outcomes per theory section). Due to space
constraints, only the original 4 learning outcomes for section 4 of the syllabus along with the 11 revised ones are
shown in Table 2.

Students have to obtain a minimum of 120 credits for this qualification to be awarded the BTech: Engineering:
Electrical degree. The majority of modules in this BTech programme have a credit value of 12 (this means that
students should dedicate at least 120 notional hours to this module), with the exception of a capstone module (termed
Industrial Projects 4) which has 36 credits attached to it. The Central University of Technology (CUT) operates on a
semester basis of roughly four months during which time BTech students attend one night class per week (5 periods,
each of 45 minutes in duration) over a 12 week period for the EKS4 module. Electrical engineering students need to
be in possession of a National Diploma (minimum of 3 years to complete) before they can register for the BTech
programme which can be completed within a year if they are enrolled full-time.
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Table 1: Module structure and assessments

Qualification BTech: Electrical: Engineering Structure from 2014 onwards
Digital transmission of analogue signals 16 learning outcomes
Syllabus Communication systems 20 learning outcomes

(theory sections)

Spread Spectrum Systems

9 learning outcomes

el N

Error Control Coding

el N

11 learning outcomes

Formative
assessments

mark

2 x written classroom tests where Test 1 contributes
25% and Test 2 contributes 40% to the total course

Test 1 includes 25 marks
from section 1 and 2
e Test 2 includes 25 marks
from section 3 and 4

Practical work

4 x practical assignments which are submitted online
which contribute 35% to the total course mark

Each practical is linked to a

theory section

Summative
assessment

1 x closed book examination where the student’s
final mark comprises 40% of the total course mark
and 60% of the examination mark

25 marks per theory section
covered in the examination

Table 2: Original outcomes versus the revised outcomes for theory section 4 in the syllabus

Syllabus Original 4 learnin
theory g - 9 Revised learning outcomes from 2014 onwards
- outcomes prior to 2014
section 4
1. Describe the purpose of linear block codes and cyclic codes
) 2. Analyze the block diagram of a digital communications
1. Describe and analyze system in terms of its main components and its purposes
linear block and 3. Generate the parity bits for a given bit stream and evaluate
cyclic codes any errors in reception
4. Generate the CRC code for a given bit stream using binary
> and polynomial division and evaluate any errors in reception
c
§ 2. Analyze the 5. Describe convolutional codes in terms of its operation and
O performance of applications
S convolutional 6. Describe the operation of a convolutional code encoder and a
€ encoder and decoder Viterbi decoder
@) - . - . ;
= 7. Describe turbo codes in terms of its operation, decoding
2 3 gnrigfneatnhfe of turbo algorithm and applications
w codes 8. Describe an interleaver in terms of its operation and
application
4. Analyze the 9. Descri_be low-density parity che_,-ck _codes in terms of its
performance of low- operation, ad_vanta}ges and applications
density parity-check 10. Contrast coding differences between Turbo and LDPC codes
codes 11. Analyze a tanner graph in terms of its equation and its
generation
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The EKS4 syllabus covers four main sections as shown in Table 1. A total of 56 revised learning outcomes were
specified for this module which incorporated the verbs defining, describing, sketching, analyzing, calculating,
designing, determining and evaluating. The last five verbs were used extensively in the assessments as it places
particular emphasis on the higher levels of learning listed in Blooms Taxonomy which contribute to deep learning
and critical-thinking [36]. Registered EKS4 students were asked to provide specific feedback on both the original
and revised learning outcomes, as discussed under the following section.

RESEARCH METHODOLOGY

A case study was used in this research along with descriptive statistics to determine student feedback on revised
learning outcomes. Descriptive statistics occurs where a specific situation is studied to see if it gives rise to any
general theories [43]. The specific situation was the revision of former learning outcomes used prior to 2014 as
compared to the new revised learning outcomes used in 2014 in a telecommunications module. The target
population was restricted to all students enrolled for the EKS4 module during the second semester of 2014, therefore
requiring no sampling technique. In order to ensure a successful and sustainable curriculum development, regular
feedback from students about their views of the learning experience and outcomes is a must [44, 45]. A focus group
interview was thus conducted at the end of the semester when all assessments had been concluded. The focus group
interview covered questions relating to the original and revised learning outcomes in terms of them being clear,
concise, measurable, manageable, reasonable and sustainable.

RESULTS AND DISCUSSION

Fig. 4 indicates the student profile of EKS4 for the second semester of 2014. The total number of registered students
was 16. However, only 10 students completed the student profile and took part in the focus group interview, which
was conducted during the final class of the semester, once all assessment results had been returned to the students.
The majority of students were below the age of 30, being predominately male with the prevailing home language of
Sesotho.

Fig. 5 (left hand side) highlights that the majority of students in the focus group felt that the original learning
outcomes were vague (small triangle reveals that only one student felt that they were clear), as many stated that they
would not really know what would be expected from them if these learning outcomes were stipulated at the start of
the course. On the other hand, the revised learning outcomes were clear, conveying exactly what students had to
achieve or demonstrate during the course or at its end.

Fig. 5 (right hand side) presents the results of student feedback regarding the conciseness of the original and revised
learning outcomes. Again, the majority of students felt that only the revised learning outcomes were concise in terms
of not featuring too many words and of getting to the point of what is required of them.

Fig. 6 (left hand side) shows the results regarding measurability of the learning outcomes. All the students in the
focus group felt that the original learning outcomes were not really measurable, as many stated that if they do not
know what is required, then they would not know how they would be assessed. On the other hand, all the students
expressed the opinion that the revised learning outcomes were indeed measurable, as they knew exactly how they
were to be assessed.

Fig. 6 (right hand side) depicts the responses of students with regard to the manageability of the learning outcomes.
Both the original and revised learning outcomes are manageable in terms of numbers, although some students did
indicate that they would prefer lower number of learning outcomes. This may correlate with what many professors
are saying about their students who seem to be doing less homework these days, though there are always a few
model students around [46]. However, students generally felt that the number of learning outcomes per section
within this syllabus (which roughly covers a two week period within the semester) should not exceed 15.

Fig. 7 (left hand side) focuses on whether the learning outcomes were reasonable or realistic. Again, the majority of
students indicated that the revised learning outcomes, which were roughly three times more than the original ones,
were more reasonable and realistic, due to the fact that they clearly conveyed what is required. Students indicated
that the original learning outcomes would take more time to decipher and understand, requiring more effort on their
part to really come to grips with how they would be assessed.

Student feedback regarding the sustainability of the two sets of learning outcomes is given in Fig. 7 (right hand
side). All the students felt that only the revised learning outcomes would be sustainable in terms of being clearly
understood by future generations of students.
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CONCLUSIONS

The purpose of this paper was to highlight how an engineering curriculum can be made sustainable in order to
benefit both academics and students alike. It defined a sustainable curriculum as one where its learning outcomes are
clear, concise, measurable, manageable, reasonable and sustainable, being interpreted in the same way between
registered students from different cohorts and between academics within the same department. Student feedback
indicated that the original four learning outcomes used prior to 2014 were vague, but manageable. The majority of
students rather indicated that the revised learning outcomes implemented in 2014 were very clear, concise,
measurable, reasonable and sustainable for future generations of students.

The sustainability of the learning outcomes where specifically defined in terms of their comprehension from one
student group to the next, or from one student body at a specific university to the next study body at a different
university. This same principle must be applied to academics. If an academic lecturing a specific subject had to
leave the services of the university or become seriously ill, would his or her successor be able to take over the
subject with the minimum amount of stress or uncertainty? Would the learning outcomes be easily understood by the
academic, so that they would be able to teach or facilitate their new students effectively in a way that would promote
active student learning? Would the learning outcomes specify to the academics what type of verbs to use in the
assessment strategies, what pedagogical methods are needed and what content must be covered? Universities and
academics need to ensure the sustainability of their engineering curriculums in order to leave no gap of uncertainty
in terms of what students need to accomplish, no vagueness in terms of what students should be able to demonstrate
and no doubt at all in the minds of academics of what they should be conveying to their current students. Academics
need not be left-wing or right-wing people. They should just be concerned academics who are keenly interested in
the sustainability of engineering curriculums at institutions of higher learning.
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