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The first-year augmented programme in Physics:  
A trend towards improved student performance

Amidst a critical national shortage of qualified Black graduates in the pure and applied sciences, the University 
of KwaZulu-Natal has responded to a call from government for redress by launching the BSc4 Augmented 
Physics programme. In this paper, the methods employed to foster learning and to encourage student 
success in the Mechanics module of the Augmented Physics programme are described and discussed. 
The use of problem-based learning and a holistic learning policy that focuses on the emotional, physical 
and knowledge development of the student seems to have yielded higher throughput in the first semester 
of an undergraduate programme in Physics. Furthermore, the results point to an increase in the conceptual 
understanding of the student with respect to Mechanics. When appraising this success, the results of the 
2007–2009 cohorts, with and without teaching interventions in place, were analysed. These initial analyses 
pave the way for a course designed to benefit the student and improve throughput. These methods are not 
unique to Physics and can be adapted for any module in any country.

Introduction
Worldwide, students have difficulty with the language of physics, be it subject-specific terminology or the use 
of everyday language in a physics context.1 Thus, even definitions may give students trouble.2 This difficulty is 
compounded when learning in a second or third language,3-7 which is the case in South Africa where only 12% of 
students applying for tertiary education are mother-tongue speakers of English.8 

Further difficulties in South Africa can be attributed to a dysfunctional education system as a result of the apartheid 
regime’s under-development of Black human potential.7 This system gives rise to the problem of talented students 
being unable to study further in the sciences because of inadequate schooling.7 Furthermore, as a critical national 
priority, South African universities have been urged to alleviate the problem of ‘scarce skills’ by increasing the 
number of Black graduates in the natural and applied sciences.8,9 Universities in South Africa have attempted to 
redress the inadequate number of Black graduates through a variety of programmes offering alternative access 
and support.10-13 

Hutchings and Garraway13 discuss in great detail the current extended curriculum position in South Africa and 
highlight the need for such measures in light of the current educational schooling pitfalls. In particular, they discuss 
the various approaches employed at other South African higher education institutions to implement extended 
curricula as part of the government’s National Development Plan. The University of KwaZulu-Natal’s (UKZN’s) 
augmented programme is unique in this realm of extended curricula and thus its description will assist greatly in 
formulating plans by other institutions for implementation of extended curricula. In particular, at UKZN, the Centre 
for Science Access (CSA) seeks to address the needs of students from disadvantaged schools who do not meet 
the normal requirements for entry to the Faculty of Science and Agriculture. In the CSA, students register for a 
4-year BSc in either a foundation or an augmented programme. In the BSc-4 (Foundation) programme students 
engage in learning that is modelled on the Science Foundation Programme which has been described by Kioko12, 
Grayson14-15 and Barnsley16. The Physics programme for the BSc-4 (Augmented) has not been described previously 
in the literature, but will be described here later. 

Level 1 Physics at tertiary level is highly dependent on problem solving.17,18 Problem solving is often a stumbling 
block for many students in Physics as they perceive it to be difficult.19,20 Research also shows there is often little 
or no change in conceptual understanding before and after formal instruction and that students are unable to apply 
the concepts that they have studied to the task of solving quantitative problems.20

Here, teaching interventions instituted for the Physics module in the BSc-4 (Augmented) programme are described 
and their effectiveness in addressing students’ ability to answer typical Mechanics questions, as given in first-year 
textbooks, is appraised.21-22 An attempt is also made to investigate the problem-solving ability of three cohorts 
of students. The results, although preliminary, will be of interest to researchers in the field of extended curricula.

Context of the study

Educational context
The BSc-4 (Augmented) degree is for students from disadvantaged schools who are interested in science degrees 
but whose matric results are slightly below college entry requirements, although they have a full matriculation 
exemption or National Senior Certificate (NSC) qualification. The entry requirements for both the augmented and 
the mainstream programmes are listed in Table 1. Students in the Augmented Physics programme are admitted 
into first-year BSc but initially take fewer courses with extra tutorials and practicals, and courses in Scientific 
Communication and Life Skills. The first year of the degree is therefore spread over a maximum of 2 years during 
which students can also take some second-year modules. Thereafter, students carry the normal load for their 
degrees. Students thus take 4 years to complete a 3-year BSc degree, doing so more slowly, but being more 
assured of success.14-16 The sudden withdrawal of support after the first year of study is of concern and its 
impact needs to be investigated further as it may have direct consequences on throughput and pass rates in 
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subsequent years. One needs to be cognisant of this possibility when 
deciding on the exact structure of the extended curriculum that is 
implemented. At UKZN, various support structures have been set in 
place for all students in second year and above and it has been deemed 
appropriate to not offer a specific support structure for the students in 
the augmented programme.23

The BSc-4 (Augmented) degree is based on an integrated programme 
for students’ first year of study.23 In this programme all students register 
for two compulsory modules to support their studies and two optional 
modules determined by their choice of degree majors. One compulsory 
module is Scientific Communication, in which students are coached to 
improve their English language skills in the context of reading and writing 
on science topics. They learn the appropriate language, report structures 
and basic comprehension skills to help them in their chosen degree. 
Students must pass this module in order to be awarded their degree. 
This module is, however, the basis of much controversy. Such discrete 
communication courses have been shown to have very little impact 
on improving language in a specific discipline such as physics13,24 and 
indeed this was the case in this Scientific Communication module. This 
course served to provide the students with generic communication 
skills that had little impact on their physics communication skills. 
With this in mind the Augmented Physics module implemented a 
mechanism of redress which included physics communication and, 
in particular, communication with respect to understanding, unpacking 
and answering problems in the problem-based learning (PBL) mode of 
teaching and learning.

The second compulsory module is Life Skills. This module has an 
attendance but no assessment requirement. It addresses issues including 
HIV/AIDS, food security, note taking skills, career prospects and basic 
study techniques through workshops and discussions conducted by 
qualified psychologists. These activities are designed to help students 
adjust to the social and academic requirements of university.10-12,14-16,24,25 
Furthermore, all students in the CSA are encouraged to meet campus 
psychologists for further counselling on personal, academic, career or 
social issues. This component has been shown to be most effective 
in improving the confidence of the students as well as in helping them 
overcome the adversities of their past without feeling victimised or 
alienated in their new environment.25 

The students enrolled in the Augmented Physics module have twice 
the amount of contact time in Physics (but not double the workload) 
as those registered for mainstream Physics. Although they attend twice 
as many Physics lectures, students in Augmented Physics still have a 
lower workload than students in the mainstream programme as they only 
take two modules as opposed to the mainstream students who register 
for four modules. Augmented Physics students attend normal classes 
for the calculus-based Physics module (four lectures, one tutorial and 
a 3-h practical per week) alongside their mainstream counterparts. For 

these classes, they are expected to do various assignments such as 
answering tutorial questions. Being previously disadvantaged, students 
in the augmented programme have had very little exposure to laboratory 
work and thus they are required to attend an additional 3-h laboratory 
session a few days before their mainstream practical. These additional 
sessions differ from the mainstream ones – during these sessions, 
students are introduced to the apparatus, experimental techniques and 
analytical skills that are required for the practical later in the week. 

To further support their studies in the mainstream, students in the 
augmented programme attend five other contact periods which the 
Augmented Physics lecturer uses for explaining or extending the 
content of the mainstream lectures, rather than simply re-lecturing the 
same content. However, students tend to struggle with the pace of the 
mainstream lectures, so when required the Augmented Physics lecturer 
re-lectures the mainstream content. Over and above the assignments for 
mainstream classes, the lecturer in Augmented Physics assigns further 
tutorial questions for students to prepare for the classes. The workload 
in Augmented Physics is initially less intensive than the mainstream 
programme to enable the students to adapt to the demands of tertiary 
physics education, but is incrementally increased until it is on a par with 
that in mainstream Physics. 

Student context 
This research was conducted among three student cohorts between 
2007 and 2009 who had different secondary school backgrounds. 
Table 2 shows the composition of the three cohorts of students, 
according to the examination they wrote in their final school year. 

The 2007 cohort of students followed a content-based traditional 
school curriculum. The curriculum statement for this system outlined 
clear learning objectives from which teachers should work.26 The final 
examination included questions across a range of levels on Bloom’s 
taxonomy.26,27 In this way, the exam encouraged teachers to focus on 
teaching some problem-solving skills to the learners. The learners had 
no continuous assessment tasks and their final marks were wholly 
obtained from the final exam.

By contrast, students matriculating in 2008 followed the new NSC 
curriculum which is purported to be outcomes-based education (OBE). 
These learners were the guinea pigs in that they had, along with their 
teachers, constantly pioneered a new system over 12 years of schooling. 
The curriculum statement for this certificate leaves quite large areas 
open for teachers to interpret. Furthermore it appears to cover even 
more content than the curriculum in previous years,28,29 thus creating a 
situation in which teachers might need to rush quickly through material 
in order to complete the syllabus superficially. This situation can result 
in learners simply plugging numbers into an equation. Consequently, 
there may be little time to teach learners to solve problems that require 

Table 1: Comparison of entry requirements for BSc and BSc-4 (Augmented) degrees at the University of KwaZulu-Natal

Senior Certificate (–2007) National Senior Certificate (2008–)

Normal entry to BSc in 
Faculty of Science and 

Agriculture

Entry to BSc-4 (Augmented) Normal entry to BSc in 
Faculty of Science and 

Agriculture

Entry to BSc-4 (Augmented)

Points based on overall achievement 32 28 30 22

Mathematics HG D or SG A HG E or SG B Level 4 Level 3

At least one of: Physical Science(s), 
Biology, Biological Sciences, 
Agricultural Science 

HG E or SG B HG E or SG B Level 4 Level 3

English HG E or SG B HG E or SG B Level 4 Level 4

Life Orientation Not required Not required Level 4 Level 4
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deeper interrogation and integration of the subject. Integration deals 
with the extent to which teachers use examples, data and information 
from a variety of disciplines and cultures to illustrate the key concepts, 
principles, generalisations and theories in their subject area or 
discipline.30 The final result for these learners includes a component of 
continuous assessment. The majority of the 2008 cohort came through 
the new curriculum, although the cohort also included a few students 
who matriculated in 2007 but only enrolled for BSc-4 in 2008. All of the 
students in the 2009 cohort matriculated through the new NSC. 

Researcher context
The author taught the Augmented Physics module for the three years 
under study. He had 8 years experience tutoring physics at high school 
and tertiary level and completed his PhD during this period. The 
author taught the module for the first time in 2007. In a mixed modal 
research study (based on both qualitative and quantitative data) such 
as this one, the observer is part of the research process.31-35 Therefore, 
despite attempting to be a disinterested observer, the author’s particular 
perspective has undoubtedly framed this study.32-35 In this paper, the 
qualitative research in which the author/researcher has been directly 
involved, is presented. The aim of the study was to gather data in the 
form of the qualitative assessments and to supplement those research 
findings with quantitative data in the form of rich content-based 
descriptions of people, events and situations by using different, 
especially non-structural, techniques to discover the stakeholders’ 
views, to analyse the gathered data and, finally, to interpret the findings 
in the form of a concept- or contextually dependent grounding.32-36

Table 2: Composition of each cohort of students in the study

2007 2008 2009

‘Old’ matric 25  4 0

National Senior Certificate – 15 26

Total 25 19 26

Theoretical framework 
The effectiveness of a particular educational approach (in this case the 
Augmented Physics programme) and its teaching effectiveness (as 
demonstrated by student knowledge of the subject matter and evidenced 
by performance in the assessments) need to be determined. The aim 
of this study was to determine the knowledge gained by students in 
terms of factual knowledge, conceptual understanding and functional 
proficiency in physics and, in particular, mechanics.32-35

The mixed-modal approach was used as it starkly provides the answers 
to the question of effective teaching by allowing quantitative analysis of 
the results obtained by the students to particular questions designed to 
test various levels of the revised Bloom’s taxonomy.27,36 It also relates 
their performance to follow-up questions and discussions (qualitative 
analysis). Although very useful, it must be noted that a shortcoming 
of this method is that it is subject to the specific teaching measures 
implemented.32-35 A further justification of a quantitative approach arose 
from the large number of students enrolling in mainstream Physics which 
made conventional assessment tasks difficult to implement and tedious 
to mark. These numbers prompted a departmental decision to move 
away from asking a number of conceptual understanding questions (so 
called ‘long questions’ with proofs and derivations) in tests, to more 
problem-based/quantitative assessments such as multiple-choice 
questions (MCQs) or short numerical response questions.32-35,37 Given 
the debate surrounding the use of MCQs,38-41 the results of this research 
may be debated. However, the questions were designed to meet the 
specific aim of the researcher, which was to determine the cognitive 
ability of the students to answer questions at various levels of Bloom’s 
taxonomy27 and the revised Bloom’s taxonomy36 and the results should 
be interpreted in this light.

Bloom contends there are three types of educational activities27: 

•	 Cognitive: mental skills (knowledge)

•	 Affective: growth in feelings or emotional areas (attitude)

•	 Psychomotor: manual or physical skills (skills)

Anderson and Krathwohl36 provide a revision of this taxonomy. Changes 
in terminology between the two versions are the greatest differences. 
Bloom's six major categories were changed from noun to verb forms. 
The lowest level of the original – knowledge – was renamed to 
‘remembering’. The levels of comprehension and synthesis became 
‘understanding’ and ‘creating’, respectively. In this study, the focus was 
on Bloom’s original cognitive category and the tests were developed 
as part of our quantitative approach. The first few questions on the test 
(approximately 20%) appealed to the first level of Bloom’s cognitive 
level, that of knowledge27 or remembering36. If proficient at this level, the 
students should be able to provide answers to questions that simply test 
basic definitions and recall.36,42

The next set of questions on the test (approximately 40%) related to 
the second level of Bloom’s taxonomy, that of comprehension27 or 
understanding36. At this level, a competent student would understand 
the meaning, translation, interpolation and interpretation of instructions 
and problems.36,37,42,43

The final set of questions (approximately 40%) appealed to Bloom’s third 
level – application27 or creating36. This level requires students to use a 
concept in a new situation or, unprompted, to use an abstraction. The three 
highest levels of analysis, synthesis and evaluation were not considered 
in this study although the linking of the revised Bloom’s taxonomy36 with 
PBL aims to achieve this as students progress through the module44. 
Yadav45 alludes to this form of instruction as the transference of higher-
order thinking skills. Yadav refers to this skill as the ability of the student 
to collect, analyse and evaluate information to draw conclusions or make 
inferences44,45 and his approach45 forms the basis of the principle used 
in this paper. In preparing for the questions set using the revised Bloom 
cognitive levels, the method proposed by Serrat46 was used. In this 
method, PBL is used together with Bloom’s taxonomy (or the revised 
taxonomy) to facilitate higher-order thinking skills. Serrat’s46 approach 

makes provision for problem-solving techniques for use in PBL. Four of 
these techniques are focused on here:

1. Affinity diagrams encourage students (either in a group or as 
individuals) to organise ideas into a common theme.

2. Brainstorming encourages students (either in a group or as 
individuals) to generate a large number of ideas to solve a problem 
or to find ways of solving the problem.

3. Flowcharts are used to help students identify the aspects they do 
not understand with respect to content before attempting to teach 
problem-solving skills.

4. The ‘five why’s technique’ encourages students to ask at least five 
questions when solving a problem, which helps them to think ‘out 
of the box’.

Fogler and LeBlanc47 were the first to develop the concept of linking 
Bloom’s taxonomy to PBL and as such to a scientific field (engineering 
in this case). From this impetus, this study was modelled. 

Method
In interrogating the successful outcome of any of the teaching 
interventions employed in the Augmented Physics programme, it is only 
possible to consider examination pass rates. However, pass rates may 
give only a superficial evaluation and may not show any of the finer 
aspects relating to students’ improved performance or the challenges 
faced by a lecturer in facilitating this change. Consequently, analyses of 
student performance on tests related to their problem solving ability are 
also included.32,34,35 
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At the start of the first semester in each year under consideration, the 
same pre-test was administered to each cohort in the first lecture of the 
Augmented Physics class, in which students worked alone and without 
reference material. As a formative assessment instrument, the purpose 
of the pre-test was to gauge the students’ understanding of physics at 
school-leaving level, and consequently their ability to solve problems. 
Students were informed beforehand that their performance in the test 
would not affect their class mark in order to reduce test anxiety among 
the students which may have adversely affected their performance. 
Furthermore, time pressure was alleviated by allowing students up to 
1 h to answer the 30-mark test which, according to common practice 
in the Physics Department, would normally have taken 30 min. The 
lecturer then collected the scripts, analysed the responses and checked 
the marking and mark allocation before handing the scripts back to the 
students. A discussion session with the students then occurred, either 
on a one-to-one basis or in a classroom group, to obtain data for the 
qualitative aspect of the research. 

The test consisted of three sections with each section evaluating 
student performance on the first three levels of cognitive understanding 
according to the revised Bloom’s taxonomy as described previously.36 
The first level of knowledge simply required that a student recall basic 
definitions. The second section, at the second level of understanding, 
entailed interpreting a straightforward ‘story’ to extract information 
concerning a sequence of actions. The final section was at the third level 
of creating36 and required students to use a concept in a new situation or 
to use an abstraction unprompted, that is the student had to apply what 
was learnt in the classroom into novel situations. Examples of all these 
questions are given in Table 3.42

Table 3: Sample test questions for the first three levels of Bloom’s cog-
nitive levels

Bloom’s cognitive level of knowledge 

State how a vector quantity differs from a scalar and give an example of a vector 
quantity. (2)

Bloom’s cognitive level of comprehension

Sinethemba walks 60 m north before discovering that she is lost. She then walks 
20 m south to try and retrace her steps with no success. Sinethemba then walks 
10 m west and 40 m east before going 35 m north and reaching her destination. 
Determine the distance covered by Sinethemba and her resultant displacement. (3)

Bloom’s cognitive level of application

Sipho is travelling at a constant velocity of 20 m/s and passes an intersection 
where his friend Dumisani is parked. At the instant Sipho passes the intersection, 
Dumisani starts up in pursuit of Sipho. If Dumisani accelerates at a constant 5 
m/s, determine the distance he covers before catching up with Sipho. (5)

The number within parentheses indicates the maximum mark awarded for a question.

Results and discussion of interventions
The results given in the tables and figures that follow indicate the 
percentage pass rate for a particular level of the revised Bloom’s 
taxonomy. A pass is deemed to be 50%.

Table 4 illustrates the results of the pre-test. It is interesting to note that 
in the mixed 2008 cohort three out of the four ‘old’ matric students 
achieved an overall pass in the pre-test. The results represented in Table 
4, although poor, were not unexpected. It had been predicted by various 
educational sources that the new NSC would not adequately prepare 
students for the rigors of tertiary study, where emphasis was placed 
on the higher levels of Bloom’s taxonomy.48-50 Jansen51-53 was critical 
of OBE even before its launch and his prediction was predicated by the 
decision of the education ministry to scrap OBE.54 However, a single 
pre-test could not be used to conclusively judge this system because 
the test may have been influenced by anxiety on the part of the student, 
despite the precautions taken to avoid such anxiety. The students were 
then given advance notification that they would be writing a test a week 

after the pre-test. The students were also explicitly informed of the 
material that the test would cover. No interventions were made in the 
week between the tests and the lecturer conducted traditional lectures 
with no advanced support.

Table 4: Pass rates for the pre-test for each cohort

Bloom’s level 2007  
(25 students)

2008  
(19 students)

2009  
(26 students)

Knowledge 92% 84% 77%

Comprehension 42% 37% 38%

Application 28% 11% 8%

Overall pass rate for tests 44% 37% 31%

The result of the first formative test in the Augmented Physics module, 
which again was not used to contribute to the students’ year mark, is 
shown in Table 5. This test was very similar in nature to the pre-test 
and tested similar concepts. The results closely resembled those of the 
pre-test. This time all four of the ‘old’ matrics in the 2008 cohort passed 
overall. Table 5 further shows that a vast majority of the students in 
all three years answered questions in the knowledge section correctly. 
This result is not surprising as the schooling system prepares students 
to memorise material so that their ability to simply recall definitions 
is well developed. Noticeable, however, is the appreciable drop in the 
percentage of students who responded correctly to the question over 
the years. This finding may be a consequence of the inordinate amount 
of group work associated with OBE in which learners are not required to 
take ownership of their work and studying. Instead, learners are given 
more opportunity to simply rely on the efforts of the more active learners 
in a group which can curb their own learning substantially.48-50,52-54 It 
must also be noted that students were not marked on the correct use of 
language and grammar in this section. The researcher inferred what was 
conveyed by the students even though the written expressions may not 
have made conventional linguistic sense.

Table 5: Pass rates for formative Test One for each cohort

Bloom’s level 2007  
(25 students)

2008  
(19 students)

2009  
(26 students)

Knowledge 96% 79% 77%

Comprehension 44% 37% 38%

Application 32% 11% 8%

Overall pass rate for tests 48% 37% 31%

The results for the understanding section were in stark contrast to the 
researcher’s perception that the questions were easy, and proved to be 
an immense challenge to the vast majority of students across all three 
years. A qualitative investigation was conducted by the researcher which 
involved interviewing all the students who had failed to obtain 50% or 
more in this section to identify the reasons for their poor performance. 
In all three years the students battled to interpret the questions because 
of the perceived complexity of the language used. This perception 
resulted in the students being unable to separate relevant from irrelevant 
information provided in the question; this finding tallies strongly with 
reports in the field55-57 which highlight that student responses and 
incorrect answers are often linked to language difficulties as opposed to 
subject or content difficulties. It was clear from this part of the study that 
the language problem facing the students would need to be addressed in 
conjunction with the physics interventions and that the discrete language 
module failed.58,59

The results in Table 5 also show that many of the students were unable 
to solve questions in section three, the creation level. The qualitative 
investigation again revealed that this inability may have been attributed 
to the complexity of the language – by their own admission, the students 
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were unable to dissect a question into smaller, more manageable parts. 
In all three years the students also admitted to attempting to solve the 
problem without first determining the nature of the question posed. 
They could, by and large, readily identify that they needed to use the 
kinematical equations; however, they could not see the link between two 
scenarios, such as the distance covered and the time of the motion. 

The results of this formative test then set in motion a series of interventions 
for the Augmented Physics module. The first two interventions sought 
to address informally the language problem encountered by the student. 
As time was limited, a more formal approach could not be taken to 
address the complexities surrounding language and its impact on formal 
learning as it was clearly apparent that the scientific communication 
module was not adequately preparing the students for the language 
of physics. The first intervention was the introduction of dictionaries 
into lectures. The lecturer would often take dictionaries to lectures 
and students were encouraged to look up the meaning of words if 
they did not understand them. They were also asked to start their own 
physics dictionary by writing down the meanings of difficult words they 
encountered in the module. Across the three years this intervention 
varied slightly, but the main thrust remained consistent. In all three years 
almost 95% of the students had cellular phones with WAP capabilities, 
and so they were introduced to the mobile Internet, more especially to 
online dictionaries and e-learning sites, as a way of introducing them to 
technological learning, an ambit of the PBL method.60-64The introduction 
of the technological ambit of the PBL approach helps to determine what 
factors contribute to integration or non-integration of those constructs 
into the curriculum.

The second measure was the implementation of an English-only policy 
for lectures. Students were not allowed to communicate in their home 
languages during any lectures.59,64-70 Even if the communication was 
not physics related the students were still required to communicate in 
English. This policy was initially quite difficult to implement because the 
students reacted quite negatively to this measure. They believed that 
this policy belittled their language and discriminated against their cultural 
beliefs. The students were then counselled on the reason behind this 
policy and it gradually became more acceptable. The lecturer observed 
on many occasions that if a student did try to stray from this policy, 
the other students in the class or group would simply respond to his or 
her question in English.61,71 The language problem is often compounded 
by the fact that the educators at the students’ former schools (usually 
semi-rural and rural schools) would often ‘code-switch’ – that is, 
switch between English and the vernacular language. Often the educator 
would start the lesson in English and then revert to the vernacular when 
a concept with a relatively high degree of difficulty was encountered. 
Students were also given an in-depth explanation into the usage of 
words such as ‘describe’, ‘explain’, ‘calculate’, ‘determine’ and ‘solve’. 
These words had to be recorded in their dictionaries and they were then 
randomly asked to explain the meaning of these words to the lecturer or 
their colleagues during lectures.

The final measure, and probably the most influential, was the PBL 
approach. PBL is a student-centred instructional strategy in which 
students collaboratively solve problems and reflect on their experiences. 
Characteristics of PBL72-74 are that:

•	 Learning is driven by challenging, open-ended problems 

•	 Students work in small collaborative groups 

•	 Lecturers take on the role as ‘facilitators’ of learning.

Advocates of PBL claim it can be used to enhance content knowledge 
and foster the development of communication, problem solving and self-
directed learning skill.47 The PBL approach should encourage students 
to be responsible for their own learning and understanding. In other 
words, PBL should discourage students from memorising content or 
copying solutions to assigned problems because they should see that 
tutorial questions were assigned to develop conceptual understanding 
and critical or lateral thinking rather than simply to supply a final answer. 
Consequently, ownership of the academic experience lies with the 
students as they have to demonstrate understanding of the content 

through PBL. PBL often forces students to study their materials (notes, 
textbooks, readings) from lectures intensively and to make their own 
notes to help with solving the problems. By splitting the class into 
smaller groups and assigning the groups problems to attempt using 
the PBL approach, students are forced to learn the associated theory 
before attempting the problem. Ownership of the academic experience 
further encourages them to think laterally and critically – a consequence 
of the reflection part of the PBL approach. Thus PBL is an attempt to 
help students to think ‘out of the box’44-47,75 while OBE is an approach 
to education in which decisions about the curriculum are driven by the 
exit learning outcomes that the students should display at the end of 
the course.76

The students were split into small groups of two or three individuals. 
Problems were assigned to these groups and they were required to 
solve them without consulting the other groups. Each group was 
allocated different problems with the same level of difficulty. To solve the 
problem, students had to define a structured, step-by-step approach to 
the solution. In some common traditional instruction scenarios, students 
are handed a cookbook list of steps to solve a given problem (e.g. Part 
A:	solve	 for	 velocity;	Part	B:	 solve	 for	Δx).44-47,74,75 In such situations, 
students may struggle with performing some of the steps or with the 
implicit meaning of these steps or, worse yet, may fail to recognise how 
each of these steps leads to a global solution to the problem. However, in 
a PBL approach, students must generate their own step-by-step method 
to solve each problem. Thus, although difficulties will arise in carrying 
out a given step, no confusion exists as to the sequence or meaning of 
each step required. Furthermore, as students work to solve the problem, 
various solution paths emerge among groups. In this way, students 
begin to view problem solving as a creative process that can take 
many forms within a given set of constraints.60 To paraphrase the late 
Nobel laureate Richard Feynman: Good scientists always know at least 
three ways to solve the same problem. Contrary to traditional problem-
solving activities in which one preferred solution is usually presented, 
many solutions are possible to any given problem. PBL activities enable 
students to appreciate that problem solving is not a uniform one-size-
fits-all kind of activity and that many solution paths are possible.60

The assigned questions often required the same conceptual understanding 
but of different scenarios. During these sessions students were also 
taught to link subjects such as Physics and Mathematics, which they 
often place into isolated ‘mental boxes’5,32,35,72 without accessing the 
concepts taught in one module to relate to the other. This method also 
facilitated active learning5,32,35,72 in the sense that the students had to 
discover and work with content that they determined to be necessary 
to solve the problem.43,74 It must be noted that the full PBL approach 
was not implemented because of the cognitive demand that it would 
have placed on the students. Fade effect73 scaffolding was implemented 
in this module of PBL to reduce the cognitive load of the students. In 
fade effect PBL, guidance is provided by the lecturer in the early stages 
and later, as the students gain expertise and become more confident, 
this guidance is gradually reduced.77 The students are first introduced to 
simple problems and are then gradually given more complex problems in 
which elements are added to model real-life problems or situations.77,78 
This process helps students to slowly transit from studying examples 
to solving problems.79 Another modification to the PBL approach was 
the combining of mini-lectures on some days with in-class, small group 
work on problem sets later in the week.

After they had finished their problem work the students assessed 
themselves and each other in order to develop skills in self-assessment 
and the constructive assessment of peers. Self-assessment is a skill 
essential to effective independent learning. The objectives of the PBL 
approach is to produce students who will43,44,46,77,78:

•	 Engage the problems they face in their life and career with initiative 
and enthusiasm 

•	 Problem solve effectively using an integrated, flexible and usable 
knowledge base 

•	 Employ effective self-directed learning skills to continue learning 
as a lifetime habit 
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•	 Continuously monitor and assess the adequacy of their knowledge, 
problem solving and self-directed learning skills 

•	 Collaborate effectively as a member of a group. 

The PBL method of transference of learning using the techniques 
described above ensured that mutual learning took place and that the 
knowledge was active.35,37,44,46 Constant evaluation took place to effectively 
determine the level of transference. Evaluation in the Augmented Physics 
module included all mainstream evaluations such as tests, assignments 
and practical reports, as well as specific tasks for Augmented Physics. 
These assessments took the form of unseen quizzes, seen quizzes, mini 
tests and formal tests. All assessments used the first three cognitive 
levels of Bloom’s taxonomy as previously discussed.27,36

The results of the practical sessions, quizzes and mini-tests that 
occurred in the month leading up to the first formal assessment are not 
considered here as they had a very narrow focus in terms of curriculum 
content in order to verify the transfer of initial learnings.20,26,35,37,42 These 
frequent assessments also ensured that the students attempted the 
prescribed tutorials and homework and kept up to date with the material 
being taught. The first formal assessment test was structured similarly 
to the pre-test and formative Test One to enable direct comparisons. 

Figure 1 shows the results of these tests. They show that the student 
performance in the Augmented Physics test was similar to that of the 
formative assessment before any of the interventions were implemented. 
The performance of the 2008 and 2009 cohorts of Augmented Physics 
students in the mainstream test was, however, much worse than their 
collective performance in either the augmented formal Test One or the first 
formative test while the results for the performance of the 2007 cohort 
in the mainstream Test One seems consistent with their performance in 
the augmented assessments. A qualitative interrogation of the student 
performance in these years revealed that in 2008 the lecturer in the 
mainstream introduced a new section a few days before the scheduled 
test was to be written with the indication to students that it would not 
be tested. However, this material was included within the application 
component of the mainstream formal test. Students were quick to 
associate this with their poor performance. However, considering that 
this question accounted for only 5 out of a possible 40 marks (12.5%) 
and their equally poor performance in the comprehension portion of the 
test, this may well have not been the reason, although it does warrant 
further investigation and possible intervention. 
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Figure 1: Formal Test One results.

The 2009 cohort investigation revealed that, for various reasons beyond 
the control of the students, most notably industrial action, the students 
had to write two mainstream tests on the same day. A Mathematics 
Level 1 test was written in the morning and the Physics test was 
written in the afternoon. Students in all three years cited a lack of time 
allocated to answer the questions as another major reason for their poor 
performance. They were not used to such stringent time demands as 
they often received some extra time during the augmented assessments. 

Considering the poor results in all three years, the researcher 
implemented a further two interventions and continued re-enforcing the 
ones introduced previously. The first new intervention was that all the 
students were interviewed and monitored to determine if any external 
factors, such as financial problems, poor living conditions at home, 
HIV/AIDS, alcoholism, drug addiction or teenage pregnancy, were 
contributing to their poor academic performance. If any such problems 
were identified, the student was referred to the appropriate centre for 
further assistance. Coupled with this intervention came the development 
of self-awareness in the student.65 Part of this development occurred 
during the Life Skills component of the programme and was continued by 
the lecturer with constant pep talks, the screening of motivational video 
clips, and the invitation of people with similar backgrounds who were 
academic successes to give motivational talks.65 Workshops on proper 
study techniques, both general and specific to the Physics module, 
were also held during the augmented practical sessions. During these 
workshops the students were taught how to draw up study timetables 
and how to plan for success. Proper time management during tests or 
exams was also discussed. To this end the ‘mark a minute’ philosophy 
was explained and implemented for all augmented assessments to keep 
in line with the mainstream. Students were at first alarmed by this idea 
but gradually came to accept it as something they could not change but 
would have to adopt. Students often asked for permission to use their 
cellular phones to monitor the time while attempting tutorial questions 
during the designated tutorial times, as some did not have watches. To 
further reinforce this notion all assigned questions were accompanied by 
a maximum mark and a clock was provided for tutorials or tests at which 
they could not use their cellular phones. 

The Augmented Physics test was always scheduled a week before the 
mainstream test. It was designed to be formative and to help students 
evaluate their understanding of the material taught. The tests were 
pitched either at the same level or were harder than the mainstream 
tests. These tests were marked and returned to the students a few days 
before their mainstream tests and were discussed in detail along with 
the provision of model solutions. In general, the augmented test aimed to 
cover at least 85% of the content in the mainstream test. The Augmented 
Physics lecturer did not have access to the mainstream test beforehand, 
so as to not favour the Augmented Physics students. The students could 
use the test to establish areas of learning in which they had difficulty. 
They could then consult with the lecturer or student assistants for help 
in these and other areas before the mainstream test. It was hoped that 
these tests would provide critical feedback to the researcher regarding 
the success or failures of the implemented interventions. 

The results of the final formal assessment for the augmented and 
mainstream module are shown in Table 6. These tests were heavily 
focused on the comprehension and application levels of Bloom’s 
taxonomy, with the knowledge section almost entirely covered in the 
latter two levels. Thus the results were not broken down into three 
levels as before. A clear improvement was noted in all three cohorts. 
The glaring disparity in pass levels among cohorts from formal Test 
One was not evident in this comparison. In the 2008 and 2009 cohorts, 
the Augmented Physics students performed better in the mainstream 
test than they did in their augmented module assessments. In all cases 
their performance in the mainstream was well beyond that of the first 
formal assessment. 

As a final means of comparison and to appraise critically the value of 
the interventions outlined above, student performance in the final exam 
is provided in Table 7. The students wrote a single theory exam and 
the Augmented Physics lecturer set approximately 25% of the exam in 
all three years under study. The mainstream marks provided in Table 7 
are the results for the students registered in the mainstream programme 
and are provided for comparison of the Augmented Physics students’ 
performance against mainstream norms. The mark breakdown showing 
the performance of the students at the various percentiles is given in 
Figure 2. It is evident from these results that the Augmented Physics 
students in the 2007 and 2008 cohorts seemed to perform on par with 
their mainstream counterparts. The 2009 cohort performed relatively 
poorly in comparison with the mainstream students. Figure 2 also 
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clearly shows that not only did the Augmented Physics students pass, 
they passed well. Some of the students were able to achieve first-class 
passes (marks higher than 75%) and others obtained second-class 
passes (60–74%). Students who obtained a mark of between 40% and 
49% were given the chance to write a second exam, for which they were 
required to pay. In all three years, no such student passed the second 
exam even though its level of difficulty was equivalent to that of the first 
exam, both in terms of content and time allocation. 

Table 6: Pass rates for formal assessment Test Two for each cohort 
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Table 7: Pass rates for the final exam for each cohort
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Figure 2: Final exam mark distribution.

Conclusion
The improvement (as indicated by Figure 3 in which an upward trend 
is clearly evidenced) in the test results for all the cohorts and the 
subsequent exam performance can be linked in part to the interventions 
set in place within the augmented module. The initial disparity between 
the results of the ‘old’ matric and the NSC cohorts, as evidenced by the 
pre-test and formative Test One results, is not so markedly evident in the 
subsequent formal Test Two results. Further, the exam performance of 
the 2007 and 2008 cohorts is in line with their mainstream counterparts. 
Taken at first impression, the exam results of the 2009 cohort are poorer 
than those of the mainstream students, which leaves one to conclude 
that the interventions may not have been enough to assist these students. 

Further investigation into the performance of these students revealed 
that they had done relatively well in all sections taught by the researcher, 
achieving a pass rate of 63%. However, they performed poorly in 
sections taught by a replacement Augmented Physics lecturer when 
the researcher was away for a period during the latter half of the first 
semester in 2009. The incumbent had been trained by the researcher to 
implement all of the interventions in the style and method of instruction 

suitable for the Augmented Physics students; however, this training may 
not have translated into the classroom, which may have influenced the 
final exam pass rate. The cohort may have also experienced ‘transitional 
hiccups’ associated with having a new lecturer very close to their final 
exam. However, their performance in the tests may be used to appraise 
the effectiveness of the interventions. The improved performance of 
all the cohorts seems to indicate the effectiveness of the interventions 
in assisting the students to overcome their initial circumstances and 
lack of preparedness to perform as expected at tertiary level. We see 
that the interventions, such as the use of a dictionary (determined by 
interrogating the pass rates of the tests with qualitative analysis such 
as interviews with the students), English language policy and PBL, are 
effective tools to use during lectures, tutorials and practical sessions 
and greatly influence the problem-solving ability of the students, as 
evidenced by their higher results in the subsequent tests at the higher 
cognitive levels of Bloom’s taxonomy. 
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Figure 3: Semester progress in terms of pass rates for the Augmented 
Physics module.

A difference in the pass rates between the NSC and ‘old’ matric 
cohorts, although evident at the outset of the study, has not been clearly 
demonstrated by this work as this study is too narrow to judge whether 
the schooling system had any impact on the problem-solving ability 
of the students. A further study is necessary to make this distinction. 
These results do, however, show that, regardless of the initial school 
shortcomings faced by the students, a comprehensive programme such 
as the Augmented Physics one at UKZN does enable some students 
to achieve success and to move beyond their previous disadvantages. 

The data suggest that in order to perform successfully in their academic 
endeavours, students need to be provided with more than just academic 
mentoring. To fully develop their cognitive skills it is imperative that 
the academic support provided be coupled with basic skills such as 
time management, language interpretation and life skills. Although 
not covered here, issues such as food insecurity, domestic violence, 
lack of accommodation and no funding are also factors that influence 
academic performance. However, much of these are catered to by the 
Life Skills module and thus no direct interventions are implemented in 
the Augmented Physics module itself. 

The sound model of the CSA’s Augmented programme contributes 
to improve the skills development of students within the realm of the 
natural and applied sciences. Clearly, the augmented programme and 
its approach to educational outcomes may be the answer to addressing 
the critical shortage of qualified Black scientists in South Africa, as 
outlined by government. The methods employed as described in this 
paper are not unique to physics or even to the natural sciences, and may 
be tailored to assist students to foster learning and encourage ownership 
of their learning. 

This preliminary work will, in the near future, be extended to determine 
the effectiveness of the initial interventions for the students as they 
move into higher levels of study. Further work will also analyse possible 
models for interactive teaching that address the language barrier faced 
by many non-English mother-tongue students.
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Author’s note: In 2011, the Physics honours class comprised six 
students, four of whom were part of the 2007 cohort in the Augmented 
Physics module. All these students successfully passed their honours 
degrees and are now reading for MSc degrees at various institutions 
in South Africa. The four NATED (old) matric students from the 2008 
cohort finished their degrees in the minimum specified time of 4 years 
in 2011 and two of these students have subsequently registered for 
honours degrees in Physics at UKZN while the other two have decided to 
pursue honours degrees in other fields.
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