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Abstract

The author investigates the challenges faced by the millennial generation,
known for their technological proficiency and their preference for visual
learning, as they enter universities. The central focus is on enhancing
students’ learning skills by using artificial intelligence technology for
repetitive and sometimes complex situations. Reference is made to a case
study of a doctoral investigation conducted by Bhorat in 2014 on the
establishment of a curated multimedia portal at a University of Technology
(UQOT). Part of the investigation revealed that some academic staff within a
programme tended to downplay the importance of using technology in
teaching and learning. This preference conflicted with the technological
preferences of the millennial generation. Additionally, these academic staff
members lacked the advanced technical knowledge and expertise needed to
prepare the new generation for the job market. The fourth industrial
revolution, characterized by the contributions of pioneers such as Michael
Faraday, marked the integration of computers and the internet into various
aspects of daily life. This revolution was foreseen by Greenberger in 1964,
who predicted the use of computers in scientific research and various
industries. The vision of Vannevar Bush in 1945, with his proposed Memex
machine, inspired hypertext, and innovative ways of organizing, storing,
retrieving, and sharing information. One such development is the digital
notebook, facilitating seamless access to text, images, videos, and audio, as
well as file sharing among users. To address the challenges posed by the
fourth industrial revolution, the author suggests a potential solution:
leveraging Artificial Intelligence (Al) technology as an educational tool
including smartphones. This concept was practically demonstrated during

1 Some sections of this paper first appeared in the author’s doctoral research
conducted in 2014.
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the Community Engagement Conference in Durban in August 2019..
Historically speaking, one can trace back the roots of technological
experimentation in education. An early experiment took place at the Natal
College of Advanced Technical Education (NCATE), now the Durban
University of Technology (DUT) in 1976, when the institution acquired a
colour television studio. The aim was to explore to what extent traditional
teaching methods, that relied on textbooks for instruction, could be supple-
mented by using new audio-visual methods. This historical background
demonstrates the long-standing development of educational methods and
underscores the need for academics to adapt to the opportunities presented
by Al in modern education. This paper does not specify a hypothesis. Instead,
it aims to combine lived experiences and institutional knowledge to suggest
an approach for using Artificial Intelligence in education

Keywords: millennial generation, artificial intelligence, fourth industrial
revolution, electricity, smartphones and computational photography

Introduction

This paper investigates the challenges encountered by academics at
traditional Universities of Technology, and the millennial generation, a
cohort renowned for their technological proficiency and visual learning
preferences, as they enter university life. The emphasis lies in the harnessing
of emerging technological developments to educational ends. One possible
area of exploration is how Artificial Intelligence (Al) might be co-opted to
nurture and enhance students’ learning skills. This paper also suggests that
the current curriculum delivery needs to adapt modern technology to address
new challenges, including the major changes needed to address students’
expectations.

The Evolution of Artificial Intelligence

The concept of Artificial Intelligence (Al) was first coined in 2016 by Klaus
Schwab at the World Economic Forum. As he states (2016: 7 - 12), the
changes are historic in terms of their size, speed and scope. This revolution
is changing the way people live, work and relate to one another. The digital
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revolution began at the turn of the century with the emergence of computer
hardware, software, and networks which are now characterised by smaller
and more powerful sensors that are becoming cheaper and more cost-
effective through digitisation and automated machine learning. He argues,
‘all new developments and technologies have one key feature in common:
they leverage the pervasive power of digitization and information
technology’ (2016: 19). The most obvious recent examples illustrating this
point are autonomous vehicles, 3D printing, drones, advanced robotics,
super-computers, wearable sensors and microchips smaller than a grain of
sand. Schwab further contends, ‘that this revolution is different in scale,
scope and complexity from any that have come before’. Characterized by a
range of new technologies that are fusing the physical, digital and biological
worlds, the developments are affecting all disciplines, economies, industries
and governments, and even challenging ideas about what it means to be
human (World Economic Forum, Newsletter 2019).

The 28" World Economic Forum in Cape Town (September 2019)
included discussions on the prizes and the perils of the Fourth Industrial
Revolution as automation and Al could render obsolete jobs that have existed
for centuries. Emphasis is placed on the fact that Africa is home to the
world’s largest number of young people and that the role of education is
crucial to attain the highest standards and prepare the next generation with
skills they will require for the jobs of tomorrow (Tabichi 2019). Just as
teaching and learning with modern resources has grown over the years, so,
too, has the value and usage of technology in education become necessary to
cater for the visual learners now entering campuses or those already in the
marketplace.

There have been many revolutionary teaching and training methods
that have used artificial intelligence under different names and forms such as
audiovisuals, multimedia and more recently artificial intelligence. One such
example is IBM’s “Watson’ machine learning system, which used cognitive
technology to design a sculpture for the mobile World Congress in Barcelona
in 2017. Watson was fed with information and taught about the history and
style of Barcelonan architect Antoni Gaudi to design a sculpture. Thousands
of images, literary works and articles including music were fed into Watson
who acted as a guide to inspire the project team rather than making decisions
of its own. From these references, Watson helped to uncover critical insights
on the patterns in Gaudi’s work such as crabs, spiders, and colour palettes,
which the design team did not initially associate with Gaudi. The end result
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was a four-meter-high sculpture made of over 1200 aluminium parts and is
unmistakably suggestive of Gaudi’s work (see Figures 1-2, IBM 2017: 1).

Figure 2: Untitled. Courtesy of IBM (2017:1).

While the above machine learning example illustrates the technique used
recently, the need for digital transformation is imperative in education
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instead of merely talking about it. To improve students’ task-orientated
learning skills, it is logical to use the availability of computers and Al
applications together with human abilities. The rationale is based on the
writer’s experience as an educational technologist, photography lecturer,
quality assurance manager and ongoing researcher to address the problem
facing the technology-savvy generation entering universities as well as those
already working in industry. Michalski, Carbonell, and Mitchell (1984), in
their discussion of machine learning, suggest refining skills which occur at a
subconscious level by the development of repeated processes. One such
example was demonstrated at the Community Engagement Conference
(2019) by means of applying traditional knowledge of photography and
incorporating this knowledge practice with the use of a smartphone.

The smartphone camera already possesses features that include high-
speed processing software and various imaging applications. The author
successfully presented a practical workshop on smartphone photography to
a financial institution’s marketing division and, as commented on by other
staff in the institution, the marked enhancement of imagery on their website
and social media platforms displayed was noticeable. The effectiveness of
this demonstrated intervention can be attributed to applying critical and
specific skills within a short period of time by using the machine learning
principle to one segment of the industry. However, this apparently simple
application of smartphone photography needs to be seen in the context of the
development of technology-based education, as the use demonstrated is the
culmination of decades of technological development.

Early Technology Use in Education

The availability of graphical information through the World Wide Web
(WWW) and Internet from 1989 onwards gave impetus to the delivery of
Computer Aided Education (CAE), technology-based educational systems.
Murrell in an email communication to the author (August 2001) indicated
‘that a trend appeared in the late 1990°s in which South African (SA)
universities modified their developments to run under the Windows
operating systems or be delivered via the Internet’.

The biggest drawcard of the WWW is the rapid transfer of requested
information from the remote computer where it is stored to the user’s com-
puter. There are no long delays unless the website is extremely busy. The
availability of graphic content matter on websites, such as graphic images,
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sound clips, videos, animation of graphics and icons, is another positive
factor.

Bates (2000:1-5) stated that ‘learning in the twenty-first century will
be bound up with work and everyday life. Learners will seek education and
training from around the world. Teaching and learning are complementary to
each other and visual resources affects both teachers and learners. The
students can learn through carefully designed multimedia programs’. Bates
noted that, ‘the role of the teacher is by no means diminished; indeed, such
design of multimedia programs requires highly skilled teachers working in
teams with multimedia producers’. He argues that, ‘many skills cannot or
should not be solely technology-driven, however, knowledge imparted
through technology is probably much greater than most teachers would
credit’.

The term ‘multimedia’ was first coined during the opening of the
University of Wisconsin’s Multimedia Instructional Laboratory (MIL) in
1961 (Burke 1972: 50-65). This facility was designed to introduce multi-
media into education and paved the way for its rapid expansion into teaching
and learning. Art lecturer Nelson’s dream of giving lectures consisting of
sound and visuals materialized with the establishment of this facility.

Figure 3: The MIL at Wisconsin University (Didcott n.d.).

The success of the laboratory and similar facilities at other campuses,
coupled with public awareness resulting from publicity in educational
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journals, led to a great increase of multi-image facilities in education,
business, government and industry (Burke & Fradkin 1978:11). Burke
(1972:69) stated that another significant improvement at the University of
Wisconsin was made with the use of the Kodak carousel slide projector,
which soon became the standard item in most multimedia presentations,
including Durban’s Coast of Dreams 1986-1987 Expo to promote the city of
Durban. In an interview with the author, Engblom (2004) stated that the
multiscreen slide presentation used forty-eight Kodak carousel slide
projectors and took almost one year to produce.

According to Burke (1972:14) probably the most comprehensive
study of educational multimedia was done by Perrin (1969) at the University
of Southern California titled, ‘A theory of multiple image communication’.
Perrin’s study, ‘serves as a basic source book of presentation methods’ and
a comparative study of its educational use and research in multimedia. He
continued by saying that, ‘perhaps the best way to conclude these remarks
on education and multimedia would be to pass on to educators the advice
given to Burke by Richard Bryne in a personal conversation in September
1971°. Bryne (cited in Burke 1972:15) said that ‘electronic media should be
used as an extension of the personality of each lecturer’. In other words,
‘media should make you larger’. While many academics hold the view that
learning may not be more effective with visuals, various studies have shown
that students generally prefer media-augmented lectures to traditional
lectures (Burke 1972: 52).

Technological Developments Leading to the Formation of
Computers and the Internet
A development crucial — and in fact, essential — for the development of the
Internet was the harnessing of electricity. Faraday (1791 - 1867) was a physi-
cist, chemist and strong contributor to the development of modern-day elec-
tricity, which played an important part in technological developments (Trick-
er 1966; Gribbin & Gribbin 1997; Russell 2000). At the age of 13, Faraday
started working in a bookbinding shop in London, where he read almost
every book he bound (Gribbin & Gribbin 1997: 15-17). His interest in the
concept of energy led to his future discoveries of motors and generators.

In 1831, he began a series of experiments in which he discovered
electromagnetic induction (Russell 2000: 87 - 89). Faraday’s biggest
breakthrough was the invention of a small generator to produce electricity,
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with computers as one of the major consumers (Russell 2000: 31, see Figure
4 for a precursor of the electrical motor generator). However, it was still
another generation before an industrial version was built, and another
twenty-five years before electricity became available to the average
household (Brown 2000: 1). This facility forever changed the way homes,
work, entertainment, communication and transport systems worked. The
availability of worldwide electricity transformed the way we live. However,
in the present day, especially in South Africa, the ongoing challenges faced
by Eskom present a different set of problems.

Figure 4: Frictional electrical machine (Russell 2000: 31).

Furthermore, electricity was also a prerequisite for the successful use of
computers and the Internet. This was recognised by Greenberger (1964: 1),
an Associate Professor in Computer Science at the Massachusetts Institute
of Technology (MIT) School of Industrial Management, who stated the
following:

... in the July, 1945, issue of the The Atlantic, Dr. Vannevar Bush
predicted that the ‘advanced arithmetical machines of the future’
would be, (a) electrical in nature; (b) far more versatile than
accounting machines; (c) readily adapted for a wide variety of
operations; (d) controlled by instructions; (e) exceedingly fast in
complex computation; and (f) capable of recording results in
reusable form.
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He added, ‘electricity can be harnessed for any of a wide variety of tasks
such as, running machinery, exercising control, transmitting information,
producing sound, heat, and light’. Greenberger (1964: 3) envisioned the use
of computers in everyday life as part of scientific research and a necessity
for Industry.

Scientific Vision and Discoveries

Concurrent with the advancement of technologies, the hypertext communica-
tion theories posited by Bush were the precursors of later theories of
hypermedia communication. His visionary and ground-breaking article, ‘As
we may think’, in The Atlantic (Bush 1945a), contained in-depth speculation
about future technological advances. In this and a later condensed version of
his article in Life magazine (Bush 1945b), Bush discussed ways to find new
projects in which the scientific research developed during World War 11
could be applied. He also identified the need to establish information storage
facilities which could be consulted with incredible speed and flexibility
(Bush 1945h: 121). To achieve this aim, Bush proposed a personal
information machine called the Memex (memory extender) aimed at solving
the problems of ‘locating relevant information in published records and
recording how that information is intellectually connected’ (Guan & Zhang
2004: 59). An illustration of the proposed Memex is shown in Figure 5.

It was envisioned that the Memex would be able to search and
retrieve information by the mere click of a button and would have microfilm
storage facilities. The current reference is further supported by an opinion
piece by Fourie (futurist and technology strategist) in the Natal Mercury 28th
June 2019 titled, ‘Impact of Augmented Reality’. All of this prompts one to
contemplate the significance of ChatGPT, especially in the context of South
Africa, where addressing literacy issues is a critical concern.

The Development of Hypertext

Computer-based hypertext systems were developed in the late 1950s. The
two projects included Douglas Engelbart’s NLS System or Augmentation
which was similar in function to the Memex. Engelbart’s aim, as the terms
suggested, was to strengthen mental co-operation between humans, so that
several people could develop a common idea simultaneously (Berners-Lee
2000: 6). Other developments by Engelbart emerged in 1963, with the
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ground-breaking first use of a prototype computer mouse at the Stanford
Research Institute. The mouse functioned as an extension of the human hand
‘into’ the computer. Engelbart and English also developed the use of the tab
space bar for the online systems. Hypertext access could then be commanded
at the click of a mouse or by pressing the key sequence. The use of computers
took a whole new turn in 1968 at a computer conference in San Francisco,
where Engelbart took the computer age to a new level with his demonstration
of experimental technologies which have since become common to computer
users today, such as the mouse, interactive text, video conference,
teleconferencing email, hypertext and a collaborative real-time editor.

Memex in the form of a desk would instantly bring files and material on any subject to the operator’s fingertips. Slanting
translucent viewing screens magnify supermicrofilm filed by code numbers. At left is a mechanism which automatically
photographs longhand notes, pictures and letters, then files them in the desk for future reference (LIFE 19011), p. 123).

Figure 5: The proposed Memex machine (Life 1945:123).

Bush’s visionary hypertext storage device became a reality in March 1989 at
CERN (European Organization for Nuclear Research) in Switzerland, with
the Internet being used as the carrier; scientists used the “Web’ formed in this
way to exchange reports. The main technological advance offered by the
World Wide Web (www) was the rapid transfer of requested information
from the remote computer where it was stored to the user’s computer.
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Technological Educational Experimentation at DUT

The Durban University of Technology (DUT) has been engaged in using
technology in education since the late 1970s. The university has a checkered
past, in terms of it starting off as the Natal College of Advanced Technical
Education (NCATE), then becoming Technikon Natal (TN), with a brief
spell as the Durban Institute of Technology (DIT), before finally settling
down as the Durban University of Technology, now firmly established as a
‘UoT".

However, its use of technology for learning goes way back to its
roots. NCATEs, Audio-Visual Services Unit was established by Tony Rode-
rick, who brought his extensive experience from the popular photographic
supplier, Eastman Kodak Company to the college. Under his guidance, self-
study cubicles and four lecture venues were equipped with 35mm slide
projectors, overhead projectors and 16mm film projectors including
amplified sound systems. Approximately twenty thousand 35mm slides were
produced annually to support various academic departments (The Future is
Now: n.d.). These facilities were reminiscent of the Multimedia Instructional
Laboratory (MIL) at UW-Madison in 1961 as shown earlier in Figure 3.

A major experiment at NCATE took place in 1976, with the
acquisition of a colour television studio to explore to what extent traditional
teaching methods that relied on textbooks for instruction could be
supplemented by using new audio-visual methods and closed-circuit
television, as the “future’ was now seen as video. In 1977, the author joined
the college as a technical assistant in the newly established Industrial
Training Unit (ITU) which provided an industrial training programme
(NCATE-Lamp Magazine 1981:88).

As part of this experiment, the college enlisted the expertise of an
external consultant, Les Cowie, who taught technology skills such as a crash
course on the use of TV cameras and other visual aid equipment based on the
Pareto Principle. The Pareto Principle, named after economist Vilfredo
Pareto, refers to his observation that 80% of Italy’s wealth belonged to only
20% of the population (see Figure 6). In the context of improved produc-
tivity, it commonly means that a substantial majority of the achievements are
a direct result of about 20% of the efforts.

This principle promotes the idea of concentrating on tasks that
promise the greatest advantages with minimum effort, effectively amplifying
efficiency and productivity (Halder 2023). When Cowie applied this
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principle in 1977 to the NCATE experiment, he fast-tracked training
procedures for both local and national industries, using the ‘newly graduated’
training personnel from companies such as SA Breweries Ford Motor
Corporation and Mondi papers, to name a few.

\ 20% Effort

 80% Results

80/20 Principle

Figure 6: Pareto Principe (Halder 2023)

Students who were already working in Industry as supervisors,
instructors, training managers and officers, and who completed the NCATE
course, were considered qualified to set up their own training units for
educating employees in routine tasks. Upon completion of the 40-week crash
course, these students could then set up their own units for large-scale
training of employees performing repetitive tasks. The 80/20 Pareto principle
was the theoretical framework informing this type of training.

Technology-based education has been in use for several years in
South Africa, but recent trends reveal a gravitation towards using social
media platforms to convey messages and academic resources to students, as
evident during the COVID lockdown. A student-centred approach is being
adopted in most Universities of Technology (UoTs) to ensure that the
students’ development keeps pace with evolving curricula. Many students
prefer using WhatsApp as a communication tool, as well as for capturing
study notes and additional guidance on practical work as opposed to class
notes or via computers. The last option has become problematic as students
are mostly dependent on university computer labs and cell phone charging
points on campus and not many can afford computers at home.

The global COVID-19 pandemic and the subsequent closure of edu-
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cational institutions worldwide drew attention to an enduring challenge in
education, the need to transition from traditional ‘brick-and-cement’ lecture
rooms to digital platforms. Academics who were unprepared for this sudden
shift found themselves struggling to adapt to new teaching methods. Terms
such as, ‘remote learning’, ‘continuous assessment’, and ‘Learning Manage-
ment System” (LMS) became common, each option carrying its own set of
challenges.

However, drawing upon years of experience in producing teaching
materials and lecturing at the Durban University of Technology (DUT)
Photography programme, the author was able to assist academic colleagues
in steering around the complexities of online teaching, learning, and
assessment. The author’s doctoral studies, focusing on digital multimedia
and e-learning, is thought to have contributed to addressing this challenge.

In addition, this period provided another example of the author’s use
of digital technology in restructuring the process of Academic Programme
Reviews and Evaluation. This involved a shift from physical submissions to
an online format, using smartphones to capture images of teaching and
learning facilities and conducting reviews through Microsoft Teams instead
of in-person meetings at DUT.

Furthermore, in May 2023, DUT went through an Institutional Audit
by the Council on Higher Education (CHE) and part of the audit included a
site visit to the Midlands campuses. However, due to logistical challenges,
the site visit could not take place during the planned audit. Subsequently,
CHE requested that departments of the Midlands campuses provide a virtual
walkthrough/tour of their facilities and conduct onsite ‘interviews’ with
relevant staff as part of the audit site visit to complete their review process.
The virtual walkthrough followed similar criteria, shifting to those used for
onsite tours but was modified to adapt to the new medium. Once again, the
author was involved in coordinating the production of the necessary videos,
to meet the CHE’s request.

The critical role of the evolution of technology-based education at
NCATE, now DUT coupled with the experience of academics and support
staff cannot be undervalued. This factor extends beyond the scope of acade-
mia and can be harnessed for Community Engagement (CE) projects, as
presented through a video clip at the CE Conference of 2019 hosted by DUT.

In an era of rapid technological advancements the emergence of the
Fourth Industrial Revolution and the worldwide challenges of adopting
online education during the COVID-19 outbreak, the scene of higher
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education is undergoing a profound transformation. The development of web
technologies and mobile applications is seen by the author as opening new
opportunities, but the approach must be customized to specific situations as
highlighted in the Guidelines on Distance Education during COVID-19,
(Mishra, Carr & Mays 2020: 2-11) state:

Accessing online education can be a challenge in developing
nations, but an increasing number of students now have access to
mobile devices. However, many of these students mainly use their
devices for communication and need to develop the skills to use
them for educational purposes should prioritise the following:

e Dbecome self-directed learners by utilising appropriate digital
tools;

e maintain regular contact with lecturers and friends through
social media, and or a learning management system; and

o develop critical thinking skills to understand the implications
of plagiarism and misinformation in the digital world.

Case Study

The author’s doctoral study, titled, A Curated Online Educational Portal for
Staff and Students at a University of Technology (Bhorat 2014) provides an
introductory context for this segment. It marks the culmination of a shift
towards supporting face-to-face instruction with online resources, essentially
adopting a blended learning approach. In the following sub-sections, the
author discusses a case study that was an integral component of the doctoral
research.

Pilot-Approach and Evaluation

The immediate background context of this approach is stated, as follows.
After the released results of all students in the Photography programme in
2011, the third term started with students complaining informally about
various administrative and academic issues.

The problems and challenges identified included the following:
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e Some academic staff lacked advanced technical subject knowledge
and expertise.

e Students faced challenges in creating commercially viable
photographs that met industry demands, particularly in Applied
Photography.

e The teaching approach did not align well with the curriculum,
resulting in poor academic performance and outcomes that were not
synchronised with learning goals.

e Inadequacies on both sides, staff and students, led to a situation
where blame was being placed on the other for the challenges and
shortcomings.

Upon a more in-depth review of the Photography study guides by the author
(the Programme Co-Ordinator at that time) it became evident that the
students’ accusations seemed to hold validity and warranted investigation.
To address these challenges, there appeared to be a need for improved
technical training for staff, alignment of teaching methods with student
expectations and a focus on developing the skills required for success in the
current photography industry. The author took it upon himself to locate
teaching materials and provide the initial educational resources to assist in
supplementing the lecturers’ resources (Bhorat 2014: 98). It must be empha-
sised that a ‘pilot approach’ was used, to dispel the idea that setting this
course of action acted as justification or confirmation of either student or
staff allegations. It was anticipated that the transition to digital material was
not going to be an easy task and that refinements would need to take place
periodically. It must also be noted that at that stage the term ‘artificial
intelligence’ was still emerging and that the term commonly used at that time
was ‘multimedia’.

The First-year student survey involved twenty-three first-year Photo-
graphy students. The pilot survey was divided into three sections. In the first
section, data was collected on student demographics, including age, gender,
race, and modes of transportation to DUT. This was done to determine
whether these factors influenced the students, evaluative responses.

The second section consisted of two Pre-Tests, designed to assess
students’ recall of photographic techniques (supposedly) covered in lectures.
These pre-tests were intended to be the subject matter for multimedia
resources presented in the third part of the survey/lecture. The multimedia
resources, especially the visual components, were expected to help students
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grasp photographic principles and their practical applications in various
techniques. The aim was to test the impact of multimedia in clarifying these
principles and techniques.

Pre-Test 1

Pre-Test 1 shows universally recognised graphic icons (Figure 7) used to
offer visual cues regarding camera-related functions. These symbols are also
found on smartphones and photo editing software. Interestingly, these
symbols often go unnoticed by many users, despite their potential value. The
questions related to the explanation of these symbols were relatively
straightforward and informative, though they were not formally assessed.

4 [ 2] B e [

Figure 7: Camera Symbols
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It was noted when reviewing answers during the oral session, that
some respondents struggled to interpret the symbols in terms of how this
would affect the final image. Subsequent investigation revealed that these
specific sections had not been adequately covered in lectures.

Pre-Test 2

Every aspiring photographer must grasp the necessary concepts of shutter
speeds and apertures in photography, as these play a focal role in obtaining
well-exposed photographs or desired outcomes. The camera settings serve as
the primary means of controlling the amount of light that reaches the camera
sensor (all camera types including smartphones). Comprehensive knowledge
of shutter speed and aperture is crucial for troubleshooting and handling
demanding shooting scenarios for obtaining well-exposed images. Shutter
speed dictates how long the sensor is open to light, while aperture controls
the amount of light falling on the sensor. These theoretical principles work
in conjunction with practical situations for the photographer. As a result, they
frequently feature in examination questions such as shown below in Figure
8.

Possible Examination Type Question: Calculate the corresponding shutter
speeds and apertures as per the first example.

Shatters Apertures

O - ()] =

Figure 8: Calculate shutter speeds and apertures
26



Artificial Intelligence: A Tool for Educators

Simplified Photographic Techniques with Bockaert’s e-Book

Bockaert (2001) developed an interactive e-book titled, ‘The 123 of Digital
Imaging’. In 1997 he began sharing his digital imaging content on the
Internet. When promoting his online e-book, Bockaert (2011) declared:

I developed algorithms to seamlessly transform digital images,
published digital imaging content on the Internet, extensively
researched image enhancement methods, alpha and beta-tested
several software packages and developed Graphical User Interfaces.

Visual editing sections of Bockaert’s e-book was necessary to ensure that the
digital simulation could be easily understood and used by both novice and
experienced lecturers and students. For this reason, the initial lecture
included ‘frame grabbed’ images and inserted them into a PowerPoint
lecture. The main technical challenge was the aim to standardise the
multimedia resources so that they could be used on most personal/university
computers, with the option of downloading short repetitive tutorials on
mobile phones for later use.

The e-book was evaluated for visual accuracy with subject leaders
and undergraduate photography students in the Theory of Photography | and
Il subjects. Shown in Figure 9 is a screen image of one of the multimedia
lessons which discussed the differences and predictable results achieved with
the changes in aperture, shutter speeds, depth of field and histograms and a
relatively easier method to remember the calculations from the Pretest 2. A
graphic view of the changes could be viewed by hovering the mouse over
hypertext links that initiate an action. Refer to Figures 10-11 to observe the
actions performed on interactive page 31 of the e-book. These essential
lessons on basic photographic principles thus serve to lay the foundation for
all photography students, as the principles they covered would remain
relevant throughout their careers, no matter by which future technological
advances they might be achieved.

Bockaert’s (2001: 31) explanation on camera settings, depth of field
(DOF) simulation, and accompanying text required direct guidance from the
lecturer to ensure student understanding. The PowerPoint presentation
followed a well-structured teaching method. The slides were strategically
designed to transition sequentially or revert randomly during the session.
Displayed on a large screen, this method simplified students’ understanding
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of the relationships between manipulating shutter speeds, apertures, and
depth of field, fostering productive interactions.

| ‘e The 123 of digital imaging Interactive Leaming Suite by Vincent Bockaert - Version 6.2 Demo = a x
Previous  Previous Next = Table of Add View com
View e W\ /N Page = Cooens fhak, l" Bookmarks / Notes Q Search Buy Now @ 123d|

Step 1- Chapter 3 - Shooting Amazing Pictures: Camera Settings & Photography Techniques
Camera Hardware Settings

Large Aperture  A=f/2.8 @ 'High Shutterspeed  S=1/1000s '
Medium Aperture A=f/8.0 e Medium Shutterspeed S=1/125s A

Small Aperture A=1/16 - | Low Shutterspeed  5=1/30s @ |

8] 4]
|

=

{ MotionBlur » |

Interactive Simulation - Effect of Aperture and Shutterspeed on Exposure, Depth of Field, and Motion Blur

If you choose an aperture and a shutterspeed, the simulator will show a picture of this scene shot with your chosen settings.
Move your pointer over the image to view the meaning of the various items in this interactive simulation. Assumptions are
explained in the essential section which also fi amore imulator with various exposure modes.

v

Figure 9: Test environment: Algorithm-based simulator (Bockaert
2001: 31)

See Figures 10 and 11 for two examples of the Bockaert e-book that forms
part of the slide series which highlights the effects of the simulations. The
images illustrate the effects of an underexposed (dark) image (Figure 11)
when a higher shutter speed is selected (1000sec @ f8), and, in Figure 12,
the effect is reversed when a lower shutter speed is selected 1/30 @ f8 and
the image becomes very light.
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== Table of Jcom
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Depth of Field (DOF)

This underexposed image could potentiaily be useful as part of a series of images shot for exposure bracketing. To expose
properly, choose a larger aperture (less depth of field), slower shutterspeed (more motion blur), or higher sensitivity (more
noise).

Figure 10: Camera settings: underexposed (Bockaert 2001: 31)

| et PRy e e Mafn, ww Quues  BuyNowe 123di

Medium Aperture A=//8.0 o [WEGIUM SHURESpeed " S=1/1255 " &'
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This P image could be useful as part of a series of images shot for exposure bracketing. To expose
properly, choose a smaller aperture (more depth of field) or higher shutterspeed (less motion blur),

Figure 11: Camera settings: overexposed (Bockaert 2001: 31)
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While it remains open to discussion whether these types of teaching concepts
can be effectively conveyed solely using a smartphone, the author believes
that certain fundamental components of the teaching materials and
simulations can be adapted for mobile use as demonstrated above. In order
to maintain optimal clarity and functionality, such as Bockaert’s interactive
images will need editing, the use of a computer and or specialized projection
equipment.

Discussing the results of the pilot study, specifically the use of
multimedia, with the first-year cohort led to a robust debate on improving
students’ reasoning, learning, and recall skills. It became clear that computer-
mediated lessons needed to be complemented by human guidance. Students
expressed the desire for a stronger class community of practice. It was also
observed that students, contrary to some views, might inadvertently learn
incorrect answers from one another. Emphasizing the importance of content
specialists was necessary, as students might inadvertently reinforce incorrect
information.

Some comments from the student survey in favour of multimedia-
based lectures and the negatives are presented below in Table 1 (others were
blank or difficult to understand the writing).

Table 1 Pilot Survey Results

Positive Points S* denotes student

number Negative Points

S*2: Multimedia is a helpful tool for
both amateur and professional
photographers. It teaches how to take
photographs effectively.

S23: Multimedia can be a useful tool,
but it’s easy to get sidetracked if not
careful.

S3: The lectures are influential in
teaching techniques such as under and
overexposure which are essential for
photographers.

S12: While visual learning is valuable,
there’s a suggestion that information
might be harder to remember without
visuals.

S5: Multimedia lectures summarize
and help refresh knowledge, mak-ing it
a valuable tool for students.

S11: Makes lessons more exciting, aids
in better understanding, and allows
students to view and understand the
content being taught.
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S12: Visual descriptions provide a
better understanding and help
information stick in the mind, making
it easier to remember.

S13: Visuals, make learning easier and
more understandable. It contributes to
increased understanding.

S16: Multimedia aids in understanding
settings like apertures and shutter
speed, enabling students to apply them
in various projects or assignments.

S17: Saves time, makes lessons more
interesting, and simplifies the learning
process through digital content.

S21: Is a convenient teaching tool that
allows learning without the physical
presence of the teacher, making it
accessible via the internet.

S22: Multimedia helps expand
knowledge effectively and
complements written materials.

The pilot survey revealed the positive aspects of multimedia-based
lectures, with approximately 83% of respondents expressing their
appreciation for this innovative approach. While around 17% of the feedback
did point out critical aspects, the overwhelming positivity in the responses
indicated that most students found multimedia to be a valuable tool in their
learning experience. While this does not precisely align with the Pareto
principle, where a larger percentage typically results from a smaller
percentage of causes, it is important to consider the unique context of
teaching photography concepts. In particular, the concepts of shutter speed
and apertures, are constantly required and account for almost 99% of the
technical aspects involved in photography scenarios. These concepts apply
universally, whether using professional cameras or smartphones, which are
mostly available with automatic ‘visual’ settings, as shown in Pre-Test 1.
However, it is worth noting that this latter ‘automatic’ simplified approach
may not be ideal for students who need to demonstrate the application of
theory and practice in real-world photography situations, especially in
professional situations.
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Pilot Survey Conclusion

The results of the case study/ pilot survey clearly demonstrated the positive
impact of multimedia-based lectures on students’ comprehension of funda-
mental photography concepts and techniques. When integrated into the
official Photography curriculum, these multimedia resources can comple-
ment practical work, offering students a well-rounded learning experience.
In addition to theoretical knowledge, students would benefit from hands-on
practice, such as learning to competently control smartphone camera
settings, minimally including shutter speeds and apertures.

This comprehensive approach would equip students to tackle speci-
fic photography scenarios, such as capturing portraits with a shallow depth
of field, creating expansive landscapes with maximum depth of field, and
mastering macro settings for subjects such as food, insects and a vast range
of social media photography. Importantly, the subject leader’s consideration
of utilising these visuals as examples for class tests and end-of-year exami-
nation questions serves as tangible proof of the pilot survey’s effectiveness
in enhancing the quality of education.

The enthusiasm and active engagement displayed by students further
underscore the significant value of this approach in elevating their learning
experience and enhancing knowledge retention. It’s vital to note that the
integration of smartphones into the educational process was going to be a
gradual journey. Initially, Bockaert’s e-book was used to visually instruct
students on fundamental principles and benefit both academics and students.
In order to ensure equitable access for all students, the PowerPoint lectures
were emailed to the class, presentation handouts were distributed and the
lectures were posted on the class notice board.

The Impact of Technical Developments with the Use of
Digital Imagery

According to Garner (2007: 187), it would have been difficult to imagine a
technology that had more impact on 20" century life than digital photo-
graphy. This is because the advances in photography were accessible to —
and used by — the public almost immediately after the development of the
requisite chemicals and optics. Dating back to 1839 when the technology of
photography originated as partly chemical and partly optical, the 19" century
saw photography becoming prominent in the hands of professional and/or
self-educated entrepreneurs.
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Statista (2018) revealed the number of smartphone users in South
Africa was expected to reach over 25 million by 2022. In 2017, the number
of users worldwide was estimated to be approximately 2.32 billion and could
grow to 2.87 billion by 2020. This paper suggests that that in order to stay
aligned with the demands of the fourth industrial revolution (4IR), indivi-
duals across various sectors, especially academics, business entrepreneurs,
small-scale business industries and universities should harness the potential
of smartphone technology as an adaptable tool for education, social inter-
action, communication, advertising and marketing. Creative usage of these
applications will help shape existing personnel and future professionals for
the evolving marketplace.

Computational Photography

The year 2006 saw the emergence of computational photography with the
subsequent development of the Light Field camera based on Ren Ng’s
research project at Stanford University. In that year, Ng won a worldwide
competition for the best doctoral dissertation in Computer Science from the
Association for Computing Machinery (Lohr 2011: 4). Ng’s thesis (2006)
argues that the practical difficulties experienced by both early photographers
(i.e. around 1839), as well as current ones, were due to the fact that it was
taken for granted that the focus of a photograph could not be changed after
the image was captured. Ng’s investigation continues the development of the
scientific knowledge of Ibn al Hathim, the 10th-century Muslim mathe-
matician, who invented the Camera Obscura, which was also known as the
first pinhole camera (Vallely 2006: 1). The application of digital technology
suggested by Ng overcame the limitations of mechanical, and, later,
chemically based technology.

Following his doctoral submission, Ng undertook the task of
commercialising his research findings with the creation of the Lytro Light
Field camera. The project investigated the use of a commercially available
Contax 645 medium format handheld camera that would capture a
photograph and then explore different focus points using a computer after
the image was captured, as shown in Figure 12.

When discussing the commercial light field camera in a Stanford
Technical report, Ng et al. (2005) state:

Externally, our hand-held light field camera looks and operates
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exactly like a conventional camera: the viewfinder, focusing
mechanism, length of exposure, etc. are identical. Internally, we
augment the 2D photo sensor by placing a microlens array in front
of it, as proposed by Adelson and Wang (1992) in their work on the
‘plenoptic camera’ (They did not build this device but prototyped a
non-portable version containing a relay lens.) Each microlens forms
a tiny sharp image of the lens aperture, measuring the directional
distribution of light at that microlens (2005: 2).

Figure 12: Lytro Light Field camera (Cheng 2011:1)

Ng (2006: 24) explains that the light field camera comprises ‘a main lens,
microlens array and a photosensor’ (all these elements are now integrated in
Al principles). The main lens focuses the subject onto the microlens array,
which separates the converging rays into an image on the photo sensor
behind it, as shown in Figure 12. As Lohr states:

... according to the theory and the prototype results the Lytro camera
captures far more light data, from many angles than is possible with
a conventional camera in a single exposure .... However, the raw
light data comes to life only with sophisticated software that lets a
viewer switch point of focus. This allows still photographs to be
explored as never before.
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Hernandez, a photojournalist, who tested a prototype version,
immediately recognised the potential impact, saying, ‘the Lytro technology
means the headaches of focusing a shot go away’. He continued, ‘you just
concentrate on the image and composition, but there’s no need to worry
about focus anymore’.

Ng’s Light Field camera is an example of how theory applied in
practice can improve the everyday quality of life, which is a critical realist
principle (see Bhaskar 1986: 169). Its subsequent and current empirical value
could overcome the problem facing photographers of capturing the single
and, perhaps, most important and perfect photograph. They will be able to
implement the popular phrase by photojournalist Henri Cartier-Bresson on
what he terms the ‘decisive moment’, ‘the creative act lasts but a brief
moment, a lightning instant of give-and-take, just long enough for you to
level the camera and to trap the fleeting prey in your little box” (Ng 2006:
167). As Orlikowski (1992: 409) comments: ‘once created, technology is
deployed in organizations but remains inanimate and hence ineffectual
unless it is given meaning and is manipulated directly or indirectly - by
humans’ (so Al will not replace humans but can make the work of humans
easier).

On a larger scale, the Light Field camera can be beneficial to the
security industry globally in identifying individuals from crime scenes or
instances of malicious damage to property. According to experts, Ng’s
achievement has been ‘to take research projects of recent years, requiring
perhaps 100 digital cameras lashed to a supercomputer - and squeeze that
technology into a camera headed for the consumer market later this year’
(Lohr 2011: 1).

The Light Field camera principle appears to be available in many
smartphones with the option on some smartphones such as the Huawei ‘All
Focus’ option in the screenshot (see Figure 13) or the Samsung 8 ‘adjust
background blur’ option. Every digital image necessitates some level of post-
processing, and this technology is presently accessible on smartphones,
delivering results similar to Ng’s project in approximately 5 seconds,
according to the author’s perspective. Other smartphone options include
panorama and High Dynamic Range (HDR), which are commonly taught in
professional photography courses.

On October 31, 2023, X (formerly Twitter) featured a review of an Apple
event titled, ‘shot on an iPhone and edited on a Mac’ (apple Newsroom,
2023). Two intriguing comments from the post are as follows:
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1. “Shot on iPhone’ along with $10 million worth of equipment + post-
production, lol!.

2. I’ll be truly impressed when it’s shot by a single student using only
an iPhone, without any additional accessories. This ‘shot with an
iphone’ start to be a sad joke when you see the money around the
iphone and the skilled staff (sic).

Figure 13: Huawei Smartphone Screenshot of camera settings (2016)

Undoubtedly, the video production did involve numerous skilled staff,
equipment (including lighting, drones, and dollies), and significant financial
resources. Nevertheless, this demonstrates the emergence of a new market,
and failure to embrace it could result in missed opportunities.

Adoption of Smartphones in Business

Many businesses cannot always afford to hire a professional photographer,
so they end up doing their own marketing and communication photography.
Unfortunately, at times, the results show a lack of ‘expertise’. However, even
if individuals are not naturally skilled at taking photographs, there are
specific guidelines one can follow to create high-quality, marketing
photographs of services or products without spending a lot of time and
money. Against this observation, the author held a series of workshops with
a local bank (2019) to develop staff skills with the use of any smartphone
camera in a variety of useful situations such as social, documentary,
advertising, communication, written projects, and so on. Participants learnt
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‘to see with a photographic eye’, acquired appropriate imaging skills at a
basic/entry level of competency and produced digital images for display on
social media and webpages.

In addition, the author used a smartphone to teach basic photography
to the following social media advertisers:

o food recipe developer and blogger (2015) @the_daily_dilemna with
80.1k followers; and

e pop-up food outlet (Figure 14), which achieved notable success
through exclusive social media advertising (2016; 2023),
@poboysdurban  and  @poboysumhlanga (combined  78.2k
followers).

Figure 14: Mr. Bird-Food Store (2023)

The Po’Boys business showed an original concept during the COVID
lockdown by allowing established customers to order online, with the
directors personally delivering orders within a hundred-kilometre radius
around Durban.

In Figure 14, one can see interesting images. The photographs on the
left-hand side (top and bottom) were captured using a Digital Single Lens
Reflex (DSLR) camera. The bottom right image was captured on a
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smartphone, while the top right image is an Al-generated image for their
latest business. For discerning observers, the images taken with a smartphone
and the Al-generated advertisement are well-suited for social media
advertising, but they may appear pixelated if printed. This critique reveals
that smartphone and Al-generated images may not reproduce as effectively
as those captured on DSLR cameras, which is an unfortunate limitation at
this point in time.

Conclusion

In addressing the theme of the conference paper, that is, whether enough is
being done to prepare the country for the fourth industrial revolution, the
writer firmly believes that institutional policy should be involved in pursuing
this revolution. In the words of Muiga (2019), echoed by Abdella (2019),
young people are looking for a ‘tech-savvy’ and digitally mature government
to boldly set the standards and lead the way forward. However, students
should be cautioned on the following potential consequences if fully
dependent on digital technologies as suggested by Mishra, Carr and Mays
(2020:11): (i) reduced physical activity, (ii) limited creativity, (iii)
inadequate social skills and (iv) reduced face-to-face interactions. Finally,
the author supports Tabichi (2019: 3), who states: ‘to face the challenges of
the Fourth Industrial Revolution, more academics need to be employed,
trained and retrained’.

This paper attempted to address some of the teaching and learning
challenges faced by the millennial generation as they enter higher education.
The author investigated the evolution of artificial intelligence and early
technology adoption in education. The journey led the reader to
technological educational experimentation demonstrated by the Natal
College of Technical Education (NCATE) now the Durban University of
Technology (DUT). Particularly in the acquisition of a colour television
studio, its pilot approach to this educational transformation and the
evaluation of fast-tracking training of repetitive tasks. In addition, key
scientific visions and discoveries that laid the foundation for technological
progress were highlighted leading to the establishment of computers and the
internet.

This paper did not state a specific hypothesis but instead showcased
real-life experiences and institutional knowledge gained from an educational
pilot study and three smartphone engagements: with a food blogger, a
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commercial bank and a pop-up business using social media. The paper
proposes incorporating artificial intelligence into education, acknowledging
the challenges and discrepancies between the traditional teaching methods
and the technological preferences of the new generation.

Finally, the seamless integration of Al technology, as demonstrated
during the Community Engagement Conference in Durban (2019), shows
great promise in addressing current educational challenges. Embracing this
potential and being reflective of precedents and experiences is crucial for
ensuring that education remains relevant, engaging, and effective. It is clear
that today’s students, particularly the millennial generation, have distinct
technological preferences and aptitudes, which educators must recognise and
address accordingly.
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