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Abstract

The 21st Century: An era where emojis and hashtags find their way into every sentence, where
taking selfies, live-tweeting and mining bitcoin are the norm, and where Insta-culture dictates what
we say and do. This is the era into which the digital native was born. With so many changes in
every aspect of our lives, how is it that one of the most influential aspects, our education, has
remained unchanged? Our education system not only fails to appeal to today’s students, but more
importantly, it fails to equip them with the skills required in the 21st Century. It is thus of no
surprise that industries feel graduates entering the workplace lack skills in critical thinking, problem
solving and self-directed learning. Al, machine learning and big data: Tools and mechanisms we
so eagerly incorporate to create smart factories yet are hesitant to use elsewhere. Gamification
and games have shown great results in education and training; with most research suggesting a
stronger focus on personalization and adaptation. When combined with analytics and machine
learning, the potential of games is yet to be realized. A real-time adaptive game would not only
always present an appropriate degree of challenge for the individual but would allow for a shift in
focus from the recitation of facts, to the application of information filtered to solve the particular
problem at hand. South Africa, a country faced with a severe skills gap, could benefit greatly from
games. If used correctly, they may just offer a desperately needed contribution toward equipping
both current and future employees with the skills needed to survive in the 21st Century. This paper
explores the feasibility of using such games for enhanced knowledge dissemination and the

upskilling of the workforce.
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1 INTRODUCTION

In South Africa, the overall unemployment rate is
26.7%, whilst youth (aged 15-34) unemployment
reached 38.2% in the first quarter of 2018. The more
frightening figure is the number of youths that are
not in employment, education or training (NEET).
The current NEET rate is 34.2%, implying that a
third of the country’s youth is entirely disengaged
with the labour market. [1]

These figures suggest that “South African young
people face extreme difficulties engaging with the
labour market”, which is, in part, a result of “lack of
experience” [1]. The unemployment rate of youth is
high across all education levels, with the
unemployment rate of graduates at 33.5%.

This problem is not exclusive to South Africa.
Experts across industries state that graduates lack
the skills required in the field [2], whilst some argue
that today’s youth are simply unemployable due to
the mismatch of skills required in industry and those
possessed by graduates [3]. Technological
advances have changed nearly every aspect of our
lives [4, 5], yet education has to a large degree
remained the same, and is ineffective in preparing
individuals for the dynamic workplace of the 21st
century [3, 6, 7].
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Furthermore, Heikkila [8] highlights that with the
introduction of smart technologies, Industry 4.0 and
the data explosion across industries “half of the jobs
today won'’t exist tomorrow and ... half of the jobs
tomorrow don’t exist yet today”. The question for
21st century learning is thus: “How do we educate
the unemployable for a future that does not yet
exist?” [9, p. 5]. This paper explores the
shortcomings of current education and training
systems and proposes the use of adaptive games
as an alternate approach that appeals to today's
youth and aims to better equip them with the skills
required in the 21st century.

2 LEARNING

21 Bloom’s Taxonomy

One of the most recognisable taxonomies in
education is that of Benjamin Bloom [10]. Bloom’s
Taxonomy, developed in 1956, defines six levels of
cognition each with increasing complexity.
Krathwohl later revised the taxonomy for easier
application in educational design and introduced a
second dimension to learning [10, p. 215]. The
cognitive levels of the revised taxonomy are
depicted in Figure 1.



The second dimension categorises knowledge into
factual, conceptual, procedural and metacognitive
knowledge. Table 1 defines a two-dimension matrix
of learning as per the Krathwohl’s revised taxonomy
[10], with the cell darkness indicating the complexity
of learning. The deepest and most complex learning
is achieved where the metacognitive dimension and
creation dimension meet.

e

Figure 1 — Revised Taxonomy cognitive levels
adapted from [10]

A learning environment in which awareness of how
concepts interact is evoked (metacognitive
knowledge dimension) and where learners are
encouraged to formulate their own ideas based on
the concepts (cognitive creation dimension) is thus
an environment inducive of the deepest and most
complex form of learning.

Cognitive dimension

Knowledge Remember Understand Evaluate Create

dimension

Analyse

Apply

Factual

Conceptual

Procedural

Metacognitive

Table 1 - Classification of learning [10, p. 216]

The relevance of Bloom’s Taxonomy in today’s
digital era has created some debates. An effective
learning environment should not only induce
metacognitive knowledge creation but should also
take into consideration the type of student it aims to
teach.

2.2 The digital era

The digital native, first defined by Prensky in 2001,
refers to today’s youth that are native in the digital

language [11]. Prensky argues that “today’s
students think and process information
fundamentally differently” [11, p. 1]. Whilst all

generations differ slightly from previous ones, he
believes that as opposed to incremental changes,
the digital native has resulted from a “singularity —
an event which changes things so fundamentally
that there is absolutely no going back” [11, p. 1].
Technology has been introduced into almost every
aspect of our everyday lives.

Greenfield’s neurological studies [12] support
Prensky’s notion, showing that technologies have
changed both the behaviour and way of thinking of
the digital native. The digital native, who has grown
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up using technology and does not know life without
it, has been “hardwired” to think digitally [13, p. 464].
In contrast, the digital immigrant who was “not born
into the digital world but [has] adopted many or most
aspects of the new technology” [11, pp. 1-2], has
been “rewired” in part towards the use of technology
[13].

Whilst Prenksy [11, pp. 2-4] defines the
characteristics of the digital native, Autry and Berge
[13] provide contrasting characteristics of the digital
immigrant. Where the digital native prefers receiving
and processing multiple fast, graphic information
simultaneously in a social environment that rewards
frequently and provides instant gratification, the
digital immigrant prefers processing slow consistent
information in a sequential manner. The strong
contrasts between the digital native and digital
immigrant are summarised in Figure 2.

Games &
graphics

Digital native

Fast, instant
information

i@‘

Digital immigrant

Figure 2 — Digital native vs digital immigrant [9, p.
19]

Prensky argues that “[o]ur students have changed
radically [and ...] are no longer the people our
educational system was designed to teach” [11, p.
1]. Whilst there is some criticism of the relevance of
the digital native, it is also important to consider the
new demands of industry. The 21st century, with all
its innovations and technological advancements,
demands what has been termed ‘21st century skills’.

2.3 21t Century learning

The amount of data in the world has grown
exponentially and is, as depicted in Figure 3,
expected to continue on this path. “Data has
become critical to all aspects of human life” [14, p.
2]. With so much data available at the click of a
button, the ability to interpret them and apply them
correctly has become far more important than the
data themselves [3]. Romero et al. [7, p. 151] define
21st century skills as ‘meta skills’, including skills
such as problem solving, non-linear thinking, social
skills, creativity and the ability to learn in its
definition.



Figure 3 — Annual size of the global datasphere [14,
p. 7]

Wagner [15, p. 14] defines a list of what he terms
skills in which previously only the elite were
proficient yet are now required for survival. These
skills, termed the “seven survival skills for the 21st
century”, are depicted in Figure 4.

Figure 4 — 21st Century survival skills constructed
from [15, p. 16]in [9, p. 21]

However important for survival, current education
systems fail to equip today’s students with these 21st
century skills [7]. In the following section, the various
shortcomings of current education are discussed.

2.4 Shortcomings of current education

Not only does current education not appeal to the
characteristics of the digital native, the summative
assessments used are largely ineffective [16, 17].
They do not allow for rework and neglect the actual
learning process. Students are not able to learn
from mistakes, nor are they given the opportunity to
reflect and construct their own thoughts and
applications. Current education furthermore does
not equip students with the skills required to excel in
the 21st century as discussed above [18]. It focuses
on the “3 R’s — Reading, wRiting and aRithmetic” [7,
p. 149], where it should instead teach students what
the internet cannot provide, namely logical and
creative thinking, and how to interpret and make
sense of the large amounts of data and information
[3]. Traditional learning theories, which were
developed before the introduction of technology, are
grounded in the belief that knowledge is a
destination. In contrast, Siemens [4] argues that
learning is not simply the consumption of content,

368

nor is knowledge an attainable state. Many experts
support the extension of education to
“connectivism”, a learning theory that focuses on
interpretation, internalisation and construction rather
than consumption [4, 5, 19], and the “navigation
through the ocean of knowledge” [5]. In South Africa
specifically, but many other countries too, access to
education poses a problem [20]. Not only is there
insufficient space, but the ever-increasing cost of
quality education makes it difficult to provide fair
access to quality education for all. Finally, current
education follows a ‘one size fits all' approach,
where all students follow identical course structures
and are expected to progress at an identical pace,
where it should rather consider individualism and
personalised engagement [21, 22, 23]. This is
especially important in an African context, where a
large diversity of culture, educational backgrounds,
literacy levels and language render a ‘one size fits
all’ education ineffective [24].

These various problems could, at least in part, be
addressed by technology [9, pp. 19-24]. The
following section considers educational technology
(EdTech) in South Africa.

2.5 EdTech

EdTech, or the incorporation of Information
Communication Technology (ICT) into education
holds the promise of increasing educational
efficiencies, address educational shortcomings,
provide more active learning, increase motivation
and engagement, and, in turn, improve learning
outcomes [25, 26, 27, 28]. In an analysis of the
Global Information Technology Report [29], which
benchmarks and reports on the ICT readiness and
usage of countries, it is suggested that the
implementation of technology, more specifically on
mobile platforms, is a feasible option for expanding
the access to quality higher education to a larger
portion of the South African population [9, pp. 24-
27].

To date however, ICT has, to a large extent, failed
[30], with a prominent reason therefore being the
incorrect application of technology [27]. Figure 5
depicts a continuum of ICT integration complexity
[27, pp. 73-75]. In the emerging state, technology is
purchased and the possibilities of its application in
teaching explored. The applying stage refers to
instances where technology is slowly incorporated
yet curricula is still dominated by traditional lectures.
In the infusing stage, technology is embedded
throughout the curricula and finally, in the
transforming stage, it is used to entirely rethink and
transform the curricula into an innovative learning
environment. In most instances where technology is
incorporated into education, it is used to simply
replace current content with digital content and
make processes more efficient yet fails to actually
rethink or transform the processes themselves [30,
31].



Degree of complexity

Figure 5 — Four stage continuum for ICT integration
constructed from [27]

One form of EdTech that is grounded in the premise
of transforming learning, is games.

3 GAMES FOR ENHANCED LEARNING

Educational games (edugames) hold the potential to
transform current education and address the
shortcomings of current education. Games are
inherently motivating and engaging and naturally
appeal to the youth of today. By providing
continuous, real-time feedback, edugames allow
players to reflect and reconstruct and apply ideas.

Games furthermore emphasize problem solving and
intrinsically motivate students to make sense of, and
form connections between information in order to
succeed in the game [22, p. 170]. They thus offer
not only a fun and engaging learning environment,
but one in which awareness of interaction of
concepts, and the construction of ideas is evoked,
thus corresponding to the highest two-dimensional
classification of learning as per Error! Reference
source not found.. To assess the feasibility thereof
in practice, a prototype is developed.

4 SIGHT: ATESTED PROTOTYPE

To increase the long-term transfer of skills, a game
was designed and developed to enhance a seminar
on shop floor management.

4.1 Game design

The target audience of the seminar, and thus the
game, ranges from professional and managerial
staff to shop floor employees [32, p. 46]. Since this
target audience includes a great diversity in skills,
education levels, and professions, as well as the
possibility of large cultural and age differences, the
game should include as many different motivators
as possible.

4.1.1  Design motivators

The Uses and Gratifications (U&G) theory suggests
that any player’'s motivation for playing a game and
being engaged by it, can be described by one or
more of seven motivations, namely control, social
interaction, chellenge, competition, diversion,
fantasu and interest.

Since the social interaction motivator appeals to
almost every person in some way, it is selected as a
design element. Many of today’s shop floor
employees are digital natives, and control is one of
the main characteristics of the digital native. Thus it
is included in the game design. Furthermore, the
challenge, competition and diversion motivators are
known as directional motivators [33], thus providing
internal momentum and motivation to pursue a goal.
These motivators will therefore appeal to the
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intrinsic motivation of the attendees, and are also
selected. Table 2 provides an overview of how each
motivator is incorporated intot the game’s design.

Target
motivator

Representation in the design

Control The player is able to customise his/her game through the
purchasing of items in the game store, as well as

choosing his/her own avatar

The player has the choice to make use of the MKO (use
the help function) as required

The player has the choice to answer selected shop floor
questions to receive game points

Challenge The levels increase in difficulty, introducing the player

to a new concept as soon as one is mastered

Competition | Players compete against one another during the seminar,
with the possibility to add a leaderboard where players

can compare their scores against others

Diversion The designed game provides an entirely abstract
environment from the production and factory setup the

players are accustomed to

The game provides a new and abstract method of
training as opposed to the traditional learning factory
seminar

Social
interaction

Players can discuss the game during gameplay, as well
as take part in the feedback session on the day 2 of the
seminar

Table 2 - Motivators incorporated into the game
design

4.1.2 Game contents

The seminar for which the game is designed covers
6 shop floor management theories and concepts,
namely key performance indicators, transparency,
visualisation, customer-orientation and waste
elimination. These concepts are thus translated into
game concepts.

4.1.3  High level design

Each level in the game is designed to relate to a
shop floor management concept. For each core
concept, a game mechanic is included in the design
which best suits and portrays the concept. The
levels and shop floor concepts are ordered in such a
manner, that it is logical from a gameplay
perspective where each level is more difficult than
the previous. Table 3 provides an excerpt of the
translation of theoretical concepts to game
mechanics and game level design.




Shop floor Corresponding | Description of game level
management | game
concept mechanic/
element in level
Customer- Level goal e Player is given no clear goal of
orientation which coins or how many
thereof to collect
e Multiple types of coins lead to
confusion, since not all types
must be collected
Visualisation | Visual item e Player must deliver a large
(Visual basket amount of varying coins, losing
working aids, track of what has already been
andon collected
boards) o The addition of a visual display

of the player’s basket aids in the
successful completion

Visual lighting .
on gates

Some coins are blocked off by
walls of which only some will
act as gates and open

e The addition of a visual colour
display on the walls signals to
the player which walls are gates
that will open

Table 3 - Excerpt of game level derivation from core
shop floor management concepts

4.1.4  Detailed design

In the detailed design stage of the game, each
screen and level was sketched, afterwhich
wireframes and later, mockups, were created for
each. Parameters and rules were deduced for each
level of the game, and in turn, translated into
mathematical equations used in the development,
with an excerpt depicted in Error! Reference
source not found..

Rules and equations

Must at least be the coins I
need to collect

Level | numCoins; >
1 Y.i(goalCoins; ;)

goalCoins; ; = exist Must be at least 1 access point

(pathway could still be
For each goalCoins;; blocked)
:Yx(adjacentWall, ;) <
3 Must at least be able to follow
shortest path and collect
totTime, > goa]Timez goalCoinS

Table 4 - Excerpt of rules and equations for each
level's design

4.2 Game development

In South Africa, poor broadband and high costs limit
online gaming, whilst mobile gaming holds a bright
future. A study in 2013 showed that despite the high
poverty rate, over 75% of South Africans classified
into the low-income group and aged 15 years or
more, own a mobile phone [34]. To best serve the
purpose of the seminar, as well as allow participants
the flexibility to play anywhere, anytime, the game
was developed to be played on both computers and
mobile devices. The game was developed using the
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Unity 3D game engine [35]. For initial testing, a
prototype of the first four levels was developed.

When launched, the game begins with a start
screen as shown in Figure 6 (a). The player is able
to select an avatar and is given an explanation of
the game and its controls. In each level, the player
finds himself / herself in a 3D maze filled with coins.
The playing field of Level 1 is depicted in Figure 6
(b). Throughout each level, the shop floor concept is
intrinsically portrayed through the level objective and
lesson. In addition, theoretical knowledge is
conveyed through question boxes, which the player
can break to answer questions for bonus points as
shown in Figure 6 (c). As shown in Figure 6 (d),
after successful completion of a level, the player is
given feedback relating the level objective and
lesson to the relevant shop floor management
concept.

START GAME

Level completed

Time Bonus: 10 points!

(c) (d)

Figure 6 — Start screen (a), playing field (b),
question in a question box (c) and level completion
feedback (d)

A player scores points in the form of coins by
completing each level. Bonus points can be gained
by correctly answering theoretical questions, whilst
coins are spent to receive additional help in a level
as shown in Figure 7 (a). The player can spend
these coins in the game store by purchasing items
relating to the shop floor concepts (such as level
aims and WIP baskets), items to customise their
game (such as environment skins), and finally
bonus items to double points or get additional time
on the clock. The store is depicted in Figure 7 (b).



STORE

NEW

new new

f" "o &
Q 5

o om mm

BUY HELP FOR
TRY AGAIN THIS LEVEL —

YOURSELF

- !

" éﬁ &_:

O @ mm mm @ @m
Exr sTORE

(b)

Cost: 5 points

Figure 7 — The help function with general tip (a) and
game store (b)

The final level of the prototype represents the
concept of visualisation on the shop floor. Some
coins are surrounded by walls, with only some being
penetrable. The player initially has no way of
knowing which walls are penetrable and which are
not but can purchase a visual aid which adds a
green light to all walls through which he / she can
move. Figure 8 depicts Level 4 after the visual aid is
added, highlighting the importance of visualisation.

Figure 8 — Level 4 with visual help purchased

To cater for the largest possible audience, the
player can choose to play the game in 3D, or in 2D
with a fixed top-down view. The player furthermore
has the option of adjusting the speed of the game,
and is able to reduce the speed up to 25%, to
ensure that lack of gaming experience and speed do
not hinder the learning process in any way.

4.3 Implementation and results

The developed game was validated in 3 parts,
namely by industry experts, a group of university
lecturers as well as a group of university students.

4.3.1  Industry validation

The industry validation included a test group at a
Cape Town-based steel manaufacturing company
as well as a group of experts in shop floor
management and gaming. 8 Employees from the
steel company were given the opportunity to test
and play the game themselves. 4 Industry experts
were also asked to play the game and provide
feedback. The focus of this vaildation was to assess
the general acceptance and support

4.3.2 Lecturer validation

To assess the acceptance of games as a teaching
and training tool, 4 lecturers from 2 universities were
asked to play the game and provide feedback
regarding the educational support of games.
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4.3.3  Student validation

Finally, a group of 10 university students were used
to assess the actual learning spectrum of the
implementation by means of an experiment. All
students received the same pre-test, after which 5
students were randomly selected to play the game
whilst the remaining 5 (the control group) received
theoretical notes and a lecture relating to shop floor
management. All students were then asked to
complete a post-test to allow the analysis of the
results.

4.3.4 Results

An unexpected yet positive outcome of the industry
testing was that the attendees from the steel
company, although not instructed to do so, opted to
play the game in groups. Unintentionally, the game
led to teamwork amongst players, an element often
saught out in education. Their general feedback was
also positive, with all participants agreeing that
games can enhance the learning process of
traditional seminars and can have a sustainable
long-term effect on learning.

The responses given by the 4 industry experts were
predominantly positive. All agreed that games can
provide a valuable training tool for employees and
that they can have a sustainable long-term effect on
learning. Most believed that games can effectively
enhance learning and would promote the use
thereof in their own industries. Only 1 expert said he
would not promote the use of games in his industry,
however explained that his industry is predominantly
based on programming and that this would be
difficult to teach via a game.

The ratings provided by educators and students
were positive. All educators and students felt that
games can enhance the learning process and have
a sustainable long-term effect on learning. All
students also felt that playing games would be more
engaging that a lecture alone.

Using the pre-test and post-test scores of the
students, the effectiveness of the game was
assessed. The scores of students who played the
game increased significantly more than those of the
control group, with the average increase in scores
being 174.6% and 47.8% respectively.

4.4 Main findings and recommendations

An interesting finding that was visible in the different
validation groups, is that people differ in strategies
and motivations during gameplay. These differences
were very prominent in the validation and were first
observed at the steel company. Some participants
who realised that the question boxes were not
crucial to complete the level, ignored all question
boxes and focussed only on collecting the coins
required to get to the next level. Other participants
were not as motivated to reach the next level, but
were instead motivated by answering the questions
in the question boxes correctly, and would spend all



their time running to get to the next box, ignoring all
coins on the playing field.

In the experimental validation with the students, the
largest improvements were made by students with a
low prior knowledge on shop floor management,
suggesting that games can indeed increase the
transfer of skills even in participants who already
have a knowledge of the topic, but especially in
participants new to the topics. The various stages of
the validation suggest that industry employees and
managers support the concept of gamification,
lecturers strongly believe that it can improve the
learning experience, and students themselves enjoy
playing games.

The most influencial finding was established when
participants were asked to state their favourite
aspect of the game, as well as provide suggestions
for improvement. Not only did participants follow
different strategies, but they listed entirely different
aspects as their favourite. Whilst some favoured the
suspense of figuring out what the level objective
was, others were more interested in the question
boxes, whilst others yet enjoyed the interaction
between players. Their suggestions for improving
the game also varied greatly, with some suggesting
more theoretical questions and introducing difficulty
levels into the questions, others wanting the option
of multi-player and others suggesting the addition of
more randomness to a level when attempted
multiple times to increase uncertainty and suspense.

From these responses, it became evident that
people differ greatly and thus also respond
differenty even when presented with the same game
and the same pedagogical content. To be truly
effective, these differences should be catered for in
an edugame.

5 A FRAMEWORK FOR ADAPTIVE GAMES

A framework for the design and development of
personalised and adaptive edugames was
developed based on the relevant theories of
adaptivity, the concepts of analytics and Al, as well
as the lessons learnt and recommendations of
previously-implemented edugames and case
studies [9]. The framework is developed with the
intention of creating edugames that may enhance
learning, teaching and assessment.

5.1 High level framework

The framework for personalised, adaptive
edugames consists of the following 5 stages
performed in an iterative process [9, p. 95]:

e initialisation: The pedagogical, assessment
and adaptivity requirements are defined and
the game is designed;

e development: The game is developed and
tested, with any feedback fed back into the
design;
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e gameplay: The game’s implementation
includes 3 dynamic events namely the
assessment of learning, the assessment for
learning and the adaptation of content, with
any feedback fed back into the design;

e adjustment period: All participants (students
and educators) are given sufficient time to
adjust to the game and its application; and

e post implementation: The edugame’s
effectiveness is assessed and feedback fed
back into the design of the next iteration of
the framework.

Figure 9 depicts the high-level framework.

Figure 9 - A generic high-level framework for the
development of personalised, adaptive edugames

[9, p. 95]

5.2 Framework application

Each stage of the framework is expanded and dealt
with in detail, explaining the steps included, as well
as who should be involved and specific inputs
required for each step [9, pp. 95-108]. Figure 10
depicts the detail of Stage 1, namely the
personalised game design.
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Figure 10 — Stage 1 (personalised game design) in
the development of personalised, adaptive
edugames [9, p. 96]

Furthermore, a checklist is provided for each stage
of the framework to ensure correct interpretation of
the framework [9, pp. 199-205]. As shown in the
checklist excerpt in Figure 11, each step is broken
down into sub-steps or questions, along with
specific aspects to consider and the parties
responsible for the step.



CHECKLIST STAGE 1: PERSONALISED GAME
DESIGN

‘Which concepts do we want to teach? [}
Which learning objectives do we have? O

‘What are the required learning outcomes? [m]

CONSIDER:
Who do we want to convey the content to?

Where will the game be applied?

Figure 11 — Excerpt of the checklist for Stage 1:
Personalised game design from [9, p. 199]

The framework aims to provide a practical and
holistic guide for designing and developing
personalised, adaptive edugames to enhance
learning, teaching and assessment.

6 CONCLUSIONS

To assess the practicality and feasibility of using
adaptive edugames for enhanced learning, teaching
and assessment, the developed framework is to be
validated by various experts, before applying the
framework to design and develop an adaptive
edugame. This adaptive edugame will be developed
for and tested in the Industrial Engineering faculty at
Stellenbosch University.

It is the hope of the authors, that adaptive
edugames may just provide a desperately needed
contribution  toward  addressing  educational
shortcomings and equipping both current and future
employees with the skills needed to survive in the
21st Century and prepare them for the future which
does not yet exist.
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