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Document Outline
The aims of Research Study (01) are:
1. To do a review of the research already available about VET-related issues and careers
2. Carry out a review of mobile Apps that in promote STEM / STEAM. Ensure that if the target
application (to be developed in a separate project) targets VET careers of shortage in our countries
(Malta, UK, Luxembourg, Italy and Slovenia) and improves over existing concepts being
implemented.
3. Research policies on Vocational Education and Training (VET), that are already in place
4. Look at CEDEFOP data on STEM and STEAM careers.
5. Create profiles of specific VET careers (2 from each of the STEAM acronyms) giving Knowledge,
Skills, Competences and Attitudes of each career type. Such data would then be used in the
application.
6. Determine Gender perception of the VET careers chosen.

The enclosed document targets the following objectives:
-

Objective 1: Document existing research identifying the types of user experience that are more
appealing to a teen target audience.
Objective 2: Reviewing past and present applications that were made available for the STEAM
domain with a focus on the VET aspect.
Objective 3: Analyse how many MCAST students are actually STEAM career-related, and if the
output from MCAST is meeting current demands.
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OBJECTIVE 1 – USER EXPERIENCE FOR A TEEN TARGET AUDIENCE
The first objective of this document is to outline what is User Experience (UX) and why it is more
important than Usability. Since a user-centric approach is being adopted, this section proceeds to
identify core hardware, software and user interface (UI) design alternatives that could be used for
developing a STEAM prototype that targets a teen audience. A number of technical recommendations
are also provided in order to better assist readers during the design and development stages of the
prototype.

1.1

HUMAN COMPUTER INTERACTION AND USABILITY

Usability refers to “the extent to which a system, product or service can be used by specified users to
achieve specified goals with effectiveness, efficiency and satisfaction in a specified context of use”
(iso.org, 2018). Usability focusses on the ‘user-friendliness’ of a given software solution. Usability,
primarily falls under the domain of human computer interaction (HCI) which in turn studies (a) how
interfaces could be made more usable by the end users (b) how human beings interact with such
interfaces (Dix et al., 2003).

1.2

HUMAN-CENTRED DESIGN AND USER EXPERIENCE

It is clear that HCI encompasses only one facet of the application which is the User Interface (UI). There
are more aspects that ought to be taken consideration when creating an application that is also appealing
to a given audience. Human-Centred Design (HCD) takes into consideration other variables. HCD covers
the whole process of developing a solution from conceptualisation to final product whilst keeping a usercentric approach (Sciandra, 2017). The human is involved at all stages of the software development
lifecycle. The aim here is to create a system that is not only user-friendly and fit for purpose but also
aims to maximise user satisfaction (Mifsud, 2011).
The artefact of HCD is User Experience (UX) which may be defined as “a consequence of brand image,
presentation, functionality, system performance, interactive behaviour and assistive capabilities of the
interactive system, the user's internal and physical state resulting from prior experiences, attitudes, skills
and personality, and the context of use.” (iso.org, 2010). UX not only focusses on how the user interacts
with the UI functionalities, it aims to maximise the overall experience of the application through a joint
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effort that is tightly-coupled between the stakeholders involved in the design and development of the
product (Mifsud, 2011). It is to be noted that UX cannot exist without usability since it is one of its
dependencies as illustrated in Figure 1

Figure 1. User Experience 2008, nnGroup Conference Amsterdam (Nielsen et al., 2012)

UX not only embodies the functionality of the application but also makes it desirable to use. Brand
Experience also plays an important role in the overall perception of the end user about a given
application (Nielsen et al., 2012).

1.3 USER-CENTRED DESIGN AND USER EXPERIENCE DESIGN
User Centred Design (UCD) was defined by Donald Norman (1988) as the need to focus on the user’s
needs rather than the system or an application. UCD differs from HCD (previous section) because it offers
a deeper analysis of the target audience when the application is being designed rather than just focussing
on its applicability (Tubik Blog, n.d.).
UCD follows users’ needs more closely and seeks to solve user problems more granularly as opposed to
HCD. The following figure illustrates the steps involved during design/development process using UCD.
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Figure 2. User-Centred Design (UCD) Lifecycle (Pinterest, 2012)

UCD is not to be confused with user experience design (UXD). While these two terms are used
interchangeably, they are not the same thing. UXD is defined as the “design of a multisensory experience
typically at the interface between humans and technology” (Sciandra, 2017), whereas UCD refers to the
process used in order to create the desired UX (Bowles, 2013).
UXD seeks to maximise user experience by making better use of the human senses thus creating a UX
which is more fluid in terms of interactivity. A simple example would involve the use of a gyroscope
sensor in a physics-based activity, all the way to augmented reality (AR) and virtual reality (VR) (outlined
sections 1.9 and 1.10).

1.4

SOCIAL MEDIA IN A CONTEXT OF USER EXPERIENCE

Another very important aspect that complements UX is the use of social media. Boag (2012) perceived
that social media would make for a more immersive UX. Boag further pointed out that Social Media is
more than just ‘sharing’ and ‘following’ and could be used in a myriad of ways to make an application
that is more appealing to a specific audience. Social media not only has a large user base that covers a
wide spectrum of ages, but is also used the most by the younger segment of users. This is in line with a
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global survey conducted as of 2014, whereby it was demonstrated that the largest portion of users are
subjects aged 16-24 and 25-34 respectively; this popularity continued to increase in the past four years
(Statista, 2018). The following figure illustrates how all the major social media platforms are consumed
by end users.

Figure 3. Age Distribution of Social Media Usage Worldwide (Statista, 2018)

1.5

CHOOSING THE BEST DESIGN APPROACH FOR THE PRESENT SCENARIO

All approaches mentioned are considered valid depending on the requirements that are outlined.
Identifying such requirements would always be a preliminary step that precedes any design approach
that one decides to pursue. The ultimate goal should always lead to user-centric application that is not
only functional but is also usable and desirable (Sciandra, 2017). Depending on such requirements, the
team would be able to determine the right design approach to use.
In the present scenario, the STEAM application to be developed ought to target a teen audience and has
to maximise user experience. The software should ideally be made available on online stores. While it
would be pertinent to identify a full list of requirements that revolve around the user in order to produce
a prototype that is fit for purpose (Mifsud, 2011). There are other aspects that ought to be taken into
consideration and these are outlined in the sections to follow.
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1.6

LEARNING PARADIGMS

While it was already pointed out that the possibility of social network integration could add potential
interaction between individuals (Boag, 2012) and also improve brand image (Mifsud, 2011), it would not
suffice to provide end users an immersive learning experience. This section outlines the various learning
paradigms that make use of technology ubiquitously for the purpose of educating online users. It then
narrows down on strategies that could be adopted for the creation of a prospective prototype.

1.6.1 ELECTRONIC LEARNING AND MOBILE LEARNING
Educators have been making use of technology in education for the past three decades (Isaacs, 2015).
However, with the introduction of the internet, teaching and learning took a new dimension in terms of
accessibility. Electronic Learning (otherwise referred to as eLearning) is now available over the internet
(elearningnc.gov, n.d.). This type of learning favours scenarios where access to education is limited due
to lack of human resources, due to time restrictions imposed on the learner as well as distance. With
the introduction of mobile devices, eLearning moved towards mobile learning (mLearning) where the
learner gained unrestricted mobility and access to education. Keegan (2004) in his book “The Future of
Learning: From eLearning to mLearning” had predicted that mLearning was going to be omnipresent in
the classroom in the years to come. Park (2011) evolved on the concept of mLearning and sought to
categorise it into four major variations composed by combining ‘high transactional distance’ and ‘low
transactional distance’ with ‘indivisualised’ and ‘socialised’ approaches.

Figure 4. The Four types of Mobile Learning (Park, 2011)
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The level of ‘transactional distance’ refers to how adaptable is the learning content to the learners’ needs.
The less adaptable, the higher the ‘transactional distance’ while ‘socialised’ and ‘individualised’
approaches refer to whether the learning approach being used is provided in a group (such as a virtual
classroom) or on an individual basis.

1.6.2 CLASSIC LEARNING, GAME-BASED LEARNING AND GAMIFICATION
Irrespective of the learning approach used (Park, 2011), there are three paradigms that could be used in
order to promote learning. We will refer to “classic learning” as the baseline; which merely makes use
of technology to transmit learning content. Tasks replicate what is typically done on paper. While such
an approach might be useable and age-appropriate to a certain audience, it might not do much in terms
of desirability (Sciandra, 2017) and the transactional distance could also be high (Park, 2011).
By contrast, game-based learning makes use games to enhance the learning experience of the user
(Isaacs, 2015). One such example is the use of a game such as Minecraft (or an adaptation of it) to
construct a building of historical value as part of the students’ history syllabus. This paradigm differs
from, gamification which involves adding elements from games to scenarios which are not typically a
game (Isaacs, 2015). One such example is illustrated in the following figure, whereby the command lineversion control system named ‘git’ is taught to online users through the use of challenges, animations,
points and rewards.

Figure 5. Gamification of Git (2018)
Research Study (01)

10

Document Version 1.12

1.7

THE HARDWARE PLATFORM

After determining the learning approach to be used one ought to determine the target hardware
platform. While interaction between individuals is considered a component of UX (Boag, 2012), reseach
has demonstrated that not all hardware platforms contribute to the same levels of interaction between
individuals (Kraut, Brynin and Kiesler, 2012). With the introduction of the World Wide Web, and the
technologies it hosts back in 1990, users started browsing online content and communicating with each
other. The internet community started using this medium in a variety of ways (Leiner et al., 1997). This
was the precursor to how individuals would later interact with each other (Kraut, Brynin and Kiesler,
2012). Virtually any device that had access to a network through wired/wireless communication was
capable of communicating to the internet. However, computing devices became more compact and
more capable, and this was the onset of new era.

1.7.1 MOBILE DEVICE POPULARITY
With the introduction of smartphones, people could now stay connected through their devices for longer
stretches of time (The Economist, 2015). Versatility, connectivity and portability were amongst the key
factors that made smartphones so popular. This popularity triggered a global phenomenon which saw a
steady rise in the number of smartphone users. While there were as many as 4.15 billion users who
owned a smartphone in 2015, it is envisaged that there will be a steady increase in the user base for the
coming years (Statista, 2018). This rise in popularity is in line with other research conducted in the United
Kingdom. It is predicted that as much as 80% of the adult British community will own a smartphone by
2020 (Business Insider, 2018).

Figure 6. growth in popularity of mobile users (Statista, 2018)
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This increase in mobile1 device popularity was identified in a separate study conducted by Enge (2018)
on ‘U.S. traffic across the web’. It was first indicated that the requests made in 2017 from devices in
general had actually increased when compared to the same results gathered in 2016. Enge additionally
pointed out that the number of requests through mobile devices (67%) out-numbered desktop users
worldwide (33%). When considering U.S users only, the derived results were consistent with the global
findings (63% requests from mobile devices as opposed to 37% from desktops).

Figure 7. Website Visits (Requests) in 2017 (U.S vs Worldwide)

This popularity did have its effects on interaction between individuals. Kraut, Brynin and Kiesler (2012),
pointed out that social interaction between friends was affected more by technology when compared to
other types of relationships. This could be attributed to social media as pointed out earlier (Statista,
2018). But what age group makes the most use of mobile devices?

1.7.2 A CLOSER LOOK AT DEVICE USAGE IN YOUTHS
The Economist (2015), sought to answer this question when surveying device usage on 1644 British
subjects. Figure 8 (found overleaf) shows that the smartphone was found to be one of the least used
devices when compared to other consumer devices such as television, radio and personal computers
(graph on the right). Interestingly enough though, smartphone usage during the day (graph on the left)
prevailed in the youngest age group (subjects aged between 16 and 34). This indicates that smartphones
are indeed the consumer device of choice when it comes to youths.

1

The reader is to note that a ‘mobile device’ in this document collectively refers to tablet devices and smartphones. Certain tablets include a
SIM-slot which allows them to function as regular smartphones while having a different form-factor. This is not to be confused with a ‘mobile
phone’ which refers to mobile phones and smartphones.
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Figure 8. Usage Patterns of Users categorised by age group (left) and device (right) (The Economist, 2015)

1.8

THE USER INTERFACE (UI)

The user interface (UI) not only a component of UX (Nielsen et al., 2012), but is also a dependency
(Bradley, 2015). In an article published by Nieters, Pande and Shankar (2012), it is argued that merely
following principles proposed by UCD would not yield order to provide an immersive UX. They advocate
the importance of tight coupling between those designing the UI team and the UX team in order to yield
a good product. This section outlines some of the basic principles followed in UI design and it proposes
some environments that could be taken into consideration when creating a prototype application.

1.8.1 UI DESIGN PRINCIPLES
There are several principles that are pointed out by Nielsen et al. (2012). Bradley (2015) also makes
mention of several UI design principles that generally make a given UI more appealing to users. For
instance, the general pattern that individuals follow when scanning a page tends to commence at the
top left corner (for readers of Latin-based languages). However, it is interesting to note that there are
variations as to how the eye movement proceeds to scan the rest of the content (Bradley, 2015). Figure
9 provided overleaf shows the most common patterns of ‘content scanning’.
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Figure 9. Eye-Tracking Movement Z-Pattern (left) with multiple iterations of Z-Pattern (right) (Bradley, 2015)

Eye-movement follows Z-like (Figure 9) and F-like (Figure 10) patterns. Eye movement in general is
affected by content; pauses are experienced in the movement whenever a ‘region of interest’ is
encountered (indicated by the red portions of the heat map). Nielsen et al (2017) documented this and
went into further detail by highlighting those aspects that make a given UI more appealing to the end
user. For instance, numerals also attract the users’ attention during content browsing. Headers (the top
portion of the application’s screen) are also given due importance by the ‘roaming eye’. This is why
headers are typically used for housing brand logos and navigation elements.

Figure 10. Heat Map indicating an F Pattern movement (Bradley, 2015)
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Nielsen (2017) pointed out the use of pictograms or Ideograms (such as icons) in navigation systems are
very meaningful to the end user and can actually increase the application’s intuitiveness. Additionally,
“Call to Action” elements in the UI (CTA) will automatically bring focus to the user and may be used
whenever a given action or path is critical to the users’ progress. While CTA’s (such as dialog windows
and message boxes) have to stand out from the remaining parts of the UI, overusing CTA’s may lead to
disinterest in the application especially if it hinders workflow.

1.8.2 2D ENVIRONMENT
Two Dimensional (2D) environments are environments which make use of the X plane and the Y plane in
a 2 dimensional coordinate system. Nielsen (1998), co-founder of the Nielsen Norman Group, argues
that using a 3D environment would actually hinder productivity in certain scenarios where what is being
accomplished would function perfectly in a 2D context (e.g. a task involving dragging and dropping). 3D
environments are not always the ideal choice and should be used with caution. A valid example that was
mentioned was a website in the form of a virtual shopping mall, it might be pleasing to watch but if it
takes longer to perform the desired purchase, it would be counter-productive to the end user.

1.8.3 3D ENVIRONMENT
Three Dimensional environments allow a for a more immersive user experience primarily because it
allows for end users to explore an environment in the x,y and z planes. Sciandra (2017) identifies that if
multisensory inputs for such applications are used, it would allow for a more immersive UX. This is in
line with what Nielsen (1998) had pointed out. In order for 3D to work in the intended manner,
appropriate “head gear” or other forms of sensors tracking rotational movement would be required.
Since then mobile devices were invented with a variety of sensors and capabilities that could handle this,
thus making 3D environments more accessible (Sciandra, 2017). Augmented Reality (AR) and Virtual
Reality (VR) are technologies that make use of sensors to accomplish tasks in a 3D environment.

1.9

AUGMENTED REALITY

Augmented reality (AR) allows for the user to experience a ‘modified’ version of what is being seen by
superimposing computer generated content onto the captured screen. Mobile AR (MAR) is the term
used to indicate that AR is being used on a mobile device. Bower et al. (2014) demonstrated that a given
learning experience is much more immersive when using smartphones and tablets in a context of AR
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with students. They also implied that such technologies are worth investing in as they are the future in
a context of education. This is also in line with research conducted by Chatzopoulos et al., (2017) where
it was pointed out that MAR was applied with success in several scenarios including education and
training. However, Chatzopoulos et al. also pointed out that there are several challenges that might
come into play when making use of MAR. One such challenge is the computational power required in
certain scenarios. This is because computational power will consume more battery power on mobile
devices but this is subject to the level of complexity being computed. The following table displays the
typical performance obtained using current hardware platforms to execute MAR based applications

Table 1. Hardware and Typical Performance of MAR hardware platforms

Chatzopoulos et al. (2014) further proceed to identify a number of AR frameworks that could be made
use of in order to create a solution which would be able to run on mobile platforms. Wikitude is one
such example. Table 2 lists these which make use of different programming languages as well as different
methods of rendering (columns 2 and 3 respectively).

Table 2. Comparisons of different MAR software frameworks (Chatzopoulos et al., 2017)
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1.10 VIRTUAL REALITY
Virtual reality (VR) differs from AR in that it makes use of sensors to navigate a simulated environment
generated using a 3D rendering engine. As with MAR there exists Mobile VR which adds the mobility
aspect to VR enabled applications. Cochrane (2016) discusses these advancements and in a similar
fashion to Bower et al. (2014) argues that there are benefits to be gained by making use of such
technologies in an educational context and also proposes a framework which makes use of VR and social
media for including student-generated content.
Boyles (2017) also points out that there are several benefits of using VR including the immersive learning
experience and the ability to allow educators to better cater for mixed-ability environments.

Some

limitations were also pointed out such as computational power needed for rendering graphics, the
overhead of the hardware involved as well as the change needed by educators in the classroom in order
to accommodate VR as part of the curriculum.

1.11 IMPLEMENTATION
Mobile platforms offer developers three major options to implement a given solution. Depending on
what is going to be implemented, the developers may opt for the best approach to tackle a given solution.
The best approach would be determined from the requirements of the application. These are outlined
in the following sections.

1.11.1 PROGRESSIVE WEB APPLICATIONS
Progressive Web Apps (PWA) are essentially built by making use of a website. The advantage of an
approach is accessibility. Whereby a given website would be accessible as a regular website from home
computers while being displayed as an ‘app’ on mobile devices. It does not require to be installed via
app stores and still allows for some features such as push notifications to be used on PWA’s. One other
advantage is that one codebase would be used to create a PWA that would then work on all platforms.
As of the writing of this document the Apple’s Safari browser does not support PWA’s. Disadvantages
include performance: they would not good performance for complex applications such as 3D applications.
(Zaidi,2017)
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1.11.2 NATIVE APPLICATIONS
Native applications as opposed to PWA’s are developed using the language specific to a particular
platform and would benefit from performance (Zilfaj, 2014). There are some frameworks and
development environments which allow developers to build native applications for all platforms using a
single codebase. These include React Native, Xamarin and Unity3D. Such applications would be made
available for download via the application store. Unlike PWA’s, native applications would require the user
to install them prior to using them (Zaidi, 2017).

1.11.3 HYBRID APPLICATIONS
As the name implies, hybrid applications combine the strengths of using a single codebase that is used
within websites combined with low-level libraries that access the native features of the mobile (Zilfaj,
2014). A hybrid application would be installed from the application store but would not be as fast as a
native application in terms of performance. Hybrid applications benefit from the fact that only one
codebase would allow the developer to deploy the application to multiple platforms. Hybrid applications
make use of the mobile’s browser to display the UI.

1.12 CONCLUSION
In summary, mobile platforms were identified to be the most popular device amongst youths. The
possibility of integrating social media within such applications might actually contribute to a better UX.
The design approach to be used would be best determined when the user requirements are identified.
However, AR and VR have been indicated to be popular within the educational environments.

There

are three major types of implementations that could be used when creating a mobile application. The
best approach to be used is determined by the requirements. The next section reviews some past and
present applications that are STEAM-related and are currently available on the app stores.
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OBJECTIVE 2: A REVIEW OF STEAM APPLICATIONS
In today’s industry, the ever-growing concern of employers that individuals lack the necessary skills to
solve challenging problems is what brought about STEM education. STEM emphasises on Mathematics
and Sciences in order to improve the individuals’ problem-solving skills. STEAM adds Arts to STEM
(hence the ‘A’ in STEAM) and can broadly include a number of disciplines such as music and fine arts
alongside others. The approach used in STEM/STEAM education is to integrate skills (from the different
disciplines) to solve problems in a given context (Cox, 2017). STEAM explores how arts naturally fit into
STEM subjects, for example design (arts) within a computer lesson (technology) (Cox, 2017).

2.1

STEAM APPLICATIONS

STEAM (just like STEM) can be highly immersive. It is argued that apps that advocate a STEAM approach
can be just as immersive. This section outlines a few of the STEAM applications, (together with their
platform-specific star ratings) that could effectively be used to teach a specific topic in the classroom or
at home.

4.5

2.1.1 SIMPLE PHYSICS (JUNDROO LLC)

3.9

As the name implies this app focusses on
providing the users with an opportunity to
build structures that make use of physics.
There is an economical element as well
involved

in

the

app

because

the structures that ought to be built have to
be built incurring the least costs possible.
Once that the structure is completed, it can
be stress tested to determine how the
forces act upon the pivot points of the
structure. Amendments can be done to a
design in order to improve it.
The users are also allowed to persist their
‘blueprints’ to email.

This application is available for both platforms with moderate performance

requirements. This application does not make any use of 3D and is not computationally complex.
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4.0

2.1.2 SCIENCE 360 (NSF)

n/a

This application was developed by the National
Science Foundation. This app gets its name from
the 360 view offered within the UI of the
application. This app is currently available for iPad
and primarily is aimed at providing users with a
comprehensive knowledgebase of movies and
pictures related to a variety of topics. There is also
a live feed available in the app to keep users up to
date with the latest news.
It also acts as a hub for user-submitted content
which typically originates from other institutions that provide content to this app. The app allows for
users to share content through Email, Twitter or Facebook. It is a native application and does not make
use of AR or VR.

4.0

2.1.3 ANIMATION & DRAWING (DO INK)

n/a

This application was developed by Do Ink and it
allows users to create their own drawings and
animations. There is a powerful toolset available
for the users to create their drawings and
animations. It allows users to experiment with
timelines and also ‘ghosting’ of frames.

This

application allows for users to save and share their
work. If was produced for the IOS and was written
using native code but is not particularly complex in
terms of computation. The application makes use
of a 2D environment.
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2.1.4 CAT PHYSICS (DONUT GAMES)

4.7

4.3

3.0

4.0

4.8

4.1

This application makes use of physics and other game
elements to resolve puzzles, passing a ball from one cat
to another by complicating it with moving obstacles like
trap doors and flip boards. This application is available
on both platforms with favourable ratings on both. It is
a 2D based application.

2.1.5 AMAZIOGRAPH (AMAZIOGRAPH LTD.)
This application makes use of symmetry while also
combining tessellation. The aim here is to expert with the
creative artistic element (by drawing and colouring) while
combining it with science (by experimenting with
mirroring, rotation and tiling).

Users can create

kaleidoscopes and mirrors using the graph and art
brushes within the application. This application is
available on all platforms and makes use of a 2D
environment.

2.1.6 HEADS UP! (WARNER BROS)
This app is available on both platforms and makes use of
the phone’s gyroscope and display to create a guessing
game which makes use of ‘flashcards’ displayed on the
phones screen. It is a game to be played in groups where
each member seeing the flash card can provide hints to
the person trying to guess what’s on the flashcard. There
are several topics of interest to choose from and could
be used to improve one’s own general knowledge. This
application makes use of a 2D environment.
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2.1.7 ADOBE CAPTURE (ADOBE)

4.8

4.1

4.6

n/a

This app allows for users to convert images (and photos
through cameras) to art resources that could be used in
other Adobe packages such as Photoshop. Resources that
can be created using this application include vector
graphics, fonts, colour themes, digital brushes, patterns,
materials.
The app also offers 2GB of file storage for free on Adobe’s
creative cloud servers. This app is aimed at leveraging the
artistic flare that is in creative individuals and allows for
them to include real-world resources into their own
artefacts.

2.1.8 ASSEMBLY (PIXITE LLC)
Assembly is vector drawing tool which lets users build their
vector images by using pre-existing shapes or ‘building
blocks’. The idea here is to compose bigger graphical
objects based on smaller constituent parts. It also has
some ready-made assets to be included as part of the
backgrounds. This application targets the creative arts type
of audience by providing tools to produce quick designs.
The app can store / retrieve data in all major formats. Can
be used to effectively create logos, icons and other similar
artefacts. This application is available for IOS and makes
use of a 2D environment.
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2.1.9 BLENDOKU (LONELY FEW)

4.9

4.4

4.0

4.2

This application explores colour theory through
the use of puzzles. Colour theory refers to the
way colours are blended to produce other
colours (such as primary colours and secondary
colours). It is presented in the form of a puzzle
which requires a certain amount of puzzlesolving skills as well as coordination. The game
is suitable for all ages and is available on all
platforms.

The app makes use of a 2D

environment.

2.1.10 3D BRAIN (DNA LEARNING CENTER)
This application makes use of a 3D environment
to explore the human brain. The idea is to
provide an interactive environment which is
immersive and acts as a knowledgebase to the
end users.
The app allows users to explore the
functionalities provided by the regions of the
brain as well as possible illnesses and the
consequences brought about those illnesses.
The application is available on all platforms
and is suitable for all ages.

2.2

CONCLUSION

From the research made, there are several applications that try and exploit STEAM education in order to
provide a learning experience that is entertaining to the end user. Most of these applications make use
of 2D and 3D environments with AR and VR being used less often. Some applications are perfectly
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functional in a 2D context. This is in line with what has been pointed out by Nielsen (1998). 3D might
not always be the environment of choice if what ought to be accomplished would be less complex to the
user in a 2D environment. The environment ought to be chosen based on the application’s requirements
(Sciandra, 2017).
While AR and VR have been exploited less to date when compared to 2D or 3D environments, it is worth
noting that there are a number of published products that make use of these technologies.
Notwithstanding the fact that there still are computational challenges to be addressed (Chatzopoulos et
al., 2017), it is still feasible to create an immersive UX utilising AR and/or VR. One such example is the
concept of the ‘AR book’: a book which makes use of augmented reality to enhance the reader’s
experience. The following is one such example.

Figure 11. Augmented Reality Book (Yahart, 2015)

It would be very interesting to see how STEAM, AR or VR could be effectively clustered to create a novel
learning experience in a VET context.
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OBJECTIVE 3: MCAST AND STEAM-RELATED CAREERS
This section outlines the local educational system and identifies MCAST’s role within it. It also indicates
how MCAST has been promoting VET and how many students (within courses) are actually STEAM
career-related. Finally it outlines the measures taken to respond to the industries demands in terms of
employable individuals.

3.1

THE MALTESE EDUCATIONAL SYSTEM

The educational system in Malta is structured in such a manner that it provides multiple pathways of
learning to individuals seeking higher levels of education. The objective here is to create a lifelong
learning experience in response to the ever-growing challenges that are faced by employers and
employees alike (Cedefop, 2017). The following diagram shows how the educational system is structured.

Figure 12. The Maltese Educational System (Cedefop, 2017)
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3.2

MCAST’S ROLE IN EDUCATION

Since Malta has always relied on craftsmanship to make itself economically stable, Vocational Education
plays a very important role in the creation of new skills to be injected into the industry (Cedefop, 2017).
The Malta College of Arts Science and Technology (MCAST) that was inaugurated in 2001, has to the
present date been the main provider of VET in Malta and Gozo. MCAST has then moved into tertiary
education and started providing Level 6 and 7 standards education to those opting to further develop
themselves in a given discipline.

3.3

RESPONDING TO INDUSTRY’S DEMANDS

MCAST clusters a number of institutes together (Cedefop, 2017). Some institutes such as the Institute of
Applied Sciences could additionally house a number of sub institutes. Courses however are adjusted on
a yearly basis in response to the feedback provided by the industry partners. Table 3 shows the steady
growth in the number of registrations for the cohorts between 2015 and 2017. It is worth noting that the
number of females enrolled within the Institute of Applied Sciences prevails with respect to male
enrolments. The converse occurs with respect to the enrolments within the Institute of Engineering and
Transport and the Institute of Information Communication and Technology with the number of female
applicants ranging between 10% and 12.5% across all cohorts when compared to male applicants.
2015

2016

Males

Females

Institute of Applied Sciences

175

249

214

Institute of Engineering and Transport

854

92

Institute of Information and Communication Technology

721

86

Total

1750

427

Males

2017

Females

Males

Females

283

196

323

858

82

733

73

780

98

782

90

1852

463

1711

486

Table 3: Enrolments for cohorts between 2015 and 2017 (MCAST, 2018)

There above-mentioned institutes like any institute at MCAST advocates a VET approach, they are
particularly relevant to this objective because they focus on STEAM careers. In terms of vacancies during
the same period between 2015 and 2017, Jobsplus reported an increase in the vacancies. By contrast, it
is interesting to note that there was a marked decrease in postings related to managerial and professional
categories as opposed to all other categories during the same period. Figure 13 (found overleaf) shows
the various job openings that were posted by Jobsplus categorised by class between 2015 and 2017.
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[9] Elementary Occupations

1,613

1,202

683

1995
1994
1993

[8] Plant and machine operator and assemblers
799

988

1,097

[7] Craft and related trades workers

1,424

1,132

661
15
9
14

[6] Skilled Agricultural, fishery and forestry
workers

1,239
1,105

[5] Services and sales workers
897
[4] Clerks and support workers
783

1,172
1,018

467
427

[3] Technicians and Associate Professionals
230
265
199
120

[2] Professionals

98
106
104

[1] Managers

0

500

1,000

1,500

2,000

Figure 13. Vacancies during the period 2015-2015 (Jobsplus, 2018)

While the number of applicants to a course are important in order to create supply, only those students
who successfully complete courses at levels 4, 5 and 6 are deemed to possess the necessary skills to be
successful employees. Table 4 shows the successful candidates per institute at these levels categorised
by gender.
2015

2016
Males

2017

Males

Females

Males

Females

Institute of Applied Sciences

163

229

180

Females
254

185

310

Institute of Engineering and Transport

748

82

758

74

687

69

Institute of Information and Communication Technology

656

76

677

80

730

78

Total

1562

387

1615

408

1602

457

Table 4: Successful candidates for cohorts between 2015 and 2017 (MCAST, 2018)
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3.4

AN INCREASE IN STEAM CAREER-ORIENTED GRADUATES

One ought to note that while the female students are a minority when compared to males, there is a
marked increase of 16% in the number of female graduates between the cohorts of 2015 and 2017
respectively. When comparing this to the 5.34% increase in the total number of graduates at levels 4,5
and 6, a total of 1949 students completed their studies with success in 2015 with an increase to 2059 by
2017.

Enrolments vs Completions
2017

Female
Male

2016

Female
Male

2015

Female
Male
0

200

400

600

800
Completions

1000

1200

1400

1600

1800

2000

Enrolments

Figure 14. A closer look at the candidate enrolments and completions categorised by gender (MCAST, 2018)

When referring to the total number of vacancies posted between 2015 and 2017 and the number of
graduates from Table 4, it can be pointed out that the general supply of graduates in 2015 was of 4.85%
when compared to the number of job postings. While this increased to 7.23% by 2017 and it is a positive
indicator of progress, there are several other factors that need to be taken into consideration to perform
this exercise with rigour. Firstly, there should be a one-to-one mapping between the courses being offered
and the job posts within each category. Secondly, the number of graduates does not necessarily imply
that they are available for employment.
Notwithstanding this, MCAST has an active channel of communication with industry partners to provide
courses that are in line with present demands. Based on such recommendations, MCAST would host
courses which target the specific sectors. The following tables identify the courses offered per institute
for the academic year 2015-2016 and the respective graduates per course for levels 4,5 and 6.
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Level 4
Institute of Applied Sciences

Males

Level 5

Females

Males

Level 6

Females

Males

Females

BSc (Hons) in Animal Management

2

2

BSc (Hons) in Animal Management (top-up)

2

3

3

10

8

4

4

5

1

5

2

8

7

0

2

0

BSc (Hons) in Animal Management and
Veterinary Nursing
BSc (Hons) in Chemical Technology
BSc (Hons) in Environmental Engineering
BSc (Hons) in Health and Social Care (Practice)
(top-up)
BSc (Hons) in Health Sciences (Physiological
Measurements)
BSc (Hons) in Horticulture
BSc (Hons) in Horticulture (top-up)
MCAST Advanced Diploma for Pharmacy
Technicians
MCAST Advanced Diploma in Animal
Management and Veterinary Nursing
MCAST Advanced Diploma in Applied Science

2

18

10

16

19

15

MCAST Advanced Diploma in Environmental
Sustainability
MCAST Advanced Diploma in Fish
Management
MCAST Advanced Diploma in Health Sciences

18

6

3

1

9

51

MCAST Advanced Diploma in Horticulture

4

1

MCAST Higher Diploma in Environmental
Conservation
MCAST Higher Diploma in Fish Management
MCAST-BTEC Extended Diploma in Agriculture

8

13

6

4

2

16

MCAST-BTEC Extended Diploma in Applied
13
9
Science
MCAST-BTEC Extended Diploma in Fish
4
1
Management
MCAST-BTEC Extended Diploma in Health and
14
41
Social Care (Health Studies)
MCAST-BTEC Higher National Diploma in
9
5
Animal Management
MCAST-BTEC Higher National Diploma in
2
1
Applied Chemistry
MCAST-BTEC Higher National Diploma in
0
3
Health and Social Care (Practice)
Table 5 – Successful candidates per level; Institute of Applied Sciences 2015-2016 (MCAST, 2018)
Next is the Institute of Engineering and Transport whereby it advocates all the disciplines related to engineering, in areas such
as Mechanical Engineering, Biomedical Engineering as well as Construction and Aviation. Table 6 identifies the 70 courses that
were offered during the academic year 2015-2016.
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Level 4
Institute of Engineering and Transport

Male

Level 5

Female

Male

Female

BEng (Hons.) in Electronics and Control Engineering

23

2

BEng (Hons.) in Electronics and Control Engineering (top-up)

10

4

BEng (Hons.) in Electronics Engineering

15

0

BEng (Hons.) in Mechanical Engineering (Manufacturing)

15

3

BEng (Hons.) in Mechanical Engineering (Manufacturing)
(top-up)
BEng (Hons.) in Mechanical Engineering (Plant)

5

3

25

1

BEng (Hons.) in Mechanical Engineering (Plant) (top-up)

14

0

BSc (Hons.) in Biomedical Engineering

8

2

BSc (Hons.) in Building Services Engineering

1

0

BSc (Hons.) in Building Services Engineering (top-up)

2

1

BSc (Hons.) in Construction Engineering

6

4

BSc (Hons.) in Construction Engineering (Civil Engineering)

6

2

BSc (Hons.) in Construction Engineering (top-up)

4

3

BSc (Hons.) in Electronic Communications (top-up)

1

2

BSc (Hons.) in Electronics and Control Engineering

3

0

BSc (Hons.) in Electronics and Control Engineering (top-up)

2

0

BSc (Hons.) in Electronics Engineering

0

1

BSc (Hons.) in Electronics Engineering (top-up)

2

0

BSc (Hons.) in Marine Engineering

7

0

BSc (Hons.) in Power Generation and Renewables (top-up)

6

1

Chief Mate

Male

Level 6

10

Diploma in Electrical Installations (Buildings & Structures)
(C&G2365) - Level 4
Diploma in Light Vehicle Maintenance and Repair (C&G 4290)

5

0

25

0

Advanced Diploma for Polymer Process Technicians

1

0

Advanced Diploma in Aviation Operations

5

7

Advanced Diploma in Building Services Engineering

2

0

Advanced Diploma in Civil Engineering

4

2

Advanced Diploma in Construction Engineering

43

5

Advanced Diploma in Electrical Systems

26

0

Advanced Diploma in Electronics (Biomedical Engineering)

10

3

Advanced Diploma in Electronics (Communications)

2

0

22

0

9

1

Advanced Diploma in Electronics (Green Energy
Technologies)
Advanced Diploma in Electronics (Industrial Electronics)

11

0

32

2

Advanced Diploma in Heating, Ventilation and Air
Conditioning
Advanced Diploma in Joinery, Furniture Design and
Manufacturing
Advanced Diploma in Light Vehicle Maintenance

16

0

1

0

18

2

Advanced Diploma in Electronics (Computer Engineering)
Advanced Diploma in Electronics (Embedded Systems Design)
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Advanced Diploma in Manufacturing

29

1

Advanced Diploma in Marine Engineering

21

2

8

2

Advanced Diploma in Operations and Maintenance

16

0

Advanced Diploma in Welding and Fabrication

Advanced Diploma in Masonry Heritage Skills

11

0

Aircraft Maintenance Technician Course (Leading to EASA
Part -66 CAT B 1.1 Examinations)
Aircraft Maintenance Technician Course (Leading to EASA
Part -66 CAT B2 Avionics Examinations)
Diploma for Polymer Process Technicians

4

1

2

1

2

0

Diploma in Computer Engineering - Level 4

7

1

Diploma in Green Energy Technologies - Level 4

8

0

Diploma in Heating, Ventilation and Air Conditioning - Level 4

2

0

15

3

2

0

Diploma in Industrial Electronics - Level 4
Diploma in Joinery and Furniture Making - Level 4
Diploma in Marine Engineering - Level 5

1

0

Higher Diploma in Marine Engineering

5

0

Higher Diploma in Masonry Heritage Skills

3

0

6

3

6

0

11

0

6

0

11

1

3

0

Diploma in Masonry Heritage Skills - Level 4

5

1

Diploma in Welding and Fabrication - Level 4

1

0

BTEC Extended Diploma in Construction and the Built
Environment
BTEC Extended Diploma in Construction and the Built
Environment (Building Services Engineering)
BTEC Extended Diploma in Construction and the Built
Environment (Civil Engineering)
BTEC Extended Diploma in Electrical/Electronic Engineering

33

6

6

0

13

1

7

0

BTEC Extended Diploma in Manufacturing Engineering

57

4

BTEC Extended Diploma in Operations and Maintenance
Engineering
BTEC Higher National Diploma in Construction and the Built
Environment
BTEC Higher National Diploma in Construction and the Built
Environment (Building Services Engineering)
BTEC Higher National Diploma in Electrical and Electronic
Engineering
BTEC Higher National Diploma in Electrical Engineering

26

1

BTEC Higher National Diploma in Electronic Engineering
BTEC Higher National Diploma in Manufacturing Engineering
BTEC Higher National Diploma in Marine Engineering

4

0

BTEC Higher National Diploma in Mechanical Engineering

19

0

BTEC Higher National Diploma in Operations Engineering

1

0

Table 6 – Successful candidates per level; Institute of Engineering and Transport 2015-2016 (MCAST, 2018)
Lastly, comes the Institute of Information and Communication Technology. This institute focusses on areas related Networking,
Software, Multimedia Development as well as Business Analytics. The following table outlines the different courses.
Level 4
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Male

Female

Male

Female

Institute of Information and Communication Technology
BSc (Hons.) in Computer Networks

Male

Female

4

0

BSc (Hons.) in Computer Networks (top-up)

26

2

BSc (Hons.) in Computer Systems and Networks

37

4

4

0

BSc (Hons.) in Multimedia Software Development

26

3

BSc (Hons.) in Software Development

50

8

BSc (Hons.) in Software Development (top-up)

34

4

BSc (Hons.) in Computer Systems and Networks (top-up)

Advanced Diploma in IT (Computer Systems and Networks)

19

3

Advanced Diploma in IT (Computer Systems and Networks)
(apprenticeship)

40

1

Advanced Diploma in IT (End User Support)

4

2

Advanced Diploma in IT (End User Support) (apprenticeship)

6

2

Advanced Diploma in IT (Multimedia Software
Development)

36

4

Advanced Diploma in IT (Multimedia Software
Development) (apprenticeship)

48

4

Advanced Diploma in IT (Software Development)

31

4

Advanced Diploma in IT (Software Development)
(apprenticeship)

38

8

BTEC Extended Diploma in IT (Networking and Systems
Support)

62

8

BTEC Extended Diploma in IT (Software Development)

109

11

BTEC Extended Diploma in IT (Software Development)
(apprenticeship)

1

0

BTEC Higher National Diploma in Computing (Software
Development)

1

0

BTEC Higher National Diploma in Computing and Systems
Development (ICT Systems Support)

35

2

BTEC Higher National Diploma in Computing and Systems
Development (Software Development)

45

6

Table 7 – Successful candidates per level; Institute of Information and Communication Technology 2015-2016 (MCAST, 2018)
There is a vast amount of granularity offered through the various courses within these institutes. From a VET perspective,
MCAST not only offers the theoretical knowledgebase required to acquire certain concepts but would also apply the taught
concepts through practical sessions and labs. This would allow the student to grasp the concepts better and should be able to
apply them correctly. Cross-disciplinary activities and assignments are done between courses. This is where STEAM education
would come into play.
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3.5

CONCLUSION

The Malta College of Arts Science and Technology (MCAST) has always provided education from a VET
aspect. This section outlined that there is an increase in the number of graduates that could potentially
find STEAM careers. There was a marked increase in the number of female applicants between 2015 and
2017 and this had an accentuated increase during this period when compared to the global sample of
graduates. Granularity in the courses is offered thanks to the constant recommendations between
industry partners and MCAST.
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