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Abstract: This paper focuses on the issues caused by the major skills
gaps in STEM industries identified in the popular press, and
confirmed through empirical research, and the changes to the
workforce occasioned by the growing tide of automation. Both of
these issues have a similar result on the STEM workforce, in the need
to upskill and reskill staff to be productive in the changed landscape
brought about by these issues and the accelerating pace of change
through technological development. Fundamentally, the authors
argue that there is a need to change the existing model of workplace
learning to integrate learning as an integral component of the
workplace, rather than an activity that takes place separate from that
workplace, often in a separate location. By integrating learning
environments and resources with the primary information systems in
the workplace, and enabling "drill-down" capability to link specific
working issues with relevant learning resources, staff efficiency can
be improved, better solutions can be developed, and acquisition of
skills and knowledge can be improved. The authors provide an
example of a working solution, in the tourism domain, from the
Tourism Monitor project, which provides both an exemplar and some
practical lessons that are relevant to the STEM industries. The
Tourism Monitor dashboard provides statistical information
collected by the Norwegian government on a number of key tourism
datasets, providing information to support the management of
tourism services and service organisations. By linking it to an
instance of the Sakai VLE, and through that to learning materials
developed by the project partners and the local University College,
staff development can run alongside the creation and management of
tourism services. The authors suggest that a similar model could be
used for workplace learning in STEM industries, referencing their
own work on developing online learning for collaborative
heavyweight processes, such as dCCD, as reported at LACCEI last
year. The model developed is novel and built from a considerable
body of prior research, and provides an answer to the research
question “How could the model of workforce education be changed
to ensure the supply of IT and engineering skills in the workforce
keeps up with demand?”
Keywords—Online learning, workplace learning, lifelong
learning, integrated working and learning environments

I. INTRODUCTION
This paper discusses the need to change our approach to
engineering education in the context of growing skills
shortages in the workforce and the increasing automation of
jobs. The traditional approach to engineering education, held
by employers and employees, is that education is something
that takes place outside of the work environment. However, in

the context of future societal change, this is no longer a
sustainable approach. The research question discussed here is
“How could the model of workforce education be changed to
ensure the supply of IT and engineering skills in the workforce
keeps up with demand?”
In order to answer this question, this paper first of all
discusses the predicted impact of job automation, technology
development and challenges, skills shortages and the supply of
talent to the industry. This is followed by a section on trends
and developments in online and workplace learning. It then
discusses the need for an integrated approach to link
workplace learning with “normal” workplace activities, and
provides an example from the tourism domain that could
provide some guidance for use with engineering and IT
sectors. It then concludes with a summary of the issues and a
consideration of the changes needed to enable this model to
taken up within the STEM industries.
II. WORKFORCE SKILLS SUPPLY AND DEMAND
This section sets out the background evidence for the
need to change the nature of engineering and IT skills
education, discussing the challenges around the supply and
demand for engineering and IT skills and the predicted impact
of job automation, which will result in the need for lifelong
reskilling and upskilling, for some people, on a scale not seen
to-date.
A. Job Automation
A study by Oxford University [1] which identifies the jobs
most at risk from automation of the workforce in the US puts
47% of workers at risk in the foreseeable future. Given the
many similar articles on this topic, this is clearly a global
issue, not just a US issue. Whilst predictions regarding the
scale of job automation differ, the story regarding impact is
consistent and many have expressed the concern that job
automation may widen the gap between the skilled and the
unskilled as unskilled work tends to be most prone to job
automation, although it should be noted that the skilled
workforce is not immune [2] with job roles such as materials
engineer and scientist being included in the at risk category.
Going forward we likely to see are more articles similar to that
by Apple in 2016 [3] which discussed the replacement of
60,000 worker in China by robots. The good news is that
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history tells us technology and automation tends to create
more jobs than they destroy [4] (as illustrated in Fig 1 based
on evidence from the UK Office of National Statistics), or
they at least remain in a steady state [5]. However, going
forward, how fast new jobs are created as a result of
automation remains unclear [6] [7].

Fig 1. UK Employment rate 1976-2008
The one message that is clear, is that given most
automation will be in the lower skills jobs, if employees are
not regularly being reskilled or upskilled, the divide between
the employed / unemployed, and hence the rich and the poor,
is likely to widen. This issue needs to be a high priority for
employers to ensure their workforce are appropriately skilled
and regularly developed given the increasing propensity of
employees to change jobs more frequently, which is only
likely to get worse in the context of automation [8].
B. Engineering and IT Workforce Supply and Demand
There are many reports on the skills shortages of
engineers and IT workers. For example in Europe, there are
predictions of over 750,000 vacancies by 2020 in the ICT
sector alone, the problem being particularly severe in Italy,
Germany and the UK [9]. In addition, Europe is predicted to
need between 200,000 and 250,000 e-Leaders (simply put –
these are leaders who can utilise technology to innovate a
business) between 2015 and 2020 [10]. Hidden beneath these
figures is inequity across countries, with some suffering from
higher shortages than others and also considerable gender
imbalances. An exellent overview of the forthcoming
workforce crisis is given in a book by Dychtwald et al. [11]
which discusses a number of factors such as the drop in
birthrates leading to a shortage of workers in the workforce,
global competition for talent, the impact of increasing
longevity, the disproportionate size of the babyboomers
population who are now heading rapidly towards retirement
and the fact that most organisations still encourage employers
out the door when they are close to the traditional retirement
age, which could be a big mistake given the lack of young
talent coming through, coupled with the potential impact of
fluctuating immingration policies, further restricting the
supply of talent. In terms of specific disciplines, computer
engineers are mentioned as a significant recruitment challenge

and these areas are particularly acute in the UK and Europe.
For example a report by the Royal Academy of Engineeing in
2015 predicts the need for a million more UK Engineers by
2020 [12] noting that in the UK, women account for less than
10% of the engineering workforce.
Typically more developed countries e.g. USA and Europe
have a worse gender balance in their engineering and IT
workforces than many developing countries [13], as is typified
by a Scientific American article in 2013 [14] which discusses
the different perceptions and attititudes of both men and
women, to women studying engineering in higher education.
The percentage of women in the engineering and IT
workforces has been a major problem for years despite many
major initiatives to try and persuade women otherwise. It
should be noted that the definition of the IT workforce does
vary slightly in the various analyses provided, however, there
is no question that there has been a massive decline in women
in the IT workforce in some countries, for example in the USA
65% of computer programmers in 1960 were women [15].
Many reasons have been cited for the drop in interest such as
a lack of confidence / anxiety around computers, nerdy image,
seen as male-dominated, self-imposed ideas about how men
and women should function in a specific society, gender
biased environments, understanding of careers, advice from
parents, friends, careers advisors etc. who may have little
understanding of STEM (science, technology, engineering and
maths) careers themselves [16] [17] [18] [19]. Of course there
are many sectors of the workforce which do not have a gender
balance, so the question is often asked about why it is so
important in engineering and IT. Apart from the obvious skills
shortage gap, these two areas have such a significant and
growing impact in society, many consider it vital that women
are fully engaged in these domains in order to fully understand
the world around them. Research by McKinsey & Company
has also shown then gender diverse companies are more likely
to perform up to 15% better and ethnically diverse companies,
up to 35% better [20]. The logic of having companies with a
workforce that reflects society makes sense however, it is also
important to have diversity at all levels. Further research by
McKinsey & company in 2015 on women in the US
concluded that “Based on employee pipeline data from 118
companies in 2015 and 60 companies in 2012, two broad
themes emerge: women are still underrepresented, and they
face real barriers to advancement”, it also goes on to say “In
fact, at the rate of progress of the past three years, it will take
more than 100 years for the upper reaches of US corporations
to achieve gender parity” [21]. There are a wide variety of
reasons for this which include unconscious bias, workforce
culture and use of language in job adverts which can put
women off applying for jobs and promotion etc. [22] [23].
Research shows that there are good proportions of BAME
(Black, Asian and Minority Ethnics) higher education
students, (or students of colour) in many traditionally white
countries, however, there is considerable evidence that shows
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people of colour face significant barriers to employment and
advancement [24] [25].
III. TRENDS AND DEVELOPMENTS IN ONLINE LEARNING
AND WORKPLACE LEARNING

The pace of change in the IT and engineering disciplines,
and the consequential impact on society means that the
existing higher education (HE) model must change in order to
fully support the regular upskilling and reskilling of the
workforce. Many different approaches have been taken to onthe-job training, short course provision, self-tuition and
apprenticeships that have proven extremely successful. A vital
area going forward will be the increased use of online
education both as support for face-to-face students in a
classroom, as well as support for learning in the workplace.
Education is currently going through a technology
revolution and it is important to consider how these changes
can support the constant upskilling and reskilling needs of the
engineering and IT professions. Change will in fact become
vital for educational institutions to remain competitive,
enhance their reputation and increase student performance and
satisfaction. Until now traditional education, as primarily a
face-to-face experience in the classroom has been considered
the norm, the most efficient, and a good way to introduce
students to a topic which they can then practice in laboratories
or tutorials. Many academics become anxious if their students
do not attend these classes. However considerable research,
such as that undertaken by MIT who measured skin
conductance of students for a week [26] questions this
thinking. Skin conductance can be used as an indication of
psychological or physiological arousal, and as can be seen
from figure 2, which shows the profile of a typical student for
a day, their arousal in class was less then when they were
asleep.

Fig 2. Skin conductance – example student profile
This, coupled with considerable other evidence, suggests
that a traditional lecture approach to education may not be the
best way to educate students going forward. That doesn’t
mean they don’t have a place in education, however, as
discussed by Naik [27], technology has the power to “unleash
the academic, empower the student, enhance the learner
journey and extend access to those who would previously be
denied it”.
It is clear that technology has to play a significant part in
transforming education in the workplace given we need to
grow the workforce much faster than can be achieved by
simply increasing higher education student numbers.
However, this may require different models for certifying
skills and knowledge, to ensure currency and maintain /

enhance professionalisation of the industry, given the range of
engineering qualifications, and the fact that some disciplines
require a license to practice and others, e.g. software
engineering, typically do not. This is especially important as
we move towards the so-called “unbundling” of higher
education [28] [29] which talks about the move to deliver
micro and nano courses and degrees, offering a few academic
credits that could accumulate over time and evenutally be used
towards a qualification. This type of credit accumulation could
be extremely useful in the context of the need to constantly
upskill and reskill existing workforces. An example of how
this might work is demonstrated in figure 3 which shows an
example of unbundling in the hotel industry, with a large
number of specialist startups taking on functions that are
“bundled” as part of the hotel offering.

Fig 3 - "Unbundling" in the Hotel Industry
Maintaining and enhancing the professional status of
engineering and IT professions cannot be over emphasised.
Particularly in the IT industry where numerous and large
project failures are frequent, and with such a low barrier to
entry e.g. through short how to code courses, the status and
standards of the profession clearly need to be raised. The
impact of a low barrier to entry is evident from a survey in
2015 by the Washington Post which reported that 69% of
programmers were either self-taught or partially self-taught.
They also reported that there was a decrease in computer
science degrees awarded and an increase in boot camps which
offer short coding courses [30]. The concern being that short
rapid introductions to coding are likely to result in poorer
quality code and hence damage the image of the profession
further through continued project failures and hard to maintain
code.
If countries are able to fully utilise the potential of their
engineering and IT workforces then we need to ensure the
highest possible level of skills and knowledge within
employees working in organisations responsible for
developing advanced systems and inventing new technologies.
This approach could also include the use of skills frameworks
to identify gaps in workforce individuals. In the area of IT,
two common ones used are the European e-Competence
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Framework [31] and Skills Framework for the Information
Age [32], however the identification of skills gaps, relevant
credits, the mode of study and funding for education and
training, all need a coherent national strategy, in order to
support quality lifelong, and timely, learning.
IV. MODELS TO SUPPORT LIFELONG AND WORKPLACE
LEARNING IN ENGINEERING EDUCATION

From the evidence presented in the previous two sections
it is clear there is a need to develop new models of education
to meet the significant demand and plug the current and future
skills shortages predicted in STEM subject areas. This is
particularly true for those working in the higher professional
levels, where the development of innovative products, and the
invention and deployment of new technologies, continue at an
ever-increasing pace. However, there are a number of
important issues that must be addressed if we are to really
develop effective models for lifelong learning, to support the
increasing learning needs for those working in STEM careers.
At the start of the century, the authors were involved in
several research projects considering the issues of workplacebased learning for staff. For example, the EuroCompetence
EU project [33], which although undertaken in the late 90s
when technology and the internet were not as sophisticated or
developed as they are now, involved seven European
universities in five countries, researching open and distance
learning aimed at supporting adult learners in the workplace to
upskill and reskill. A mechanism was developed to identify
skills and knowledge gaps, followed by the implementation of
a flexible model for advanced training and education for adult
learners, utilising a range of micro credits offered from
different universities in the project. This was followed by
second European project called MENU (Model for a European
Networked University for e-learning) in 2002-3 which
developed the idea further to provide a range of online
learning credits which could be taken by workforce
employees, to fill gaps in their knowledge and skills, from a
virtual networked European university, hosted by the partners
involved in the project [34].
Another important example of workforce learning was a
project called ASTEP which involved the high-tech industries
[35] and focused on developing learning support at all levels
for staff working in 24/7 production environments, such as
semiconductor fabrication. Working direct with staff in such
environments produced some interesting results:
Ø Staff at all levels were in agreement with the
concepts of lifelong learning, and the need to
continue to develop their skills to reflect the rapidly
changing nature of their work.
Ø Staff on the production floor wanted readilyavailable, easy-to-use briefing and training
information, which could also be used as reminders
whenever required.

Ø

Staff on the production floor had access to computer
systems, but did not wish to undertake training on the
floor, apart from practical process-based instruction,
and preferred learning to take place in a separate
classroom.
Ø Engineering staff, operating at all levels in the
organisation, generally worked at high-end computer
workstations, but were unwilling to undertake any
form of training using these.
Ø Managers within the organisation were supportive of
staff training, and of the concepts of lifelong
learning, but not supportive of training taking place at
the same time and using the same equipment as
“normal” working.
In fact, one of the key findings of our research projects
was that there was both an individual and organisational
resistance to the integration of education into standard
workplace functions. At all levels within the organisational
hierarchy there was an expressed preference for education to
take place in a separate situation, be it classroom, with an
external training provider, formal education location, or
simply a separate room where online training materials could
be accessed.
In investigating and discussing these issues with staff and
management, concerns were expressed that education was not
“working” and therefore would be seen as “stealing time”
from projects or assignments. Similarly, it was argued that
time spent on education, even if required explicitly for a
project or assignment, could not be internally or externally
recharged and therefore had to be undertaken separate to the
charged work. These viewpoints were commonplace within
STEM industries at that time, and a large number of
organisations operated learning support and development as a
separate activity from “normal” workplace activities. A good
example of this is the engineering firm Siemens [36], which
has a longstanding and excellent reputation for the quality of
its internal learning and certification systems. Siemens have
maintained a strong level of separation between their learning
and workplace activities, with learning activities being run by
a separate organisation within the overall company, which
markets those courses and certifications both internally and
externally, and they have resisted attempts to map their
certifications onto external frameworks.
Whilst organisations like Siemens have continued to offer
in-house training to develop their workforce, there has been a
significant decline in the number of organisations that do so,
with a far greater reliance now on the use of external training
organisations, and the recruitment or “poaching” of already
trained staff from other organisations [37]. This has resulted in
a growth in the use of online training resources, both
organisationally and individually, but predominantly still seen
as separate from workplace activities. Unfortunately, the
shortages of skilled STEM personnel described earlier are
making the “poaching” strategy much less viable, and
organisations are experiencing growing volumes of unfilled

15th LACCEI International Multi-Conference for Engineering, Education, and Technology:
“Global Partnerships for Development and Engineering Education”, 19-21 July 2017, Boca Raton,
Florida, USA.
4

vacancies, with many projects failing for lack of skilled staff
[38].
Allied to the shortages of skilled STEM personnel, there
are the issues associated with the growing size, range and
complexity of technologies in use within STEM organisations,
and the issues of automation, described earlier. These combine
to make the skillsets and roles of existing STEM employees
rapidly redundant, and create a requirement for the regular
upskilling and reskilling of staff to maintain currency and
organisational competitiveness. Organisations such as Agfa
[39] have completely transformed their business models and
focus, driven by changes in technologies, through a
combination of staff redundancies, targeted hiring, and staff
retraining. This model of workforce development is not seen
as a radical event to happen very occasionally, as would once
have been the case, but rather as an annual cycle involving the
majority of the workforce. In the face of such continuous
change and development, it is no longer viable to see
education and training as separate elements from workplace
activities, particularly if staff are to utilise new and advanced
technologies effectively in their work. The recent growth in
the use of MOOCs [40] offers considerable potential for the
online provision of education and training, but as the authors
described in their LACCEI paper last year [41] there is both a
need to provide effective training in the use of such courses to
develop metacognitive skills in the learners, and to develop a
broad range of such courses to meet different learning
requirements. The provision of remote and virtual “lab”
facilities online [42] also offers STEM personnel the
opportunities to experiment with new and existing
technologies relative to workplace activities and project
requirements.
Given this scenario, it is neither reasonable nor
appropriate for organisations to expect their staff to undertake
their own development, in their own time, to keep up to date
and reskill themselves. Whilst in many cases this will
undoubtedly happen, the Agfa model [39] shows it is
important for organisational management to utilise training to
shape the workforce to meet workplace needs. Likewise, it is
no longer efficient to remove staff from the workplace for
training to take place, both because of the loss of time and
productivity occasioned by doing so, and because of the
ongoing and continuous training needs occasioned by the pace
and volume of change in the technologies being utilised in
STEM projects. In order to support individual staff
development and managerial workforce shaping there is
therefore a need to offer an integrated system that incorporates
both the tools required to undertake workplace activities and
the learning environment to enable staff to acquire and
develop the necessary skills and knowledge to undertake those
activities. As envisaged in the DECADE project [43]
capturing information on individual staff expertise within an
integrated system of this type would then enable the creation
and dynamic maintenance of an individual profile for each
staff member. This could be mapped to a skills / competence

framework, such as SFIA [32] or e-CF [31], a qualifications
framework, such as EQF [44], and could form the basis for an
online authenticated CV. This would be beneficial for
organisational managers in recruiting staff, developing project
teams, and in identifying and addressing training needs. It
would also be beneficial to individuals in enabling them to
recognise skills and knowledge gaps, and seek training or
support to address them. This model provides both a means to
address the issues identified above on workplace training, and
a clear path to support lifelong learning.
V. KEY ISSUES IN INTEGRATING LEARNING TOOLS INTO
WORKPLACE SYSTEMS – THE TOURISM MONITOR EXAMPLE
In considering the integration of learning capabilities with
workplace tools, it is important to recognise that, for the
majority of professional staff working in the STEM industries,
their standard working environment will be computer-based,
and they will use management or process information systems
to monitor their workplace activities. Whilst there may be
other issues for staff working on manufacturing shop floors or
similar environments, it is not likely that there will be no
engagement with an information system. Accordingly, since
these systems also draw data from any specialised software
tools in use in the workplace, as well as monitoring general
data flows, it would be both logical and relatively
straightforward to link any learning capabilities through the
primary information system. At a simplistic level, this would
provide access to educational and training materials for all
staff through a link on the system. However, better integration
with the tools in use in the workplace should support a “drilldown” capability, so staff can immediately find relevant
learning materials to their current task.
As an example of an integrated system incorporating both
a Management Information System and a Virtual Learning
Environment, we can consider the system developed by the
authors for the Tourism Monitor project [45].
A. The Tourist Monitor System
The Tourism Monitor project was funded by the
Norwegian Research Council and the Buskerud and Nordland
regional councils. The work in developing the system and the
associated training materials was carried out by the authors,
and based in the University College of SouthEast Norway
(HSN).
As a core component of the Tourist Monitor project, the
project leadership sought to develop a dashboard application,
offering flexible and dynamic information comparison and a
balanced scorecard model to provide businesses with the
information and knowledge on existing tourism statistics and
trends, covering business, guest and destination indicators, to
inform their planning [46]. Dashboards are a particularly
popular form of data visualisation application, being seen
more and more as a business development tool helping
business managers plan and monitor performance quickly and
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easily [47]. Dashboards have quickly gained currency in a
number of application areas, where the need for speed of
information is often coupled with the desire to simplify the
presentation of the data, or indeed a limited knowledge of the
underlying data on the part of the users. This is particularly
true in domains such as tourism, where those involved in
running the wide range of businesses involved in the tourist
industry may have limited knowledge and understanding of
the underpinning statistical data models that characterise their
industry, but are nonetheless keen to use the information
generated from those models to plan and run their business
operations. In particular the balanced scorecard model of
dashboard information system has been particularly popular in
this domain [48], [49].
As is common in the majority of such applications the
focus was to provide an intensely graphical application, with
limited text and reasonably intuitive and/or familiar interface
components to enable users to quickly get to grips with
navigation and information generation within the tool. The
underpinning datasets used to populate the dashboard are
generated from Norwegian government tourism statistics
(SSB), collated centrally and circulated quarterly to regional
centres, and as indicated above, they focus on three types of
indicator – business, guest and destination. These are uploaded
into a transactional database, which supports a production
rules engine that can generate interface widgets displaying
mathematical, logical and/or combinatorial relationships
between attributes in the statistical data, e.g. simple statistical
comparisons between visitors from different countries in terms
of length of stay and type of accommodation. Whilst the
transactional database provides access to the current or most
recent dataset, a historical data warehouse also sits at the back
of the system and can be interrogated to determine trend data
over time, e.g. the change over a number of years in the
number of visitors from certain countries and the type of
accommodation they seek. Clearly such information can be
used both to plan the services currently on offer to tourists and
also to strategically develop new businesses and services
reflecting the trend data determined from the historical data.
With the underlying data structures, and upload and
capture facilities, in place, the system then has to provide an
appropriate interface to display the outputs of queries and rulebased constructs generated from that data. Fundamentally, the
system offers two types of interface, map-based and widgetbased. Map-based interfaces provide relative geographical
data, at the level of granularity chosen by the user, against the
three types of indicator. Users can drill down or up using
simple mouse clicks on the maps, or they can navigate using
menu systems if they prefer, particularly useful if they are
unfamiliar with the map layout. Figure 4 shows the map layout
for the whole country of Norway. Key features of the interface
are that it is:
§ Fully user-configurable, so the layout, colours and
data represented can be fully determined by the users

§
§

Designed responsively, so the interface can be
viewed on any device and will configure dynamically
to achieve the best representation on that device
Offered as a web service, so requires no specialist
software and can be viewed on any web browser

Fig 4: Dashboard Start Page - Business map + guest indicator
map + destination map
In contrast to the map-based interfaces, widget-based
interfaces are generated through the production rules engine,
and therefore represent specific data relationships that the
user, or system administrator, wishes to investigate or use to
categorise a particular relationship or business element.
Widgets are also subject to responsive design, to ensure that
they can be viewed and sized appropriately to different
devices, although layouts may vary between devices to
achieve optimal configurations. To avoid unnecessary clutter
on the screen, the administrator can set a threshold limit for
the number of widgets that can be supported, and by default
this is 9, reflecting the “7+/-2” rule from HCI research [50] to
avoid information overload. Figure 5 shows a widget-based
description of the city of Kongsberg in Buskerud, or at least
those elements of data about the city that the user thought to
be relevant to display.
In both styles of interface, data can be thresholded for
comparative purposes between different areas within the
region or on a time series basis in individual areas and/or
domains, to support balanced scorecard representation. This
permits services or businesses to quickly highlight areas of
change, where action may be required.
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Fig 5: Widget-based view of city of Kongsberg, based on
Business Indicator rules
B. Integrating with the Sakai VLE to support online
workplace learning model
As a normal component of the development of the system,
the Tourist Monitor application is fully documented, and that
documentation is provided within the system as online help
facilities to support users and administrators in their use of the
system. The documentation model is informed by the minimal
manual model proposed by Carroll [51]. The online help is
obviously context specific in that the user selection of help
relative to a particular component of the system will result in
help information relative to that component, however the goal
of the system is to provide far more specific context related
help. In fact, the dashboard links to an instance of the Sakai
virtual learning environment [52], offering context sensitive
help relative to the role and domain of the user, which then
links to online learning materials developed and provided by
the project partners and HSN, in turn linking to academic
credit-bearing learning outcomes that could lead to
qualifications by credit accumulation. This would allow
tourism and public service staff at all levels to become more
knowledgeable about the use of statistical information and
trend analysis to support their business plans and activities,
and then develop further to gain greater knowledge about their
domain and tourism and eventually achieve formal
qualifications, addressing the need identified by Betts &
Edgell [53]. Fundamentally, this model provides a direct
linkage between workplace training and learning needs,
identified directly against role and level for each user, and
blended learning materials developed specifically for online
workplace use. In developing these learning materials,
academic staff can map them to the relevant national skills and
competences frameworks, to enable employers and staff to
clearly identify learning needs and career progression routes.
Also, these will be mapped to national qualification
frameworks, so again both employers and staff can consider
progression through qualification. Utilising this model will
provide support for lifelong learning through online workplace
provision, and will enable greater partnership between
industry and academia. The current developments of micro

and nano degrees, and credit accumulation schemes, as part of
the “unbundling” of Higher Education, can also readily be
addressed in this model.
To support this, users are identified through the normal
user-id and password authentication mechanism, and a user
profile, developed on user registration, and then extended
through usage, is invoked. This enables the system to provide
context sensitive help as required, relative to that user’s role
and domain of work, as well as to the component of the
system they are using. From there the user will be able to
access online learning materials, specifically relevant to their
learning requirements, and their individual learning record.
The system will be extended to offer a direct learning
interface, and access to individual learning records, in the next
version. Obviously, this development is of particular interest
to HSN, since it offers a route to provide lifelong learning
support to a large sector of the industry and links in to the
formal qualification system they provide. Work in this area
has already been undertaken in agriculture in New Zealand
[54] and in tourism in Sweden [55], but the approach taken in
this project is novel, focusing on the development of the
dashboard as a virtual learning environment.
C. Relevance to STEM industries
Whilst the domain of operation described in the previous
sections is tourism, and therefore clearly not STEM, the issues
described and addressed are common. There is a need to
provide workplace based learning opportunities to upskill and
reskill staff, particularly in working with what, for them, are
new and complex technologies. In terms of time commitments
and loss of productivity there is a need to provide the learning
opportunities in the workplace, but to link to external sources
and particularly to certification and qualification frameworks.
In their LACCEI paper last year [41] the authors discussed the
difficulties of learning heavyweight collaborative processes,
particularly Distributed CCD [56], in a MOOC context.
However, using an integrated workplace-based learning model
would enable most of those difficulties to be overcome, and
thereby offer an added value to the online learning provision.
Since heavyweight collaborative processes are a significant
feature of much work in the STEM industries, this is another
strong argument for the development and deployment of an
integrated workplace learning model.
VI. DISCUSSION, CONCLUSIONS AND FUTURE WORK ON
WORKPLACE LEARNING IN ENGINEERING

Given the growth of technology and the predictions
around job automation, there is a growing need to be able to
rapidly reskill and upskill the workforce, particularly STEM
professionals, both now and in the future. Tertiary education,
as a sector, needs to consider how education can genuinely
support lifelong learning and to develop more effective and
efficient models to support workplace learning. Given the
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skills shortages identified earlier this demand is becoming
increasingly pressing as the strategy employed in some
sectors, such as the capability to poach staff, diminishes in the
face of the increasing demand.
Based on previous projects by the authors, there has been
significant resistance by both workforce and management
within the STEM industries to the concept of fully integrated
workplace learning. Both groups expressing a preference for
separate working and learning environments. However, given
the societal shift in the use of technology in the past 10+ years,
and the pace of change and learning that will be required as
we go forward, workplace learning will be required to ensure
greater efficiency and better outcomes. Not only is classroom
based learning inefficient for many reasons, for example due
to the time people have to take away from work resulting a
loss of workplace time and productivity, but unless the
learning is used immediately much of it is forgotten.
Integrating learning with workplace activity can provide
immediacy of learning at the point it is needed, and therefore
promotes retention of the knowledge and skills gained more
effectively. In order to support integrated workplace learning
we need to develop linked software systems, which pull
together management information systems, dashboards, and
learning environments. These should offer the drill-down
capability to follow a problem experienced in the workplace,
through to some appropriate learning materials, which can link
to further external learning materials if needed, as described
earlier.
In order for this new approach to be successfully
implemented, the following changes need to take place within
STEM workplaces:
1. Staff and management have to accept the need to
undertake learning within the workplace situation, which
is a cultural change.
2. Technology needs to be developed to ensure effective
integration between existing workplace tools, learning
environments and external sources, which is a technology
change.
3. Systems need to be developed to capture individual staff
expertise, to support managerial selection of staff against
projects, and to enable staff to develop their own skills,
which is both a technological and cultural change.
4. Work needs to be undertaken to consider the mapping
between identified skills within the workforce and skills
frameworks e.g. SFIA [32] and qualifications frameworks
such as EQF [44] in order to support worker mobility and
organisation selection and skills planning.
5. This work could be used to realise the aim of the
DECADE project [43] to develop an authenticated CV for
individuals that could be the basis of a future professional
certification and licensing for those areas of STEM that
do not currently offer this.
This work has sought to address the research question, “How
could the model of workforce education be changed to ensure

the supply of IT and engineering skills in the workforce keeps
up with demand?”, and the authors believe that the model we
have described in this paper enables us to answer that question
affirmatively. The model described in the Tourism Monitor
project is novel, and builds on many years of research in this
area, leveraging the benefits of the developments in
technology to overcome the drawbacks.
Most importantly, the authors believe that this approach
can meet the long-term goal of lifelong learning and ensure
that we will achieve the best results in terms of skilling our
professional STEM staff. It will also improve efficiency and
will therefore help to address the speed and diversity of
change with which we are currently faced, and which will,
from the evidence provided earlier, require increasingly
intense and more frequent learning.
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