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» Foreword

New technologies, demographic shifts, climate change, globalization and more recently the crisis such
as global health pandemic are causing major disruptions to the world of work. Against this backdrop, it
becomes ever more important to build an agile workforce capable of navigating the fast-changing labour
market through appropriate and timely skilling, reskilling and upskilling. The use of apprenticeship
models or dual training systems can be an effective solution in the context of the future of work, as it
bridges the gap between education and training system and the world of work.

Although apprenticeship is a centuries-old system which enable young persons to acquire skills related
to specific occupations, questions are increasingly being raised about its relevance for reskilling and
upskilling in the context of the future of work and lifelong learning.

The ILO has therefore launched a research project - Apprenticeship Development for Universal Lifelong
Learning and Training (ADULT)- which aims to generate new ideas and policy options to modernise
apprenticeship systems. The project is funded by the Government of Flanders. The research aims to
explore how apprenticeship systems are being modernised and transformed to promote and enable
lifelong learning and decent work for youth, adults, and older workers (both employed and unemployed).
The research also covers other forms of work-based learning options for students in VET institutes.

The research paper titled “Digital transformation of apprenticeship systems”has been produced by the ILO
as part of the ADULT project. It explores how digital technology can be used to improve the effectiveness,
inclusiveness, and efficiency of apprenticeships. It also highlights the ongoing and emerging innovative
practices in using digital and educational technology.

Ashwani Aggarwal Srinivas B. Reddy
Team Leader Chief
(WBL, Apprenticeships, RPL) Skills and Employability Branch

ILO, Geneva ILO, Geneva
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Executive Summary

This report examines the added value that digital technologies can provide to the design and delivery of
an apprenticeship program. To this end, a literature review, covering scientific and policy examples and
other informational materials, was conducted to understand how digital technologies can be applied
to enhance the implementation of an apprenticeship program. This report considers the International
Labour Organization’s (ILO) operationalization of the apprenticeship life cycle (ILO 2020). According to the
ILO, the implementation of an apprenticeship programme should be organized in four main stages and 17
sub-phases. The literature review focused on concrete cases of the applications of digital technologies in
the 17 operational sub-phases by presenting several evidence-based experiences of technology-enhanced
apprenticeship practices collected from different countries, fields and contexts.

In the first stage of developing apprenticeship programmes, two key digital transformation issues were
identified: the use of big data for enhancing job market analysis, and the development of a framework to
manage digital credentials enhanced by blockchain systems. Big data analytics can be used to map skills
by occupation (Boselli et al. 2018), to identify discrepancies or obsolete skills (Mezzanzanica et al. 2018), and
to conduct predictive analyses of the demand for new occupations and skills in quasi-real time. According
to a recent report from the European Training Foundation (Mezzanzanica and Mercorio 2019), the use of
big data for labour market analysis would be especially beneficial in developing and transitioning countries
to facilitate the matches between market demand and supply, to design apprenticeship paths to better fit
market expectations, and to compare internal labour markets against cross-border countries to facilitate
mobility. However, for these countries, a lack of access to administrative and statistical data and a poor
level of use of online job advertisements could challenge the reliability of the analysis.

Digital badges and credentials have the potential to promote a competence-based approach during the
development of an apprenticeship competence framework. This is particularly relevant when digital
badges are developed to be aligned with national frameworks (Konert et al. 2017). However, currently,
badge interoperability between different institutions still represents a huge barrier. Effort is required
at the national level in various countries to assess which credentials could be recognized or used within
apprenticeship programmes. To best exploit digital badges, credential systems for apprenticeship will
need to be based on national qualification systems, developed through coordination among different
stakeholders.

From a technical perspective, the credential systems can be further supported by blockchain technologies.
Blockchain could ensure an additional layer of verification of credentials to prevent or reduce fraud
(AkaChain 2020), since apprentices’ individual data, such as education and employment history, badges
and credentials are associated with a verified ID. Although blockchain technology is still in the early
stages, it has the potential to provide users with greater control over their personal data (Christ and
Helliar 2021), reducing costs related to apprentices’ data management (Grech and Camilleri 2017) and
certified paper-based credentials and diplomas (OECD 2021). Since certificates issued on the blockchain
can be automatically verified, educational organizations will no longer need to commit resources to this
task, significantly reducing their administrative load and practically eliminating the “after-sales support”
they need to provide to learners at the end of courses (Grech and Camilleri 2017).

Digital transformation can positively affect the preparation of quality training places, which is the second
stage of the apprenticeship life cycle. One of the biggest potential advantages that this report highlights
concerns the possibility to better connect all the actors involved in an apprenticeship programme through
dedicated digital platforms. The report has described a few platforms (for example, mobile applications



14 » Digital transformation of apprenticeship systems

and websites) that have already been adopted to support collaboration among technical and vocational
education and training (TVET) teachers, company tutors, trainers for intermediary bodies and apprentices
in both developed and developing countries. Although these platforms facilitate communication and
exchange, TVET teachers and company tutors need to have the required competences to orient the
interactions with each other, as they hold complementary roles, toward apprentices’ learning goals.
Providing the technology does not guarantee trust and learning exchange among the teachers and tutors.
Training everybody - apprentices as well as educators of all kinds - to be comfortable with these platforms
is a challenge, which must be overcome in order to benefit from the cross-fertilization between the on-
the-job and off-the-job components of learning (Caruso et al. 2020).

Enhancing the digital competences of TVET teachers and trainers as well as apprentices is a pivotal,
interrelated issue in the preparation of an apprenticeship programme. Digital competence is more than
mere technical skills; it includes a set of knowledge, attitudes and skills that allow the integration of digital
technologies critically and purposefully within a learning path. This report has mentioned a few national
and international digital competence frameworks for educators. However, the review could not identify
any specific framework for educators in various TVET and apprenticeship programmes. Future policy and
research would need to focus on a digital competence framework specific to TVET and apprenticeship
educators (Lucas et al. 2021; Cattaneo et al. 2022) by including, for instance, context-specific competences,
such as those related to using technology to enhance connectivity between apprenticeship learning
locations, such as school- and work-based tracks (Cattaneo, Gurtner and Felder 2021).

This report also describes a few innovative technologies that teachers and trainers will be required to
adopt more and more for apprenticeship training, which is stage three of the apprenticeship life cycle.
Extended reality (XR) solutions, such as augmented reality (AR), virtual reality (VR), 360-degree videos
and game-based simulations, could be used to better connect learning in formal and informal contexts.
Research shows that XR solutions are at least equal in effectiveness to other training methods, but provide
further positive effects related to motivation, engagement and increased interest, as well as the possibility
of providing training when danger or cost may make traditional training impossible (Kaplan et al. 2021).
XR technologies also have the potential to facilitate learning for apprentices with cognitive and physical
disabilities, supporting the development of functional skills such as wayfinding, numeracy, shopping,
literacy, emotional and physical competences (Baragash et al. 2020) and job-seeking behaviours.

When it comes to procedural learning, AR especially was found to save time and costs while reducing
error rates (Jetter et al. 2018). Some studies found that AR can be used by company tutors to insert
digital “annotations” within the physical workplace including virtual images, point-of-view videos, voice
recordings and 3D models. The advantage of this method is that it is possible to provide constant feedback
to an apprentice at the workplace, even when a company tutor cannot be physically present. Another
unique advantage of AR, as compared to other XR technologies, is that it provides the apprentice the
opportunity to manipulate physical objects in the workplace and thus, to execute real procedures, such as
mechanical assembly or maintenance (Palmarini et al. 2018). VR, on the other hand, provides apprentices
with the opportunity to learn within environments that are not accessible for several reasons: they are too
far (for example, for apprentices in rural areas), rare or dangerous (for instance, plane crashes’).

Despite their potential, there are still several limitations related to XR technologies that need to be
addressed. Adopting these technologies requires infrastructure (both hardware and software) and
human resources able to design VR and AR applications. Issues related to poor application design (such as,
response time, graphical issues, and user experience) have a negative effect on apprentices’ experiences
and consequently on their engagement and learning outcomes. Moreover, if these technologies are used
without a careful pedagogical rationale and design, they have no beneficial effect on learning processes.
However, these challenges can be overcome in different ways. First, projects that allow teachers and
trainers to create their own AR/VR experiences without requiring computer programming skills can be
promoted. Second, 360-degree videos allow the creation of immersive experiences without requiring any

" For more information, see this VR simulation of a plane crash.
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computer programming skills, which is one /
of the reasons why various studies have
reported this option as a cost-effective,
immersive technology for education
(Roche et al. 2021). To avoid development
costs, it is also possible to rely on already
developed AR/VR applications for training,
such as simulators for building an engine
in VR? or cooking simulators,® in addition
to partnering with research centres that
can provide competences and resources
to implement these technologies in
apprenticeship programmes.

Eventually, digital technologies can be adopted to ensure an effective transition from an apprenticeship
programme to future employment/educational opportunities and to assess the effectiveness of
the apprenticeship programmes, which is the stage four of the apprenticeship life cycle. Bots trained
through machine learning algorithms are currently in use in a few countries (for example, France) to
provide individualized counselling based on apprentices’ data (D'Silva et al. 2020). Chatbots could
potentially provide four levels of career advisory services: offering information and recommendations;
providing intervention in career development; augmenting career counsellors’ work; and providing career
counselling. Artificial intelligence can also be trained to provide individualized counselling by using the
same data collected from a labour market analysis based on big data (stage 1).

Technically, one of the key challenges in chatbot development is programming. The creation of a chatbot
involves the use of natural language processing, and a chatbot, as a dialogue system, should be able
to understand the content of the dialogue and identify users’ social and emotional needs during the
conversation. Chatbot systems are becoming increasingly effective at providing appropriate answers to
users. Despite this, it is advisable to use chatbots in combination with other forms of counselling provided
by human experts. Big data analysis methodologies can also be used to collect different kinds of data to
assess the effectiveness of an apprenticeship programme, from the more institutional level (educational
institution analytics) to the learners and trainers' level (learning analytics). Learning analytics and chatbots
willincreasingly be based on and driven by algorithms and machine learning. Therefore, decision makers
have to consider the risks that algorithms reinforce, maintain or even reshape stereotypes and biases,
for example, toward minorities and disadvantaged groups. One of the biggest challenges with chatbots
and artificial intelligence is in developing and being compliant with regulatory frameworks that ensure
accountability, transparency, and an ethical adoption of learning analytics (Prinsloo and Slade 2017).

This report shows that the digital transformation of apprenticeship ranges from socioeconomic
transformation to the inter- and intra-individual psychological experience of each apprentice and
trainer. At a broader level, apprenticeship programmes need to keep pace with Industry 4.0 - big data,
machine learning, artificial intelligence, robotics and the Internet of Things will continue to shape, to
different extents, workplaces and professional practices, providing, on the one hand, an opportunity for
sustainable growth and, on the other, risks related to privacy issues, digital colonialism, digital divides
and skills obsolescence. This report has also shown that digital technologies could be used to empower
communities through meaningful learning experiences, increasing access to knowledge and professional
experiences. Many of the good practices presented in this report were driven by individual institutions or
partnerships. In the future, coordinated national and international actions will be necessary to support
an ethical and empowering digital transformation of apprenticeship in developing countries. Putting the
right policies in place will therefore be critical to make apprenticeship programmes and workplaces more
sustainable and inclusive.

2 For more information, see the Wrench simulation homepage.

3 For more information, see the Cooking Simulator VR page on the Steam Store.
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Introduction

This report aims to address the complex and multifaceted issue of digital transformation in apprenticeship*
programmes. We will first provide an overview of Industry 4.0 as one of the main drivers for the digital
transformation of apprenticeships, accelerated by the spread of the coronavirus disease (COVID-19)
pandemic. We will then present several challenges related to the digital transformation of apprenticeships.
Despite these challenges, this report shows that digitalizing apprenticeship programmes could be a
worthwhile endeavour. We will try to demonstrate this by reviewing existing literature on how digital
technologies could be applied at the different stages of the apprenticeship life cycle (ILO 2017). Overall,
our review shows that digital technologies could enhance several traditional functions of apprenticeship
designing and delivering. However, policymakers need to critically consider and assess the risks brought
on by digital transformation, such as widening social inequalities, reducing people’s privacy and controlling
their personal data. Throughout this report, we will also present the risks related to specific applications
of digital technologies and viable solutions to reduce them at all stages of the apprenticeship life cycle.

1.1 Industry 4.0 and new skills requirements

The fast and never-ending digitalization of workplaces has had a huge impact on the design and
development of apprenticeship programmes. We are witnessing disruptive transformations brought
on by the introduction of Industry 4.0 technologies in almost all economic fields, from agriculture and
food industries to manufacturing and services, and in both developed and developing countries (Bogoviz
et al. 2019). There are many examples of this shift: smart sensors and drones in the fields of food and
agriculture are increasingly used by farmers to obtain real-time information on various parameters, such
as chlorophyll concentration, hygrometry, temperature, water potential, radiation or crop stages. Farmers
should be able to read and interpret this data to make better-informed and data-driven decisions, such
as the use of treatments and pesticides, while considering the consequences of their decisions on the
environment (Eyhorn et al. 2019).

The Agriculture 4.0 trend is particularly relevant for developing countries where the agricultural sector
often accounts for an important share of the economy (Diem 2020). Manufacturing systems have also been
greatly affected by the introduction of traditional and collaborative robots for automating production.
While the automotive industry is, historically, the sector with the highest adoption’s rate of traditional
robots, a growing adoption is also expected in metalworking, plastics and waste management (Bellezza
et al. 2018). Due to the lower costs and higher return of investments, collaborative robots are expected to
be increasingly adopted by small and medium enterprises (SMEs) as well as in developing countries (Calitz
et al. 2017). A recent survey showed that the Internet of Things and other kinds of person-to-machine
networked solutions are likely to have a strong impact not only on the manufacturing and automotive
sectors, but also on the agriculture, health, consumer, financial and engineering sectors (World Economic
Forum 2020).

Dealing with these kinds of disruptive transformations requires considering not only the tangible
elements of an apprenticeship program (such as new technological systems and infrastructure) but
also the intangible elements, such as professional practices and literacy (including competences and
specific skills). The adoption of different Industry 4.0 technologies also comes with a new division of
labour, where workers are expected to shift their working day from routine and automatable tasks to

4 An apprenticeships is defined as systematic long-term training for a recognized occupation that takes place substantially within an
undertaking or under an independent craftsman should be governed by a written contract of apprenticeship and be subject to established
standards (ILO 2017).
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tasks that are complementary to machines (Spitz-Oener 2006; Autor and Handel 2013). If the human tasks
become increasingly complex and demanding, the employment prospects for workers lacking certain
skills may decrease (Frey and Osborne 2017). Therefore, apprenticeship programmes should emphasize
the development of necessary competences to face these changes, including digital competences (such
as computational thinking and digital literacy), as well as transversal and core skills, such as learning
how to learn (unlearn and relearn), critical and creative thinking, agility and problem solving (Prifti et al.
2017; Weber et al. 2019). Apprentices can develop these skills within apprenticeship programmes with a
digital transformation strategy shared between different learning locations, in the classroom and at the
workplace. Of course, this requires some prerequisites to be put into action. Therefore, in the next section,
we briefly introduce some of the reasons why the digital transformation of apprenticeship programmes
could be challenging.

» 1.2 Barriers to the digital transformation of
apprenticeships

Together with Industry 4.0, the COVID-19 pandemic has recently been a driver for the digital transformation
of workplaces and apprenticeships. Technical and vocational education and training (TVET) institutions and
companies have suddenly realized that they are not sufficiently prepared to provide decent, fully remote
learning and working opportunities to apprentices. CEDEFOP (2020b) reported that in many countries,
at least the theoretical part of apprenticeship programmes was taught through 100 per cent online
solutions. However, the work-based learning component of the apprenticeship was strongly disrupted.
This learning is usually based on training in procedural competences, which are particularly difficult to
teach without manipulating tools, materials and equipment at school or in the workplace (ILO 2021). In
many cases, apprentices were not only unable to attend TVET school because of school closure policies,
but they also did not have the chance to access the workplace because non-essential businesses were
closed. Consequently, companies were unable to offer or maintain apprenticeship training (OECD 2020).

The closure of TVET schools and companies is only the epiphenomenon of why the shift to online learning
during the COVID-19 lockdowns specifically, and the digital transformation of apprenticeships more
generally, is challenging. Behind this specific case, the larger issue in the background concerns the lack
of adequate infrastructure (including poor or no internet connections, not having a personal device on
which to attend online lessons, or a lack of digital skills) and the unequal distribution of a sound and
performing digital infrastructure worldwide. According to the International Telecommunication Union
(2020), the percentage of households with internet access in developed countries is between 81 per cent
(rural areas) and 87 per cent (urban areas) against 28 per cent (rural areas) and 65 per cent (urban areas)
in developing countries. The COVID-19 crisis made existing inequalities even more evident in terms of
tangible and intangible digital resources in both developed and developing countries.

Previously, data® from the Programme for International Student Assessment (PISA) run by the Organisation
for Economic Co-operation and Development (OECD) showed very large gaps across socioeconomic
groups in the computer access that learners can use to attend lessons or study from home. Virtually
every 15-year-old person in a socioeconomically advantaged school in the United States has a computer
at home, but only three out of four students in disadvantaged schools have one. In Mexico, 94 per cent of
15-year-olds from privileged backgrounds have an internet connection in their homes compared to just
29 per cent of those from disadvantaged backgrounds.

5 For more information, see the PISA 2018 database.
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Moreover, even in cases where access to infrastructure is available, apprentices from disadvantaged
socioeconomic backgrounds did not have adequate spaces at home for learning and or receive adequate
support from their families (including sometimes having to share devices with family members). The
COVID-19 crisis has dramatically confirmed that the unequal distribution of infrastructure and hardware
is no longer acceptable as these are essential preconditions for accessing and participating in education
and training in both the workplace and broader society. Although issues related to infrastructure and
digital skills have been particularly serious in developing countries during the pandemic, similar challenges
were reported also in developed countries (Delcker and Ifenthaler 2021). If this general situation were not
enough, evidence confirms that vulnerable groups, who are often served by the TVET system, were the
most affected by issues related to the digital divide during the pandemic.

The lack of access to technology and of resources has been a barrier to the digital transformation of
apprenticeship programmes prior to the COVID-19 pandemic as well (Sicilia 2005). Having said that, good
infrastructure is a necessary but not sufficient condition for the digital transformation of apprenticeship
providers.

As with equipment and technology, strategy and leadership can facilitate, or challenge, the digital
transformation of apprenticeship providers (Ifenthaler and Egloffstein 2020). Research shows that when
TVET schools foster an open debate around the integration of digital technologies into training practices,
TVET teachers perceive digital technologies as an opportunity to improve apprentices’ learning outcomes.
However, this is not always the case, especially when the digital transformation strategy is based on
authority or bureaucratic influence (Navaridas-Nalda et al. 2020).

In the context of apprenticeship, the absence of a shared vision or strategy between TVET schools and
companies could be a barrier to an effective digital transformation. This concept has been defined as
“school-workplace connectivity” (Stenstrém and Tynjala 2009), which can be supported by the following
factors: the degree of coordination and collaboration between the various bodies involved in the TVET
system at the macro-institutional level; the quality of TVET curricula in relation to the new demands of the
labour market (including digital competences); the development of integrative pedagogical approaches;
and the ability of teachers and trainers to guide and support apprentices effectively (Sappa and Aprea
2014).

Even with infrastructure and an established strategy, digital transformation eventually needs to be
enacted by each actor of the system (including, apprentices, TVET teachers and company and inter-
company trainers®). Without the active participation of these stakeholders, the digital transformation
of apprenticeships cannot take place (Cattaneo, Gurtner and Felder 2021). There are different reasons
why trainers and apprentices could be more or less ready to use technology in training and learning.
Trainers’ beliefs, personal values and attitudes appear to be strong contributing factors in their efforts
to use technology, even when they work with a limited amount of resources or time (Ertmer et al. 2006;
Ottenbreit-Leftwich et al. 2010; Tondeur et al. 2017; Lucas et al. 2021). The digital transformation of
apprenticeships requires teachers and trainers to develop an open and analytical attitude toward the use
of digital technologies, which does not mean being acritical or techno-optimistic (Tomczyk et al. 2021),
but rather able to assess when digital technologies could be adopted (or not) to pursue specific learning
objectives.

Tsai and Chai (2012) suggested that teachers struggle when they try to creatively restructure the
learning environment using digital technologies. Literature shows that trainers who are beginning to
use technology to support their training tend to use it to replace previous practices by transferring an

6 Company trainers are individuals responsible for imparting practical training to apprentices and for introducing them into their work
during the on-the-job part of their training. TVET teachers are employees of TVET schools, and they are responsible for planning, organizing
and delivering off-the-job and theory-oriented training. In some TVET systems (such as in Germany and Switzerland) inter-company trainers
provide complementary TVET, also offering advanced training and continuing education as well as occupational guidance and preparation
(CEDEFOP 2020a).
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existing pedagogical practice into a newer medium with no functional improvement (Kimmons et al.
2020). The lack of instructional design is related to the low levels of digital competence in trainers, which
can be defined as a set of knowledge, skills and attitudes necessary to adopt digital technologies for
educational purposes (Redecker and Punie 2017). In a meta-analysis, Bingimlas (2009) reported the lack of
confidence, competence and access to resources as major obstacles in the use of technology in teaching
and learning environments. A low level of technological knowledge and confidence makes educators
anxious about using technology with their apprentices, and these factors influence educators’ motivations
to use technology.

Not only with respect to trainers, but factors related to apprentices can also be barriers to digital
transformation. According to the Survey of Adult Skills (2015), carried out within the OECD’s Programme
for the International Assessment of Adult Competencies (PIAAC) across OECD countries, on average,
approximately 80 per cent of young TVET graduates can at least solve basic problems using information
and communications technology (ICT). This percentage is lower than the share of young adults with a
general educational qualification (at the same level) as well as those with tertiary educational qualifications
who participated in the PIAAC survey.

Interestingly, in the Unites States and Japan, TVET graduates perform significantly better than graduates
from general education programmes at PIAAC problem-solving tasks using ICT. In Chile, Poland and
Lithuania, only approximately 60 per cent of young TVET graduates went beyond the basic level of digital
competency. Again, the differences in the levels of internet access and available infrastructure can explain
part of the variation in adult digital competence levels across countries (Kuhlemeier and Hemker 2007;
Zhong 2011).
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Despite the general challenges discussed in the previous chapter, this report shows that the digital
transformation of apprenticeships can be a worthwhile endeavour in the implementation of apprenticeship
programmes.

Specifically, this report focusses on the added value that digital technologies can provide to the design and
delivery of an apprenticeship program. To achieve this aim, a literature review was conducted, including
scientific and policy examples and other informational materials with the aim to answer the following
research question:

How can digital technologies be applied to enhance the implementation of an apprenticeship program?

To answer this question, the authors considered the International Labour Organization’s (ILO)
operationalization of the apprenticeship life cycle (ILO 2020a). We chose to adopt the apprenticeship life
cycle as a framework mainly because of the following two reasons:

Presenting evidence: The life cycle provides a set of concrete phases that can be linked to technology-
enhanced practices. Thus, it provides clear guidelines for researching and presenting technological
solutions and practices to ensure and improve the quality at each sub-phase of the apprenticeship life
cycle;

Informing policymakers and future research: The emergence of innovative practices in each sub-
phase of the quality apprenticeship life cycle are useful to not only practitioners. National laws,
policies and systems could also identify effective strategies to adopt at a more systemic level.

According to the ILO, the implementation of an apprenticeship programme should be organized into
four main stages and 17 sub-phases (see table 1 in the next chapter for more details). The development
of programmes is undertaken in stage 1, preceding, or sometimes carried out simultaneously with,
stage 2, the preparation of training places. Once the required preparations are in place, apprenticeship
programmes can be organized and delivered in stage 3. After completing the programmes, stage 4, each
apprentice’s subsequent transition into employment or further education and training becomes one
of the elements in the evaluation process. Although the apprenticeship life cycle is mainly devoted to
practitioners (those involved in implementing apprenticeship programmes), the programme’s evaluation
informs the development or revision of national laws, policies and systems, which, in turn, brings about
improvements to the four stages of the quality apprenticeship life cycle (see figure 1).

4 An apprenticeships is defined as systematic long-term training for a recognized occupation that takes place substantially within an
undertaking or under an independent craftsman should be governed by a written contract of apprenticeship and be subject to established
standards (ILO 2017).
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Figure 1 The quality apprenticeship life cycle
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Therefore, the literature review focused on concrete cases and applications of digital technologies in the
17 operational sub-phases. We will first present a summary of our results and then go through each of the
digital applications/practices identified without neglecting their risks and drawbacks. Whenever possible,
for each digital application/practice, we will also show the possible implications for the six quality pillars of
an apprenticeship system (ILO 2017): 1) a meaningful social dialogue; 2) a robust regulatory framework;

3) clear roles and responsibilities; 4) equitable funding arrangements; 5) labour market relevance; and 6)
inclusiveness.
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Integrating technology in
the apprenticeship life cycle

The results of our literature review are summarized in table 1, which presents illustrative examples of digital
technologies and/or practices that can be adopted to enhance a specific sub-phase of the apprenticeship
life cycle. The association between the digital technologies presented and the sub-phases should not be
interpreted as definitive (a specific digital technology could be also adopted to enhance other sub-phases
of the apprenticeship life cycle) nor exhaustive (the examples have only an illustrative aim). However, in
this report we will try to avoid redundancy and present a specific digital technology/practice in only one
or two sub-phases at most.

In the next sections, we will describe the different technologies we propose to enhance and transform
all the stages and processes/sub-phases of the ILO apprenticeship life cycle in greater detail, as well as
demonstrate their connection with the building blocks of quality apprenticeship systems.

Table 1. Examples of digital technologies and practices related to the 17 sub-phases of the

apprenticeship life cycle

Stages of the
apprenticeship life cycle

Stage 1: Developing a
quality apprenticeship
program

Stage 2: Preparing quality
training places

Processes/sub-phases

Establishing an institutional framework
for social dialogue

Identifying skills needs in sectors and
occupations

Developing occupational profiles and
curricula based on skills needs
assessment

Providing instructional and learning
materials

Engaging and registering enterprises to
provide apprenticeship training

Formulating apprenticeship agreements

Building partnership in apprenticeships
programmes

Ensuring the capacity of TVET providers
to provide the off-the-job component of
apprenticeships

Preparing staff to train and mentor
apprentices

Illustrative examples of digital
technologies and practices related
to the sub-phase

Social media and online forums
(section 3.1.1)

Big data and artificial intelligence (AI)
(section 3.1.2)

Digital open badge (section 3.1.3)

Open educational resources (OERs),
open educational practices (OEPs)
(section 3.1.4), and

learning management systems (LMSs)
(section 3.1.4.1)

Online portal (section 3.2.1)

E-signature and digital signature
(section 3.2.2)

Platforms to interconnect workplace
and TVET schools (section 3.2.3)

Massive open online courses (MOOCs)
(section 3.2.4)

Digital skills framework and digital
animator profiles (section 3.2.5)
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Illustrative examples of digital
Processes/sub-phases technologies and practices related
to the sub-phase

Stages of the
apprenticeship life cycle

Stage 3: Organizing 1. Attracting candidates to join Video-based technologies (section
apprenticeship training apprenticeship trainings 3.3.1)
2. Recruiting apprentices Job boards, Al and blockchain (section
3.3.2)
3. Developing a training plan Project management and productivity

tools (section 3.3.3)

4. Effective training delivery methods Pedagogical models (3.3.4) for an
effective adoption of augmented
reality (AR) (section 3.3.4.1), annotation
tools (section 3.3.4.2), and virtual
reality (VR) (section 3.3.4.3)

5. Monitoring, assessment and E-portfolio and game-based
certification assessments (section 3.3.5)
6. Social inclusion Assistive technologies (section 3.3.6)
Stage 4: Post training 1. Transition to the labour market or into Social media, job placement services
transitions and evaluation further education and training and virtual assistant chatbots based on
Al
(section 3.4.1)
2. Evaluation of quality apprenticeship Learning analytics
programmes (section 3.4.2)

Source: ILO (2020a).

» 3.1 Stage 1: Developing a quality apprenticeship
program

Developing an apprenticeship programme is the first stage of the apprenticeship life cycle. At this stage,
practitioners should closely align the programme with both labour market demands and the country’s
qualification system. As shown in table 1, the first stage can be divided into four main processes: 1)
establishing an institutional framework for social dialogue; 2) identifying skills needs in sectors and
occupations; 3) developing occupational profiles and curricula based on a skill needs assessment; and
4) providing instructional and learning materials. In the following sections, it will be demonstrated how
digital technologies can be used to enhance the effectiveness and efficiency of these four main processes.

3.1.1 Supporting social dialogue among apprenticeship
stakeholders: Social media and online forums
Meaningful social dialogue is one of the six building blocks of quality apprenticeship systems (ILO 2017).

Digital technologies could facilitate engagement among social partners within a wider network of
stakeholders at the international, national, sectoral and local levels.
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Online services such as websites, digital media engagement and social media platforms can be adopted
to engage stakeholders who are geographically dispersed at the international and national levels
through the development of online communities (see box 1). Online communities enable members with
common interests or goals to collaborate and interact virtually. Online community platforms can facilitate
interactions among individuals as well as community building through different kinds of functionalities,
from rating systems for assessing and tracking ideas to monitoring decision-making processes (Barrett
et al. 2016). While offering opportunities for social dialogue, online community management may also
prove challenging, especially in terms of guaranteeing sustainable collaborations over time. The success
or failure of an online community depends, in part, on an organization’s commitment to sustained
organizational and financial support for dedicated community management. To build a thriving online
community, organizations must ensure they have political and organizational commitment and the
financial and human resources to not only to start an online community but also support its growth and
evolution throughout its life cycle. Before deciding whether to start an online community, decision-makers
should investigate whether their proposed community differs from existing ones, and whether it makes
more sense to seek collaborative opportunities with an established community instead (Young 2013).

Box 1. Support for social dialogue among apprenticeship stakeholders through social media
and online forums

The European Alliance for Apprenticeship established a group on the social media platform LinkedIn
administered by the European Commission Directorate-General for Employment, Social Affairs
and Inclusion.” The group includes governmental representatives, TVET providers, apprenticeship
providers and other apprenticeships experts.

The Platform of Expertise in Vocational Education (Plateforme d’expertise en formation
professionnelle, PEFOP?) offered space for a forum® aiming to support networking and exchanges
between TVET and apprenticeship actors in Africa. The forum offers a directory of members to
encourage direct exchanges and the development of collaborative activities between actors.

Skillsnet is a networking and information platform that brings together players in Swiss apprenticeship
programmes and reshapes their cooperation and exchange. Skillsnet was created to ensure a transfer
of experience and knowledge and encourage networking among apprenticeship stakeholders. One
of the goals of Skillsnet is to optimize the interaction between the three training locations in the Swiss
context (the TVET school, the workplace and inter-company courses).

3.1.2 Using big data to identify and anticipate skills
needs in various sectors and occupations

Skills assessment and anticipation exercises are often undertaken to assess current and future skills needs
to enable countries to respond effectively to changes and imbalances in the labour market (ILO 2015; OECD
2016). Policymakers need faster and more detailed information on skills to monitor and quickly respond to
challenges created by economic and societal megatrends, such as Industry 4.0 and the transition towards
more sustainable economies. Data sources available online can be exploited almost in real time and have
the potential to improve policymakers’ understanding of the trends in both skills demand and supply. Big
data analysis can support the forecasting of which skills are needed to reduce the skills gaps by detailing
and adapting skills anticipation (CEDEFOP et al. 2021).

7 For more information, see EAfA - European Alliance for Apprenticeships on LinkedIn.
8 For more information, see the Plateforme d’expertise en formation professionnelle website.

9 For more information, see the Forum for TVET page on the PEFOP website.
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There are different online data sources that can be used to complement the traditional methods used to
identify and anticipate skills needs (see table 2) including:

» online job advertisements as a source to identify skills demand;
» online CVs shared in job portals and social media profiles as sources to identify skills supply;
» electronic patent and scientific paper repositories as sources to anticipate future skills demand;

» education and training programmes and curricula as sources to predict future skills supply.

Table 2. Big data sources for analyses of skills needs

Skills demand Skills supply

Current Online job advertisements; Online CVs;
social media profiles

Future Electronic patent; Education and training programmes
scientific paper repositories; and curricula

Source: Authors’ analysis

These sources usually offer complementary information (see figure 2), which allows the detection of
mismatches between skills demand and supply. Analysing the content of apprenticeship programmes
and their expected outcomes, such as programme descriptions, curricula, learning outcomes/skills and
qualifications, can provide insights into gaps between education and training provisions and employers’
skills needs. Electronic patents and scientific paper repositories can be analysed to better understand the
skills needs arising from the spread and adoption of Industry 4.0 technologies. The results of this analysis
can possibly be used to develop training programmes aimed at reducing the existing skills gap (see box 2).

Box 2. Using big data analysis to identify training opportunities to bridge the gap between skills
demand and supply

The Flemish public employment service uses text analytics on online job advertisements and CVs to
match open positions to jobseekers and identify training opportunities that bridge the gap between
jobseekers’ skills and employers’ demands. The Competent database,’® which was developed
with social partners, is used as the main tool to link qualifications and work experience to skills
requirements. This approach has also been successfully implemented in Malta.

It should be noted that all these data sources were not primarily designed for labour market and skills
analysis. These massive, unstructured data pose various challenges for analysis, and they require
processing through comprehensive and robust systems before being analysed. Developing such systems
is a complicated and resource-intensive endeavour, but it can pay off in the long run since it provides real-
time and detailed information on skills needs.

10 For more information, see the Competent Database page on the CEDEFOP website.
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Figure 2. Complementary information typically contained in online CVs and job
advertisements
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Source: CEDEFOP et al. (2021).

Automatic content analysis of online job advertisements, usually supported by natural language
processing techniques, presents different advantages (Rios et al. 2020; Yazdanian et al. 2020). Since job
advertisements usually require describing the required skills in a limited number of words, employers
are likely to select the skills that are most desirable and difficult to find in the applicant pool (Burning
Glass Technologies 2015). The key skills desired can be easily linked to specific positions, fields, minimum
education requirements and any other information introduced in a job advertisement. Moreover, trends
analysis can be undertaken because data can be collected frequently.

However, there are also other possible methodological limitations that need to be addressed. Since
employers’ needs evolve rapidly, the results of an automatic content analysis can only be valid in a short-
term perspective (Gardiner et al. 2018). The only ways to overcome this limitation are to reproduce this
process frequently, which can be expensive, or to apply more evolved machine learning techniques to the
process of content analysis that still require development and testing (Yazdanian et al. 2020).

The share of vacancies published online in the European Union (EU) ranges from under 50 per cent to
almost 100 per cent, with some countries reporting annual growth rates in online job markets of over 10
per cent (ILO 2020b). Carnevale et al. (2014) estimated that between 60 and 70 per cent of job openings
in the United States were posted on the internet, although these job advertisements were biased toward
industries and occupations that seek high-skilled, white collar workers. In low-income countries, such
biases can be more challenging to overcome. Higher informal employment and a less-developed digital
infrastructure means that online recruitment covers only a small part of the job market, particularly
urban, formal and white collar jobs (Hiranrat and Harncharnchai 2018). Another challenge is related to
the completeness of the information included in the online job advertisement, since the skills listed in a
vacancy notice do not necessarily reflect the full job profile. For these reasons, big data from online job
search platforms can be used only to complement traditional labour market analyses (see box 3).
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Box 3. Complementing big data with traditional labour market analyses

The United Nations Educational, Scientific and Cultural Organization (UNESCO) uses labour market
data to identify and anticipate trends to inform Member States about the future of skills supply
and demand in the labour market within the framework of its TVET strategy. It also supports the
development of data-backed policies and programmes, demonstrating a potential for combining
traditional labour market analyses with big data from online job search platforms.

In Malawi™ and Myanmar,'> UNESCO mined data from local job portals, and job titles were mapped
using JobKred’s taxonomy.” The frequency of mapped job titles was used as an indicator of employer
demand in the labour market. Subsequently, job descriptions were processed by JobKred's predictive
engine to identify relevant skills. UNESCO plans to use big data from job portals to support evidence-
based TVET policies for the Youth Employment in the Mediterranean project. A partnership with
McKinsey & Company to test the power of advanced analytics in education is in place in Malawi and
Myanmar. UNESCO recommends that governments and stakeholders ensure the ethical, transparent
and auditable use of data, while being cognizant of the dilemmas of balancing open access to data
and data privacy protection. The agency advocates being mindful of the legal issues and ethical risks
related to data ownership, data privacy and public data availability (UNESCO 2019a).

At this stage of technological development, big data analysis has to be used cautiously by generating
evidence that complements other types of skills intelligence, such as skills forecasts, analyses based
on surveys and administrative data. Big data analysis is not possible without a human contribution in
collection, analysis, validation and interpretation. It is the combination of artificial and human intelligence
that will be central to developing big data’s role in shaping effective TVET and skills policies in the coming
years. This will require new skills for job analyst experts, such as a set of Al literacy skills required for
effective human-machine collaboration.

Deciding to adopt Al-based solutions demands the serious consideration of possible ethical issues.
Machine intelligence learns primarily from observing data that it is presented with. While a machine’s
ability to process large volumes of data may address this in part, it is true that if that data is laden with
stereotypical concepts of gender, race and class, the resulting application of technology will perpetuate
these biases (Leavy 2018). Being aware that ideology is embedded in language will help prevent the
generation of biased algorithms in machine learning approaches to texts, including job advertisements.

3.1.3 Digital badges for competence

In many countries, apprenticeship programmes are based on competence-based qualification
requirements, and digital open badges can be used to promote competence-based qualifications
(Brauer et al. 2018). Digital badges are defined by SURFnet as “digital pictograms or logos that can be
shared across the web to show the accomplishment of certain skills and knowledge” (SURFnet 2016).
The skills and experience to which they attest are highly variable and range from general to specialized
skills and knowledge, and from cognitive to non-cognitive skills (Kato et al. 2020). Previous experience
shows that digital badges could be designed to be aligned with cross-national competency frameworks,
such as the European Skills Framework (Konert et al. 2017). Digital badges can also be used in different
ways in an apprenticeship program including: 1) To recognize competences acquired before or during

11 For more information, see TEVET policy review: Malawi.
12 For more information, see TVET system review: Myanmar.

13 For more information, see the JobKred website, https://www.jobkred.com/.
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an apprenticeship programme through external courses or other informal learning experiences; and 2)
to recognize competences acquired within an apprenticeship programme (at school or the workplace).
Besides the advantage of recognizing learning in multiple and diverse locations and environments, open
badges could support apprentices’ motivations through reward mechanisms and/or attention since they
can be used to track a trajectory through a curriculum (Jovanovic and Devedzic 2014).

Digital badges are considered important tools in ensuring that progress made outside a formal
apprenticeship programme (for example, through online courses or direct practice) can be appropriately
rewarded with qualifications in a timely and effective manner (OECD 2020). Apprenticeship providers can
decide to recognize and embed professional digital badges delivered by externally recognized institutions
(see Box 4) or national authorities to acknowledge the development of core, digital and entrepreneurial
skills acquired by apprentices before or during an apprenticeship programme (Zanville et al. 2017).
Individual apprenticeship providers might enable apprentices to take short courses leading to badges
that are not part of their actual apprenticeship programme, but which augment their skills.

Box 4. Online badge providers

Large firms, particularly technology firms, have been providing the opportunity to earn digital badges
after completion of an online programme to the wider public. Amazon, Cisco, Google, Microsoft and
other technology companies actively provide digital badge programmes focusing on information
technology, particularly in emerging technology areas, including Al and cybersecurity.

In 2019, LinkedIn announced the launch of a skills assessment tool that validates LinkedIn users’
skills and knowledge by issuing digital badges, creating an integrated suite of products - training
assessment, badging and dissemination - on their platform.

SkillCheck is a tool created by Unionlearn in the United Kingdom for unions to use to deliver learning
in the workplace. The tool contains learning themes for badges designed to help engage learners,
providing a way for both an initial assessment and to encourage further learning. Specific badges for
apprentices have been developed, which also include ICT skills, everyday finances, and green skills
and environmental awareness.'

Digital badges can be also acknowledged within an apprenticeship programme itself, for instance, by a
company that provides on-the-job training. In some cases, companies rely on an internal badge system
for their employees, which can also be beneficial for apprentices (see box 5). A less expensive solution for
companies could be to rely on an open-source LMS to manage their badge programmes, such as Moodle
or WordPress (see section 3.1.4.1). On Moodle, a badge can be awarded by completing either a single
course or a curriculum of courses, or by completing individual activities or tasks within a course (Abernour
2016). A limitation of this kind of badge concerns the definition of what has been recognized with a specific
badge and the terminology used to express that. This is especially the case with transversal and core
skills (for example, creativity and teamwork), which could be interpreted in different ways by different
individuals/organizations, leading to the issuing of badges based on divergent understandings of what
these skills mean and how they should be measured. In other words, there is a need for consistency in the
definition of knowledge, skills or competences that a badge stands to represent.

14 For more information, see the Apprenticeship Badge page on the Unionlearn website.



Box 5. Badge systems built internally by enterprises

The National Health Service (NHS) in the United Kingdom ran the Open Badge pilot programmes
in two of their regional organizations. NHS employers shared informal and formal learning activity
data, as well as reflective statements, in an XAPI'® Learning Record Store. To achieve a badge award,
employers had to undertake a formal learning course and be part of a reflective practice.

In 2015, IBM launched a badge programme to offer a means of verified proof of achievement, seeing
value in the accompanying metadata that describes the rigorous process required to achieve a
qualification. The programme has four badge types:

1. the explorer badge, for the early stages of knowledge and skills acquisition;
2. the edvocate badge, for higher levels of proficiency in a specific area of interest;

3. the certified badge, for participants who have achieved formal certification through proctored
exams;

4. the inventor badge, for those who can prove their ability to design and implement complex
technology solutions and applications (IBM 2015).

IBM also acknowledges specific badges available only to apprenticeship employees.’®

However, these issues can be limited by developing badge systems coordinated at the national level with
the cooperation of employers’ associations or trade unions (see box 6). This latest possibility guarantees
a higher comparability of badge certification across programmes nationally or internationally (Finkelstein
et al. 2013). In the future, digital badges would need to fit into national qualifications systems to formally
count as part of an apprenticeship. Currently, we are still in the early stages of this development.”

15 For more information, see the Learning Record Store on the xAPI website.
16 For more information, see the Badges: IBM Apprenticeship Program page on the IBM website.

17 For more information, see The role of micro-credentials in facilitating learning for employment.
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Box 6. Badge systems developed by employers’ associations

The Manufacturing Institute in the United States built the National Manufacturing Badge System,®
recognizing the wide range of skills, competencies, capacities, qualities and achievements that
students and workers need to be successful in today’s advanced manufacturing workplace, which
they can acquire through their participation in a few world-class youth and worker development
organizations partnered with the institute. The National Manufacturing Badge System and the badges
it supports will supplement formal learning requirements and pathways and will give individuals an
additional platform (based online) to instantly convey to employers what they know and what skills
and experiences they bring to the table.

Besides the stated benefits, there are also certain concerns regarding open badges. First, apprentices
might focus on accumulating badges rather than on learning the associated activities or materials. One
approach could be to design not only badges aimed at recognizing achievements, but also badges that
award earners certain roles associated with both privileges and responsibilities in the learning community
(for example, becoming moderators, facilitators or editors). While the former kind of badge only assesses
learning goals, the latter become “means” for further learning (P&ldoja 2009).

Second, there is the issue of understanding what badges say about a learner, especially when many kinds
of badges are integrated into a person’s competence profile. One approach to overcome this problem
is to provide apprentices with tools that would allow them to easily develop custom (or context-specific)
competence profiles through the curation of their badges.

Athird major issue concerns badge interoperability, which means that a badge acquired from an institution
should be acknowledged by other institutions. To this end, blockchain technologies could provide some
solutions (see section 3.3.2).

3.1.4 Instructional material for teachers and trainers: OERs and practices

Teachers and trainers need instructional materials and tools to improve the effectiveness of the learning
process, cater to the special needs of learners, and increase outreach to learners in remote areas and to
those with learning disabilities.

Traditional instructional materials, such as printed textbooks, are to a large extent restricted by copyright.
However, in the current digital age, the sharing of information has become easier and more convenient
while incurring almost no additional costs.

This opportunity was particularly evident during the pandemic, when trainers and teachers were invited
to search, adapt and reuse existing OERs available in national and international repositories to overcome
time limitations in preparing online learning content (Huang et al. 2020). OERs are learning, teaching and
research materials in any format or medium that reside in the public domain or are under a copyright that
has been released under an open license that permits no-cost access, use, reuse, repurposing, adaptation
and redistribution by others (UNESCO 2019b). OERs not only comprise individual course components
(for example, open textbooks, lecture notes, assignments and videos) but also a whole course, a content
management software, authoring tools and implementation resources such as standards and licensing
tools for publishing digital resources (Poce et al. 2020).

18 For more information, see Manufacturing Institute: Badges for Informal Learning and Experiences (dmlcompetition.net).
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The concept of “openness” includes social R
and technical features (Tuomi 2013): the i :
social feature concerns the freedom to use, il \T
contribute and share resources. Constraints to
the social domain include copyright, the price
of access and accessibility issues. Regarding
the copyright challenge, the Creative Commons
(CQ) license is the best-known and most used
open license currently and offers several
sharing options. In this context, openness
also means accessibility, which can depend P
on individual capabilities; for example, course @ > g@&
content may be freely available in a language

the user does not understand, or the user may Q%
have a disability that precludes them using the W Loy Tl
content.

Even before the pandemic, OERs were promoted worldwide because they have the potential to:

» Enhance collaboration and networking, fostering a sharing culture and respect for various cultures
and beliefs (Tappeiner et al. 2019).

> Ensure that learners with diverse needs and preferences (for example, learners with disabilities) have
equal opportunities in accessing learning resources, services and experiences in general (Zhang et al.
2020).

> Help teachers and trainers save time while preparing learning materials (Blackall and Hegarty 2011)
and benefit from content developed by peer-teachers.

> Achieve learning outcomes comparable to studying traditional textbooks (Hilton 2016).
» Empower learners as co-producers on their lifelong learning paths (Ehlers 2011).

Schuwer and Janssen (2018) reported an uneven pattern of OER projects and programmes in TVET and
apprenticeships on a global scale in their literature review. According to the authors, a lack of knowledge,
skills and competence regarding OERs constrain the ability of trainers and teachers to adopt and use OER
to improve their pedagogical practices and learning outcomes for their apprentices. Key skills for OER
adoption by teachers and trainers include the following (Redecker and Punie 2017; Ehlers et al. 2018):

1. searching and selecting (for example, using specific OER repositories, see box 7);
2. creating, adapting and modifying;
3. managing, protecting and sharing (for example, selecting the proper CC license).

Many of these skills do not seem to be well developed in teachers. Preliminary findings from an OECD
survey on OERs showed a low awareness regarding the importance of using open licenses among teachers
and researchers producing learning resources and few initiatives from institutions to accommodate this
deficiency (Hylén 2021). Since many OER repositories allow any user to create an account and post material,
some resources may not be relevant and/or accurate, and for this reason the ability to search for and select
high-quality OERs is critical for teachers.



Box 7. OER repositories for TVET and apprenticeship programmes

The TVET Academy™ offers vocational training materials for disadvantaged youth in developing
countries, primarily through OERs, which can be used by both trainers and learners. A download
function provides the option to use resources in remote areas using standalone projectors. The TVET
Academy provides training in entrepreneurship, sustainable development and life skills. Examples of
available jobs include those in hospitality and catering, cooking, building and public works, masonry
and electrical work.

The TESDA Online programme is an OER platform that aims to make technical education more
accessible to Filipino citizens through distance education, with content on agriculture, automotives,
electronics, entrepreneurship, human health and healthcare, heating, ventilation, air conditioning and
refrigeration, ICT, lifelong learning skills, maritime and social studies, community development and
other services and tourism-related vocations.

UNESCO-UNEVOC has compiled a list of platforms and services that provide or facilitate access to
open license content for TVET. The list contains services with an explicit focus on vocational education,
but also includes others that do not exclusively feature TVET content.

Studies show that accessing OERs requires learners to have a high level of self-regulating skills (Kim et al.
2020). Some learners begin learning by opening resources on platforms but fail to maintain engagement
when faced with difficult problems. Other learners show consistently low engagement with these
platforms and stop using them without further exploration (Muir 2014). In order to support a higher
level of engagement with OERs, attention has shifted from content delivery approaches, which focus
on educational resources, to more practice-centred ones (for example, OEPs) that foster collaborations
between learners and teachers to create and share knowledge (Cronin 2017). OEPs engage learners in
creating and revising OERs, thus contributing to the learning of the learners who come after them. This
can further help learners gain digital literacy skills (for example, searching, assessing and identifying
online resources), which are fundamental for twenty-first century literacy (see box 8).

There are some additional challenges related to OERs that need to be addressed in the context of
apprenticeships. The first challenge concerns the sustainability of OER initiatives. Since creators generally
do not receive any payment for their OER, there may be little incentive for them to update it or ensure that
it will continue to be available online. Second, although efforts are being made to make OERs available in
multiple languages, many are only available in English, limiting their usefulness to non-English speakers. In
addition, not all resources are culturally appropriate for all audiences, and the usability of the content can
strongly depend on context. Finally, the use of some OERs can be confined to the school-based component
of an apprenticeship program with lower applicability to the workplace.

19 For more information, see the TVET Academy website, https://tvet-academy.de/.
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Box 8. Open educational practices in formal and informal apprenticeship contexts

Digital Green has joined forces with governments, private agencies and rural communities to co-
create digital solutions to improve agricultural practices in India, Ethiopia and Nigeria. Various
partners and communities have produced more than 6,000 locally relevant videos in 54 languages
with CC licenses about productive farming, health and conservation practices. These videos are used
by trainers to effectively support evidence-based agricultural practices in informal apprenticeship
programmes. In Ethiopia, the community video approach has been incorporated into the country’s
National Agricultural Extension Strategy, allowing it to reach over 420,000 farmers.

Within the contexts of the Erasmus + Project KNORK (Knowledge + Work) environments, different
OEP case studies have been collected from school-based apprenticeship programmes.?° For example,
in an Italian TVET school, cook apprentices were asked to collaboratively co-design a guide for a
combi oven-convention steamer to support both their professional skills and theoretical knowledge
of physics.?!

3.1.4.1 Organizing instructional materials through learning management systems

At both TVET schools and companies, teachers and trainers may perceive the need to manage learning
content and materials to be used with apprentices. Learning content management systems (LCMSs, or
more generally LMSs) can be adopted for this purpose. An LMS allows instructors to plan, implement,
manage, monitor and assess the whole learning process (Alias and Zainuddin 2005), as well as support the
administration and communication needs associated with teaching and learning. An LMS may also provide
students with the ability to use interactive features, such as threaded discussions, video conferencing,
discussion forums, real-time chats and online journal notes (McGill and Klobas 2009). An LMS can be
applied to very simple course management systems as well as highly complex, enterprise-wide distributed
environments.

Currently, there have been some preliminary attempts to integrate TVET schools and company LMSs
(for example, Ocheja et al. 2018). However, an LMS is often thought to be a support for school-based
tracks, and it often lacks effective integration with work-based tracks. As a solution, the global market
offers LMS platforms aimed at connecting apprenticeships, TVET schools and companies.?? However,
there is still scarce evidence of the effectiveness of LMSs. There have been some attempts to design
TVET-specific learning environments, allowing stakeholders to better integrate and articulate school- and
work-based tracks in the same digital space (see case study 1); however, these do not offer all the features
of a traditional LMS.

An LMS includes several tools that can be grouped in three broad categories (Cavus and Zabadi 2014): tools
for learners (for communicating, collaborating, working and personalizing learning paths); administration
tools (authentication, registration and communication/promotion/offer marketing); and tools for teachers
(tracking students, automated testing and course templates). Besides these traditional functions,
emerging trends in LMS platforms include the possibility of providing support for virtual immersive reality,
MOOCs, digital badges and gamification, adaptive learning systems and learning analytics (Berking and
Gallagher 2013).

There are many LMSs on the internet that can be obtained for free (such as Moodle, Claroline and ATutor)
or by paying for them (such as Blackboard, WebCT, and others). In the US education market, as of the fall
semester of 2018, the top three LMSs by the number of institutions using the were Blackboard, Canvas

20 For more information, see the Pedagogical case: Reuse Library Categories page on the KNORK website.
21 For more information, see the Guide for Combi Oven-Convention Steamer page on the KNORK website

22 For more information, see Open eLMS for Apprenticeships page on the Open eLMS website.
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and Moodle (Edutechnica 2018). Worldwide, the picture was different, with Moodle having a market share
of more than 50 per cent in Europe, Latin America and Oceania (e-Literate 2017).

With the ever-growing number of LMSs, the task of designing and evaluating them has become even more
important. Decision makers need a systematic way to evaluate the quality, efficiency and performance
of LMSs to select which one(s) will satisfy the majority or all of one’s requirements. One possibility is to
automate this evaluation process using computer-aided techniques, which can be especially beneficial
for developing countries where a cost-beneficial analysis is even more critical (Cavus 2013). In other
cases, institutions could provide suggestions regarding LMS platforms to be adopted for apprenticeship
programmes (see box 9).

Box 9. LMS platforms promoted by national authorities

Persona is an LMS that serves organizations with formalized apprenticeship programmes regulated
by the US Department of Labor.? Persona worked with many unions in the American Federation of
Labor and Congress of Industrial Organizations to help formalize their online training ecosystems
within their four- or five-year apprenticeship programmes, as well as on their journeymen continuing
education series. For example, Persona Learning developed a system for the Boilermakers National
Apprenticeship Program in conjunction with the Construction Sector Operations Division of the
K-Learning Group.?

23 For more information, see the LMS eLearning Solutions for Apprenticeship Programs page on the Persona Learning website.

24 For more information, see Boilermakers National Apprenticeship Program launches cutting-edge training program on the Persona
Learning website.
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» 3.2 Stage 2: Preparing quality training places

After developing a programme (stage 1 of the apprenticeship life cycle), the next stage is to ensure that all
its training places have adequate facilities and systems and competent staff as per the training regulations
or curricula for a particular occupation or sector. In addition to an enterprise or a TVET centre, training
can also take place in intermediary organizations. Therefore, in accordance with the quality assurance
process, practitioners should support relevant institutions in preparing training places, which may involve
the following processes (see table 1): 1) engaging and registering enterprises to provide apprenticeship
training; 2) formulating apprenticeship agreements; 3) building partnerships in apprenticeships
programmes; 4) ensuring the capacity of TVET providers to provide the off-the-job component of
apprenticeships; or 5) preparing staff to train and mentor apprentices. In the following sections, we will
demonstrate how digital technologies could be used to enhance the effectiveness and efficiency of these
five main processes.

3.2.1 Registering enterprises through online portals

The registration of enterprises interested in providing apprenticeship opportunities can be automatized
to some extent through the adoption of online portals (see box 10 for a few examples). Enterprises often
ask themselves whether they are equipped to provide apprenticeship training, and online portals could
provide tools to support enterprises in assessing their eligibility to provide apprenticeship training and
calculating their return on investment.?> These portals can be used not only to register enterprises but also
apprentices, providing a centralized platform to match apprenticeship supply and demand.

Box 10. Online portals for registering enterprises as apprenticeship providers

India has a comprehensive online portal that facilitates the registration of apprentices, enterprises,
intermediaries, basic training providers and third-party aggregators.? The portal captures data in its
digital form throughout the life cycle of an apprenticeship - from the registration of an establishment
and candidate, to the registration and approval of an apprenticeship contract, the online submission
of new courses, and the online payment of stipends and reimbursements. The portal also has a
dedicated section for registering grievances from both apprentices and establishments. Enterprises
can select apprentices and register apprenticeship agreements through the portal. Apprenticeship
candidates and enterprises can access information on available apprenticeship opportunities and
applications by parameters such as state, district, sector and trade, organization and qualification. In
addition, enterprises can also submit claims for subsidies under national apprenticeship promotion
schemes online. Apprentices can also check the results of their final assessment and obtain their
e-certificates.

Apprenticeship.gov is an official website of the United States government through which employers
or organizations interested in creating or joining an existing apprenticeship programme can express
interest.?’ The same portal can be used by people interested in enrolling in an apprenticeship program.

25 For more information, see Return on Investment (ROI) on the FASTPORT website.
26 For more information, see the Apprenticeship Training Portal, https://www.apprenticeshipindia.gov.in/.

27 For more information, see the Explore Apprenticeship page on the Apprenticeship.gov website.
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3.2.2 Formulating apprenticeship agreements through e-signatures and
digital signatures

The International Data Corporation (IDC), the premier global provider of market intelligence, forecasted
in 2020 that spending on e-signature technology would grow by at least 20 per cent annually over the next
five years (Muscolino and Mannox 2020). An e-signature is “any letters, characters, or symbols manifested
by electronic or similar means and executed or adopted by a party with an intent to authenticate a writing”
or “data in electronic form which is attached to or logically associated with other electronic data and
which serves as a method of authentication” (Blythe 2005). According to the Connecting Europe Facility
(CEF) programme, e-signatures eliminate the need for paper to obtain a signature or seal, removing the
time, costs and risks of dealing with paper formats. Depending on national and international regulations,
e-signatures provides a guarantee for legal recognition and cross-border interoperability of digital
signatures. The importance of e-signature solutions to organizations has become strikingly evident during
the COVID-19 pandemic, during which obtaining paper-based signatures was quite challenging. However,
the authors’ research shows that e-signatures are still not widespread, especially in apprenticeship
programmes, with a few exceptions (see box 11).

Although digital signatures tend to be more secure than traditional paper-based, wet-ink signatures
because they are easier to track, especially if generated through a specific digital signature software,
there are still many risks that organizations should consider, such as fraud, unauthorized signing and
non-compliance with regulations. Adopting e-signatures in the safest possible way requires both technical
infrastructure (such as blockchain and anti-fraud systems) and competences, which could explain the
current low adoption rates of e-signatures in apprenticeship programmes.

Box 11. E-signatures for apprenticeship agreements

The Queensland Apprenticeship and Traineeship Office in Australia has developed the Electronic
Signing Policy for apprenticeships and traineeships in Queensland to provide guidance to relevant
stakeholders on validating transactions when in receipt of an electronic or digital signature
(e-signature). Paper-based options for all transactions remain an option and will continue to be
accepted. However, it is acceptable for communication to occur electronically and for stakeholders to
provide and accept an e-signature as an alternate to a handwritten signature.?

3.2.3 Building partnership in apprenticeship programmes through dedicated
platforms
In the context of an apprenticeship, an important component of its strategy concerns cooperation

among all actors involved in the programme (Eickelmann and Gerick 2018). Stakeholders involved in
apprenticeship networks include the following (ILO 2017):

1. Enterprises, which have the main responsibility of implementing apprenticeship training.

2. TVET schools, which offer complementary off-the-job training by developing the capacity of teachers
and trainers responsible for the delivery and assessment of apprentices.

3. Local/sectoral coordination services, such as chambers of commerce and industry, chambers of crafts
and professional associations, which facilitate cooperation between TVET schools, enterprises and
regional administration.

28 For more information, see the Electronic Signing Policy for Apprenticeships and Traineeships in Queensland.
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4. Employers’ associations and trade unions, which represent the interest of apprentices and workers at
the enterprise, local or national levels.

5. Intermediary bodies, which can support SMEs in producing education and training plans, organizing
assessment activities, dealing with administrative procedures, and in the case of inter-company
training centres, provide training.

TVET schools and enterprises are the two key actors that provide training to apprentices. They have
distinct but complementary roles in delivering apprenticeship training. However, some countries have
been facing a lack of communication and clarification about the roles and responsibilities of TVET schools
and enterprises (British Council 2020). As a result of the separation of these two contexts, apprentices
could experience difficulties applying what they learn at school in the workplace and vice versa. Digital
technologies could be adopted to support collaborations among TVET teachers, company tutors and
trainers for intermediary bodies (see box 12 and case study 1). Digital spaces can also bridge the gap
between school and workplace learning contexts in both directions (Schwendimann et al. 2015). From
the workplace-to-school context, experiences in the workplace can be used for reflective activities in
the school context. From the school-to-workplace context, theoretical knowledge can become more
understandable and relevant by connecting it to specific examples of workplace experiences. Bridging
the gap in both directions aims to contribute to a deeper understanding of the work processes towards
the formation of adaptive expertise.

Box 12. Platforms to support connectivity among apprenticeship learning locations

Realto® is a platform for integrated vocational education developed within the context of the Swiss
project Dual-T.*° The goal of Realto is to bridge apprentice experiences across learning locations by
exploiting the combination of mobile devices and an online learning environment. Realto connects,
inform and coordinate the stakeholders of an apprenticeship program (such as apprentices, TVET
teachers and company tutors) towards the common goal of apprentices’ competence development
progress. Realto includes two main sections:

> A feed with different kinds of learning activities, which is mainly (but not exclusively) used by
TVET teachers to support reflection on apprentices’ professional practices (Schwendimann et al.
2015); and

» Aworkplace-oriented, customizable learning journal (learning documentation), which can
be used by both TVET teachers and company tutors to monitor apprentices’ competence
development.

The learning documentation section is customizable by the needs and specificities of any one
profession in Switzerland. Apprentices could include evidence of their learning process collected
from activities within the feed in their learning documentations. Realto has been used for different
professions, such as clothing designers, to investigate the development of observation skills while
exploiting the affordances of its annotation tool (Caruso et al. 2017).

29 For more information, see a video on the Realto platform.

30 For more information, see Leading House Dual-T: Technologies for Vocational Training — CHILI - EPFL
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3.2.4 Preparing digitally competent teachers and trainers

TVET teachers as well as company and inter-company trainers play a key role in supporting the development
of pivotal skills in apprentices to help navigate an increasingly digitalized job market. As apprenticeship
programmes need to adapt to changing skills needs, teachers and trainers must not only update their
knowledge and practice, but also exploit new approaches to teaching, such as the use of different kinds
of digital technologies (ideally new ones) available in the workplace. This implies that teachers themselves
must have strong digital skills and be able to integrate new technologies into their teaching. Therefore,
an educational skills framework should include digital competence as a central prerequisite for effective
teaching and training.

Digital competence involves more than just knowing how to use devices and applications; it also includes
sensible and healthy use of ICT, a balanced attitude towards technology, awareness of the legal and ethical
aspects of technology use, privacy, security and a deep understanding of the role of ICT in society and
education (Janssen et al. 2013). Therefore, digitally competent educators not only support apprentices in
utilizing digital technologies more effectively but also help them understand and develop a critical attitude
to the use of technology and its impacts. In addition, TVET teachers and trainers need to consider the
evolving nature of technologies, to constantly reflect on their current capabilities and needs, and where
necessary, access professional learning and respond to the rapidly changing educational environments
and opportunities afforded by emerging technology innovations (Falloon 2020).

Several frameworks have been developed by research and policy institutions to comprehensively describe
digital competences required of teachers and trainers.

» The ICT Competency Framework for Teachers developed by UNESCO (Midoro 2013) is intended to be
adapted and contextualized to support national and institutional goals. See for example, applications
in Tanzania (Mtebe 2020) and Guyana (Moore et al. 2016).

> At the EU level, the DigCompEdu (European Framework of the Digital Competence of Educators,
Redecker and Punie 2017) provides a general frame of reference to support the development of
educator-specific digital competences in Europe. DigCompEdu is directed towards educators at all
levels, including TVET. DigCompEdu is applied at the national level for different purposes, including
teacher training (such as in Italy?'), TVET teacher skills assessment (see Petrovic 2021 for south-
eastern European countries; see Rauseo et al. 2021 for Switzerland), and for developing a skills profile
for a digital facilitator in an apprenticeship programme (see box 13).

31 More information is available in Italian on https://www.miur.gov.it/documents/20182/50615/Brochure_
Formare_al_futuro.pdf/78ba8cea-2932-7214-3857-ch40448e93b5?t=1610642503283
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Box 13. Use of the DigCompEdu framework to define profiles for digital facilitators within TVET
schools

The Cantonal Office for TVET in Ticino (the Italian-speaking canton of Switzerland) committed to the
Swiss Federal University for Vocational Education and Training (SFUVET), a research and development
project aimed at defining the competence profile of a “digital facilitator,” a person deputed to promote
digital transformation within her/his educational institution. SFUVET built the profile by combining
different frameworks, including the DigCompEdu and other national frameworks such as the Federal
Trainer Diploma (Swiss Federation for Continuing Education).®

A digital facilitator is described as a professional who, in addition to possessing the teaching skills
related to the integration of technologies in the education system, integrates a strong media
education competence. In addition, they critically reflect on the specificities of an apprenticeship
programme, including articulation and interplay among and across learning sites. The additional
skills of a digital facilitator include: a critical attitude towards the digitalization of the job market and
vocation profiles; the ability to implement pilot experiments or structural implementations related
to integrating digital technologies in educational institutions; and supporting colleagues in the
development of their teaching using technologies (Cattaneo, Bonini et al. 2021).

A similar role called a digital animator is presented in Italy. Action 28 of the Digital School National
Plan (PNSD)?* requires every school to have a teacher nominated as a “digital animator”, tasked with
a strategic responsibility to promote digital skills across all school levels, including TVET.

Having said that, additional research is required to collect data concerning the effective level of digital
competences for TVET teachers. TALIS (2018) managed to collect information from six OECD countries/
regions with available data (Alberta [Canada], Denmark, Portugal, Slovenia, Sweden and Turkey) with
reference to TVET teachers, which showed that the share of TVET teachers who did not feel prepared to
support apprentices using digital technology ranged from 9 per cent in Portugal to 40 per cent in Sweden.
Moreover, the type of professional development TVET teachers reported that they needed most was ICT
skills training (46 per cent on average across the six OECD countries/regions).

To face these skills gaps, basic and continuing training should be grounded in evidence-based models
to support teachers’ and trainers’ digital skills (box 14). Most of the existing research focuses on teacher
training instead of company trainers. Tondeur et al. (2012) reviewed the literature, aiming to synthesize
strategies on how best to prepare teachers to integrate technology into pedagogy and content areas. They
identified the following six strategies:

> acting as role models by providing practical examples of ICT use. Indeed, teachers and trainers
should be trained with methods and tools that are like those they would use with their own
apprentices (Delfino and Persico 2007);

» discussing and reflecting on the opportunities and risks of ICT use in education (Ching et al. 2016);
> supporting teachers to design ICT materials (Voogt et al. 2013);

> supporting collaboration among teachers (Kuusisaari 2013). Online environments seemed apt for
giving teachers a place to discuss and exchange points of view with others, as well as explain their
opinions and thoughts (Midoro 2002; Marsh et al. 2010; Sansone et al. 2019);

32 For more information, see the Federal Trainer Diploma page on the Swiss Federation for Adult Learning website.

33 For more information, see the National Digital School Plan page on the Italian Ministry of Education’s website.
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> experiencing the value of using ICT for education in authentic settings; and

» providing ongoing feedback that can be supported in several ways by digital technologies (Lynch et
al. 2012).

Box 14. Developing teachers’ and trainers’ digital skills

The Enhance Digital Teaching Platform,3* developed by the Education and Training Foundation in 2019
and funded by the Department for Education in England, supports teachers in using technology in
their classrooms across the further education and training sector. The platform hosts free, bite-sized,
certified, online, self-learning training modules that support innovation in teaching and training to
improve learners’ outcomes. Modules are mapped to the seven elements of the Digital Teaching
Professional Framework,* which promotes, at the national level, a set of professional standards to
support learning through technology with the aim of establishing a common understanding of digital
skills development.

The Danish government created two knowledge centres for automation and robot technology
(north and south?). Each centre provides TVET teachers with teaching materials, such as teaching
tutorials or short courses in Industry 4.0, universal robots, collaborative robots and VR applications for
teaching and training in apprenticeship programmes. In addition, their specialized facilities provide
demonstrations to teachers and students on how robots can be used in the workplace. The centres
lend VR headsets and/or robots to TVET teachers, providing them with training materials and face-
to-face technical support so that they can operate these technologies and incorporate them into their
teaching practice independently. TVET teachers receive continuous support until they are fully able
to set up and operate the new equipment. The centres provide these technological resources for
TVET programmes in the fields of industrial automation, mechanics, electronics, welding, data and
communication, and education.?”

3.2.5 Delivering and recognizing the off-the job component of apprenticeship
through MOOCs

The off-the-job component of an apprenticeship is crucial to complementing on-the-job training in the
workplace by integrating relevant theoretical knowledge with professional practices. Moreover, the off-
the-job component usually includes the development of core, digital and entrepreneurial skills as well as,
in some cases, practical training, for which enterprises may not have necessary facilities in-house. The
off-the-job component is relevant when job seekers are unable to find apprenticeship opportunities or
when workplaces are disrupted, such as during the COVID-19 lockdowns (OECD 2020). In some countries,
learners can attend apprenticeship programmes with a fully online off-the-job component (see box 15).

34 For more information, see the Enhance website, https://enhance.etfoundation.co.uk/
35 For more information, see the Digital Teaching Professional Framework page on the Education and Training Foundation website.
36 For more information, see the CIU website at https://videnscenterportalen.dk/ciu/.

37 For more information, see the Courses available for all TVET teachers in Denmark page on the CIU website.
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Box 15. National apprenticeship programmes that provide 100 per cent online off-the-job
components

Openclassrooms is a French project that provides the off-the job component of an apprenticeship
programme 100 per cent online. The Openclassrooms platform includes video courses and real-life
projects that are always accessible to apprentices. The Openclassrooms apprenticeship programmes
include weekly one-on-one mentorship sessions with a dedicated professional in each field for
support. Among other subjects, an apprentice can earn bachelor’s- and master’s-level diplomas in
web development, data, IT and project management that are recognized by L'Académie de Paris.

Courses fully delivered online, such as massive open online courses (MOOCs), could be adopted to ensure
or complement the off-the-job component of apprenticeship programmes (Stracke 2017) by providing
both theoretical and practical knowledge. MOOCs are web-based (online) courses, designed for an
unlimited number of participants (massive), conducted by experts in the field (Wulf et al. 2014). MOOCs
differ from OERs in that they do not necessarily use open licenses, although they are usually free of charge
or impose low participation fees (open). In some cases, MOOCs are built by re-adapting different kinds of
OERs (Poce et al. 2020). Two major categories of MOOCs can be distinguished based on their pedagogical
design (courses):

» Connectivist MOOCs (cMOOCs): These are MOOCs based on connectivism as the learning theory.
They encourage discussions, social network engagement and the construction and sharing of
content and creativity.

» Extended MOOCs (xMOOCs): These are MOOCs based on the traditional behavioural-cognitivist ideas
of knowledge transfer. xMOOCs mainly use lecture videos, quizzes, short tests and supplemental
written materials.

Although MOOCs are historically related to higher education, today, a growing number of MOOC
applications are concerned with workplace settings (Egloffstein 2018).

For instance, Udacity, with approximately 4 million users, has shifted its business model towards
professional education (Ifenthaler and Schumacher 2016) and has recently launched a blended learning
initiative, combining off-the-job learning with on-site training. Udacity is partnering with companies to
develop content and build in-house courses (box 16). Similarly, Coursera, beginning in the higher education
market, has recently integrated with the corporate market for various business offerings.

Box 16. Partnerships between MOOCs and companies to provide training in digital competences
to employees

Royal Dutch Shell in the United States and other countries is reskilling their workers in programming
and machine learning while partnering with Udacity, one of the biggest MOOC providers in the
country. These strategies were put in place before the COVID-19 pandemic, but they were accelerated
as an effect of the crisis. As reported by CNBC, Royal Dutch Shell focuses on getting its workforce
skilled in Al as they move to develop alternative sources of energy.
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The potential to complement on-the-job learning is demonstrated by the number of part-time or full-
time adult employees who attend MOOCs (Pickering and Swinnerton 2017) without necessarily being
solicited by their employers (Castano et al. 2017). Employees attend MOOCs to gain specific skills to
do their jobs better (Christensen et al. 2013), fill gaps in formal knowledge, prepare for new roles and
career progression (Milligan and Littlejohn 2017), and improve their current job situation or find a new
one (Zhenghao et al. 2015). Recently, MOOCs have also integrated micro-learning strategies that allow
apprentices to personalize their learning path by choosing specific content/activities in a MOOC based on
their learning needs (Buchem and Hamelmann 2010).

Data from various studies show that online courses like MOOCs are usually attended by relatively well-
educated males within the age group 25-54 years (Kato et al. 2020). These results are in line with PIAAC
data showing that participation in non-formal education and training is usually undertaken by people with
higher levels of education and skills (OECD 2019). Research also shows that MOOCs require learners to
have a high level of self-regulating skills. However, learners often struggle to self-regulate their learning
in MOOCs (Jansen et al. 2020), which can be particularly challenging for learners with lower levels of
education. This issue is connected to another huge weakness of MOOCs: the high rate of learners dropping
out. The literature has identified different factors related to MOOC drop outs, which can be classified into
interrelated categories: 1) course design (Colman 2013), which includes little interaction with other learners
and instructors, too little personalization of instruction (Gutl et al. 2014) and course length (Jordan 2015). 2)
learners’ personal attributes, which include motivational aspects and a lack of self-regulated skills (Pérez-
Alvarez et al. 2018). Having said that, research shows that providing self-regulated learning instructions
and study suggestions through video within MOOCs positively affect learners’ course completion,
metacognitive activities and proactive behaviours (Jansen et al. 2020). Some programmes manage to
design courses that can attract non-traditional MOOC learners such as TVETerans, refugees and learners
from low-income backgrounds (Fain 2018; Burke 2019).

In line with the disadvantages already mentioned for OERs, the well-recognized MOOCs provide content
exclusively in English, with educational resources based on specific cultural contexts. To overcome these
issues, some countries have developed national MOOCs (see box 17). The case presented in box 14 shows
how MOOCs have the potential to offer skills courses for millions of people at a relatively low cost (Gaba
and Mishra 2016), which is particularly beneficial for countries aiming to increase their number of skilled
citizens.

Box 17. MOOCs as a tool to increase the number of skilled human resources in India

The Indian government initiated the development of a national platform for MOOCs called Study
Webs of Active Learning for Young Aspiring Minds (SWAYAM) to achieve its goal of 550 million skilled
workers by 2022. The platform is designed to host 2,000 courses and 80,000 hours of learning,
covering secondary school, undergraduate studies, postgraduate studies, engineering, law and other
professional courses. The University Grants Commission (UGC) released a regulatory framework for
MOOCs, providing up to 20 per cent of the total course credits being offered in a particular programme
in a semester through online learning courses offered through the SWAYAM platform. The platform
will cover curriculum-based courses in higher education, school education (grades 9-12), skill courses
and courses for lifelong learning.
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» 3.3 Stage 3: Organizing apprenticeship training

Having established the basic conditions for an apprenticeship programme (stage 2 of the apprenticeship
life cycle), the next step is to organize and deliver the apprenticeship training. To deliver the training
effectively, it is important to support apprentices through the programme and monitor their progress.
This stage is usually organized in six processes (see table 1): 1) attracting candidates to participate in
apprenticeship training; 2) recruiting apprentices; 3) developing a training plan; 4) implementing effective
training delivery methods; 5) monitoring, assessing and certifying qualifications; and 6) ensuring social
inclusion. In the following section, we will show how digital technologies can be used to enhance the
effectiveness and efficiency of these six main processes.

3.3.1 Attracting candidates to join apprenticeship training through video-
based technologies

Increasing the attractiveness of work-based learning schemes, such as TVET and apprenticeships, has
been a priority for many countries, primarily for economic and social development reasons. The average
participation in work-based learning in the EU is still below the target of 15 per cent, with considerably
higher rates in Denmark, Finland, Sweden, Germany and Austria (CEDEFOP 2018). Apprenticeship
programmes are often perceived to be linked to blue collar jobs, offering low wages and operating mainly
in male-dominated sectors (Atkins and Flint 2015). Moreover, they are considered inferior to academic
programmes in terms of employability and status (Chankseliani et al. 2016), and this is particularly true in
liberal market economies compared to those that are more coordinated, such as Denmark or Germany
(Bosch and Charest 2008). The ‘unattractiveness’ of work-based learning is experienced by both developed
and developing countries. In many Asian countries, including China, India, South Korea, and Russia,
parents who can afford it rarely support their child in choosing a vocational path (Ratnata 2013). Thus,
many countries are considering strategies to promote a higher awareness of the opportunities provided
by workplace learning paths (see box 18).

Box 18. Online courses on promoting apprenticeships in Europe

The European Alliance for Apprenticeships (EAfA) has launched an online training module on making
apprenticeships a first choice for young learners, adults, and underrepresented learners. The new
modaule falls within the first EAfA priority of focusing on high-quality and effective apprenticeships,
and it covers some of the transversal issues EAfA is also keen to address, namely social inclusion and
gender balance.®

Digital technologies can be used to help potential apprentices develop a more realistic understanding of
the opportunities provided by apprenticeship programmes by:

> Attending webinars with employers to gain first-hand knowledge of what employability entails
(Chatterton and Rebbeck 2015).

» Watching videos where former apprentices tell their educational and career stories.

> Actively exploring their future workplaces through VR and 360-degree video experiences (Assilmia et
al. 2017; Spangenberger and Freytag 2020).

38 For more information, see the Employment, Social Affairs & Inclusion page on the European Commission website
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Box 19 presents various examples of videos and visualization (from more traditional videos to 360-degree
videos and video conferencing tools) adopted to promote work-based learning programmes for potential
apprentices.

Box 19. From traditional videos to immersive 360-degree videos to improve apprenticeship
attractiveness

The Bridge to Work? initiative helps potential apprentices gain insight into employers’ expectations
before they apply for apprenticeships in the United Kingdom. The team sets up a series of webinars
using video conferencing software to bring students and employers in local and national firms
together. Through the webinars, students gain first-hand knowledge of what employability entails
and develop the confidence and skills to talk to employers.

“Film your job?” is a digital video platform aimed at promoting apprenticeships by introducing young
people to apprenticeships and trades through short videos. The platform hosts videos created by
apprentices who film themselves at their workplaces. Apprentices create those videos as part of a
contest organized in France every year.*

The Valais Association of Master Builders (Switzerland) and the HES-SO Valais-Wallis University of
Applied Sciences are using immersion and VR to combat the lack of young talent in the construction
industry. With VR glasses, young people can immerse themselves in the day-to-day work of various
construction professions, choosing from more than a dozen 360-degree videos. These videos were
conceived and filmed in collaboration with the professional associations involved in the Valais Canton.
The films show various typical work situations of a particular profession. One of the videos begins in
a metal construction workshop, where workers cut and weld metal components.*

A similar project called “Your first day” shoots 360-degree videos about various professions and
makes them available to all interested schools in Germany, free of charge and with all the necessary
technology to view them. Since 2018, class sets of immersive 360-degree videos have been available
free to German schools with the aim of facilitating career-orientation goals. This resource can help
young people find out more about career paths and companies that they would not otherwise have

access to. It also offers companies the opportunity to digitally open
the doors of their production facility, office or business premises
and introduce themselves to future professionals.*?

virtual tours because the COVID-19 pandemic did not allow for in-
person fairs or events to be held. With the help of live chats or video
meetings, personal contact can be established with fair visitors.
Apprenticeship seekers can move digitally through an event hall,
visit a booth of their choice and obtain information they need on- =
demand and at any time. Such a virtual tour uses real images of the I
building or site so the visitor has the feeling of being present. -

In addition, Roche,*® a leading German biotech firm, started to use ."“DI'

39 For more information, see the Bridge to Work page on the City Bridge Trust website.

40 For more information, see the Film Your Job website, https://www.filmetonjob.com/.

41 For more information, see the article “Discover real construction professions in the virtual house”.

42 For more information, see the web page of the project “Your First Day”

43 For more information, see the Roche Diagnostics website, https://www.roche.ch/en/standorte/basel-hg/virtual-tour.htm.
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3.3.2 Enabling recruitment using artificial intelligence and blockchain

The recruitment process has been largely disrupted by the advent of the internet and digital technologies.
Gigauri et al. (2020) distinguished three phases of digital recruitment technologies.

1. Digital Recruitment 1.0 is based on digital job boards. These platforms allowed companies, for
the first time, in the mid-to-late 1990s to reach out many potential employees on a lower budget.
Simultaneously, applicants could look for and screen job advertisements easily. Currently, national
and international institutions have been implementing public job boards to support the match
between potential apprentices, companies and TVET providers.

2. Digital Recruitment 2.0 is based on two kinds of technologies:

> Platforms that automatically aggregate jobs across multiple individual job boards so that
candidates can find all open positions in one place. This technology was particularly relevant
because of the proliferation of job boards in Digital Recruitment 1.0.

> Digital professional and social network platforms, such as LinkedIn (launched in 2003), that allow
firms to post job opportunities efficiently and to target job ads and opportunities to prospective
job candidates.

3. Digital Recruitment 3.0 is based mainly on AL, which enables filtering applications to contact
candidates for the first round of interviews through chatbots as well as conduct digital job interviews
(van Esch et al. 2019).

One example of an AI technique commonly used in recruitment is data mining, which can be defined as
extracting valid, previously unknown, comprehensible and actionable information from large databases
through an automatic or semi-automatic method and using it to make decisions (Geetha and Bhanu
2018). Chien and Chen (2008) proposed a framework for a data mining system based on the decision-tree
technique, which is often used for classification and prediction when screening an enormous number of
resumes. The proposed system was created with demographic data such as age, gender, marital status,
education and experience to predict applicants’ future performance and retention. These techniques can
help recruiters automatize routine and fatiguing tasks, such as CV screening. This is particularly relevant
due to an increase in the number of candidates (those who not always in line with the job description
requirements), which was an unintended effect of the Digital Recruitment 1.0 and 2.0 phases.

Despite the potential advantages of Al-enabled recruiting tools, there are also several limitations that
decision makers need to consider (Black and van Esch 2020) including:

1. The cost of creating Al-enabled recruiting tools and systems. SME could rely on external providers
rather than invest in their own systems. Even though Al tools are not free, they are estimated to be
cost-effective for candidate pools that are larger than 200 people (Black and Gregersen 2013);

2. Privacy and ethical issues, as well as legal restrictions, concerning the use of personal data (Canhoto
and Clear 2020);

3. Al selecting information based on algorithms designed by people. Existing biases, which often
characterizes selection processes (such as age, gender, or race), are at the risk of being maintained
and even reinforced by the adoption of Al systems (Williamson 2016);

4. The recruiters’ attitudes toward Al-enabled recruiting tools. Whether recruiters in human resources
see Al as a threat or opportunity will likely depend on whether it is applied as a complement or
substitute.
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All these challenges need to be considered since many companies have already integrated Al systems in
their recruiting processes.

One of the technologies that seem solve, at least in part, the issue of job seeker privacy is blockchain. A
blockchain-based digital ID is a decentralized ledger of identity. All the digital attributes and activities of
a person are stored automatically on a blockchain platform, and information stored in this decentralized
ledger will remain with immutability, transparency and traceability as a reliable database for recruiters
to rely on when making hiring decisions (AkaChain 2020). This means that apprentices’ individual data,
such as education, employment history, references and credentials (such as badges, see section 2.3) are
associated with a verified ID.

Until now, blockchain technology has been used by educational institutions to manage student records for
examinations, the verification of answers, maintaining record integrity, security and consistency (Sharples
and Domingue 2016; Hoy 2017). Ocheja and colleagues (2018) proposed the application of a blockchain
technology that integrates data from an LMS (see section 2.5) to be used by educational institutions,
organizations and industry to achieve a centralized knowledge repository. Similarly, Liu and colleagues
(2018) implemented a blockchain system where students can easily share their educational recordings
with employers. This blockchain system is aimed at reducing the information asymmetry which usually
characterizes cooperation between education-industry cooperation, especially regarding an apprentice’s
learning path and competences. Although blockchain technology is still in the early stages, it has the
potential to guarantee more ethical recruitment practices (Christ and Helliar 2021). Blockchain has been
already developed as a solution in both developed and developing countries as it has the potential to
reduce the costs related to certified paper-based credentials and diplomas (see box 20).** According to the
OECD (2021), with growing momentum among technologists and policymakers to return the control of
personal data to users, an international standards movement has arisen to ensure that blockchain systems
are used in a manner that protects user privacy by being independent of any vendor infrastructure (OECD
2021).

Box 20. Blockchain application in apprenticeship and professional programmes

In Egypt, the Zewail City of Science and Technology signed an agreement with the start-up Intelli
Coders to build BlockCred, a blockchain-based platform for universities, companies and non-
academic institutions to issue and manage academic credentials. The platform offers a blockchain
ledger to store and manage academic credentials. Employers can request, verify and share employee
credentials through the distributed ledger.%

In order to comply with the provisions issued by both federal and state health authorities, which
include avoiding crowds due to the COVID-19 emergency, the State Directorate of Professions (DEP)
in Colombia had invited professionals in the state who, for whatever reason, still do not have their
apprenticeship license to obtain it through an online procedure. The DEP has been providing this
online service using a blockchain technology called Xertify since September 2019.4¢

44 For more information, see Xertify as a Social Innovation on medium.com.
45 For more information, see the Blockcred page on the Tracxn website.
46 For more information, see La Fuentae website, https://periodicolafuente.com/profesionistas-tramitar-cedula-en-linea/#



3.3.3 Developing a training plan through project management tools

The training plan developed by an enterprise determines how it implements its apprenticeship curriculum
in the workplace. The enterprise training plan should provide a complete description of the training to be
delivered and the competencies to be developed. More specifically, the training plan should set out when
and where different training sequences will be carried out and identify the individuals responsible for
delivering the training. It should also specify how and when assessments will take place. Corresponding
to the enterprise training plan, TVET providers should also prepare a plan for off-the-job training that
complements on-the-job training at the enterprise. The combination of on- and off-the-job training
guarantees that apprentices are work-ready upon the completion of the programme. Project management
platforms could be used to track apprenticeship programmes, making them transparent among different
learning venues (see box 21).

Box 21. Tracking apprenticeship programmes

The ApprenticeTrack?” app provides a platform to track apprenticeship programmes. It serves as a
central repository for all documents regarding an apprenticeship and simplifies the administrative
workflow before the apprenticeship takes place. All parties (the students, mentors, professors/
apprenticeship organizers and school administrators) can access and modify these documents. The
application can be integrated with already existing school information systems or work in standalone
mode. The ApprenticeTrack app was funded by the European Commission and tested in Croatia,
Slovenia and Czech Republic.

BC Crane Safety in the United States provides its apprentices with a mobile logbook called SkillRecord,*®
which allows users to log hours worked, tasks performed, and equipment used, with the option of
easily adding photographs to the entries. It automatically summarizes logbook entries by employer,
equipment, and other criteria, providing a broader, more complete picture of apprentices’ experience
and skills. Finally, SkillRecord also allows apprentices to view their logbooks, thereby facilitating
collaboration and peer-to-peer learning.

47 For more information, see the Apprentice Track website, https://apprenticetrack.eu/.
48 For more information, see the Operator Logbook page on the BC Crane Safety website.
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3.3.4 Effective training methods

Over the last few years, scientific literature in learning and cognitive sciences has highlighted the
importance of shifting from traditional/transmissive teaching methods to instructional strategies that
support interaction and the collaborative construction of knowledge objects and practices (Paavola et al.
2004; Chi and Wylie 2014; Kimmons et al. 2020), with a strong emphasis on guiding the student’s learning
process (Kirschner et al. 2006). This development in learning theories was shaped in parallel to the growth
of digital technologies.

With the advent of the internet, learners and teachers started to deal with a measureless increase in
information and resources, which made them aware of an “open-ended world” behind all the topics
and subjects. Therefore, the expert (or the textbook) might no longer be considered the repository of
all knowledge and wisdom to be “transferred” to the learners. In contrast, several digital technology
affordances (Bower 2008; Cattaneo et al. 2015; Aprea and Cattaneo 2019), such as ubiquity, multimodality
and interactivity provided opportunities to transform educational practices, giving learners a more
active role through their interactions with the educational materials, their collaborations with peers and
instructors, and from the construction of digital knowledge artefacts (Scardamalia and Bereiter 1994).

This broader trend in learning sciences also affected the development of educational models for TVET
and apprenticeship programmes. Apprenticeships are a peculiar learning laboratory because they require
learners to constantly deal with different kinds of knowledge and practices, both from more formal
contexts (such as TVET schools) and professional contexts. However, researchers have shown that when
“crossing the borders” between learning environments, apprentices can perceive discontinuities and,
consequently, struggle to connect what they learn in formal and professional learning contexts (Berglund
and Henning Loeb 2013; Kilbrink and Bjurulf 2013). Despite these challenges, the perceived contradictions
between knowledge, practices and values are worth facing as they can be vital forces for change, learning
and development (Illeris 2011; Engestrém 2015).

Several research studies have investigated how to create spaces for reflective practices in TVET educational
systems with the support of digital technologies. On these bases, for example, the Erfahrraum model
was developed (Schwendimann et al. 2015). This model is a technology-enhanced pedagogical model
that supports students’ learning at the borders across vocational learning locations. According to the
model, when adequately exploited, technologies can provide a specific space to reflect upon apprentices’
professional experiences, thus supporting learning and professional development.

The Erfahrraum model distinguishes four sequential phases (‘quadrants’), but the point of departure can
vary (see figure 3). On the vertical axis, it distinguishes between physical and digital spaces of learning,
and on the horizontal axis, between formal education and workplace contexts. The rings distinguish
between the role of supervisors/company trainers (red ring/outermost circle), the role of TVET teachers
(blue ring/second circle), the synthesis between theoretical and procedural knowledge (green ring/third
circle), apprentices’ actions (yellow ring/fourth circle), and digital artefacts (orange half-circle/innermost
circle). The digital Erfahrraum space is represented by the grey box enclosing quadrants II and III, which
allows stakeholders to cross the borders of one’s own learning location while also inhabiting the other
location, thus facilitating the articulation of learning experiences across school- and work-based contexts.

In the following sections, we will show illustrative and non-exhaustive examples of how digital technologies
can be exploited to iteratively execute tasks, reflect on them and re-execute tasks and procedures across
different learning locations.
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Figure 3. The Erfahrraum model
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3.3.4.1 Executing procedures and tasks at the workplace with the support of AR

The focus of activity in the workplace is on executing given procedures. AR has been shown to be
particularly effective in supporting and scaffolding procedures within real workplaces, included but not
limited to carpentry (Lee et al., 2019), maintenance (Palmarini et al. 2018), assembly (Wang et al. 2016),
nursing (Wller et al. 2019) and agriculture (Xi et al. 2018). See box 22 for examples.

AR overlays the physical world with virtual content to create an immersive platform that places the
trainee in a real-world context, engaging all their senses (Bacca Acosta et al. 2014). AR applications can be
classified on two main features (for other possible classifications, see also Elia et al. 2016; Edwards-Stewart

etal. 2016):
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» Akind of device that allows the user to visualize the virtual content. While some devices, such as
smartphones, need to be held by the user (handheld), others, such as goggles, do not (handsfree).
The former category makes the AR experience more accessible since currently, approximately half of
the world’s total population owns a smartphone device (Statista 2021). However, the latter category,
which includes AR smart glasses, seems to be the most promising option for workplace learning
because apprentices could manipulate objects and execute tasks without any constriction. Smart
glasses like Microsoft Hololens* are currently quite expensive, which is one of the reasons why this
solution has not been widely adopted in apprenticeship programmes.

> Aninput needed to activate the virtual content; some rely on markers (marker-based), such as a
barcode or QR code placed in the physical environment that are captured by a camera, thus creating
an AR experience (Brito and Stoyanova 2018). Marker-less devices place virtual 3D objects in the real,
physical environment, depending on the environment's real features rather than identifying markers.

Modern AR systems can communicate with various sensors (such as cameras, pressure sensors and eye
trackers) in real time, which can offer an even broader range of training affordances (Limbu et al. 2019).
Sensor-based AR training environments can support apprentices by providing personalized guidance and
feedback when company tutors are unavailable or during remote assistance (Schneider et al. 2010; Limbu
etal. 2018). Research on AR has revealed that there are still some possible barriers to its adoption (Garzén
et al. 2019). Trainers participating in some studies manifested having technical difficulties when using AR in
their classrooms. This may be caused by limited technical training in managing the AR systems on the part
of some trainers, which could limit their use in learning environments. Moreover, resistance from teachers
has been reported as a possible difficulty in implementing AR in educational environments.

Another reported issue related to AR systems is multitasking. AR could demand too much attention from
learners, causing cognitive load. This issue could be exacerbated by technical issues during use, which
researchers have already reported as one of the limitations of the current applications of AR in educational
settings (Akgayir and Akcayir 2017). Thus, it has become apparent that in order to introduce AR into an
apprenticeship, it is necessary to: 1) design user-friendly technical solutions by paying adequate attention
to the user experience; 2) train teachers and trainers to adopt AR solutions for professional learning; and
3) develop pedagogical design principles for the effective use of AR in professional learning.

Box 22. Applications of AR in workplace learning

A marker-based AR application called HardwareAR was developed to teach Turkish undergraduate
students in a computer hardware course how to assemble a motherboard. The use of AR had a
positive impact on student achievement in motherboard assembly and helped the learners complete
the assembly process in a shorter time and with less support (Sirakaya and Kilic Cakmak 2018).

The COSMO (Cognitive Support in Manufacturing Operations: Cognitive guidance in production)
project designed, developed and evaluated effective, personalized and scalable AR technologies for
support and training in manufacturing operations in Belgium. *°

EON Reality has created a marker-based handheld AR application called LKDF Interact for Volvo's
Selam Vocational Training Centre in Ethiopia. This app teaches the basics of diesel engine maintenance

49 For more information, see the Hololens page on the Microsoft website.
50 For more information, see the COSMO page on the imec website.
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through hands-on learning using a gamified AR experience. By letting the learner experience the
subject, AR learning overcomes literacy and language barriers by directly showing rather than
telling.”

A marker-based handheld mobile AR application named Paint-cAR was developed to support
the learning process of how to repair the paint on a car in the context of a vocational education
programme for car maintenance in Spain. Repairing the paint on a car is a complex process that
involves a sequence of 30 steps and the use of many chemical products and tools. According to the
teachers, the apprentices gained experience in paying attention to and memorizing the procedure
using this application. The results of a preliminary experimentation revealed that the apprentices
exhibited increased attention during the procedure, and they felt more confident while executing it
(Bacca Acosta et al. 2015).

Developed by Purdue University in the United States with support from the National Science
Foundation through a US$5 million cooperative agreement, Skill-XR is a prototype system to provide
workplace training using AR.>2 The “X” in Skill-XR includes a range of technologies, including AR,
VR and extended reality (XR). As an example on the Purdue University augmented reality website
explains, a newly hired factory apprentice may wear AR glasses while being trained on a piece of
equipment and see graphics overlaid on the machine about how to operate the controls. Instant
feedback while performing the task correctly ensures that workers are trained quickly, effectively
and safely. Most AR experiences involve complex programming and other specialized skills that
companies do not have and cannot afford to purchase. The goal of the Skill-XR project is to enable
anyone to generate an AR experience, whether it is in a factory, classroom or their own home. It is
also designed to be platform-agnostic, implementable in new devices or in mixed-reality technologies
available in the marketplace.>?

In immersive AR scenarios, sensors worn on the body can be used to capture, analyse and replay
human performance for training purposes. The WEKIT solution includes a hardware and software
application that complements AR glasses with a wearable sensor-actuator experience.>

The WEKIT solution was tested in three professions: aircraft maintenance (Norway), medical imaging
(Italy) and astronaut training (Italy). It is built for the Microsoft Hololens, an AR platform. The
application consists of two main interfaces: the recorder interface (for the company tutor/expert)
and the player interface (for the apprentice).

The recorder interface supports experts in creating learning content using two main functionalities:
the annotation of objects and locations in the physical space. Company tutors/experts can enrich the
physical space with virtual images, point-of-view videos, voice recordings, place 3D models, mark a
physical location as a point of interest and record sensor data. Smart glasses worn by the experts
generate a spatial map of the environment to attach all augmented content relative to physical
anchor points. Specifically, the expert can create “task stations” by pointing a gaze cursor to the
desired location. Task stations and their attached virtual content are then subsequently translated to
alinear or branched sequence of action steps to be used in the player interface. The captured learning
activities can then be uploaded to a cloud repository when complete.

51 For more information, see the AR Training: Engine Maintenance page on the Eon Reality website.
52 For more information, see the Using Skill-XR to Upskill Workers video by Working Nation.

53 For more information, see Augmented reality to provide new skills for manufacturing workforce education on the Purdue University
website.

54 For more information, see the WEKIT ECS website, https://wekit-ecs.com/.
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The player interface allows trainees to learn from expert-created learning content, and students can
download a learning activity from the cloud. Once downloaded, the player interface generates the
user interface as a task list and task cards for stepwise guidance. The player interface projects the
augmentations at the right location and in the right sequence. Students can navigate between the
steps using voice commands or gestures.

Research has showed that the captured expert models were positively received in all three domains,
and the identified level of acceptance suggests that the solution is capable of capturing models for
training purposes at large (Limbu et al. 2019).

3.3.4.2 Reflection-on-action through digitally enhanced writing

Reflection is essential for professional competence development in every profession (Cattaneo and
Motta 2020). Reflection-on-action (taking place when a task is already accomplished) and reflection-in-
action (occurring while performing the task) are equally important to increasing one's professionalism
(Schon 1983). Especially, TVET teachers and inter-company trainers can support apprentices’ reflections
on professional practices at work by connecting implicit and procedural knowledge with theoretical
knowledge. Reflective writing-to-learn is an effective strategy to stimulate professional competences
as well as deep learning (Mauroux et al. 2016; Ortoleva and Bétrancourt 2016). Note taking specifically
enhances reorganization, elaboration and recall, and it enables the learner to better connect the new
information with prior knowledge (Delen et al. 2014; Mu 2010). Further, it supports analysis and reflexivity
(Colasante 2011; Rich and Hannafin 2010; Tripp and Rich 2012).

Video annotation (Evi-Colombo et al. 2020) tools are examples of how technology can enhance reflective
writing. Video annotation is a feature provided by some hypervideo® platforms (Sauli et al. 2018), which
can provide two different kinds of annotation:

» Individual video annotation, which allows integrating notes into video-based artefacts while watching
the video (Colasante 2011). Some hypervideo platforms allow for generating a PDF file, which gathers
all the notes taken with the frames they correspond to (Cattaneo et al. 2015).

> Collaborative video annotation, which allows multiple users to annotate the same video (Hulsman
and van der Vloodt 2015) or to share the annotations in a group learning environment with online
sessions or blog-like interfaces.

Video annotation could facilitate individual reflection on real or simulated workplace practices (Cattaneo
et al. 2015) and teach users what elements of practices are important or controversial, as well as add
theoretical knowledge to workplace experiences (Perini et al. 2019).

Apprentices can capture relevant and personal experience at work, such as filming themselves during
a professional practice. The material collected at work can be used to activate a reflection, both within
authentic professional contexts and simulated professional contexts at school (see box 23)

55 A hypervideo can be defined as a non-linear video that presents both classical (such as play, pause, stop and rewind/forward buttons)
and more complex (for example, a table of contents and index) functions to control the navigation of the video stream, and it is enriched
with hyperlinks providing access to additional material (documents, audio files, images etc.) through markers or hotspots (Sauli et al. 2018).
A hypervideo can also be provided with a variety of exchange options, which include individual and collaborative video annotation. Finally,
hypervideos allow users to receive feedback through the specified communication tools or automatically from the system (for example,
through a quiz feature).
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Box 23. Using video-annotation in hyper-videos to support reflection on professional practices

In Switzerland, videos, and specifically hypervideos, are used to stimulate reflection on professional
practices. These videos can be used to record apprentices’ relevant procedures (such as the most
difficult, the most important while performing a specific task, or the most different depending on
the typology of workplace setting). Depending on the context, a real or simulated procedure can
be recorded. The rough video material can be imported to iVideo.education,* a digital platform
specifically designed to turn simple videos into hypervideos for professional training purposes (Sauli
etal., 2018). For example, iVideo allows trainers to highlight critical incidents within a video-recorded
professional practice (by introducing simple animations such as active points) to stimulate apprentice
reflection.

Moreover, apprentices and the teachers can insert comments in specific video time frames (called
video annotations), which can support apprentices’ self-reflection on one side and more detailed and
focused feedback from supervisors on the other (Evi-Colombo et al. 2020; Cattaneo et al. 2020). In the
context of nursing education, for example, an actual surgery during which apprentices worked was
recorded to be used as a material for a face-to-face, focused and contextualized debriefing between
the apprentice and their hospital supervisors.

In other nursing educational settings, the recording of a simulated procedure of inserting a urinary
catheter was turned into a hypervideo by the apprentices themselves, who worked in small groups
to turn the rough video into an educational hypervideo. Specifically, they were required to design
the hypervideo as a learning resource for their peers. This activity produced a positive effect on
the acquisition of theoretical knowledge as compared to a traditional classroom lesson on urinary
catheter insertion (Evi-Colombo 2020). The use of this hypervideo solution has been the object
of several learning activities in different domains, always proving to be effective for learning and
motivation outcomes (for example, Cattaneo et al. 2016, 2018, 2019; Cattaneo and Sauli 2017).

Table 3 describes an instructional scenario using video annotation within the context of a commercial
employee apprenticeship programme (Ghisla et al. 2014). Research has shown that procedural learning
benefits from the detection and written analysis of errors through the support of video annotation
(Cattaneo and Boldrini 2017).

Table 3. Using video annotation in a commercial employee apprenticeship programme (Switzerland)

1. Capturing relevant Apprentices’ video recorded themselves during consultancy interviews at work.
professional experience

2. Reflecting A group of apprentices watch the video in the classroom and video annotate their
observations. Each group presents their collected observations to the class.

3) Connecting professional and  Based on the apprentices’ reflections, the trainer elaborates an overall and

theoretical knowledge generalizable analysis of the situation of handling a counselling interview. The
trainer shows a video of a counselling interview managed by an experienced
salesman to “fix" the theoretical elements presented.

4) Simulation before returning The trainees are asked, in pairs, to conduct and videotape a consulting interview in
to work the classroom (simulation). Each video produced is then viewed by another pair of
apprentices who provide feedback through video annotation.

Source: Adapted by the authors from Ghisla et al (2014).

% For more information, see the iVideo.education presentation.
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3.3.4.3 Simulating professional experiences outside of workplaces

Practicing exercises or simulations outside of the workplace (for example, in intercompany courses and
TVET schools) is an important component of an apprenticeship program. Simulations can make theoretical
knowledge more relevant and help apprentices make sense of practical situations in the workplace.
Moreover, they can reduce the chances of damaging company materials and injury in the workplace
(Carruth 2017).

Simulations outside the workplace can be carried out in:

> A physical space through the support of digital technologies. For example, apprentices can simulate,
video record and analyse a consultancy interview in class (see table 3).

> Avirtual environment, which can be accessed through a screen (such as a computer desktop, tablet
or smartphone; see Hdmaldinen and Cattaneo 2015) or through head-mounted displays (immersive
VR).

More and more often, virtual prototypes of workplaces are adopted as innovative training solutions.
Virtual prototypes allow apprentices to investigate different possible situations (Grajewski et al. 2015;
Dobricki et al. 2021; see box 25) and to recreate low-frequency, dangerous or expensive events as many
times as needed, such as training for first responders (Mossel, Froeschl et al. 2017) or training for chemical,
biological, radiological and nuclear operations (Mossel, Peer et al. 2017). VR can also be used with limited
supervision (Limbu et al. 2018), allowing apprentices to access training at their convenience, without
needing a trainer to provide constant supervision. In some cases, VR experiences can be integrated within
an LMS (Palkova and Hatzilygeroudis 2019; see box 24).

Box 24. Integrating VR learning experience within an LMS

The AVARES®’ project integrates a developed virtual world with a traditional LMS, represented by
Moodle, for more attractive learning in the challenging field of renewable energy sources. The
hybrid educational platform developed by the AVARES project combines traditional online learning
procedures offered to European students via Moodle, acting as a virtual learning environment,
with learning procedures delivered to students in a 3D virtual world. The virtual world is developed
in Open Simulator (OpenSim), an open-source platform for creating multi-user 3D virtual worlds.
The virtual learning environment focuses on the management of the learning material processes,
whereas the virtual world environment offers students the ability to interact and experiment with
items and constructs in a way similar to the real world. The project involves six European countries:
Greece, Slovakia, Germany, Portugal, Romania, and Lithuania.

Immersive 3D VR environments have consistently been found to facilitate the work-related experiential
learning of apprentices, outperforming desktop or table VR experiences in terms of motivation and
learning outcomes (Bharathi and Tucker 2015), owing to a higher sense of presence in the immersive VR
experience (Max and Sarah 2016).

The immersive 3D VR experience can be further enhanced in different ways by:

» introducing gamification elements to the experience (Checa and Bustillo 2020);

> integrating the immersive VR experience with sensorial feedback, for example, by using haptic
simulators (Grajaveski et al. 2015; see also case study 2);

> integrating virtual agents to provide feedback during the immersive experience (Zhao and Ma 2021).

7 For more information, see Palkova, Zuzana et al., “Enhance attractiveness of renewable energy training by information technologies and
virtual reality”.
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Box 25. VR application for simulating professional practices training

GardenVR® is an immersive 3D VR experience that allows apprentices to practice and develop their
skills by designing a garden and exploring it in an immersive environment. GardenVR was designed
according to three design principles:

> Multiple perspectives: Apprentices can experience two main perspectives called the design
mode and the explore mode. In the design mode, the learners are given the overhead view of
the garden, where they can place objects like trees. In the explore mode, learners can explore
the garden instead by walking through it in a 360-degree 3D environment. Apprentices are
invited to switch between the two modes in accordance with their objectives.

> Constructivism: In GardenVR, apprentices are given the practical task of designing a garden, and
they can experiment with different solutions before completing their garden. For instance, they
can plant a tree, observe the consequence and undo the action.

» Going beyond physical limits: GardenVR provides the functions of daily, seasonal and yearly
changes. Learners can fast forward time to visualize the evolution of the garden, showing the
advantage of VR-based simulations to reduce the time demands of experiments.

When tested with gardener apprentices, it was found that GardenVR could support the designing
skills of the learners (Kim et al. 2020).

The project ‘VR and Mixed-Reality Assessment for Plumbers’ is an initiative developed by Deutsche
Gesellschaft fur Internationale Zusammenarbeit (GIZ) in partnership with the Institute of Plumbing
South Africa (IOPSA).5 Apprentices in the plumbing industry have the opportunity to experience
a VR construction site as well as simulations using a digitized, 3D virtual construction site. The VR
house offers a virtual environment with activities designed according to the principles of problem-
based learning methodologies. In addition to solving interdisciplinary professional and work-related
problems, the virtual house forces participants to interact inside a digital interface. Common tasks,
such as hot water preparation and rainwater harvesting, then have to be performed digitally and
within this virtual environment.

3.3.5 Monitoring, assessing and certifying

A comprehensive and credible mechanism for monitoring and assessing apprentices’ performance is an
indispensable component of all quality apprenticeship programmes; it is crucial to ensuring apprentices’
progress and establishing that they are on the right track to attain the required competences to complete
the programme.

Digital technologies provide several opportunities to enhance different forms of assessment, such as
formative and summative assessment, competence- and knowledge-based assessment, self assessment
and peer assessment.

An e-portfolio is a widely used option for assessments because it can support different kinds of assessment,
such as self, peer, competence-based and formative assessment. An e-portfolio is usually defined as a
purposeful aggregation of digital objects - such as pictures, videos and any other apprentice artefacts
- which presents’ to a selected audience evidence of a person'’s learning and/or ability (Alexiou and
Paraskeva 2010). Within this tool, apprentices are invited to select specific evidence for the development of

58 For more information, see a video on Immersive 3D virtual environment for vocational education.
59 For more information, see the Institute of Plumbing South Africa, https://www.iopsa.org/.
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their professional knowledge and competences. The process of organizing and selecting evidence for the
acquired skill promotes reflection on practices (see section 2.14.2) and on meta-reflection. An e-portfolio
can be accessed and monitored by both company tutors and teachers, becoming a shared environment
across learning locations (see box 26).

Box 26. E-portfolio-based assessment

The Norwegian government'’s apprenticeship training offices implemented e-portfolios as a tool
to mediate experiences and feedback between apprentices, the training establishment and the
training offices. The different e-portfolio systems are versions of the same LMS and target the
learning outcomes of the national curricula. Research has shown that branch organizations and
trade unions had different expectations toward the e-portfolio system, ranging from technical trades,
which emphasize their documentary function, to the prioritization of reflection by the associations of
healthcare workers (Nore and Lahn 2014).

Nore and Lahn (2014) proposed stimulating apprentices’ explication of work skills through written
reflections. Moreover, they suggested combining online and offline sessions with apprentices to
make them aware of the function of e-portfolios.

The Future Skills Centre in Canada is investing more than $1.1 million dollars to research industry
adoption models and to pilot an industry engagement model using the VALID-8 tool with 2,000
journeypersons and apprentices. Valid-8, developed by Vametric, is a leading e-portfolio that
simplifies the processes of certification, accreditation or competency testing for the candidate as
well as the assessor. The VALID-8 tool gives apprentices more control over their own training because
it helps them identify their skill gaps and prompts them to develop missing skills.°

Game-based assessments and simulations (see box 27) allow assessments design to be more realistic,
and also assess skills such as complex problem solving, creativity or collaboration in new ways (Buckley
et al. 2021). Game-based or simulation-centred assessments collect a wealth of data that is often missed
or unable to be captured by traditional tests. This includes patterns of choices, search behaviours, time-
on-task behaviours and, in some cases, eye movement or other biometric information. These rich data
sources can be used to help illustrate the cognitive processes that a student engages in as they complete
a task (Snow et al. 2015), rather than just focusing on the end product of their performance. Game-based
assessments are special because they can mirror the dynamic interaction, structural complexity and
feedback loops of real-world situations.

In the long term, integrated assessment systems should rely on game- and simulation-based scenarios
to evaluate how students integrate and apply knowledge, skills and abilities. Robust scenarios can involve
a subset of content from an academic domain of interest, but perhaps their greatest advantage lies in
facilitating the measurement of twenty-first century skills, such as problem solving and collaboration.

Despite the potential of game-based simulations for competence-based assessment, building valid,
reliable and fair game-based assessments is considerably more complex and challenging than traditional
test development. Success requires an interdisciplinary team with a broad range of skills, including game
designers, software engineers and cognitive scientists (Buckley et al. 2021). For this reason, building
game-based assessments is relatively expensive and, thus, not always an efficient way to measure simple
learning outcomes.

An additional challenge to consider with game-based assessments is the need to make them accessible
to students with disabilities. These assessments require careful design, extensive testing and, in some

60 For more information, see the Best Practice Models for Industry Engagement page on the Future Skills Centre website.



cases, the invention of new approaches and novel technologies, such as haptic feedback technologies that
enable the implementation of touch-based user interfaces, allowing the assessment of visually impaired
students (Darrah 2013). Thus, a cost-effective and robust system of assessments might use game-based
scenarios in combination with traditional and inexpensive, discrete technology-enhanced assessment
items. A good design principle for such an assessment system would be to use relatively inexpensive,
traditional assessments where feasible, and reserve the more expensive game-based simulations for
measuring more complex competences.

Box 27. Computerized competence-based summative assessment

With the ASCOT+ project, Germany'’s Federal Ministry for Education and Research supports the
development of digital training and assessment for vocational skills in different domains (such
as car mechatronics, problem solving for technical systems, commercial problem solving and
inter-professional and socio-emotional skills in nursing). In addition to digital training units using
videos and simulations, the project is developing assessments that will be used as exams to certify
apprentices’ skills. For example, an office simulation®' that fosters the problem-solving competence
of trainees in the occupations of industrial clerks and office management clerks is being developed,
recording their troubleshooting performances. To this end, authentic problem scenarios are
developed for processing within the office simulation. The software deployed makes use of several
innovative technologies.

Partly automated procedures for the evaluation of written responses are being put into place to
efficiently assess the test results of large groups of participants. The software also analyses the
problem-solving competence of learners in real time and uses these log data analyses as a basis for
providing individualized support.

3.3.6 Supporting social inclusion and participation

Digital technologies could have a huge impact on participation in apprentice programmes and broader
society. However, an unequal distribution of digital infrastructure and equipment, also called the
“digital divide”, widens social inequalities and marginalizes minorities (Chen and Wellman 2004). Today,

61 For more information, see the ASCOT+ Projects website, https://www.ascot-vet.net/ascot/en/ascot-projects/ascot-projects_node.html.
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millions of people do not have access to the technology and education that have become necessary
to participate in the digital economy (ITU 2020). Thus, a priority for any kind of apprenticeship policy
should be guaranteeing connectivity and hardware in areas where these are not available. In this sense,
partnerships among national governments, non-governmental organizations (NGOs) and ICT companies
seem to constitute a viable solution to make both internet and hardware accessible in remote areas (see
box 28 and case study 2). However, some authors have pointed out the need to develop an ecosystem that
decentralizes technology to avoid risks related to so-called “digital colonialism”, where a few countries
create technological dependencies that will lead to perpetual resource extraction from developing
countries. Policies should place control directly into the hands of the people in developing countries,
rather than rely only on technological products from other countries (Kwet 2019).

Box 28. Using solar panel energy to guarantee connectivity in remote areas

The AMMACHI Lab developed the Mobile Vocational Education (MoVe) van to provide professional
training in rural villages in India.®> MoVe van units consist of 20 handheld touchscreen devices, a
laptop server, one large display monitor, low-cost haptic devices and solar equipment, including solar
panels, solar lanterns, batteries, a charge controller, an inverter and a generator for electrical backup.
Harnessing the power of solar energy allowed vocational training courses to be run even in high-risk
areas during natural disasters and in areas where power is in short supply (Akshay et al. 2012).

Good digital infrastructure is a powerful tool to make education more accessible. It is demonstrative that
a country such as Australia, with one third its population living in rural and regional areas, pioneered
distance learning to try to equalize educational opportunities approximately one century ago. With the
development of distance solutions, the composition of the student population in Australia encompasses
rural learners, adult-aged students looking for additional qualifications and on-the-job training, stay-
at-home parents looking for a career change or enhancement, part-time students and a large body of
international students (Qayyum and Zawacki-Richter 2018). If a lack of digital infrastructure increases
social differences, in contrast, the opportunity to access digital devices for learning can be an empowering
tool for minority groups (see box 29).

Box 29. Empowering women in India through computer-based programmes

The participation rate of women in the Indian labour market is only 29 per cent, the second-lowest
female labour force participation rate in South Asia (Andres et al. 2017). The Women Empowerment
Project (WEP) was funded jointly by the United Nations Democracy Fund and Amrita University to
reduce this gap. The WEP strived to empower more than 3,000 women through providing a short-term
programme consisting of computerized vocational education and training (cTVET), life enrichment
education (LEE), community engagement and social support. LEE modules cover transversal
topics related to personal, family and community issues; environmental and disaster awareness,
preparedness and response; personal empowerment and social participation; civic rights and duties;
business and entrepreneurship; and health and hygiene.

The participants were women from a mix of caste groups, religions and ages, but they were all living
below or near the poverty line and in mostly rural or peri-urban areas in the states of Kerala and Tamil
Nadu. Twenty-eight localities were selected, including at least one community per district in Kerala
and four locations in Tamil Nadu. In each of these locations, one local woman was hired and trained
to be the facilitator, serving in an indispensable support role to organize the small, group training
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classes, encourage consistent participation and support women in overcoming any challenges they
faced in the courses (Coley et al. 2021).

The successful implementation of the programme included both economical and personal indicators.

First, the dropout rate of the programme was lower compared to the Indian conventional vocational
training model. Moreover, the programme set up 36 microenterprise cooperative groups (involving
over 450 WEP participants) and 9 confirmed small businesses. Three months after graduation, more
than half (57 per cent) of the participants reported that they had an income and the confidence to use
their learned skills professionally. Beyond economic gains, post-training surveys showed a rise in self-
confidence among graduates and greater awareness among them of their rights and opportunities.

Digital technologies have been also adopted to empower apprentices with physical, cognitive, psychiatric
and health-related impairments (Chelkowski et al. 2019). Different studies showed a low level of
participation in the labour market for people with disabilities, despite the recognition of the role of
employment in reducing social exclusion (OECD 2012; ILO 2018). Apprenticeships and traineeships have
been shown to be beneficial pathways for people with disabilities, particularly for people with intellectual
and learning disabilities (Lewis et al. 2011) to obtain qualifications and employment as they combine
training and education with practical work. Although the outcomes among apprenticeship and traineeship
graduates with disabilities are similar to graduates without disabilities (Ball and John 2005), the former are
less likely to undertake and complete apprenticeships and traineeships than their peers without disabilities
(National TVET Equity Advisory Council 2011).

In a work by Cocks and Thoresen (2013), the authors found that assistive technology can represent both
a main barrier to apprenticeship completion (if they are not provided) and an important opportunity to
complete the programme when it is adopted. Similarly, Burgstahler and Bellman (2005) found that the
most necessary accommodations for apprentices are: adaptive technology (such as alternate keyboards
and mouse interfaces, scanners, screen readers and software to assist with writing); accessible facilities;
accessible telecommunication devices; materials in accessible formats; and additional supervision.

An assistive/adaptive technology can be defined as any item or piece of equipment, software or product
system that is used to increase, maintain or improve the functional capabilities of persons with physical,
cognitive, psychiatric or health-related impairments (Edyburn 2004). Assistive technologies include
support for reading, writing, note-taking, hearing and auditory input, vision, dictation/speech-to-text/
speech recognition, mind mapping and task management (see box 30).%3

Intelligent tutoring systems are a specific kind of adaptive learning technology that enable the
personalization of students’ learning using different kinds of approaches. They can be used to detect the
knowledge (or knowledge gaps) of apprentices; they diagnose the next appropriate steps for apprentices’
learning; and they act by providing new exercises, new curriculum units, some form of instruction or
simply notifying the teacher (OECD 2021). With well-known applications such as speech-to-text, text-to-
speech and auto-captioning, intelligent tutoring systems allow blind, visually impaired, deaf and hard-
of-hearing students to participate in traditional educational settings and practices. Further, some smart
technologies facilitate the diagnosis and remediation of some special needs (for example, dysgraphia)
and support the socio-emotional learning of students with autism so they can more easily participate in
apprenticeship programmes.

63 The Augsburg University has published a list of free or low-cost assistive technology that is available to everyone.
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Box 30. Assistive technology in European TVET programmes

H-CARE was a 30-month EU-funded project that addressed a specific target audience of unemployed
graduate adults, employees in healthcare and sales establishments, and TVET training centres who
have enriched their training by offering assistive technologies to salespersons and trade companies
(SMEs) in the fields of healthcare and food supplements. The project deliverables were developed
based on conducted surveys and need analysis with data collected in Austria, Bulgaria, Romania,
and Turkey.

The key project’s tangible result was an H-CARE blended TVET training programme consisting of
nine training modules, including: 1) training with medical devices and assistive technologies; 2)
communication and working with customers with disabilities; and 3) apprenticeship.

» 3.4 Stage 4: Post-training transitions and evaluation

Following the successful completion of a programme (stage 3 of the apprenticeship life cycle), apprentices
may enter the labour market or pursue further, higher qualifications. The various pathways undertaken
by apprenticeship graduates over the short and long term can serve as an indicator of the quality and
effectiveness of an apprenticeship. Therefore, the post-training evaluation of apprenticeship programmes
takes into account “tracer” studies that examine apprentices’ transitions after graduation. Evaluation
is not an end in itself as it creates a feedback loop for policymakers and practitioners, enabling them to
improve the policy environment and programmes. The last stage of the apprenticeship life cycle is divided
into two phases (see table 1): 1) transition to the labour market or further education and training; and 2)
evaluation of apprenticeship programmes. In the following sections, we will show how digital technologies
can be used to enhance the effectiveness and efficiency of these two main processes.

3.4.1 Supporting transition to the labour market or further education and training

The primary goal of apprenticeships is to facilitate a smooth transition for apprentices to the labour market
and enable them to access decent employment. Therefore, support for apprenticeship graduates should
be provided by various entities, such as employment services, in relation to job searches, CV writing and
job interviewing skills. Job placement counsellors need to be aware of the different possibilities provided
by digital technologies to support their transition to the labour market.

This includes the use of professional social media (such as LinkedIn) or the use of artificial agents and bots,
which can provide individualized counselling based on information provided by the apprentices (see box
31). These kinds of applications have the power to be easily accessible and cheap, allowing the individual
to use them more independently. The ability of apps to give easily consultable and reliable labour-market
information is one of the strengths of these systems. However, given the amount of data related to it,
presenting labour market information is also a matter of choice in career guidance. Presenting certain
types of data (for example, geographically situated, gender-related data, rate of occupation or average
income) can encourage certain kinds of choices while deterring others (Fusco et al. 2020).
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Box 31. An artificial agent providing career counselling

As various labour markets go through transformations driven by technological change, the traditional
approach of in-person counselling for apprentices could be too challenging and costly to scale.

Bob emploi® is a platform that provides coaching and counselling through artificial agents. An Al
system based on employment data from the French government was developed to offer free, tailored
support to millions of individuals who are, or will be, at risk of unemployment or underemployment.
Since launching in October 2016, Bob has provided coaching to more than 150,000 jobseekers. Eighty-
nine per cent of the users say they find the advice useful or very useful, and forty-three per cent of
successful jobseekers consider Bob crucial to the process of finding their job.

SORPRENDO® is a software product developed by a private company as the main output of the
Career Guidelines project, funded by the EU’s Leonardo da Vinci Programme in 2009. The aim of this
software is to improve the quality of guidance services in Italy through the transfer of an English
model of career guidance (International Career Assessment Software created by CASCAID Ltd., which
was until 2017, a company of Loughborough University, United Kingdom) and through the adjustment
and improvement of pre-existing Italian educational and occupational databases. The software
targets secondary school students, premature school-leavers, workers and the unemployed, and is
currently used in lower secondary schools as well as in public employment services in Italy.

3.4.2 Assessing the effectiveness of an apprenticeship
programme using learning analytics

Following the completion of an apprenticeship, data should be collected to evaluate the quality of the
programme. On the one hand, these metrics are important to demonstrate the program’s effectiveness
to stakeholders. Indeed, educational institutions are increasingly required to measure, demonstrate,
and improve performance (Campbell et al. 2007; EU Expert Group 2010). On the other hand, metrics can
support the redesigning of the apprenticeship program in an evidence-based approach (Reimann 2016).
Almost all the educational learning platforms and tools mentioned in this report automatically collect and
store a huge number of learners’ digital footprints, including their written texts, time spent on a task,
navigation behaviour, and so on. Recently, researchers and practitioners investigated whether this kind
of information could be used to assess the effectiveness of a learning programme or to automatically
personalize a training offer with respect to the user’s behaviour. Consequently, different fields of research
emerged: educational data mining, learning analytics and educational institution analytics.

Educational data mining focuses on methods to explore data that come from educational settings and
using those methods to better understand learners and the settings in which they learn. Learning
analytics is concerned with the measurement, collection, analysis and reporting of data about learners
and their context for the purposes of understanding and optimizing learning and the environment in
which it occurs (Kop et al. 2017). Educational institution analytics is similar to learning analytic, but its focus
is on educational results at national or international levels.

According to these definitions, learning analytics and educational institution analytics have a greater focus
on supporting human judgement and decision-making, as well as providing information to empower
institutions, instructors and learners (Siemens and Baker 2012). Ferguson (2012) identified three different
learning analytics target audiences or interest groups: governments, educational institutions and

64 For more information, see the Bob Emploi website, https://www.bob-emploi.fr/.
65 For more information, see the Sorprendo website, https://www.sorprendo.it/.
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teachers. Although the interests of all three groups overlap, they require analytics working at different
scales and at different granularities. In a recent review of the use of learning analytics in TVET contexts,
Gedrimiene and colleagues (2020) showed how learning analytics could be used at the student, teacher,
administrator and government levels, considering specific TVET characteristics (see figure 5).

Figure 4. Summary of learning analytics possibilities that correspond to TVET education-system
levels

Governmental level Data for policy making

Evidence-based management
Possible cost reduction
Improving educational services
Predicting post educational

employment

Institutional level

Monitoring learning processes
Assessment and teacher support
Curriculum development
Professional development

Teacher level

Student level

Source: Gedrimiene et al. (2020).

Reflection
Personalized learning
Early interventions

Most of the research at the moment focuses on the student and teacher levels. However, in the future,
learning analytics could be used further to enable comparisons between institutions with similar
apprentices’ intakes from different regions, as well as comparisons of educational results using national
standards.

At the macro level, organization-wide analytics enable a better understanding of learner cohorts to
optimize processes. These include allocating critical resources to do things like reduce dropout rates and
increase retention and success rates (see box 32), which can be used to support school admission processes
and predict school performance (OECD 2021). Moreover, these analytics could help institutions understand
students’ future employment prospects better and promote better educational and vocational planning
(Avella et al. 2016). Learning analytics could also be used as a part of apprenticeship training, providing
individual feedback and cumulative data for human resource purposes, as well as developing cooperation
between TVET institutions and workplaces. At the moment, different approaches to learning analytics
have been tested in various professional fields, based on the use of different kinds of data (Littlejohn,
2017). For instance, wearable devices were used to track professional networks in healthcare settings
(Endedijk 2016). By exploiting these informal professional networks, organizations have a mechanism to
improve human social capital and learning. Other approaches used sensors worn on the body (Limbu
et al. 2019) and social semantic network analysis (Siadaty et al. 2016). As proposed by Liu and colleagues
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(2018), it would be interesting in the future to implement an education-industry cooperative system in
which schools and companies share data to face the existing information asymmetry in the cooperation.

Ethical implications surrounding the collection, analysis and use of apprentices’ data consider the benefits,
risks and potential for harm resulting from the collection, analysis and use of apprentices’ data (Prinsloo
and Slade 2017). Using learning analytics demands a consideration of the ethical dilemmas of balancing
open access to data with data privacy protection while also considering the legal issues and ethical risks
related to data ownership, data privacy and data availability for the public good. Adopting a learning
analytics strategy, thus, requires not only technical skills, but also the ability to reflect upon ethics-,
privacy- and security-by-design (UNESCO 2019a).

Learning analytics in the future will essentially be based on and driven by algorithms and machine learning.
Therefore, decision makers have to consider how algorithms “reinforce, maintain or even reshape visions
of the social world, knowledge and encounters with information” (Williamson 2016, p. 4). Accountability,
transparency and regulatory frameworks will be essential elements in the frameworks ensuring ethical
learning analytics (Prinsloo and Slade 2016).

Box 32. Using learning analytics to reduce dropout rates and increase retention and success
rates

In Finland, all TVET students have a personal competence development plan to support them in
acquiring the qualification requirements of their domain. In Helsinki, an Al-based system (AI-HOKS)
was developed to help TVET students graduate (and limit their risks of dropping out). Its main goal
is to identify the circumstances and phases of learning when students will most likely need support
as early as possible, and to provide automated and semi-automated support (for example, mobile
coaching). The indicators for early warning and intervention are based on: 1) personal competence
development plans (including implementation timelines, acquired competences and self-evaluation);
2) the logging in and use of various tools and learning environments; 3) weekly mobile questionnaires
sent to students’ mobile phones; and 4) students’ feedback provided through the system. With the
aim of providing ethical learning analytics, traditional statistical methods that classify or profile
students are not used. Instead, ground data are collected as a basis for building machine-learning
models that can be used once the system has been in use for a couple of years and larger data sets
are available. As of 2021, the system is still being piloted, and information on its effectiveness is not
available yet.
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This report presents several evidence-based experiences of technology-enhanced apprenticeship practices
collected from various countries, fields and contexts. Each of these practices has been presented referring
to the stages and sub-phases of the apprenticeship life cycle as defined by the ILO (2020). As a preliminary
remark, it is worth noting that this combination should not be read as definitive nor comprehensive
as it was proposed for illustrative purposes. Learning analytics, for example, is presented as a set of
methodologies to assess the quality of an apprenticeship programme. However, they can also be used
to enhance reflectiveness through formative feedback (Tempelaar et al. 2013). Similarly, we presented
360-degree videos as tools to support apprentices’ career choices and awareness on an apprenticeship
program. However, 360-degree videos can also be used in the context of training simulation. Decision-
makers need to be aware of the affordances provided by each kind of digital technology (Norman 1999;
Bower 2008) to critically and flexibly choose when and for what purpose to adopt and integrate them.

A second, immediately consequent remark highlights that an apprenticeship programme does not have to
necessarily implement all the digital technologies and practices presented in this report. Apprenticeship
providers are invited to assess their priorities and local capabilities and act accordingly. In this conclusion
section, we will summarize the key digital transformation issues related to the four stages of the
apprenticeship life cycle and some of the key challenges related to them (see the non-exhaustive selection
of key challenges and threats in table 4). Commenting on digital transformation issues, we provide
recommendations for policy and future research trajectories in six recommendation boxes. Within each
recommendation box, a circle indicates its correspondence with the ILO quality apprenticeship building
blocks (QABBSs) that the proposed policies and research could contribute to supporting (ILO 2017).66

Table 4. Key digital transformations and related challenges of the four stages of the apprenticeship
life cycle

Stage Key digital transformation Key challenges and threats

1) Developing a quality
apprenticeship
programme

2) Preparing quality
training places

3) Organizing
apprenticeship training

4) Post-training
transition and
evaluation

Source: Authors’ analysis.

The use of big data for job market analysis
The development of an international
framework for digital credentials and
badges enhanced by blockchain

Dedicated platforms for providing
complementary off- or on-the-job training
The introduction of the role of digital
experts/facilitators in apprenticeship
programmes

The use of mixed-reality technologies (AR,
VR, 360-degree videos) and game-based
simulations to develop and assess
professional competences

Al to provide individualized career advice
Learning and educational institution
analytics for programme assessment

Quiality, reliability and feasibility of
big data analysis, especially for
developing countries

Poor level of interoperability of
digital credentials and badges

Resources for negotiating, scaling
up and community management
Lack of digital skills framework for
digital educators in TVET

Technical issues, costs of
development, infrastructural
requirements

Research on pedagogical designs
required

Bias reiterated by Al algorithms
Ethical implications around the
collection, analysis and use of
personal data

66 The ILO (2017) identifies six quality building blocks to developing quality apprenticeship systems: 1) Meaningful social dialogue; 2)
Equitable funding arrangements; 3) Robust regulatory frameworks; 4) Strong labour market relevance; 5) Clear roles and responsibilities; 6)

Inclusiveness.
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» 4.1 Key digital transformation issues and the related
challenges

In the first stage of developing apprenticeship programmes, we identified two key digital transformation
issues: the use of big data for enhancing job market analysis, and the development of a framework for
managing digital credentials enhanced by blockchain systems.

Big data analytics can be used to map skills by occupation (Boselli et al. 2018), identify discrepancies
or obsolete skills (Mezzanzanica et al. 2018), and conduct predictive analyses of the demand for new
occupations and new skills in quasi-real time. According to a recent report from the European Training
Foundation (Mezzanzanica and Mercorio 2019), the use of big data for labour market analysis would be
especially beneficial for developing and transitioning countries to facilitate matches between market
demand and supply, to design apprenticeship paths to fit market expectations better, and to compare
internal labour markets against cross-border countries to facilitate mobility. However, for these countries,
a lack of access to administrative and statistical data and a poor level of use of online job advertisements
could challenge the reliability of the analysis. Recommendation box 1 highlights possible actions to
develop valid and reliable systems for job market analysis through big data analytics.

Recommendation box 1. Develop valid and reliable systems for job market analysis through
big data analytics

Recommendations for policymakers and decision makers: Policymakers

should invest in the development of data analytics models to support policy QABBs
design and evaluation and to build up systems for collecting real-time 1. Labour
information. NGOs could provide the needed technical support for this big market

data analysis, especially for developing countries (see the cases of Malawi and relevance
Myanmar in collaboration with UNESCO, Box 3). Ethical standards and privacy
regulation must be respected in gathering, storing, processing, analysing
and presenting big data. Website owners must be informed: it is advisable to
reach an agreement to avoid major disruptions of their activities.

2. Regulatory
framework

Future research trajectories: Future research should focus on feasibility studies for developing
countries to identify, validate and rank internet sources for labour market analysis (Mezzanzanica
and Mercorio 2019), especially on how to collect information on blue collar and non-formal job
opportunities, which are often not advertised online.

Digital badges and credentials have the potential to further promote a competence-based approach
during the development of an apprenticeship competence framework. This is particularly relevant when
digital badges are developed to be aligned with national frameworks (Konert et al. 2017). However,
currently, badge interoperability among different institutions still represents a huge limitation. Effort is
required at national levels to assess which credentials could be recognized or used within apprenticeship
programmes. To best exploit digital badges, credential systems for apprenticeship will need to be based
on national qualification systems and developed through coordination among different stakeholders.
From a technical perspective, the credential systems can be further supported by blockchain technologies,
which could ensure an additional layer of verification of credentials to prevent/reduce fraud (AkaChain
2020), since apprentices’ individual data such as education, employment history, badges and credentials
are associated with a verified ID.
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Although blockchain technology is still in the early stages, it has the potential to provide users with a higher
level of control of their personal data (Christ and Helliar 2021), reducing costs related to the management
of apprentices’ data (Grech and Camilleri 2017) and certified paper-based credentials and diplomas (OECD
2021). Since certificates issued on the blockchain can be automatically verified, educational organizations
will no longer need to commit resources to this task, significantly reducing their administrative load and
practically eliminating the “after-sales support” they need to provide learners with at the end of their
courses (Grech and Camilleri 2017). Recommendation box 2 highlights possible actions to provide national
qualification through digital badges and verify it through blockchain.

Recommendation box 2. Provide national qualification through verified and interoperable
digital badges

Recommendations for policymakers and decision-makers: Develop 100

per cent secure, interoperable systems, from both the policy and technical QABBs
perspectives. 1. Regulatory
Policymakers could develop digital badges for the apprenticeship qualification framework
verified at national levels through blockchain systems. Then, they should 2. Labour
ensure that the digital badges are interoperable with international skills or market

career-related platforms. It is important to bring together a group of experts relevance
in certification, blockchain technology and data protection to define the
criteria for an open blockchain implementation (Grech and Camilleri 2017).

Future research trajectories: Policymakers and educational institutions would benefit from further
research on privacy implications, intellectual property management and digital identities in applying
blockchain. Conducting risk assessments on emerging use cases in blockchain would provide an
analysis of the current gaps needing to be filled.

Digital transformation can positively affect the preparation of quality training places, which is the second
stage of the apprenticeship life cycle. One of the biggest potential advantages that this report highlights
is the possibility to better connect all the actors involved in an apprenticeship programme through
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dedicated digital platforms. The report has described a few platforms (for example, mobile applications
and websites) that have already been adopted to support collaboration among TVET teachers, company
tutors, trainers for intermediary bodies and apprentices in both developed and developing countries (see
Recommendation box 3). Although this kind of platform facilitates communication and exchange, TVET
school teachers and company tutors need to have the required competences to collaborate with each other
to achieve the apprentices’ learning as a common goal. Providing the technology does not guarantee trust
and exchange among the parts. Training everybody, that is, apprentices as well as educators of all kinds, to
be at ease with this kind of platform is a challenge, whose resolution is necessary in order to benefit from
the cross-fertilization between the on-the job and off-the-job components of learning (Caruso et al. 2020).

Enhancing the digital competences of TVET teachers and trainers as well as apprentices is an interrelated,
pivotal issue for the preparation of an apprenticeship programme. Digital competence is more than
mere technical skills; it includes a set of knowledge, attitudes and skills that allow integrating digital
technologies critically and purposefully within a learning path. The report has mentioned a few national
and international frameworks of digital competences for educators. However, our review did not identify
a specific framework for educators in TVET and apprenticeship programmes. Future policy and research
would need to focus on a digital competence framework specific to TVET and apprenticeship educators
(Lucas et al. 2021; Cattaneo et al. 2022) by including, for instance, context-specific competences, such as
those related to using technology for enhancing connectivity between apprenticeship learning locations,
such as school- and work-based tracks (Cattaneo, Gurtner and Felder 2021). Recommendation box 3
highlights possible actions to facilitate the collaboration between and professional development of
apprenticeship trainers.

Recommendation box 3. Develop the conditions for collaboration between and professional
development of school-based and company-based trainers

Recommendations for policymakers and decision makers: Supporting
teachers, company and inter-company tutors’ cooperation with apprentices Sl

through the adoption of digital technologies specifically designed to nurture 1. Social
connections and a shared professional culture among the actors of the dialogue
system, independently from their place of activity, whether the school or the
workplace. Examples include Realto (described in Box 12) and eDAP (case
study 1) as specific online learning environments accessible by different users
with appropriate and differentiated rights. Providing the technology is not

2. Clear role and
responsibilities

enough: it is also necessary to build competences and mutual trust to allow collaborations among
TVET schools and companies.

To build a thriving community, organizations must ensure they have political and organizational
commitment and the financial and human resources not only to start the cooperation, but also
support its growth and evolve with the community throughout its life cycle. Digital facilitators can
be key figures in this sense. This role has been already introduced in some educational systems
and can promote pedagogically sound and effective digital activities both at the organizational and
educational levels, within each educational institution and across learning sites (Cattaneo, Bonini et
al. 2021).

Future research trajectories: It would be beneficial to develop and access digital competence
frameworks specifically designed for TVET and apprenticeship educators by including, for instance,
context-specific competences, such as the use of technology for connectivity between apprenticeship
learning locations. Currently, most research focuses on TVET teachers’ digital competence. In the
future, more research should also focus on in-company and inter-company tutors.



This report describes a few innovative technologies that teachers and trainers will be required to
increasingly adopt for apprenticeship training (stage three of the apprenticeship life cycle) by integrating
school and workplace learning: XR solutions such as AR, VR, 360-degree videos and game-based
simulations. Research shows that XR solutions are at least equal in effectiveness as compared to other
training methods but provide more positive effects related to motivation, engagement and increased
interest, as well as the possibility of providing training situations when danger or cost may make traditional
training impossible (Kaplan et al. 2021).

XR technologies have the potential to facilitate learning for apprentices with cognitive and physical
disabilities, supporting the development of functional skills such as wayfinding, numeracy, shopping,
literacy, emotional and physical competences (Baragash et al. 2020) and job-seeking behaviours
(McMahon et al. 2015). When it comes to procedural learning, AR especially was found to save time and
costs while reducing error rates (Jetter et al. 2018). Some studies found that AR can be used by company
tutors to insert digital “annotations” within the physical workplace, including virtual images, point-of-view
videos, voice recordings and 3D models. The advantage of this method is in providing a constant feedback
to an apprentice about the workplace, especially when a company tutor cannot be physically present
with the apprentice. Another unique advantage of AR compared to other XR technologies is providing
the apprentice the opportunity to manipulate physical objects in the workplace and, thus, execute real
procedures, such as mechanical assembly or maintenance (Palmarini et al. 2018).

VR, on the other hand, provides apprentices with the opportunity to learn within environments that
are not accessible for several reasons: they are too far (for example, for apprentices in rural areas, see
case study 2), or are rare or dangerous scenarios (for example, plane crashes). Despite their potential,
there are still several limitations related to XR technologies that need to be addressed. Adopting these
technologies requires infrastructure (both hardware and software) and the human resources able to
design VR and AR applications. Issues related to poor application design (for example, response time,
graphical issues and user experience) have negative effects on apprentices’ experiences and consequently
on their engagement and learning outcomes. Moreover, if these technologies are used without a careful
pedagogical rationale and design, they have no beneficial effect on learning processes.

These challenges can be overcome in different ways. First, projects that allow teachers and trainers
to create their own AR/VR experiences without requiring computer programming skills (as shown
in the cases of Box 22) can be promoted. In addition, 360-degree videos allow the creation immersive
experiences without any computer programming skills, which is one of the reasons why studies have
reported this option as a cost-effective immersive technology for education (Roche et al. 2021). To reduce
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or prevent development costs, it is also possible to rely on existing AR/VR applications for training, such
as simulators for building an engine in VR or cooking simulators, in addition to partnering with research
centres (see case study 2) that can provide competences and resources to implement these technologies
in apprenticeship programmes. Recommendation box 4 highlights further possible actions to introduce
XR technologies within apprenticeship programmes.

Recommendation box 4. Introducing XR and game-based simulation in apprenticeship

Recommendations for policymakers and decision makers: To implement XR

technologies within apprenticeship programmes, policymakers can try to QABBs
establish partnerships with the private sector or stimulate the production 1. Equitable
of new learning resources through innovation funds for specific industries. funding

For instance, the US Department of Education established the Small Business arrangement
Innovation Research programme to give small enterprises access to funding
to produce EdTech applications that could later be commercialized. The fund
promotes the use of education technology to improve training practices and
learning outcomes.®” In England, an EdTech Innovation Fund was established
by the Nesta Foundation and the Department for Education.®® Partnerships 3. Inclusiveness
among research centres, governments, local companies and NGOs helped
introduce innovative digital technologies, including in developing countries,
as shown in case study 2, where VR haptic simulators were introduced in rural
Indian regions.

2. Labour
NEIGE
relevance

Future research trajectories: Apprenticeship programmes do not necessarily have to adopt cutting-
edge digital solutions, but they must be guided by strong pedagogical approaches (Schwendimann
et al. 2015). More research is needed to define pedagogical design principles while introducing XR
and game-based simulation in training and learning. Specifically, research should focus on how to
integrate traditional learning methods with XR (Kim et al. 2020), and which is the best method to
balance the “automation” of training provided by XR with the roles of teacher and trainer (Cuendet
et al. 2013). More research is also needed to understand how XR technologies can be adopted by
apprentices with cognitive and physical disabilities to improve their performance and consequently
reduce barriers related to employment (McMahon et al. 2015). More research on XR applications,
which are already available in the market, is needed to test the effectiveness of these solutions for
professional learning and skills development. Moreover, applied research should be combined with
basic research by investigating the relationship among factors such as the immersion provided by
the experience and mental states of the learner (for example, the feeling of being somewhere else,
or the feeling of being absorbed while performing a task) and the learning processes.

Eventually, digital technologies can be adopted to ensure the transition from an apprenticeship programme
to future employment/educational opportunities and to assess the effectiveness of the apprenticeship
programme (stage four of the apprenticeship life cycle). Bots trained through machine learning algorithms
are currently in use in a few countries (such as France) to provide individualized counselling based on
apprentices’ data (D’Silva et al. 2020). Chatbots could potentially provide four levels of career advisory
services: 1) offering information and recommendations; 2) providing interventions in career development;
3) augmenting career counsellors’ work; and 4) providing career counselling. Al can be trained using the
same data collected from a labour market analysis based on big data (stage 1).

67 For more information, see the Small Business Innovation Research (SBIR) Program page.
68 For more information, see the EdTech Innovation Fund page on the Nesta website.
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Technically, one of the key challenges in chatbot development is programming. The creation of a chatbot
involves the use of natural language processing. A chatbot, as a dialogue system, should be able to
understand the content of the dialogue and identify the users’ social and emotional needs during the
conversation. Chatbot systems should also be able to learn how to provide users with appropriate
answers, which can be accomplished through effective programming. For these reasons, it is advisable
to use chatbots in combination with other forms of counselling provided by experts. Recommendation
box 5 highlights the possible actions that can be taken to use chatbots to support post-apprenticeship
training transitions.

Recommendation box 5. Integrating chatbot with career guidance

Recommendations for policymakers and decision makers: The functions

of any chatbot should be explicitly detailed, and users should decide how QABBs
to interact with the bot. Putting together automatic assessment tools (for 1. Labour
chatbots) and counselling with an expert could increase the effectiveness of market

career guidance services. An app or website could serve as a virtual basis relevance
for several activities, such as assessment tests for interests/personality/
skills. This type of programme should not be conceived for the independent
use of an apprentice. While the purposes of the programme and theoretical
suggestions about the process of making career choices would be freely available, career guidance
activities and providing labour market information should be subject to scheduling an online meeting
with a career counsellor (Fusco et al. 2020). Since chatbots collect sensible information about users,
standards and privacy regulation must be respected in gathering, storing, processing and analysing
user data (see also Recommendation box 1).

2. Inclusiveness

Future research trajectories: Researching natural language processing is more difficult when dealing
with other world languages than English as most of the research in the field is heavily focused on
English. Future work should consider advancements in the researched field, which may have been
published in languages other than English with an added focus on establishing gold-standard corpora
in these languages (AlShuweihi et al. 2021).

Big data analysis methodologies can also be used to collect different kinds of data to assess the
effectiveness of an apprenticeship programme, from the more institutional level (educational institution
analytics) to the learners and trainers’ level (LA). Chatbots and learning analytics will be increasingly
based on and driven by algorithms and machine learning. Therefore, decision makers have to consider
the risk that algorithms reinforce, maintain or even reshape stereotypes and biases, for example, toward
minorities and disadvantaged groups. One of the biggest challenges while creating chatbots is to develop
and be compliant with regulatory frameworks that ensure accountability, transparency and an ethical
adoption of learning analytics (Prinsloo and Slade 2017). Recommendation box 6 highlights further
possible actions to integrate learning in apprenticeship.
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Recommendation box 6. Integrating learning analytics

Recommendations for policymakers and decision makers: Adopting REBES
learning analytics requires a certain level of data literacy to be achieved by 1. Social
all stakeholders in the system to support informed decision-making. Thus, dialogue

it is important to create and offer tools that allow teachers and trainers to
easily use learning analytics as well as guidelines for successfully supporting
teaching and learning methods for apprentices.

2. Regulatory
framework

Practitioners can take the lead within their schools in enabling local organizational change, which can,
in turn, support teachers, school leaders, companies and apprentices in appreciating and advocating
for learning analytics in learning. Local action and readiness for cultural change should precede the
development of local policy as it sets the stage for acceptance, supports the stages of adoption, and
helps guide the later development of standards, principles and procedures by policymakers. These
actions also address the challenge of updating principles and policies by engaging the impacted
communities in the continual process of adapting and improving the organizational response to
change.

Trustworthy and ethical learning analytics practices are supported by policy mechanisms such
as standards, accreditation processes, audits and evidence-based recommendations informed
by practice. Strong and focused actions that provide data privacy and security in the context of
interoperability are needed; for example, ensuring that the use of health, socioeconomic, and
behavioural, social-emotional, and academic data actually advances learning goals rather than other
goals of education. This strategy has to guarantee that the control and ownership of data are clear,
transparent and controllable by the person who is the subject of the data (see also Recommendation
box 1).

Future research trajectories: Research has reported on systems that track and analyse online
readings behaviours, attention, engagement, progress and achievement. All these metrics taken
together can be used, for example, to identify apprentices at risk of dropping out or to support
students with cognitive or physical impairments. Researchers should also focus on how to develop
trainers and apprentices learning analytics literacies; in particular, graphicacy® and educational data
literacy should be promoted (Ifenthaler et al. 2021).

69 Graphicacy refers to the way in which spatial information is communicated other than by words or numbers alone.
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» 4.2 Conclusion

This report shows that digital transformation is a broad phenomenon, with huge implications for economies
and consequently for the design and delivery of apprenticeship programmes. In apprenticeship, digital
transformation ranges from socioeconomic transformation to the inter- and intra-individual psychological
experience of each apprentice and trainer. At a broader level, apprenticeship programmes need to stay
at the pace of Industry 4.0. Big data, machine learning, artificial intelligence, robotics and the Internet of
Things will continue to shape, to different extents, workplaces and professional practices, providing on
the one hand, an opportunity for sustainable growth (Diem 2020) and on the other hand, risks related
to privacy issues (Janssen et al. 2013), digital colonialism (Kwet 2019), digital divide (ITU 2020) and skills
obsolescence (Frey and Osborne 2017).

Although the digital transformation of apprenticeships had already started before the beginning of the
COVID-19 pandemic, social distancing prescriptions imposed further reflection on the opportunities
offered by digital technologies for workplace learning, as well as the limitations and constraints to which
technology exposes its users. The health emergency made evident all the barriers that prevent a successful
and equal digital transformation of workplace learning, such as a lack of infrastructure, digital strategy
and the digital competences of both trainers and apprentices in both developing and developed countries.
At the same time, it brought the awareness that technologies could not replace existing practices but
could support learning under certain conditions. In this report, we argued that facing challenges related
to digital transformation can be worthwhile in order to enhance the quality of apprenticeship programmes
at different stages.

To achieve its full potential, the digital transformation of apprenticeship will need to be driven not just by
technology and research but in full partnership with trainers, apprenticeship providers and the learners
themselves. This report has also shown that digital technologies could be used to empower communities
through meaningful learning experiences and increasing access to knowledge and professional
experiences. However, many of the good practices presented in this report were driven by individual
institutions or partnerships. In the future, national and international coordinated actions will be necessary
to support an ethical and empowering digital transformation of apprenticeship in developing countries.
Putting the right policies in place will therefore be critical to make apprenticeship programmes and
workplaces more sustainable and inclusive.



Case Study
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» Case Study 1
Linking the school and workplace in apprenticeships
in Switzerland

One-page summary

Since apprenticeship programs usually combine on-the-job training and work experience with institution-
based training (Rosas et al. 2006), cooperation between the school and workplace is a pivotal element
to their success. However, apprentices often struggle to connect what they learn at school and in the
workplace (Kilbrink and Bjurulf 2013). Moreover, the communication between the school and company
tutors is not always adequately supported (Hytonen et al. 2016). This e-DAP case study shows how digital
technologies can be exploited to fill the gaps that apprentices experience when they cross the borders
between off the-job and on the-job training and at the same time, to support at the same time a better
communication between TVET schools and companies.

The e-DAP is a mobile learning solution allowing chef apprentices to create their own e-portfolio and recipe
book, which in the Swiss context has also the function of being a learning personal documentation (LPD).
The LPD is a mandatory and administrative task for all the VET professions which requires apprentices to
document major works and achievements carried out at the company. According to Swiss regulation, the
LPD is a task on the apprentice’s shoulders, but at the same time, the company trainer has to discuss it
with their apprentice at least once per semester. However, often apprentices do not perceive the benefit
of keeping a learning documentation (Caruso et al. 2016). Being compliant with the Erfahrraum, SFUVET
designed an electronic version of the LPD.

Inthe e-DAP, the LPD is conceived as a recipe book, which can be personalized and updated by apprentices
based on what they do in the workplace. For each recipe, apprentices can upload a set of pictures of their
professional performance taken on a smartphone. Each recipe in the e-DAP is always combined with a
few prompts for the apprentices to further reflect on their professional experiences (Mauroux et al. 2016).
Company supervisors can comment apprentices’ reflections, giving them contextualized and focused
feedback. Apprentices can explicitly request such feedback from their supervisors by touching a simple
button. In addition, teachers can access the apprentices’ pictures and recipes and use them to design
specific learning activities for the classroom (Hamalainen and Cattaneo 2015).

The approach resulted in better learning outcomes for the apprentices in at least three dimensions:
knowledge acquisition (Cattaneo et al. 2015), meta-reflection (Mauroux et al. 2013; Motta et al. 2017) and
professional performance (Cattaneo and Motta 2020). People using making greater use of the e-DAP also
tended to get better final grades, both in the theoretical and practical parts of the exam (Mauroux et al.
2016). Also, Amenduni and Cattaneo (2021) showed that apprentices who used the e-DAP had a higher
perception of connectivity (which means that apprentices perceive a good alignment among their school
and workplace tutors) compared to a control group who never used it. The scalability of the approach was
strongly supported by VET teachers.

After small scale experiments with a restricted group of VET teachers, a couple became “opinion leaders”
within their school. They spontaneously arranged opportunities for peer learning and collaboration with
their colleagues. Thanks to their contribution, the e-DAP has been currently adopted by a TVET school
for five different professions related to food services and by company tutors as well. Countries which
require apprentices to maintain a learning documentation within the workplace could find many benefits
in digitalizing the learning documentation, such as ease of monitoring, formative assessment, automated
feedback, sustaining the communication, better organizing and storing relevant information for both the
apprentices and the teachers/trainers (Gianetti 2021).
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» Case Study 1
Linking the school and workplace in apprenticeships
in Switzerland

Extended

Since apprenticeship programs usually combine on-the-job training and work experience with institution-
based training (Rosas et al. 2006), cooperation between the school and workplace is a pivotal element
in their success. However, apprentices often struggle to connect what they learn at school and in the
workplace (Kilbrink and Bjurulf 2013). Moreover, the communication between the school and company
tutors is not always adequately supported (Hytonen et al. 2016). Starting from these concerns, along
the years the Swiss Federal University for Vocational Education and Training (SFUVET) investigated the
extent to which and under which conditions technologies can be exploited to fill the gaps that apprentices
experience when they cross the borders between off the-job and on the-job training. After monitoring
several experiences, the Erfahrraum pedagogical model was developed and further tested using different
technologies (Schwendimann et al. 2015). The model proved to be beneficial not only to apprentices’
learning and perceptions of connectivity, but also to encourage a trust-based culture between TVET
teachers and company supervisors where each was acknowledged as somebody with a contribution
(Cattaneo, Gurtner and Felder 2021).

This was, for example, the case of the e-DAP experience. The e-DAP is a mobile learning solution which
allows chef apprentices to create their own e-portfolio and recipe book, which in the Swiss context has
also the function of being a learning personal documentation. The LPD is a mandatory and administrative
task for all the TVET professions which requires apprentices to document, using specific templates, the
major works and achievements carried out at the company. According to Swiss regulation, the LPD is a
task on the apprentice’s shoulders, but at the same time, the company trainer has to discuss it with their
apprentice at least once per semester. However, often apprentices do not perceive the benefit of keeping
alearning documentation (Caruso et al. 2016). Being compliant with the Erfahrraum, SFUVET designed an
electronic version of the LPD and tried to help apprentices realizing this benefit by:

> Better interconnecting apprentices’ school- and workplace-based learning experiences without
limiting LPD access to the company trainers. Swiss company trainers in many professions think that
the TVET teachers could be more involved in the LPD practice (Caruso et al. 2020).

» Enhance the pedagogical potentials of the LPD without confining it to a mere bureaucratic duty.

In the e-DAP, the LPD is conceived as a recipe book which can be personalized and continuously updated
by apprentices based on what they do in the workplace. For each recipe, apprentices can upload
a set of pictures of their professional performance taken on a smartphone. Each recipe in the e-DAP
is always combined with a few prompts for the apprentices to further reflect on their professional
experiences (Mauroux et al. 2016). Company supervisors can comment apprentices’ reflections, giving
them contextualized and focused feedback. Apprentices can explicitly request such feedback from their
supervisors by touching a simple button on the e-DAP. In addition, teachers can access the apprentices’
pictures and recipes and use them to design specific learning activities in the classroom (Hamalainen and
Cattaneo 2015). In this way, visual information from the workplace becomes material to stimulate theory-
driven reflection on their professional practice.
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Success factors

The approach resulted in better learning outcomes for the apprentices in at least three important
dimensions: knowledge acquisition (Cattaneo et al. 2015), meta-reflection (Mauroux et al. 2013; Motta et
al. 2017) and professional performance (Cattaneo and Motta 2020). People using making greater use of
the e-DAP also tended to get better final grades, both in the theoretical and practical parts of the exam
(Mauroux et al. 2016). Moreover, Caruso et al. (2020) showed that a group of people (apprentices, teachers
and company trainers) involved in the chef apprenticeship program with the e-DAP were more aware of
the pedagogical potentials of LPD (supporting reflection and connectivity) as compared to a group of
chefs who had never used the e-DAP or any other kind of electronic LPD. Also, Amenduni and Cattaneo
(2021) showed that apprentices who used the e-DAP had a higher perception of connectivity (which means
that apprentices perceived a good alignment among their school and workplace tutors) compared with a
control group who had never used it.

Scaling-up and lessons learned

The e-DAP project was sustained by exploiting the network resources at the macro, meso, and micro
levels. The first prototype of the e-DAP was funded within the framework of a national research project
called Dual-T.”® Afterwards, SFUVET entered into an agreement with a local tertiary school in the field of
management and computer science to entrust the development of the e-DAP solution to a student as a
project towards obtaining their final diploma. Thanks to this second prototype, SFUVET later obtained a
sponsorship from the largest Swiss employers’ association in the hotel and gastronomy sector to further
fund and disseminate the web-based and mobile learning environment.

At the school level, the successful implementation of the project was possible mainly because of the
contribution of a few enthusiastic teachers who immediately perceived the added values of the joint
pedagogical and technological solution. From the e-DAP experience, SFUVET found out that TVET
teachers who disseminated (and duplicated) e-DAP good practices at the school level had the following
characteristics: 1) they were former professionals (chefs and cooks) and, therefore, they were able to
understand the perspectives and the needs of the companies’ tutors; 2) they showed a positive attitude
toward the use of technology for teaching; and 3) they were intrinsically motivated to improve their
teaching practices.

Although the first characteristic was not present in other similar experiences conducted by SFUVET, the
other two - and especially the third - were revealed to be important for the success of the implementation.
After small-scale experiments with a restricted group of TVET teachers, a couple of them became “opinion
leaders” within their TVET school. They spontaneously arranged opportunities for peer learning and
collaboration with their colleagues, following a bottom-up approach. Thanks to their contribution, the
e-DAP has been currently adopted by a whole TVET school in five different professions related to food
services and by the company tutors as well. TVET teachers reported that the e-DAP platform guaranteed
didactic continuity during the first COVID-19 lockdown in Switzerland. Noticeably, the e-DAP project is
going on without much supervision by SFUVET, who originally developed the project.

Challenges of implementation

Despite this success, though the requirements for using e-DAP are minimal (this was confirmed by some
studies conducted on the usability and ease of use of the application), a group of teachers and trainers
reported that the lack of digital skills in their colleagues was often the main barrier in the use of e-DAP
in training practices. A further challenge arose from the apprentices’ resistance toward writing their
reflections in their learning documentation (Gianetti 2021). In replicating this kind of project, it would

70 For more information, see the Dual-T project page on the SFUVET website.
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be advisable to think carefully about how to stimulate students’ writing and reflective activities, which is
essential for professional competence development in every profession (see section 3.3.4.2).

Replicating to other contexts

e-DAP is an established platform in the Italian-speaking region of Switzerland, Ticino. Here, it has naturally
became part of the system, being implemented automatically when a new apprentice starts the curriculum.
e-DAP’s cooperation with the national corporate association made some schools in the French-speaking
region adopt it, and other schools in the German-speaking region are considering adopting it. This has
allowed e-DAP to start a scaling-up approach, which, however, was not the main objective of the research
project in the strict sense. This gives us two general guidelines: scaling up educational technologies
requires (a lot of) time to be introduced, accepted and eventually adopted by other people; at the same
time, when research has collected empirical evidence on a specific technology’s effectiveness for learning,
the appropriate (human) resources to still need to be allocated in order to disseminate technological
solutions in the field, including training and marketing activities.

Having said that, the e-DAP approach can be replicated to different extents in other professions. For
instance, in the Dual-T project, the Realto application (see box 14) was designed to be used by any
profession and to be customizable in the learning documentation section to the needs and specificities of
the apprentices of the profession using it.

Countries which require apprentices to maintain a learning documentation within the workplace could
find many benefits in digitalizing the learning documentation, such as ease of monitoring, formative
assessment, automated feedback (also nurtured by the integration of Al-based solutions when feasible),
sustaining communication, better organization and storing relevant information for both the apprentices
and the teachers/trainers (Gianetti 2021). Developing an application ex-novo could have some advantages
(for example, customization and personalization of the environment) although it requires a higher
investment in terms of time and costs of development (however, as shown before, it can be relatively
accessible). On the other hand, existing technologies can also be exploited and adapted to create a digital
learning documentation. For instance, Microsoft applications (such as OneNote) or e-portfolio-related
applications (such as Mahara for Moodle), could be used to collect the information of students learning at
the workplace and school. However, it is necessary to design learning activities following pedagogies which
are thought to support the mutual hybridization between school and workplaces (like the Erfahrraum, for
example).

To sum up, the e-DAP is an example of a possible way to create a space for communication, reflection
and cross-fertilization among apprentices, workplace actors and school tutors by supporting both the
organizational and learning components of any apprenticeship programme.

Video 1. Video trailer of the e-DAP available in German (on the left) and in Italian (on the right)

Source: SFUVET (2015).
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» Case Study 2
Simulators and virtual reality for VET in rural areas
in India

One-page summary

Amrita Multi Modal Applications and Human Computer Interaction Labs (AMMACHI Labs), a research
centre affiliated to the Amrita University (Tamil Nadu), uses innovative approaches and technology to
overcome traditional obstacles to disadvantaged groups’ access to training and employment.

One of the first and amongst the most innovative projects carried out by AMMACHI Labs is the Sakshat
Amrita Vocational Education (SAVE) project funded by a grant from the Indian Ministry of Human
Resource and Development in 2014. Over the last seven years, project partners have developed 300 VR
courses and low-cost, portable, custom-built haptic and touch-based simulators to palliate the lack of
the apprentices’ hands-on experience or of expensive heavy machinery for various trades including
construction, manufacturing, healthcare, garments, home decor, agriculture and automotives. Haptics
simulators are devices which provide sensory feedback, such as vibrations, allowing apprentices to gain
practical experience in close-to-real working conditions and to develop the required motor skills safely
even in the absence of instructors.

In most of the experiences realized by AMMACHI Labs, users received haptic and auditory feedback
integrated with desktop VR interfaces that provide users visual representations of professional situations
and visual feedback (Jose et al. 2014). For instance, in the virtual workshop for hacksaw training, feedback
is displayed on the computer screen, including the cutting speed, the average downward pressure, the
number of blades broken in the simulation and an aggregate final score for the exercise based on these
variables.

This approach is generalizable for training where accessing real situations is not always possible or
opportune: possible harming of patients (for example, in healthcare), destructive or dangerous procedures
(for example, working with hacksaws and blades), expensive material or unreachable environments (such
as nuclear and deep-water operations) constitute some illustrative cases (Lelevé et al. 2020).

Some of the reported advantages of using haptic simulators is the reduction of waste (such as wood and
plastic) and making procedural and fine-motor skills training accessible, even when apprentices cannot
attend TVET schools or workplaces. For instance, in this case, apprentices lived in rural areas which were
located far away from TVET schools and companies. Transportable haptic simulators and computers were
brought to rural areas using a MoVE van (a vehicle which consists of 20 handheld touchscreen devices, a
laptop server, one large display monitor, low-cost haptic devices and solar equipment) to bring electrical
power and devices to rural areas. The third advantage of the combined use of haptic simulators and
VR lies in the reduction of the time that a trainer needs to devote to guiding apprentices. Indeed, the
haptic simulators can provide a set of formative feedback through desktop VR. Generally, AMMACHI Labs
reported a reduction in the cost for training of about of 50 per cent, thanks to the introduction of haptic
simulators.

This case study also shows how a local research centre, like AMMACHI Labs, managed to involve a wide
population (47 villages were reached and 5,487 people trained, more than 50 per cent of whom were
women), generating economic value (for example, the launch of more than 40 small business) thanks to
the support of national investments (United Nations 2021).
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» Case Study 2
Simulators and virtual reality for VET in rural areas
in India

Extended

More than 90 per cent of the Indian working population is employed in the informal sector, which
generates about 60 per cent of the country’s economic output (King 2012). The government has launched
several schemes to enhance skill development in informal settings (Pilz and Regel 2021), especially focused
on rural regions (Andres et al., 2017) that are geographically distant from formal training institutions
(Wessels and Pilz 2018).

In response to these challenges, AMMACHI Labs, a research centre affiliated to Amrita University (Tamil
Nadu), uses innovative approaches and technology to overcome traditional obstacles to disadvantaged
groups’ access to training and employment.

One of the first and amongst the most innovative projects carried out by AMMACHI Labs is the Sakshat
Amrita Vocational Education (SAVE) project funded by a grant from the Indian Ministry of Human
Resource and Development in 2014. Over the last 7 years, project partners have developed low-cost,
portable, custom-built haptic and touch-based simulators to palliate the lack of the apprentices’ hands-on
experience or of expensive heavy machinery for various trades including construction, manufacturing,
healthcare, garments, home decor, agriculture and automotives. Haptics simulators are devices which
provide sensory feedback, such as vibrations, allowing apprentices to gain practical experience in close-to-
real working conditions and to develop the required motor skills safely even in the absence of instructors.

In most of the experiences realized by AMMACHI Labs, users received haptic and auditory feedback
integrated with desktop VR interfaces that provide users visual representations of professional situations
and visual feedback (Jose et al. 2014). The virtual workshop for hacksaw training is one of the first examples
of use of AMMACHI Labs’ haptic simulators (Jose et al. 2014). Inside this virtual workshop, the hacksaw,
blades, different pipe materials (PVC, copper, brass) are on display with navigation buttons to change
blades and materials. The interaction between the trainee and the simulation system is mediated using a
haptic simulator (see figure 6) and a mouse (to change variables). The instructions to the trainee are given
by both audio output and messages displayed on the screen. The trainee can select the pipe material from
the toolbar and use a pencil to draw the cutting position.

After marking the cutting position, the trainee can select the pipe vice to secure the pipe in place. Then, the
trainee aligns the hacksaw blade with the line marked on the pipe and moves the hacksaw back and forth.
Downward pressure is applied with a backward motion using the haptic simulator to cut a groove in the
pipe. Once the groove is formed, the hacksaw is moved back and forth while applying downward force on
the forward motion. After the pipe is completely cut, the pipe is shown to separate into two pieces, with
the cut piece falling onto the workshop table. The evaluation screen is then displayed, showing the cutting
speed, average downward pressure, deviation from the cutting mark, the number of blades broken and an
aggregate final score for the exercise based on these variables. Depending on the pipe material selected
and on the depth of the required cut, the haptic feedback provided to the trainee varies in magnitude.

The virtual workshop allowed trainers to guarantee safer conditions with a limited number of materials
required for practice and training.
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Figure 5. Virtual workshop for hacksaw training

Source: Jose et al. (2014).

Video 2. AMMACHI Labs: Haptic simulators for vocational skill development

Source: AMMACHI Labs.

A similar approach was followed for the training of novices in construction rebar bending skills.
Construction rebars (steel-concrete bars meant for reinforcement) provide structural reinforcements for
concrete work. This necessitates experts to bend and cut rebars to correctly size and bend the long steel
rods before they can be installed. To train apprentices in the building sector, AMMACHI Labs developed a
novel haptic-based bar bending simulator in collaboration with a private institute in the field of construction
skills training.” The haptic training device is combined with a virtual environment and provides manual
skill training and evaluation of trainees’ prior knowledge (see figure 7). The system provides a multimodal

71 For more information, see the Construction Skills Training Institutes page on the L&T Construction website.
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simulation environment with visual, audio and haptic feedback, like in the virtual workshop for hacksaw.
Copies of the simulator are currently being used in the simulation centres of private institutes in Chennai
and Delhi.”? While the haptic simulator for hacksaw training can be easily transported, the bar-bending
simulator is used within the context of a TVET school or workplaces due to its size.

Figure 6. Haptic and VR simulators to train novices in the construction rebar bending skills

Source: Bar Bending Simulator for L&T | AMMACHI Labs & CWEGE

Scalability

AMMACHI Labs had developed over 300 VR courses and simulators for various trades by 2014, including
for the construction, manufacturing, healthcare, garments, home decor, agriculture and automotive
sectors. This demonstrates the generalizability of the approach for training where accessing real situations
is not always possible or opportune; the possible harm caused to patients (for example, in healthcare),
destructive or dangerous procedures (for example, working with hacksaws and blades), expensive
materials or an unreachable environment (such as nuclear and deep-water operations) constitute some
illustrative cases (Lelevé et al. 2020).

PwC (2020)7® estimated that VR training is more cost-effective at scale than classroom training or
e-learning. Since VR content initially requires up to a 48 per cent greater investment than similar classroom
or e-learning courses, it is essential to have enough of a cohort to help make this approach cost-effective.
At 375 learners, VR training achieved cost parity with classroom learning. At 3,000 learners, VR training
became 52 per cent more cost-effective than classroom training. At 1,950 learners, VR training achieved

72 For more information, see the Bar Bending Simulator for L&T page on the AMMACHI Labs website.
73 For more information, see Seeing is Believing: How virtual reality and augmented reality are transforming business and the economy.
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cost parity with e-learning. Therefore, the larger the number of people being trained, the higher is the
return in terms of employee time saved during training, course facilitation and cost savings.

Replicability in other contexts

One of the main advantages of using haptic simulators is the reduction of the waste (such as wood
and plastic), and this is particularly relevant to make apprenticeship programs more environmentally
sustainable. Moreover, the use of haptic simulators with VR (desktop or immersive) guarantees the
accessibility of procedural and fine motor skills training even when apprentices cannot attend TVET schools
or workplaces. For instance, in this case, apprentices lived in rural areas located far from TVET schools
and companies. Transportable haptic simulators and computers were brought to rural areas through
a MoVE van, “a solar-powered classroom on wheels” (see box 18). In both developed and developing
countries, in cases of lockdowns in the future, governments could decide to provide each apprentice a
set of low-cost haptic simulators to practice their procedural skills at home. The third advantage of the
combined use of haptic simulators and VR lies in the reduction of the time that a trainer needs to devote to
guiding apprentices. Indeed, haptic simulators can provide a set of formative feedback through desktop
VR. Finally, we must not forget that these solutions, in the cases we have just discussed, ideally reduce
the number of accidents apprentices suffer in the real world. Additionally, AMMACHI Labs also reported
a reduction in the cost of training of about of 50 per cent thanks to the introduction of haptic simulators.

In the past, VR was too expensive, complicated and challenging to deploy. According to PwC (2020), the
cost of an enterprise headset ecosystem is a one-time fee of less than US$1,000, and these units can be
managed like any other enterprise mobile device and can be used repeatedly to deliver training.’

Challenges and solutions

AMMACHI Labs had to face various challenges in delivering these innovative forms of training in rural
areas in India. Table 5 describes the three main challenges experienced by the AMMACHI Lab and the
solutions they found.

Table 5. Challenges and opportunities in adopting haptic simulators and VR in rural areas in India for
professional learning

Funding the AMMACHI Labs looked for national funding (the Ministry of Human Resource and
development of the  Development in India), an international partnership with the United Nations, collaborations
haptic simulators with local and international universities (UNESCO-UNEVOC 2017) and collaborations with

and VR environment  private entities (for example, the L&T Construction Skills Training Institute).

Dealing with low AMMACHI Labs has a team of instructional designers, multimedia artists and subject matter
literacy users experts who develop user-friendly learning environments for rural populations. Keeping user

experience principles in mind, AMMACHI collaborators create learning solutions that are
designed to work across India’s rich cultural and linguistic diversity.

Bringing electrical To bring quality vocational education to the otherwise inaccessible regions of the diverse
power and devices in geography of India, AMMACHI Labs designed the MoVE van, a vehicle which consists of 20
rural areas handheld, touchscreen devices, a laptop server, one large display monitor, low-cost haptic

devices and solar equipment.

Source: Authors’ analysis.

74 For more information, see Technology for Skill Development Ammachi Labs by Mr Ajay Balakrishnan.
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The AMMACHI Labs case study demonstrates not only that adopting cutting-edge technologies in rural
areas in developing countries is feasible, but also that this strategy could even reduce the costs of training
and materials in the long run. This case study also shows how a local research centre, like AMMACHI
Labs managed to involve a wide population (47 villages reached and 5,487 people trained, more than
50 per cent of whom were women), generating economic value (for example, the launch of more than
40 small business) thanks to the support of national investments (United Nations 2021). In other words,
policymakers will likely have a good return on investment if they fund research and development projects
in collaboration with research centres and universities, aimed at developing cutting-edge technologies
for apprenticeship programs.
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