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Investigations
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The importance of an integrated quality assurance system
in professional qualification development and implementation

Abstract: The increasing pace of technological changes in manufacturing is re-
ducing the useful life of formal qualifications. High level monolithic qualifica-
tions require large amounts of effort to review and revise them, especially in an
international context. The fourth industrial revolution is pushing traditional edu-
cation systems to their limits and shedding light on their shortcomings. Ensuring
that the future workforce is qualified for the challenges of Industry 4.0 involves ad-
dressing several aspects. Employers and their employees demand highly relevant
pre-employment education, delivering both the fundamental engineering knowl-
edge and addressing the latest materials and processes. The EwF education and
qualification approach aims to provide the right qualification at the right time. Its
success is derived from a robust and industry-focused quality system, with wide
stakeholder involvement from welding research institutes, educational organisa-
tions, certification bodies, companies, trainers and trainees. The cooperative ap-
proach of Ewr members and stakeholders delivers harmonized quality assurance
that has ensured the reliability and credibility of the international qualifications
so that they have become trusted by employers. This paper aims to present how
international qualifications support the implementation and exploitation of new
technologies, enabling innovation in manufacturing.

Keywords: industry 4.0, Ewr Education, Qualification and Certification System,
Industrial Training, Quality Assurance in Training

DOI: 10.17729/ebis.2018.5/1

Introduction of the European Union. This scale of labour

By 2030, 210 million people around the world disruption is driven by a number of forces, in-
are expected to change occupation; that is equiv- cluding industrialization, globalization, dig-
alent to the current population of Brazil, or 40% itization and automation. Up to 800 million
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workers worldwide are at risk of some degree of
labour disruption between now and 2030. Pre-
vious industrial revolutions were very slow in
their global spread, in that there are still parts
of the world that have yet to be touched by the
first industrial revolution. Even where people
are still doing very traditional and (apparently)
immutable tasks, they now have a mobile phone
in their hands, which is a profound change, cre-
ating huge opportunities for financial services,
networking, job searching, and more.

This fourth industrial revolution, as stated in
Professor Ian Goldin’s and Professor Chris Cu-
tarnas book Age of Discovery, is part of a broader
movement, a new renaissance. This renaissance
is different to the last in its speed, and in its
depth, and it is not confined to industry, being
broader in scope. As the first renaissance, it im-
plies a broad access to knowledge, which is no
longer confined to books, but easily accessible
to everyone. No sector is left unchallenged, and
manufacturing is no exception, with companies
quickly merging into both digital and manu-
facturing centres, creating new challenges and
new opportunities. Existing competences are
quickly becoming obsolescent, as the change
requires knowledge, skills and behaviours from
professionals in all areas.

The answer to these challenges is strongly de-
pendent on the ability of academic education
and Vocational Education and Training (VET)
systems to cope with the demand for new cur-
riculums and methodologies to prepare their
students for the new business requirements and
technologies being exploited. The broadest pos-
sible recognition of the acquired knowledge
and skills is a critical aspect of enabling the in-
crease in workforce mobility.

Additionally, the education systems need to
become more agile; what were established and
effective learning methodologies need to adapt
quickly to support professionals and companies
with an increasing pace of change in custom-
er expectations, products, technologies, and
even manufacturing processes and materials.
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The demand will be for wide availability of ef-
ficient retraining and reskilling that ensures
transferability between VET and formal aca-
demic education systems and supports pro-
gression, irrespective of the route or sequence
of learning.

It is essential that vocational qualifications
are harmonized, so that they provide univer-
sal recognition and transferability of knowl-
edge and skills, and are accepted by employers
and further and higher education organisations
regardless of the location where the qualifi-
cation is gained, reducing costs for employ-
ers who want to find the best professionals to
meet their needs as quickly as possible. This
transferability of qualifications is paramount
for multi-national companies operating in in-
ternational markets, not only for mobility of
employees but also for international recogni-
tion of personnel competence for compliance
with requirements for quality control of prod-
ucts and services. Most countries in the Eu-
ropean Economic Area have established the
relationship between their National Qualifica-
tion Frameworks and the European Qualifica-
tion Framework, to create a transfer matrix for
qualification levels. Beyond that transfer ma-
trix, harmonization of vocational qualifica-
tions requires expert bodies to cooperate and
contribute their national qualification content
to create international qualifications that satis-
ty industry requirements and observe all rele-
vant industry standards. The Ewr harmonised
international qualification guidelines have been
created through the cooperation and contribu-
tion of welding institutes across and beyond
Europe, ensuring that they have high relevance
and wide recognition.

The EwF harmonized international quali-
fications have established themselves as pro-
viding an effective response to the challenges
of transparency, transferability, mobility and
progression for professionals in welding and
materials joining technologies. Industry has
increasingly specified the EwF qualifications
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as one, if not the preferred, means of evidenc-
ing knowledge and understanding in welding
engineering. EWF is also able to mobilise sig-
nificant resource to update content and create
new guidelines to maintain relevance and ad-
dress new and emerging industry needs, ensur-
ing the reputation and value of its harmonised
international qualifications.

As the challenges of the fourth industrial
revolution are inherently global, qualifications
need to have the same high level of quality con-
trol throughout the ecosystem, to assure the re-
liability and consistency required by employers
and their customers. The EwF quality system
embraces the requirements of 1SO/1EC 17024,
the international standard for certification of
personnel, to ensure that best practice manage-
ment and operations requirements are applied
to the Education, Training, Qualification and
Certification (E, T, Q & C) products and ser-
vices. The quality control of EWF’s system for E,
T, Q & C of personnel has been recognized as
a best practice for international sectorial har-
monisation of qualifications by Cedefop - The
European Centre for the Development of Vo-
cational Training.

What are the challenges for
manufacturing businesses?

The ongoing transformation in manufacturing
touches all industries; developments in previous-
ly disjointed fields such as artificial intelligence
and machine learning, robotics, nanotechnology,
3D printing, and even genetics and biotechnolo-
gy, are all building on and amplifying one anoth-
er to produce a paradigm shift in the speed and
flexibility of systems. It is expected that smart
systems - homes, factories, farms, grids or en-
tire cities - will drive the response to problems
ranging from supply chain management to cli-
mate change. This is the time of Industry 4.0, but
this is far from just a technology initiative, it is
the future of manufacturing as we know it.

The nine technologies transforming indus-
trial production (see Figure 1) are: Big Data
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and analytics, Autonomous robots, Simulation,
Augmented reality, Additive Manufacturing,
the Cloud, Cybersecurity, the Industrial Inter-
net of Things, and horizontal and vertical sys-
tem integration.
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Fig. 1. Industry 4.0 - Digital Transformation.
Source: https://www.i-scoop.eu/industry-4-0/

The ultimate goal is the "smart factory” with
cyber-physical systems capable of autonomous-
ly exchanging information, triggering actions,
and controlling each other independently. The
integration of these nine technologies facilitates
fundamental improvements to the industrial
processes involved in manufacturing, including
material usage, asset performance and manage-
ment, and supply chain and lifecycle manage-
ment. The improvements enable manufacturers
to reinvent their business models to focus on
value-added services, and/or enter new sectoral
or geographic markets, or transform existing
products to meet the requirements of adjacent
market segments.

The challenges that manufacturers face in-
clude changing customer preferences, cost and
capital pressures, shorter product lifecycles,
new sources of disruptive competition and
a quickening pace of expected responsiveness,
and are forcing them to rethink and transform
their operational and business models. Today’s
Industry 4.0-outfitted factories are empowered

15



http://creativecommons.org/licenses/by-nc/3.0/
http://bulletin.is.gliwice.pl/

[@)ov-ne |

to drive productivity and keep costs down while
ensuring quality and consistency across man-
ufacturing processes.

The nine transformational technologies can
address the challenges faced by manufactur-
ers but this requires investment in robotics and
machine-to-machine communication to help
improve productivity, better analytics to ena-
ble improved insights into customer preferenc-
es and product usage, digital twinning to model
and simulate outcomes to improve design and
performance, all of which require educated in-
dividuals to select and implement new equip-
ment and systems appropriate to the intended
customer requirements and necessary business
improvements.

Intpemat of Thing (2T ) connected dewices nnfalled bass woridwide
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Fig. 2 Internet of Things (IoT) connected devices
installed base worldwide from 2015-2025
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The scope of opportunity for innovative man-
ufacturers is incredible; analysts predict that the
Industry 4.0 market will be massive. Based on
the growth of connected devices worldwide (see
Figure 2), Gartner believes that the Internet of
Things (IoT) market will be worth almost usp
3 trillion by 2020 [1]. And IDC thinks that the
virtual and augmented reality market, of great
importance for designing and prototyping, will
achieve a five-year compound annual growth
rate (CAGR) on the period 2017-2021 of 98.8%
[2] (see Figure 3). This change is putting a strong
pressure on organizations and their leaders, forc-
ing them to adapt and adopt quickly.
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Fig. 3. IDC Forecasts Increasing Demand for Augmented
Reality/ Virtual Reality Headsets Over the Next 5 Year

In order to assess the readiness of organ-
izations and leaders to embrace this revolu-
tion, Deloitte runs a yearly survey of C-level
Executives to analyse how well prepared busi-
ness leaders are to harness the full potential of
Industry 4.0 to the benefit of their customers,
their employees, their organizations, their com-
munities, and society overall.

The ensuing Deloitte report [3] highlighted
that only 14% of cxos were highly confident
that they were capable of leveraging Industry
4.0. The research also revealed that, while cxos
see new business or delivery models as the big-
gest threat to their organizations, they are large-
ly using new technologies as a tool to make
existing operations more efficient and cost-ef-
fective, currently focusing on evolution rather
than the emerging revolution.

Also of high relevance, only a quarter of the
cxos who participated in the survey thought
that they had the right workforce composition
and skillsets required for their future markets
and customers, although a large majority of
them (84%) felt that they were doing everything
they could to create a workforce for Industry
4.0 (see Figure 4).

The human factor

As whole industries adjust and new ones are
born, many occupations will undergo a funda-
mental transformation. Together, technological,

No. 5/2018



http://bulletin.is.gliwice.pl/
http://creativecommons.org/licenses/by-nc/3.0/

[@)ev-ne |

File e dodng ewarpthung we ran i crealie o
workfioroe for Bhe Fourth indusirigl Revoiution

We ore not focvend encugh on oreating &
workforee for the Fourth Industriod Revelution

We will g & complate Mrh.ﬂlcml; u_,‘ sacialblaher coneraes

fhi riarrenl inhaer et andl nneTETT Mﬂrfﬂﬂ'.:,l'.l'l"ﬂ.'rﬂrl‘ T A

Llear cLrr@nr adidrsnio Derteen will rostinc i
work and prepans indiwaduals for ingustnye 4.0
Wi nall Aeeyd & comnlens retfunlong off Bhe eaLCnBaAn TyEem

Our srganiration’s relotionships with our werkforoe wil

trand foward contracuol, femporory sndior od hor employees
e ooganization’s relationshios with swr wosldoroe

Wil iy e fenard Ruatdirtend f..l'r [ g rm,m'ﬂ:.ﬂmr

The ciiic that we require af our smpicyeet will
el miarh mare rapddly than how they deo iy

Thi gl thet i requirg of sur smployoes wall
P ooy simdonly to thate off iy

The majoriny of our workforcr con
ha Frainia a Rmar the kil W SRR
Wi wall nood fo hire res’differant peapla fo hove the giolls we requeing

W wall foce soviod vodovol sincrnmed imdorme irmeguality

Thw Fowrch ingusonad Revolcon mill leod oo mone equosiicy eng| soobsiioy

BEG

—a.
Ik
i

v

i
W
F g

%
#

SEW

R

1%

¥,

L]

Fig. 4. CXOs answers to the question: Which of the following statements about the Fourth Industrial Revolution's?
Source: Deloitte Insights — The Fourth Industrial Revolution is here - are you ready?

socio-economic, geopolitical and demograph-
ic developments and the interactions between
them will generate new categories of jobs and
occupations while partly or wholly displacing
others. They will change the skillsets required
in both old and new occupations in most in-
dustries and transform how and where people
work, leading to new management and com-
pliance challenges. Whilst the Deloitte Insights
report suggests that cxos recognise the impor-
tance of human capital in the implementation
of Industry 4.0 innovations, it also reveals that
talent and HR topics feature low on boardroom
agenda priorities and that the business leaders
do not feel able to influence educational pro-
vision to a significant enough level.

In practically every industry, the application
of technology has already altered when and
where work is done; the workplaces of the third
industrial age are giving way to work practic-
es of the digital age, including remote, flexible
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and on-demand working. Accompanying the in-
creasing technological and behavioural changes,
there is a growing need for further specialized
knowledge, supplemented by broader knowl-
edge of complementary fields of expertise to
support the core.

According to Prof. Goldin, the requirements
for deep expertise and broad knowledge will
mean more and more specialisation. As the
quantity of underpinning knowledge for appli-
cation of technologies is constantly increasing,
the solution may be to provide a T-shape in an
individual’s knowledge structure - combining
very deep learning, with a very broad set of in-
terests and abilities for its application. Today,
resources (YouTube videos, blogs, discussion
forums and networks, e-books) are available
to cultivate curiosity and acquire knowledge
in many different fields. It will be necessary for
professional development systems to consid-
er all modes and pathways of learning, and to
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Fig. 5. Technological drivers of employment

enable on-demand options to satisfy career pro-
gression and technology development needs.
The emerging needs (Figure 5) mean that it is
fundamental for Education to change, as most
education systems were built for the needs of
prior employment opportunities. If today’s stu-
dents are to be prepared for the fourth industri-
al revolution, a disruption is needed to ensure
that they have the knowledge and skills that
employers and their customers need.

Quality system breaks the barriers to
widespread adoption of international
qualifications

As economies become increasingly open and
companies operate complex value chains of vast
geographic scope, harmonized qualifications
play a pivotal role in ensuring that organiza-
tions can work consistently in any location and
can leverage appropriate human resources for
optimal results.

To make knowledge acquisition and recog-
nition more effective, it is necessary to establish
a connection between its two existing pillars; the
traditional education systems used at Colleges
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and Universities and the VET provided for specif-
ic occupations. Role-specific VET, which is nec-
essary as specialist pre-employment education
and training, must be developed with recognised
credit values and parity of esteem to ensure that
transferability to Further Education and Higher
Education is fully supported.

Welding and joining is an area where this
need is being answered (Figure 6). Increas-
ingly sophisticated and advanced production
and joining processes frequently require weld-
ing and joining technicians, technologists and
engineers to possess the ability to assemble
products coming from diverse locations (that
are required to abide by the same standards of

Fig. 6. EWF's mission. www.ewf.be
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production quality), be highly knowledgeable
about materials and their characteristics, as
well as how to operate complex tools and ma-
chinery, ones where digital is tightly interwo-
ven into the processes.

To address the challenges of international
transferability of qualifications and internation-
al mobility of qualified individuals, the welding
institutes or professional societies in countries
of the EU commenced a cooperative activity
in 1992. As members of a newly formed asso-
ciation, the European Federation for Welding,
Joining and Cutting (EwEF), these organisations
voluntarily performed a process of harmonisa-
tion of the content of their welding engineering
education and the implementation of an inter-
national system of qualifications specifically
designed for the needs of welding profession-
als and their employers. The system started by
addressing welding technology and its appli-
cation, and has since then extended its scope
to include a wide range of related technologies,
e.g. adhesive bonding, plastic welding, thermal
spraying and others.

One key issue addressed by the system from
the start was the requirement for international
recognition to support the mobility of individ-
uals within the international welding engineer-
ing industry. The reputation and credibility of
the national welding institutes and societies
within their domestic and international net-
work of welding professionals and employers,
meant that the harmonised educational qual-
ifications had intrinsic value. However, there
was also the need to ensure consistency and
reliability of the delivery and the assessment
of the education across the multiple organi-
sations that would be involved in the system.
To achieve quality control across geographi-
cal, language, educational system and technical
standards boundaries, the EwF members cre-
ated a quality control system for authorisation,
operation, surveillance and review of organi-
sations involved in the delivery of the interna-
tional harmonised qualifications.
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Recognizing the long-term vision and strat-
egy of EwFs International System for Educa-
tion, Training, Qualification and Certification
of Personnel, Cedefop — The European Centre
for the Development of Vocational Training —
has considered that the Ewr approach should
be seen as a best practice for international sec-
torial harmonisation of qualifications.

The uniqueness of EWF’s system is two-fold,
both aspects of which come from the cooper-
ation of welding institutes and societies across
geographical, commercial and regulatory
boundaries. Firstly, the single syllabus for each
level of the education programme, coupled with
a harmonised system for examinations results
in consistency of the qualification on an inter-
national scale, and secondly, the single quality
assurance system of agreed rules and operating
procedures, audits, approvals and surveillance
provides the highest standard of reliability for
an international qualification.

The cornerstones underlying the long-term
vision and strategy of EwF are the following:

- Ensure that the education and training guide-
lines are regularly reviewed and updated to
comply with technical innovation and indus-
trial requirements;

— Create new qualifications in line with techno-
logical and industrial developments;

— Enable and support flexible pathways for con-
tinuous professional development for profes-
sionals in manufacturing;

— Assure the quality of the EWF international
qualifications through the implementation
of effective and efficient rules and operating
procedures.

- Implement broad industry stakeholder re-
quirements into all aspects of decision-mak-
ing for international qualifications.

EWF's qualification system is evolving to address

modern demands for flexible learning, includ-

ing blended learning, specialist pre-employment
learning, technology updates, and lifelong learn-
ing. The modular approach (Fig. 7) that is be-
ing developed will provide much more choice
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of when and how learning takes place, within
a framework of continuing professional devel-
opment that is both additive and cumulative,
to build into the international qualifications
for which the Ewr brand has an established
reputation.

EWE - Eurapean Welding Enginess (&}
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Fig. 7. Modular approach of EWF Qualification system

The modular approach is designed to max-
imise the benefits of curriculum flexibility,
short-term assessment goals and engagement
of students in the professional development
process. The modular curriculum will offer
students more flexibility and variety than tra-
ditional forms of programme structure, em-
powering them to manage their learning as
they progress through their careers. The mod-
ular approach enables students to choose the
modules and pathways that best fit their profes-
sional needs and aspirations, whilst minimis-
ing duplication and maximising progression.

To enhance the learning experience and max-
imise flexibility of study, EWF members are en-
gaged in the development of innovative learning
platforms, potentially including Welding Sim-
ulators, Game Based Learning, and Serious
Gaming. These are new and innovative study

methods that allow learners to explore concepts
and theories in exciting and interesting ways.

Games are typically designed for different
ability levels and with the goal of helping the
players to retain the information that they learn
and apply it to other problem-solving situa-
tions, as well as a means of collaboration be-
tween learners and educators.

Ewr international qualifications are an un-
disputed success (see Figure 8) but EWF mem-
bers are not resting on their laurels, constantly
looking for ways to innovate and lead in both
technical content and learning methodologies.

The EWF international qualification system
is committed to updating current courses and
launching new ones for emerging technolo-
gies, such as additive manufacturing, creating
a virtuous cycle, enabling quick adoption of
new technologies and providing relevant, high
quality educational support for industry and
its employees.

The impact of a harmonised quality
system

Ensuring the quality of the education and ex-
amination, regardless of delivery organisation
and location, requires a rigorous and transpar-
ent quality system, one that is widely accepted
by the complete chain of stakeholders involved,
from training institutions to awarding bodies,
and including feedback from students, em-
ployers, and lecturers. The strength of the EwF
quality system has been exploited through an
agreement with the International Institute of
Welding (11w), to make the international qual-
ifications more widely available and extend
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Fig. 8. Overview of the current EWF Harmonized Qualification and Quality System
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assurance system ensures that the required and
expected standards of consistency and reliabil-
ity are met uniformly throughout the world in
an impartial and non-discriminatory way.

The quality system [4] includes the ecosys-
tem of members, other relevant stakeholders
and the training centres (Fig. 9). The mem-
bers are responsible for the identification of the
most appropriate Authorised Nominated Bod-
ies (ANBs), which form the network that imple-
ments and manages EWFs rules and operating
procedures for ensuring that the standards of
the EwF qualifications and/or personnel certi-
fications are maintained.
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Fig. 9. The three pillars of EWF Quality Assurance System
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To ensure that EWF quality system rules are
strictly followed by training centres, an Assess-
ment and Surveillance activity has been im-
plemented, one that ensures that, regardless
of location and entity, ANBs are capable of and
continue to deliver consistent results. This ac-
tivity uses trained and approved Lead Asses-
sors, Peer Assessors and Distance Learning
Assessors, who undertake scheduled auditing
of the required compliance with EwF’s quality
system rules.

The training centres, in order to be approved
as such, are required to comply with rules and
procedures which are audited under EwF sur-
veillance. The facilities, equipment, materials
and staff of training centres are evaluated in
order to ensure that they possess both the ca-
pabilities and the capacity to deliver the EwF
educational programmes to the expected lev-
el of quality and consistency. To gain approv-
al, training centres are also expected to have
a close working relationship with industry and
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a clear understanding of its requirements for
vocational education.

Feedback of experience and outcomes from
candidates, employers, training centres and oth-
er stakeholders is brought into the EwF quality
system by the ANBs to evaluate and challenge its
processes, and review and amend its procedures.

The benefits of a harmonised quality
system

That the EwF quality system appears obvious
and straightforward is a testament to its im-
plementation. The management of consistency
and reliability of education across such a large
delivery network and with subject matter expe-
riencing continual and rapid technical change,
requires exemplary commitment and cooper-
ation from the AnBs. This straightforward yet
secure process is the guarantee that each pro-
fessional is indeed capable of performing ac-
cording to the learning outcomes defined for
each qualification.

Supporting the provision of a diversified
and mobile workforce has enabled Ewr di-
ploma holders to take up employment oppor-
tunities and to enjoy exciting careers and, as
a direct consequence, to provide additional
competitiveness to European companies. To de-
liver parity of esteem of the diplomas and ena-
ble their transferability into Higher Education
programmes, EWF has been actively pursuing
the alignment of its international qualifications
with the European Qualification Framework
(EQF), through the National Qualifications

C - 18 Caropeman Cocaizh
PV o T BT L reedat Criadme

Tl 48 Commbion

Fig. 6. Global implementation of EWF Harmonized Qual-
ification and Quality System
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Framework of each individual country. By en-
couraging these activities through Erasmus+
funding, the Ec expects to exploit the EwF
achievements as a benchmark for other areas
of manufacturing, and other industry sectors.

In summary, the EwF’s harmonized qual-
ification and quality systems create a unique
achievement in the creation, operation, im-
plementation and recognition of internation-
al qualifications (see Figure 11). Currently, this
ecosystem comprises 46 countries served by 683
Approved Training Bodies and serving 55,000
companies worldwide. The system, which con-
tinues to improve and evolve, assures the qual-
ity and reliability of vocational education that
manufacturers of welded products demand
and rely upon in their competence assurance
of employees.
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 Roland Berger; Industry 4.0: A challenge
and a Chance
https://www.rolandberger.com/en/Dossiers/
Industry-4.0.html

« KPMG Report; Beyond the hype — Separat-
ing ambition from reality in i4.0
https://assets.kpmg.com/content/dam/kpmg/
xx/pdf/2017/05/beyond-the-hype-separat-
ing-ambition-from-reality-in-iq.o.pdf

« Deloitte Insights; Forces of Change: Indus-
try 4.0
https:.//www2.deloitte.com/insights/us/en/fo-
cus/industry-4-o/overview.html

o Deloitte Review, issue 22 — Industry 4.0: are
you ready?
https://wwwz2.deloitte.com/insights/us/en/
deloitte-review/issue-22/industry-4-o-tech-
nology-manufacturing-revolution.html
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