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EXECUTIVE SUMMARY 

The introduction of cutting-edge ICT developments in the world of manufacturing has triggered new 

professional needs, which as a result set new learning and training needs. 

Task 2.1 aims to analyze those emerging industrial needs in the framework of Factories of the Future. The 

specific report starts (chapter 1.1) by an attempt to define the problem of “skills gap” in its European as 

well as global dimensions. Missing roles necessary for the development and progress of Factories of the 

Future are then identified, based on surveys which reveal the voices of industrial stakeholders dispersed in 

the international market.  

Chapter 1.2 studies what have been identified as the main drivers of this phenomenon; demographic, 
human resources management, educational aspects, manufacturing image and flexibility are factors which 
contribute to the emergence or aggravation of the skills shortage and, thus, are searched thoroughly by the 
authors. The final part of chapter 1 (chapter 1.3) focuses on the review of the solutions that are currently 
debated between stakeholders - politics, education specialists, business analysts and industry 
representatives- and the impact they have or are expected to create concerning the limitation of the lack of 
industrial skills as well as their effect on economy. 
 
In a second part we look at specific training/learning needs triggered by recent ICT developments in the 
manufacturing industry. We propose an approach to define the new roles needed in the Factories of the 
Future to face the new professional needs and fill the skills required for these roles.  
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1. Skills Gap 

For the second edition of the US Manufacturing Institute (2011) report, Deloitte points out that the 
problem of Skills Gap in Manufacturing has reached a boiling point with two thirds of US companies 
surveyed reporting a shortage of available qualified workers, leading to the destruction of 5% of 
current US manufacturing jobs (600,000 jobs) due to a lack of qualified candidates. This shortage is not 
limited to the US: a similar survey organized by IDC in May 2013 (Manenti, 2013) in Europe and North 
America, demonstrates that the same shortage appears in each developed country. For IDC, “People 
are the Opportunity and the Barrier: among the most critical barriers hampering the Factory of the 
Future strategy, manufacturers identified the challenge of finding skilled people with more than 70% of 
share.” Both symptoms and root causes of this skills gap appear to be similar in North America and in 
Europe. 
 

1.1. Skill Gap Evidences 

 

1.1.1. Definitions, facts and figures about manufacturing skill gap 

 
According to the Department for Education and Skills (Hogarth & Wilson, 2001) in the UK a skills 
shortage is defined as “A situation where there is a genuine shortage in the accessible external labor 
market of the type of skill being sought, and which leads to a difficulty in recruitment”. In other words, a 
skills shortage situation arises, when there are vacancies explicitly attributed to a lack of candidates 
with the required skills set, qualifications or work experience. The aforementioned Department also 
identifies the case of internal skills gap, where already existing employees do have a certain skill set, 
which is considered insufficient to meet the constantly renewed business objectives of the employer. 
 
In fact most manufacturing positions today require at least basic STEM (Science, Technology, 
Engineering and Maths) skills, and in some cases engineering competences. In the studies we had 
access to, manufacturing jobs are referred to as “Qualified production specialists”, “Skilled production 
workers” or “Manufacturing Engineers”.  
 
It is a fact that a great percentage of manufacturers report a shortage of skills either observed at the 
present or expected in the near future. This phenomenon is often referred to as the STEM crisis, the 
reason being that too few students nowadays attend academic disciplines that are related to the STEM 
fields. For others this term reveals the deeper root of this problematic phenomenon, which is the lack 
of solid grounding in the STEM courses during secondary and tertiary education, a fact that prevents 
young adults from building a strong background, which would encourage them to choose a career in 
manufacturing. 
 
The STEM crisis is said to be present at world-wide level; United States, United Kingdom, Australia, 
China, Brazil, South Africa, Singapore and India. Many of the aforementioned countries have foreseen a 
lack of thousands or even millions of engineers (sometimes called “STEM Workers”) and workers in the 
years to come. Indicatively we can mention: 
 

 46% of US executives at large companies express concerns that they won’t have the needed 
skills (both technical and soft) in the next one to two years (Accenture, 2013). 

 According to the National Association of Manufacturers (NAM), 67 percent of U.S. 
manufacturers reported a moderate to severe shortage of available, qualified workers (Owens, 
2013).  

 The Royal Academy of Engineering (UK) stated that until 2020 around 100.000 STEM majors 
have to graduate every year, in order to fulfill the emerging needs (The Engineer, 2012). 
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 Germany is considered to have a shortage of 210.000 workers regarding the MINT disciplines 
(Mathematics, Computer Science, Natural Sciences and Technology) (Bräuninger & Majowski, 
2011). 

 In 2012 President Obama’s Council of Advisors on Science and Technology reported that in the 
next decade there will be a demand of 1 million additional STEM graduates (President’s 
Council of Advisors on Science and Technology, 2012). 

 
As expected, Europe does not appear as an exception, when it comes to skills deficiencies. The European 
Company Survey (ECS, 2009) presents data which show that in 2009 approximately 36% of firms 
belonging to EU-27 encountered trouble to hire skilled personnel. Figure 1 reveals that in 2009 a 
significant part of European firms experienced difficulties in tracing suitably skilled employees, especially 
in the domains mostly affected by the crisis. An important part of manufacturing employers (40%), 
belonging to the latter category, reported a higher shortage of skilled labour force and a lower, yet 
important, percentage (11%) claimed a lack of low or unskilled workers (European Commission, 2013). 
Countries claiming a wider gap in skilled workers required for manufacturing usually come from the 
Eastern or Central Europe, while Portugal and Italy also pronounce shortages in this domain. 
 
It is interesting to add that sectors affecting critically European innovation and sustainability are also 
experiencing important shortages; Cedepof (2011a) identified that “green occupations”-such as energy 
auditors, environmental engineers or photovoltaic installers- suffer from skills gaps, especially when it 
comes to STEM skills. 
 

 
Figure 1 - Skills and labour shortages by economic sector in EU-27 (2009) – (ECS, 2009) 

 
Although there are voices claiming that the skills gap is only a myth, searching deeper into national 

and global manufacturing data will reveal a vicious circle of skills shortages presented every now and 
then in different parts of the continent, covering a wide range of manufacturing domains. In fact, 
according to Michael S. Teitelbaum (Charette, 2013), there is a never-ending concern regarding the 
STEM crisis which dates back to the end of World War II for the USA, when the Americans feared the 
Soviets’ production of 95.000 scientists and engineers, while the USA was producing only 57.000. Since 
then, he adds, the anxiety tends to run in “alarm, boom and bust” cycles; “the cycle usually starts, when 
someone or some group sounds the alarm that there is a critical crisis of insufficient numbers of 
scientists, engineers, and mathematicians and as a result the country is in jeopardy of either a national 
security risk or of falling behind economically.” After the Soviets, the threat came from Japan and now 
from India and China. Usually, after the alarm setting, the state responds with money or –in the USA 
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case- with visas to let more STEM workers offer their services to your country, a measure which is also 
reported below. This goes on for some years, till the shortage reaches an end and the bust appears on 
the scene. It’s that time, when ongoing students or freshly graduates are surprised to find out that they 
are no more nedded by the industry. 

 
At this point we have to point out that, so far, our main sources of specific financial data regarding 

the recent skills gaps come from the US, while in the case of Europe the majority of research 
documentation is referring to this phenomenon, without providing us though with very thorough 
details for the ongoing situation. 

 

1.1.2. Focus on the global skill gap: which roles are missing? 

 
A first look at the survey conducted by Accenture (2013), indicates that the main shortages are found in 
the IT and engineering skills, with a percentage of 44% and 36 % respectively. Skills required by the 
R&D and sales department come next sharing the percentage of 29%. 
 
The Economist Intelligent Unit (2012) conducted a global survey with the participation of 248 
executives coming from the following industries: energy and natural resources/oil and gas (23%), 
construction and engineering (21%), healthcare, pharmaceutical and biotechnology (20%), IT and 
technology (19%) and manufacturing (17%). As shown in Figure 2, almost 60% of them seemed to be 
worried about shortages found or anticipated in the technical or engineering field. As Hugh Mitchell 
clarifies, technical skills are usually specific to the industry directly concerned: “We cannot recruit an 
experienced field project manager, or a skilled petro-physicist, from outside our sector. But if we are 
ever short of talent on the commercial side, there is a much deeper pool to draw on.” 
 

 
Figure 2 - Reported difficulty of skilled workers identification, according to specific functions (Economist Intelligent Unit, 

2012) 

Deloitte Consulting LLP and the Manufacturing Institute (2011), who renewed the Skills Gap study 
conducted in July and August 2011, generally confirm the aforementioned domains, although 
attributing different percentages; More specifically, almost half of the manufacturers report that their 
most important needs today are observed in the field of skilled production (machinists, operators, craft 
workers, distributors and technicians), while almost 1/5 of them mention the domain of engineering 
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technologists or that of scientists and product design engineers. In any case these shortages seem to 
crack manufacturers’ ability to achieve their operation objectives and meet long-term strategic goals. 
 
Further, when asked to predict the course of the shortages in the aforementioned segments (Figure 3) 
over the next 3 to 5 years, 2/3 of them anticipate that the skilled production shortage will increase, and 
almost half of them believe the same thing for engineering technologists. The third segment to face an 
increase according to 1/3 of the respondents is the one of scientists and product design engineers. 
 

 
Figure 3: Expected US Skill Shortage Change over the next 3-5 years by Employee Profile (Deloitte Consulting LLP and the 

Manufacturing Institute, 2011) 

 
 
Finally, when asked what they thought to be the most significant skill deficiencies about their 
personnel, deficient problem solving skills reached the top. Basic technical training as well as basic 
employability skills (mainly soft skills, such as basic ICT literacy, self-directed learning, communication, 
teamwork, time management and work ethics) follow in the list of inadequate skills. This finding is 
aligned with reports from high schools, which show a lack of proficiency in Maths and Science as well 
as a lack of general problem solving skills, despite the curriculums efforts to address these deficiencies. 
It is interesting to add here that more than half of the respondents of the Economist Intelligent Unit 
global survey (2012) also reported an important shortage regarding creativity, adaptability and strong 
interpersonal communication skills among possible candidates.  
 
It is being obvious that domains such as the R&D and IT are vital for a company oriented towards 
innovation, while a shortage regarding the engineering field, which consists the heart of an industry, is 
expected to have a great impact on the productivity and overall existence of a manufacturing firm.  

1.1.3. Estimated impact on economy 

This deficiency of the necessary skills is causing a lot of trouble not only in the micro level of a company 
-  mainly by hampering productivity- but also in the macro level, as the sluggish employment growth –if 
generalized- can prove very threatening for national economies as well as  the global market.  
 
More specifically, skill deficiencies can have an impact on the growth, financial performance and 
international competitiveness of a firm due to their adverse effects on labor productivity. The hiring 
cost per skilled worker may increase, preventing the introduction of new technologies. According to 
Accenture (2013) 66% of companies experiencing or anticipating a skills shortage predict a loss of 
business to competitors and 64% of them face a loss of revenue. 59% report erosion in customer 
satisfaction, while approximately half of them expect an innovation crack, since they will face a delayed 
development of new products and services. It is also very interesting to note that the high majority of 
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the respondents (87%) are afraid that a skills shortage would increase stress on the existing employees, 
as they would probably have to assume additional duties, not necessarily relevant to their domain of 
expertise (Figure 4).  
 

 
Figure 4 - Consequences of an ongoing skills gap 

(Source:http://www.accenture.com/SiteCollectionDocuments/PDF/Accenture-Investing-In-Training-Infographic.pdf) 

 
In general, literature presents several implications due to skills gaps; lower quality production, higher 
salaries, feeble productivity of both workers and machines and a low-skill balance for economy to 
settle into. In a nutshell, when economy grasps less opportunities for development and expansion, the 
economic growth will be the main victim of story. 

 

1.1.4. Paradox: youth unemployment is reaching peaks 

 
In theory, increases in skill shortages should lead to increased real wage growth and reduced 
unemployment. This is what Gavin Wallis (2002) developed in a simultaneous equation model of 
unemployment and real wage growth, in order to quantify the effect of skill deficiencies regarding the 
UK labor market. Unemployment is not directly affected from the increase in skill shortages but via the 
effect of skill shortages on real wage growth.  
 
Unlike the estimation deriving from Wallis’s model, the actual skills gaps seems to be aligned with an 
increased rate of unemployment, as shown in Figure 5Figure 5 below. More specifically according to 
Eurostat data (2012), between 2007 and 2012 most of the European countries (depicted with the red 
bars) presented a raise above 2% in the unemployment rate of their active population with Ireland, 
Greece and Spain reaching peak numbers. For nine European countries (orange bars) unemployment 
increased for up to 2%, while only Malta, Austria and Germany lessened their unemployed population 
(blue bars). Even if this statistical analysis does not refer exclusively to manufacturing, it is widely 
known that also candidates of the engineering areas – often overqualified – have a hard time finding 
the appropriate position. 
 
Consequently, there is a paradox observed; when there are so many vacant positions reported, 
especially in manufacturing that is our point of interest, how can the rate of unemployment keep going 
up? Why can’t job seekers around the world fill in the skills gap threatening manufacturing 
productivity? 



609147 ManuSkills  

 

    
 

11 

 

 
Figure 5 - Trend in unemployment rate for European countries (2007-2012) 

 
 
Catherine Rampell (2013) believes that a first factor defining this paradox is a skills mismatch; 
candidates pounding the pavement are not what employers actually ask for. Long-term unemployment 
is also a barrier, since those workers’ skills have probably deteriorated or employers believe so for 
them, setting them in the margin. Further, economic and policy uncertainty makes some employers 
hesitant to fill in existing vacancies immediately, unless they find a candidate whose over-qualification 
exceeds every expectation, but justifies the risky expense of a new recruitment. Finally, long-term 
social benefits of unemployment provided by some countries may also be responsible for an inflation in 
the unemployment rate. 
 
On the other hand, an alternative theory supports that there is not such a thing as a skills shortage, 
since there are not any indications of wage increase in the field of STEM workers and manufacturers. 
According to Adam Ozimek (2013), the latter statement may be partly true, but the main problem 
stems from the semantics and what each part defines as skills shortage. From the economists’ point of 
view, what is often mentioned as a skills gap is very elastic labor demand. More specifically, even if a 
company has to hire highly specialized labor force –probably with a higher salary- this doesn’t mean 
that finally it does so.  Especially when it comes to zero economic profit industries that have prices set 
on a global market, the leadership, besides being unwilling, is often unable to avoid paying below 
market cost. Under this perspective, a problem does exist, even if “skills gap” is not the best definition, 
and some possible solutions could come from strategies like immigration or refinements in the human 
capital industrial complex. 

1.2. Skill Gap Root Causes 

 
Among the many reasons that can explain the above paradox, we propose to group the root causes into 
5 key gaps: aging workforce, outdated human resources planning, education deficiencies, poor 
perception of manufacturing and the changing nature of work. 
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1.2.1. Demographic gap: an aging workforce 

 
A challenge faced today is the rapidly aging workforce and the subsequent skilled-labor shortages 
created by retirement of the baby-boomers generation. For example, in the US case, the baby-boomers 
generation has moved from the prime age group to the older age one; thus, according to Bureau of 
Labor Statistics, in the timeframe of 1990-2000 13,1% of the labor force was 55 years or older, a 
percentage increased to 19,5% by 2010 and expected to reach 25,2 % by 2020 (Toossi, 2012).  
 
Landing in Europe, according to a survey overtaken by Eurofound (2011), the working population (Eu27) 
aged between 55 and 64 grew by approximately 17% from 2000 to 2010 (Figure 6). Of course, the 
representation of the elderly generation in the active workforce is different among Member Countries; 
for example, 13% of Hungarians aged 60–64 were still working in 2010 compared to over 60% of 
Swedes. In addition, Austria, Bulgaria, Finland, Germany, the Netherlands and Slovakia saw their 
employment rates for those aged 55––64 rise by over 10 percent between 2000 and 2010. Generally, 
an increase in the employment rate of workers aged 55–64 was reported by all Member countries – 
except for Romania and Portugal, and to a lesser extent Greece and Poland. What is clearly depicted in 
the graph though is the fact that during the examined decade there was a general ascending trend 
regarding the retirement age, and as a consequence a fast increasing active population of above 55 
years old. This situation clearly contrasts with 10 or 15 years ago, where majority of employees tended 
to leave work between 55 and 60 years old. 
 
According to the same survey, manufacturing seems to absorb the main percentage (14%) of the aged 
workforce, most of them being employed with open ended contracts. Among the 28.2 million elderly 
labor force of Europe, 76.5% are reported as employees, while 23.5% are declared as self-employed or 
working with their family. Apart from manufacturing the rest of elderly labor force is mostly employed 
by human health and social work activities (11%), education and public administration (9% each). 
Regarding the type of employment they assume, open-ended contracts are more likely to be found in 
this age group, while they would prefer working as part-time personnel or being self-employed. 
 

 
Figure 6: Rising employment rate of older workers 2000-2010 (%) 

 
As a consequence, there is a general consensus to consider that the labor force adaptability to change 
is going down. In general, employers tend to consider the elderly staff as employees presenting a high 
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level of absenteeism and resistance to change and evolution, as well as low flexibility and adaptability 
to new methods and technologies. A great majority suggests limited workload and underactivity for 
older employees, while there are very few organizations willing to invest on the baby boomers’ 
training. For example, a survey in Canada (Armstrong-Stassen & Templer, 2005) searching if training is 
adapted to the older employees needs showed that, although organizations were likely to be providing 
access to training, very few were actually and highly engaged in doing so. Further, there was a low 
chance of aligning training methods with the needs of the elderly generation, as there was a low 
interest in providing age awareness training to managers of older employees. For certain types of 
industries, aging workforce is dealt instead by adjusting the way work is organized.  
 
Another consequence is implied increase of labor cost, especially acute when considered that this 
workforce has a relatively low average level of education1. This demographic shift has just begun to be 
addressed by some organizations, and there are reports of plans to effectively and efficiently replace 
this wide and experienced cohort of workers. In any case, especially when the age limits for retirement 
are prolonged due to the financial crisis or the pension values of those who receive social security 
coverage decrease constantly, it is obvious that a surplus of an aging workforce in the vortex of rapidly 
changing industrial needs can trigger important skills shortages.  

1.2.2. Human Resources Management gap: outdated strategic workforce planning 

 
It is thus obvious, that in order to face this workforce challenge, the manufacturing domain has to 
develop new, more effective hiring practices, a fact that is not always taken into consideration though. 

 
In the Deloitte Consulting LLP and the Manufacturing Institute survey we can find manufacturers 
indicating workforce planning and labor costs as their first priority, when planning corporate strategy 
(Figure 7). 
 

 
Figure 7 - Factors considered when setting the corporate strategy (Deloitte Consulting LLP and the Manufacturing 

Institute,2011) 

 
Yet, when asked the methods they use, when they want to hire new staff (Figure 8), they responded 
that they are mainly based on word of mouth, while the advice from educational institutes, like 
technical schools and community colleges, is only followed by fewer than 15%.  
 

                                                           
 
1
http://download.springer.com/static/pdf/137/art%253A10.1023%252FA%253A1023543307473.pdf?auth66=138

9360158_922de9823382f3b9f5b5dd59d3e8bdbd&ext=.pdf 

http://download.springer.com/static/pdf/137/art%253A10.1023%252FA%253A1023543307473.pdf?auth66=1389360158_922de9823382f3b9f5b5dd59d3e8bdbd&ext=.pdf
http://download.springer.com/static/pdf/137/art%253A10.1023%252FA%253A1023543307473.pdf?auth66=1389360158_922de9823382f3b9f5b5dd59d3e8bdbd&ext=.pdf
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Figure 8 - Methods used when recruiting (Deloitte Consulting LLP and the Manufacturing Institute,2011) 

 
From another perspective, in the case of Switzerland, Margrit Stamn (Delley, 2013) raised the point of 
shortages due to inadequate diploma expectations. On April 2012, the Swiss enterprises offered 
81.500 apprenticeship positions, a call to which only 78.000 young people responded. This shortage 
was mainly observed in the domains of construction, architecture, agriculture, technical professions 
and transformation industry, due the enterprises’ policy to overestimate the school grades of the 
candidates, rather than taking into account other qualities, such as the candidates’ motivation and 
tolerance to stress.   

 
Further, it was shown that companies rely too much on recruiting additional staff with the required 
skills to overcome the skills shortage based on informal suggestions (Figure 9). They don’t rely enough 
on the development and update of their existing talents. Unfortunately most of the respondents seem 
to depend on informal methods when identifying and reacting to the gap, leaving aside competency 
modelling approach. Reports show that this is also a matter of company size and domain. Life-science, 
Aerospace and Defense companies tend to trust more formal performance appraisals. Large 
organizations with more than 5.000 employees seem to rely more on career development planning.  
 

 
Figure 9 - Techniques used to deal with the skills gap (Deloitte Consulting LLP and the Manufacturing Institute,2011) 
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It is commonly admitted for every company that the demographics are a predictable domain, whose 
estimation can lead to an effective workforce planning. Especially for the European case, the old 
continent is getting older and older in terms of population. This is a point that should be taken into 
consideration when planning, besides the characteristics of the general working population. Usually 
many companies report a minimum 5 years plan. Yet, in the phase of application this plan is not always 
followed, indicating a strong effect coming from cultural aspects of each organization or country. 
Structures stemming from thorough needs analysis, although existing, do not seem to prevail over 
what is traditionally established, an issue that may lead to perpetuating inefficiencies. In the end, too 
much of the industry relies on educational system to deliver them the right skills, making them ready 
to be employed. 

1.2.3. Educational gap: national education gaps, and limited efficiency of life-long training 

 
Low employability of graduates arises on the top of the key factors responsible for the global shortage 
of skilled workforce. One of the main reasons is the fact that there is a weak link between what schools 
teach and what the job front needs. 
 
In 2009 American administration had limited success, when trying to find a solution to reduce the long 
existing STEM education deficiencies. In order to overcome the aforementioned mismatch, in 
November 2009 Obama administration announced the “Educate to Innovate” initiative, a collaborative 
effort between the federal government, the private sector, and the non-profit and research 
communities, which has provided billions in additional federal funding for STEM education programs 
across the country, in order to raise STEM literacy, strengthen teaching quality and expand educational 
and career opportunities for the young generation. Yet the major problem of American 
underperformance in STEM education did not find an effective solution. According to an analysis 
conducted by Lindsey Burke and Jena Baker McNeill (2011), the American K–12 education system 
functions as a pipeline that prepares students for higher education and careers. However, this pipeline 
has sprung a leak, since there is an average 10% dropout rate per year, while even those who finally 
get a degree lack a solid grounding, when it comes to the skills required for the STEM fields. 
 
Among the main reasons identified is the implementation of a “one-size-fits-all” approach in education 
that promotes standardization, while undermining innovative approaches for STEM, which could satisfy 
the students’ needs. In addition, the authors point out a fixation to the Traditional School Model, which 
does not leverage alternative educational programs integrating ICT-based solutions, in order to raise 
both engagement and effectiveness. Finally, STEM teachers seem to present another issue in this topic; 
either they are not fully or properly trained, so that they can initiate their students efficiently, or they 
are underrepresented, since STEM graduates do not usually follow a teaching career and are more 
attracted by private companies. 
 

The US is not the only case of underperforming STEM students. Relevant literature shows that 
inadequately trained teachers, low motivation, lack of connection between theory and practice, 
misleading or insufficient information regarding a career requiring STEM skills (such as manufacturing) 
and teaching methods that do not leverage contemporary innovative tools and techniques arise as the 
main reasons of high failure rates in STEM education all around the world, with European countries 
often standing on the top of the list. 

 
On the other hand, traditional higher education institutions are not designed to keep up with a 
continuously and fast-changing industry and skills. Given that half of today’s professions did not exist 
25 years ago, education is asked to prepare students for jobs that do not necessarily exist at the 
present, a task very difficult if not impossible. Changing a university curriculum and introducing new 
courses constantly, following the pace of evolution/change of industrial needs, comes with a high cost 
for universities (Yang, 2013). 
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Further, education nowadays spans much further than the K-12 frame. The borderline between the 
years we learn and the years we earn is indiscernible.  Even if formal education constantly keeps up 
with the new trends of employment, it is impossible to eternally claim responsibility for lifelong 
learners. Consequently, it appears that workers should independently self-direct their training 
throughout their career to maintain their professional integrity. Especially today, self-driven learning 
is a very appealing concept, since non-conventional ways of training have risen. The Economist (2014) 
observed a new megatrend, especially for Business Schools. Traditional institutions, having limited 
levers at their disposal and following mainly a research orientation, fall behind the competition with 
the very few at this point top-tier universities, which through the power of massive online education 
(MOOCs) create star professors, who spread fresh and market-oriented material to the thirsty learning 
masses. The same argument can be raised for publishing houses and journals, whose professional best-
sellers of a huge diversity of domains seem to thrive among the most effective training material, the 
reason being that they avoid whatever connects them with “research for research” and promote real 
business sources. 
 
It is obvious, thus, that traditional institutions, like the state or the education, lose their appeal in the 
eyes of the younger generations. 

 

1.2.4. Manufacturing Image gap: poor perception among the young generation 

 
Many are those who support that nowadays manufacturing has lost some of its glory of the past. 
Especially when it comes to the young generation, the image they have created for the industrial 
domain is not what we would wish for and -sometimes- it may be observed that the negative 
perception of manufacturing has become a worse problem than the actual reality. 
 
One of the reasons seems to be the widespread belief that “we don’t make things anymore in 
Europe”. This idea is considered deeply corrosive, as it discourages young people from choosing 
industrial apprenticeships or an engineering path. For example, in the UK between 1990 and 2009 the 
share of the economy (GDP) attributed to manufacturing decreased from 22% to 11%, while 
employment in the sector fell from 5.2 million to 3.1 million. As a result, a stream of newspaper articles 
went crazy on how manufacturing was declining, introducing the term of deindustrialization of the 
economy and the advent of the post-industrial society (Livesey, 2012). This example indicates the major 
responsibility of the media towards the propagation of such perceptions through misleading 
information. It’s not the first time that the industrial field faces great challenges; solutions should and 
can be found though. Yet, the media, or at least a part of them, often focus on the dark spots, ignoring 
or concealing all the progress done during the past years and the contribution of different 
manufacturing actors towards the solution of major problems as well as the general financial and social 
development. 
 
On the other hand, sometimes the wider or closer social environment seems to discourage young 
talents from working in manufacturing. According to a survey conducted for food manufacturer 
Mondelez International, among 1600 school graduates only 8% of them reported that they could 
imagine themselves working for the sector. Among other reasons this attitude was attributed to the 
poor image the younger generation has for manufacturing; among the 16 to 18 years old participants of 
the survey 76% considers desk jobs better paid, 86% of them believe they are more glamorous and 73% 
reported that they are more likely to impress their parents (Harris, 2013). In this case the intervention 
of the social surroundings are considered to have a significant effect on the attitude adopted by the 
young generation. Usually parents, having already consolidated their opinion based on experiences 
during a period, when the industrial standards were totally different from those at the present, tend to 
prevent their children from following such a career, as it would imply an ominous future. 



609147 ManuSkills  

 

    
 

17 

Consequently, the aforementioned fears dispersed by the media, when combined with these 
stereotypes of the past generation, can create a very appalling image of the manufacturing context. In 
the previously mentioned IDC study, only 59% of respondents would recommend a manufacturing 
career to family members.  IDC manages to demonstrate that this figure is significantly improved in 
companies that already have implemented Factory of the Future concepts (73% recommending a 
career in manufacturing). 
 
To make think worse, not only do secondary students reject engineering studies, but also not 
necessarily all STEM graduates choose to work afterwards in a STEM field. The National Science 
Foundation (USA) tried to find out how many STEM graduates, who got their Bachelor or Master 
diploma in 2006 or 2007, were finally absorbed by a STEM manufacturing field. The results showed that 
20% of them (National Center for Science and Engineering Statistics, 2008) were already working in a 
non-STEM field in 2008. Further, 58% of STEM graduates were found to have changed their 
professional field 10 years after getting their degree (Carnevale et al., 2011). 
 
According to PACE (Project to Assess Climate in Engineering)1 survey, particular attention needs to be 
paid to freshmen, who have a higher chance of quitting their studies, as they are highly susceptible to 
the environment surrounding them and thus can more easily change into non-engineering majors. 
Besides insufficient orientation and training, qualitative factors are important, if we want to understand 
deeper attrition rates. Students who are less confident, with negative perceptions of engineering and 
negative experiences, when interacting with peers and professors, are less likely to be fully committed 
to engineering studies and finally graduate.  
 
Finally, especially high-tech or science industry is believed to be volatile and susceptible to radical 
transformation, usually not to the benefit of the workforce. Apart from that, recently many STEM 
positions have been outsourced or offshored, a practice that – combined with the wide and thorough 
diffusion of automation - makes future candidates feel easily expendable and interchangeable 
workforce, exposed to a vigorous pace of never ending transformation and re-adaptation. 

 

1.2.5. Flexibility gap: the changing nature of work 

As already mentioned before, during the last decades, the core of STEM working has radically changed. 
More particularly, the job description of an engineer is not necessarily linked to a company but to a 
short-term funded project. Long-term employment is hard to find nowadays, while the labor market is 
overwhelmed by temporary positions, which are due to end, when the project is complete or when the 
market shifts. Unlike the engineers of the 50’s, who expected to be rehired, when the recession would 
be over, nowadays engineers rarely get this chance (Charette, 2013). 
 
It is under this perspective that a relatively new academic and consulting domain has risen; the concept 
of change management is used to describe the conceptualization and introduction of changes for the 
transition of individuals, teams or a whole organization to a new future state or business model. 
Change managers are in charge of making all the vital actors of an enterprise flexible and designing in 
advance all the structural and procedural amendments that should be undertaken. In this light the field 
of employees’ training is a main priority, offering effective courses not only for the acquisition of new 
technical skills but also for transferable skills, such as management and teamwork virtues or a flexible 
attitude and spirit, which would guarantee contemporary workforce’s adaptability towards a 
continuous change of working fields. 

                                                           
 
1
 The PACE climate survey was administered in 2008 resulting in data from a sample of over 10,000 engineering 

undergraduate students from 22 schools and again in 2012 resulting in more than 10,000 respondents from 16 
schools. http://depts.washington.edu/paceteam/ 

http://depts.washington.edu/paceteam/
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However, many companies favor too much outsourcing and are passive regarding recruiting and 
development of skilled workforce. They don’t want to invest enough money and time for their 
employees’ training, so that their knowledge and skills can constantly be up to date (Charette, 2013). 
More particularly, 35% of US executives admitted that they have not invested sufficiently in training 
towards the development of new necessary skills. A previous Accenture survey reports that only 21% of 
US employees receive company-provided formal training. Moreover, manufacturers have scaled back 
their internal training over the years. 

      
As a result, another analyst summarizes (Manenti, 2013) “the image of the manufacturing industry is 
today suffering from a misconception of being a dirty, harmful and dead-end sector to work in. This is 
not going to change until younger generations will be exposed to the manufacturing industry the right 
way, such as by visiting plants and experiencing firsthand that most of manufacturing plants today are 
clean, safe, high-tech and, in many ways, extremely cool. Manufacturers can do a lot to make sure this 
happens.” 

 

1.3. Overview of Solutions Currently Explored  

 

1.3.1. Short term and not sustainable solutions: overtime hours and outsourcing. 

 
Surprisingly, according to Deloitte Consulting LLP and the Manufacturing Institute, companies consider 
they are investing a lot in training programs (83%) (Figure 10), with little success though. That may 
seem contradictory with our aforementioned statement regarding their unwillingness to invest enough 
money and time for their employees’ training. We think that it is a matter of perception: while they 
don’t invest enough, they still don’t see the value and would like to invest less.  
 
In the same survey, two-thirds of the participants reported that they depend on overtime, while half of 
them said that they use contingent labor (such as outplacement agencies) to mend the hole. Finally, 
more than 1/3 tends to rely also on outsourcing of skilled personnel, in order to close the gap (Figure 
10).  

 

 
Figure 10 - Mitigation of existing skills gaps recruiting (Deloitte Consulting LLP and the Manufacturing Institute,2011) 
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Use of overtime to close skills gap is a short term solution that has been promoted in the past years, for 
instance by former government Sarkozy in France, but it is not very popular, because it is very short 
term oriented, and doesn’t address the issue of unemployment, if not making it worse. 
 

Regarding contingent labor and outsourcing, i.e. the practice of assigning an organization’s business 
processes to an external agency or professional, this is a standard practice mostly aiming at the 
reduction of operating costs, as show in Deloitte 2012 survey on Global Outsourcing and Insourcing. 
Deloitte received responses from more than 23 countries and 22 primary industries around the world. 
The results show that 60% of the respondents consider outsourcing a standard practice. Moreover, as 
shown in Figure 11, Information Technology led all function categories, with 76% of the respondents 
reporting partial outsourcing, while Operations scored 42% of responses. 
 

 
Figure 11 - Present & Future Sourcing plan for different functions 
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While outsourcing may seem a good solution for a single company that faces skills gap, this only 
displaces the problem to other companies specialized in delivering skilled services. It has unfortunately 
negative effects on the attractiveness of skilled jobs, and may lead to an eventual loss of control over 
the company’s processes, stretched delivery time frames and sub-standard quality output. Further, an 
outsourced actor may be using his expertise for the sake of different organizations, thus losing focus on 
your company’s goals. Especially in the case of offshore outsourcing, when professional support comes 
from foreign countries or subsidiaries, issues may raise regarding language and communication, as well 
as a dissatisfied customer base affected by employee unions (Flat World Solutions, 2014). 
 
Let’s contrast that statement with voices from outsourcing supporters, who stress customer service 
enhancement because of outsourcing, or development of new highly specialized champions delivering 
skilled services to several larger corporations. These remarks are valid only for companies outsourcing 
highly skilled competences, which is the not the majority of contingency contracts today. 
 
It is eventually interesting to note that 20% respondent of Deloitte Consulting LLP and the 
Manufacturing Institute focus their recruiting on new workforce segments such as former army 
members, housewives or, of course, immigrants; more specifically, high-tech companies, such as 
Facebook, IBM and Microsoft, have called for a raise in the number of H-1B visas (temporary work 
permits for foreigner skill workers) from 65.000 to 180.000 every year1, when on the other part of the 
Atlantic, the EU has introduced the Blue Card Visa to allow third-country skilled workers2. 

 

1.3.2. Mid term solutions: calls for action in some key industries.  

As indicated in chapter 1.2.2 and 1.2.3, industry wishes to rely more on bilateral training programs, 
according to which national educational or vocational institutions, by working closely with industry, 
could customize their curricula for the effective preparation and training of future candidates. This is 
not because they wish to disclaim responsibility, but due to the fact that manufacturing education 
should start early in the students’ lifetime, so that labor force, when entering the manufacturing world,  
has already acquired some basic qualifications, which will facilitate lifelong training in the long run. 
 

                                                           
 
1
 http://wavy.com/news/politics/hightech-pushes-for-more-in-immigration-bill_01365267 

2
 http://www.eubluecard.nl/eu_blue_card 

http://wavy.com/news/politics/hightech-pushes-for-more-in-immigration-bill_01365267
http://www.eubluecard.nl/eu_blue_card
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For example, in the energy domain, according to a report released by the EU’s Wind Energy Technology 
Platform (TPWind) (Sennekamp, 2013), the European wind industry, already facing a serious skills 
shortage, expected to aggravate in the years to come, seeks to find a solution in more effective STEM 
training, asking from a greater contribution from the part of official education. Recommendations such 
as greater emphasis on STEM courses and skills development through vocational training or an 
increased participation of industrial inputs in academic curricula are found on the top of the list, while 
on a wider European level they suggest the alignment of vocational training standards and methods 
within EU. The North Sea oil and gas industry is also dealing with a rapidly increasing shortage of 
effectively trained labor force, a situation whose “treatment” – according to Steve Harvey, HR director 
at North Sea and Canada engineering and construction Company – has to start young, if a change of 
perception is to be achieved, so that effective training and information makes the image of dirty 
manufacturing fade away, especially for female young talents (Newcombe, 2013). 
 
Another example, highlighting the potential of the national education for the limitation of skills 
shortage, comes from Scotland; food and drink, Scotland’s largest manufacturing sector, is anticipating 
an important increase in the need of specialized workforce by 2017. As a preventive measure, Albertay 
University in collaboration with Scotland Food & Drink, Skills Development Scotland and Interface Food 
& Drink launched the “MProf Food & Drink Innovation” initiative, which offers an industry-led Masters 
of Professional Practice course to graduates from diverse backgrounds, yet possibly useful for the food 
and drink industry. One of the main points of Dr Nia White -Head of Abertay University’s School of 
Contemporary Sciences - is the fact that unemployed young people often do not realize the 
transferability of their skills: “With the headlines constantly telling us that graduates in Scotland are 
facing years of unemployment, it seems that today’s young people simply don’t know that their skills 
could be used in this sector. So we have reacted to this situation by creating this new course, the aim of 
which is to convert the skills and expertise students already have (…) within the food and drink sector.” 
(Abertay University, 2013) 
 
A global European initiative that could scale up these local ones, would provide a more sustainable 
solution to develop required manufacturing skills, with countries with an effective program of 
vocational education helping other weaker countries enforce their future skilled force. The German 
example of collaboration with Spanish students below shows that local investment in each country is 
necessary, and that final certification should be backed by recognized industry representatives such as 
German VDMA. 

 

More specifically, in Southern Europe where the unemployment rate of the youngest generation is 
rising dramatically, as a partial counterbalance of this disproportion Germany has signed an agreement 
with Spain, according to which after a pilot experiment of six weeks Spanish candidates decide if they 
want to assume an apprenticeship of 3 years in Germany. Although the aforementioned idea seems as 
a possible solution, according to the pundits, there are difficulties that should be taken into account; 
the level of the initial training of the candidates as well as the language barrier. Further, Rudolf Strahm 
(Plüss, 2013) observes that at the end of the training period the apprentices often chose to stay in the 
country, where they got trained (Germany, Switzerland) rather than going to work back to their 
countries, where there is a plethora of university graduates but a shortage of vocational professionals. 
Instead, he suggests investing directly in those countries by founding or funding vocational institutes. 
More specifically, in the frame of Mendi project (Mentoring Dual International) (Capital.gr, 2013), 
starting from October 2013, Greek apprentices of the touristic domain will be trained in Greece, based 
on the German model of vocational training. The organization and management of the training, which 
will be due after 3 years, is assumed by Germany. Consequently, the final training certificate will be 
issued by the German part. The same initiative has already been taken for other central or southern 
European countries, which suffer from high youth unemployment rate, such as Portugal and Spain. 
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All the aforementioned initiatives indicate that effective solutions can be achieved, if education, when 
training the future employees, receives input and feedback from industrial partners, who look for 
effective ways, content and tools to promote and support competence learning practices. 

1.3.3. Long term solutions: competence based learning and skills standardization 

 
In order to prepare for the upcoming crisis, governments are spending billions of dollars every year to 
enhance the ranks of STEM workers. In particular, the Obama administration asked the universities and 
industry to train 10.000 new engineers (Lindsay, 2011) and 100.000 more STEM professors on a yearly 
basis until 2020 (The White House, 2011), while in India it was announced by the state that 800 new 
universities have to be founded, so that they don’t experience a shortage of 1.6 million higher-
education engineers by the end of 2020 (The LEVIN Institute, 2009).  
 
The European Commission (2012) has also shown an active engagement, in order to limit the impact of 
this phenomenon; in order to deal with the general skills mismatch guidelines have been given, which 
aim to identify clearly the skill needs and supply, in order to effectively bridge the gap between the 
labor market needs and the training provided by the part of education. As an example the European 
Society for Engineering Education1 (SEFI) provided specific recommendations to improve education 
responsiveness and identification of skill needs. 

 
However, the challenge here is not only to raise funding towards a general enhancement of STEM 
education, but to boost field oriented, competence based learning, scaffolded by innovative delivery 
mechanisms, which can raise training effectiveness.  
 
Skill standardization2 is another training practice that seems to gain attention nowadays. Skill standards 
define the work itself as well as the workers’ knowledge, skills and performance levels, so that their 
contribution can be considered successful and productive. Employers –investing earlier in the talent 
supply chain- can communicate the skill standards they have defined to educational and technical 
training actors, so that they design and conduct effective training programs. As a result, employers can 
hire workforce with relevant skills, who boost productivity and growth by returning faster the 
company’s staffing investment.  
 
Consequently, the public and private sectors must collaboratively re-orient schools and connect them 
to better-developed networks of skill-based training opportunities tailored to local business needs. For 
ex. in 2011, Clarkson University partnered with Clinton Community College and the New York state 
government, so that thousands of New York high school graduates could access and earn the associate 
degrees required for jobs in the technology and manufacturing sectors. Similarly, the New York State 
Pathways in Technology Early College High School partnership tailors its curricula to the local job 
market's needs and matches graduates with available jobs (Owens, 2013). 
 
Moreover company-provided training (Accenture, 2013) should find contemporary methods and tools, 
if it wants to create contemporary workforce. Formal and informal learning should be combined, when 
needed and possible, while new delivery mechanisms – such as social media, mobile learning, game-
based or online training- can be leveraged for the best possible results.  

                                                           
 
1
 http://www.sefi.be/ 

2
 http://tssb.org/introduction-skill-standards 

http://tssb.org/introduction-skill-standards
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Case Study: US Manufacturing Skills Certification System, and OECD Skills Strategy 
 

Two standardization initiatives are showing promising results that are worth inspiring from. One is 
the OECD Skills strategy, described on http://www.oecd.org/edu/oecdskillsstrategy.htm, and in 
particular the programme for the international assessment of adult competencies (PIAAC) that 
assesses the level and distribution of adult skills across countries. The survey focuses on key 
cognitive and workplace skills that are required for successful participation in today’s economies and 
societies. First results were due to be released in 2013. (not published yet). For OECD experts, the 
relevant skills can be developed and leveraged by promoting the role-model of life-long learners and 
encouraging professional mobility –if necessary with cross-border skill policies and a better strategy 
to match people’s skills to the industries’ requirements. 
 
The other important initiative on skills standardization is the NIST Manufacturing Skills Certification 
System, available on http://www.nist.gov/mep/mscs2.cfm. This is a new initiative currently in 
development by the US Manufacturing Institute , after President Obama announced it in 2011. 
Details of the advanced manufacturing competency model , and examples of career paths can be 
found here : http://www.careeronestop.org/competencymodel/ 
 
  

For instance, when Mazak (US) was facing a skills shortage during the last decade, the leadership took 
proactive measures; in 2008 they launched a training campaign (Tooling University) for entry level 
positions. Technology-based, classroom and field training with Mazak machines were combined to help 
employees develop the necessary skill set, while local community colleges were also addressed, in 
order to collaborate in the frame of a two-year program for apprentice engineers and machinists. This 
“experiment” proved effective enough and allowed the company to hire 300 individuals since then. In 
the same direction, IBM, in order to bridge the skills demand and supply gap in the global IT industry 
(mainly in the field of big data and analytics), started the “Academic Initiative” program; relevant 
training material, curriculum guides, software and hardware were provided to the educators to 
strengthen their training practices in fields such as cloud computing, information management, big data 
and No SQL databases and train students to assume roles such as analytics specialists, big data 
scientists or visualization specialists (The Smart Cube, 2013). 
 
Eternal learners: taking initiative and responsibility 
 
Last but not least comes personal responsibility. Self-directed learning is an educational notion 
perfectly aligned with the idea of lifelong learning and training. If formal education fails to prepare 
effective workers and enterprises spare their money, hesitant to invest on the human capital, 
professionals are to take the initiative. Future candidates, before reaching a professional dead end, 
need to make a step forwards and take skill development into their own hands. Online learning, free or 
not, may offer great training opportunities to the digitally competent employees of the 21st century. 
After all, it’s a common observation that your most faithful investor is yourself, provided the society 
makes the right training accessible and affordable to you. 
 

  

http://www.oecd.org/edu/oecdskillsstrategy.htm
http://www.nist.gov/mep/mscs2.cfm
http://www.careeronestop.org/competencymodel/
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2. New Skills Requirements Triggered By Recent ICT Developments 

 
As detailed in Part 1, hundreds of thousands of manufacturing jobs are not filled today – mostly skilled 
workers and engineering positions – because of the 5 gaps developed above: the lack of adaptability of 
a European workforce (gap 5), that is aging (gap 1) and insufficiently renewed because of a poor image 
of manufacturing jobs (gap 4), inadequate skills coming out of schools (gap 2) and deficiencies in the 
way companies manage career paths (gap 3). 
 
To go further, let’s start by noticing how simple jobs, such as old-style workers, are filled more easily 
than advanced manufacturing engineers and skilled workers. As an example, the French 2013 study on 
“workers requirements” (“Besoins Main d’Oeuvre”) shows a total of 44,000 non-qualified workers 
planned to be hired with no difficulty in Food a Beverage industry, while only 1 out of 3 of the 20,000 
qualified fabrication workers positions – especially in sheet metal, machining and welding -- are 
planned to be filled with the required profiles. If education could provide more skilled workers and 
advanced manufacturing engineers to the industry, there would be an opportunity to radically 
transform the European factories, boost their competitiveness and profoundly renew the social image 
of manufacturing.  

 

2.1. Current definition of manufacturing skills is not adequate any more 

 
Recent development of machinery, ICT and manufacturing processes require specific job descriptions, 
and new training approaches to be developed. The recent work done by different European task forces 
to develop the Factory of the Future vision is a good starting point to renew the inaccurate job 
definition that everyone can still find on most European administrative web sites, such as the French 
unemployment office.  
 

2.1.1. Example: Taylorist definition of manufacturing jobs by the French administration 

 
When looking at the official list of industry, maintenance and logistics job codes that are used by the 
French administration, we notice that a small portion of engineering and technician codes (23% of 
codes) is well distributed across the different functions and industries: 
- Among engineers and technicians, there is a fair split between Quality engineers and technicians (9 

job codes), Design engineers (8 job codes), Manufacturing Engineering and Preparation (7 job 
codes), Operations Management (6 job codes), Logistics and Supply Chain (5 job codes). 

- All engineering and technician positions are written in a way that is as little industry specific as 
possible. 

 
On the contrary, skilled workers and maintenance services job (77% of codes) are enclosing workers 
inside a single industry or process specialty and are not representative of current distribution of 
manufacturing jobs in the industry. 
- 80% of skilled worker and maintenance services jobs are specific to a single industry, while the 

other 20% are specific to a single type of process such as Assembly, Injection Molding, Surface 
Treatments, Die Casting…  

- Consumer Goods industry is over-represented with 56% of skilled workers job codes specific to 
Textile, Leather and Wood construction, while the next most represented industries (Electronics 
and Metallic Fabrication) represent 13% each. This is not at all representative of current 
distribution of manufacturing jobs in the industry 
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In a way it gives the feeling that only engineers and technicians are able to move from one job to 
another, while skilled workers are victims of XXth Century Taylorism1 and are hyper specialized on only 
on kind of job.  

2.1.2. Recommendation from Manufuture roadmap 

 
As stated by Manufuture consortium, representing dozens of large and small manufacturing companies 
in Europe, in its 2007 proposed roadmap for Factories of the Future, the success of European 
manufacturing requires a new definition of manufacturing roles. 
 

“[classical] Taylorism is contradictory to knowledge-based manufacturing. Manufacturers need to 
adapt to a new type of Taylorism which takes into account dynamic change and adaptation, 
specific human skills and the requirement of co-operation in networks” 
 
“Success of European manufacturing to date is mainly related to the great diversity and skills of 
personnel at all levels. Harnessing these abilities in the Factory of the Future will be vital. Further 
challenges include overcoming the fragmentation of manufacturing knowledge and research in 
Europe.” 
 

2.2. Toward a new skills framework that facilitates employee mobility  

Skills required by FoF need to be organized so that mobility and flexibility is facilitated 
- Between industries, and inside each industry between the different segments or specialities. 
- Between the 5 main activities of manufacturing: production, quality, logistics, maintenance, and 

aftersales services2. 
- Between the roles of engineers who design and plan the manufacturing activities, and the roles of 

workers and managers who are responsible for their correct execution them. 
- Between machinery expertise (to design, use or service automated production equipment), ICT 

expertise (to configure or use manufacturing operations management software) and process 
expertise (to design, operate or optimize dedicated fabrication, assembly, quality, procurement,… 
process). 

- Between geographies, in order to reduce the current fragmentation of European manufacturing 
skills, as stated in Manufuture Roadmap. As an example, Manufuture consortium recommends the 
creation of a “European-wide credit system to allow students of manufacturing engineering and 
other disciplines to complete parts of their education in other regions and countries”.  
 

2.2.1. Mobility between industries, and inside each industry 

 
Since the success to European manufacturing is based on diversity of people and specialities, we need 
to bet on the emergence of new industry segments (Biotechnology, Mechatronics…) and new kinds of 
manufacturing processes (Composite, 3DPrinting…) as manufacturing leaders. We cannot predict which 
ones will need the most skilled workers, and therefore we need to make sure employees are qualified 
beyond the scope of a single industry or process specialty. 
 

                                                           
 
1
 Theory in management where actions and tasks are broken down into simple segments to increase efficiency in 

the manufacturing process as the employee skills became even more specialised. 
2
 Level 1 group of activities as defined by the main ICT standard ISA S95, to which we have added aftersales 

services, which has appeared with a high level of importance since then 
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2.2.2. Mobility between production and the other main activities  

 
According to the well spread ISA 95 ICT standard, manufacturing activities are spread between 4 main 
groups: production activities, quality activities, logistics activities and we like to extend the fourth one 
(originally dedicated to maintenance) to all aftersales services activities. Global manufacturing 
processes intertwine these activities heavily, requiring everyday collaboration between production, 
quality, logistics and services specialists.  However there is little mobility between these specialities. 
The example of section 2.1.1 shows for instance that, when you are qualified to design production 
equipment, it is difficult to move to managing industrial quality. It is actually important to allow this 
kind of mobility to foster collaboration between all functions and efficiency of global manufacturing 
processes. 
 

2.2.3. Mobility between planning and execution roles 

 
Still according to ISA 95 standard, which is a good description of detailed manufacturing activities, there 
is an equal number of activities in each group dedicated to planning and to execution. Planning regards 
activities, such as process engineering, resource allocation, procurement, scheduling, quality planning, 
maintenance planning, and is rather managed by engineers and technicians. While execution regards 
activities, such as labor management, process management, data collection, quality control, 
maintenance execution, which are managed by skilled workers and their management. 
 
According to the FoF roadmap and also to the prevalent Manufacturing 4.0 vision, we can anticipate 
that execution activities will require more and more management roles, in order to supervise and 
optimize manufacturing activities rather than executing them manually. At the same time the 
globalization of production, fast pace of new product introduction and the complexity of modern 
manufacturing will require a large number of technicians and engineers to plan activities. As a result it 
is also important to allow mobility from today’s skilled worker positions to management, technicians 
and even engineering positions. 

2.2.4. Mobility between machinery, ICT and process expertise 

 
Eventually a last split can be noticed inside the population of manufacturing employees: experts of 
manufacturing processes, who design, operate and optimize production, quality and procurement 
flows, rely very much on other experts in charge of designing and maintaining production equipment 
(often subcontracted) and ICT experts in charge of configuring operations management software (often 
locked in the IT department of the company). The required level of collaboration to react in front of 
demand changes, new products introductions or competitor pressure does not allow this siloed 
organization any more. It is important to allow mobility between these 3 disciplines (process expertise, 
production equipment expertise and manufacturing ICT expertise) to make ICT and process automation 
more reactive to changing processes and organizations and less mysterious for non-experts. 

 

2.2.5. Management of career paths 

 
Defined as such, a career in manufacturing appears like a trajectory along these 4 differentiating axes.  
 
An attractive way for a teenager or a student to select a starting point on this map is the one proposed 
by the French web site of ONISEP (2013), translated below. Each manufacturing role and associated 
skills are mapped with areas of interest listed in this figure, which facilitates and improves the selection 
of a first manufacturing job. Then it should be the role of companies and life-long education 
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organizations to manage a career path from this initial point along the 4 above mentioned 
differentiating axes. It is important that students understand that their first job will only be a starting 
point, and not a dead end. 
 

 
Figure 12: Key areas of interest used to select manufacturing roles. Adapted from ONISEP web site (2013) 

 

2.3. Example of new skillsets required by Factories of the Future 

 
In order to define better the roles and skills required by the Factories of the Future (FoF), we propose 
to reuse and adapt the work done since 2006 by Manufuture roadmap as well as 2010 ActionPlanT 
project. 
 

2.3.1. Factory of the Future new skills requirements 

 
The ActionPlanT Vision document has defined 5 key ambitions for FoFs to become attractive and 
competitive. We reduce them here to 3 to simplify: 
 

- FoFs need to deliver on-demand customised products faster than competitors through a 
network of manufacturing partners. 

- FoFs need to industrialize innovative new product / process technologies faster than 
competitors 

- FoFs need to provide optimal quality and sustainability-oriented products and services, i.e. 
ensure product compliance, while minimizing cost and environmental footprint (was 3 different 
ambitions: Optimized, Green and Better Plants). 

 
Under each of these 3 ambitions we have grouped Manufuture key topics and new manufacturing roles 
under 6 categories 
 

On Demand Factories of Future require: 
- [ODRP] Production Engineers capable of rapidly prototyping new manufacturing systems in 

Engineering To Order (ETO) model, then continuously optimize their manufacturing model. 
- [ODRC] Production Engineers capable of reconfiguring an existing manufacturing system to 

adapt to a change in demand or design at minimal cost and minimal delay. 
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- [ODDS] Production Engineers capable of simulating the details of the manufacturing processes, 
machinery kinematics, ergonomics… with maximum accuracy to allow virtual and augmented 
reality. 

- [ODCM] Engineers, Workers and Managers capable of managing frequent changes of design 
and processes, and manufacturing of complex product configurations or Built To Order 
products. 

- [ODSO] Engineers, Workers and Managers capable of designing and operating self-optimizing 
systems and advanced control systems. 

- [ODVF] Engineers, Workers and Managers capable of planning, operating and managing a 
network of plants and suppliers as a single “Virtual Factory” (a.k.a “Global Plant Floor”) 
integrating all shopfloor and supply chain activities. 

Innovative Factories of Future require: 
- [INFP] Production Engineers and Technicians capable of designing and operating flexible, high 

precision production and test equipment. 
- [INNP] Production Engineers and Technicians capable of designing and operating new 

processes leveraging advanced, graded, bio-, nano- or hazardous materials. 
- [ININ] Engineers and Managers capable of managing innovation life cycle in a manufacturing 

context, from laboratory assessment to ramp-up in production. 
- [INIP] Engineers and Managers capable of identifying, protecting and monetizing intellectual 

property attached to new equipment and processes. 
- [INTF] Engineers and Technicians of the “Teaching Factory” capable of training employees for 

emerging manufacturing job profiles, and assessing their skills.   
- [INFS] Engineers and Managers capable of designing and launching new manufacturing 

business models based on finance- and science-based entrepreneurial spirit. 

Quality and Sustainability Oriented Factories of Future require: 
- [QSCP] Quality Engineers and Technicians capable of ensuring the compliance of products, 

manufacturing processes, and aftersales services with regulatory constraints, industry best 
practices and company rules. 

- [QSPM] Quality Engineers and Technicians capable of designing and executing preventative 
maintenance plans and condition-based maintenance of manufacturing equipment. 

- [QSLE] Lean Engineers and Technicians capable of optimizing processes efficiency enterprise-
wide. 

- [QSSP] Sustainability Engineers and Technicians capable of optimizing end to end energy 
consumption and other environmental costs factors of manufacturing processes. 

- [QSRT] Engineers, Workers and Managers capable of configuring operations management ICT 
systems and managing the enterprise processes in real time. 

- [QSAS] Aftersales Engineers and field Technicians capable of designing, simulating and 
executing aftersales services. 

2.3.2. Examples of Factory of the Future Emerging Job Profiles 

 
Assembling the 18 above mentioned skill sets, here are 10 detailed emerging job profiles as required by 
FoFs. The roles are split between 4 Engineering roles in Planning, Simulation, APC and innovation; and 6 
Manager roles in Operations, Supply Chain, Training, Quality, Sustainability and Aftermarket. Most 
manager roles are meant to be filled by employees with an experience as workers. 

Production Planning Engineer 4.0 
- Job Description: The Production Planning Engineer 4.0 is capable of reconfiguring an existing 

manufacturing system to adapt to a change in demand or design, or to rapidly prototype new 
manufacturing systems using state of the art ICT software. He/she is knowledgeable of costs 
and delay, and can give Make or Buy recommendations in order to minimize them. He/she 



609147 ManuSkills  

 

    
 

29 

manages the link between complex configurable product -- thousands to millions of parts and 
variants – with manufacturing model, process plans, work instructions, bill of materials. He/she 
continuously optimizes the manufacturing model based on everyday changes and feedback 
from the manufacturing operations. 

- Required Skills : ODRP, ODRC and ODCM skills 
- Industry Segments : any industry that operates with an Engineering To Order (ETO) or Built To 

Order (BTO) model 
 

Production Simulation Engineer 4.0 
- Job Description: The Production Simulation Engineer 4.0 is capable of simulating and validating 

the details of manufacturing processes in advance with great accuracy. He/she is a specialist of 
production, assembly and automated test equipment: he/she can re-configure existing 
equipment or design new ones. He/she can program equipment kinematics using state of the 
art software. He/she can also simulate human tasks in order to determine their feasibility by 
human operators, strenuousness and safety conditions. He/she can design the detailed process 
tasks that involve new materials such as composite, bio-products or hazardous materials. 
He/she provides the maximum accuracy to the manufacturing operations team in order plan in 
advance and to train employees using virtual and augmented reality.  

- Required Skills : ODDS, INFP and INNP skills 
- Industry Segments : all industries with automated processes, from continuous production 

(Chemical, Energy, Food and Drugs) or large series (CPG, Consumer Goods, High-Tech, 
Automotive, Small Medical Devices) to small series of highly-configured goods (Aerospace, 
Industrial Equipment, Large Medical Devices, Marine & Offshore, Construction) 

 

Advanced Process Control Engineer 4.0 
- Job Description: The APC Engineer 4.0 is capable of designing intelligent, scalable and flexible 

production systems and factories with multiple sensors, pattern recognition techniques, 
automatic quality control systems, feedback and feed forward control loops.  Such production 
systems are able to react in real-time to fluctuations in its environment (temperature, 
humidity,…), raw materials characteristics, equipment attrition or process parameters. He/she 
can also analyse new quality defect and understand their root causes using state of the art data 
analysis software. He/she is also able to design and implement machine to machine protocols 
in order to propagate measurements, detected patterns and control signals across a network of 
production machines. 

- Required Skills : ODSO skills 
- Industry Segments: All industries with complex automated processes (chemical processes, 

glass float, advanced electronics, metal transformation, plastic and polymers vulcanization, 
high-precision assembly…). It excludes simple processes that are easy to control (machining, 
most assembly processes…) 

 

Manufacturing Innovation Engineer 4.0 
- Job Description: The Manufacturing Innovation Manager 4.0 is capable of identifying scientific 

innovations in the field of manufacturing processes, mature them in a laboratory or pilot 
program, and introduce them in an existing manufacturing context. He/she is knowledgeable 
about ramp-up techniques such as design of experiment, Monte Carlo methods, advanced data 
analysis and process scale-up. He/she can protect manufacturing inventions and work with 
legal persons efficiently to design patents. He/she can also work efficiently with business 
persons to design and launch new business models related to production innovations, but also 
to new products and new services offers. As an example the new Internet of Things-enabled 
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products require such development of innovative manufacturing, repair and servicing 
processes. 

- Required Skills : ININ, INIP and INFS skills 
- Industry Segments : all industry segments with a strong incentive on innovation 

 

Autonomous Production Unit Manager 4.0 
- Job Description: The APU Manager 4.0 runs a single shopfloor node with many production and 

test assets. He/she is capable of configuring these assets to address variable demand, optimize 
assets availability as well as production costs (financial and environmental), and deliver the 
right products on time, and on quality. He/she has good ICT knowledge and relies on 
manufacturing operations management software to plan and execute all production tasks. 
He/she works in network with other APU managers and other managers (Global operations, 
Quality, Sustainability, Maintenance)    

- Required Skills : QSRT skills 
- Industry Segments : all industry segments 

 

Global Operations Manager 4.0 
- Job Description: The Global Operations Manager 4.0 runs a network of Autonomous 

Production Units that spans company-wide and includes critical suppliers and distributors. 
He/she is capable of planning operations across this network based on actual or predicted 
demand, as a single “Virtual Factory” or “Global Plant Floor”. He/she orchestrates introduction 
of new products and processes, and changes among the existing ones. He/she also orchestrates 
quality processes when they span across several APUs, for instance when a bad quality material 
lot is discovered and products currently being built need to be contained for inspection.  

- Required Skills : ODVF skills 
- Industry Segments : all industry segments that require tight collaboration between several 

APUs and their critical suppliers 
 

Manufacturing Competence Center Manager 4.0 
- Job Description: The Manufacturing Competence Center Manager 4.0 works with company 

management to identify the manufacturing skills required to execute the company strategy 
properly. He/she can run a “Teaching Factory” inside company manufacturing facilities, in order 
to train current employees or students to emerging manufacturing skills. He/she can assess the 
manufacturing skills of employees according to well defined skills standards, and helps 
employees develop their career transversally to other domains of manufacturing.    

- Required Skills : INTF skills 
- Industry Segments : all industry segments with a strong incentive on growth and innovation, 

except “FabLess” companies who outsource the majority of their manufacturing 
 

Manufacturing Quality Manager 4.0 
- Job Description: The Manufacturing Quality Manager 4.0 is capable of ensuring the compliance 

of products and processes with customer specifications, required regulations, company rules 
and industry-specific best practices. He/she runs quality control processes that combine 
people-centric inspections with advanced automated control equipment. He/she may be also 
responsible for the quality of aftersales services, or for the quality of preventative maintenance 
plans of manufacturing assets. He/she manages production quality issues with the help of 
specialized process engineers and proposes improvements to the process. He/she is for 
instance capable of analysing asset history to identify root causes for asset breakdown, and put 
asset under control using conditional inspection or conditional maintenance principles. 



609147 ManuSkills  

 

    
 

31 

   
- Required Skills: QSCP, QSPM skills 
- Industry Segments: all industries 

 

Manufacturing Sustainability Manager 4.0 
- Job Description: The Manufacturing Sustainability Manager 4.0 is a Lean expert capable of 

mapping the value stream of any manufacturing process, identifying bottlenecks, and 
improving efficiency enterprise-wide. He/she is also capable of running end to end Life Cycle 
Assessment, evaluating environmental cost of produced goods, and recommending energy 
consumption optimization actions, or actions toward the improvement of other environmental 
factors (CO2 emissions, water consumption…) 

- Required Skills: QSLE and QSSP skills  
- Industry Segments: all industries, especially the most energy-consuming fabrications segments, 

such as steel, glass… 
 

Aftermarket Services Manager 4.0 
- Job Description: The Aftermarket Services Manager 4.0 is capable of planning and executing 

product inspection, part replacement and part repair on the field with his/her team of field 
aftermarket specialists. He/she is an expert of spare part planning and knows how to optimize 
an inventory of spare parts. He/she can manage any configuration of products, recommended 
evolutions of products (a.k.a “service bulletins” in Aerospace), and browse through electronic 
support documentation and the history of product usage to understand root causes for a 
specific issue. 

- Required Skills: QSAS skills 
- Industry Segments: all industries producing long-lasting goods (Aerospace, Marine & Offshore, 

Construction, Automotive, Industrial Equipment, Consumer White Goods…)  
 

3. Conclusion 

Even if disagreements exist regarding definition of skills gap, manufacturing is already facing trouble, 
with a constantly rising number of unstaffed skilled positions. Given that unemployment rates in 
Europe follow an ascending route at the same time, a skills mismatch between demand and supply 
arises as one of the most critical factors. 
 
Trying to explain this phenomenon, it seems that the rapidly changing nature of manufacturing 
nowadays, provokes a need for constant training and update of knowledge and skills. Companies, 
often applying obsolete methods regarding workforce planning and avoiding competency modelling, 
cannot always offer effective training, especially with a high percentage of ageing workforce setting 
additional barriers. Education seems to be the last resort, but obviously it cannot always keep up with 
this staggering transformation pace, especially when not getting input from the industry itself. 
 
Trying to bridge this gap, some companies have set their hopes to short-term choices, such as 
overtime, outplacement and outsourcing, an approach that creates other issues on the long term. 
Others, have taken up training initiatives for their employees, but their resources and experience were 
not enough to reach to the root of the problem. What really seems to be missing is a long-sighted 
strategy, which relies on the close cooperation of educational and industrial stakeholders, to jointly 
design and implement a skills standardization plan, which would guarantee the effectiveness of a 
competency-based learning approach and the enhancement of a lifelong learning attitude, creating 
flexible labor force, willing to transfer their skill set, whenever necessary. 
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As a result of our research, in part 2, a list of manufacturing skills is proposed, that is of course an 
example that needs to be further matured and maintained with the help of industry representatives. 
However we demonstrated that it is possible to link all these definitions together to ease the job 
mobility of engineers, technicians, managers and workers in Europe. There are already many regional 
and national initiatives in place, very often organized by industry (E.g. “Les métiers de la mécanique” 
2013 or AFIJ 2013 in France) but also more general sometimes (E.g. “Les activités industrielles en 
France” 2013 or ONISEP 2013 in France). Our recommendation is to identify such organizations and 
involve a maximum of them in the Manuskills dissemination activities. 

 
An alignment with the US Manufacturing Skills Certification System, would be a complementary 
approach that would help  adoption by a majority of stakeholders. However as long as these job 
positions are not mapped with actual job offers from each industry segment, there will be little appeal 
for students and school program managers.  
 
With Manuskills project we plan to deliver a mechanism that will help the industry and the academics 
define these manufacturing skills, and develop awareness and training programs to attract talents. 
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