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1 Introduction 
 
The situation in the chemical and pharmaceutical industries with stiff international competition 
requires a highly skilled workforce to secure quality and productivity. The sector represents a major 
part of the European process industry and where the industrial production employs 3,3 million 
Europeans in 94.000 enterprises with a multibillion turnover (2014: 1 078 billion €). This turnover is 
continually challenged by investments in the development of new products, the fact that patents 
are time limited, down to 10 years, with immediate releases of “copy products” from other parts of 
the world, intensifies the need for qualified staff rapidly taking on new tasks and challenges. 
 
Laboratory functions and process operation are responding to new requirements as concerns 
complexity and a safe and sustainable production. This is partly due to new methods and 
technologies, new types of equipment and respective operational procedures, but over the last 
years also the emphasis on safety and security in the processes and strict environmental and 
sustainability criteria. 
 
To be competitive in a fast developing market, the training quality, the relevance and flexibility of 
training provision between schools and work based learning is of utmost importance. Laboratory 
personnel and process operators with their skills and competences– tacit and tangible –represent a 
core part of the industry’s intellectual capital. 
 
This implies also that critical skills and crucial tacit knowledge acquired in workplace settings are 
central in the project. Video recordings of these performance based competences will be directly 
linked to the respective learning outcomes in the ECVET based multilingual qualification matrixes in 
Skillsbank. 
 
To meet the requirements linked to the shared responsibility between schools and companies in 
the securing of compatible standards between the training providers and in the work based learning, 
the ECVET principles are basis. Using learning outcomes carefully defined and organised in logical 
units, the core qualification criteria will be operationally defined. For transparency purposes these 
qualification definitions will be developed transnationally and in multilingual versions. They will be 
supported by video clips as best practice examples as well as for the documentation of individual 
learners’ performance towards certification and employability. 
 
A standard ECVET implementation is relying on precise definitions of learning outcomes organised 
in structured units. When the differentiation between Competence / Responsibility and Autonomy), 
Skills and Knowledge is activated in the description of individual LOs, certain elements of skills and 
competence documentation may be lacking. These characteristics are technically labelled as tacit 
knowledge – “silent knowledge” which forms the parts of a learning outcome which can only be 
seen, experienced and documented through practical performance. 
 
In the context of the priorities of the Erasmus+ programme, the horizontal one “Transparency and 
recognition of skills and qualifications”, is directly mirroring the project ambitions. With the focus 
on work based learning the idea is to update and develop in-school training through close 
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interaction with the industry itself. This should secure the relevance aspect, and with the video 
recording of individual learners’ performance as well as best practice examples the quality aspect 
are covered as well. This is clearly asked for in the European VET priorities “Developing VET business 
partnerships aimed at promoting work-based learning in all its forms” and “increasing the quality of 
VET provision, the establishment of feedback loops to adapt VET provision based on outcomes, 
including by setting up or testing graduate tracking arrangements as part of quality assurance 
systems in line with the EQAVET recommendation”. 
 
This project pursues the following key objectives: 

• Improvement of training quality and relevance implementing video technology linked to ECVET 
oriented learning outcomes in the chemical and pharmaceutical sector; 

• Enhancing the ECVET defined learning outcomes with inclusion of tacit knowledge as 
documentation of performance of critical skills among process operators and laboratory 
technicians uploaded in the Skillsbank system; 

• Develop VET institutions and enhancement of VET-industry cooperation through work based 
learning; 

• Promoting recognition of work based learning, including prior learning independent of arena of 
experience, for permeability, flexible training pathways and alternative career options within 
the industry. 

 
The partnership comprises 10 partners from 7 countries (AT, CZ, DE, FR, IT, NO, SK). 
 
 
2 Identification of relevant areas in European VET, EQF level 4 - Tacit knowledge and critical 

skills 
 
The intellectual output O2 is described, as an identification of relevant areas in European VET, EQF 
level 4 where performance of tacit knowledge and critical skills are essential in the laboratory and 
the process operation. 
This IO will identify core activities requiring critical skills and tacit knowledge in chemical and 
pharmaceutical laboratories and process operation as they are observed by the partners, including 
the associate industry partners. The primary sources for this are the CREDCHEM, ChemPharmVET 
and PileUp qualification matrixes and the related assessment procedures. 
 
 

2.1 The primary sources 
 

2.1.1 CREDCHEM methodology to define units of learning outcomes 
 
This document contains an explanation of the method to identify units based on working tasks and 
to identify the knowledge, skills and competence that the VET systems should enable learners to 
develop in order to be able to carry out these tasks. (CREDCHEM – Entwicklung und Erprobung eines 

Leistungspunktesystems zur Verbesserung der Mobilität im Chemiesektor, Final Report, 2012) 
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2.1.2 PileUp Process Industry LEarning Unit Project 
 
The aim of the Pile Up project was to develop common European units of learning outcomes that 
can be used to gain insight into and assess the skills and competences of workers in the chemical 
industry. This should enable them to PILE them UP to reach a higher level of qualification and 
consequently increase the chances of mobility of the workforce within Europe. 
 
PILE UP aims at upgrading skilled workers by implementing units of learning outcomes in VET 
(Vocational Education and Training). This was achieved by innovating existing job profiles for 
Chemical Operator level 4 and Maintenance Technician level 4. 
 
In the process first a common understanding of competence profiles in various European countries 
was generated, then leading to the construction of new units of learning outcomes and assessment 
tools. (PileUp Process Industry LEarning Unit Project, Final Report, 2013) 
 
After that these outcomes were theoretically and practically tested in the VET sector and Process 
Industry. 
 
 

2.1.3 ChemPharmVet 
 
The ChemPharmVET project was based on previous achievements towards key competences for 
operators in the chemical industry with the overall objective to develop innovation in vocational 
education and training. 
 
The project was based on the units of learning outcomes developed in the PILE UP project with the 
target of developing curricula for the training of operators in the chemical and pharmaceutical 
industry on EQF level 4. 
 
With the further development of the PILE UP project with units of learning outcomes tested by 
stakeholders around Europe, a new European model curriculum and training programmes for VET 
providers for the training of operators in the chemical and pharmaceutical industry was created. 
 
The main project outcomes of ChemPharmVET are the development of the Pile Up matrix 
extensions, including additional units of learning outcomes for operators in the chemical industry; 

• a similar matrix of learning outcome units for operators in the pharmaceutical industry 

• VET curricula, based on the matrixes, for the chemical and pharmaceutical industries; 

• the pedagogical concept to implement VET model program in the different target countries; 

• a new learning outcome based European model for VET that can be used for country specific 
curricula; 

• tools for recognition of prior learning. 
 
Through this delivery the project has addressed the challenges recognised by the social partners at 
EU and national levels in VET and has contributed to: 
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• make it easier for young people to get the right competences (skills, knowledge and general 
aptitudes) and to use them in appropriate jobs contribute to employment by equipping people 
with the right skills for the jobs of today and tomorrow in the chemical and pharmaceutical 
industry.  

• give employees the ability to acquire required qualifications in order to adapt to change and 
possible shifts in their career. In doing so, the project has facilitated to meet industrial, economic 
and technological changes in the chemical and pharmaceutical industry and enabling future 
mobility and development of the workforce 

• improve quality and relevance in VET for operators in the chemical and pharmaceutical 
industries, hereby improving their employability; improve attractiveness of the vocational 
education and training among young people by providing up-to-date VET programmes with 
perspectives of mobility 

• enhance creativity and innovation of VET by promotion of partnerships between the world of 
VET and the labour market; support effectiveness of the labour market through the future 
supply of highly qualified and competitive specialists and decreasing the mismatch of 
qualifications. 

• improve practical skills of VET learners by involving employers in the process of VET, facilitating 
work based learning. (ChemPharm VET Final Report, 2017) 

 
 

2.2 Basis for the identification of relevant areas 
 
Basis for the analysis are the units of learning outcomes (ULO), which were developed in the 
ChemPharm project. The ULOs reflect the work flow of the chemical and pharmaceutical operator, 
like it is conducted in the process industries and were developed by analysing real work tasks and 
national curriculae. 
 

2.2.1 Units of learning outcomes 
 
The work flow of the chemical and pharmaceutical operator was divided into four units, as followed: 
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2.2.2 The designing of units of learning outcomes - the Matrix 
 
On the basis of the analysed work tasks all learning outcomes of a unit will be generalized in a matrix. 
Thus the matrix describes the vocational competences which are to be acquired in this unit. The 
learning outcomes are described as follows: levels of competences, knowledge and skills. 
 
As can be seen in the tablet of an ULO are bundled together and describing the knowledge, skills 
and competences that are necessary for this unit. 
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2.2.3 Common and specific competences 
 
For the identifying of the relevant areas the competences are divided into two new sorts of 
competences.  
 

2.2.3.1 Common competences 
 
Some of the competences that are described in the ULOs are common to all chemical and 
pharmaceutical operators. For example, most of the quality control analyses are defined by 
standards and are therefore the same for all operators. 
 

2.2.3.2 Specific competences 
 
Competences needed for specific equipment, technical plant or company organisation and 
regulations that are not common to all operators. 
 

2.2.3.3 Classification of the ULOs 
 
For the following identification of relevant areas the ULOs were classified to specific or common 
competences. In both competence areas, contents of the four ULOs can be found. More contents 
for specific competences are in ULO 1 “perform operational logistic” and ULO 2 “conduct processes” 
on the other hand in ULO 3 “participate in quality control” and ULO 4 “participate in maintenance 
and repairs” more common competences could be found. The picture below symbolizes the 
classification. 
 

 
  



  
 

O2 Identification of relevant areas 

Seite 9 von 37 
 
Sächsische Bildungsgesellschaft für Umweltschutz und Chemieberufe Dresden mbH  
Gutenbergstraße 6  |  01307 Dresden  |  Tel 0351 4445-60  |  Fax 0351 4445-612  |  info@sbgdd.de                      www.sbg-dresden.de 
 1

8
.0

5
.2

0
1

8
 /

 J
e 

/ 
D

o
k2

 

 

3 Tacit Knowledge 
 

3.1 Definition of tacit knowledge 
 
"We can know more that we can tell". - Michael Polanyi (1966)1  
 
The term "tacit knowing" or "tacit knowledge" is attributed to Michael Polanyi in 1958 in Personal 
Knowledge. In his later work The Tacit Dimension he made the assertion that "we can know more 
than we can tell." (Polanyi, 1966) He states not only that there is knowledge that cannot be adequately 
articulated by verbal means, but also that all knowledge is rooted in tacit knowledge.  
Tacit knowledge can be defined as skills, ideas and experiences that people have but are not codified 
and may not necessarily be easily expressed (Chugh, 2015). With tacit knowledge, people are not often 
aware of the knowledge they possess or how it can be valuable to others. Effective transfer of tacit 
knowledge generally requires extensive personal contact, regular interaction and trust. This kind of 
knowledge can only be revealed through practice in a particular context and transmitted through 
social networks. To some extent it is "captured" when the knowledge holder joins a network or a 
community of practice. 
Some examples of daily activities and tacit knowledge are: riding a bike, playing the piano, driving a 
car, hitting a nail with a hammer and putting together pieces of a complex jigsaw puzzle, interpreting 
a complex statistical equation (Chugh, 2015). 
In the field of knowledge management, the concept of tacit knowledge refers to a knowledge which 
cannot be fully codified. Therefore, an individual can acquire tacit knowledge without language. 
Apprentices, for example, work with their mentors and learn craftsmanship not through language 
but by observation, imitation, and practice.  
The key to acquiring tacit knowledge is experience. Without some form of shared experience, it is 
extremely difficult for people to share each other's thinking processes. 
Tacit knowledge has been described as "know-how" – as opposed to "know-that" (facts). This 
distinction is usually taken to date back to a paper by Gilbert Ryle, given to the Aristotelian society 
in London in 1945. In this paper Ryle argues against the (intellectualist) position that all knowledge 
is knowledge of propositions ("know-that"), and the view that some knowledge can only be defined 
as "know-how" has therefore, in some contexts, come to be called "anti-intellectualist". There are 
further distinctions: "know-why" (science), or "know-who" (networking). Tacit knowledge involves 
learning and skill but not in a way that can be written down. On this account knowing-how or 
embodied knowledge is characteristic of the expert, who acts, makes judgments, and so forth 
without explicitly reflecting on the principles or rules involved. The expert works without having a 
theory of his or her work; he or she just performs skilfully without deliberation or focused attention. 
Embodied knowledge represents a learned capability of a human body's nervous and endocrine 
systems (Sensky, 2002). 

                                                      
 
1 Michael Polanyi (11 March 1891 – 22 February 1976) was a Hungarian-British polymath, who made important 
theoretical contributions to physical chemistry, economics, and philosophy. He argued that positivism supplies a false 
account of knowing, which if taken seriously undermines humanity's highest achievements. 
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Tacit knowledge vs. explicit knowledge: although it is possible to distinguish conceptually between 
explicit and tacit knowledge, they are not separate and discrete in practice. The interaction between 
these two modes of knowing is vital for the creation of new knowledge. (Wikipedia, 2019) 
 
In summary, tacit learning can be described as deeply personal experience, aptitudes, perceptions, 
insights, and know-how that are implied or indicated but not actually expressed — it resides in 
individuals and teams. 
 

 
(http://steveo1967.blogspot.com/2013/06/tacit-and-explicit-knowledge-and.html, 1967) 

 
The picture of the “iceberg” shows that the sum of tacit knowledge a person have is much bigger 
than the explicit knowledge. Tacit learning therefore represents a high potential for training in terms 
of vocational training. The ChemTube project is founded to make tacit learning tangible with the 
help of visualization. 
 
 

3.2 Identification of relevant areas for tacit knowledge 
 
To show how the relevant areas for tacit knowledge could be identified the ULO 3 “participate in 
quality control” was chosen as an example. The content of ULO 3 has more common competences 
than specific ones. 
 

3.2.1 Example for tacit knowledge as common competence in ULO 3 
 
For this analysis the matrix of ULO 3 was taken to find a common competence. Next step is to find 
work tasks for this competence. At last, in the work task examples for tacit knowledge could be 
found. 
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Autonomously execute analyses is one of the common competences that are described in ULO 3. 
 
Survey of available work tasks made for the PileUp project: 
 

ULO3-2.1.1 Determination of the temperature in the absorber liquids  

ULO3-2.2.1 Determining densities via areometers in various solutions  

ULO3-2.2.2 Determining densities of solids via pycnometer  

ULO3-2.3.1 Checking conductivity of fluids  

ULO3-2.4.1 Measuring pH-values in waste water samples  

ULO3-2.6.1 Analysing smell, color tint and turbidity of process water  

ULO3-2.9.1 Analysing sediment volume according to DIN 38409 H9  

ULO3-2.10.1 Bacteriological examination of water in the technical center  

 
Out of survey of available work tasks for this common competence was investigated according to 
contents of tacit knowledge. In “ULO3-2.2.1 Determining densities via areometers in various 
solutions” a typical example for tacit knowledge could be found. 
 

 
  



  
 

O2 Identification of relevant areas 

Seite 13 von 37 
 
Sächsische Bildungsgesellschaft für Umweltschutz und Chemieberufe Dresden mbH  
Gutenbergstraße 6  |  01307 Dresden  |  Tel 0351 4445-60  |  Fax 0351 4445-612  |  info@sbgdd.de                      www.sbg-dresden.de 
 1

8
.0

5
.2

0
1

8
 /

 J
e 

/ 
D

o
k2

 

 

 
 
 
“Handling the aerometer spindle technically correct and determine the respective density” was 
identified as an example for tacit knowledge. The way to put the spindle into the liquid and to spin 
it, cannot adequately articulated by verbal means. The required skills for measuring the density with 
the areometer can only be conveyed practically and must be shown accordingly. At this point, the 
project idea of the ChemTube project takes effect and presents the required competence in a film. 
 
 

3.2.2 Example for tacit knowledge as specific competence in ULO 3 
 
The example of a specific competence was also found in ULO3. Although the numbers of common 
competences are higher, several specific competences can be found in this ULO. Analogous to the 
procedure for the example of the common competences, the matrix of ULO3 is analysed. After the 
analysis, the corresponding work tasks are examined according to content with tacit knowledge. 
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“Autonomously take samples from the process correctly” is found as an example for specific 
competences that are described in ULO 3. 
 
Survey of available work tasks made for the PileUp project: 
 

ULO3-1.2.1 Taking and conserving samples  

ULO3-1.2.2 Work task from production: Taking samples from tanks  

ULO3-1.2.3 Work task from production: Taking samples from a tub  

ULO3-3.1 Investigation of prepared food samples for residues of pesticides by LC-
MS/MS, maintenance of the analyzers; implementation and documentation of quality 
assurance measures 

 

 
Out of survey of available work tasks for this specific competence was investigated according to 
contents of tacit knowledge. In “ULO3-1.2.1 Taking and conserving samples” a typical example for 
tacit knowledge could be found. 
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“Application of the task specific sampling device” was identified as an example for tacit knowledge, 
which is specific for the sampling tools and the technical equipment that been used. Therefor a film 
of the handling of the sampling device could only be used for an example of this competence. This 
film is only suitable for vocational training if the same tools and technical equipment are used. 
 
 

3.3 Summary and identification of relevant areas for tacit knowledge 
 

• For the identification of relevant areas for tacit knowledge the competences, as described in the 
units of learning outcome, are divided into common and specific competences. 

• The competences of the ULOs were analysed for contents containing parts of tacit knowledge. 

• The competences found are assigned corresponding work tasks. 

• The work tasks were analysed to identify tacit knowledge. 
 
On the following pages the results of identification of relevant areas are shown. The common 
competences in orange, the specific competences in blue. 
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4 Critical skills 
 

4.1 Definition of critical skills 
 
Critical skills as a concept, refers to the demand for an element of the practical, foundational or 
reflexive competence that allows for specialization within roles/professions or occupations and 
includes specific “top-up’ skills. Particular specialization “top-up skills for roles/professions or 
occupations ‘top-up’ might have arisen as a result of changing technology or new forms of work 
organization. (https://www.agriseta.co.za/downloads/agm_presentations/Department_of_Labour_definitions.pdf, 2006) 

 
Larry Kim, CEO of MobileMonkey. Founder of WordStream defined the critical skills that been 
needed for the year 2020 in the following picture: 
 

 
(https://www.inc.com/larry-kim/10-critical-skills-you-ll-need-to-succeed-at-work-in-2020.html, 2019) 
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Similarly, the Cefic project “Skills for innovation the European chemical industry” names three 
critical skills for chemical engineers: Communication, team work and problem solving. 
 

 
(CEFIC, 2014) 

 
The critical skills could only be described by specific competences, competences needed for specific 
equipment, technical plant or company organisation and regulations that are not common to all 
operators. 
 
 

4.2 Identification of relevant areas for critical skills 
 
Analog to the procedure of identification of tacit knowledge, the contents of the ULOs that 
representing critical skills can be identified. 
 

4.2.1 Example for critical skills in ULO 4 
 
In ULO 4 “participating in maintenance and repairs” the following competence could be found as an 
example for critical skills. 
 



  
 

O2 Identification of relevant areas 

Seite 27 von 37 
 
Sächsische Bildungsgesellschaft für Umweltschutz und Chemieberufe Dresden mbH  
Gutenbergstraße 6  |  01307 Dresden  |  Tel 0351 4445-60  |  Fax 0351 4445-612  |  info@sbgdd.de                      www.sbg-dresden.de 
 1

8
.0

5
.2

0
1

8
 /

 J
e 

/ 
D

o
k2

 

 

 
 
“Instruct autonomously a team on all necessary work steps for shutting down, isolating and 
preparing process units for maintenance” is an example for visualization of critical skills. Therefore, 
this competence is a typical specific competence, this could be an example how lock and tag out of 
installation should be done. 
 
 

4.3 Summary and identification of relevant areas for critical skills 
 

• For the identification of relevant areas for critical skills in the the competences, as described in 
the units of learning outcome, are divided into common and specific competences. 

• The competences of the ULOs were analysed for contents containing parts of critical skills. 

• The competences found are assigned corresponding work tasks. 

• The work tasks were analysed to identify critical skills. 
 
On the following pages the results of identification of relevant areas are shown. The critical skills 
are in green. 
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5 Conclusion and Recommendation 
 
For tacit knowledge as well as for critical skills, areas were identified in the units of learning outcome 
that were developed by the project ChemPharm. Tacit knowledge was divided into common and 
specific competences. Critical skills only belong to the specific competences. 

 
After selecting the appropriate work task, it is possible to determine content to visualize tacit 
knowledge and critical skills. 
 
Next step is to find examples in the work task that are parts of tacit knowledge or critical skills. Then 
script had to be produced and a film of the competence would be recorded. 
 
The films should be placed to Skillsbank, so that Skillsbank's users have an idea of the expected 
competencies in practicing the profession of chemical and pharmaceutical operator. 
 
Because the work on the units of learning outcome will not be finalized, due to future changes in 
the requirements of the chemical and pharmaceutical operator, the identification of relevant areas 
of tacit knowledge and critical skills cannot be concluded conclusively, since the changes in the job 
profile are also reflected here. 
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