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1. Introduction  

The aim of this document is to define the methodology for developing and revising qualifications in the Additive 
Manufacturing sector. Conducting literature review on the current methodologies in definition and revision of 
professional profile give a useful insight on how to structure the SAM methodology. In addition, it presents an AM 
sectoral framework classifying proficiency levels that need to be considered in the professional profile design.  This 
framework is in alignment with already established EU frameworks including  European Qualification Framework 
(EQF), the European -Competence Framework (e-CF) and  the Entrepreneurship  Competence Framework).     

2. SAM Methodology for designing and reviewing Professional Profiles and skills development 

in AM 

SAM methodology for design and review of Professional Profiles and skills development in the AM sector (SAM 
Methodology) is built upon three main principles: 

¶ A process approach: Designing and reviewing professional profile consists of procedural steps that are 

associated in a consistent way. It means completing each activity is a prerequisite for going on to the next 

one. Establishing a clear job process, for example in the process of revising an existing professional profile, 

is essential before starting to define job activities.    

¶ Analysis of similar situations rather than starting from scratch: The focus is on revising/creating activities 

based on existing ones. It includes studying the current professional profiles associated with other 

technologies, in other sectors, and for different roles. It helps to revise/create activities based on the those 

ones have already been designed in similar situations.  

¶ The origin of skill gaps: Since any development and revision of professional profiles is due to a specific skill 

gap related to an AM process, the origin of that gap may govern how to design professional profiles and skills 

development programs. A classification of its origin and basis, therefore, has been considered in the 

proposed methodology. The classification of skills gap gives orientations on the application of similarity 

approach, so that the several procedures and rules will be described to conduct professional profiles design 

according to the type of the skill gap. 

A critical literature review (Annex C), on theoretical and empirical Competency Models developed for different 
sectors and professional contexts has been conducted  and provides useful insights for SAM Methodology.  

Since a sectoral approach in the field of Manufacturing is already in place (EWF sectoral approach for design and 
review of Qualifications in the Welding, Joining and Cutting sector, developed in RAINBOW project),SAM 
methodology has as starting point EWF sectoral approach; nevertheless, it goes beyond in term of a processual 
approach for the AM sector. 

EWF´s methodology for the design of Qualifications is structured into a top-down approach, where based on the 
definition of a professional profile, the mapping of the major job functions and related activities lead to the 
development of Competence Units with description of Learning Outcomes in terms of Knowledge and Skills to 
guarantee that the learners are fully competent for specific job requirements. This approach is based on the 
principles of functional analysis to define the occupational competencies and in setting boundaries between 
different occupations within EWF´s Qualifications system. 

2.1 Background 

2.1.1 Definitions 

In order to apply the proposed similarity-based approach, we organize the concept of professional profile as shown 

in figure 1.  The process describes a logical connection of all job activities with identification of 

input/output/resource/constraint for every individual activity. It gives a holistic view of how activities are 
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interrelated considering their input/output.  Professional profile refers to a general description of the professional 

occupation that includes a set of job functions and job activities. Job function describes a set of functional actions to 

achieve the main objectives of the profession, and finally every job function includes a set of job activities necessary 

to complete that job function.   

 

Figure 1- Definition of terms related to  professional profile 

Looking the definitions given in the above figure, a professional profile can be defined/updated according to two 
sets of details: the first step concerns the operation work in terms of revising/creating job functions and job activities; 
then step two identifies and describes the related learning outcomes enabling an organization of Units of Learning 
Outcomes. 

On the other hand, SAM methodology considers four different types of pillars (input) for the definition of a 
professional profile, shown in figure 2. The first one refers to the role. The role of a profession may vary due to 
different activities needed to be performed at different stages  in the product lifecycle. For example, an operator in 
the post-processing stage is assigned some tasks and responsibilities, which are not necessary for an operator in the 
pre-processing stage and vice versa. The second one addresses technological processes; obviously, professional 
profiles are not the same for different technologies; for example, Binder jetting and Direct Energy Deposition 
technologies are characterized by their own specific performances, standards, etc. The professional profile for each 
technology, therefore, needs to match its features and characteristics. Regarding the next pillar, Material, 
professional profiles might be different based on the different material used in the AM process. The last pillar refers 
to the industrial sector. Since every industrial sector has its own attributes, such as standards, constraints and so on, 
then to accomplish these requirements, particular activities need to be defined in the revision or creation of the 
professional profiles. 
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Figure 2- Four pillars (inputs) for definition of the professional profile in SAM methodology 

2.1.2 Process modelling with IDEF0 methodology 

In order to capture the wide range of current and future occupations directly involved in the AM sector, an 
overarching processual model is necessary to map not only all the professional profiles within the AM sector, but 
also all the skills demand in other occupations that are AM related. For this, we specifically consider IDEF0 (Icam 
DEFinition for Function Modelling), model to build up process and activities models. 

IDEF0 is used to model decision, function, and activities of a system. Its origin goes back to graphic modelling 
language, Structured Analysis and Design Technique (SADT). This capability enables IDEF0 to depict a process of 
activities in different levels of details. It represents graphically a precise, as well as understandable, flow of activities. 
A schematic of the IDEF0 diagram is shown in Figure 3.  

 

 Figure 3- A schematic of IDEF0 model (System Engineering Fundamental, 2001) 

Activity: refers to the operational unit of work conducting to the transformation of a set of input to output. The 
transformed flows can be informational, material, energy, etc. 

Process: refers to groups of activities that are consistently linked to meet a specific objective. To do that, various 
resources are employed to transform input to output. Figure 4 shows a simple schematic of a process including a 
group of connected activities. In a professional profile, a process can be defined in different levels. In one level a 
group of job activities form a job function, but in one level deeper and to perform an specific job activity it needs 
to apply other processes (e.g. a set of activities to prepare, run and operate removing powder machine at PBT 
technology)  
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Input flow: refers to whatever there is to be consumed by an activity, and consequently to be transformed to a 
new flow. 

Output flow: refers to whatever there is coming out of a transformation process produced by the activity.  

Control: refers to set of data, conditions and constraints that manage the transformation of input into output. 
Several types of events may affect a transformation process. Especially, standards linked to one specific industrial 
sector or technology, as well as business rules or other knowledge to configure a given AM process/ machine, are 
typical kinds of control elements that help to define the necessary required skills.  

Resources (Mechanism): refers to resources that enable carrying out the transformation process. A professional 
profile can be considered as the actor of some job activities. So, the analysis of a professional profile and related 
qualification, together with its corresponding learning outcomes, will be based on the analysis of all resources and 
flows of the job activities in which this professional profile is involved. For example, an operator who performs the 
Ƨƻō ŀŎǘƛǾƛǘȅ άǎŜǘ-up the DED-!ǊŎ ǎȅǎǘŜƳέ ǎƘƻǳƭŘ ƭŜŀǊƴ ǘƘŜ ǎǘŀƴŘŀǊŘ ŀƴŘ ǊǳƭŜǎ ǊŜƭŀǘŜŘ ǘƻ ǘƘƛǎ ƪƛƴŘ ƻŦ ǘŜŎƘƴƻƭƻƎȅΦ 

 

Figure 4- A schematic of a process with connected activities 

2.2 Global flowchart in revision/creation professional profile 

Figure 5 resumes SAM Methodology. In a whole view, it has been divided into three steps. The procedure begins 
with a Starting step indicated by the blue box. Then it is Preparation step, including four blue boxes embedded by 
the blue dashed-lined box. Finally, the third step defines the Revision and Creation of professional profile process, 
indicated respectively by green and orange boxes.    
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    Figure 5- Global (generic) flowchart for designing and reviewing professional profile in AM  

2.3 Data sources for design and review of professional profiles and Units of Learning Outcomes 
A set of accurate data is necessary to perform each step of design and review of professional profiles shown in figure 
5. For that, this section describes a process of data sources to be followed by the Analyst, an individual or a group of 
people responsible for designing and reviewing the professional profiles. This activity is labelled ŀǎ άwŜǎƻǳǊŎŜ 
ǇǊŜǇŀǊŀǘƛƻƴέ ƛƴ ǘƘŜ Ǝƭƻōŀƭ ŦƭƻǿŎƘŀǊǘΣ ōǳǘ ŦƛƎǳǊŜ с ŘŜƳƻƴǎǘǊŀǘŜǎ ǘƘŜ Řŀǘŀ ǎƻǳǊŎŜ ǇǊƻŎŜǎǎ ƛƴ ƳƻǊŜ ŘŜǘŀƛƭΦ    

¶ Document analysis: This part consists of identifying and classifying documented resources to extract 
relevant data addressing the identified gap. Doing literature review, analysing related reports and 
documents, indicating reference groups and experts are more known actions to identify sources of 
documents and data. For instance, when the origin of the skills gap is a new technological process, then the 
focus will be on analysing those in-use technologies that are very similar to the new one. Accordingly, 
documentation of data sources would involve activities such as making a list of similar technologies with 
their specific characteristics and functionalities, identifying those sectors that these technologies have been 
established on, and listing experts with a strong background in deployment and implementation of these 
technologies.      

¶ Initial working group: It includes a group of experts who conduct analysis sessions, facilitated by the Analyst, 
to provide a set of data regarding the aim of the session, clarified and detailed by the Analyst in advance. 
CƻǊ ŜȄŀƳǇƭŜΣ ƛŦ ǘƘŜ ǎŜǎǎƛƻƴ ƎǊƻǳǇ ŀƛƳǎ ǘƻ ǇŜǊŦƻǊƳ άƛŘŜƴǘƛŦȅ ƛƳǇŀŎǘŜŘ Wƻō CǳƴŎǘƛƻƴǎκ!ŎǘƛǾƛǘƛŜǎέΣ ǿƘŜǊŜ ǘƘŜ 
origin of the skill gap is emerging a new technological process, then the expectation is to create a 
classification of activities in three parts: activities in need to be revised, those which need to be redundant, 
and new ones that need to be created.       
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¶ Survey analysis: The outcomes of the document analysis and initial working groups would be distributed 
among large groups of other experts. Following the given example, for identification of new activities, with 
this method, a large group of experts might provide some new information about activities that need to be 
added in the professional profile. The Analyst is responsible for facilitating this step through conducting one 
of the known method of data collection including questionnaire, structured and semi-structured interview. 
The result will provide the first proposition draft of the professional profile.  

¶ Validation workshop(s): The proposition is evaluated in the validation workshop to assure that the designed 
professional profile is good enough to remove the identified gap, what the professional profile is targeted 
ŦƻǊΦ LŦ ǘƘŜ ŘŜǎƛƎƴŜŘ ǇǊƻŦŜǎǎƛƻƴŀƭ ǇǊƻŦƛƭŜ ŎŀƴΩǘ fulfil the validation criteria, then it will be sent back to suffer 
the necessary revisions. There is an optional validation workshop whereby the validation process needs to 
be carried out in two separate workshops, after a new revision of the profile that was sent back.  

¶ Group of experts: we distinguish four types of experts: researchers, engineers and high-level expertise 
operators, executive management, and operational managers. Depending of the type of knowledge to be 
collected, the target working groups are then defined. 

 

    Figure 6- A schematic of data sources process 

 

3. Similarity approach for design and review professional profile 

SAM methodology procedure for skills gaps causes classification begins with collecting inputs from the observatory 
and identifying the skills gap. It is necessary to indicate the origin of the gap, based on of the classification shown in 
the figure7: 
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Figure 7 ς Classification of origin of the skill gaps  

¶ New technological process: An emerging or new technology in an AM process will likely lead to the 
development of new methods and tools. In that case, some professional profiles need to be updated, 
perhaps new ones need to be created, according to the new skills and competencies associated with these 
new methods and tools. The effectiveness of any new technological process, therefore, depends on how 
well these skill gaps are detected and then on how well they are considered in the process of reviewing and 
designing professional profiles.     

¶ Advancement technological process: Sometimes, making progress in an existing technology leads to some 
changes in the AM process. Again, it needs to be analysed which and how occupations are affected by these 
changes. It enables the detection of new skills and competencies that employees have to learn, but also 
how to revise or create professional profiles towards tackling these shortcomings.   

¶ New material: The discovery of new material with new characteristics and functionalities will likely affect 
the AM process. In that case, identification of any changes that takes place in this process allows recognizing 
what activities in the AM process are affected. It enables us to detect what skills and competencies are 
missing in the existing professional profiles.    

¶ Being updated an in-use material: Sometimes, updating an in-use material causes some changes in an AM 
process. Being aware of these changes affect what employees and workers need to do in their jobs; and 
should be considered when reviewing and designing professional profiles.     

¶ New AM applications in a sector that already uses an AM process: Sometimes, in the sectors that AM 
process and technologies have been already established, new opportunities arise, in terms of extending 
current products or producing new ones. In this situation, identification of missing skills and competencies 
is essential for designing professional profiles.  

¶ Applying existing AM in a new sector: When an AM process presents itself interesting to another sector, 
then its appurtenances definitely need to be transferred too. Such changes in the AM process might alter 
professions structures and, consequently, employees and workers need to be prepared with new skills and 
competencies to their jobs. Thus, reviewing and designing professional profiles is necessary to resolve these 
shortcomings and to prepare/adapt qualified people.     
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¶ Gaps in existing qualification: Sometimes, an existing professional profile suffers from some shortcomings 
in the provided learning outcomes and curriculum. It usually appears through feedback coming from various 
sources, such as surveys, companies, VET providers, trainers/teachers, pedagogical experts, and learners, 
which are disclosing weakness points and gaps throughout the learning and training process. In this case, 
reviewing professional profiles is necessary to resolve any inadequacy.     

¶ Extended stage in the Lifecycle: Being established, an AM process might change the structure of product 
lifecycle. Adding a new stage to the existing lifecycle requires new activities, and consequently employees 
and workers will need new skills and competencies to perform these activities. Thus, reviewing and 
designing professional profiles is necessary to address these missing skills.    

¶  Sustainability (Lifecycle Assessment needs): Concerns about sustainability assurance activities in 
manufacturing is a promising approach and AM also is not an exception. Thus, green skills present 
themselves splendidly to minimize environmental impacts and promote Circular Economy principles 
throughout the entire AM process chain. Lifecycle Assessment is, therefore, part of those green skills that 
make sustainable AM process and able to foster a Circular Economy approach to it. Subsequently, 
professional profiles need to be reviewed so that employees are prepared and qualified well with those 
skills.   

4. Description of Revision/Creation professional profile 

In order to have a better understanding of how to revise/create a professional profile, this section breaks down the 

whole process into its subsequent steps. The main objectives in the professional profile design are, initially, the 

definition of the professional profile in terms of related job functions/activities, followed by the identification of 

units of learning outcomes in the associated curriculum. Below, we present what is foreseen in each step and it is 

explained which and how data sources are used in these steps. This process is applicable for all types of skills gaps 

and follows the logic presented in figure 7, but for a better clarification, it considers a new technological process as 

a skill gap. A schematic view of the whole process of revision/creation of professional profile is shown in Appendix 

A.  Moreover, a practical example in Appendix B demonstrates the design of a professional profile and the 

identification of learning outcomes in a real scenario.     

4.1 Revision of professional profile 

4.1.1 Re-definition of a Professional Profile (PP)  

Step 1: Analyse impacted job activities/function  

This step aims to answer the following questions: 

- Which job activities/functions need to be kept as they are? 

- Which job activities/functions need to be revised? 

- Which job activities/functions need to be added? 

- Which job activities/functions need to be removed? 

The following steps will clarify how to answer these questions: 

 Step 1.1 Define the characteristics of the new technological process 

 Question 1.1:  

- What are the characteristics of the new technological process? 

 Data resources 1.1:  

- Document analysis: Researchers  

- Initial working group: Researchers and Analyst 
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Step 1.2 List the PPs in the similar Technologies and for the same role 

Question 1.2:  

- What are the professional profiles for the same role in other similar technological processes? 

 Data resources 1.2:  

- Document analysis: Analyst  

- Initial working group: Experts and Analyst 

Step 1.3 List/Analyse the related job activities/functions of similar professional profiles 

Question 1.3:  

- Which activities are redundant and need to be removed? 

- Which activities are technology dependent?  

- Which activities are technology independent? 

 Data resources 1.3:  

- Document analysis: Analyst  

- Initial working group: Analyst and experts 

 

Figure 8 ς Schematic of a similarity analysis to classify Tech dependent, Tech independent, and redundant activities 

in the process of revision of a professional profile 

Step 2: Define/update the content of job activities/functions 

Step 2.1 Analysis of application of the new technological process in the other roles/sectors 

Question 2.1:  

- What are the specifications of the identified activities (standards, tools, constraints, etc.) for 

this new technological process in the other roles/sectors? 

 Data resources 2.1:  

- Document analysis: Analyst  

- Initial working group: Analyst 

Step 2.2 Identify new job activities 

Question 2.2:  

- ²Ƙŀǘ ŀǊŜ ǘƘŜ ƴŜǿ ŀŎǘƛǾƛǘƛŜǎΣ ƴƻǘ ǇƻǎǎƛōƭŜ ǘƻ ōŜ ƛŘŜƴǘƛŦƛŜŘ ōȅ ŘƻŎǳƳŜƴǘǎΩ ŀƴŀƭȅǎƛǎ ŀƴŘ ǎƛƳƛƭŀǊƛǘȅ 

analysis?   
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 Data resources 2.2:  

- Initial working group: Analyst 

- Survey and interview: Analyst and experts  

Step 3: Develop a new professional profile 

Step 3.1 Organize job activities/functions 

Question 3.1:  

- What is a developed professional profile including an arrangement the identified job 

activities/functions? 

 Data resources 3.1:  

- Document analysis: Analyst  

- Validation workshop: Group of experts 

- Optional validation workshop: Another group of experts 

4.1.2 Design and review of Units of Learning Outcomes  
After definition of the elements of a professional profile, job functions and related job activities, the next step would 

be the identification of Units of Learning outcomes. IDEF0 gives the opportunity to analyse every individual activity 

to extract the related learning outcomes. Moreover, this step follows the EWF approach for classification of Learning 

Outcomes Units in two types: Cross-cutting or Functional. The earlier one refers to those learning outcomes that are 

not directly linked with one job function since the knowledge and skills achieved will be mobilized in several job 

functions and activities. But, the Cross-cutting learning outcomes are directly linked with at least one job function 

and in which the knowledge and skills achieved will be mobilized in specific job functions and related activities.   

Step 4: Define/revise Learning Outcomes 

Step 4.1 Characterize every job activity based on the IDEF0 

Question 4.1:  

- What are the Inputs/Outputs? 

- What are the Controls (standard, rules, etc.) 

- What are the Resources (machinery, tools, etc.) 

 Data resources 4.1:  

- Document analysis: Analyst  

- Initial working group: Analyst 

  Step 4.2 Do similarity analysis for every type of activity item (Input/Output, Resource, Control) 

Question 4.2:  

- What are the mutual items in both the under-revision PP and other PPs? 

- What are the related learning outcomes for every identified item based on a similarity 

analysis? 

 Data resources 4.2:  

-  

- Initial working group: Analyst 

Step 4.3 Identify new learning outcomes 

Question 4.3:  

- What are the new learning outcomes, not possible to be identified by the ŘƻŎǳƳŜƴǘǎΩ ŀƴŀƭȅǎƛǎ 

and similarity analysis?   

 Data resources 4.3:  

- Document analysis: Analyst  
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- Initial working group: Analyst  

- Interviews: Analyst and experts 

 

Figure 9ς An example of identified learning outcomes based on the similarity analysis in the process of revision 

professional profile 

Step 5: Define Units of Learning Outcomes 

 

Step 5.1 Organize the identified learning outcomes 

Question 5.1:  

- What is a possible arrangement for the identified Learning Outcomes in Units of Learning 

Outcomes? 

 Data resources 5.1:  

- Initial working group: Analyst 

- Validation workshop: Groups of experts 

- Optional validation workshop: Another groups of experts 

 

4.2 Creation of Professional Profile 

4.2.1 Definition of the Professional Profile 

Step 1: Define job activities 

Step 1.1 Define the characteristics of the new technological process 

 Question 1.1:  

- What are the characteristics of the new technological process? 

 Data resources 1.1:  

- Document analysis: Researchers  
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- Initial working group: Researchers and Analyst 

 

Step 1.2 List PPs in similar Technologies and for the same role 

Question 1.2:  

- What are the professional profiles for the same role in the other similar technological 

processes? 

 Data resources 1.2:  

- Document analysis: Analyst  

- Initial working group: Experts and Analyst 

Step 1.3 Listing/Analysing the related job activities of similar professional profiles 

Question 1.3:  

- Which activities are redundant and should not be considered? 

- Which activities are technology dependent?  

- Which activities are technology independent? 

 Data resources 1.3:  

- Document analysis: Analyst  

- Initial working group: Analyst and experts 

 
Figure 10 ς Schematic of a similarity analysis to classify Tech dependent, Tech independent, and redundant 

activities in the process of creation professional profile 

 

Step 1.4 Analyse application of the new technological process in the other roles/sectors 

Question 1.4:  

- What are the specifications of the identified activities (standards, tools, constraints, etc.) for 

this new technological process in the other roles/sectors? 

 Data resources 1.4:  

- Document analysis: Analyst  

- Initial working group: Analyst 

Step 1.5 Identify new job activities 

Question 1.5:  

- What are the new activities, not possible to be identified by the ŘƻŎǳƳŜƴǘǎΩ ŀƴŀƭȅǎƛǎ ŀƴŘ 

similarity analysis? 

 Data resources 1.5:  
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- Initial working group: Analyst 

- Survey and interview: Analyst and experts  

 

Step 2: Aggregate in the new/existing job functions 

Step 2.1 Analyse the related job functions in the other roles/sectors 

 Question 2.1:  

- What are the Job Functions, including the defined Job Activities, for this new technological 

process in the other roles/sectors? 

 Data resources 2.1:  

- Document analysis: Analyst  

- Initial working group: Analyst 

 

Step 2.2 Identify new job functions 

 Question 2.2:  

- ²Ƙŀǘ ŀǊŜ ǘƘŜ ƴŜǿ Wƻō CǳƴŎǘƛƻƴǎΣ ƴƻǘ ǇƻǎǎƛōƭŜ ǘƻ ōŜ ƛŘŜƴǘƛŦƛŜŘ ōȅ ŘƻŎǳƳŜƴǘǎΩ ŀƴŀƭȅǎƛǎ ŀƴŘ 

similarity analysis? 

 Data resources 2.2:  

- Initial working group: Analyst 

- Document analysis: Analyst 

 

Step 3: Develop professional profile 

Step 3.1 Organize job activities/functions 

Question 3.1:  

- What is a possible arrangement of the identified job activates/functions to develop the 

professional profile? 

 Data resources 3.1:  

- Document analysis: Analyst  

- Validation workshop: Groups of experts 

- Optional validation workshop: Another groups of experts 

 

4.2.2 Design and review of Units of Learning Outcomes 
After definition of the elements of professional profile, job activities and job functions, the next step is the 

identification of Units of Learning outcomes. IDEF0 gives the opportunity to analyse every individual activity to 

extract the related learning outcomes. Moreover, this step follows the EWF approach for the classification of 

Learning Outcomes Units in two types: Cross-cutting and Functional. The earlier one refers to those whose learning 

outcomes are not directly linked with one job function since the knowledge and skills achieved will be mobilized in 

several job functions and activities. But, the Cross-cutting addresses those whose learning outcomes are directly 

linked with at least one job function and in which the knowledge and skills achieved will be mobilized in specific job 

functions and related activities.   

Step 4: Define/revise Learning Outcomes 

Step 4.1 Characterize every job activity based on the IDEF0 

Question 4.1:  

- What are the Inputs/Outputs? 

- What are the Controls (standard, rules, etc.) 
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- What are the Resources (machinery, tools, etc.) 

 Data resources 4.1:  

- Document analysis: Analyst  

- Initial working group: Analyst 

  Step 4.2 Do similarity analysis for every type of activity item (Input/Output, Resource, Control) 

Question 4.2:  

- What are the mutual items in both the under-revision PP and other PPs? 

- What are the related learning outcomes for every identified item based on a similarity 

analysis? 

 Data resources 4.2:  

- Initial working group: Analyst 

Step 4.3 Identify new learning outcomes 

Question 4.3:  

- ²Ƙŀǘ ŀǊŜ ǘƘŜ ƴŜǿ ƭŜŀǊƴƛƴƎ ƻǳǘŎƻƳŜǎΣ ƴƻǘ ǇƻǎǎƛōƭŜ ǘƻ ōŜ ƛŘŜƴǘƛŦƛŜŘ ōȅ ŘƻŎǳƳŜƴǘǎΩ ŀƴŀƭȅǎƛǎ ŀƴŘ 

similarity analysis?   

 Data resources 4.3:  

- Document analysis: Analyst  

- Initial working group: Analyst  

Interviews: Analyst and experts 

 

 

Figure 11ς An example of identified learning outcomes based on the similarity analysis in the process of creating 

professional profile 

Step 5: Define Units of Learning Outcomes 

 

Step 5.1 Organize the identified learning outcomes 

Question 5.1:  

- What is a possible arrangement for the identified Learning Outcomes in Units of Learning 

Outcomes? 

 Data resources 5.1:  

- Initial working group: Analyst 

- Validation workshop: Groups of experts 
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- Optional validation workshop: Another groups of experts 

 

An application example is given in appendixes A and B 

5. Alignment between EWF Sectoral Framework and e-Competence and e- Entrepreneurship 

framework  

In order to align the Additive Manufacturing (AM) Qualification System Framework with the European e-Competence 

Framework (e-CF) and the Entrepreneurship Competence Framework (EntreComp), the methodology used matched 

the Learning Outcomes generic descriptors and the EQF levels. 

The starting point was the EWF Qualifications System Framework, which is a generic description of qualifications 

for both Welding and AM fields. This sectoral framework contains six levels of proficiency (Basic, Elementary, 

Independent, Specialized, Advanced and Expert) used for each one of them, and a general descriptor defined in 

terms of knowledge, skills, autonomy and responsibility (Annex D).  

The European e-Competence Framework (e-CF) was developed as a tool to enhance mutual understanding and 

transparency of language by articulating the competences required by ICT professionals. It comprises five areas: A. 

Plan, B. Build, C. Run, D. Enable and E. Manage (Annex D). Each area, contains 40 e-Competences in total with five 

proficiency levels (e-1, e-2, e-3, e-4, e-5). These proficiency levels are related to levels EQF 3 to 8 (Annex III). 

To know more about the e-CF visit:  

http://ecompetences.eu/wp-content/uploads/2014/02/European-e-Competence-Framework-

3.0_CEN_CWA_16234-1_2014.pdf. 

The Entrepreneurship Competence Framework (EntreComp) consists of three competence areas, 15 competences, 

an 8-level progression model completed with 442 learning outcomes (Annex D). The EntreComp aimed at 

establishing a common reference framework for entrepreneurship as a competence to help citizens to develop their 

ability to actively participate in society, to manage their own lives and careers and to start value-creating initiatives. 

In this context, entrepreneurship is understood as a transversal key competence applicable by individuals and 

groups, including existing organizations, across all spheres of life. Entrepreneurship is defined ŀǎ άǿƘŜƴ ȅƻǳ ŀŎǘ ǳǇƻƴ 

opportunities and ideas and transform them into value for others.έ The value that is created can be financial, 

cultural, or social. 

The EntreComp Progression Model provides a reference for the development of proficiency starting from value 

creation achieved through external support, up to transformative value creation. It consists of four main levels: 

Foundation, Intermediate, Advanced and Expert. Each level is in turn split into two sub-levels (Annex D). 

To know more about EntreComp visit: 

https://publications.jrc.ec.europa.eu/repository/bitstream/JRC101581/lfna27939enn.pdf 

This analysis is based on general descriptors; it may not be suitable for each specific qualification. For a more 

accurate and less generic alignment between e-/CΣ 9ƴǘǊŜ/ƻƳǇ ŀƴŘ 9²C ŀƴŘ !a {ȅǎǘŜƳǎΩ ǉǳŀƭƛŦƛŎŀǘƛƻƴǎΣ ǘƘŜǊŜ 

should be a more comprehensive research on the specific Learning Outcomes of each qualification. 

5.1 AM systems framework (Generic description for AM Professional Profiles)  
During the implementation of SAM Methodology, a thorough analysis should be made between the alignment of 
the AM framework defined in terms of EQF level descriptors  for knowledge, skills, autonomy and responsibility and 
other relevant frameworks, in order to confirm its applicability, integration level, added value in terms of 
compatibility and/or correspondent level assignment. 

http://ecompetences.eu/wp-content/uploads/2014/02/European-e-Competence-Framework-3.0_CEN_CWA_16234-1_2014.pdf
http://ecompetences.eu/wp-content/uploads/2014/02/European-e-Competence-Framework-3.0_CEN_CWA_16234-1_2014.pdf
https://publications.jrc.ec.europa.eu/repository/bitstream/JRC101581/lfna27939enn.pdf
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Table 2. AM Qualification System framework 
 

ADDITIVE MANUFACTURING FRAMEWORK  EQF 
Level 

Alignment between EQF Levels and other relevant 
Frameworks 

KNOWLEDGE SKILLS AUTONOMY AND RESPONSIBILITY e-CF EntreComp EWF 

Knowledge at the most advanced 
frontier in the field of additive 

manufacturing and at the interface 
between other manufacturing fields. 

Highly advanced and specialised skills and 
techniques, including synthesis and evaluation 
required to solve critical problems in research 

and/or innovation applied in additive 
manufacturing technology. 

Extend and redefine existing knowledge or 
professional practice when applying additive 

manufacturing processes. 

Demonstrate substantial authority, 
innovation, autonomy, scholarly and 
professional integrity and sustained 

commitment to the development of new 
ideas or processes including research at the 

forefront of additive manufacturing. 

8 e-5 

EXPERT 

8 NA 

Highly specialised and forefront 
knowledge including original thinking, 

research and critical assessment of 
theory, principles and applicability of 
additive manufacturing processes. 

Highly specialised problem- solving skills 
including critical and original evaluation, allowing 

to define or develop the best technical and 
economical solutions, when applying additive 

manufacturing processes, in complex and 
unpredictable conditions 

 
Manage and transform additive 

manufacturing processes in a highly 
complex context. 

Fully responsible for the definition and 
revision of additive manufacturing 

ǇŜǊǎƻƴƴŜƭΩǎ ǘŀǎƪǎΦ 

7 e-4 7 EXPERT 

 
Advanced knowledge and critical 

understanding of the theory, 
principles and applicability of additive 

manufacturing processes. 

Advanced problem-solving skills including critical 
evaluation, allowing to choose the proper 
technical and economical solutions, when 

applying additive manufacturing processes, in 
complex and unpredictable conditions 

Manage the applications of additive 
manufacturing processes in a highly 

complex context. 
Act autonomously in decision making and 
definition in the definition of the additive 
ƳŀƴǳŦŀŎǘǳǊƛƴƎ ǇŜǊǎƻƴƴŜƭΩǎ ǘŀǎƪǎΦ 

6 e-3 

ADVANCED 

6 ADVANCED 

Specialised, factual and theoretical of 
theory, principles and applicability of 

additive manufacturing processes 

Specialised range of cognitive and practical skills, 
allowing to develop solutions or choose the 

appropriate methods, when applying additive 
manufacturing processes in common/regular 

problems. 

Manage and supervise common or 
standard additive manufacturing processes, 

in an unpredictable context. 
Take responsibility in standard work and 

supervise additive manufacturing 
ǇŜǊǎƻƴƴŜƭΩǎ ǘŀǎƪǎΦ 

5 

e-2 

5 SPECIALIZED 

Factual and broad concepts in the 
field of additive manufacturing 

processes. 

Fundamental cognitive and practical skills 
required to develop proper solutions and 

Self-manage of professional activities and 
simple standard applications of additive 
manufacturing processes in predictable 

4 ADVANCED 5 INDEPENDENT 
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ADDITIVE MANUFACTURING FRAMEWORK  EQF 
Level 

Alignment between EQF Levels and other relevant 
Frameworks 

KNOWLEDGE SKILLS AUTONOMY AND RESPONSIBILITY e-CF EntreComp EWF 

application of procedures and tools on simple 
and specific additive manufacturing problems. 

contexts but subject to change. 
Supervise routine tasks and similar function 
workers, as well as take responsibility for 

decision making in basic work. 

INTERMEDIATE 4 

Knowledge of facts, principles, 
processes and general concepts in the 

field of additive manufacturing. 

Basic cognitive and practical skills required to use 
relevant information in order to carry out tasks 

and to solve routine problems using simple rules 
and tools in additive manufacturing applications. 

Take responsibility for completion of tasks 
in additive manufacturing applications. 

Adapt own behaviour to circumstances in 
solving problems. 

3 e-1 

INTERMEDIATE 3 

NA 

FOUNDATION 2 

Basic factual knowledge in the field of 
additive manufacturing 

Basic range of cognitive and practical skills 
required to accomplish tasks and solve problems 

by selecting and applying methods, tools, 
materials and information in the field of additive 

manufacturing. 

Carry out, under supervision, professional 
activities in additive manufacturing 
applications with some autonomy. 

2 NA 

FOUNDATION 

2 NA 

Basic general knowledge in the field 
of additive manufacturing 

technology. 

Basic skills required to carry out simple tasks 
related with additive manufacturing. 

Perform basic tasks related with additive 
manufacturing technology under direct 

supervision in a structured context. 
1 NA 1 NA 
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7. Appendix   

A. Schematic view of Revision and Creation of Professional Profiles 

Revision of professional profiles ς New technological process 
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Creation of professional profile ς New technological process 
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B. Exemplifying SAM methodology   

B.1 Activities of an AM Operator in the post-processing stage, in three AM technologies 

 

 

 
















































