Co-funded by the
Erasmus+ Programme
of the European Union cron skus sTaarecy

SECTOR SKILLS STRATEGY

Definition of Professiond?rofiles Design Keview
Procesand AM Sectoral Framewaik Sustain and
Feedthe AM Qualification System

Project N0.601217EPP1-20181-BEEPPKABSAB

-

-

-
enaal’|

o O —
LBNIAL allllp materialise

GRANTA RENISHAW/<|

apply Innovation™ POLIT!

EWF b Sas
La
IK4Q ITd . LMS Brunel CENTRALE c
LORTEK ml( (== VN @ I AR University NANTES

SAMc Definition of Professional Profile®esign & Review Process and AM Sectoral Framework to Sustain and Feed the AM Qualification
System
Project No. 60121-EPP1-20181-BEEPPKASSAB Pagel




REP Co-funded by the ‘
L Erasmus+ Programme
X of the European Union secron skis staaTecY

Document Details

Deliverable Number: D3.1
Due Date : April2020

Leading Organisation EC Nantes
Participating Orgnisations EWF, 1SQ, Brunel University
Languages(s) EN

Dissemination level: Public

SAMc Definition of Professional Profile®esign & Review Process and AM Sectoral Framework to Sustain and Feed the AM Qualification
System

Project No. 60121-EPP1-20181-BEEPPKAZSAB Page2



Co-funded by the /
Erasmus+ Programme ) \u

of the European Union

Contents
(O] 01 (=T o | KPP OO PP TOPPTT 3
I [ 011 7o o [¥ od 1o o R PP OTPUPPTUPPPPPPPPIS 5
2.  SAM Methodologyor designing and reviewing Professional Profiles and skills development in.AM......5
2% I 2 7 Tt 2o | {01 o SRR 5.
P R 1= 11 1 (T L S TSP P TP P P PPPPPTTPPPN 5.
2.1.2 Process nuelling with IDEFO MethodOlOgy.........cuuiiiiiiiiiiiieiiie e o]
2.2 Global flowchart in revision/creation professional prafile............cccvveieeieeei e 8
2.3 Data sources for design and review of professional profiles and Units of Learning Outcames........... 9
3. Similarity approach for design and review professional profile..........cccoooiiiiniiie, 10
4. Description of Revision/Creation professional profile............ccccooi e 12
4.1 Revision of professional Profile............. e e e e —————— 12
4.1.1 Redefinition of a Professional Profile (PR).........cueiiioiiiie e 12
4.1.2 Design and review of Units of Learning OULCOMES ........ooouuiiieiiiieiiee it 14
4.2 Creation of Professional Profile.............ooviiii e 15
4.2.1 Definition of the Professional Profile............ccveeiiiii e 15
4.2.2 Design and review of Units of Learning OULCOMES ........oocuiiieiiiiieiie et 17
5. Alignment between EWF Sectoral Framework ai€benpetence and-é&ntrepreneurship framework......19
5.1 AM systems framework (Generic description for AM Professional Profiles)..........cccccovvvvviiiccennn, 19
LT = (= =T (ot PR PR OPP PP 22
A Y o] o 1= o [ G PP PRSPPI 23
A. Schematic view of Revision and Creation of Professional Prafiles............cccccoveiiiiiiiiiniieenee 23
B. Exemplifying SAM MethOdOlQQY..........ccoiiiiiiiieee et e e r e e e e e e e aaaaeaaaes 25
B.1 Activities of an AM Operator in the pgstocessing stage, in three AM technologies............ccccovuuneeenn. 25
B.2 Identification of dependent and iNndepegitt ACtVILIES............eeiiiiiiiiieiie e 26
B.3 Identification of Knowledge and Skills for each activity based on the IDEFO (PBF Technology)......28
B.4 List of Knowledge and Skills for each activity (PBF TeChnalogy).........cccoviumieieiiiiiiiiiiiiiee e 32
B.4.1 Crossutting Knowledge and SKillS...........ooiiiiii e 32
B.4.2 Functional KNoOWIg& and SKillS..........oooiiiiiiiiii et 32
B.5 Different performance of the same activities in different sectors (Aeronautic, Luxury, Orthopaedic)33
B.6 Knowledge and Skills related teuse material in different technological process..........ccccoocceveeinnnnen. 34
B.7 An example of different Knowledge and Skills for the same activity in different technalagies........... 35
C.Current methodologies in the definition and revision of professional profiles.........cccccccoiiiiiiiiiiiinneen. 35
C.1 TheOoretiCal MOUEIS. .......coiiiiiie et e et e e e e e et e e e s e e e e e e enees 36
C.1.1 BOYALZIS MOUEL......eeiiiee ettt e e st e e e sttt e e e e bbb e e e e e s arbee e e e ennees 36
g?sl\:l;mDefinition of Professional Profile®esign & Review Process and AM Sectoral Framework to Sustain and Feed the AM Qualification

Project No. 60121-EPP1-20181-BEEPPKASSAB Page3



Co-funded by the h
Erasmus+ Programme
of the European Union

SECTOR SKILLS STRATECY

C.1.2 Rothwell and Kazanas MOGEL...........ccuviiiiiiiii e 36
C.1.3 Organization Goaad ObjJectives MOUEIS..........coiiiiiiiiiie e 37
C.1.4 ASTD CompetenCy MOEL..........uuuiiiiiiiiie e e e e e e e e e e e e s s s s aereeaaaeeessaannns 37
C.2 EMPINCAl MOEIS ... ... e e e e ee s e e e e e e e e s e s s aa s e e e eeeeaeeessasnsnsrsbnannneeraeeenas 38
C.2.1 Singapore Workforce SkKills QUalifiCatiONS..........ccciiiiiiiiiiiiiiie e 38
C.2.2 EWF SeCIOral APPIOGCI. .. ..eiiiiiiiiiii etttk e e ekt e e e s st re e e e e e abbe e e e e s anbreeaesanres 41
D. Otler relevant AM SyStem FrameEWOLKS............uuuiiiiiiieeieieiis i e e e e e e e e s s s sssnrreeerereeee e e s s s snnannnreneeees 44
D.1 EWF SYSTEMS FRAMEWORK (Generic description for all Qualification.systems).............ccccvveee. 44
D.2European éCompetence Framework 3.0 OVEIVIEW........uuiieeiiiiiiee ettt ettt e e s e e e snreee e 45
D.3European éCompetence and EQF leVelS table...........ooii i 46
D.4EntreComp Conceptual MOUEL...........cooiiiiii e e e e e e e e e aeaeeeees 47
D.5EntreComp ProgreSSioN MOEL...........coiiiiiiiiiiiiiiiiiee ettt sb e e e sbreee e 48

SAMc Definition of Professional Profile®esign & Review Process and AM Sectoral Framework to Sustain and Feed the AM Qualification
System
Project No. 60121-EPP1-20181-BEEPPKAZSAB Paget



Co-funded by the 1
Erasmus+ Programme ) \u
of the European Union secromswais sTaarecY

1. Introduction

The aim othis document is talefine the methodology for developing and revising qualifications in the Additive
Manufacturing sectorConducting 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 addipoesénts an AM
sectoral framework classifying proficiency levelattheed to be considered in the professional profile design. This
frameworkis in alignment with already established EU framewanktuding European Qualification Framework
(EQBH, the EuropeanCompetenceFramework (eCFland the Entrepreneurship Competence FameworK).

2. SAM Methodology fadesigning and reviewing Professional Praditesskills development
in AM

SAM methodology for design and review of Professional Profiles and skills developnieatAM sector(SAM
Methodology)is built upon thee main principles:

1 A process approachDesigning 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 cleb process, for example in the process of revising an existing professional profile,
is essential before starting toefine job activities.

1 Analysis of similasituations rather than starting from scratchf'he focus is on revising/creating activities
based on existing ones. It includes studying the current professional praffiesciated withother
technologies, in other sectors, and fdifferent roles. It helps torevise/create activities based on the th®
ones have already been designed in similar situations.

1 The origin of skill gapsSince anglevelopment and revision gfrofessional profileis due to a specific skill
gap related taan AM process, the origin of that gap may govern how to design psafeal profiles andkills
development programsA classification of its origin and basis, therefore, has been considered in the
proposed methodologyThe classification of skills gap gis@rientations on the application of similarity
approach, so that tle several procedures and rules will be described to conduct professional prdéksign
according to the type of the skill gap.

A critical literature review (Anneg&), on theoretical and empirical Competency Models developed for different
sectors and prafssional contexts has been conductadd providesuseful 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 a@aitting sector,developed in RAINBOW proje&AM
methodology has as stang point EWF sectoral approaamevertheless, it goes beyond in term of a processual
approach for the AM sector.

EWF’s methodology fdhe design of Qualifications is structured ana topdown 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 antb Skills
guarantee that the learners are fully competefur specific job requiremerst This approach is based on the
principles of functional analysis to define the occupational competencies and in setting boundaries between
different occupations within EWFQualificationssystem

2.1 Background

2.1.1 Definitions

In order to apply the proposesimilarity-based approachwe organize the concept of professional profile as shown
in figure 1. The pocess describes a logical connection of all job activities vidtentification of
input/output/resource/constraint for every individual activitylt gives a holistic view of how activitiemre
SAMc Definition of Professional Profile®esign & Review Process and AM Sectoral Framework to Sustain and Feed the AM Qualification
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interrelated considering their input/outputProfessional profile refers to a general description of the professional
occupaton 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 jobfunction.

Connection of all job activities in a logical way
| . .
(input/output/resource/constraint)

Professional

Profile Is the general description of the professional occupation

Description of functional action, enabling to achieve the
main objective of the profession
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s JOb activities

Learning A specific knowledge and skills necessary to perform job

activities

outcomes

Figure 1 Definition of terms related tqrofessional profile

Looking the definitioa given in the above figureg professional profile can be defined/updated according to two
setsof 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 othe hand, SAM methodology considers four different types of pillars (input) for the definition of a
professional profile shown in figure 2The firstone refers to the role The role of a profession may vatye to
different activities needdto be performeal at differentstagesin the product lifecycleFor example, an operator in

the postprocessing stagis assigned some tasks and responsibilities, which are not necessary for an operator in the
pre-processing stage and vice ver3de secondne addressedechnological process obviously professional
profiles are not the same for different technologjder example, Binder jetting and Direct Energy Deposition
technologiesare characterizetby their own specifiperformances, standards, et¢heprofessional profile for each
technology, therefore, neexlto maitch its features and characteristicdRegarding the next pillarMaterial,
professional profilemight be different based on theifferent materialusedin the AM processThe last pillar refes

to the industrial sector. Since every industrial sector has its own attribated as standards, constraints and so on,
then to accomplishthese requirementsparticular activities need to be defined tihe revision or creation ofhe
professional préiles.
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Professional
profile

Technology

Industrial Sector

Figure 2 Four pillars (inputs) for definition of the professional profile in SAM methodology

2.1.2 Processiodellingwith IDEFO methodology

In order to capture the wide range of current and future occupations directly involved in the AM sector, an
overarching processual modét necessary to map not only all the professional profi¥ékin the AM sectorput

also all theskills demand in otheoccupationsthat are AM related For this, v specifically consider IDEAGam
DEFinition for Function Modeig), model to build up process and activities models

IDEFQOs usedto model decision, function, and activities of a system. Its origin goek tmagraphicmodelling

language, Structured Analysis and Design Technique (SADT). This capability enables IDEFO to depict a process of
activities in different levels of details. It represents graphically a preasserell as understandahlftow of activties.

A schematic othe IDEFO diagram is shown in Figure 3.

Controls
Event | Goal |Condition | Constraint |Order | Mode
Y
Inputs
Input JOB { »>
JOB ACTIVITY  Qutput > ACTIVITY >
Qutputs
Label X
A A

Mechanisms

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

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

Processrefers to groups of activities that are consistently linked to meet a specific objective. To dedhatis
resources are employed to transform input to outp@igure 4shows a simig schematic of a processcluding a

group of connected activitie$n a professional profile, a process can be defined in different lewvetse level a

group of job activities form a job function, but in one level deeper and to perform an specifictioiiy it needs

to apply other processes (e.g. a set of activities to prepare, run and operate removing powder machine at PBT
technology)

SAMg Definition of Professional Profile®esign & Review Process and AM Sectoral Framework to Sustain and Feed the AM Qualification
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Input flow: refers to whatevetthere isto be consumedby an activity, and consequently to be transformed to a
new flow.

Outputflow: refers to whatevethere iscoming outof a transformationprocessproduced by the activity.

Control:refers to set of dataconditionsand constraintghat managethe transformation of input into output.
Several types of events may affedransformation process. Especially, standards linked to one specific industrial
sector or technology, as well as business rules or other knowledge to configure a given AM/pracdsse, are
typical kinds of control elements that help definethe necessary required skills.

ResourcesMechanisn): refers to resources that enable carrying out the transformation process. A professional
profile can be considereds the actor of sme job activities. So, the analysisaprofessional profile and related
qualification, together with its correspondirigarning outcomeswill be based on the analysis of all resources and

flows of the job activities in which this professional profiléiglved. For example, an operator whperformsthe

220 | OGuwdeDE® NIA Sale aGSYé¢ aK2dzZ R fSINYy GKS adlyRINR | yR

'd

\ Process

Figure 4 A schematic of a process with connecaetivities

2.2 Global flowchart irevision/creation professional profile

Figure5 resumesSAMMethodology. 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, stefuding four blue boxes embéed by

the blue dashedined box. Finally, the third step defindse Revision and Creatioof professional profile process,
indicated respectively by green and orange boxes.

SAMc Definition of Professional Profile®esign & Review Process and AM Sectoral Framework to Sustain and Feed the AM Qualification
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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 destgresiew of professional profigshown in figure
5. Forthat, this section describes a process of data sources to be followed by the Analysdj\dadualor a group of
people responsiblefor designing and reviewing the professional prdfild@his actiity is labelled | a
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Document analysisThis part consists of identifying and classifyimpcumented resources to extract

relevant dataaddressng the identified gap. Doing literature review, analyg related reports and
documents, indicating reference groups and experts are more known actions to identify sources of
documents and data. For instance, when the origithefskillsgap is a new technological procegsen the

focus will be on anafing thosein-usetechnologies that arevery similarto the new one.Accordingly
documentation ofdata sourceswould involve activities such asaking a list of similar technologi@sth

their specificcharacteristics and functionalities, identifyittgpsesectors that these technologies have been
establishedon, and listing experts witl strong background in deployment and implementation of these

technologies.

Initial working grouptt includes a group of experts who condactalysisessions, facilitated by the Analyst,

to provide a set of data regarding the aim of the session, clarified and detailed by the Analyst in advance.

C2NJ SEI YL S5 AT GKS

ASEAANBY AYNE @IUSRA W2 60 £ dAIDKIK 2 MM « ¢

origin of the skill gap is emerging a new technological procies) the expectation is to create a
classification of activities in three partctivitiesin need to be revised, thosehichneed to be redndant,

and new oneshat need to be created.
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1 Survey analysisthe outcomes of the document analysis and initial working groups would be distributed
among large groups of other experfllowing the given exampléor identificationof new activities, with
this method a large group of expertsiight provide some new information about activitigeat need to be
added in the professional profil&@heAnalyst is responsibler facilitatingthis stepthrough conducting one
of the known method of dataollection including questionnairstructured and semstructured interview.
The resulwill providethe first propositiondraft of the professional profile.

1 Validation workshofs): The proposition is evaluated in the validation workshopgsure thathe designed
professional profile is good enough temove the identified gap, what the professional profile is targeted
F2NXP LT GKS RSaA 3y Suil theNGidatd@ diteriatifen i wilLosl&em backsufiel v Q i
the necessary revisns. There is an optional validation worksheperebythe validationprocess needto
be carried out in two separate workshgmafter a new revision of the profile that was sent back

1 Group of expertswe distinguish four types of experts: researchers, engineers andléngth expertise
operators executive managemengnd operational mamgers Dependingf the type of knowledge to be
collected, the target working groups atteen defined.

Analyst + experts
“ ~ | Various industrial actors

« Initial working Via phone/internet Specialists in physical meetings
group . - N
+ Survey and * Validation S;JIH:E:?clm
interviews workshop

workshop

* Documents

analysis
e vy

[Question naire 1%t proposition 2" proposition

Figure6- A schematic of data sources process

3. Similarity approach for design and review professional profile

SAM methodologyrocedurefor skills gaps causes classificatibrgins withcollectinginputs from the observatory
and identifyingthe skills gap. It isecessary to indicate the origin of the gdyased on of the classification shown in
the figurer:

SAMc Definition of Professional Profile®esign & Review Process and AM Sectoral Framework to Sustain and Feed the AM Qualification
System
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Figure7 ¢ Qassification obrigin ofthe skill gaps

1 New technological processAn emergingor new technolog in an AM processwill likely lead to the
development ofnew methods and tools. In that case, some professional profiles need to be updated,
perhapsnew onesneed to becreated, according to the new skills and competencies associgitbtdhese
new methods and tools. The effectiveness of any neehhological process, therefore, depends on how
well these skill gapare detected and theron how wellthey areconsidered in the process of reviewing and
designing professional profiles.

1 Advancement technological procesmetimes, making progressiian existing technologgads tosome
changes ithe AM process. Again, it needslie analysed which and how occupatiorere affected by these
changes. It enablethe detection ofnew skills and competencies that employees have to learn, but also
how torevise or create professional profiles towartdsklingthese shortcomings.

1 New material:The discovery ofiew material with newcharacteristicsand functionalitieswill likely affect
the AM process. In that case, identification of any changes that take® in this process allows recognizing
what activities in the AM process are affected. It enables us to detect what skills and competagcies
missngin the existing professional profiles.

1 Being updated an isemateriat Sometimes, updatingan in-usematerial causes some changesamAM
processBeing aware othese changes affect what employees and workers need to dbeim jobs; and
should be considered when reviewing and designing professional profiles.

1 New AM applicatios in a sectorthat already usesan AM process:Sometimes, in the sectors that AM
process and technologies have been alreadtablishednew opportunitiesarise,in terms ofextending
current products or producing new ones. In this situation, identificatiomissingskills and competencies
isessential for designing professional profiles

1 Applying existing AM in a new sectdhen an AM process presents itself interesting to another sector,
then its appurtenancesdefinitely need to be transferretbo. Such changes ithe AM processnight alter
professions structures andonsequentlyemployees and workers need to be prepared with new skills and
competencies to their jobs. Thus, reviewing and designing professional pisfilecessary to resolve these
shortcomings ad to preparéadapt qualified people.

SAMc Definition of Professional Profile®esign & Review Process and AM Sectoral Framework to Sustain and Feed the AM Qualification
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Gaps in existing qualificatioSometimes, an existing professional profile suffers from some shortcomings
in the provided learning outcomes and curriculum. It usuglgears through feedback coming from various
sources such as surveys, companieg Nroviders, trainers/teachers, pedagogical experénd learners,
which are disclosingveakness points and gaps throughout the learning and traipiegess In this case,
reviewing professional profiis necessary to resolve any inadequacy.

Extended stage in the Lifecyckeing establishedan AM process might change the structure of product
lifecycle.Addinga 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 profiés necessary to address these missing skills.

Qustainability (Lifecycle Assessment neg@dsConceris about sustainability assurance activities in
manufacturing is a promising approach and AM also is not an excepitwns green skills present
themselves splendidly to minimize environmental impaetsd promote Circular Economy principles
throughoutthe entire AM processhain Lifecycle Assessmeist therefore,part of those green skills that
make sustainable AM procesmd able to foster a Circular Economy approach toSiibsequently,
professional profiles need to be reviewed so that employaesprepared and qualified well with those
skills.

Description oRevision/Creatioprofessional profile

In order to have a better understandiraf how to revisécreate a professional profilethis section breaks down the
whole process intoits subsequent ps. The main objectives in the professiorabfile design are, initiallythe
definition of the professional profile in terms of related job functions/activitiedlowed by theidentification of

units of learning outcomem the associated curricuin. Below, we present what is foreseenéach step andt is
explained which and how data sources asedin thesesteps. This process is applicable for all types of skills gaps
and followsthe logicpresentedin figure 7, but fora betterclarification it considersa new technological processs

a skill gapA schematic view of the whole process of revision/creation of professional profile is shown in Appendix
A. Moreover, a practical example iAppendix B demonstrates the design ad professional profileand the
identification of learning outcomes in a real scenario.

4.1 Revision of professional profile

4.1.1Redefinition ofa ProfessionaProfile (PP)

Step 1: Analyse impacted jalgtivitiesfunction

This step aims to answer the followiggestions:

- Which jobactivitiesfunctions need to be kept as they are?
- Which jobactivitiesfunctions need to be revised?

- Which jobactivitiesfunctions need to be added?

- Which job activities/functions need to emoved?

The following steps will clarityow to answer these questions:

Stepl.1Definethe characteristicef the new technological process
Question 1.1:
- What are the characteristics of the new technological process?
Data resources 1.1:
- Document analysifResearchers
- Initial working groupResearchers and Analyst

SAMc Definition of Professional Profile®esign & Review Process and AM Sectoral Framework to Sustain and Feed the AM Qualification
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Stepl.2Listthe PPs in the similar Technologies and for the same role

Question 1.2:

Data resources 1.2:
Document analysis: Analyst
Initial working groupExpertsand Analyst

What are theprofessional profiles for the santele in other similar technological process?

Step 1.3 List/Analesthe relatedjob activities/functions oSimilar professional profiles

Question 13:
Which activities are redundant and need to be remo¥ed

Which activities are technology dependent?
- Whichactivities are technology independent?
Data resources 3:

Document analysis: Analyst
Initial working groupAnalystand experts

Controls Controls

rrw * rrw
Inputs Inputs
> 108 > > JoB >
PP »  ACTIVITY \ - »  ACTIVITY -
11 utputs L2 Outputs
Tech 1 \f
A A A A A
<

The same standard

Mechanisms

Mechanisms

-
regardless of Tech, X Method to prepare
an independent \ the feed stock
. activity depends on the Tech,
- fan dependent activity
p
Controls I|'I Contrals
- |
vy | LR
)
PP Inputs . 108 . Inputs ,'I N 108
»  ACTIVITY [, ACTIVITY
Techn n.1 Outputs | n.2 Outputs
)
A A v A a

Mechanisms

Controls

L
Inputs. > JOB >
»  ACTIVITY
Li Outputs
A
Mechanisms This activity is defined
exclusively for this
Tech, not necessary in
other Tech, a
redundant activity
Controls
vy
Inputs . JoB .
> ACTIVITY
n Outputs
A A

Mechanisms

Mechanisms

Figure8 ¢ Schematic oé similarity analysis to classify Tech dependent, Tech independent, and redundant activities
in the process of revisi@f a professional profile

Step 2 Define/update the content of job activitiéfsnctions
Step 2.1 Analysis of application of the new technological process in the other roles/sectors

Question 2.1:
What are thespecificatiors of the identified activities (standards, tools, constraints, etc.) for

this new technological process in the other roles/sectors?

Data resourceg.1:
Document analysis: Analyst

Initial working groupAnalyst

Step 2.2dentify new job activities

Question 2.2:
- 2KIG FNB GKS ySg FOUGAOGAGASAS y20 LRaarot s
analysis?
SAMc Definition of Professional Profile®esign & Review Process and AM Sectoral Framework to Sustain and Feed the AM Qualification
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Data resources 2.2:
- Initial working group: Analyst
- Survey and interviewAnalyst and experts

Step 3:Developa newprofessionabrofile

Step 3.10rganizgob activities/functions
Question 3.1:
- What is a developed professional profile includiren arrangementthe identified job
activitiegfunctions?
Data resource8.1:
- Document analysis: Analyst
- Validation workshop: Group @xperts
- Optional validation workshopAnother goup of experts

4.1.2Design and reviewf Units of Learning Outcorae

After definition of the elements of grofessional profilejob functions and related job activitiethe next stepvould

be the identification of Units of Learning outcomes. IDEFO give®gportunity to analy® every individual activity

to extract the related learning outcomes. Moreover, this step follows the EWF appfoediassification of Learning
Outcomes Units in two tyeCrosscuttingor Functional. The earlier one refers to those learning outcothasare

not directly linked with one job function since the knowledge and skills achieved will be mobilized in several job
functions and activities. But, the Cresstting lkearning 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 Ddine/revise Learning Outcomes

Step 4.1Characterize every joaictivity based on the IDEFO
Questiord.1:
- What arethe Inputs/Outputs?
- What arethe Controls (standard, rules, etc.)
- What arethe Resourcegmachiney, tools, etc.)
Data resourced.1:
- Document analysis: Analyst
- Initial working group: Analyst

Step 4.2 Do similarity analysis for every type of activigyn (Input/Output, ResourceContro)
Question 4.2:
- What are the mutual items in both the undeevision PP and other PPs
- What are the related learning outcomes for every identified item based otralasity
analysis?
Data resources 4.2:

- Initial working group: Analyst

Step 4.3dentify new learning outcomes
Questiord.3:
- What are the new learning outcomes, not possible to be identifiethbyR 2 OdzY Sy G a Q | y I f &
and similarity analysis?
Data resources 4.3:
- Document analysig\nalyst

SAMc Definition of Professional Profile®esign & Review Process and AM Sectoral Framework to Sustain and Feed the AM Qualification
System
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- Initial working group: Analyst
Interviews: Andyst and experts

Cross-cutting LO
The same safety regulation
regardless of the activity

—TR—
_— \ —
/_// Y —
_— \ E"-q-____
- T
Controls Controls Controls
I
rry rwy rTwY
Inputs Inputs Inputs
» JOB - > 108 - - 10B >
PP »  ACTIVITY > »  AcTVITY - »  ACTVITY .
Tech1 11 Outputs 12 Cutputs e Qutputs
A A A A A A
.
Machanisms The same Standa rd for a” Machanisms Maochanisms This ElCtI\.l'i't'{ is deﬁned
Tech, an independent activity, 5 3
the same LOs transfarred into Method to prepare the feed exclusively for this Tech, not

. the revised PP stock depends on the Tech, a necessary in other Tech, a

4 dependent activity, need to redundant activity, its LOs

{ define new LOs should not be considered
- Contrals III' Contrals Controls

LA I.' vw LA
pp Inputs > 108 > |I'|Dullll > 108 Inputs » 108 >
Techn p T > [y acmvmy . p AcTviTy
" Outputs | n2 Outputs n Outputs
I
A A | A A A A
4

Maochanisms Machanisms Machanisms

Figure9¢ Anexample ofdentifiedlearning outcomes based on the similarity analysithe process of revision
professional profile

Step 5 DefineUnits of Learning Outcomes

Step5.10rganize the identified learning outcomes

Questions.1:
What is a possiblearrangementfor the identified Learning Outcomes in Units of Learning

Outcome®
Data resourceS.1:
- Initial working group: Analyst
- Validation workshop: Groups of experts
Optional validation workshopAnother goups of experts

4.2 Creation of Professional Profile
4.2.1 Definition of the Professional Profile

Step 1: Define job activities

Step 1.1Definethe characteristics of the netechnological process

Question 1.1:
What are the characteristics of the new technological process?

Data resources 1.1:
- Document analysis: Researchers

SAMc Definition of Professional Profile®esign & Review Process and AM Sectoral Framework to Sustain and Feed the AM Qualification
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Initial working group: Researchers and Analyst

Step 1.4.istPPdn similar Technologies and for tlame role
Question 1.2:
What are the professional profiles for the same role in the other similar technological

procesgs?

Data resources 1.2:
Document analysis: Analyst
- Initial working groupExpertsand Analyst

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

Question 1.3:
Which activities are redundant arsthould not be consideret

Which activities are technology dependent?
Which activities are technology independent?

Data resources 1.3:
Document analysis: Analyst
Initial working group: Aalystand experts

Controbs

Gontrols

Controls
&
rw rw LR
Imiputs. . 108 '-\ . Inputs N 108 . Inpats - 108 .
PP »  ACTIVITY Y » » ACTNTY > > ACTRATY -
L1 \putputs 12 Outputs Li Outputs
Tech1 \ -
ia \ i A A4 .
'y
. Mechanisms The same standard ~ Mechanisms Mechanisms This activity is defined
regardless of Tech, Method to prepare exclusively for this
an independent the feed stock Tech, not necessary in
. activity ‘depends on the Tech, other Tech, a
o | a dependent activity redundant activity
& [
Controls | Controis Controls
- |I
rw III rr rrw
Irputs wts | Irputs
op Irput > 108 . Irput | . 108 " Input . 108 "
» ACTIVITY - f »  ACTIVITY » ACTIVITY
Techn nd Cutputs { nz Cutputs. nj Qutputs
/
*I A A A A
Mechanisms

A A
Mechanisms

Mechanisms

Figure 10; Schematic of a similarity analysis to classify Tech dependent, Tech independent, and redundant
activities in theprocess of creation professional glef

Step 14 Analyseapplication of the new technological process in tither roles/sectors

Questionl.4:
- What are the specificatiaof the identified activities (standards, tools, constraints, etc.) for
this new technological process in the other roles/sectors?

Data resource$.4
Document analysis: Analyst
Initial working group: Analyst

Step 1.9dentify new job activities

Questionl.5:
What are the new activities, not possible to be identifiedthg R2 OdzySy daQ | yI f &a?)

similarity analysis?

Data resourced.5:
SAMc Definition of Professional Profile®esign & Review Process and AM Sectoral Framework to Sustain and Feed the AM Qualification
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- Initial working group Analyst
- Survey and interviewAnalyst and experts

Step 2: Aggregate in theew/existing job functions

Step 2.1Analysehe 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/sectd?s
Data resources 2.1:
- Document analysig\nalyst
- Initial working group: Analyst

Step 22 Identify new job functions
Question 2:
- 2KFG FNB GKS ySg W20 CdzyOlAizyas y2i Llaarots
similarity analysig
Dataresources 2:
- Initial working groupAnalyst
- Document analysis: Analyst

Step 3:Develop professional profile

Step 3.10rganizgob activities/functions
Question 3.1:
- What is apossiblearrangement 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 workshopAnother goups of experts

4.2.2 Design anceview of Units of Learning Outcomes

After definition of the elements ofprofessional profile job activities and job functionghe next stepis the
identification of Units of Learning outcomes. IDEFO gthesopportunity to analys every individual actity to
extract the related learning outcomes. Moreover, this step follows the EWF apprioadhe classification of
Learning Outcomes Units in two tyge€rosscutting and Functional. The earlier one refers to those whose learning
outcomes are not direcyl linked with one job function since the knowledge and skills achieved will be mobilized in
several job functions and activities. But, the Crosling addresses those whose learning outcomes are directly
linked with at least one job function and in whittte knowledge and skills achieved will be mobilized in specific job
functions and related activities.

Step 4 Define/revise Learning Outcomes

Step 4.1Characterize every job activity based on the IDEFO
Question 4.1:
- What arethe Inputs/Outputs?
- Whatarethe Controls (standard, rules, etc.)

SAMc Definition of Professional Profile®esign & Review Process and AM Sectoral Framework to Sustain and Feed the AM Qualification
System
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What arethe Resource¢machiney, tools, etc.)

Data resources 4.1:
Document analysis: Analyst

Initial working group: Analyst

Step 4.2 Do similarity analysis for every type of actiitéyn (Input/Output,ResourceContro)

Question 4.2:
What are the mutual items in both the undegvision 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
LI2aaaAon

tSFENYyAy3 2dzid2ySaz yz2i

Sep 4.3ldentify new learning outcomes
Questior4.3:
2KIG FNB GKS ySs

similarity analysis?
Data resources 4.3:
Document analysifnalyst
Initial working group: Analyst

Interviews: Analyst and experts

Controbs

Controls Controls
rw * rw L
Inputs A Inputs Inputs
Ll J1og > Ll log > > 10B >
PP »  ACTIVITY » »  ACTIVITY > B ACTIVITY >
Tech1 L1 \Dutputs 1.2 Outputs Li Cutputs
A 4 A & A A \
AL
. Mechanisms The same standard ~ Mechansms Mechanisms This activity is defined
regardless of Tech, Method to prepare exclusively for this
an independent the feed stock Tech, not necessary in
. activity ‘depends on the Tech, other Tech, a
> | a dependent activity redundant activity
. | redundant
Controls i Contrals Controls
. [
rw | LA rrw
pp Imputs » 108 > Inputs ||I » 10B . Inputs » 0B .
»  ACTIVITY f »  ACTNATY » ACTIVITY
Techn ni oupats nz oupas nj oveus
A & * & & A &
Mechanssms Mechanisms

Mechanssms

Figure 1t An example oidentifiedlearning outcomes based on the similarity analysis in the processating
professional profile

Step 5 DefineUnits of Learning Outcomes

Step 5.1 Organize the identified learniogtcomes
What isa possiblearrangementfor the identified Learning Outcomes in Units of Learning

Question 5.1:

Outcomes?

Data resources 5.1:
- Initial working group: Analyst
Validation workshop: Groups of experts
SAMc Definition of Professional Profile®esign & Review Process and AM Sectoral Framework to Sustain and Feed the AM Qualification
Pagel8
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- Optional validation workshopAnother goups of experts

An application example given in appendisA and B

5. Alignment between EWF Sectoral Framework aGdmpetence and-éntrepreneurship
framework

In order to align the Additive Manufacturing (ARalificationSystem Frameworkith the European €€ompetence
Framework (eCF) andhe Entrepreneurship Competence Framework (E@Gtnap), the methodology used matched
the Learning Outcomes generic descriptors and the EQF levels.

The starting point was thEWFQualificationsSystem Frameworkwhich is agenericdescription of qualifications

for both Welding and AM fields. This sectoral framework contains six levels of proficiency (Basic, Elementary,
Independent, Specialized, Advanced and Expes€dfor each one of themanda general descripr defined in

terms of knowledge, skills, autonomy and responsibility (ArDjex

The European eCompetence Frameworke-CF) was developed astool to enhancemutual understanding and
transparency of language by articulating tbempetences required biCT professionaldt comprises five areas: A.
Plan, B. Build, C. Run, D. Enable and E. Manage (Bhrieach areagontains40 eCompetences in total with five
proficiency levels (4, e2, e3, e4, e5). These proficiency levels are related to lev€)$EB to 8 (Annex IlI).

To know more about the-€F visit:
http://ecompetences.eu/wpcontent/uploads/2014/02/Europeae-Competene-Framework
3.0_CEN_CWA_162342014.pdf

TheEntrepreneurship Competence FramewofkntreComp) consists of three competence areas, 15 competences,

an 8level progression model completed with 442 learning outcomes (ArDexThe EntreComp aimed at
establifing a common reference framework for entrepreneurshipasmpetence to help citizens to develop their

ability to actively participate in society, to manage their own lives and careers and to startovahteng initiatives.

In this context, entreprenenship is understood as a transversal key competence applicable by individuals and
groups, including existingrganizationsacross all spheres of life. Entrepreneurship isdefinéd a 6 KSy @2dz | O
opportunities and ideas and transform them into value for oth&fBhe value that is created can be financial,

cultural, or social.

The EntreComp Progression Model provides a reference for the development of proficiency startingafoem
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 twevaib (Anneb).

To know more about EntreConwisit:
https://publications.jrc.ec.europa.eu/repository/bitstream/JRC101581/Ifna27939enn.pdf

This analysis is based on genadakcriptors;it may not besuitable for each specific qualification. For a more
accurate and less generic alignment betweeh € > 9y GNB/ 2YL) F'yR 92C [yR !a {e@&ai
should be a more comprehensive research on the specific Learning Outcomes of each qualification.

5.1 AM systems frameworkGeneric 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 knayeleskills, autonomy and responsibility and
other relevant franeworks, in order to confirm itapplicability, integration level,added value in terms of
compatibility and/or correspondent level assignment.

SAMc Definition of Professional Profile®esign & Review Process and AM Sectoral Framework to Sustain and Feed the AM Qualification
System
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Table 2. AMQualification $stem framework

Knowledge at the most advanced
frontier in the field of additive
manufacturing and at the interface
between other manufacturing fields.

ADD A A R R A

Highly advanced and specialised skills and
techniques, including synthesis and evaluatiol
required to solve criticalppblems 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, autonomyscholarly and
professional integrity and sustained
commitment to the development of new
ideas or processes including research at {
forefront of additive manufacturing.

Highly specialised and forefront
knowledge including originghinking,
research and critical assessment 0]
theory, principles and applicability of
additive manufacturing processes.

Highly specialised problersolving skills
including critical and original evaluation, allowir
to define or develop the best technicaihd
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 additve manufacturing
LISNER2YY St Qa

Advanced knowledge and critical
understanding of the theory,

principles and applicability of additiv¢

manufacturing processes.

Advanced problersolving skills including critica|
evaluation, allowing tehoose the proper
technical and economical solutions, when

applying additive manufacturing processes, ir|
complex and unpredictable conditions

Manage the applications of additive
manufacturing processes in a highly
complex context.
Act autonomously in desion making and
definition in the definition of the additive
Y ydzF I OGdzNAy 3 LIS

Specialised, factual and theoretical ¢
theory, principles and applicability of
additive manufacturing processes

Specialised range of cognitive and practical ski
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 manufacturingrocesses,
in an unpredictable context.

Take responsibility in standard work and
supervise additive manufacturing
LISNE2YY St Qa

Factual and broad concepts in the
field of additive manufacturing
processes.

Fundamental cognitive and practical skills
required to develop proper solutions and

Selfmanage of professional activities an(
simple standard applications of addi¢
manufacturing processes in predictable

AllQ e ee Q and o e eleva
e-5 NA
EXPERT
e-4 EXPERT
e-3 ADVANCED
ADVANCED
SPECIALIZED
e-2
ADVANCED INDEPENDENT|
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ADD A A R R A

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

AUTONO AND R PO B

contexts but subject to change.
Supervise routine tasks and similar functi
workers, as well as take responsibility fo
decision making in basic work.

Knowledge ofacts, principles,
processes and general concepts in t|
field of additive manufacturing.

Basic cognitive and practical skills required to (|

relevant information in order to carry out tasks
and to solve routine problems using simple rule
and tools in dditive manufacturing applications|

Take responsibility for completion of task
in additive manufacturing applications.
Adapt own behaviour to circumstances ir
solving problems.

Basic factual knowledge in tlield of
additive manufacturing

Basic range of cognitive and practical skills
required to accomplish tasks and solve probler
by selecting and applying methods, tools,
materials and information in the field of additiv¢
manufacturing.

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

NA

Basic general knowledge in the fielg
of additive manufacturing
technology.

Basic skills required to carry out simple tasks
related withadditive manufacturing.

Perform basic tasks related with additive
manufacturing technology under direct
supervision in a structured context.

NA

petwee Q and othe
INTERMEDIAT]
INTERMEDIAT]

NA
FOUNDATION

NA
FOUNDATION

NA
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SECTOR SKILLS STRATECY

7. Appendix

A. Schematic view of Revisiand Creation of ProfessionBlofiles

Revision of professional profike; New technological process

Defining Mew Tech characteristics | | Listing similar Tech (same role] Characterize every Job Activities based on the IDEFO
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Step 1 . el 1 Step 4
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1
steplL step L2 professional profile ! Syl
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1

*  Document Anzlysiz *  Dooument Analysis *  Document Analysis
*  Initial working group * Initial working group *  Initial working group
Step 1.3 Step 4.2

Do similarity analysis for every type of activity itam
[Input/Output, Resource, Control)

ListingfAnalyzing the related JFs/1As

*  Document Analysis
*  Initial working group

*  Document Analysis
*  Initial working group

Step 4.3
Identify new learning outcomes:

Step 3
Develop Professional Profile

Organizing lob Activities/Job Functions

*  Document Analysis
* Initial warking group
*  Interview

*  Document Analysis

Step 2 *  Validation workshop

Define/Update the tent of Job Activities/Job Functions *  Optional validation workshop
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Organizing the identified learning cutcomes
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Creation of professional profile New technological process

Step 4
Define/Revise Learning Outcomes

Step 1
Define Job Activities

Step 2
Aggregate in the new/existing Job Functions

Defining New Tech characteristics

Stepl.l Step 1.2 Listing PPs in similar

Tech [same role)

Listing/Analyzing the related Job Functions in other roles/sectors

Step 2.1

Document Analysis .
Initial working group .

Document Analysis
Initizl working group

Diocument Analysis
Initizl working group

! !

Step 1.3
Listing/Analyzing the related JFs/1As

*  Document Analysis
*  Initial working group

!

Analysis of application of the Mew Tech in other roles/sectors

Step 1.4

Document Analysis
Initizl working group

!

Step 1.5
Identify new Job Activities

* Initizl working group
*  Survey and interview

!

Step 2.2
Identify new Job Functions

* Document Analysis
* Initizl working group

Step 3
Develop the Professional Profile

Step 3.1
Organizing Job Activities flob Functions

*  Document Analysiz
*  Validation workshop
*  Optional validation workshop

Step 4.1
Characterize every Job Activities based on the IDEFD

*  Document Analysis
*  Initial working group

Definition of the professional profile

Step 4.2

Do similarity amalysis for every type of activity item

(Input/Output, Resource, Control]

*  Document Anzlysis

*  Initial working group
Step 4.3

Identify new learning outcomes

*  Document Analysis

* Initial working group

*  Interview
Step 5

Definition of the Units of the Learning
Outcomes

Step 5.1

Organizing the identified learning cutcomes

* Initial working group
*  Walidation workshop
*  Optional validation workshop
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B. Exemplifying SAM methodology

B.1 Activities olan AM Operator in the pogbrocessing stage, in three Akthnologies
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