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Background

|_eonardo da Vinci Project
,vocational Qualification
Transfer System* —
VOQTS I & VQTS 11

Context: ECVET

Helsinki Award 2006
LLL Award 2007 in Gold
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What is the VQTS model?

The VQTS model provides a ‘common language’ to describe
competences and their acquisition and offers a way to relate

these competence descriptions to competences acquired in
training programmes.

....overcoming the incomparability of qualifications and
training contents through a focus on work processes.

Core elements:

Competence
Profile
Certificates

Competence Competence

Matrix Profiles
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Competence Matrix ,,Mechatronic

Competence Matrix “Mechatronics”

Steps of competence development

HefShe can perform the basic | He/She can master the

Competence area

Maintaining and assuring He/She can use preventive HelShe can develop the necessary

he reliability of mech M [scheduled maintenance on | maintenance procedures for maintenance 1o assure the trouble- | procedures for maintenance of
the reliability of mechatronifl | mechatrenic machines and mechationic systems such asthe | free operation of mechatronic mechatronic devices and systems, and
systems systems and adhere to the use of service documents and | systems. In addition, hefshe can | can schedule the maintenance and

equipment maintenance plans. |maintenance plans and, if faced | modify operational sequences quality-assurance procedures.
with new challenges, can make | to implement quality-assurance
the necessary adaptations. measures

He/She can use written instructions | He/She can master the installation and
o install and dismantle individual
components (sensors, actuators, drives, [several technologies (mechanics, hydraulics,

HelShe can provide independent mechationic
dismantling of mechatronic systems that use | solutians for the construction of production lines,
assure their overall ability to function, and, in

Installing and dismantling
mechatronic systems and

Scope: Skilled
workers in the field

facilities motors, transport systems, racks) that | pneumatics, electrical-mechanics, electronics),  |addition, can use both existing and modified
form a functional group of mechatronic | set up the comnexion technalogy, and check the  [standard components.
systems. efficiency of the overall system.

Installing and adjusting He/She is able to install and adjust He/She can install and adjust components of He/She can install and adjust complex mechatronic
i i hatranic components, bsystems (e.q.. lnear drives, fadiites that include diverse technologies and
meggatronic components infl . ¢ indiidual electro-pneumatic valves, | measuring systems, transpart systems). instrumentation and control |6C) equipment, adjust
st8ms and production ling| |sensor and actuator units e associated parameters, test the facities overall
) [functions, and assure thei reliabiity

Designing, adapting, and HelShe can use HeiShe can build | He/She can build He/She can design | He/She can make He/She can .
V4 buildi e machine taols simple mechationic | mechatronic systems | and build dapt develop
uilding mechatronic syStenfe | conolied either  [subsystems by using | by using both mechatronic 1o the various devices | complex mechatronic O ec a ro n l cs
V4 and facilities on the basis offf | manually or via engineering drawing | ariginal construction | subsystems and, with | (including selection of | systems and can )
client needs and site plans computer-program 10 [and can nstall the | techniques and suitable measuring | drives, sensors, SPS) and | calculate the economic
/ p fabricate (according | devices according to | previously designed | and testing facilities, | can use CNC programs  |usefulness of the
1o production specific production | parts, He/She fully can assess the for building the system. | system. He/She can
/ designs and customer | needs. understands CAD necessary production | He/She can, through optimise CNC programs.
requirements) the | HeiShe can act functionsand can  [accuracy. He/She can  |a digital mock up, for the manufacturing

individual components | on extensive document system document the results | assemble and simulate | of complex mechatronic
for mechatronic knowledge of developments (parts | with quality-control the functioning system | devices and systems and
systems.  Heishe can |standards and lists, descriptions of | systems and use computer-aided | monitor the automated
provide simple designs |regulations (e.g. on | function, operating computations (e.g. quantity of an open loop
and descriptions surface treatments) | instructions) FEM). He/She can control system.

of mechatranic and is able to perform cost-benefit

ompetence reas Sibgstemsang ke CADS move anabes (0,53 bass
can use basic CAD advanced functions for deciding whether

applications. (e.g. interference companents should be
check). bought or individually

Putting mechatronic system He/She can, according He/She, after considering [ He/She, after considering | He/She can evaluate He/She can direct, including
K b d iding o specifications. the enterprise’s needs and | all basic conditions, can customer requirements scheduling and time
Into operation and providingl | and blueprints, put basic conditions, can put | master the start-up of for mechatronic facilties, | management, the start-up of
clients with technical and mechatronic devices into | the mechatronic systems interconnected mechatronic | develop solutians, and the project from the creation
ERrTERIBRGH operation and provide | into aperation, creata the | systems and machines, and |can plan the system’s | of a propasal to the clisnt’s
PP supportto the dlient in the | necessary documentation,  [can provide the necessary || implementation and acceptance.
hand-over phase. advise the customer on safe | documentation including a | aperation.
operations of the devices, | manual. He/She can review
and advise on future client needs and confiqure
technology selection. machines that provide
solutions. He/She can
‘train the customer where
necessary and provide
support for safe operating
procedures.
Supervising and evaluatmg He/She can supervise He/She can independently | He/She can aperate and HeiShe can master the | He/She can optimise the
both th process sequences supervise the process supervise mechatronic monitoring of complex | process cycles of mechatronic
0th The process SeqUENCESY | according 1o specifications | sequences, evaluate facilties, choose testing and |mechatronic systems [ production lines, provide
of mechatronic systems and|| |as well asimplement any | the resuits, operate an monitoring plans, set up the |using virtual instruments | instructions on modifying
s 5 ’

based on empirically
identified core work
processes
approx. 10

o - requested quality: statistic P PC,seek  |and PPS systems as well | the PPS systems (e.q.
facilities and the operational |72 process control (SPC) for | the optimal resuktsof the |5 open loop control | adjustment to SAP systems)
sequence (including quality the quality control plan, | production line according to | for the optimisation of | and intraduce quality systems

and prepare simple work material-flow, and provide | machinery arrangement, | for continuous improvement
schedules, including work schedules including | material fiow analysis, | processes (CIP/KVP)

production schedule and | standard production times. | and scheduling.
time

assurance)

He/She is able ta install He/She can master the selection | He/She can integrate and configure | He/She can develop, test, and
. A and configure programs of hardware and sof tware program-, control-, and regulation- | configure hardware and software
programming and testing for hardware and software | for mechatronic systems mechanisms in mechatranic solutions for networked mechatronic
hardware and software components as well as set (sensors, actuators, interfaces, |systems, program simple devices | systems; and can monitor system

up simple software control communication procedures) (in co-operation with developers), [ conditions with suitable measuring and
mmpnrjems for control and programs (SPS). and can provide and test simple | and simulate the program sequence | visualisation toaks,
regulation of mechatronic software control programs (SPS) | before start-up.

systems and faclities according to production process

Installing, configuring,

requirements. -
He/She can provide descriptions and | He/She can fully understand the management of ~|He/She is able to analyse complex operatianal

Preparing and distributing
the technical information
for adjustment of each
enterprise’s mechatranic
systems

designs of mechatranic subsystems
and is familiar with the basic CAD
applications.

technical information dacuments for mechatronic
systems and can prepare and adapt these
dotuments according to an enterprise’s specific
operating requirements.

sequences separately in order to understand
ihe connections and draw up maintenance and
production procedures. He/She can understand

that the system parameters are important for the
equipments’ functions and can independently assess
and document the wear and general conditions. of
the mechatronic eguipment.

Diagnosing and repairing
malfunctions with mechatronic
systems and facilities,
advising clients on avoiding
malfunctions, and modifying
and expanding mechatronic
systems

HelShe can diagnose and repair | HelShe can independently

errors and malfunctions on the | correct problems in mechatronic
simple components and devices | production equipment with

in the mechatronic systems. the help of {computer-aided)
He/She can use the necessary | diagnostic systems and the use of
expert systems, databases, and
diagnostic tools eror documentations

checking, measuring, and

equipment and system

He/She can diagnose and repair | He/She can
errors and disturbances in complex [ of malfunctions in the mechatranic
mechatronic equipment and is
able to advise clients on how to diagnostic system
auoid sources of malfunctions

through changes ar upgrades in the

lop, through analyses

equipment, a monitoring and




Competence areas

One competence area comprises various forms of

competences necessary for completing core work processes in
an occupational field.

Competence areas in “Mechatronics”:

____Maintaining and assuring the reliability of mechatronic systems;

____Installing and dismantling mechatronic systems and facilities;

____Installing and adjusting mechatronic components in systems and
production lines;

____Designing, adapting, and building mechatronic systems and facilities
on the basis of client needs and site plans;

____Putting mechatronic systems into operation and providing clients
with technical and economic support;

____Supervising and evaluating both the process sequences of
mechatronic systems and facilities and the operational sequence
(including quality assurance), etc.

Www.3S.c0.at



Competence Matrix ,,Mechatronics*

Competence Matrix “Mechatronics”

Competence Areas

Competence area
Maintaining and assuring
the reliability of mechatroni
systems

Steps of competence development

HefShe can perform the basic | He/She can master the

scheduled

2 procedures for

He/She can use preventive
1 1o assure the trouble-

mechatronic machines and
systems and adhere to the
equipment maintenance plans,

mechatronic $ystems such as the
use of service documents and
maintenance plans and, if faced
with new challenges, can make

free operation of mechatronic
systems. In addition, he/she can

He/She can develop the necessary
procedures for maintenance of
mechatranic devices and systems, and
can schedule the maintenance and

modify op i
to implement quality-assurance

the necessary adaptations. measures

qual procedures.

Installing and dismantling
mechatronic systems and
facilities

He/She can use written instructions

o install and dismantle individual
COMpONENts. (5ensors, actuators, drives,
motors, transpart systems, racks) that
form a functional group of mechatronic
systems.

He/She can master the installation and
dismantling of mechatronic systems that use
several technologies (mechanics, hydraulics,

pneumatics, electrical-mechanics, electronics),
set up the connexion technalogy, and check the

efficiency of the overall system.

[HelShe can provide independent mechatronic
solutions for the construction of production lines,
assure their overall ability to function, and, in
addition, can use both existing and modified

standard components.

Installing and adjusting
meghatronic components in
;y ms and production ling]

Designing, adapting, and
building mechatronic systen]
and facilities on the basis o
client needs and site plans

HefShe is able ta install and adjust

Hel/She can install and adjust components of
DEvst ., linear drives,

components,
¢.0. individual electro-pneumatic valves,

measuring systems, transport systems).

He/She can install and adjust complex mechatronic
facilities that include diverse technologies and
instrumentation and control {18C) equipment, adjust

sensor and actuator units.

HelShe can use
machine tools
contralled either
manually o1 via
computer-program 10 | and can s

HeiShe can build
simple mechationic | mechatronic systems
subsystems by using | by using both

engineering drawing | ariginal construction

He/She can build

nstall the | techniques and

fabricate (according | devices according to | previously designed

10 production
designs and customer | needs.
requirements) the

for mechatronic

Hei/She can act
individual components | on extensive
knowledge of
systems.  Heishe can |standards and

specific production | parts. He/She fully

understands CAD
functions and can
document system
developments (parts
lists, descriptions of

provide simple designs | regulations (e.g. on | function, operating

and descriptions

surface treatments) | instructions).

of mechatronic and is able to
subsystems and use CAD's more
can use basic CAD | advanced functions
applications. (e.g. interference

check).

the assoclated parameters, test the facilties overall
|tunctions, and assure their reliabllity

He/She can design | He/She can make He/She can

and build develop

mechatronic
suitable measuring

and testing facilities,
can agsess the

with quality-control

ta the various devices
subsystems and, with | (including selection of | systems and can
drives, sensors, SPS) and | calculate the economic
can use CNC programs | usefulness of the

for building the system. [ system. He/She can
necessary production | He/She can, through

accuracy. He/She can [ digital mock up,
document the results | assemble and simulate | of complex mechatronic
the functioning system | devices and systems and
systems. and use computer-aided | monitor the automated
computations (e.0.
FEM). He/She can
perform cost-benefit
analyses (&0, 35 3 basis
for deciding whether
companents should be
bought or individually
constructed.)

«complex mechatranic

optimise CNC pr
for the manufacturing

quantity of an open loop
control system.

Putting mechatronic system
into operation and providing
clients with technical and
economic support

He/She can, according
to specifications.
and blueprints, put

He/She, after considering
the enterprise’s needs and
basic conditions, can put

ic devices into
operation and provide

into operation, create the

He/She, after considering
all basic conditions, can
master the start-up of
systems. interconnected mechatronic
systems and machines, and

HelShe can evaluate He/She can direc
customer requirements
for mechatranic facilities, | management, the start-up of
develop solutions, and
can plan the system's

scheduling and time

the project from the creation
of a proposal o the clent’s

both the process sequences
of mechatronic systems and
facilities and the operationd
sequence (including quality
assurance)

process sequences

35 well s implement any | the
]

supervise the process
according to specifications | sequences, evaluate

esults, operate an

supervise mechationic
facilties, choose testing and
monitoring plans, set up the

requested quality
measures,

time

process contral (SPC) for
the quality control plan,
and prepare simple work
schedules, including

production schedule and

statistic

the optimal results of the
production fine according to
material-flow, and provide
work schedules including
standard production times. |and scheduling.

monitoring of complex
mechatronic systems
using virtual instruments | instructions on modifying
PCoseek  |and PPS systems as well | the PPS systems (e.g.
as open loop control
for the optimisation of
machinery arrangement, | for cantinuous improvement
material flow analysis,

support to the dlient in the | necessary documentation, | can provide the necessary  |implementation and acceptance.
hand-over phase. advise the customer on safe | documentation includinga  |aperation.
operations of the devices, | manual. He/She can review
and advise on future client needs and confiqure
technology selection. machines that provide
solutions. He/She can
‘train the customer where
necessary and provide
support for safe operating
procedures.
Supervising and evaluating He/She can supervise He/She can independently | He/She can operate and HeiShe can master the | He/She can optimise the

process cycles of mechatronic
production lines, provide

adjustment to SAP systems)
and introduce quality systems

pracesses (CIP/KYP),

Installing, configuring,
programming and testing
hardware and software
components for cantrol and
requlation of mechatronic
systems and facilities
Preparing and distributing
the technical information
for adjustment of each
enterprise’s mechatranic
systems

He/She is able ta install
and configure programs
for hardware and software
components a well as set
up simple software control
programs (SPS).

He/She can master the selection
of hardware and software

for mechatronic systems
(sensors, actuators, interfaces,
communication procedures)
and can peovide and test simple
software control programs (SPS)
according to producticn process
requirements.

He/She can integrate and configure
program., control-, and regulation-
mechanisms in mechatranic
systems, program simple devices
(in co-operation with developers),
and simulate the program sequence
befare start-up.

He/She can pravide descriptions and
designs of mechatranic subsystems
and is familiar with the basic CAD

He/She can develop, test, and
configure hardware and software
solutions for networked mechatronic
systems; and can monitor system
conditions with suitable measuring and
visualisation tooks.

He/She can fully understand the management of | He/She is able to analyse complex operatianal

technical information dacuments for mechatronic

systems and can prepare and adapt these

sequences separately in arder to understand

the connectians and draw up maintenance and

applicatians

operating fequirements

documents according to an enterprise’s specific

production procedures. He/She can understand

that the system parameters are important for the
equipments’ functions and can independently assess
and document the wear and general conditions of
the mechatronic eguipment.

Diagnosing and repairing
malfunctions with mechatronic
systems and facilities,
advising clients on avoiding
malfunctions, and modifying
and expanding mechatronic

He/She can diagnose and repair | HeiShe can independently

errors and malfunctions on the
simple components and devices.
in the mechatronic systems.
He/She can use the necessary
checking, measuring, and
diagnostic tools.

§! [STEIT\S

correct problems in mechatronic
production equipment with
the help of (computer-aided

He/She can diagnose and repair
errors and disturbances in complex
mechatronic equipment and is
able to advise clients on how to

diagnostic systems and the use of

expert systems, databases, and
error documentations

avoid sources of malfunctions
through changes or upgrades in the
equipment and system

He/She can develop, through analyses
of malfunctions in the mechatronic
equipment, a monitoring and
diagnostic system

Steps of

competence
Development
2-6 steps




Steps of competence development (1)

Dimensions

__Enable the differentiation between steps

__Examples: e.g. increasing ability to
__perform independent work tasks
__deal with complex situations
__deal with guality standard demands
__deal with dynamic situations...

Embedded in a comprehensive concept

__An arbitrary combination of the “steps of competence development”
(in the sense of individual building blocks) is not possible!

__Ahigher step always has to be seen together with the previous

step(s).

3s research laboratory, www.3s.co.at



Steps of competence development (2)

Example (competence area):
‘Installing and dismantling mechatronic systems and facilities’

Step 1: He/She can use written instructions to install and dismantle
individual components (sensors, actuators, drives, motors, transport
systems, racks) that form a functional group of mechatronic systems.

Step 2: He/She can master the installation and dismantling of
mechatronic systems that use several technologies (mechanics,
hydraulics, pneumatics, electrical-mechanics, electronics), set up the
connexion technology, and check the efficiency of the overall system.

Step 3: He/She can provide independent mechatronic solutions for
the construction of production lines, assure their overall ability to
function, and, in addition, can use both existing and modified
standard components.




1

Competence Matrix , Electronics/Electrical Engineering’

Competence areas

T e Steps of competence development

. Preparing, planning,
mounting and installing

He/She can plan complex electrical and/or electronically
networked installations (e.g., systems of energy

systems | KNX,

building

electrical and/or
electronic systems for
buildings and industrial
applications

regulation and monitoring systems, building access
systems, RFID-systems) and fully wire them. HefShe can
configure, service and diagnose the functionality of the
installation according to customer requirements and for
this purpose can use computer-assisted tools.

HelShe can analyse and determine
availability and condition of electrical
andlor electronic systems, He/She can
analyse influencing factors on reliability
and perfarmance of electrical and/

or electronic systems and find causes

of malfunctions (e.q., leakage current
analysis, power facter correction, EMC

analysis).

. Inspecting, maintaining
and servicing electrical
andior electronic systems
and machinery

He/She can develop and
document maintenance

and inspection methods for
electricalfelectronic systems
based on production and
service process analysis as well
as on quality management and
«customer requirements, Hel
Sheis able to develop related
maintenance, inspection

and quality assurance plans
{e.g., optimizing MTBF of a
production line, planning
reserve power supply).

He/She can obtain and set system test
parameters for setting up and operating
electrical and/or electronic sysMhs a“le:h
and carry out test procedures for installation
and adjustment (e.q., adjusting interfaces in
multimedia system, sensitivity setting of alarm
equipment, elevator control unit).

. Setting up, putting into
operation and adjusting
electrical and/or
electronic systems

T . 211 g 515 [

systems, ele

HefShe can select, set up and adjust electrical and/
or electronic systems and their control including
accompanying sensors and actuators according to

enerqy supply systems, drive

I e relay sstems)

. Designing, madifying
and adapting wirings.
and circuit boards
for electrical and/
or electronic systems
including their interfaces

applications and its interfaces together
‘with experts working in interdisciplinary
‘teams according to EMC standards and
confirming tests (e.q., electronic control
circuits and equipment, microcontroller
applications, PLC and related software).

—
HefShe can design, build up and He/She can design, build
improve electrical and/or electronic upand configure devices,

facilities and units for process
control systems including
related programming and
considering complex system
requirements (e.g., controlled
drive systems, process
monitaring, automated
production fine, real time
micracontroller applications
for car control, GSM data
transmission for monitoring
and remote control).

designed electrical and/or
electronic projects

micracontraller board for heating a!
RFID access system, new production line) and pragge
approgriate documentation and customer training.

-~
. Developing custom HelShe can chyical solutions for electrical
andfor electronic systems oM apglications (e.g.,

alrggndition,

L

. Supervising and
supporting work and
business processes
including quality
management

Ha/She can develop controlling methods in the
production {e.g. PPS, MRP, ERP) and process planning/
control and supervision (e.q. CAP) and implement these
with the help of software supported systems,

HelShe can intagrate hardware

and software into existing system
enviranments and use simulation and
diagnostic programs (e.g. implement and
adapt a driver for a CAD/CAM interface).

. Installing, configuring
modifying and testing
of application software
for setting up and
operating electrical and/
or electronic systems.

Ha/She can combine hardware
and software to netwarked
system environments and carry
out network specific checks of
all signals and adapt by means
of software (e.g., OPC-Server,
process control system).

HefShe can select and use diagnostic
methods for complex electrical and/

or electronic systems and carry out
preventative measures for the avoidance
of disturbances and malfunctions in

o0

. Diagnosing and repairing
of electricalielectronic
systems and equipment

He/She can carry out system
analyses (e.g., FMEA, FTA) of
electrical and/or felectronic
systems, determine error types
and develop suitable diagnosis

arrangement with customers (e.q., and rapair methods including
datection of bit error rate, over-voltage preventative measures.
protection analyse).

Acranyms

CAD: Computer Aided Design

CAP: Camputer Aided Planning

CAM: Computer Aided Manufacturing KNX: Konnex is the mast established standard for home and building electronic systems.

CNC: Computer Numernic Control The Kannex technology is based on the well-tried EIB-System {Eurapean Installation

EMC: Electro Magnetic Compatibility bus - EIB)

ERP: Enterprise Resource Planning LAN: Local Area Network

FMEA Failure Mode and Effect Analysis P Programmable Logic Controf

FTA: Failure Tree Analysis PPS: Production Planning System

GSM: Global System for Mabile Communications RFID: Radio Frequency Identification

MRP: Machine Resource Planning

MTBF Mean Time Between Failures

OPC: Object Linking Embedding for Process Control

ompetence Profiles

= ==-~| Organisational Profile




A model for various applications...

__transferring vocational competences acquired abroad
(mobility in VET)

__transfer and recognition of competences acquired within the
official VET system as well as competences achieved through non-
formal or informal learning

__developing qualifications and curricula

__composing job profiles as well as personnel (human resources)
planning

__enhancing the visibility of differences in qualifications —
referencing qualifications to qualifications frameworks

__enhancing permeability between VET and HE

WWW.3S.C0.at



Application in European projects —
selected examples

Healthcare Bakery, Hairdressing,

HCEU, NoBoMa, Joinery/cabinet making,
VQTS-PH Floristry

SME Master, SME Master Plus

Tourism &

Hospitality
ECVET-Tour, ECVET- Foreign Trade
Tour Il, ECMO Trift
Cleaning
Valbuk

Event Engineering

ECVAET

Www.3S.c0.at



Application in European projects —
example HealthCareEurope (HCEU)

(Competence Area 1)

Assessment, diagnosis, care plan

Sub-areas of
competence

1.1 Data
gathenng

1.2 Recognising
the patient's/
client’s
resources and
defining the
(nursing) care
diagnoses

1.3. Defining
the (nursing)
care aims and
(nursing) care
plan

Competence Matrix for Professional Care, https://www.project-hceu.eu/, Dekra Akademie

Steps of competence development

1.1.a To be able to assist in
conducting the (nursing) care
assessment and completing the
(nursing care) anamnesis.

1.1.b To be able to conduct in-
depth (nursing) care
assessment under supervision.

1.1.c To be able to
independently conduct in-depth
(nursing) care assessment.

1.1.d To be able to guide and
supervise the complete (nursing)
care assessment.

1.2.a To be able to assist in
developing the (nursing) care
diagnoses with regard to
perception and assessment of
resources, needs and problems
within nursing care.

1.2.b To be able to
develop/revise the (nursing)
care diagnoses with regard to
perception and assessment of
resources and problems within
(nursing) care and to know how
to document it under
supervision.

1.2.c To be able to
independently develop/revise
the (nursing) care diagnoses
with regard to perception and
assessment of resources and
problems within (nursing care)
and to know how to document it

1.2.d To be able to guide and
supervise the development
and/or revision of the (nursing)
care diagnoses.

13aTobeableto
implement the (nursing)
care plan according to
(nursing) assessment
results and document
changes in condition.

1.3.b To be able to assist
in developing/adapting
the (nursing) care plan.

supervision

1.3.c To be able to
develop/adapt and
implement the (nursing)
care plan under

1.3.d To be able to
independently
develop/adapt and

care plan.

implement the {nursing)

1.3.e To be able to guide
and supervise the
development of the
(nursing) care plan.




Further Information

VQTS project website:

Publication - VQTS I:
Luomi-Messerer, K. & Markowitsch, J. (Eds., 2006): “VQTS model - A

proposal for a structured description of work-related competences and
their acquisition”. 3s, Vienna.

Publication — VQTS II:
Luomi-Messerer, K. (Ed., 2009): “Using the VQTS model for mobility
and permeability — Results of the Lifelong Learning project VQTS II”
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Thank you!

Contact:
Monika Auzinger
auzinger@3s.co.at
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