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Foreword

The Programme for International Student Assessment (PISA) Vocational Education and Training (VET)
initiative being developed by the OECD is designed to measure the skills of learners who are about to
complete their vocational education and training programmes in selected occupational areas. The PISA-
VET assessment project supports countries in strengthening their skills systems by developing, piloting
and implementing an internationally standardised assessment of outcomes of initial VET programmes, the
analysis of the results of which will enhance comparative policy insights on how to improve the relevance,
quality, equity and effectiveness of initial VET programmes.

The assessment focuses on five occupational areas: Automotive Technician; Business and
Administration; Electrician Craft /Industry;, Health Care, with a focus on Healthcare/Nursing
Assistants; and Tourism and Hospitality, with a focus on Employability Skills. Students’ proficiency in
a set of Employability Skills is also assessed. These Employability Skills are: Task performance as
defined by the OECD’s Survey of Social and Emotional Skills (SES); Literacy, as defined by the
OECD’s Survey of Adult Skills (PIAAC); Problem solving, as included in the OECD’s PIAAC as
“Problem solving in technology rich environments”, and/or “Adaptive problem-solving”; and Collaboration
as defined by the OECD’s Survey of SES.

The PISA-VET initiative builds on a range of national and industry-specific efforts to measure practice-
oriented skills, but it would be the first time to apply these methods at scale and across countries. The
initiative has the potential to pay huge dividends in terms of improving the labour-market relevance, quality
and social status of vocational education and training. To achieve these benefits, the OECD, international
experts, and participating countries must confirm the validity of the metrics and the international
comparability of results that will come from this assessment. To address this, the OECD has established
a three phased approach to the development of the assessment with multiple opportunities for countries
to review progress and decide on subsequent work, and for industry experts to provide inputs.

This publication presents the theory underlying the PISA-VET assessment. It includes frameworks for
assessing the five occupational areas selected for the assessment together with frameworks for the
employability skills. These chapters outline the content knowledge that learners need to acquire in each
occupational area, the processes that learners need to be able to perform, and the contexts in which this
knowledge and these skills are applied. The publication also discusses how each occupational area is
assessed. The chapter on employability skills outlines how these will be assessed using existing OECD
frameworks and instruments. Subsequently, the publication presents the frameworks for the various
questionnaires distributed to learners, the leaders of VET ftraining institutions, teachers, and trainers in
work-based learning environments. It concludes with the framework for the system level data that will be
used to help the interpretation of the assessment and contextual data that will be collected.

This framework publication will act as a roadmap for the assessment. It sets out guidelines for test design
and data analysis. The test design builds on the experiences of successful professional skills assessments
such as the ASCOT research programme in Germany and WorldSkills. It also makes the most of recent
technological advances in assessment methods, such as the use of digital simulation to assess practice-
oriented skills in the workplace.
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PISA-VET is the product of a collaborative effort between OECD and the governments of both OECD
countries and countries that are participating in the Development Phase of the initiative (Australia, Brazil,
Belgium (Flanders), Germany, Greece, Ireland, Mongolia, Netherlands, Portugal, Republic of Turkiye,
United Arab Emirates, United Kingdom and United States). The development of PISA-VET is overseen by
the OECD’s Working Party on International VET Assessment which is chaired by Luis Pereira dos Santos
of Portugal. Technical guidance is provided to the OECD on PISA-VET by an Expert Group which is chaired
by Erik Hess of Germany. PISA-VET is also the product of the OECD’s collaboration with a range of
international partner institutions and organisations, including the Trade Union Advisory Committee (TUAC)
to the OECD, Business at the OECD (BIAC), WorldSkills, the Technology-based Assessment of Skills and
Competences in VET (ASCOTH+) initiative of the German Federal Ministry of Education and Research
(BMBF), UNESCO, ILO, World Bank, Cedefop (European Centre for the Development of Vocational
Training), European Training Foundation (ETF) and several corporations, industries, businesses and
enterprises.

The Automotive Technicians framework was developed under the guidance of a sub-group of the Expert
Group led by Stephan Abele (Dresden University of Technology, Germany). Other experts who contributed
to the Automotive Technicians framework are Tobias Gschwendtner (Country Expert, Germany), Tanja
Kaser (Expert, Switzerland), Grant Petch (WorldSkills Expert, Australia), Peter Hesse (Country Expert,
Germany), Dave Rexhauser (Country Expert, Germany), Stefan Hartmann (Country Expert, Germany),
Johanna Telieps (Country Expert, Germany), Daniel Santos (Country Expert, Portugal), Veerle Vandeput
(Country Expert, Belgium (Flanders)), Jeferson Leandro Mateucci (Country Expert, Brazil), Cesar Cruz
(Country Expert, Brazil), Bruno Assis (Country Expert, Brazil), Matthias von Davier (Expert, USA) and
Lucas de Jesus (Country Expert, UAE).

The Electricians framework was developed under the guidance of a sub-group of the Expert Group led by
Michael Hourihan (Munster Technological University, Ireland). Other experts who contributed to the
Electricians framework are Nico Link (Country Expert, Germany), Gerard Galligan (Country Expert,
Ireland), Leo van Waveren (Country Expert, Germany), Veerle Vandeput (Country Expert, Belgium
(Flanders)), Luke Boustridge (WorldSkills Expert, New Zealand), Adelino Santos (WorldSkills Expert,
Portugal), Robson dos Santos (Country Expert, Brazil), Gustavo Henrique Moraes (Country Expert, Brazil),
Paulo Roberto Wollinger (Country Expert, Brazil), Sally Messenger (WorldSkills Expert, United Kingdom),
Robert Smart (Valid-8 Expert, Canada), Gert Zinke (Country Expert, Germany), Fabio Lima de Deus
(Country Expert, Brazil), Carlos Junior (Country Expert, UAE).

The Business and Administration framework was developed under the guidance of a sub-group of the
Expert Group led by Esther Winther (University of Duisburg-Essen, Germany). Other experts who
contributed to the Business and Administration framework are Viola Deutscher (Country Expert, Germany),
Jurg Schweri (Expert, Switzerland), Antonio Jorge (Country Expert, Portugal), Annick Denys (Country
Expert, Belgium (Flanders)), Hilde Klykens (Country Expert, Belgium (Flanders)), Rosamaria Sobral
(Country Expert, Brazil), Inés Filipa Pereira (Country Expert, Brazil), Eduardo Sao Paulo (Country Expert,
Brazil), Joelma Kremer (Country Expert, Brazil), Gabriele Jordanski (Country Expert, Germany), Rami
Khamis (Country Expert, UAE).

The Healthcare/Nursing Assistant framework was developed under the guidance of a sub-group of the
Expert Group led by Jenny Shackleton (WorldSkills, United Kingdom). Other experts who contributed to
the Healthcare/Nursing Assistant framework are Carolina Lopes (Country Expert, Portugal), Sally
Messenger (WorldSkills Expert, United Kingdom), Inge Biot (Country Expert, Belgium (Flanders)), Natalia
Lohmeyer (Country Expert, Germany), Robert Smart (Valid-8 Expert, Canada), Samuel Greiff (Country
Expert, Germany), Sabina DeCurtins (WorldSkills Expert, Switzerland) Eduardo S&ao Paulo (Country
Expert, Brazil), Eveline Wittmann (Country Expert, Germany), Chee Nguk Lan (WorldSkills Expert,
Singapore), Patrick Rouble (WorldSkills Expert, Canada), Miriam de Paula (Country Expert, UAE).
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The Hotel Receptionist framework was developed under the guidance of a sub-group of the Expert Group
led by Regina Madruga (School of Hotels and Tourism, Estoril, Portugal). Other experts who contributed
to the Hotel Receptionist framework are Susan Relly (Country Expert, Australia), Elisabete Mendes
(Country Expert, Portugal), Inés Filipa Pereira (Country Expert, Brazil), Soetkin De Knijf (Country Expert,
Belgium (Flanders)), Séverine De Bruyn (Country Expert, Belgium, (Flanders)), Eduardo S&o Paulo
(Country Expert, Brazil), Tania Denise Ferreira (Country Expert, Portugal), Anita Milolaza (Country Expert,
Germany), Raimund Lainer (WorldSkills Expert, Austria), Sarah Elson-Rogers (UNESCO-UNEVOC),
Bruno Lanvin (WorldSkills Expert, France), Anita Milolaza (Country Expert, Germany), Hatim Urabi
(Country Expert, UAE).

The Employability Skills framework was developed under the guidance of a sub-group of the Expert Group
led by Samuel Greiff (University of Luxembourg, Luxembourg). Other experts who contributed to the Hotel
Receptionist framework are Francesca Borgonovi (OECD), Dragos lliescu (Expert, Romania), Haizheng Li
(Expert, USA), Martina Lubyova (Expert, UK), Andreas Rausch (Country Expert, Germany), Catharina
Gress-Wright (OECD), Claudia Tamassia (OECD), Alexandra Figueiredo (Country Expert, Portugal),
Pedro Moreno da Fonseca (ILO), Hugo Nakatani (Country Expert, Brazil), Anna Christina Aun de Azevedo
Nascimento (Country Expert, Brazil), Stefanie Velten (Country Expert, Germany), Laura Visan (European
Commission-ESCO), Paulo Roberto Wollinger (Country Expert, Brazil), Gustavo Henrique Moraes
(Country Expert, Brazil), Robson dos Santos (Country Expert, Brazil), Jennifer Diedrich (Country Expert,
Germany), Anabela Serrdo (Country Expert, Portugal), Jenny Shackleton (WorldSkills, Expert, United
Kingdom), Kinga Szebeni (European Commission), Hiromichi Katayama (UNESCO), Agnes Dietzen
(Country Expert, Germany), Stefanie Velten (Country Expert, Germany), Umut Erkin Tas (Country Expert,
Tarkiye), Ziwen Teuber (Expert, Luxembourg).

The framework for the PISA-VET questionnaires was developed by Lucia Tramonte (University of New
Brunswick, Canada) with the guidance of and input from the Expert Group sub-group on questionnaires.
This sub-group includes: Francesca Borgonovi (OECD), Alex da Silva Barbosa (Country Expert, Brazil),
Viola Deutscher (Country Expert, Germany), Kinga Szebeni (European Commission), Herbert Emery
(Expert, Canada), Samuel Greiff (Country Expert, Germany), Hiromichi Katayama (UNESCO), Tamara
Kastorff (Country Expert, Germany), Viktoria Kis (OECD), Anthony Mann (OECD), Sally Messenger
(WorldSkills Expert, United Kingdom), Mihaylo Milovanovitch (ETF), Hugo Nakatani (Country Expert,
Brazil), Inés Filipa Pereira (Country Expert, Brazil), Eduardo Sdo Paulo (Country Expert, Brazil), Annalisa
Schnitzler (Country Expert, Germany), Anabela Serrdo (Country Expert, Portugal), Jenny Shackleton
(WorldSkills Expert, United Kingdom), Umut Erkin Tas (Country Expert, Turkiye), Silvia Taurelli (ETF),
Marieke Vandeweyer (OECD), Michael Ward (OECD), Eveline Wittmann (Country Expert, Germany).

The framework for the PISA-VET system level data questionnaire was developed by Viktoria Kis (OECD)
with the guidance of and input from the Expert Group sub-group on system level data. This sub-group
includes: Marieke Vandeweyer (OECD), Hugo Nakatani (Country Expert, Brazil), Henrik de Moel (Expert,
the Netherlands), Eveline Wittmann (Country Expert, Germany), Samuel Greiff (Country Expert, Germany),
Anabela Serrédo (Country Expert, Portugal), Kinga Szebeni (European Commission), Hiromichi Katayama
(UNESCO), Robert Smart (Valid-8 Expert, Canada), Andrew McQueen (Country Expert, UK), Mihaylo
Milovanovitch (ETF), Stefan Thomas (ETF), Siria Taurelli (ETF), Cristina Mereuta (ETF), Hugues Moussy
(ETF).

The publication was prepared by the OECD Secretariat. Michael Ward and Marieke Vandeweyer co-
ordinated the production of the framework with Isis Gonzalez Pérez, Duniya Dedeyn, Dongwook Choi,
Federico Bolognesi, and contributions from Yuri Belfali, El Iza Mohamedou, Francesco Avvisati and Tiago
Fragoso. Charlotte Baer and Della Shin provided communications assistance, and Sasha Ramirez-Hughes
provided editorial and administrative support. The report is published under the responsibility of the
Secretary General of the OECD.
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1 What is PISA-VET?

This chapter provides an overview of PISA-VET and explains how the
initiative was developed in response to interest from several countries. It
describes the purpose of the assessment and its scope, the guiding
principles, the target population, as well as the test design for assessing
professional skills and employability skills across different systems and the
policy implications of this. The chapter also highlights the key features of the
initiative, describes the collaborative nature of PISA-VET and sets out the
timeline for its Development Phase and the preparation of its Pilot Phase.
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How the initiative was developed

Interest in vocational education and training (VET) is increasing. It is high on the policy agenda in most
OECD countries and the European Union (EU), as a vehicle to engage learners in learning and facilitate
effective school-to-work transitions (see Annex A for a glossary that provides definitions of the main
concepts and terms used in this document). It can contribute to developing the skills needed for greener
and more digital economies and societies, both by equipping young learners in initial VET programmes
with the right skills and by providing opportunities for upskilling and reskilling to adults.

The OECD’s Education Policy Committee (EDPC) first discussed a proposed PISA (Programme for
International Student Assessment)-type assessment focused on vocational skills in 2014 but countries
decided to defer work on it since the paper-based assessment formats available at that time were not
adequate to the task.

During 2020, in response to interest from several countries and considering advances in assessment
technology and methodologies, the OECD PISA Secretariat, in collaboration with the OECD’s Centre for
Skills (SKC), prepared a new proposal for an international assessment of professional skills of learners
undertaking programmes of vocational education and training. The proposal is to leverage recent
innovations in assessment technology to assess and compare learners in initial VET programmes
(i.e. those programmes offering a first VET qualification, regardless of learner background) in different
countries, through the assessment of the professional skills/outcomes of individuals and their learning
environments. This will eventually lead to the assessment of the outcomes of VET activities.

The proposal was discussed among interested OECD member countries in a series of meetings during
2021 and into 2022 in which the questions that guided the design of the assessment were formulated.
These questions included:

e How to compare achievement in VET across countries and within specific occupations?

e How does achievement in VET relate to differences in the design and delivery of VET programmes
(between and within countries)?

e How to relate achievement in VET to per learner expenditures?

e Which VET programmes and occupational areas lend themselves most readily to international
comparison?

The OECD Secretariat established a PISA-VET Expert Group (EG) in September 2022 to support the
technical work involved in the project. This Group works closely with the OECD on the development of the
initiative, including this framework document. The EG is chaired by a representative of Germany and is
made up of more than 100 specialists in VET and assessment that are drawn mainly from the participating
countries but also includes experts from partner organisations, experts that have been identified by the
OECD, together with representatives of employers and trade unions. The OECD formed sub-groups of the
EG for each chapter of the framework (see Annex C of this document for details of all the experts that have
contributed to the framework) and each of these was led by a lead expert.

A zero draft of the framework was prepared in May 2023, and many VET and assessment experts in the
participating countries (known as the Extended Expert Group, or EEG for short) beyond those involved in
the EG reviewed and commented on this. At the same time, a wide range of stakeholders, including
representatives of employers and trade unions, as well as the OECD’s network of VET and skills experts
also reviewed and commented on the zero draft.

The OECD and the EG took account of the feedback on the zero draft as they prepared the current version
of the framework, this document. This framework will be used as the basis for the instrument development
and methodological study scheduled to take place in 2024-2025. This framework will be revised and
updated during 2025 in the light of the instrument development and the results of the methodological study,
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to clarify any remaining issues regarding the feasibility and manageability of the assessment, test design,
learner performance reporting and the likely costs to countries of participating in a large-scale assessment

of VET.

Organisation of the framework

This framework is intended to guide the work of the instrument developers, help policymakers understand
the purpose and the appropriate use of the assessment results, and inform researchers and educators
about methodological choices. It:

Defines the target occupational areas.
Specifies the competencies to be tested.
Provides orientations for task design.

Indicates appropriate data analysis and reporting approaches, including how to use the proposed
proficiency scale.

In line with the recommendations of the OECD’s education committees and the Working Party on the PISA-
VET (WP) and the EG, the assessment framework follows the design of the PISA assessment and
analytical frameworks and is organised as follows:

Introductory Chapter (Chapter 1 of this document) — an overview of PISA-VET and explanation
of how the initiative was developed; a description of the purpose of the assessment and its scope,
the guiding principles, the target population, as well as the test design for assessing professional
skills and employability skills across different systems and the policy implications of this.

One chapter on each of the five selected Occupational Areas (Chapters 2-6 of this
document) — a definition of each of the occupational areas and the domains associated with each
of these, description of the contexts, processes, underlying capabilities and knowledge content
involved in the domains, organising the domains, reference points (such as the occupational
profiles of the European Skills, Competences, Qualifications and Occupations (ESCO), the
European Qualification Framework (EQF) levels and equivalents from other regions), description
of competencies, definitions of the constructs to be measured, assessing the domain, the types of
tasks to be used in the assessment, including sample items and task characteristics, how it is
proposed that performance in the domain will be measured, including reporting proficiency.

Chapter on Employability Skills (Chapter 7 of this document) - definition of the domains,
description of the processes involved in the domains, organising the domains, description of
competencies, definitions of the constructs to be measured, assessing the domains, the types of
tasks to be used in the assessment, including sample items and task characteristics, how
performance in the domains will be measured, reporting proficiency.

Chapter on Background Questionnaires (learner, institution, teacher and work-based
trainer/employer — Chapter 8 of this document) — describes the framework and core content for
the PISA-VET contextual questionnaires. The Chapter presents the content and the aims of the
instruments for learners in the targeted occupational areas. It also describes the teacher, VET
institution, and employer/trainer questionnaires that are used for the assessment.

Chapter on System Level Data (Chapter 9 of this document) — description of the contextual
variables of VET systems that PISA-VET will use to analyse and interpret the results of the
assessment, presentation of the system level questionnaire to be used to collect the data, including
highlighting system level data currently collected for the OECD’s Education at a Glance, description
of the data collection methodology.
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e Annexes
o Glossary of Terms - Annex A of this document

o Background questionnaires (learner, teacher, institution, and work-based trainer/employer) —
Annex B of this document

o Details of experts contributing to the framework - Annex C of this document

Purpose of the assessment

Vocational education and training systems vary widely across the world. They have their own government
systems and unique frameworks which are in general underpinned by specific legal regulations with often
shared ministerial responsibilities, including regional government bodies and diverse funding schemes.
They may assign particular roles and responsibilities to relevant stakeholders like companies and social
partners and exploit strategic initiatives and programmes to respond to training and labour market
developments.

The updated International Standard Classification of Education (ISCED) allocates in a comprehensive
approach the different educational programmes and pathways to its hierarchical taxonomy with the aim to
globally providing statistical data. In Europe and beyond, the paradigm shift to learning outcomes has
become established as a result of the European Qualifications Framework (EQF). The learning outcomes
approach basically expresses that the total amount of training hours spent is less important than what VET
graduates are able to perform.

PISA-VET does not and could not aim to ultimately produce an international ranking of complex VET
systems. It rather targets the cross-border assessment of typical professional skills of VET students the
outcomes of which provide VET policy makers and relevant stakeholders on an operational level with
meaningful data to inform their national decision-making when seeking to modernise or improve
programmes, content, learning settings or concepts according to their national or regional circumstances
and objectives. In this regard, the PISA-VET project supports countries in strengthening their skills systems
by developing, piloting, and implementing an internationally standardised assessment of outcomes of initial
VET programmes.

The aim of the initiative is to enhance comparative policy insights on improving relevance, quality, equity,
and effectiveness of initial VET programmes. The initiative will accomplish this by delivering a
comprehensive dataset on selected VET learning outcomes and related background factors. This dataset
will go beyond participation and employment rates and provide internationally comparable data on the
performance of selected VET programmes within systems in key occupational areas in the context of a
broader policy environment. In doing so, the initiative will inform decision making, help to further develop
the quality of VET provision, provide evidence for competency development of VET learners, facilitate peer
learning opportunities between countries, and help to raise the image and promote the profile of VET.

PISA-VET will achieve its aim by collecting and analysing data on learner performance in the tests of
professional skills outlined in Chapters 2-6 and the tests of employability skills described in Chapter 7
alongside the collection and analysis of contextual data and system level data presented in Chapters 8
and 9 respectively. Thus, through the collection and analysis of this data PISA-VET will provide policy
insights on a range of outcomes and related factors, including:

e Comparative skill levels of learners across countries within specific VET programmes and
programme types' and differences between learners with distinct characteristics.

e Distinct or similar features of VET programmes in selected occupational areas across and within
countries and how they are related to outcomes.
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o System-level features, such as resources invested in VET and regulations around VET teachers
and trainers, and how these are related to outcomes.

To develop meaningful policy insights from the differences that will be observed between countries and
programmes, these variations must be contextualised to account for contrasts in programme design and
learner background. PISA-VET will provide the means for this contextualisation through the collection of
the necessary background data and system level data.

This assessment for vocational education and training is inspired by PISA and follows the PISA model in
respect of its framework and approach to assessment. However, the exercise will reflect the distinctive
features of vocational education and training when it comes to developing the test methodology and test
items. The test design is meant to cover in a coherent way both domain-specific as well as cross-cutting
competencies by focusing on selected professional activities that are typical for the work and business
process in the selected occupational areas.

As with PISA, the PISA-VET test is designed to provide an assessment of performance at the system (or
country) or programme level. Similarly, it is not designed to produce scores for individual learners, and it
is not, therefore, necessary for each learner to receive the same set of test items. Thus, PISA-VET adopts
an efficient design in which the full set of test material, covering all aspects of the framework, is distributed
over many test forms. This procedure enables the OECD to obtain a much greater coverage of the content
at a test length that fosters learner engagement and institutional participation, resulting in higher data
quality.

This initiative builds on a range of national and industry-specific efforts to measure professional skills, but
it will be the first time to apply these methods at scale and across countries. The initiative has the potential
to pay huge dividends in terms of improving the labour market relevance, quality and social status of
vocational education and training. To achieve these benefits, the OECD, international experts, and
participating countries must confirm the validity of the metrics and measurement and the international
comparability of results that will come from this assessment. To address this, the OECD has established
a step-by-step approach to the development of the assessment framework and the instruments with
multiple opportunities for countries to review progress and decide on subsequent work.

Guiding principles

The purpose of PISA-VET will be achieved ultimately through the continuous and regular administration of
the survey following a successful Development Phase and Pilot Phase. PISA-VET will be developed and
implemented in accordance with the following principles.

PISA-VET principles for 2023-2030:
(i) PISA-VET is policy-oriented and meets the needs of educational policy making and implementation
for enhancing teaching and learning in selected VET programmes.

(i)  PISA-VET will be a regularly administered system-level assessment of learning outcomes, well-
being and learning environments of learners following selected initial VET programmes.

(i)  PISA-VET measures knowledge, skills, attitudes and values of learners and their capacity to apply
these competencies creatively and effectively in work situations and real life.

(iv)  PISA-VET provides valid, comparable, and reliable data on selected initial VET programmes
across a wide range of countries and over time.

(v)  PISA-VET is a collaborative and innovative effort to develop forward-looking assessments.
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The scope of the assessment

The purpose of PISA-VET determines its scope, target population and design. With the aim of providing
internationally comparative information on the professional skills of learners near the end of their training,
the scope of the assessment is sufficient to measure the “yield” of VET programmes, or what skills learners
have and can apply in their chosen occupational areas to real-work contexts. The assessment emphasises
the mastery of processes, the understanding of concepts, and the application of knowledge and functioning
in various work situations and contexts in the selected occupational areas.

The occupational areas and employability skills are treated as domains or subject areas for assessment
purposes. The domains covered by the assessment are first defined and then presented and analysed in
the chapters of this framework in terms of four inter-related aspects:

e Contexts — the domain specific context or situation in which the tasks and problems arise or are
set.

e Processes — the mental strategies, approaches, purposes, concepts, and reasoning that the
learners are required to engage with and to employ, formulate or interpret to be successful in the
domain.

e Underlying capabilities — the set of fundamental domain specific capabilities that underpins each
of the processes.

e Content knowledge — the learners’ knowledge and understanding of the domain content — and the
ability to apply that knowledge to contextualised tasks and problems.

The scope and target population for PISA-VET was agreed by the EDPC and PGB, following proposals
and recommendations from the PISA-VET Expert Group (EG) and Working Party (WP)>2.

Occupational areas

Following discussions with VET and assessment experts from OECD countries and beyond, five
occupational areas have been selected as the focus of the assessment’s Development Phase, as follows:

e Automotive Technician occupations

o Electrician occupations

e Business and Administration occupations
e Health Care occupations

e Tourism and Hospitality occupations.

Some of these occupational areas are broad in nature, encompassing several types of occupations, while
others have a narrow focus on a particular occupation or set of occupations. As such, where needed, the
target population within these occupational areas focuses on one or a set of more narrowly defined
occupations.

The occupational areas have been narrowed down during the development of this framework and as the
target population has been defined (as shown in the relevant sections below). This is particularly the case
for Business and Administration, Health Care and Tourism and Hospitality, which cover a broad range of
occupations and associated VET programmes. In these three occupational areas the assessment will
focus on the occupations illustrated in Table 1.1 below. The focus of the assessment in each of the five
occupational areas is summarised in the later sections of this chapter and is elaborated in more detail in
the respective chapters for each of the occupational areas.
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Table 1.1. Narrowing of occupational areas for the assessment

Occupational Area Assessment focus

Business and administration job family in

Business and Administration :
commercial workplaces

Health Care Healthcare/nursing assistant

Tourism and Hospitality Hotel receptionist

When deciding on the selection of occupational areas, a set of selection criteria were used. The
occupational areas have been chosen because each of them comprises fields that are of significant
economic importance now and are likely to remain so well into the future while demanding professional
skills that are sufficiently comparable at the international level. In addition, the choice was also guided by
the existence of learner cohorts of sufficient size in participating countries to support reliable, valid, and
relevant conclusions for the labour market. A further key consideration was whether there are sufficient
resources already available to support measurement of competencies within these occupational areas.

Consideration was also given to achieving a balanced mix of types of occupations and the gender of
learners. This mix of occupational areas achieves a balance between those occupational areas requiring
mostly Science, Technology, Engineering and Mathematics (STEM)-related competencies and those
requiring mostly competencies outside of STEM fields. Gender dimensions are a crucial feature of the
assessment and, taken together, the five occupational areas selected for the Development Phase
represent an acceptable gender balance in terms of learner population. Two of the occupational areas
(electrician and automotive technician) are typically male dominated, one of the occupational areas (health
care) is female dominated and two (business and administration and tourism and hospitality) represents
both male and female learners equally, while the more narrowly focused occupation of hotel receptionist
is female dominated. The assessment at the same time integrates a gender equality perspective into all
aspects of the assessment material to promote a less gender-stereotyped view of the occupational areas
and associated VET programmes.

In addition, the digital and the green transitions are critical dimensions for VET®. The green transition is
necessary to mitigate the consequences of climate change and environmental degradation. The digital
transition is an ongoing process that continues to transform the way we live. The green and digital
transitions together have the potential to further transform dominant practices in the economy and in
society. The five selected occupational areas are each impacted by these transitions, albeit at varying
degrees. Therefore, the two transitions are treated as crosscutting issues in the framework for each
occupational area. They are also reflected in the framework for employability skills and in the background
questionnaires.

While each of the occupational areas selected for the assessment are expected to continue and remain
important for the economy and for VET over the longer term, it is important to recognise that the
assessment is taking place in a rapidly changing world. All the occupational areas selected for the
assessment are affected by rapidly changing contexts and technologies. In the case of automotive
technicians, for example, there is a move away from petrol and diesel driven engines towards alternative
fuels and electric powered vehicles. These changes are reflected in the framework and the instruments in
the same way that they are being reflected in the VET systems that are the focus of the assessment.

Employability Skills

Success in the world of work requires transversal competencies in addition to job-specific knowledge and
skills. In a changing world of work, employers increasingly seek employees who adapt easily and can apply
and transfer their skills and knowledge to new occupational contexts. This is especially the case in the
context of the green and digital transformations which are changing the world of work in rapid and profound
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ways. It is thus important to supplement the assessment of occupation-specific skills with information on a
broader set of cognitive and social and emotional competencies — referred to as employability skills in the
contexts of this framework document.

While certain employability skills are important across the occupational areas, others are more relevant
and potentially occupation-specific in some areas than in others. The assessment therefore includes a set
of “core” or “foundational” employability skills which are considered relevant for all VET learners
irrespective of their occupational focus.

Following lengthy consultation with VET and assessment experts, the following “core” employability skills
were selected for the Development Phase:

e Collaboration, as defined by the OECD’s Survey of Social and Emotional Skills (SSES).

e Literacy, as defined by the OECD’s Survey of Adult Skills (PIAAC).

e Problem Solving, as included in the OECD’s PIAAC Cycle 2 (adaptive problem solving).

o Task performance (responsibility, self-control, and persistence), as defined by the OECD’s SSES.

When deciding on the selection of employability skills, a set of selection criteria were used. Foremost
among these criteria was the condition that only employability skills that had existing international
frameworks and instruments could be considered for selection. From a shortlist of employability skills that
met this fundamental criterion, the EG selected the four “core” employability skills for the assessment
based on their clear understanding of what employers are looking for from newly trained professionals in
this regard and their analysis of the foundational skills required by learners to participate effectively in the
selected occupational areas.

While various other employability skills met the fundamental criteria for selection and can be considered
of importance across occupational areas and hence potentially interesting additions to the “core” set of
employability skills, the number of abilities to include in the core had to be kept low due to practical
constraints (see below). However, the focus on these “core” employability skills has not precluded the
possibility of assessing other abilities that are transversal in nature but show different complexity,
characteristics, and shape from a certain occupational area to another (e.g. ICT literacy in business and
administration, communication in healthcare, numeracy in automotive technician). The framework
therefore includes a broader set of employability skills as elaborated in later chapters of this document, in
particular Chapter 7.

In addition, the framework allows for assessment of the core employability skills within the occupational
contexts in addition to the PIAAC Literacy and PIACC problem solving tests to reflect the specialised nature
of these skills for certain occupations (e.g. literacy skills needed to read patient care plans in the case of
healthcare assistants). The further work on measuring these occupation-specific employability skills carried
out in the Development Phase will aim at establishing a common understanding, especially regarding these
other abilities outlined at Table 7.3 in Chapter 7. Indeed, Table 7.3 in Chapter 7 might serve as a basis for
such a common understanding. These distinctions between a core set of foundational employability skills
measured using existing PIAAC and SSES instruments and the skills that are applied to each of the
occupational areas are elaborated further in the remainder of this Chapter and in the respective
Occupational Area and Employability Skills Chapters included in this framework document.

Given the target population for PISA-VET of learners close to the end of their initial VET programmes of
learning (see below), it will be a challenge to isolate the skills they have acquired from their VET
programme from those they had developed before entry to these programmes — and this represents a
particular challenge for employability skills, which can be developed over the lifetime through various
learning experiences. At this stage, it is not envisaged that there will be an additional assessment of
employability skills of VET entrants in the participating countries. As in PISA, PISA-VET will measure the
accumulated learning of the participating learners, not just the skills and knowledge they have acquired in
their initial VET programmes. The analysis of contextual data will help to identify those factors that are
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most closely related to learner performance, for example by taking into account the age of the learners
and their pathway into the VET programme. It is therefore possible that the policy implications of certain
findings from the assessment may go beyond the VET sector. The two opening phases of the assessment,
the Development Phase and the Pilot Phase, will seek to account for differences in these initial conditions
when comparing professional skills across countries and to determine the outcomes of VET programmes.

The target population

The target population for the assessment generally are learners nearing the end of initial formal VET
programmes in the five occupational areas at the upper-secondary and post-secondary non-tertiary
education levels (International Standard Classification of Education (ISCED) Levels 3 and 4). The
population of learners enrolled in the sampled VET programmes will be outlined for the assessment based
on their programme comparability in terms of learning outcomes (levelled across levels 3-4 of the European
Qualifications Framework, EQF, or equivalent for those countries not using EQF). This includes learners
in school-based programmes and in programmes that combine school-based and work-based learning
(e.g. apprenticeships).

The learners sampled for this programme will be assessed in the last six months of their programmes, as
the aim of the assessment is to measure professional skills of learners when they are close to gaining their
first VET qualification in readiness to enter their target occupation.

While no age range is specified for the target population, it is likely that most learners sampled for this
assessment will have commenced their training programmes at age 16 or 17 and would be aged 18-20 at
the time of taking the test. In some countries, however, the learners are likely to be older. The OECD has
consulted the participating countries on the target population and these have confirmed the feasibility of
targeting these learners and ensuring representativeness and cross-national comparability.

In recognition that for some systems adults are a significant and increasing proportion of the VET student
population, adult learners returning to VET after beginning working life, may be included in the assessment,
but they will be kept separate for analytical purposes as an additional sample if of interest to participating
countries — given their different educational backgrounds, work experiences and life skills.

The precise target population in terms of VET programmes for each occupational area has been narrowed
down during the development of the framework. The focus will be on a set of VET programmes or
qualifications within the selected occupational areas that are comparable in terms of learning outcomes.
The target populations for each of the five occupational areas has been defined as presented in Table 1.2
below.

Table 1.2. Occupational areas and target populations

Occupational Area Target population

Automotive Technician Students, apprentices and trainees training to be automotive technicians in the last six months of their
initial VET programmes corresponding to ISCED levels 3-4 and EQF levels 3-4, or equivalent

Electrician Students, apprentices and trainees training to be electricians in the last six months of their initial VET
programmes corresponding to ISCED levels 3-4 and EQF levels 3-4, or equivalent.

Business and administration Students, apprentices and trainees training for employment in the business and administration job

job family family in the last six months of their initial VET programmes corresponding to ISCED levels 3-4 and EQF
levels 3-4, or equivalent.

Healthcare/nursing assistant Students, apprentices and trainees training to be healthcare/nursing assistants in the last 6 months of
their initial VET programmes corresponding to ISCED levels 3-4 and EQF levels 3-4, or equivalent.

Hotel receptionist Students, apprentices and trainees training to be hotel receptionists in the last 6 months of their initial

VET programmes corresponding to ISCED levels 3-4 and EQF level 4, or equivalent.
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The PISA-VET tests

The PISA-VET instrument is a computer-based test designed to be taken by groups of learners on the
premises of their VET institution or in their work-based learning environment if this is the main place of
training (for example, in the case of apprentices). Given the constraints for the practical implementation of
the assessment and the resources likely to be available, the assessment is designed to take place within
a three-to-four-hour test window. This window includes time for:

e Introductions, setting up and guidance for the test-takers.

e Approximately 35 minutes for completing the learner background questionnaire discussed later in
this chapter (and in more detail in Chapter 8).

¢ 10 minutes for the non-cognitive skills assessed through a self-report discussed later in this chapter
(and in more detail in Chapter 7).

o Between two-three hours for the cognitive test, including any pause time needed for test-takers to
adjust to using the simulation environment of the test and time for changing test location, for
example, moving from a testing room to a workshop or workplace scenario for demonstration tasks.

The VET assessment experts have found that VET test takers generally endure longer test durations than
those participating in classical literacy, numeracy or theoretical tests, such as PISA and PIAAC. Therefore,
given the target population for PISA-VET, it could be assumed these test takers are likely to be more
motivated and tolerate a longer testing time than PIAAC (one hour) and PISA (two hours) test takers. In
addition, the test design envisages more pauses between tasks than is found in PIAAC and PISA to
promote student engagement, increase test-taker motivation, reduce test fatigue and increase response
rates.

The initial test design presented in this framework allocates two-hours-thirty minutes of the total test
window for the cognitive tests, including the cognitive test of core employability skills and occupation-
specific skills. However, there is scope to increase the length of time for the cognitive test to, say, three or
even four hours depending upon the resources available and confirmation during the Development Phase
and Pilot Phase that test taker motivation and test fatigue are not significant challenges.

On the basis of a two-hours-thirty-minute cognitive test window with two pauses, each test form distributed
to learners will comprise one 15-minute cluster of test material, one 30-minute cluster of material and one
90-minute cluster of material as follows:

e PIAAC Literacy (15 minutes)

e PIAAC Problem Solving (30 minutes)

e One of the five occupational domains (90 minutes).
It is important to note that if the test time is increased by, say, one hour, then it is most likely that the test

forms would comprise two 30-minute clusters of literacy and problem-solving test material from PIAAC and
one two-hour cluster of occupation-specific skills material.

The testing material will comprise five kinds of tasks, namely:

¢ Reading and answering questions on digital texts (e.g. texts containing hypertext and navigation
features, such as scrolling or clicking on links) as well as traditional print-based texts (PIAAC
literacy).

e Solving scenario-based every day and working-life problems (PIAAC problem solving).

e Scenario-based questions of occupation-specific knowledge and skills.

¢ Digital simulations of occupation-specific professional skills at the workplace and, where possible,
« Live or recorded demonstrations of occupation-specific professional skills with expert judges®.
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These types of tasks are most suitable for an assessment in a VET context and also provide a promising
testbed for innovation in PISA and other large-scale assessments. The first two of these tasks are well
established in PISA and PIAAC as well as other international large-scale assessments. The third task is
also well established in international large-scale assessments, but not in respect of occupation-specific
knowledge and skills.

PISA-VET will be the first attempt to incorporate digital simulations and live or recorded demonstrations of
occupation-specific professional skills with human judges in an international large-scale assessment.
These two tasks are summarised as follows:

e A simulation is a recreation of a real-world situation or task, which is designed to explore key
elements of that situation. Simulations are “interactive events” in which “the environment ... is
simulated ... but the behaviour is real.’ (Jones, 1995, p. 7[1))’. Simulation offers a simplified
representation or imitation of an object or process which may not be directly accessible due to issues
of scale, time, risk, or complexity. A controlled set of challenges can be offered, both to train learners,
and subsequently to assess their skills. Literature has emerged on the use of technology,
recognising both its potential and its limitations (for example in simulating the capacity to address
interpersonal challenges). Simulation technology may also facilitate standardisation in assessment,
so that candidates face the same, or similar challenges in a final assessment (Nystrdom and Ahn,
2020, p. 627). These kinds of tasks have been created most successfully in the VET sector by
ASCOT + which is a research and transfer initiative of the German Federal Ministry of Education
and Research (BMBF). ASCOT stands for “Technology-based Assessment of Skills and
Competences in VET”. The “+” denotes transfer into training and examination practice of the results
which emerged from the predecessor initiative ASCOT (ASCOT, 2011-2015). ASCOT + has created
computer-based learning and assessment instruments which can be used to promote and measure
the competencies of trainees in industrial and technical occupations, commercial occupations and
healthcare occupations.

¢ Live demonstrations of occupation-specific professional skills with expert judges have been
created and developed by WorldSkills International over a period of sixty years. WorldSkills has built
a movement aimed at changing the lives of young people through skills. It has 85 member
organisations that have global reach for the purpose of raising the profile and recognition of skilled
people, and showing how important skills are in achieving economic growth and personal success.
Through competitions, projects, conferences and campaigns WorldSkills has become a global hub
for skills excellence and development as well as skills assessment. WorldSkills International has
confirmed its willingness to work with the OECD and its Contractor on the development of
instruments for PISA-VET that may be based on its demonstration tasks with human judges.

Simulation items have the potential to offer a more engaging experience for learners as they are capable
of emulating real-world (and thus more relevant) settings through complex interactions and the use of
multiple media, such as animations and sounds. Albeit complex to develop, simulation-based items have
the potential to assess skills that are challenging to assess in the abovementioned formats, such as
decision-making and situational judgement. Another challenge with simulations is grading — subject matter
and assessment experts will be involved in the development of (automatic) marking rubrics and how to
collect data on learner strategies to potentialize the reporting of learner outcomes. Experiences with the
development of the PISA 2025 innovative domain, which relies on this item format and grading will also be
leveraged.

Demonstrations of professional skills assessed by expert judges present even further potential to assess
learner skills with even more flexibility, given the possibility of interactions between learners and judges
and the nuanced assessment of learner performance. Furthermore, demonstrations can be central for the
validity and reception of results as results are directly connected to trained professionals in the field of
occupation being assessed. Benefits notwithstanding, demonstrations are challenging to scale in large-
scale settings, due to the human resources required, internationally comparable training protocols to be
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developed and statistical models to be employed, thus demanding their careful addition to the
assessment’s test design.

Within the 90 minutes of testing for the occupational areas there will be variation regarding the amount of
testing time devoted to scenario-based questions, digital simulations and live or recorded demonstrations.
For example, automotive technicians may devote more time to digital simulations, while electricians might
spend more time on live or recorded demonstrations with expert judges. The total test material is
summarised in the table 1.3 below.

During the Development Phase particular attention will be given to the efficacy of the three types of tasks.
In particular, data from the methodological study will be analysed to determine the extent to which learner
performance on the knowledge-based tasks and digital simulation tasks are a predictor of performance on
the live demonstration tasks. If the first two types of tasks prove to be accurate and strong predictors of
performance on the live demonstration tasks the role of the latter in the assessment will be reviewed during
the Pilot Phase.

Table 1.3. Total test material by clusters (two-hour test)

Domains No. of 15-minutes Clusters
PIAAC Literacy 2
Domains No. of 30-minutes Clusters
PIAAC Problem Solving 2
Domains No. of 90-minutes Clusters

Automotive Technicians
Electricians
Business and administration job family

Healthcare/nursing assistant

N DD NN

Hotel receptionist

While in the Development Phase a smaller scale administration of the test is anticipated and will only
include the five selected occupational area forms, in the Pilot Phase each test form (employability skills
and occupational areas) will be completed by a representative sample of eligible learners from each
occupational area to allow for estimations of proficiency on all items by learners in each country/economy
and in relevant subgroups within a country/economy, such as males and females, or learners from different
social and economic backgrounds.

The test design includes items from each of the domains of literacy, problem solving and the occupational
area domains. At this stage, traditional psychometric Classic Test Theory (CTT) and ltem Response
Theory (IRT) analyses are planned to guide the test design. The test design will feature different test
booklets within a rotating block design for each occupational area, including the occupational domain
together with literacy and problem solving in order to assure adequate framework coverage. These
different test booklets will be designed with common items that work as anchors to build multiple linkages
across each domain. In this way, the results from the different booklets will scale together for each domain.

With the initial test design, each booklet allocated to learners comprises one 15-minute cluster of test
material and one 30-minute cluster of material for the Employability Skills and one 90-minute cluster for
one of the five occupational areas, as illustrated in Table 1.4 below. In total, learners spend 135 minutes
on all domains plus two pauses amounting to 15 minutes. Final decisions on test design and analysis will
be made in light of findings at the end of the Development Phase and prior to the commencement of the
Pilot Phase. In connection with test design, it is important to note that PISA-VET is designed to provide an
assessment of performance at the system (or programme) level. Thus, PISA-VET adopts an efficient
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design in which the full set of test material, covering all aspects of the framework, is distributed over a
number of test forms (2x2x2), see Table 1.4. This procedure enables the OECD to obtain a much greater
coverage of the framework within feasible survey operational constraints while fostering learner
engagement and school/VET institution/work-based learning environment participation.

Table 1.4. Total test material (forms) by domains (135 minutes test)

Test booklet No. Domains (15 Domains (30 Domains (90 minutes each)
minutes each) minutes each)
Automotive Technicians 8 Literacy Problem Solving Automotive Technicians
Electricians 8 Literacy Problem Solving Electricians
Business and administration job family 8 Literacy Problem Solving Business and administration job family
Healthcare/nursing assistant 8 Literacy Problem Solving Healthcare/nursing assistant
Hotel receptionist 8 120 minutes Literacy Hotel receptionist

Problem Solving

An overview of what is assessed in each domain

Box 1.1. Definitions of the domains

Automotive Technicians: the competencies and content knowledge required to perform the duties of an
automotive technician employed in a workshop, including servicing, overhauling and troubleshooting light vehicles
(passenger cars, light commercial vehicles) of various manufacturers.

Electricians: the competencies and content knowledge required to perform the tasks of installing, commissioning,
and maintaining and adjusting electrical systems and components in accordance with regulations and professional
standards in a safe way.

Business and administration job family: the competencies and content knowledge required to perform typical
tasks and activities related to the management and organisation of business enterprises, including record,
organise, store, compute and retrieve information, clerical duties in connection with money-handling operations,
travel arrangements, requests for information, and appointment, financial accounting and transaction matters,
selling and buying financial instruments, specialised secretarial tasks, and enforcing or applying relevant
government rules.

Healthcare/nursing assistant: the competencies and content knowledge needed to provide direct personal care
and assistance with activities of daily living to patients and residents in a variety of healthcare settings, such as
hospitals, clinics, and residential nursing care facilities together with the capacity to implement established care
plans and practices under the direct supervision of medical, nursing, or other health professionals or associate
professionals.

Hotel receptionist: the competencies and content knowledge required to perform the necessary tasks and
procedures related to the arrival, entry, stay, and departure of guests and customers at hospitality establishments,
including the planning and organising of hotel receptionist activities.

Literacy: The ability to access, understand, evaluate, and reflect on written texts to achieve one's goals, to develop
one's knowledge and potential and to participate in society (OECD, 20213)).

Problem Solving: The capacity to achieve one’s goals in a dynamic situation, in which a method for solution is not
immediately available. It requires engaging in cognitive and metacognitive processes to define the problem, search
for information, and apply a solution in a variety of information environments and contexts (OECD, 2021 3)).
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Box 1.1 above presents definitions of the seven domains assessed in PISA-VET, two of which (literacy
and problem solving) are the same as in PIAAC. The definitions for the occupational areas all emphasise
functional knowledge and skills that allow one to participate fully in the occupations selected for the
assessment. Such participation requires more than just being able to carry out tasks imposed externally
by, for example, an employer; it also means being able to participate in decision making. The more complex
tasks in the assessment require learners to reflect on and evaluate material, not just to answer questions
that have one correct answer. A summary of what is assessed in each domain is presented below.

Automotive technicians

Automotive Technicians (Chapter 2) focuses on the two main capabilities that constitute the proficiency
of automotive technicians, namely:

¢ Investigation capability is defined as an automotive technician’s ability to gather information
about light vehicles in workshops, to draw conclusions from the information obtained and to justify
the actions taken and results achieved.

¢ Rectification capability is defined as the ability to establish or re-establish desired states of light
vehicles to remove damage, correct malfunctions, maintain functionality, meet manufacturers'
specifications, or fulfil customers' wishes.

PISA-VET assesses learners’ performance in the domain of automotive technicians in the workshop
context and with a focus on the following core processes or task areas of automotive technicians that are
grouped under the two capabilities of investigate and rectify.

Investigate includes the following processes:

e Inspect, which are activities to determine if there are any undesired states of vehicles. It comprises
(1) gathering information about the vehicle systems, and (2) drawing conclusions from this
information.

o Diagnose aims to identify the cause(s) of a vehicle malfunction and suggest actions to eliminate it.
Actions to eliminate malfunctions are “(dis)assemble and replace,” “rebuild and restore,” and
“adjust”.

Rectifying includes the following processes:

e Replace and (Dis)assemble includes all actions in which some part, component, subsystem, or
operating fluid (e.g. engine oil, coolant, etc.) is removed from a vehicle and either reattached or
replaced. There are various reasons for such actions.

¢ Restore and Rebuild refers to corrective actions that reinstate the function and/or specified state
of a broken, damaged, malfunctioning, or excessively worn part, component, or subsystem without
replacing it.

e Adjust refers to actions in which automotive technicians change the setting of a car's part,
component, or subsystem to specified values.

To complete these processes, skills and knowledge in various content areas are required. Automotive
technicians deal with light vehicles, and these consist of several systems, including drive unit, powertrain,
undercarriage, assistance, and chassis. These systems, as well as combinations of these systems, provide
the knowledge content for this occupational area. Automotive technicians need to know the relevant facts
and concepts regarding light vehicles systems as well as the principles that apply to them.
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Electricians

The domain of electricians (Chapter 3) is comprised of the set of competencies and content knowledge
required to perform the tasks of installing, commissioning, and maintaining and adjusting electrical systems
and components in accordance with regulations and professional standards in a safe way.

PISA-VET assesses learners’ performance in the domain of electricians in three contexts: commercial
and public sector, domestic, and industrial. In these contexts, there is a focus on the following core
processes or task areas of electricians:

e assess and diagnose

e plan and design

e assemble and install

e repair and maintain

e inspect, commission, test and report.

To complete these processes, skills and knowledge in various content areas are required. Electricians
require knowledge of electrical theory and fundamentals (including mathematics and science); norms,
standards & regulations; materials, components, and tools; electrical systems and applications;
configuration and control. Electricians also require underlying capabilities related to the processes and
content areas, including:

e Identifying and resolving electrical problems - the ability to identify, diagnose and resolve electrical
problems in dynamic situations.

e Responding to customers and colleagues - the ability to impart or exchange information with
customers and colleagues, both verbally and “in writing.”

e Collaborating on electrical tasks, problems, projects - the ability to work with other professionals
on electrical projects and problems.

e Using digital and communications technology for daily electrical tasks and problems - the ability to
use digital technology, tools and networks within daily work routines.

Business and administration job family

Business and Administration (Chapter 4) focuses on a core of four capabilities that constitute the
proficiency required by a family of occupations involved in the management and organisation of business
enterprises, namely, the capability to:

e retrieve situationally adequate knowledge stocks: Retrieving business and administration data and
other relevant information.

e describe system coherences and to act within them: Drawing conclusions from business and
administration data and other relevant information.

e think and act purposefully in specific situations: Making appropriate decisions/proposals for
business and administration work products.

¢ independently control processing procedures: Establishing appropriate, quality-assuring working
practices for business and administration workplaces as well as promoting their own
professionalism.

PISA-VET assesses learners’ performance in the domain of business and administration in the context of
operational value chains in business and administration. The operational value chain is a framework used
to describe the various processes and activities involved in producing and delivering goods and services
to customers by business enterprises. Within this contextual framework, the assessment focuses on the
following core processes or task areas of business and administration:
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¢ identifying and understanding business and administration information
e analysing business and administration information and situations

e applying business and administration knowledge and skills

e evaluating and reflecting on business and administration issues.

To complete these processes, skills and knowledge in various content areas are required. These content
areas include knowledge of:

e The significance of relevant operational indicators in business administration and how to interpret
and present data appropriately.

e Appropriate procedures and tools for correspondence and communication, of cross-cultural
differences, and of dealing with diverse customers and stakeholders.

e Methods, forms, and areas of application of project management and of the use of concrete work
strategies.

Healthcare/nursing assistant

The domain of healthcare/nursing assistant (Chapter 5) is comprised of the set of competencies and
content knowledge required to perform the tasks of providing direct personal care and assistance with
activities of daily living to patients and residents in a variety of healthcare settings.

PISA-VET assesses learners’ performance in the domain of healthcare/nursing assistant in five contexts:
hospitals (inpatient or outpatient facilities, specialist or general); clinics for specific purposes and conditions
(e.g. psychiatric, geriatric); residential nursing care; hospices for terminal care; clients’ and patients’ own
homes. In these contexts, there is a focus on the following core processes or task areas of
healthcare/nursing assistant:

e Working in professional teams.

¢ lIdentifying needs and collaborate in healthcare planning.

e Supporting and enhancing clients’ quality of life.

e Providing and supporting treatment and medical processes.

¢ Reviewing and evaluating care.
To complete these processes, skills and knowledge in various content areas are required.
Healthcare/nursing assistants require knowledge of:

e Multi-professional collaboration.

e Communication and relationship building.

e Medical and related sciences.

e Client/patient care, service, and assistance.

e Administrative and legal frameworks.
Healthcare/nursing assistants also require underlying capabilities related to the processes and content
areas, including: collaboration with others to achieve optimal healthcare; open-mindedness throughout the
healthcare process; engagement with others to achieve therapeutic outcomes; communication as a
therapeutic instrument; emotional regulation to achieve optimal healthcare; access to and use of evidence
and information to support healthcare solutions; management of self, time, tasks, and workspace to

optimise health outcomes; coordination of mind, feelings, and movement for dextrous, respectful
healthcare; contribution to healthcare solutions; and reflective practice for healthcare.
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Hotel receptionist

Hotel receptionists (Chapter 6) focuses on the main capabilities that constitute the proficiency of hotel
receptionists, namely:

e Hospitality service orientation

e Hotel receptionist interpersonal and communication skills

e Collaboration with other hotel staff

e Problem Solving in the context of hotel reception

o Task performance in the context of hotel reception

e Critical thinking in hospitality service

e Literacy in hospitality service

e ICT Literacy for hotel reception.
PISA-VET assesses learners’ performance in the domain of hotel receptionists in the hotel context and
with a focus on the following core processes or task areas:

e check-in and check-out

e reservations

e management of complaints

e touristic information.
To complete these processes, skills and knowledge in various content areas are required. Hotel
receptionists need to know about:

e hotel reservation procedures

e checking-in procedures

e administration and back-office procedures

e checking-out procedures

e promotion of the local area.

Hotel receptionists need to know the relevant facts and concepts regarding these procedures as well as
the principles that apply to them.

Literacy

PIAAC defines literacy (Chapter 7) as the ability to "access, understand, evaluate and reflect on written
texts to achieve one's goals, to develop one's knowledge and potential and to participate in society"
(OECD, 2021, p. 1863)). In this, literacy refers to one's ability to comprehend and use written sign systems.
Literacy encompasses a range of skills, from decoding written words and sentences to comprehending,
interpreting, and evaluating complex texts.

The definition of literacy in PISA-VET is strongly rooted in the literacy framework of PIAAC. PISA-VET
assesses learners’ performance in literacy as follows:

e The assessment will include units developed within the PIAAC literacy framework designed to
measure foundational skills.

e The assessment will be based on existing and validated PIAAC units, using national versions for
participating countries and economies whenever available.

e Three main contexts were defined in PIAAC literacy (“work and occupation,” “personal use” and
“social and civic contexts”); if feasible, units should be chosen from the context “work and
occupation.”
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e Linking with a domain-embedded assessment within occupations in addition to the core generic
assessment of literacy is an option.

Problem-solving

The definition of problem solving (Chapter 7) in PISA-VET is strongly rooted in the adaptive problem-
solving framework of PIAAC Cycle 2. PIAAC Cycle 2 defines problem solving as “the capacity to achieve
one’s goals in a dynamic situation, in which a method for solution is not immediately available. It requires
engaging in cognitive and metacognitive processes to define the problem, search for information, and apply
a solution in a variety of information environments and contexts” (OECD, 20213)).

PISA-VET assesses learners’ performance in problem solving as follows:

e Their assessment will include units developed within the PIAAC Cycle 2 adaptive problem solving
as foundation.

e The assessment will be based on existing and validated PIAAC units, using national versions for
participating countries and economies whenever available.

e Three main contexts were defined in PIAAC adaptive problem solving; if feasible, units should be
chosen from the context “work”.

e Linking with a domain-embedded assessment within occupations in addition to the core generic
assessment of problem solving is an option.

Reporting learner performance in PISA-VET

At this stage, it is proposed that the results from PISA-VET will be reported using numeric scales and
proficiency levels. However, modern digital assessments offer a host of other options, and some two-
dimensional and multi-dimensional metrics (as discussed in Chapter 3 in particular) may be better suited
for the purpose of PISA-VET. These options will be explored during the Development Phase. Based on
the PISA experience with a numeric scale, it is envisaged currently that the participating average score for
all five occupational area domains will be set at 500 with a standard deviation of 100, which means that
two-thirds of learners across participating countries should score between 400 and 600 points. These
scores represent degrees of proficiency in a particular domain. The PIAAC literacy scale and the PIAAC
problem solving scale will be used for the literacy and problem-solving tests that are based on existing
PIAAC items. No link across the PIAAC and occupational scales is planned. Each of the learners taking
PISA-VET will therefore receive three separate scores as follows:

e PIAAC Literacy
e PIAAC Problem Solving.
e Occupational area (one of the five occupational areas).

The proposed reporting of performance in PISA-VET in the seven domains (PIAAC literacy, PIAAC
problem solving and the five occupational areas) is discussed in each of the occupational area and
employability skills chapters. As in PISA, the proficiency levels proposed in each occupational domain are
descriptors of learner proficiency constructed through scale anchoring methods. However, as noted above,
other options for reporting, such as multi-dimensional metrics, will be considered during the second half of
the Development Phase.

Occupational areas

At this stage, the proficiency levels that are anticipated for each occupational area are based on notional
cutpoints. In some cases (automotive technicians and electricians), these cutpoints refer to actual
standards for performance while in others (business and administration job family, healthcare/nursing
assistant and hotel receptionist) the cutpoints refer to a continuum from “novice” to “expert.” Given that
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there is no pre-existing definition of proficiency levels in the five domains, the final decisions on reporting,
especially the number of cutpoints and the bandwidth for proficiency levels will be determined ex post the
Development Phase, based on the reliability of the scale and the number and difficulty of tasks included in
the instruments developed for the assessment,

In the meantime, the notional proficiency levels and cutpoints proposed for each occupational area are
summarised in Table 1.5.

Table 1.5. Summary descriptions of proposed performance reporting

Components/sub-components

Occupational area
scales

Anticipated proficiency levels and cutpoints

Three proficiency levels that will be based on a numeric scale. A common
Automotive technicians ~ Domain of automotive technician scale.  automotive technician’s scale will be a real composite (compound) measure
made up of the reports on two competencies: investigation and rectification.

Domain of professional electrician Six proficiency levels that are defined based on numeric scale and
scale. described in terms of typical task requirements and learners’ performance.

Five proficiency levels that will be based on a numeric scale. A common
Domain of business and administration business and administration scale will be a real composite (compound)

Electricians

Business and
administration job

famil scale. measure made up of the reports on two competencies: occupation-specific
y and occupation related.
Healthcare/nursing Domain of professional Six proficiency levels that are defined based on numeric scale and
assistant healthcare/nursing assistant scale described in terms of typical task requirements and learners’ performance.
.- Domain of professional hotel Six proficiency levels that are defined based on numeric scale and
Hotel receptionist . Y ) . \
receptionist scale described in terms of typical task requirements and learners’ performance.

Literacy

The proficiency scales used to report PIAAC results describe what learners typically know and can do at
given levels of proficiency. The numeric scales are divided into proficiency levels that carry a descriptive
purpose and aid the intepretation and understanding of the scales. PISA-VET will employ the PIAAC
literacy scale as described in the PIAAC reports. As the PIAAC literacy framework was updated for Cycle
2, this scale will be updated before reporting. For information, in PIAAC Cycle 1, there were five proficiency
levels leading to six categories: proficiency at level 5, proficiency at level 4, proficiency at level 3,
proficiency at level 2, proficiency at level 1, proficiency below level 1. Considering that the assessment
time in PISA-VET will be limited, the level of detail might be lower as compared to the original PIAAC scale,
for instance, maybe only three levels of proficiency (for instance, low, medium, high) can be distinguished
in PISA-VET.

Problem Solving

PISA-VET will employ the PIAAC adaptive problem solving as described in the PIAAC framework. As of
now, there is only a general description of different proficiency levels in the PIAAC adaptive problem-
solving scale from Cycle 2 (for details, consult PIAAC Cycle 2 assessment framework: (OECD, 2021;3)).
These are based specifically on behavioural descriptions that were offered in the PIAAC Cycle 2 framework
for low and for high scorers on the three task dimensions, i.e. when (a) confronted with different problem
configurations, (b) confronted with different dynamics in a situation, and (c) confronted with different
features of the environment. These might also be used for PISA-VET, but — as for literacy - the level of
detail might be lower.

Employability Skills (non-cognitive)

In addition to the reports on learner performance noted above, PISA-VET also covers two employability
skills that are non-cognitive, namely: task performance and collaboration (as described in Chapter 7).
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The definitions of task performance and collaboration in PISA-VET are strongly rooted in the OECD’s
survey on social and emotional skills (SSES) framework. The OECD defines “task performance” as a range
of constructs that describe the ability to be self-controlled, responsible to others, hardworking, motivated
to achieve, honest, orderly, persistent and rule-abiding. In short, it refers to the skills that enable individuals
to get things done, as required and on time. The OECD defines “collaboration” as a range of constructs
that describe the ability to understand, feel and express concern for others’ well-being, manage
interpersonal conflict and maintain positive relationships and beliefs about others (trust). In short, it refers
to the skills that enable individuals to have a good relationship with other people and work successfully
together in various contexts.

The assessments of task performance and collaboration will be based on self-reports that will be part of
the background questionnaire. The assessments will be based on existing and validated items from the
OECD-convened SSES; depending on the specific wording of the items, they might need to be adapted to
the target population, which will be, on average, older than the SSES population. Linking with a domain-
embedded assessment within occupations in addition to the core generic assessments of task
performance and collaboration will not be explored during the Development Phase (mainly due to the
different formats and the difficulty in assessing task performance within occupational contexts).

Proficiency levels were not developed for task performance and collaboration in SSES, although reporting
scales were. For the recently completed Round 1 of SSES data collection, psychometric scales were
developed using the assessment items for each skill. The reference was value fixed at 500 and standard
deviation set to 100. The scale for each of the two sub-skills of task performance (e.g. persistence, self-
control) features two meaningful poles. Taking the “self-control” scale, as an example, respondents
towards the highly self-controlled pole, reported themselves as more inclined to be careful with tasks, to
think before speaking, and to postpone fun until they are finished with work. Likewise, the scale for each
process of collaboration (i.e. empathy, trust, co-operation) included in SSES features two meaningful
poles. Taking “empathy,” for example, respondents towards the highly empathetic pole, reported
themselves as more inclined to consider others’ wellbeing and their perspectives.

The PISA-VET contextual questionnaires

The focus of the PISA-VET contextual questionnaires (Chapter 8) is on understanding how measures of
performance in initial VET programmes are related to various aspects of VET institution, classroom, and
work-based practice as well as other related factors, such as economic, social, and cultural context. The
PISA-VET questionnaires include these aspects and cover a set of well-being outcomes.

The contextual framework for PISA-VET

The PISA-VET contextual framework with its four questionnaires (see Annex B) provides policy makers
with information on: outcomes that measure holistically learners’ success; foundational resources and
processes that support learners’ outcomes; and learner-level demographic characteristics that allow
assessing whether performance of VET systems is obtained at the expense of equality and equity of
outcomes for different learner sub-groups.

The framework describes processes and resources that support two major roles of VET: building platforms
of skills and competencies for young commencing workers and promoting or enriching skills for established
workers. Learners’ success is defined as acquired skills and competencies; engagement, persistence in
the programme and educational and training attainment; and finally, health and well-being. The framework
elects three areas of foundational resources and processes within the VET institution and the work-based
learning places that support and promote learners’ outcomes. The three areas consistently appear in
educational research as directly connected to learners’ outcomes. Specifically, a large body of applied
research findings identified them as proximal to learners’ outcomes; as pervasive in their relationships with
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more than one outcome; and as having potent effects on learners’ success. The three areas include
resources and processes pertaining to effective learning time, in the VET institution and in work-based
learning; quality of teaching and instructional/training practices; and quality and suitability of human and
material resources for education and training.

These resources and processes, when effectively deployed and fully accessed by learners, support their
active participation to formal education and training; they sustain learners’ progression through elected
VET studies. Finally, they promote the full achievement of the outcomes sought from the training.
Additionally, the framework acknowledges the permeability of the VET system to the labour market and
describes exchanges between the educational programmes and the social partners, as well as the broader
community.

The framework places great emphasis on equality and equity, with equality referring to differences among
sub-populations in the distribution of their VET outcomes and equity referring to differences among sub-
populations in their access to the resources and VET processes that affect VET outcomes.

The four questionnaires developed under this framework explore 15 modules of content. These modules
measure the seven Learner Success Outcomes, the nine Foundations for Success, and the ten
demographic factors relevant to assessing equality and equity that are shown in Table 1.6 below. In
addition, the questionnaires include several teachers, trainer, VET institution, employer, and system-level
background measures that provide context for the Learner Success Outcomes. Chapter 8 presents the
PISA-VET contextual framework in detail and the questionnaires are included at Annex B.

Table 1.6. Modules assessed in PISA-VET

Demographic factors for assessing

VET programme/learning outcomes Foundations for Success . .
equality and equity

Job-specific learning outcomes (the five Inclusive environments. Age.
occupational areas).

Quality of instruction: Gender.
Employability skills (collaboration, literacy, e Instructor collaboration and mentorship
problem solving and task performance). e Peer mentorship and support Socio-economic status.

o  Work-related and general learning tasks

Students’ educational and work-related e Pedagogical methods Family structure and living arrangements.
progression and plans. e Learning venue co-operation
Learner engagement in school and work. Previous education and work career.

Education institution-based and work-based learning
Health and well-being. time. Language spoken at home and language
Work safety: knowledge on safety and of instruction.
experience of injuries. Material and human resources.

Urban/rural status.
Family, friends’ and partners’ support for learners.

Immigrant status.
Social partners’ engagement.

Disability.
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The questionnaires

The questionnaires for learners, teachers of the occupational areas covered by the assessment, and the
principals/leaders of VET institutions, as well as the questionnaire for employers (the establishments
responsible for the work-based learning) have been developed in accordance with the contextual
framework. These questionnaires take about 35 minutes for the learners to complete, about 30 minutes
each for teachers and the institution leaders/principals, and 10-15 minutes for the person most
knowledgeable about the respondent’s training at the work-based training site. The responses to the
questionnaires are analysed with the assessment results to provide at once a broader and more nuanced
picture of learner, VET institution, and programme/system performance. These questionnaires seek
information about:

e Learners and their family backgrounds, including their economic, social, and cultural capital, and
the language they speak at home versus the language of instruction.

e Aspects of learners’ lives, such as their level of educational attainment, their health and well-being,
and their engagement with school.

e Aspects of learning, including quality of instruction, inclusive environments, learning time, school
material resources and family and community support.

e Contexts of learning, including teacher, VET institution, employer, and system-level information as
well as impacts of the green and digital transformation.

System level data

The contextual information collected through the learner, institution, teacher, and trainer/employer
questionnaires comprises only a part of the information available to PISA-VET. System-level data (Chapter
9) describing various features of VET systems will be used in PISA-VET analysis and reports. This system-
level data includes information on the place of VET in national skills systems, pathways into and from VET
(e.g. stratification and selection, access to higher levels), the profile of VET learners, the delivery of VET
(e.g. provider institutions, the use of work-based learning), skills targeted by VET (e.g. targeted fields of
study), teachers and trainers (e.g. teacher training and salaries), finance and employment outcomes. While
some of the system-level data may cover the overall VET system, certain elements will focus on the
occupational areas or selected programmes within those areas — given that regulations and practices might
differ between programmes.

The system-level questionnaire (Chapter 9) is an OECD tool designed to complement existing data,
providing further contextual information on VET systems to underpin the interpretation and analysis of the
results of PISA-VET. The system-level questionnaire to be used in the PISA-VET implementation consists
of a set of worksheets that capture data on system-level features on VET. Available data on all the
indicators have been reviewed for the data collection countries, identifying the status of system-level data
collection and availability in terms of quality and completeness, in effort to design a system-level
questionnaire that focuses on existing data gaps.

A collaborative project

PISA-VET is a highly collaborative effort carried by the OECD Secretariat, twelve participating countries,
national experts and experts hired by the OECD together with the support of several institutional partners.
From the outset of the project, the OECD has engaged the participation of the key international agencies
and programmes concerned with VET learner assessment and improving the quality of VET. These
partners include the United Nations Educational, Scientific and Cultural Organisation (UNESCO), the
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European Centre for the Development of Vocational Training (CEDEFOP), the European Commission, the
European Training Foundation (ETF), International Labour Organisation (ILO), VALID-8 network testing
company, World Bank and WorldSkills International. Experts from ASCOT+, a research and transfer
initiative of the German Federal Ministry of Education and Research, were also closely involved.®
Representatives of these institutions and initiatives have been consulted on all aspects of project design
and development and they have also contributed to the preparation of this framework document.

The OECD also sought to have a strong involvement of employers in the design of the initiative, particularly
through the auspices of Business at OECD (BIAC). Employers are key, as they know the skills the labour
market needs so that the offer and content of VET programmes can be closely aligned to those needs.
Employers are often also an important provider of VET, especially in countries with a large apprenticeship
sector, and research consistently shows that it is the work-based component of VET that makes it effective.
Given the essential role of businesses, corporations, and other employers in VET, it is vitally important that
the PISA-VET initiative benefits from their inputs and partnership. The initiative is currently in its
Development Phase and the employers’ understanding of skills needs, their expectations of VET graduates
and their experiences of training VET learners will provide crucial information to help the OECD to design
a relevant assessment and to ensure the validity and credibility of the assessment. In addition, the OECD
has sought the engagement of trade unions in the initiative (mostly representing teachers’ unions),
particularly through the auspices of the Trade Union Advisory Committee (TUAC) to the OECD.

Implementation of PISA-VET

PISA-VET is being developed and implemented in three phases over the course of 2023 to 2030.

1. The Development Phase from 2023-2025 would include the following activities:

e Draft the assessment framework, including the identification of occupational areas and the skills to
be assessed within those areas.

e Undertake a consultation with the business sector in the field of selected occupational areas to
ensure the labour market relevance of the assessment.

e Select the most suitable target population.

e Develop a set of measurement instruments (scenario-based units, digital simulations of workplace
situations, and/or demonstration tasks).

e Undertake a methodological study comparing the reliability, validity, and costs of the instruments
developed for assessing the five selected occupational areas in four data collection countries
(Australia, Germany, Portugal and the United Arab Emirates).

e Complete an operational document that describes the second phase of instrument development
and implementation, including target population, test design, reporting and sampling design, costs
of participation and recruit countries to participate in the Pilot Phase.

2. The Pilot Phase from 2025-2029, subject to the agreement of the EDPC and PGB and following
the successful completion of the Development Phase and the recruitment of a minimum number of
countries that can commit resources to undertake further instrument development and data
collection, would include the following activities:

e The further development and validation of the assessment instruments developed during the
Development Phase.

e The implementation of the data collection (occupational areas, employability skills, contextual data
and system level data) in participating countries (field trial and main survey).
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e The analysis of the data and the preparation of an international report, including confirmation of
the feasibility, manageability and affordability of the assessment together with recommendations
for the implementation of a large-scale PISA-VET.

At the end of the Pilot Phase, it should be possible to confirm how much of the VET sector can be covered
by PISA-VET and the extent to which results can be informative for occupational areas not included in the
assessment. It should also be possible at that stage to confirm the limits of the approach and whether there
are any VET sectors that cannot be compared internationally.

The Large-scale Implementation Phase from 2029-2032, subject to a successful implementation of the
Pilot Phase, countries could decide to continue with an international assessment of VET on a regular basis
as per PISA to collect timely data on the quality and effectiveness of VET. Such regular data collection
would allow observations of trends, which provide a valuable tool for measuring the impact of reforms. If
there was sufficient interest and funding, it would also be interesting and help to establish the validity of
the assessment to do a follow-up study a few months after the Pilot Phase, to see how the participating
learners integrated into the labour market or further education. Future rounds of data collection could also
expand the exercise to a wider range of occupation areas and skills, possibly reflecting emerging
occupations and skills (e.g. green skills). It would be possible to envisage a rolling survey with several
different occupational areas (as prioritised by members) being included in each cycle. It would be important
to repeat assessments in occupational areas every few years to enable assessment of change in skills
levels. Additional countries could be recruited over time, including emerging economies with a particular
interest in expanding or strengthening their VET systems.
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Notes

' VET can be accomplished through many different programmes, and at varying points in someone's
career. The VET programme types that are the focus of PISA-VET include upper secondary and post-
secondary VET programmes that are either mostly school-based (i.e. with the training mostly being
delivered in VET institutions) or have a large work-based learning component (i.e. with a substantial
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proportion of the training taking place on the premises of employers, like for example in apprenticeship
programmes).

2 See the acronyms and abbreviations section of this document for the explanations of these bodies.

3 Digital transition refers to the economic and societal effects of digitisation and digitalisation. Digitisation
is the conversion of analogue data and processes into a machine-readable format. The green transition
means a shift towards economically sustainable growth and an economy that is not based on fossil fuels
and overconsumption of natural resources. A sustainable economy relies on low-carbon solutions that
promote the circular economy and biodiversity.

4 The Development Phase will consider whether live or recorded demonstrations of tasks are most suitable
for PISA-VET. If live demonstrations are included, it is possible that there will be a heterogeneity of marking
(despite instructions) which could impact on the assessment results.

5 ASCOT stands for “Technology-based Assessment of Skills and Competences in VET”. The “+” denotes
transfer into training and examination practice of the results which emerged from the predecessor initiative
ASCOT (2011-2015).
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Z Automotive technician

This chapter defines the occupational area of “automotive technician” as
assessed by PISA-VET and elaborates the framework for automotive
technician that has been designed for the Development Phase of the project,
including descriptions of the competencies and constructs to be assessed. It
presents and explains the processes, content knowledge, and contexts and
provides several sample items with descriptions of task characteristics. The
chapter also discusses how performance in the automotive technician
occupational area is measured and reported against proficiency levels and
scales.
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Introduction

This chapter of PISA-VET assessment framework defines the occupational area of “automotive
technician.” It has been prepared by a group of experts from a range of countries that are well versed in
the training and assessment of automotive technicians. The chapter draws on previous work in assessing
automotive technicians, such as the work undertaken as part of the ASCOT (+) initiative and WorldSkills
competitions.

There are several reasons for selecting the occupational area of automotive technician for the
Development Phase of PISA-VET, including the significance of vehicles for the economy, the international
comparability of the occupation and key learning objectives of the associated VET programmes, as well
as its role in the green and digital transformations:

Economic importance of automotive technology: In most OECD countries, individual motorised
transport is the dominant form of transportation. In the long term (and despite the green transition,
see below), it is still a growing market, especially in newly industrialised economies. The
automotive industry is in many ways a hub that sets technological and especially digital standards
worldwide. It prompts suppliers and vehicle workshops to adapt accordingly. Furthermore, it is a
world leader and a major driver of innovation (e.g. future mobility), and accounts for a large number
of jobs around the world.

International comparability and importance of the occupational area in VET: In all countries,
technicians service, overhaul, and diagnose vehicles. They deal with internationally comparable
technologies and so perform similar work tasks in each country. Automotive technicians are
typically trained through VET programmes. The complexity of vehicles increases rapidly, changing
capability profiles, requiring workers to participate in elaborated VET programmes, and setting new
challenges to VET teachers and trainers. Baethge and Arends (2009, p. 33[1j) examined several
countries and concluded that the number of students and trainees of automotive technicians in
VET is large enough internationally to draw suitable samples.

Green transition: The transport sector is the second largest emitter of carbon dioxide, accounting
for about 20 % of carbon dioxide emissions worldwide. About 75% of these emissions come from
road transport (Ritchie, 2020y2). If vehicles are not regularly and properly maintained and adjusted,
their CO2 emissions can increase significantly. Consequently, the work of automotive technicians
can contribute to environmental and climate protection. Moreover, automotive technology is
developing rapidly due to the energy transition that vehicles are currently undergoing. It is important
that automotive workshops follow this development to make their contribution.

Digital transition: The occupational area is highly relevant in terms of the digital transformation.
Due to the change in thinking towards electric vehicles, the work and service profile of workshops
will become more complex than in the past and therefore their impact on employment will continue
to be relevant. The electrification and complexity of vehicles require automotive technicians to use
different software, computer-based expert systems, and other digital information and
communication systems. The transformation to e-mobility creates new environmental challenges
due to the materials, infrastructure, and energy needed. For example, future assessments of
automotive technicians will need to include high-voltage technology in connection with e-
mobility/hybrid vehicle technology as well as the complex area of pollutant reduction in internal
combustion engines (especially diesel engines),
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Defining the automotive technician occupational area

Occupational definition and associated VET programmes

Automotive technicians are defined as professionals who work in workshops and service, overhaul, and
troubleshoot light vehicles (passenger cars, light commercial vehicles). Within the International Standard
Classification of Occupations (ISCO-08), automotive technicians are part of the “Motor Vehicle Mechanics
and Repairers” occupation (i.e. ISCO-08 code 7231). It is defined as: “Motor vehicle mechanics and
repairers fit, install, maintain, service and repair engines and the mechanical and related equipment of
passenger cars, delivery trucks, motorcycles, and other motor vehicles. Their tasks include: a) detecting
and diagnosing faults in engines and parts; b) fitting, examining, testing and servicing motor vehicle and
motorcycle engines; c) replacing engine components or complete engines; d) fitting, examining, adjusting,
dismantling, rebuilding and replacing defective parts of motor vehicles; e) installing or adjusting motors
and brakes, and adjusting steering or other parts of motor vehicles; f) installing, adjusting, servicing and
replacing mechatronics components of motor vehicles; g) performing scheduled maintenance services,
such as oil changes, lubrications and engine tune-ups, to achieve smoother running of vehicles and ensure
compliance with pollution regulations; and h) reassembling engines and parts after being repaired”. The
European Skills, Competences, Qualifications and Occupations (ESCO, 2020;3)) classification, further
breaks this down into ten more narrow occupations, of which that of “vehicle technician” is mostly closely
related to the occupation under consideration in this chapter. It is defined as: “Vehicle technicians inspect,
test and maintain vehicles, motorcycles, engine tune-ups and tyre replacements. They repair engine
failures, lube replacements. Vehicle technicians replace vehicle components and evaluate warranty
options.”

The capabilities to perform these tasks are acquired in VET programmes corresponding to ISCED level 3
and EQF level 4 or equivalent. PISA-VET covers learners in the last six months of their vocational training.

Table 2.1. Examples of VET programmes for automotive technicians

Selected programmes in data collection countries of PISA-VET

Australia Germany Portugal United Arab Emirates
Title AUR30620 - Certificate Il Kfz-Mechatroniker/-in Tecnico de mecatronica Certificate 4 in Light
in Light Vehicle automovel Vehicle Service
Mechanical Technology
ISCED level 4 3B 3 3
EQF level 3 4 4 3
Duration (years) 4 3.5 3 2-3

Note: EQF: European Qualifications Framework; ISCED: International Standard Classification of Education; Kfz-Mechatroniker/-in: Motor vehicle
mechatronics technician

International comparability of the occupational area
The occupational area of automotive technician is comparable at the international level for the following
reasons:

e It has been found that VET programmes for automotive technicians in different countries aim to
teach comparable capabilities, although the VET programmes differ internationally (e.g. in terms
of the amount of school-based and vocational learning; (Baethge and Arends, 2009, pp. 3-4[1).
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e As vehicles from different manufacturers are present all over the world, the requirements in this
area are similar internationally.

e The tasks and the tools used to fulfil these requirements are highly similar worldwide, as they are
closely linked to vehicle technologies. An increasing number of vehicle technologies are based on
shared platforms as this helps vehicle manufacturers to reduce costs.

e Due to requirements established by automobile manufacturers, automotive technicians must often
use standardised procedures.

e Standardisation increasingly leads to comparable safety, environmental, and climate protection
requirements and thus to comparable requirements overall.

Organising the domain of automotive technicians

In this section of the chapter, the domain of automotive technicians is first organised and described by
specifying the context, contents, and processes of the domain. While the context refers to both work tasks
and the environment in which automotive technicians work, the contents cover the major subjects that
automotive technicians deal with in performing their core tasks. The processes refer to activities that are
required to fulfil the core tasks of automotive technicians. These specifications are then used to define the
key capabilities of automotive technicians, which form the basis for the development of the assessment
described in the further sections of this chapter.

Context

Context category: workplace and work orders of automotive technicians

Automotive technicians work in two kinds of workplaces and deal with different types of vehicles.

Regarding the workplace, two context categories can be identified: work in the production of vehicles or in
workshops. Following the VET-LSA feasibility study (Baethge and Arends, 2009;1j) and the 2022
WorldSkills Occupational Standards, automotive technicians working in workshops are selected as the
focus for PISA-VET. Sub-categories of workshops can be identified, such as brand workshops,
independent workshops, fleet workshops). As automotive technicians in these workshops deal with
comparable content (e.g. systems, technologies) and perform comparable tasks, no distinction is made
between these subcategories in the remainder of the chapter. In terms of vehicles, the focus is on light
vehicles, i.e. passenger cars and light commercial vehicles from various manufacturers, in line with the
2022 WorldSkills Occupational Standards. Other vehicles such as agricultural vehicles, commercial
vehicles, motorbikes, or construction vehicles are disregarded.

There are three types of work orders in workshops, each of which is formulated in the form of specific,
often combined work orders: service orders, overhaul orders, and troubleshoot orders. Autobody repairers
are not included in this framework, as they carry out other work orders.

Desired distribution of items

The items used in the assessment relate to the above context category, i.e. light vehicles in workshops
and orders for service, overhaul, and troubleshooting in workshops.

Table 2.2. Desired distribution of items by context

Context category Percentage of items in the assessment
Workshop 100
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Processes and the underlying automotive technician capabilities

As described above, automotive technicians engage in the work orders of servicing, overhauling, and
troubleshooting light vehicles. There can be considerable overlap between these: Service includes
inspection and may require overhaul. Overhaul includes replacing, restoring, and adjusting parts and
components. Troubleshooting is about diagnosing the cause(s) of malfunctions and taking action to correct
them by replacing, restoring, or adjusting parts and components.

In PISA-VET however, the processes must be distinct, as each assessment item should be clearly
attributable to a single process. Otherwise, the assessment results are either difficult to interpret and do
not provide a sound basis for policy recommendations, or they require complex statistical models whose
results are difficult to communicate or may lead to misinterpretation. Therefore, the following five separate
processes are included in the assessment of automotive technicians based on the three overlapping work
orders above: inspect, diagnose, replace, restore, and adjust.

To carry out these processes, automotive technicians need certain fundamental capabilities. Possessing
capabilities means that someone can perform a given task. Capabilities are mentally represented in the
form of procedural knowledge. Procedural knowledge can represent heuristics and internalised systematic
approaches to inspect, diagnose, replace, restore, and adjust parts, components, and subsystems of light
vehicle systems. It can also refer to algorithms and internalised rules that clearly define each step to be
performed in these processes. Procedural knowledge includes both the capabilities to perform the process
and the knowledge needed to describe how to perform the process. Automotive technicians need
procedural knowledge for:

e Obtaining information from standardised sources (e.g. access mounting positions or wiring
diagrams using repair manuals or digital expert systems).

e Operating measuring instruments (e.g. multimeter, brake tester, wheel aligning system).

e Performing measurements (e.g. measuring voltage on the pins of a connector, measuring the
freezing point of engine coolant).

e Adjusting (e.g. adjusting headlights, adjusting the amount of engine oil, tire balancing).

e Restoring or replacing vehicle parts, components, or subsystems (e.g. carrying out a cable repair,
replace the cabin filter), etc.

When the automotive technician applies the procedural knowledge, content knowledge can be required
(e.g. to justify the steps, sequences, and results of a certain course of action). Content knowledge
categories are described in the next section.

For substantive and pragmatic reasons, the five processes are grouped into the following two process
categories: investigate and rectify. The investigate category comprises inspect and diagnose, and the
rectify category includes restore, replace, and adjust. The substantive reason for this grouping is that
“inspect and diagnose” are about investigating vehicles and drawing conclusions from the information
obtained and that “restore,” “replace,” and “adjust” aim to rectify light vehicles, i.e. to establish or re-
establish desired states of light vehicles. This grouping also allows to report proficiency on two scales
instead of five, which makes it easier to communicate assessment results.

Investigate

“Investigate” includes two sub-processes: inspect and diagnose light vehicles. While "inspect” aims to
examine whether vehicles have undesired states, “diagnose” aims to identify the cause(s) of a certain kind
of undesired states, namely vehicle malfunctions.
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Inspect

“Inspect” includes activities to determine if there are any undesired states of vehicles. It comprises (1)
gathering information about the vehicle systems, and (2) drawing conclusions from this information.

1. A standard procedure is used to collect information about the vehicles. In the standard procedure,
each step of information collection is clearly defined. The steps typically represent sensory tests of
the actual sates of operating fluids, parts, components, or subsystems of the vehicle.

2. The information obtained about the vehicle states is compared with target values and used to
determine whether undesired states exist and, if so, their specification. Undesired vehicle states
can be malfunctions (e.g. light does not work) or parts, components, or subsystems of a vehicle
that do not comply with standards (e.g. brake pads that are too thin). Standards are legal
requirements or requirements set by automobile manufacturers.’ Based on the specification of
undesired states, the next actions are derived. In case of deviations from the standard, the action
following the inspection is "rectify” (see below), in case of malfunctions, it is "diagnose.”

Diagnose

“Diagnose” aims to identify the cause(s) of a vehicle malfunction and suggest actions to eliminate it. Actions
to eliminate malfunctions are “(dis)assemble and replace,” “rebuild and restore,” and “adjust” (see below).
“Diagnose” refers to a coordination between evidence and hypotheses in which automotive technicians
generate hypotheses based on the available evidence and then generate and interpret further evidence to
test the respective hypotheses (Abele, 20184; Klahr and Dunbar, 19885)). “Diagnose” comprises various
steps, which in reality do not usually run in a linear fashion: (1) generating evidence to formulate
hypotheses about causes of malfunctions and to evaluate these hypotheses, (2) generating hypotheses
about causes of malfunctions, and (3) drawing conclusions from this evidence about the cause(s) of the
malfunction and the actions to eliminate it.

1. Evidence is information relevant (a) to formulate hypotheses about the causes of undesired states
and (b) to evaluate those hypotheses. (a) The evidence needed to formulate hypotheses comes
from activities such as reading work orders, collecting information on the vehicle, and investigating
its undesired state. (b) To evaluate hypotheses, tests are required. Tests require strategies and
can be carried out with equipment (e.g. measurement tools) or without equipment through sensory
testing (e.g. visual checks). Measurement strategies can either be self-developed or retrieved from
long-term memory or external sources (e.g. computer-based expert system). In addition to
measured values, target values for parts, components, and subsystems are needed to evaluate
hypotheses. Target values can be obtained from long-term memory or external sources (e.g.
technical documents).

2. Hypotheses provide potential explanations (i.e. causes) for undesired states of the vehicle. They
are formulated based on the knowledge gained and hypotheses that have already been rejected.

3. To infer the cause(s) of the undesired states, all the evidence and hypotheses obtained must be
integrated. The cause(s) can then be specified and described precisely. Causes of undesired
states can be, for example, defective parts, components, or sub-subsystems of vehicles. From the
description of the cause(s) it can be concluded how to eliminate the undesired state (replacing,
rebuilding, or adjusting).

"Diagnose” is a special type of problem solving (Jonassen, 2000)) and meets the main characteristics of
problem solving as described in the PIAAC framework: It refers to dynamic situations, as it includes
manipulations of vehicles that change their states (e.g. switching off the ignition can change the measured
values). In diagnostic situations, methods to identify the cause(s) of undesired states are not immediately
available, especially at the third level (see section 3.3.4). Finally, diagnosis involves defining the diagnostic
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situation and searching for information (e.g. to obtain evidence) and applying the solution (i.e. the
conclusion on the actions to be taken to eliminate the undesired state).

Rectify

This process? includes actions in which automotive technicians actively alter the condition of a vehicle to
establish or re-establish a specified condition or desired state. It includes but is not limited to the actions
of “replacing and (dis)assembling,” “rebuilding and restoring” and “adjusting.”

Typical reasons for such actions include: restoring functionality after damage or malfunction (i.e. repairing),
compensating for wear, maintaining a vehicle's functionality and safety (i.e. preventing future damage,
malfunction, or excessive wear), meeting the manufacturer's specifications, upgrading a system, or fulfilling
a customer's request.

Replace and (Dis)assemble

The first sub-process “Replace and (Dis)assemble” includes all actions in which some part, component,
subsystem, or operating fluid (e.g. engine oil, coolant, etc.) is removed from a vehicle and either reattached
or replaced. There are various reasons for such actions. Parts or components are often removed to gain
access to other parts or components; in this case, they are later re-attached without replacement. Parts or
components are also removed if they need replacement. Such replacement might be technically
necessary, e.g. to restore functionality after damage, to maintain functionality in case of ageing or wear,
or because of product recalls. A replacement might also be in order at a customer's request without being
technically necessary, e.g. if a vehicle owner wishes to upgrade an existing system, or to change the
vehicle's appearance according to individual taste.

The replacement parts, components, subsystems, or operating fluids can be of the exact same type as the
removed one, or of a different type (e.g. an improved version).

Replacing a part, component, subsystem, or an operating fluid can be an easy task (e.g. replacing a wheel
or replacing engine oil) or a complex operation (e.g. replacing the timing belt of an engine or replacing the
radial seal of a crankshaft). It might require disassembling subsystems, components and/or parts to gain
access to the subsystem(s), component(s), or part(s) to be replaced. Sometimes, existing structures must
be torn down or destroyed to remove a subsystem, component, or part and/or to install a replacement
subsystem, component, or part, e.g. when an exhaust pipe is cut off to replace a damaged silencer.

Automotive technicians usually begin the (dis)assembling or replacement process by retrieving information
about the target or goal of the operation — usually by reading a work order. The next step involves using
their expertise to determine the precise location of the part, component, system, or operational fluid, as
well as the necessary procedure for (dis)assembling or replacing it. They also consider the required
condition of the vehicle, the specific tools and their settings, and any necessary equipment and materials.
In case of any missing materials, they ensure that the required materials are ordered or provided promptly.
If the technicians' knowledge is not sufficient, they will have to retrieve this information from external
sources such as maintenance and repair instructions, exploded view drawings, schematics, or diagrams,
which requires literacy and — in case of digital workshop information systems — ICT skills.

Technicians use different tools and equipment to (dis)assemble and replace fluids, parts, and components.
Usually, they follow a pre-defined sequence of steps, but under certain circumstances it might also be
necessary for them to develop an individual professional solution to the problem. During the procedure,
the technicians should monitor their progress frequently. After they completed the operation, they usually
conduct a final assessment to ensure success. Sometimes, such assessments involve a systematic
examination or comparison of an actual state to a specified state; such actions fall under the core process
investigate.
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Examples include:
e replacing engine oil
e replacing air filter
e replacing brake pads
e replacing spark plugs
e replacing a silencer
e replacing a ball joint
e replacing a timing belt
e replacing a windshield.

Restore and Rebuild

The second sub-process “Restore and Rebuild” refers to corrective actions that reinstate the function
and/or specified state of a broken, damaged, malfunctioning, or excessively worn part, component, or
subsystem without replacing it.

Rebuilding or restoring a part, component, or subsystem can be an easy task (e.g. fixing a punctured tyre
with a tyre repair kit) or a complex operation (e.g. fixing a damaged threaded hole in an oil sump using a
threaded insert repair kit). It might require disassembling parts, components, or subsystems to gain access
to the part that needs repair. Sometimes, existing structures must be torn down or destroyed to prepare or
conduct the rebuilding, e.g. when a stripped bolt head or nut needs to be cut off or drilled out to remove a
part. In these cases, (dis)assembly and/or replacement skills are necessary before and after the actual
repair task is performed.

Automotive technicians usually begin the rebuilding/restoring process by retrieving information about the
target or goal of the operation—usually by reading a work order. In the next step, they access their
knowledge about the procedure, required tools, equipment, and material(s). If the technicians' knowledge
is not sufficient, they will have to retrieve information from external sources such as service manuals,
exploded view drawings, schematics, or diagrams, which requires literacy and — in case of digital media —
ICT skills.

Technicians use different tools, equipment, and materials to rebuild or restore fluids, parts, and
components. They might follow a pre-defined sequence of steps, but it might also be necessary to develop
an individual professional solution to the problem. During the procedure, the technicians should monitor
their progress frequently. After they completed the operation, they usually conduct a final assessment to
ensure success. Sometimes, such assessments involve comparing an actual state to a specified state;
such actions fall under the core process investigate. If a part, component, or subsystem is repaired by
simply replacing one of its parts or components, such actions fall under the sub-process “Replace and
(Dis)assemble.”

Examples include:

e Fixing a punctured tyre with a tyre repair kit.
e Soldering a cut wire with a soldering connector.
e Restoring a damaged threaded hole in a cylinder head using a threaded insert repair kit.

Adjust

The third sub-process “Adjust” refers to actions in which automotive technicians change the setting of a
car's part, component, or subsystem to specified values. Adjusting is only possible if the part, component,
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or subsystem in question is adjustable, i.e. the manufacturer provided it with a mechanism, interface, or
other option to tamper its settings or calibration.

Adjusting often involves the use of specialised equipment such as wheel alignment systems or headlight
adjustment tools. Reasons for adjustments can be:

e Restoring correct settings after replacement, rebuilding or incorrect adjustment.
e Compensating for engineering tolerance.
e Compensating for wear.

The process of adjusting often involves the comparison of an actual state to a specified state; in this regard
it is like investigation tasks. It also includes acts of changing a setting to a specified state; in that regard it
is like rebuild and replace. However, in contrast to diagnosis, adjusting involves an active change of state
or condition. In contrast to the other rectifications processes — which eliminate damage or malfunction —
adjustments are taken out on intact parts, components, or subsystems.

Adjustments can be easy tasks (e.g. inflating a tyre to a specified pressure) or complex operations (e.g.
adjusting the camber, caster, and toe on a car with a multi-link suspension). Automotive technicians usually
begin the adjustment process by retrieving information about the target or goal of the operation — usually
by reading a work order. In the next step, they access their knowledge about the procedure, required tools,
and equipment. If the technicians' knowledge is not sufficient, they will have to retrieve information from
external sources such as service manuals, exploded view drawings, schematics, or diagrams, which
requires literacy and — in case of digital media — ICT skills.

Depending on what part, component, or subsystem is adjusted, technicians use different tools and
equipment. They usually follow a pre-defined sequence of steps and rarely improvise. During the
procedure, the technicians should monitor their progress frequently. After they completed the operation,
they usually conduct a final assessment to ensure success. Sometimes, such assessments involve
comparing an actual state to a specified state; such actions fall under the core process investigate.

Examples include:

¢ Adjusting the headlights using a headlight adjustment tool.

e Adjusting the camber, caster, and toe of the wheels using a wheel alignment system.

e Adjusting the ground clearance of a car after equipping it with height adjustable springs.
e Calibrating the sensors of a driver assistance system.

Desired distribution of items by automotive technicians’ processes

The item distribution by automotive technicians’ processes is shown in the following Table. It was
extensively discussed and agreed upon by a group of experts from different countries. The item distribution
reflects the frequency of processes in the daily work of automotive technicians. "Investigate” (diagnose,
inspect) is overall more frequent, because rectification measures (replace and [disJassemble, restore, and
rebuild, adjust) usually involve inspection steps as well (e.g. to monitor progress and to ensure success of
the rectification task). The higher percentage of "investigate" compared to "rectify" is also supported by the
VET-LSA feasibility study (Baethge and Arends, 2009;1;) and by the WorldSkills Occupational Standards.
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Table 2.3. Desired distribution of items by automotive technicians’ processes

Process category Percentage of items in the assessment
Investigate Diagnose 50
Inspect 10
Rectify Replace and (Dis)assemble 30
Rebuild and Restore 5
Adjust 5
Total 100

Within the first process “Investigate,” the sub-processes "Diagnose" and “Inspect” were given a different
weight. Even though both sub-processes occur frequently in daily work, inspection tasks are usually much
less demanding than diagnostic tasks. As a result, items to assess inspection skills will only cover the
lowest part of the ability scale, whereas the “Diagnose” process covers the whole range of item difficulties.
Therefore, “Inspect" is represented by much fewer items compared to "Diagnose”.

Within the second process “Rectify,” the sub-processes “Replace and (Dis)assemble” were given a higher
weight because in modern workshops it is much more common to replace damaged or defective parts and
components instead of rebuilding and restoring them. Also, most rectification tasks include at least some
steps of (dis)assembly.

Fundamental capabilities underlying the automotive technician processes

Two broad capabilities and associated sub-capabilities are fundamental and underlying the requirements
for the assessment of automotive technician learners: investigation and rectification capability. The
learners can achieve different levels of these capabilities.

Investigation capability is defined as an automotive technician’s ability to gather information about light
vehicles in workshops, to draw conclusions from the information obtained and to justify the actions taken
and results achieved. The investigation capability includes capabilities to (1) inspect vehicles and to (2)
diagnose vehicles:

1. Toinspect vehicles requires procedural knowledge to investigate the states of the vehicles systems
and, in case of undesired states, to conclude whether diagnosis or what type of rectification is
needed. This includes justifying the conclusions about the undesired states and the inspection
steps taken.

2. To diagnose vehicles requires procedural knowledge to investigate undesired states of vehicle
systems, formulate failure hypotheses and to infer the cause(s) of the undesired states and the
actions to rectify them. This includes justifying the steps taken to explore the undesired states and
the conclusions about the cause(s) of the undesired states as well as the rectification actions
proposed.

Rectification capability is defined as the ability to establish or re-establish desired states of light vehicles
to remove damage, correct malfunctions, maintain functionality, meet manufacturers' specifications, or fulfil
customers' wishes. Rectification capability includes the abilities (1) to (dis)assemble and/or replace, (2) to
rebuild and/or restore, and (3) to adjust light vehicles’ parts, components, or subsystems. It also includes
the associated content and procedural knowledge.

1. To (dis)assemble and/or replace, automotive technicians require procedural knowledge about
single steps, required tools, and equipment involved in the process. They should be familiar with
sources of technical information such as repair manuals, wiring diagrams and digital expert
systems, and should be able to use these sources for information retrieval.

2. To rebuild and restore, automotive technicians require procedural knowledge about single steps,
required tools, and equipment involved in the process. They should be familiar with sources of
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technical information such as repair manuals, wiring diagrams and digital expert systems, and
should be able to use these sources for information retrieval.

3. To adjust, automotive technicians require procedural knowledge about single steps, required tools,
and equipment involved in the process. They should be familiar with sources of technical
information such as repair manuals, wiring diagrams and digital expert systems, and should be
able to use these sources for information retrieval.

Content knowledge for automotive technicians

Content categories

Automotive technicians deal with light vehicles, and these provide the structures of knowledge content for
this occupational area. Light vehicles consist of several systems:

e drive unit

e powertrain

e undercarriage
e assistance

e chassis.

Apart from the chassis, these systems are relevant content categories and topics for automotive
technicians. The chassis is excluded because in many countries this content and the related activities do
not fall within the scope of automotive technicians or their training curriculum, but rather into the
occupational area of autobody repairer. Each system has central functions (e.g. to convert other forms of
energy into kinetic energy). The systems consist of subsystems (e.g. fuel injection) that are interconnected
and made up of components (e.g. common rail injector) which can be also interconnected. Components,
in turn, are composed of parts. Parts are elements that cannot be further disassembled (e.g. coil) without
destroying them. The functions of the systems are realised through the connections and interactions of the
subsystems, components, and parts. Further details about the four systems can be found in the Annex of
this chapter.

In modern light vehicles, the four systems can be distinguished according to their functions. They cannot
be distinguished by the technical principles (e.g. electrotechnical, mechanical, hydraulic, etc. principles)
they use to provide these functions, as they all use a mixture of technical principles. From this principle-
based perspective, service, overhaul, and troubleshooting of modern light vehicle systems require some
of the same content knowledge. Because of this overlap in knowledge, the four content categories are not
considered as empirically distinct dimensions of knowledge. Rather, these categories are used to ensure
that the relevant knowledge of automotive technicians is broadly covered in PISA-VET. All principles and
related knowledge required to service, overhaul, and troubleshooting vehicles should be included in the
assessment. Assessment of abstract knowledge that is not relevant to understanding and performing these
activities and to justifying the steps, sequences, and results of these activities should not be assessed.

Content knowledge

To service, overhaul, and troubleshoot light vehicles and their systems, automotive technicians need
content knowledge. In this chapter, content knowledge is defined as disciplinary knowledge (see Appendix
A for definitions), i.e. the knowledge of concepts of vehicle systems. Following de Jong and Ferguson-
Hessler (1996(7), concepts represent facts, technical terms, and principles (e.g. function of systems).
Content knowledge functions as additional information on the work order at hand, that automotive
technicians use to understand and perform the order (De Jong and Ferguson-Hessler, 1996, p. 1077).
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Content knowledge is also needed to justify the steps, sequences, and results of a certain course of action.
The most relevant content knowledge includes:

e Knowledge of technical terms and facts, such as for example legal requirements, requirements of
vehicle manufacturers, types and signs of malfunctions, damage, and wear (e.g. visual appearance
of corroded cables), most common designs etc. for the respective system.

e Knowledge of scientific principles (e.g. principles of electronics, fluid mechanics, material science)
relevant to the system in question.

e Knowledge of the structure of the subsystems, components, and parts including their
interdependences and connection types (e.g. electrical wire, hydraulic lines) for the respective
system.

¢ Knowledge of the functions of each system, the system-related subsystems, and components (e.g.
knowing the function of a fuel temperature sensor).

Desired distribution of items by content knowledge

The table below lists the four categories of content knowledge. The items should be evenly distributed
among the categories, as they can be considered equally important. It is proposed to develop the content
knowledge items by selecting a concrete work order and determining associated process(es). Afterwards,
the content knowledge (i.e. the knowledge of the technical terms and facts, the principles, the structure,
and the functions) necessary to carry out this process should be determined. Finally, the corresponding
items can be designed.

Table 2.4. Desired distribution of items by content knowledge

Content knowledge Percentage of items in assessment
Content knowledge of the drive unit 25
Content knowledge of the power train 25
Content knowledge of the undercarriage 25
Content knowledge of the assistance system 25
Total 100

Assessing automotive technician learners

In PISA-VET, the capabilities of automotive technician learners to carry out investigation and rectification
processes will be assessed. The assessment should provide objective, reliable, and valid results about the
learners’ capabilities. It should accurately measure the capabilities learners need for the occupational area,
and predict their future job performance, while minimising the impact of confounding factors on the results
(e.g. local standards and contexts).

To obtain reliable and valid results, the items should authentically and broadly represent the constructs.
The number of items and their coverage of the constructs should be as high as possible within the
constraints imposed by student fatigue and survey implementation considerations.

Technology-based assessments allow for a cost-effective assessment that is also feasible in international
large-scale settings. There is evidence for the domain of automotive technicians that technology-based
assessments can provide objective and reliable results in reasonable testing times (Abele et al., 2014),
valid interpretations of these results (e.g. Gschwendtner et al., 2009), and objective process data which
can be used to increase the informative value of assessments (Abele and von Davier, 2019).

PISA VOCATIONAL EDUCATION AND TRAINING (VET) © OECD 2024



| 49

To assess the investigation and rectification capabilities, technology-based authentic scenarios can be
used. The scenarios include authentic work orders, authentic work environments, and where possible and
appropriate allow for authentic interactions. They are presented in a computer environment and can use
digital simulations and/or videos to imitate relevant features of the automotive technicians’ workplace as
authentically as possible. An example of such a scenario would be a situation where learners must
diagnose the malfunction of a vehicle in a computer simulation that represents a typical work order, (parts
of) the light vehicle as well as the work environment and allows typical diagnostic activities.

Authentic scenarios are used for technology-based assessment. Each scenario starts with a work order
which is a formal request to carry out a single task (e.g. “Replace the timing belt of the engine”) or several
tasks (e.g. “Diagnose why the engine does not start, and eliminate the cause of the malfunction”). A task
requires test takers to perform actions that fall under one of the five processes (inspect, diagnose, etc.).
Within each task of the scenario, test items assess specific aspects of the task. Tasks usually contain more
than one item.

For example, a scenario may involve tasks of diagnosing and rectifying a specific vehicle malfunction. The
test items may assess the test takers knowledge to:

e identify the cause(s) of the malfunction (e.g. defective component)

e justify their conclusion

e explain how the diagnosed defect causes the symptoms of the malfunction at hand, and
e replace the defective component.

The capabilities are assessed in a two-step procedure: First, the sub-capabilities of each capability are
measured. For reporting purposes, the results are then used to build scores for the investigation capability
and rectification capability.

To assess the sub-capabilities reliably and validly, at least three tasks per process are required.
Consequently, at least fifteen tasks are used in the assessment, as there are five processes. The number
of scenarios could be less than 15 as they include work orders and work orders can integrate more than
one task (process). The number of items per task depends on the testing time available and the
percentages given above. Assuming a total of 150 items and a testing time of 2 minutes per item, this
results in a total testing time of 5 hours and, considering test fatigue, a booklet design is needed. Using
150 items as an example, “diagnose” and the content topic “electric and electronic” would each be
represented with seventy-five items, “adjust” with eight items (rounded up).

Item formats and scoring

Technology-based assessments can contain simulation items. Simulation items have the potential to offer
a more engaging experience for test takers as they are capable of emulating real-world (and thus more
relevant) settings through complex interactions and the use of multiple media, such as animations, and
sounds. Albeit complex to develop, simulations have the potential to validly assess the investigation and
rectification capability as they can authentically represent parts of the work environment.

Another challenge with simulations is grading — subject matter and assessment experts will be involved in
the development of (automatic) marking rubrics and how to collect data on test takers’ strategies to
potentialise the reporting of the outcomes. The next sections provide examples of simulation items and
references that show that such items are feasible and can lead to reliable and valid results.

Technology-based items can be open-ended constructed-response items, closed constructed-response
items, and selected-response items. They are expected to be combined in the assessment and are
selected based on content and difficulty considerations.
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The number of open-ended constructed-response items will be kept to a minimum as scoring such items
is reliant on dedicated systems and coder training, thus time-consuming and less practical in international
large-scale assessments. Additional challenges notwithstanding, open-ended items can be especially
useful to assess certain, more complex components of the framework and to infer whether learners can
generate responses based on more complex cognition and integrated knowledge. They are beneficial, for
example, to assess how and to what quality learners justify the results they have achieved or the actions
they have taken. Where such items are needed, algorithms will be explored for automatic scoring to
decrease the workload on national counterparties as much as possible, but useful algorithms are difficult
to develop and to validate, meaning no definite implementation can be decided now. Closed constructed-
response items have a finite number of responses. In these, users manipulate the state by their input but
do not have unlimited choices (not free typing or drawing), as they can only pick from a certain number of
actions, while they have more choices than in a typical multiple-choice item. Examples are selection and
dragging and dropping of objects, drawing graphs with fixed start and endpoints, etc. Such items are also
useful to tap more complex knowledge and cognition but are limited in this respect compared to open
constructed-response items.

Selected-response items (simple and complex multiple-choice items) are employed, for example, to assess
content knowledge such as the knowledge of facts (e.g. components of a system, legal requirements). The
development of such items considers measures to reduce rate biases (e.g. a high number of choices) and
the risk of assessing superficial thinking and knowledge (e.g. the use of many appropriate and complex
distractors).

The items will be scored dichotomously or with partial credits based on expert generated scoring guides
to encode test takers’ responses. Two response types are used for the item scoring: learners’ written
responses and process data. The process data results from the learners’ interactions with the technology-
based interactive task environments and is recorded by the computer, or by data related to student response
reported by expert judges. Such data is used to score for example, whether the learners have performed a
relevant diagnostic activity (e.g. measuring the resistance of a particular sensor in a computer simulated
vehicle). In this case, the natural processes do not have to be interrupted for item scoring purposes. The
item scoring can be done afterwards with the help of the process data.

Demonstration tasks could also be used in the assessment. In this case, expert judges, and relevant
material (e.g. vehicles) must be present and prepared. Demonstration tasks have the potential to assess
learner capabilities with a considerable amount of flexibility, given the possibility of interactions between
test takers and judges and the nuanced assessment of learner performance. Demonstrations can be
capital for the validity and reception of results as results are directly connected to trained professionals in
the field of occupation being assessed. Benefits notwithstanding, demonstrations are challenging to scale
in large-scale settings, due to the human and material resources required (e.g. judges, vehicles,
measurement devices, computer-based-expert systems) and the preparation effort, internationally
comparable training protocols to be developed and statistical models to be employed. Demonstration tasks
pose a particular challenge for standardisation as they require identical vehicles, measuring equipment,
computerised systems, etc., which is not easy to achieve in a globally conducted assessment.

Reporting proficiency of automotive technician learners

The proficiency of the automotive technician learners may be reported for the investigation and rectification
capability or using a single scale. Two scales are preferable but testing time must be considered. The
scales cover different levels of capability (see table 2.3.). The lower score limits will be determined with
data in the second stage of the Development Phase according to the standard PISA scaling procedure.

The levels of investigation capability are described based on an evidence-based proficiency scale
(Nickolaus et al., 2012jg)). The levels depend on how the information is obtained during the investigation of
vehicles: At the first level, it is obtained with sensory checks and without technical aids such as
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measurement devices. At the second level, it is generated by measurements with equipment and
measurement strategies that are retrieved rather than developed independently. At the third level, the
information is obtained by measurements with equipment and the independent development of
measurement strategies. The third level refers only to diagnosis, as inspection follows standardised
procedures that are either given in external sources or recalled from memory.

Table 2.5. Summary description of the levels of investigation proficiency in PISA-VET

Level Lower score limit Descriptor

3 To be confirmed with data At level 3, learners can diagnose different systems and types of light vehicles in situations where they
need to independently develop strategies for obtaining information and use measuring equipment.

2 To be confirmed with data At level 2, learners can inspect and diagnose various systems and types of light vehicles in situations

where information can be obtained by applying standard procedures from memory or external
sources and using measurement devices.

1 To be confirmed with data At level 1, learners can inspect and diagnose various systems and types of light vehicles in situations
where information about the vehicle can be obtained by applying standard procedures from memory
or external sources and using sensory testing.

The task difficulty of rectification activities is determined by various parameters. One of these parameters
is experience: Certain tasks are quite common and are conducted frequently during the training, while
other tasks are rare, so that learners lack opportunities to become familiar with them and to develop
routines. Experience builds on a continuum starting with very frequent service activities (e.g. oil change,
change of brake pads), less frequent service activities (e.g. changing the timing belt of an engine), up to
novel, problem-based activities (e.g. overhauling a gearbox). Another parameter that affects task difficulty
is the scope of work: The more work steps that either must be retrieved from memory and/or from external
information sources, the more complex, difficult, and error-prone the work. Task difficulty is also
determined by whether individual action steps must first be organized by content knowledge, e.g. if an
adequate solution to a problem must be developed by choosing from possible options, which is often the
case with more complex repairs. Finally, difficulty is affected by the tools and equipment involved in the
task: Using a screwdriver is easy while using a laser-based wheel alignment system is more difficult.

Against this background, we distinguish three rectification capability levels. At the first level, the learners
solve routine tasks (such as frequent service tasks) with a varying amount of pre-defined sequence of
steps. At the second level, the learners solve tasks of less routine character (less frequent service tasks),
which often involve a larger number of work steps and require content knowledge and specialised tools to
be applied successfully. At the third level, the learners solve novel problem-based tasks, resp. fewer routine
tasks in a novel context, which is accompanied by a larger number of work steps using specialised tools
and more sophisticated content knowledge. Despite their high degree of difficulty, the requirements of the
third level are in principle covered by the training contents and can be solved.

Table 2.6. Summary description of the levels of rectification proficiency in PISA-VET

Level Lower score Descriptor
limit
3 To be confirmed At Level 3, learners can solve problem-based tasks that are rich in complexity and require them to independently
with data develop problem solving and information retrieval strategies and use specialised tools. Following a step-by-
step repair manual is not sufficient to solve such tasks.
2 To be confirmed At Level 2, learners can solve tasks of medium complexity that require them to use specialised tools as well as to
with data apply content knowledge. It is possible to successfully perform such tasks by following a step-by-step repair
manual.
1 To be confirmed At Level 1, learners can solve routine tasks (such as frequent rectification tasks) that consist of a varying number of
with data standardised steps and require the use of standard tools. It is possible to successfully perform such tasks by

simply following a step-by-step repair manual.
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Examples of technology-based assessment

Technology-based assessment utilising computer-simulated scenarios

The following technology-based scenario relates to investigation and focuses on diagnosis. The scenario
was developed and evaluated as part of the ASCOT+? initiative of the German Federal Ministry of
Education and Research. It involves an authentic work order to diagnose the malfunction of a car. In this
case, the scenario represents only one process, namely, “diagnose.” In the scenario, a customer
complained about a constantly burning engine control lamp. The malfunction is diagnosed in a computer
simulation (Meier et al., 20229)). The simulation is made up of authentic drawings, photos, and screenshots
of the following parts of the work environment of automotive technicians: (1) a selection of four relevant
car systems, (2) a toolbox with various tools, and (3) relevant segments of the computer-based expert
system (see Figure 2.1 below).

Figure 2.1. Screenshots of the computer simulation to assess investigation capabilities (in
German)
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Note: The top left picture shows the starting page of the simulation, giving an overview of the car systems; the top right picture gives an overview
of the engine compartment with various tools in the top bar; in the bottom left, the computer-based expert system with a circuit diagram is
depicted; the bottom right picture shows the measurement of the resistance of the exhaust gas recirculation valve with a multimeter.

Source: ASCOT+

The car systems are the drive unit (subsystem: engine control unit, access via button “Motorraum”) and
the assistance system (subsystems: radio, air conditioning, power window, access via button “Innenraum;”
subsystem: lighting unit, access via button “Beleuchtungsanlage”; subsystem: anti-lock-brake unit, access
via button “Fahrwerk”). The focus is on malfunctions in the engine control, which are diagnosed in the
engine compartment (top-right in Figure 2.1). Numerous components (e.g. sensors, cables, and fuses) are
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available for electrotechnical measurements. These components have different numbers of measuring
points (e.g. different numbers of plugs or terminals on these plugs). The car can be in four different
operating states (ignition off & engine off, ignition on & engine off, ignition on & engine starting, ignition on
& engine running). The components and operating states allow for 3840 different measurements of
voltages, resistances, and signals.

For these measurements, the test takers have access to various tools. Moreover, the simulation covers
relevant segments of the computer-based expert system. It offers a great variety of information such as
electrical circuit diagrams, installation plans, descriptions of components, diagnostic instructions, or
reference values for electrotechnical measurements. A total of fifty-four malfunction scenarios are available
in the computer simulation as realistic work orders on which initial symptoms are listed. When starting a
diagnosis in the simulation, a test taker would usually first read the work order and then scan the fault
memory of the engine control. Depending on the entry in the fault memory, the learners would then start
looking for the cause of the malfunction. Every mouse click made in the simulation is recorded in log-files
with a timestamp (Abele and von Davier, 201910)).

Example 1: Simulation items to measure the content and procedural knowledge of
malfunction diagnosis.

In the following example the test takers' content and procedural knowledge of malfunction diagnosis are
measured. The example refers to an authentic scenario and a situation in which the test takers must identify
the cause(s) of a malfunction in the computer simulation and justify their conclusion. To this end, they must
conduct a complete diagnostic process (as described in the chapter "Diagnosis”; see p. 9). All necessary
information, tools, and corresponding measuring points on the vehicle (such as connector plugs, control
units, sensors etc.) are available in the computer simulation. While performing the diagnosis, every action
is recorded by the program in a log file (see Figure 2.2 below). Test takers are given both constructed-
response items and selected-response items. Their responses are scored according to relevant criteria.

The scenario starts with a work order that refers to a car that will not start (see Figure 2.3 below). The test
takers must interact with the computer simulation to identify the cause(s) of this malfunction. They measure
the resistance of the coil of the speed sensor and find that the measurement value is different from the
reference value according to manufacturer’s specifications, for example. They conclude that the sensor is
defective (item 1, result of the diagnosis), and justify their conclusion by pointing out the difference between
measurement value and reference (item 2, justification). Moreover, they are asked to explain how the
defective sensor would cause the engine not to start (item 3, explanation). Test takers’ responses are
recorded via free text entry (open-ended constructed-response items) or drop-down menus (selected-
response items). The identification of the defective sensor (item 1), the justification of the conclusion by
giving the relevant measurement value (item 2), and the explanation how this defect causes the
malfunction (item 3) are scored. In addition, relevant diagnostic actions (e.g. measurements) can be
scored. The log data can be used for this purpose (e.g. by rewarding a correct measurement in the log file
with a point). Given that the universe of actions that are logged by the simulation is exceptionally large yet
still limited, scoring by log entries refers to closed constructed-response items. To increase reliability and
still have an acceptable test time, items could be added to the tasks that do not cover a complete diagnosis
but critical diagnostic requirements and require a comparatively short test time (Abele, 201411)). The tasks
cover all diagnostic requirements.
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Figure 2.2. Screenshot of a log file (in German)
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Note: Some log file entries are highlighted and relate to corresponding actions in the computer simulation that can be scored.

Figure 2.3. Screenshot of the correct responses to three items relating to the example given in the
text (a car that will not start; free text entry; open-ended constructed-response items)

Diagnosis result

What causes the malfunction?

A defective speed sensor causes the malfunction.

What measurement leads you to this assumption?

A measurementof the electrical resistance between
pin 1 and pin 2 on the speed sensor resultedin the
value "OL". The target value of the sensoris between
450-550 Ohm. This indicates that the sensoris
defective, probably due to an internal defect in the
sensor.

How does this defect lead to the present malfunction symptoms?

Due to the defect of the speed sensor, the crankshaft
position can no longer be correctly detected and
reported to the engine control unit. Without this
information, the engine control unit can no longer
correctly calculate important parameters, such as the
timing of fuel injection and ignition, which results in
the engine not starting, as described in the work order]

Example 2: Simulation items to measure the procedural knowledge of tool selection.

The example below (Figure 2.4) is also from the computer simulation and measures procedural knowledge.
In several stages of the diagnostic process, it is crucial to select adequate tools. This is realised with a
virtual toolbox from which test takers can select a small range of measuring equipment.

For example, at a certain point, the diagnose might require checking an electric signal. To perform this
measurement action correctly, test takers must pick the oscilloscope and adapter cable from the list of
available tools. Which tools they select is logged by the simulation. Again, the corresponding action from
the log file represents a selected-response item. The selection of the correct tool(s) is used for scoring.

PISA VOCATIONAL EDUCATION AND TRAINING (VET) © OECD 2024



| 55

Such virtual toolboxes can be integrated in a variety of digital assessment tools (video-based, simulation-
based, text-and-picture based etc.).

The same item principle can also be used to measure if automotive technicians would select the correct
parts for a replacement (e.g. from an electronic parts catalogue or a virtual storage shelf) or the correct
materials (such as oil, lube, thermal grease, or anti-squeal paste from a virtual tool cart or trolley).

Figure 2.4. Screenshot of the ‘Tools’ menu of the computer simulation
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Note: Test takers can freely pick one or more tools in order to perform a certain task. The simulation recognises which tool(s) they use.

Technology-based assessment utilising scenarios

A second type of technology-based assessment involves scenarios rather than simulations. In such
scenarios, an authentic work order and necessary information about the initial situation are provided as
text. Furthermore, the test takers are granted access to necessary sources of information (e.g. circuit
diagrams, testing instructions).

Example 3: Testing protocol to measure the content and procedural knowledge of
generating and testing malfunction hypotheses.

The following example (see Figure 2.5 below) measures the test takers’ content knowledge and procedural
knowledge of diagnosis and more specifically, of generating fault hypotheses and planning how to test
them. Based on the information provided in the scenario, the task of the test takers is to formulate
reasonable hypotheses about the cause(s) of the described malfunction (the assumed defect) and specify
how to evaluate these hypotheses. The test takers type their responses to a standardised testing protocol.

In each row of the protocol (representing one hypothesis and associated diagnostic strategy), the test
takers name the appropriate testing instruments, measurement ranges, measuring points, and target
values. In some cases, all information can be obtained from a manual; in other cases, test takers must
develop their own diagnostic strategy.

Correct answers are determined in advance based on pilot studies and expert solutions. To fill out the cells
of the testing protocol, both open-ended constructed-response items (free text entry; see Figure 2.5:
measuring points) and selected-response items (single choice, e.g. via drop-down menus; see Figure 2.5:
measuring device) are feasible. To score the items, the number of appropriate hypotheses and correct
tests could be evaluated, for example.

Figure 2.5 shows a work order in which a customer's vehicle has engine trouble such as rough idle and
reduced performance. A reasonable hypothesis about the cause of the malfunction that could be derived
from the available information is an interruption of the voltage supply between the engine control unit and
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a fuel injector, caused by a broken cable. The test takers could further conclude that a reasonable
measurement to test this hypothesis is a voltage test on the plug at the injector side of the cable. For this,
they would select the multimeter as the testing instrument and identify pin one and pin two on the injector
as the measurement points. They would read the target value of 12 volts from the available testing
instructions. They enter all this information into the testing protocol. Afterwards, they can enter further
hypotheses and corresponding tests until they cannot think of any more or until the test time is over.

To arrive at such results, the test takers must a) read and understand the description of the malfunction
and the context, b) use available electrical circuit diagrams and testing instructions to obtain necessary
information, c) combine a, b, and their content knowledge to derive reasonable hypotheses about the
assumed defect, and d) derive and plan the necessary tests for the hypotheses using available information.
The hypotheses about the cause of the malfunction and relevant measurements must be stated in the
testing protocol. To score the items, the number of appropriate hypotheses and correct tests could be
evaluated, for example.

Figure 2.5. Screenshot of a testing protocol

Testing protocol | Question 1 of 1

‘Work order:

A customer has come to your workshop with his vehicle and reports thal the engine is running very unsteadily and that the engine power has decreased. You have carried out a test drive and can
«confirm the malfunction described. The engine control lamp lights up continuously. First, you have read out the fault memory and discovered that there is a fault in the area of the second injection
valve. Fault memory entry is: "Foult code: 469B - Valve for unit injector cyl. 2 - foult in electrical circuit”.

Please note any reasonable assumptions you have about the cause of the malfunction and how to test for it in the testing protocol. For an overview of the components involved and necessary
measurements, you can use the provided circuit diagrams and testing instructions.

No, | Assumed defect Testing instrument Measurement range | Measuring points Target value

1 Cable interruption Multimeter Voltage (V) Injector cylinder 2 — 12v
between injector and Pin 1 and Pin 2
control unit - no
power supply

2 Defective Injector
cylinder 2 — internal
resistance too high

Testing instructions

Technology-based assessment utilising video vignettes

Another potential format to assess automotive technicians’ work-related capabilities are video-based
assessments (Gschwendtner et al., 2017[12)). Hartmann, Gizel, and Gschwendtner (2023[13)) measured
rectification knowledge with an instrument that uses scripted video vignettes. The instrument was
developed and evaluated as part of the ASCOT+ initiative of the German Federal Ministry of Education
and Research. The instrument consists of a series of short video clips showing a technician (played by an
actor) who performs rectification tasks on a car. The videos and related test items cover the entire
replacement process, starting with the presentation of a work order and ending with the final checks after
the work is completed.

Some of the actions in these clips are correct whereas in others the actor intentionally makes mistakes
which are known to be common for automotive technician learners. Each video clip is followed by one or
more selected-response items which refer to the actions shown in the videos. The items are presented on
the computer screen.

The distractors are based on empirical studies of learners' pre-concepts regarding the action addressed
by the items. It is assumed that learners can only differentiate between correct and incorrect rectification
actions in the videos if they know how these actions are adequately performed. Therefore, their responses
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can be interpreted as an indicator of their rectification-related knowledge. Evidence from validation studies
suggests that even though there are limitations, this format is capable of measuring rectification-related
capabilities. The instrument is currently used in the practical exams of automotive technician learners in
the Stuttgart Region (Germany) (Hartmann and Gschwendtner, 202214;). A comparison of exam scores
indicates that the video-based assessment generates results like those of ‘classical’ hands-on exams.

Example 4: Video-based item to measure the content and procedural knowledge of
replacing the timing belt.

The item example below (Figure 2.6) is from the video-based instrument and measures content and
procedural knowledge. The instrument utilises a series of video clips in which an automotive technician
replaces the timing belt of an engine. The task in the shown item is the replacement of the timing belt itself.
It consists of a series of actions. Among those actions, the technician removes and later reattaches a
special tool that holds the camshaft wheels in position, which is the correct procedure for this replacement
task. He should also replace a tension pulley but skips the replacement. After the video has stopped, the
test takers are presented with two statements (Option A and Option B) that refer to these two aspects of
the replacement task. If they judge the statements correctly, they must conclude that Option A is incorrect,
and Option B is correct. Therefore, the correct response is answer 2: “Only option B is correct”.

The selected-response item is complemented with several documents including a repair manual. It is
expected that to solve the item correctly, technicians must either be familiar with the task or be able to
extract the essential information from the repair manual.

Figure 2.6. Screenshot of a CBA item utilising video vignettes

Timing Belt | Question 8 of 21

Please judge the automotive technician's actions in the video.

Option A: The automotive technician should not have removed
the locking tool during the procedure.

Option B: The automotive technician forgot to replace the ‘
secondary tensioning pulley. Al

Only option A is correct. Replay video Vehicle registration

Available materials:

Reparaturan-
leitung

Only option B is correct.

Both options, A and B are correct.

. . . . Work order Repair manual
Neither option A nor option B is correct.

Note: To solve this item, test takers must judge an action presented in a video clip.

Example 5: Text- and image-based item to measure the content knowledge about the
structure and function of the timing belt

The item example below (Figure 2.7) is from the same video-based instrument and measures content
knowledge. Again, the item is part of a series of items that represent the complete task of replacing a timing
belt.

To measure knowledge of the structure and function of the engine timing subsystem, test takers are
presented with a damage of a pulley. They are then asked what consequences this defect would have on
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the related (sub)system. To solve the selected-response item, test takers must know how the damaged
component is integrated in the subsystem and in which ways it contributes to the subsystem’s function.
The pulley in question regulates the tension of the timing belt. It is not connected to the drive belt.
Therefore, Option A is incorrect, and Option B is correct. The correct response would be answer 2 (“Only
option B is correct”).

In order to make the test format even more authentic with even more varied realistic decision processes,
it would be conceivable to rework the instrument in such a way that it allows greater freedom with regard
to, for example, the selection and setting of tools (e.g. supplemented by menu windows which - similar to
a toolbox - allow a selection of the most varied tools) and the like.

Figure 2.7. Screenshot of a CBA item utilising video vignettes

Timing belt | Question 7 of 24

What could be the consequence(s) of the shown damage to
the pulley?

Available materials:
Option A: The drive belt (V-ribbed belt) may tear.

Option B: The synchronization between crankshaft and
camshaft could be lost.

Replay video Vehicle registration
(") Only option Aiis correct. e
& =
) Only option B is correct. %qu:w
Work order
Both options, A and B are correct.
() Neither option A nor option B is correct.

Note: To solve this item, test takers must (a) recognise which component of the engine is damaged in the video, (b) know how that component
is integrated in the engine’s timing subsystem, and (c) combine a and b with their conceptual knowledge of the subsystem in order to deduce
potential consequences of the shown damage.
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Annex 2.A. Systems, subsystems, components,
and parts

Each content category for the automotive technician occupational area is described by specifying the
topics, i.e. the basic functions of the respective system and naming subsystems, components, and parts.
Given the complexity of vehicle systems, it is not the intention to describe the systems exhaustively, but
rather to use typical and representative examples to define them.

Drive unit

The central functions of the drive unit are to convert other forms of energy into kinetic energy, to provide
the energy to the other systems of the motor vehicle and to store the energy (e.g. fuel tanks or batteries).
In the case of the charging subsystem, the direction of energy conversion is reversed. The (still) most
widespread drive units are internal combustion engines. These generate motion through controlled,
combustion processes of fuels (e.g. diesel, gasoline, or gas). Other engine types such as electric motor
drives are becoming increasingly important. There are also mixed forms of these different engine types,
so-called hybrids, which are being used more frequently.

It is composed of the following subsystems, components, and parts:

e Subsystems: air subsystem (air intake and exhaust, e.g. exhaust gas recirculation systems,
exhaust gas aftertreatment systems), fuel injection subsystem (e.g. pumps, fuel metering systems,
fuel tank), ignition subsystem (e.g. spark plugs, rotating high voltage distribution, ignition coils),
engine management subsystem (e.g. engine control unit, emission control, timing belt), starting
and charging subsystem (e.g. starter, generator, battery), etc.

o Components: engine control unit, sensors (e.g. temperature sensors, speed sensors, mass airflow
sensor), actuators (e.g. starter motor, fuel pump, injection valves), transmission components (e.g.
cable harnesses, battery), etc.

e Parts: High-pressure rail, coils, intake and exhaust valves, pistons, camshaft, crankshaft,
permanent magnets, etc.

Powertrain

A central function of the powertrain is to transmit the engine power (rotation and torque) of the drive unit
to the vehicle's drive wheels with as little energy loss, friction, vibration, and noise as possible. In principle,
engine power can be transmitted to one (front-wheel or rear-wheel drive) or to all vehicle axles (all-wheel
drive). This is the transmission function of the powertrain. At the same time, the powertrain also has a
transformation function, i.e. speeds and torques of the driveline can be — if necessary and technically
possible — specifically transformed into different peripheral speed and torque at the vehicle wheels.
Associated with the transformation function is the compensatory function in that different rotational speed
and torque at the vehicle s axles and/or individual drive wheels can be permitted (by means of a differential
gear) or purposefully changed (by means of a transfer gearbox, or torque vectoring through a clutch
system).
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It is composed of the following subsystems, components, and parts:

e Subsystems: powertrain management systems, non-shiftable and shiftable mechanical,
automated and automatic transmissions (including planetary gear), non-shiftable and shiftable
clutch systems (e.g. cam clutches, multiplate clutches, viscous clutches, hydrodynamic torque
converters), shaft systems, etc.

e Components: powertrain control unit (which can be either a separate unit or integrated in the
engine control unit), sensors (e.g. RPM or temperature sensors), actuators (e.g. electro-hydraulic
actuators, gear oil pump), complex dynamic seals (e.g. simmering), rolling bearings (e.g. needle
bearing), synchronisation device, flange couplings, multiple-disc clutches, park locks, drive/axle
shafts, housings, etc.

e Parts: shafts, plain bearings, static gaskets, gearwheels, shift sleeves, synchronous body,
synchronizer ring, springs, etc.

Undercarriage

The central function of the undercarriage is to provide the vehicle with a load-bearing framework that allows
relative motion between the vehicle and the underground, a controlled change of direction, and a reduction
of speed up to a full stop in a controlled manner.

Modern undercarriage systems are combined of mechanical, hydraulic, and electric/electronic parts and
components:

e Subsystems: suspension, steering, brake system, electronic stability control (ESC), etc.

e Components: wheel, MacPherson strut, brake calliper, angular rate sensors (ARS), steering
mechanism, tie rod, etc.

e Parts: tyre, spring, stem (of a shock absorber), brake piston, tone wheel, ball and socket (of a ball
joint), etc.

Assistance

The central functions of the assistance system are to support the passengers’ well-being and to facilitate
the vehicle operation. It protects against hazards (e.g. accident risk and consequences) and enables a
pleasant use of the vehicle. They are designed to intervene (semi-)autonomously in other systems and/or
warn the driver shortly before and/or in critical situations through suitable instruments. The functions of the
assistance system are provided by the following subsystems, components, and parts:

e Subsystems: lighting systems, airbag (e.g. driver airbag, head airbag, pedestrian airbag), driver
assistance systems (e.g. park assistance system, brake assistant system, driving dynamic
systems), ventilation and air conditioning (HVAC; e.g. parking heater, circulation air system), multi-
media systems (e.g. radio, head-up display, headrest monitors), interior comfort systems
(e.g. electrically adjustable steering wheel, massage seats, noise insulation), data bus systems
(e.g. CAN, LIN, FLEXRAY, MOST), etc.

e Components: sensors (e.g. temperature sensors, air quality sensors), actuator (e.g. servomotors,
electrical valves), control units (e.g. air conditioner control unit, anti-lock-brake control unit),
transmission components (e.g. cable harnesses, plug connectors), interior climate compressor,
seatbelts, airbags, etc.

e Parts: cabin filter, coils, rotors, capacitor plates, wires, cable sheathing, permanent magnets,
speaker, etc.
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Notes

' Besides such global standards, there are also local standards. Compared to the global standards, the
local standards are much less relevant and must not be included in the assessment for reasons of
comparability.

2 This process is often referred to as “repair” in common speech. However, vehicles are often repaired by
simply replacing a broken part; the broken part itself is not repaired. Other actions that in common speech
fall under the term “repair” also often do not meet the definition of a repair in a strict sense, e.g. when
undamaged parts are replaced at customer's request or in order to maintain functionality before a part has
worn beyond the limits specified by the manufacturer. Therefore, we named the process “rectify”, which by
definition involves different kinds of corrective actions such as repairs, replacements, adjustments, etc.

3 ASCOT stands for “Technology-based Assessment of Skills and Competences in VET” and the "+" for
the transfer of results from the predecessor initiative ASCOT (2011-2015) into training and examination
practice.
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Electrician

This chapter defines “electrician” as assessed by PISA-VET and elaborates
the framework for electrician that has been designed for the Development
Phase of the project, including descriptions of the competencies and
constructs to be assessed. It presents and explains the processes, content
knowledge and contexts and provides several sample items with
descriptions of task characteristics. The chapter also discusses how
performance in the electrician area is measured and reported against
proficiency levels and scales.
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Introduction

This chapter defines the role of the “electrician” for the purpose of assessment by the PISA-VET project.
The chapter elaborates the assessment framework for an electrician that has been designed for the
Development Phase of the project, including descriptions of the competencies and constructs to be
assessed. It presents and explains the processes, knowledge, skills, competencies, and contexts reflected
in PISA-VET's electrician tasks and provides several sample items with descriptions of task characteristics.
The chapter also discusses how performance in the occupational area of electrician can be measured and
reported against proficiency levels and scales.

The rationale for the inclusion of the occupation of electrician in this Development Phase is strong because
of its continued economic importance and international comparability. Electric power is responsible for
running every aspect of society including industry, business, entertainment, and domestic life. The role is
in global demand and is dynamic — it is constantly affected by advances in technology and the sustainability
(UN Department of Economic and Social Affairs, 20221;). For example, there is increasing demand for
efficient equipment and machinery plus renewable energy.

Another reason for selecting electrician for PISA-VET is that it is a highly regulated occupation with
international standards that are universally recognised. In most countries, electrical installations comply
with a set of regulations, issued by National Authorities or by recognised private bodies. The International
Electrotechnical Commission (IEC) is the global organisation that prepares and publishes International
Standards for all electrical, electronic, and related technologies which are often adopted by countries or
regions to become national or regional standards. For example, approximately eighty per cent of European
electrical and electronic standards are IEC International Standards. It should be noted that due
consideration will be given to regional norms and standards in the design of the assessments to ensure
recognition of differences and fairness.

This chapter represents the views of a group of global experts, including experienced electricians.

Defining the Electrician occupational area

Occupational definition and associated VET programmes

The purpose of the PISA-VET framework is to “encompass VET learners on a trajectory to become skilled
professionals able to make well-rounded judgements and decisions”, as electricians in this instance
(OECD, 2022ay2). Therefore, the aim of this section of the chapter is to precisely define electrician for the
purpose of PISA-VET by:

a) using the available global classifications to help define the electrician as an occupation

b) identifying the trajectory through which learners may become skilled professional electricians,
together with their intermediate destinations and milestones, while

c) building on the lessons of recent years regarding the opportunities for and challenges of
international comparative assessments and judgements.

While the classifications are occupational, as a minimum they indicate the extent of learning required to
fulfil each role. The literature search and analysis that follows discusses electrician qualifications and their
relationship with the necessary occupational requirements in the context of this project.

This chapter makes use of the International Standard Classification of Occupations (ISCO) to define the
occupation of electrician.

Within ISCO-08, the sub-major Group 74” Electrical and Electronics Trades Workers” is the one most
closely related to the electrician occupational area. Separate minor groups are provided for electrical (741)
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and for electronics (742) equipment installers and repairers. The unit groups, shown in Table 3.1, reflect
the growing convergence between computer and telecommunications technologies and aim to provide a
clear distinction between those working with high tension, and low tension, equipment. ESCO further
details these ISCO occupations, including electrician roles in different environments, such as “domestic
electrician” (7411.1.1.1) and “industrial electrician” (7411.1.1.2)."

Table 3.1. ISCO-08 Electrical and Electronics Trades Workers

ISCO-08 code ISCO-08 title
74 Electrical and Electrical Trades Workers
41 Electrical Equipment Installers and Repairers
7411 Building and Related Electricians
7412 Electrical Mechanics and Fitters
7413 Electrical Line Installers and Repairers
742 Electronics and Telecommunications Installers and Repairers
7421 Electronics Mechanics and Servicers
7422 Information and Communications Technology Installers and Servicers

In accordance with the ISCO-08 classification, the occupation of electrician comprises skilled
professionals, trained to install, fit, and maintain electrical wiring systems and machinery and other
electrical apparatus, electrical transmission and supply lines and cables, and electronic and
telecommunications equipment and systems. As such, the professionals select material, components, and
tools regarding their appropriateness to meet applying regulations and standards. Electricians engage with
activities ranging from the more abstract planning in accordance with customer requests to their repair and
maintenance, including the diagnoses of malfunctioning electronic devices with adequate documentation.
Often specialising in either craft or industrial sub-domains, electricians require a broad content knowledge
to keep systems and equipment operating within (regulatory) requirements and to prevent potential issues
or hazards. In summary electrician is a very responsible role which involves much complexity and requires
the ability to transfer knowledge and skills across a wide variety of environments and situations some of
which are emergencies. Whilst the Electrician is normally responsible for the management of their own
workload, they may work within a team.

Discussions within the group have identified that, globally, individuals undertaking initial training to be an
electrician embark on a three-to-four-year VET programme which is broadly based and provides a strong
foundation. The programmes will be broadly aligned to Levels 3 and 4 of the European Qualifications
Framework (EQF) and will have a wide range of titles including “electrician”, “electrical installer”, electrical
maintenance technician”, electrical systems installer, “electrical installation technology”, “electronics
technician”, “electrical engineering”, “electrical fitter’, “home appliance maintenance and repair technician”,
“electronic worker”, and “industrial automation worker”, with or without the addition of either “trade/craft
sector” or “industry sector”. After successful completion of the programmes individuals normally follow a
particular career pathway, with “domestic/commercial (craft)’ and “industrial” being very common. Thus, it
has been agreed that in developing the PISA-VET framework the focus should be on both pathways
referred to by the 2009 Feasibility Study as “craft” and “industry” electricians, particularly as the Study
recommended that the two pathways should be included in subsequent research (Baethge and Arends,

2009, p. 913).
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Table 3.2. Examples of VET programmes for electricians

Selected programmes in data collection countries of PISA-VET

Australia Germany Portugal United Arab Emirates
Title Apprenticeship: Systems Apprenticeships: Electronics Technician- FR Certificate 4 in Electrical
Electrician Energy and Building Technology (Craft) Engineering Technology
Certificate Level 3 (Australian  Electronics Technician for Building
Qualification Framework) Technology (Craft)

Electronics Technician for Industrial
Engineering (Industry)

ISCED level 4 3 3
EQF level 5 4 3
Duration (years) 3-4 35 2-3

International comparability of the occupational area

The VET-LSA Feasibility Study (Baethge and Arends, 20093) was designed to learn if there was a
common basis for comparing four selected vocational programmes in each of eight participating European
countries. The comparison was focused on a “medium level of proficiency, that is, initial VET programmes
at ISCED level 3 and corresponding to occupations requiring medium or considerable vocational
preparation” (Baethge and Arends, 2009, p. 7(3)). As one of the four programmes, the electrician occupation
was divided into craft and industry, and both were analysed.

WorldSkills International (WSI, 20224;) similarly divides the area into electrical installation and industrial
control and presents two occupational standards at mastery level. Since 2012 each WorldSkills competition
has an associated WorldSkills Occupational Standard (WSOS). The WSOSs for “Electrical Installations”
and “Industrial Control” have been updated biennially since that time (WorldSkills International, 2022). The
WSOSs comprise the knowledge, skills, and competencies that represent occupational mastery, globally.
As such, they draw competitors from diverse initial vocational education and training (IVET) programmes
and qualifications across WSI’s global membership.

At the time of the Feasibility Study, ESCO V1 had not been published. Another limitation was the use of
O*NET as a reference point, given the distinct nature of the North American labour market for the role of
electricians. As can be seen from the table above, the European, Skills, Competences and Occupations
(ESCO, 2020j5)) classifications presents “electrician” with a set of more specific roles including “domestic
and “industrial”, while O*NET On-Line includes one occupation specification, noting that electricians can
have a specific focus such as “industrial”.

As noted above, the electrician occupation is a highly regulated occupation with international standards
that are universally recognised. This contributes to the international comparability of the occupation area.

Organising the domain of electrician for PISA-VET

This section sets out the contexts, processes, capabilities, and content knowledge required to perform the
tasks of safely installing, maintaining and adjusting electrical systems and components in accordance with
regulations and professional standards. This includes the reasoning and understanding necessary to select
appropriate materials, components, and tools to achieve a desirable solution to a commercial or domestic
challenge (e.g. based on a customer’s requirements). The domain consists of applying electrical theory
and underlying fundamental concepts to electrical systems and applications. Professionals from this
domain can use their expertise to implement programs for controlling motors, valves, and other devices
used in industrial control. The professionals provide solutions by configuring systems and correcting
detected faults.

PISA VOCATIONAL EDUCATION AND TRAINING (VET) © OECD 2024



| 67

Context

The choice of appropriate Electrician strategies and representations is often dependent on the context in
which a problem arises. For PISA-VET, it is important that a variety of contexts are used for each
occupational area. This offers the possibility of connecting with the broadest possible range of individual
interests and with the range of situations in which Electricians operate in the 21st century.

Electricians work broadly in three contexts: commercial and public sector, domestic, and industrial (see
Table 3.3). The contexts have been selected in the light of the relevance to the demands that will be placed
upon electrician students as they enter the world of work as skilled workers. The three context categories
are equally demanding. The range of environments an electrician may work in, on successfully completing
their initial training, is varied but there are two broad branches: “craft” and “industrial”. It should be noted
that the following list of environments is not exhaustive as countries/regions will have additional
specialisms (e.g., agriculture in Ireland).

Table 3.3. The environments in which Electricians work

Commercial and public sector Domestic (Residential) Industrial
Education/libraries Houses Factories
Museums/art galleries Flats/apartments Manufacturing plants
Offices Bungalows Warehouses
Hospitality establishments Shipyards
Leisureffitness Mines
Shops Hospitals
Entertainment venues Water treatment facilities
Data centres Construction sites
Server rooms Power generation stations
Back-up generators Solar energy production
Power Supplies Industrial control panels

Government buildings
Traffic and infrastructure systems

Description of contexts

Commercial and public sector

Electricians in the commercial sector often work in a busy public environment. They work with high voltage
generators, electrical systems, appliances, traffic, transport, e.g. railway and infrastructure systems as well
as heating and air conditioning units. Most Commercial Electricians work with three-phase systems, which
use conductors having voltages between 120 volts and 480 volts. They also work with aerial lift operators,
thus ‘working at heights’ is an integral part of the role.

There is a lot of pressure on the Commercial Electrician to be creative and quick to adapt to new
challenges, in essence to work at speed. This is to prevent the client/organisation from suffering a reduction
in customers/sales revenue due to ‘downtime’.

Domestic (Residential)

Domestic Electricians may work for small independent businesses or for providers of homes and residential
services such as local authorities and housing associations, housing construction companies, care homes,
electric utility companies and other companies providing electrotechnical services to the residential
market. Domestic Electricians carry out electrical work mostly inside residential flats/apartments, houses
and bungalows.
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A Domestic Electrician will be responsible for completing their own work to specification, with
minimal, if any, supervision, ensuring they meet set deadlines. The role is for people who like to work
independently most of the time, but it also involves interacting with customers, colleagues, and others.

With the rising popularity of electric vehicles, the domestic electricians may install residential vehicle
charging points as part of their service. Domestic Electricians typically work with single-phase voltage
systems ranging from 120 volts to 240 volts.

Industrial

An Industrial Electrician may work, for example, in steel production, manufacturing, and electrical power
companies. Electricians in the industrial sector work in large organisations which are characterised by
complex equipment and heavy machinery which requires specialist knowledge. For example, an Industrial
Electrician working at a mine will need to be familiar with mining equipment, such as draglines and
hydraulic shovels. Industrial projects will include large-scale plants, generators, and building environment
systems.

Typical work includes installing electrical power and systems, telecommunications, fire, security systems,
electronic controls, installing wires, servicing, and installing equipment. Alternative areas where an
Electrician’s service is required are solar and wind power generation sites where installation work is
continuously undertaken. They may be employed in one plant and install and maintain production
equipment; or they may be employed by a sub-contractor and work in several industrial settings.

The working environment is likely to be one that is potentially very dangerous and hazardous. The industrial
control practitioner proactively promotes best practices in health and safety and rigorously adheres to
health and safety legislation. The individual is exposed to wires, conduits and other parts that carry live
electricity. Some Industrial Electricians work outside in the cold or scorching heat, especially when the
power is out due to inclement weather. Other Electricians work indoors in heated or air-conditioned
buildings. Sometimes they stand, crouch or kneel for long periods. They also work at height if the job is
inside a multi-story building.

Most Industrial Electricians work in factories and manufacturing plants, and their colleagues include
building services engineers, electrical engineering technicians and security systems installers. They also
work with electrical engineers, field engineers, technicians, and facility managers, as well as other
specialists that could include project engineers, factory managers, project managers and cost estimators.

Companies never know when they will need an Industrial Electrician. Sometimes, they schedule an
equipment repair or installation ahead of time, but if their system goes down, they need repairs
immediately. For this reason, Industrial Electricians work nights, weekends and holidays. Since
emergencies often occur, they frequently work longer than eight hours at a time. Most companies have
part-time and short-term contracts for Industrial Electricians.

Desired distribution of items by context category

This subsection provides the desired distribution of assessments selected for the Electrician domain across
the context categories shown in Table 3.4. As commercial, public sector and domestic are normally
clustered within “craft” no single context dominates and a balanced approach to item distribution is
proposed.
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Table 3.4. Percentage of items by context

Context category % of items in
Assessment
Commercial and public sector 30
Domestic 30
Industrial 40
Total 100

Electrician processes and the underlying occupational capabilities

The literature review and discussions with practising electricians and teachers/trainers of electricians have
identified the following five internationally recognised processes which provide the framework within which
the Electricians undertake their tasks:

assess and diagnose

plan and design

assemble and install

repair and maintain

inspect, commission, test and report.

The underlying capabilities for the electrician occupation that have been identified for PISA-VET include
three of the employability skills presented in Chapter 7 of this framework document and five others. The
details regarding each of these underlying capabilities are provided in a later section of this chapter. In
summary, the nine underlying capabilities for Electrician:

Identifying and resolving electrical problems - the ability to identify, diagnose and resolve electrical
problems in dynamic situations.

Responding to customers and colleagues - the ability to impart or exchange information with
customers and colleagues, both verbally and “in writing”.

Collaborating on electrical tasks, problems, projects - the ability to work with other professionals
on electrical projects and problems.

Using digital and communications technology for daily electrical tasks and problems - the ability to
use digital technology, tools and networks within daily work routines.

Professional personal management skills for the electrician - the ability to regulate behaviours,
thoughts, and emotions in the workplace in a productive way.

Critically assessing electrical situations — the ability to engage in reflection and independent
reasoning, rigorously questioning ideas, and assumptions.

Safety consciousness in electrical situations — the ability to be constantly aware of hazards and to
be alert to electrical dangers.

Reading electrical documentation and preparing reports - the ability to read manufacturer's
instructions, interpret electrical diagrams, write, speak and listen effectively.

Using mathematics and numeracy in daily electrical tasks and projects — the ability to deal with
calculations and equations e.g. Ohm’s Law, and trigonometry.
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Processes

Process 1: Assess and diagnose

One of the most important processes that an Electrician engages in is to check customers/clients’
requests/requirements and identify problems in electrical systems. Before they begin any work, the
electricians must review any documents used such as a customer order or a specification sheet, assess
the situation generally and apply safety precautions. The diagnostic skills of electricians are critical for new
tasks or for troubleshooting electrical and electronic systems. They use specialised instruments
(e.g. multimeters, diagnostic devices, tools and software, and occasionally oscilloscopes) in the diagnostic
process to measure, check and compare electrical quantities and further information. Often the electrical
quantity does not directly correspond to the measuring device, so calculations must be performed and
values checked for their plausibility. Electricians can analyse complex circuits and systems and identify
and correct problems. They use their knowledge of electrical and electronic components and circuits to
isolate the fault and find the exact source of the problem. They frequently disassemble the circuit or device
into individual components to identify and correct the fault. Overall, the assessment and diagnostic
activities of electricians are critical to the smooth operation of electrical and electronic systems. They are
essential for identifying and resolving problems quickly and accurately to minimise downtime and costs.

Process 2: Plan and design

The Electrician will be involved in the process of planning and designing electrical projects (small to large,
and straightforward to complex) independently, or as part of a team. This will involve in most cases the
use of information technology. The overall electrical plan includes specifications, instructions, electrical
layout drawings and wiring diagrams. The technical drawings and diagrams deliver visual representations
of the requirements, and they consist of electrical symbols (global and national) and lines that outline the
electrical design requirements. Furthermore, they detail the positions of the electrical apparatus. The
specification describes in detail the overall requirements.

To plan and design a project effectively, electricians start by discussing and analysing customer/other
professionals’ needs e.g. architects, engineers etc. Providing excellent ‘customer service’ is a very
important part of this process and thus a high level of interpersonal skills is required. Communication and
collaboration are fundamental integrated skills for an electrician when planning and designing.
Communication, for example, may include providing technical and functional information about
electrotechnical systems and equipment to a customer or colleague. Collaboration (teamwork) is important
to maintain positive relations with other professions and minimise any potential conflict which may impact
on the timing and ultimately the success of the project. Electricians may also lead a team and be
responsible for manpower planning, work organisation and co-ordination, plus securing materials and tools
and collaborating with other crafts during the work processes.

Planning and design processes are highly dependent on interpreting and understanding requirements,
accessing information/facts from several sources (including the use of the internet), reading (e.g. manuals),
understanding (e.g. recognising industry symbols), following safety requirements and
instructions/procedures, international standards, national industry rules and regulations, calculating and
quantifying requirements (numeracy and maths).

Process 3: Assemble and install

The Electrician is responsible for the process of installation and assembly of containment systems
(individually and as part of a team) to build cabling networks within an electrical installation. This involves
following technical and manufacturers’ specifications. Using accessories and appropriate fixings, aligned
and located in specified locations, is also part of this process.
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Integral to the process is the installation and assembly of single phase and three phase distribution boards
/enclosures, fittings, protective devices, isolation devices and associated electrical equipment.
Distinguishing and selecting the correct equipment for a safe installation is very important.

The Electrician is also responsible for the termination of supply and load cables using organisation skills
to mark and identify cabling and electrical equipment. In addition, Electricians are responsible for the
installation and termination of circuits and sub-circuits, using various types of cables and accessories.
Electricians install assemblies and electrical equipment located in specific locations, using appropriate
fixings. In addition, Electricians select and install the cables and accessories required for an earthing
system (main or local) to comply with wiring rules and standards.

Installation and assembly of light fittings, sockets and power outlets within manufacturers’
recommendations, incorporating overcurrent and residual current device (RCD) protection where
necessary, is also undertaken by the Electrician. They install, wire and assemble motor control and power
circuits utilising panel wiring accessories, protective devices and indicator devices. They also install, align,
couple, connect, and test run electric motors.

Electricians also install, wire, assemble and program programmable logic controller (PLC) systems and
smart/ automated systems, and interpret basic and advanced logical operations/functions. The installation
and assembly of fire and intruder alarm control equipment, detecting devices, signalling devices and
circuitry is also included in this process. The Electrician identifies efficiency savings in materials during the
installation and assembly of equipment, minimising cost and waste to protect the environment.

The assembly and installation process are highly dependent on the Electrician understanding and checking
requirements from reading plans/diagrams/sketches and collaborating and communicating with other
professionals/the customer, to confirming the next steps. Following industry established safety procedures
and manufacturers’ instructions, from memory and reading, are fundamental to the process.

Process 4: Repair and maintain

The Electrician undertakes the repair and maintenance of industrial electrical systems, complying with
legislation, norms, standards and technical requirements for quality, health, safety and the environment.
As part of this process, the Electricians identify:

e the types of components, circuits and their positions in the updated design of the building electrical
installation
e preventive maintenance deadlines depending on the components of the building electrical system

o the sequence of activities according to the type of maintenance to be performed on the building
electrical system

e the technical specifications of inputs, devices, machines, equipment and tools in the manufacturer's
manuals and catalogues in accordance with building electrical maintenance

¢ the technical maintenance procedures in a building electrical system depending on the component
to be repaired or replaced

e the causes and malfunctions of the building electrical system based on good maintenance
practices

e the technical and safety criteria applied to the maintenance of the building electrical system to be
carried out based on the relevant standards.

In addition, the Electrician interprets the information provided by the customer regarding failures and the
operating history of the building electrical system and selects the tools and equipment necessary for its
maintenance. They apply verification tests and tests to ensure the functioning and safety of a building’s
electrical system, and repair malfunctions based on good maintenance practices.
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Repairing and maintaining electrical systems require the Electrician to gather information to solve operating
problems and undertake preventative maintenance. The process involves communicating with
customers/clients and other professionals to identify and confirm the work required. This can involve
negotiation. Strong adherence to industry procedures and rules, particularly for safety, is very important.

Process &: Inspect, commission, test, and report

Electrical inspection, testing, reporting, and commissioning are critical processes in ensuring that electrical
systems and equipment are safe, reliable, and functional. The inspection process involves a
comprehensive examination of electrical systems and equipment to identify any potential issues or
hazards. Testing is then carried out to verify that the systems and equipment are operating within
acceptable parameters and meet regulatory requirements. Once the inspection and testing are complete,
a detailed report is prepared, (using the appropriate documentation) that includes all findings,
recommendations, and any necessary corrective actions. Finally, commissioning involves the final testing
and verification of the electrical systems and equipment before they are put into service.

Effective communication and collaboration are essential during these processes, as they involve working
closely with other professionals such as engineers, contractors, and project managers. Additionally, a high
level of technical expertise, attention to detail, and adherence to safety regulations and industry standards
are required to ensure that the inspection, testing, reporting, and commissioning processes are carried out
successfully. The process is completed with the handover to the customer, with operating guidance and
instructions.

Desired distribution of items by electrician process

The goal in constructing the assessment is to achieve a balance in the weighting that reflects the primary
focus of the processes described above. The following distribution of items is proposed:

Table 3.5. Desired distribution of electrician items, by process

Process category % of items in the assessment
Assess and diagnose 20
Plan and design 20
Assemble and install 20
Repair and maintain 20
Inspect, commission, test, and report 20
Total 100

Fundamental electrician capabilities underlying the electrician processes

As has been indicated in the review of the five key processes, electricians are dependent on a range of
capabilities which enable them to undertake their role. These are as follows:

Identifying and resolving electrical problems

A fundamental function of the Electrician is to identify, diagnose and resolve electrical problems for
customers/clients in a domestic/commercial or industrial setting. The Electrician is responsible for
identifying the root cause of issues and finding working solutions/offering guidance. For this reason, strong
problem-solving skills are vital. When working individually they cannot rely on others for assistance, thus
they must be confident in their abilities and self-reliant. Alternatively, the Electrician may be working as
part of a professional team and will, therefore, be contributing to the problem-solving process. The
possession of problem-solving abilities helps the Electrician to appraise diverse circumstances and
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develop solutions via the use of technical knowledge and critical thinking. As part of this process, the
Electrician will require analytical abilities to compare potential solutions.

All five processes require problem solving skills. For example, when ‘assessing and diagnosing’ a boiler
breakdown the Electrician will determine the facts through discussion with the customer/client and
professional colleagues such as the plumbing and heating engineer, inspect the boiler and its connections,
and work through potential solutions.

When reading ‘plans and designs’ produced, for example, by an architect, the Electrician is focussed on
identifying and anticipating potential problems and making recommendations for amendments/alternatives
to avoid difficulties at the implementation stage. During the ‘assembly and installation’ phase the Electrician
may encounter problems linked to lack of equipment, incorrect materials, conditions, or the work of other
professions; in this way they can respond quickly to changing circumstances and keep customers/clients
informed as necessary. The situation is similar when the Electrician is involved in a ‘repair or maintenance’
activity because a task can unfold to reveal a more complex situation which can lead to problems such as
securing parts for an old system. The ‘inspection, commissioning, testing and reporting’ process is the
culmination of the work of the Electrician and this is the final opportunity to confirm there are no problems,
or if need be, rectify them, and check that the system is fully operational.

Responding to customers and colleagues

Strong verbal communication and interpersonal skills are core attributes for an Electrician because, before
any electrical task is performed, they must understand how to respond to customer/client requests and
concerns. Electricians must be patient as they are often dealing with people who do not have a working
knowledge of electrical systems. They must be able to listen, ask the right questions, and then
communicate with the customer/client and/or their professional colleagues, as necessary, to chart a course
of action.

The Electrician must have a positive ‘can do’ attitude and be able to give the customer/client confidence
that their electrical work will be undertaken to the right standard and be cost-effective. Building trust through
effective communication is an important part of an Electrician’s job.

Clear and careful communication is a significant element of the ‘assess and diagnose’ process as the
customer/client is likely to be anxious for a variety of reasons such as the time required to resolve an
electrical breakdown and the impact that will have on the operation of their business. When interpreting
‘plans and designs’ the Electrician may need to raise queries and offer suggestions to professional
colleagues either verbally or in writing e.g. emails and texts. As part of this process the Electrician must
understand the needs/constraints of professional colleagues.

When ‘repairing and maintaining’ electrical systems the Electrician, as with the ‘assess and diagnose’
process, needs to discuss the situation with the customer/client and, as in the ‘installation’ process,
research and check catalogues to order new parts and read instructions, and check rules and regulations.
At the end of the ‘inspect, commission, test and report’ process the Electrician will give verbal or written
feedback to the customer/client to advise of any issues that need further work and to outline the proposed
solution.

Collaborating on electrical tasks, problems and projects

Collaboration will often be necessary during each of the five processes, depending on the type of electrical
work required. When ‘assessing and diagnosing,’ the situation may require the Electrician to work closely
with, for example, a heating and ventilation engineer to agree the work required and when it should be
undertaken, together with an estimate of the time and cost.
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For the ‘plan and design’ process an example would be a construction project where the client or building
owner, general contractor and subcontractors, and design team, work together to make the project happen
to everyone’s satisfaction. Electrical considerations may include everything from wiring for security
systems installed in doorways or concealed in floors to speakers, fire alarms, and building management
systems that enable heat, air conditioning, lighting and other building systems to be controlled from a
central headquarters. Without effective project collaboration there may be many on-going changes, cost
overruns, and deadlines missed. At worst, poor project collaboration may lead to the loss of a contract and
repeat business.

When undertaking an ‘installation’, it may be necessary to discuss requirements with professional
colleagues. For example, enabling smart power infrastructure is vital as we move into an increasingly all-
electric era. This is only possible by propelling forward electrical innovation and efficiency — and this
requires effective collaboration. Electrical contractors and panel builders must meet and exceed the
growing levels of speed, reach and agility that the power industry requires. To achieve this, open
partnerships must be created for digital transformation to happen. Since electrical contractors and panel
builders often work together for low- and medium-voltage projects, it is vital for them to collaborate easily
and respond to emerging customer demands for more digital and sustainable solutions. Deadlines are
shrinking, and projects require multiple stakeholders, so connectivity and collaboration is simply good for
business. Being able to think digitally and sustainably is now a requirement for success, and organisations
need to have easy access to relevant expertise and shared resources to future-proof operations.

In a ‘repair/maintain’ situation the Electrician may need to collaborate with professional colleagues when
the work they are planning will impact on several parts of the infrastructure/business operation. For
example, an aircraft may experience an electrical failure resulting from a break in the connection between
aircraft systems. A problem in one system may lead to a bus bar failure, causing a complete or partial
failure of an airplane's avionics system. This could lead to the crew needing to turn off non-critical electrical
items and/or diverting the aeroplane to the nearest suitable airport.

‘Commissioning’ within a large project is a collaborative, quality-driven, systematic process that focuses
on verifying and documenting that a building and all its systems are planned, installed, inspected, tested,
operated and managed as designed. Unforeseen issues develop during all projects. Early identification
and prompt resolution may be the most important component of a successful commissioning process.
From the moment commissioning begins through project completion, issues are identified, documented,
communicated and tracked until they are officially resolved. The commissioning team participates in the
resolution of most issue associated with their scope of work. They communicate with other team members,
including the owner, designers and contractors, provide supporting documentation or research, and track
the issues until they are resolved. The commissioning provider and the project management team strive
for proactive issue resolution.

Using digital and communications technology for daily electrical tasks and problems

Digital technology and communication tools are fully integrated into the five electrician processes. The
Electrician is constantly adapting to the impact of new technology for the products and systems they install,
e.g. retrofitting efficient smart lighting systems to support customers in controlling their energy
consumption. Using digital tools and equipment is intrinsic to the Electrician’s role. For example, they use
thermal imaging to detect infrared energy emitted from an electrical object and use a digital clamp meter
to test a plant or piece of machinery. Problem solving in a technology-rich environment also involves the
use of digital technology, communication tools and networks to acquire and evaluate information,
communicate with others and perform practical tasks.

Electricians may use a range of analytical or scientific software, computer aided design (CAD), and
industrial control procedures. They may also use customer and business management and administration
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applications and create information and digital content. Linked to this, the Electrician needs to understand
and apply on-line security measures.

Professional personal management skills for the electrician

Electricians may work independently (self-employed) or be employed by an organisation/business.
Whatever their employment status, Electricians often have sole responsibility for their tasks and are,
therefore, self-reliant.

Self-management is the ability to regulate behaviours, thoughts, and emotions in a productive way.
Aspects of self-management are adaptability, motivation, goal setting, decision-making, stress and time
management, plus personal development. An Electrician with strong self-management skills knows what
to do and how to act in different situations. For instance, they know how to control their frustration when
suppliers change delivery dates.

Self-management has its roots in emotional intelligence where this capability may also be referred to as
self-regulation. Self-regulation is supported by the capacity for self-awareness which helps individuals to
create conscious access to thoughts, and feelings.

Critically assessing electrical situations

Critical thinking is the ability to think clearly and rationally, understanding the logical connection between
ideas. It is the ability to engage in reflective and independent thinking and to reason. For the Electrician it
is about being an active listener rather than a passive recipient of information, for example, from a
customer. The Electrician rigorously questions ideas and assumptions rather than accepting them at face
value. They seek to determine the ideas, arguments and findings that represent the total situation and are
open to finding that they do not. They will identify their own assumptions, beliefs and values. The skills the
Electrician uses to think critically when undertaking each process include observation, analysis,
interpretation, reflection, evaluation, inference, explanation, and decision making. For example, in
assessing and diagnosing a malfunctioning piece of equipment in a factory, the Electrician will follow a
sequence of questioning designed to identify the cause and the potential solution(s). The most important
aspect of critical thinking is for the Electrician to know the purpose of their involvement, and to apply a
consistent routine.

Safety consciousness in electrical situations

Safety consciousness is critical for an Electrician, they must be committed to keeping the areas they work
in and the equipment (powered and non-powered) they work with as safe as possible for themselves,
colleagues and customers. They work in high-risk situations; thus, they need to undertake risk
assessments as a regular part of their daily work. Where an area is not safe the electrician needs to know
the action to take to remedy the situation. This requires a knowledge of specific electrical safety regulations.

Itis important to understand the legal responsibilities of employers and employees and the role of enforcing
authorities. Electricians also need to understand emergency and first aid arrangements, environmental
requirements, safe storage and marking, waste control hierarchies and emergency planning. The
Electrician also needs to understand the general personal health risks from workplace activities, including
musculoskeletal problems and the effects of noise and stress.

Reading electrical documentation and preparing reports

Trainee Electricians must be proficient readers to understand technical documents and technical terms,
regulations and rules appropriate to the situations they may encounter. When ‘assembling and installing’
new products the Electrician must read and closely follow detailed written (technical) instructions produced
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by the manufacturer and check written industry rules and regulations, which may be in English. Electricians
need to read and interpret wiring diagrams and operating instructions when assessing and diagnosing,
assembling/installing, repairing/maintaining, inspecting, testing, commissioning, and reporting. Reading
and understanding data generated by testing equipment and interpreting associated reports is also critical
as is understanding inspection and commissioning procedures. Electricians must be able to read business
related documentation such as invoices, accounts, emails from customers and suppliers etc.

Using mathematics and numeracy in daily electrical tasks and projects

A certain level of numeracy (or mathematical literacy) is a necessary condition of being an Electrician.
Mathematically related proficiencies such as number sense, familiarity with multiple representations of
numbers, and skills in mental calculation, estimation, and the assessment of reasonableness of results are
intrinsic to some aspects of the Electrician’s role. For example, Electricians need to perform routine
measurements and calculations such as working out room dimensions, wiring lengths, converting watts to
kilowatts, and calculating loads.

Mastering Ohm’s Law (an equation used to study electrical circuits, calculate voltage, current and
resistance) is a fundamental capability for Electricians. Ohm's Law is a good example of the kind of logical
thinking, problem solving, and practical mathematical skills an electrician needs. Trigonometry is used by
Electricians when, for example, they are calculating the correct angle to bend a section of a conduit which
is used to protect and route electrical wire when wiring a building or structure.

Table 3.6. Relationship between electrician processes and fundamental capabilities

Processes
- . i Inspect/commission/
Capabilities P.«ssessl Plan/ design A§semblel Re.pan:l P
diagnose install maintain test/report
Identifying and resolving N N N \ N
electrical problems
Responding to customers and N N N \/ \
colleagues
Collaborating on electrical tasks, N N N v v
problems and projects
Using digital and v v v v \
communications technology for
daily electrical tasks and
problems
Professional personal v v v v \
management skills for the
electrician
Critically assessing electrical N N \/ v \
situations
Safety consciousness in N N \/ v \
electrical situations
Reading electrical N N N Y v
documentation and preparing
reports
Using mathematics and v v v \/ \

numeracy in daily electrical tasks
and projects

Electrician content knowledge

In addition to the capabilities needed to carry out the processes that are relevant for the electrician
occupational area, electricians also need to build on content knowledge to effectively perform their tasks.

PISA VOCATIONAL EDUCATION AND TRAINING (VET) © OECD 2024



| 77

The content knowledge for Electrician presented here is deemed to be relevant for trainees nearing the
end of their IVET programme. For the structure of the corresponding content knowledge, common and
shared areas have been placed in the centre of the five process areas. These are used here to reflect on
how the curriculum is structured and to guide the item development at later stages of this project. While
national VET programmes vary, the occupation of Electrician can be understood to consist of two large
branches — the more domestically and commercially oriented application, often referred to as ‘craft’, and
those employed in the more industrial-orientated activities, as outlined earlier.

In addition to national studies, WorldSkills Occupational Standards and occupational profiles in the
classification of European Skills, Competences, Qualifications and Occupations (ESCO, 20205) have
been used to outline the required content knowledge. The five categories of knowledge are:

e electrical theory and fundamentals (including mathematics and science)
e norms, standards & regulations

e materials, components, and tools

e electrical systems and applications

e configuration and control.

More details about the content topics underlying these knowledge categories are provided in the annex of
this chapter.

Content knowledge categories

Electrical theory and fundamentals

At the end of their vocational training, trainees must have acquired the underlying principles of electrical
theory and their fundamentals and apply them to calculate parameters in each equation. They recall the
definitions and units (e.g. current, voltage and resistance). They understand technical drawings, layouts of
installations and control panels, circuit diagrams, and flow charts. They can explain the mathematical
relationships of voltage, current and resistance by using formulas. They apply their knowledge to design
electrical circuits and systems, and to solve elementary problems involving electrical principles like Ohm'’s
and Kirchhoff’s laws. They identify and analyse equivalent circuits and determine the characteristics of
complex AC circuits such as impedance and phase angle. The trainees use criteria such as cost,
performance, reliability, safety, and environmental impact to compare different solutions for electrical
problems. They assess the advantages and disadvantages of different types of electricity such as AC vs
DC, single-phase vs three-phase, low-voltage vs high-voltage.

Underpinning a knowledge of electrical theory and fundamentals the trainee needs to have a deep
understanding of arithmetic, algebra, geometry, calculus, statistics, and their applications (as also reflected
in the capabilities which include numeracy and mathematics, see previous section).

Norms, standards, and regulations

Trainees acquire factual knowledge related to norms that apply to their field of work. They gain knowledge
of safety rules and precautions for working with electricity and which codes and standards apply to different
electrical installations. They understand building codes and regulations specific to their region and trade.
They understand the safety standards for working with electrical equipment and systems, such as
lockout/tagout procedures, personal protective equipment (PPE), and hazard identification. Trainees can
explain the meaning and purpose of norms, standards, and regulations for electrical work. They understand
how safety rules and precautions protect them from electrical hazards. They evaluate given approaches
regarding compliance and create solutions themselves that adhere to regulations and standards. Trainees
can draw inferences from norms, standards and regulations regarding a given situation and identify
inconsistencies.
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Materials, components and tools

At the end of their vocational training, trainees must have acquired in-depth understanding of the
characteristics of materials, components, and tools used in electrical work. These include wire, conduit,
boxes, connectors, switches, receptacles, circuit breakers, fuses, meters, as well as hand and power tools.
Trainees can evaluate the appropriateness of selecting a given material or component based on its
properties and/or in comparison to a given list of requirements. Trainees understand differences in
requirements depending on the environment regarding electric lighting and heating systems. They have
the required knowledge to understand the limitations and appropriateness of different materials and
installation techniques in different environments. Trainees can evaluate the quality of electrical materials
and components and suggest improvements under consideration of external factors (e.g. economic and/or
ecological points of view).

Electrical systems and applications

Trainees understand the basic principles of electrical power generation and distribution. They are familiar
with variable speed drive (VSD) technology and associated systems. They understand the difference
between AC and DC systems, the characteristics of various types of electrical loads such as resistive,
capacitive, and inductive. Trainees remember the terminology and symbols used in technical specifications
and diagrams. They are familiar with the principles of technical drawings, circuit diagrams, layouts and
function descriptions and remember different types of electric lighting, switchboards and wiring systems
for usage in different fields of application and can create electrical schematics. Trainees understand
structured cabling systems, remember different types of cabling, and can identify installations for specific
environments. They can apply their knowledge to derive solutions that take interrelationships between
different components into account.

Configuration and control

Trainees apply their knowledge to set up and configure systems to monitor different processes in buildings.
They apply tools and software for parameterization and programming. They can implement programs for
controlling motors, valves, and other devices used in industrial control. Trainees remember the different
types of measuring instruments and understand their respective use. They understand the importance of
delivering correct and proper documentation and can fill out existing forms. Trainees apply their knowledge
to check parameters for electric and electronical devices, and interpreting results from fault finding
procedures (e.g. using a multi-meter, PLC diagnostics). They analyse the outcome of given configurations
(e.g. when monitoring systems) and develop suitable adjustments based on results of taken
measurements. Trainees evaluate the functionality of a system compared to a given specification and use
reports and records for verification purposes.

Desired distribution by content knowledge category

All the content knowledge categories are deemed equally important for success thus there is a balanced
distribution.
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Table 3.7. Percentage of items by content knowledge category

Content category % of items in
Assessment

Electrical theory and fundameptals 20
(including mathematics and science)

Norms, standards and regulations 20
Materials, components and tools 20
Electrical systems and application 20
Configuration and control 20
Total 100

Assessing electrician learners

In this part of the chapter the focus is on the most appropriate methods to assess trainee electricians.

As described in Chapter 1, for the Development Phase of the Project the assessment will likely take the
form of:

e Scenario-based questions of technical and practical knowledge.
o Digital simulations of professional problem solving at the workplace, and where possible.
e Live or recorded demonstrations of professional skills with expert judges.

Based on a proposed 90-minute assessment of occupation-specific skills and knowledge, the first two
methods of assessment are deemed most appropriate and feasible, with a suggested 60-minute allocation
for the digital simulations - as they are the closest alternative to ‘a live practical test'. It was also noted that
the trainees will need time to adjust to using the simulation technology.

However, if resources and testing time allows the inclusion of a live or recorded practical test would be
recommended, as the best evidence of competence is gained from observing an individual undertaking
task(s) in a live workplace situation. Performance tasks enable trainees to demonstrate their mastery of
skills. Electricians normally undertake practical sessions as part of their learning programmes and as part
of their formative and summative assessments. Generally, trainee Electricians, within their national
systems, undergo a live practical ‘end test’, which is usually extensive/complex and therefore takes several
hours to complete. The test is normally an important stage in the qualification/licensing process of
electricians. For example, in Belgium ‘Electro Brain’ is the sectoral competence test. The trainee has six
hours to complete the assembly of an electrical installation. In New Zealand trainee Electricians must
undergo a practical assessment and a final computer-based examination. The practical assessment is
undertaken in a decentralised way by different training providers, with results submitted to the Electrical
Workers Registration Board for approval. The final examination for an electrician involves a multiple choice,
computer-based test undertaken in an examination centre.

Assessment types

Digital simulations of professional problem solving at the workplace

Digital simulations can be used for learning and assessment purposes. One example (for learning) is the
USA skills training platform Transfr which has a package of simulations that harness the power of virtual
reality (VR) and augmented reality to help educators and trainers create pathways to careers in electrical
construction. Electrical Construction - Transfr Inc provides a video introduction to an electrical construction.
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Simulations offer performance-based assessment which can be used to evaluate across all learning
dimensions: cognitive, behavioural and affective depending upon the intended learning outcomes to be
measured and the nature of the simulation developed. They lend themselves especially well to assessing
professional competencies, application of knowledge, and decision-making.

The simulations will present the trainees with situations that replicate real-work challenges, giving them
the same practical experiences, they face in the workplace (real, or simulated within an education and
training organisation). Digital simulations are particularly suited to professions which work in high-
risk/safety performance environments, such as those experienced by electricians.

The digital simulations will need to be realistic in terms of script and simulation environments and
immersion will need to be high. Immersion refers to the extent to which the trainees lose their sense of
being involved in a digital simulation and perceive the events in the situation as like their everyday work
experience (Psotka, 1995)). The higher the immersion, the more likely the response from the trainee will
be similar to that displayed in their usual work conditions (Psotka, 19955)). Hagiwara et al (20167) state
that the design of a digital simulation should consider the events and dynamics which could hinder
immersion e.g. technology challenges.

The effectiveness of the digital simulation will be dependent on clear objectives and a strong understanding
of the tasks usually performed in the workplace. The situation must be precisely defined with a tight script
drawing on a team of expert practising Electricians, trainers, digital simulation designers and assessment
experts. In discussing the format of the digital simulations, the group advised that visuals should be used
as much as possible to aid communication across the global cohort of students, taking into consideration
the sophistication/robustness of the technology available to the trainees. Finally, it was recommended that
the text included should be as succinct as possible.

Below is one example of a digital simulation for proficiency level 1 (see below for further details about the
proficiency levels), followed, in the annex, by more complex examples.
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Table 3.8. Digital simulation example 1: Fault finding, testing, and reporting

Proficiency level 1

At level 1 the trainee can work safely, apply basic knowledge and skills in the performance of a range of normally routine, simple and
predictable tasks. They work under close supervision in structured work environments.

This task requires the trainee to undertake the identification of basic faults, which is regular, standard practice.

Time required for the task: 10 minutes

The task: the trainee is required to:
e  doavisual check of the test board and identify any faults
e identify if a polarity test was completed correctly and confirm if the results are within required electrical parameters
e identify if an Insulation Resistance test was completed correctly and confirm if the results are within required electrical parameters.
The test circuit designs may include the following circuits:
e lighting
e  socket
e power such as a heater or a cooker)
e control (such as a pump).
Two of the following four installation testing faults must be included:
e one high earth resistance
e one low insulation resistance
e one incorrect polarity
e oneincorrect visual.
Additional types of installation testing faults that may also be included are:
e incorrect overload settings
e short circuit faults
e open circuit faults
e high resistance joint
e interconnection
e incorrect timer settings.

The processes involved in this task are:
e  assess and diagnose
. inspect, commission, test and report.

The capabilities involved in the task are:
e  problem solving
e communication
e task performance
e |CT literacy
e critical thinking
e  safety practice.

The knowledge categories involved in the task are:
e electrical theory and fundamentals, including maths and science
e norms, standards and regulations.

The context is: domestic.
The assessment criteria for the task: the required number of faults are correctly identified following the correct process:
e  collect and analyse the evidence
e investigate and locate the fault(s)
e  determine and remove the cause
o rectify the fault
e testthe system is working.
Note: the task must reflect the IEC standards

Video: The video provides an example of what is included in electrical testing and fault finding Lecture 7: Electrical Testing and Fault Finding -
YouTube
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Scenario-based questions of technical and practical knowledge

Scenario-based assessments allow the trainees to apply their theoretical knowledge to the real-life
workplace. They are powerful learning tools requiring students to draw from their own experiences and
skills to analyse and respond to a situation. By using scenarios, teachers and trainers aim to develop
student reasoning, problem solving and decision-making skills (Tunny, Papinczak and Young, 2010s;;
Bloomfield and Magney, 2009)). They can assess higher cognitive skills including application, analysis
and evaluation.

In terms of structure, scenarios are typically short and could be described as mini-case studies which can
be developed to provide different degrees of complexity. In designing the scenarios, consideration will
need to be given to the level of the trainees, appropriateness of the content, and ability to gain engagement.
They need to be easily understood and focused. Clearly written scenarios with a high level of visuals for
the trainees are required. As part of PISA-VET in the electrician occupation area one or two scenarios
could be provided (with more than one question allocated to each) to reduce the time for reading, thus
maximising the time available to the trainee for answering the questions. The following is an example of a
scenario question which was taken from the PISA science items released in December 2006.

Figure 3.1. Example item from PISA Science 2006

Scenario: Wind Farms

/] \’/\
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shutterstock.com + 759730900

Many people believe that wind should replace oil and coal as a source of energy for producing electricity.
The structures in the picture are windmills with blades that are rotated by the wind. These rotations cause
electricity to be produced by generators that are turned by the windmills.

Question 1 (selected response format)

The higher the altitude the more slowly windmills rotate at the same wind speed. Which one of the following
is the best reason why the blades of windmills rotate more slowly in higher places at the same wind speed?

A. The air is less dense as altitude increases.

B. The temperature is lower as altitude increases.
C. Gravity becomes less as altitude increases.

D. It rains more often as altitude increases.

Question 2 (constructed response format)

Describe one specific advantage, and one specific disadvantage, of using wind to generate electricity
compared with using fossil fuels like coal and oil.
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Below is one example of a short scenario for proficiency level 1 (see below for more details about the
proficiency levels), followed, in the annex, by a more complex scenario with sample questions spanning
proficiency levels 1 to 5. Constructed response questions have been developed but some could be
presented as selected responses, to provide a mix.

Table 3.9. Example of a potential scenario

Scenario: Rewiring an office
Hanna, the Electrician has visited a customer in their new offices. She assesses the electrical installation and advises the customer
the wiring is not safe — it needs to be replaced, as it is very old.
The office contains an entrance lobby, open plan office, private office and toilet. The customer has agreed the following details:
e The entrance lobby has 1 light fitting and switch and 1 socket outlet.
e The open plan office has 1 switch, 3 light fittings and 10 double socket outlets on dado trunking.
e The private office has 1 switch, 1 light fitting, 3 double sockets.
e The toilet has 1 switch, 1 light fitting and 1 extractor/ventilation fan.
Proficiency level: Sample questions have been set for level 1
Time allowed: 10 minutes, but the number of questions would need to be decided
Context: Commercial

The knowledge categories included:
e electrical theory
e  standards and regulations
e  materials, components and tools
e  systems and applications.
Sample questions:
Q.1 List 3 points that need to be considered before any work should begin.
Q.2 Briefly outline 4 problem(s) that could occur.
Q.3 State the equipment and materials that will be required.
Q.4 List the type of earth fault and overload protection that should be installed in the socket circuits.
Q.5 List the tests (in order) that must take place on the completed installation.
Q.6. Draw the circuit diagram of the electrical installation in the bathroom/toilet in coherent representation.

Response format & item scoring

For both the digital simulations and the scenarios a combination of response formats is recommended.
Selected-response items (questions) require trainees to select the correct answer from a list of options
included in the item. Examples of selected response items include matching, true/false and multiple choice.
Multiple-choice questions are common, but they do not suit all types of knowledge. They are often used to
test factual recall, levels of understanding, and ability to apply learning (analysing and evaluating). For
example, multiple-choice questions may be appropriate for assessing principles of electricity, basic
electrical circuits, electromagnetism, basic mechanics, Star/Delta configurations, electrical equipment and
A.C. circuits.

Constructed-response items ask trainees to write, or “construct,” the correct answer. Answer keys can be
used to mark simple constructed-response items, such as “fill-in-the-blank”. The main challenge when
setting constructed-response items is the marking process. It is more complex, requiring more time and
effort from human markers. It is recommended that constructed-response items should only require the
trainees to provide short answers. Technology is now supporting the process to provide automated
marking. One factor to consider is the extent to which the assessment software allows for misspellings.

In summary there are many variations of question types which could be considered to support the
scenarios and digital simulations. It is recommended that the assessment for the trainees includes both
selected-response items and constructed-response items. This is to enable the most appropriate method
to be selected for the content which is being assessed. A wider variety of item types is also potentially
more engaging for the trainee. Whilst the number of female electricians in the industry is not high, as
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mentioned in the introduction, global efforts are being made to encourage females into the profession. This
could have implications, going forward, for the item response format as research indicates that girls can
be less engaged with multiple-choice questions as they tend to prefer questions which require more
analysis and varied solutions (Griselda, 202010)).

Moreover, it is recommended that most of the items should be dichotomously marked (that is, answers
should be awarded either credit or no credit), and the open constructed-response items should sometimes
involve partial credit scoring, allowing answers to be assigned credit according to the differing degrees of
“correctness” of the answers. The aim is to give the trainee as much opportunity as possible to demonstrate
their skills and knowledge.

Reporting proficiency

Descriptions of the degree of Electrician competence typical of trainees for each proficiency level have
been developed below. The lower score limits will be determined with data in the second stage of the
Development Phase according to the standard PISA scaling procedure.

Table 3.10. Descriptors of learning outcomes

Level Lower score Descriptor
limit
6 To be confirmed At level 6 the trainee can work safely, has advanced knowledge and skills demonstrating the mastery and innovation
with data required to solve challenging and significant unpredictable problems. They can deal with complex activities, organise

work and make decisions in uncertain and changing situations. They can evaluate, introduce improvements, and take
the initiative. They can lead others and collaborate with colleagues and teams.

Key learning outcome verbs: assemble, compile, design, create, reorganise, articulate, synthesize, naturalise, value
5 To be confirmed At level 5 the trainee can work safely. They have comprehensive, specialised, factual and theoretical knowledge.
with data They can develop solutions to challenging problems and are able to work within an environment of uncertainty and
change. They can develop their own work schedules, can manage others, and contribute to teams.

Key learning outcome verbs: appraise, consider, critique, evaluate, rate, formulate, recommend, present, test, revise,
redesign, estimate.
4 To be confirmed At level 4 the trainee can work safely apply knowledge and skills in a broad range of complex, technical work
with data activities, and problems which are mainly non-routine, adapting actions as required, and reflecting upon own
performance. They can collaborate with colleagues and teams.

Key learning outcome verbs: analyse, differentiate, classify, calculate, test, organise, examine, adjust, empathise,

structure
3 To be confirmed At level 3 the trainee can work safely and apply knowledge and skills in a broad range of varied routine and non-
with data routine work activities, some of which may be complex. They can solve both routine and non-routine problems and

take responsibility for the completion of tasks. They can collaborate with others through, for example, being a
member of a team.

Key learning outcome verbs: interpret, carry out, use, calculate, illustrate, complete, generalise, interpret, modify,

predict.
2 To be confirmed At level 2 the trainee can work safely and apply knowledge and skills in a range of normally varied work activities.
with data They solve mainly routine problems although some tasks may be non-routine. They have some individual

responsibility or autonomy. They work under supervision in a range of work environments.

Key learning outcome verbs: arrange, associate, exemplify, compare, explain, predict, estimate, demonstrate,

operate.
1 To be confirmed At level 1 the trainee can work safely and apply basic knowledge and skills in the performance of a range of normally
with data routine, simple, and predictable work tasks. They work under close supervision in structured work environments.

Key learning outcome verbs: remember, understand, reproduce, outline, explain, identify, apply, discuss, review,
report.
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Annex 3.A. Content topics for guiding the
assessment of electrician competence for VET
learners

To effectively understand and solve contextualised problems involving the content categories requires
drawing upon a variety of Electrician concepts, procedures, facts, and tools at an appropriate level of depth
and sophistication. As an assessment of Electrician competence, PISA-VET strives to assess the levels
and types of professional skills in the occupational area of Electrician that are appropriate for VET learners
on a trajectory to become skilled professionals able to make well-founded judgments and decisions. It is
also the case that PISA-VET, while not designed or intended to be a curriculum-driven assessment, strives
to reflect the Electrician knowledge and skills that learners have likely had the opportunity to develop by
the time they are approaching the end of their initial VET programmes.

This annex explains how the content categories serve as the foundation for identifying this range of content.
It describes how the content is intended to reflect the centrality of the Electrician concepts to all the content
categories and reinforce the coherence of Electrician as a discipline.

The main content topics are listed below — these are illustrative of the content topics that will be included
in PISA-VET rather than an exhaustive listing.

Electrical theory and fundamentals (including mathematics and science)

e Basic electrical quantities, numbers/prefixes (mikro, milli) and units

e Ohm’s law

e Kirchhoff's laws | and Il

e Basic variables in the electrical circuit / Direct current, DC

e Alternating current, AC

e Three-phase AC current

e Power generation

e Energy transmission

e Power calculation (Direct current, alternating current, three-phase current)
o Efficiency and effectiveness

¢ Digital technology (bits and byte, Data formats, Data transmission etc.,)
¢ Analog, binary, digital data processing

e Basic Circuits.

Norms, standards and regulations

e Overview of electrical safety standards and regulations
e Understanding National Electrical Code requirements
e Compliance with Occupational Safety and Health regulations
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¢ International Electrical Code (IEC) standards for electrical safety

e Electrical safety in hazardous locations

e Guidelines for the safe use of electrical equipment

e Best practices for electrical system maintenance and inspections

e Electrical safety training for workers and contractors

o Electrical safety requirements for new construction and renovations

o Safe installation and use of electrical grounding systems

o Requirements for electrical arc flash protection

e Electrical safety for power generation and distribution systems

e Guidelines for safe electrical work in confined spaces

e Electrical safety in the workplace and personal protective equipment (PPE)
e Regulatory requirements for electrical equipment testing and certification.

Materials, components and tools

e Scientific calculator, pens, pencils, set squares etc.

o PPE/ Safety wear

e Wiring Regulations / Guidelines

e Test equipment

e Hand tools: Snips, Pliers, Screwdrivers, Saws, Crimpers, Knife etc.
e Motors (AC and DC)

e Control Equipment

e Transformers

e Contactors / Relays

e PC & Software

e Conduit, trunking, ladder & glands

e Cables and structured cabling

e Switchgear & Protective Devices

e Electrical & Electronic components (sockets, switches etc.)
e PLC's.

Electrical systems and applications

e Generation

e Transmission

e Distribution

e Renewables

e DC Systems

e AC Systems

e Single Phase Circuits
e Three Phase Circuits
e Transformers
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e Power Factor Correction

e Wiring Systems

e Power Cables

e Structured Cables

e Power Circuits

e Control Circuits

e Renewable systems (Wind, Solar PV)
e EV Charging systems.

Configuration and control

e Inputs and outputs of a control system.

o Digital and Analog Signal Acquisition and processing.

e Home/building automation systems — control of lighting circuits and power loads.
e Home automation equipment programming.

¢ Interconnection of home automation equipment with multi-brand ISO/IEC open systems.
e Home automation systems, maintenance, diagnostic and remote diagnoses.

e Controllers used on industrial control and/or processing.

e Programmable Logic Relay.

e PLC (Programable Logic Controllers).

e HMI Human Machine Interface

e Scada Software.

e Industrial communication networks.

e Programming based on IEC 61131.

e Soft Starters and Variable speed devices to control electrical motors.

e Test and commissioning, supervision and control.
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Annex 3.B. Further examples of digital
simulations and a scenario question for the
electrician occupational area

The following are further examples of digital simulations and a scenario question.

Annex Table 3.B.1. Digital simulation example 2: Install pumps in a wastewater plant

Proficiency level 5

This task is at proficiency level 5 because the trainee will need to apply specialised knowledge and skills in a complex, changing
environment.

Time required for the task: 20 minutes

The task:

lechnologieschema

y

Zulauf Pumpen 1 bis 3
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The trainee is required to install three pumps in a wastewater plant to empty the contents of the secondary clarifier. Two pumps will be sufficient
to dispose of the resulting sewage and the third pump will be available as a reserve. Within the simulation the trainee will require:
e aprogrammable logic controller

e sensors

e switches

e  valves

e actuators (motor for a pump)
e control panel

o different tanks.

The processes involved in the task are:
e  assess and diagnose
e  planand design
e  assemble and install.

The capabilities involved in the task are:
e  problem solving

safety practice

task performance

ICT literacy

critical thinking

self-management

literacy.

The knowledge categories involved in the task are:
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e materials, components and tools
e electrical systems and application
e configuration and control.
The context is: industrial and commercial/public sector
The assessment criteria for the task:
e  assesses the situation and advises the customer
e takes health and safety precautions and follows safety rules for self, others, machinery and materials etc.
o selects the correct type of motor for pump or stirrer for the situation e.g. mechanical power, efficiency
e installs new sensor and assesses via a function check
e plc program is correct (all functions are possible)
e risk evaluation is performed (performance graph)
e faulty cable connections detected, (potential fire hazards)
o faulty cable.
Note: the task must reflect the IEC standards
Video: The video provides an example of the environment. There are technical differences with the requirements set in the simulated task.
Pumps, Systems & Services for the Wastewater Treatment Process - YouTube

Annex Table 3.B.2. Digital simulation example 3: Produce a circuit design

Proficiency level 3
This task is at proficiency level 3 because it is a routine complex task, and the trainee is expected to be sufficiently skilled and confident
to complete the activity without advice or guidance.
Time required for the task: 45 minutes
The task:
The trainee is required to produce a circuit design. They will receive a layout diagram accompanied by a function list in statement form and a
materials list indicating any relevant information e.g. what contacts are available in the contactors.
The process involved in the task:
e  plan and design
The capabilities involved in the task are:
e  problem solving
e critical thinking
e  safety consciousness
e  self-management
o literacy
e numeracy and mathematics.
The knowledge categories involved in the task are:
e electrical theory and fundamentals including maths and science
° norms, standards and regulations
. materials, components, and tools
e electrical systems and application.
The context is: commercial/domestic
The assessment criteria for the task:
o the key function requirements will be achieved
o  safe practice will be observed throughout the task.
Note: the task must reflect the IEC standards
Video: provides an example of what is involved in Electrical Circuit Design - YouTube

Annex Table 3.B.3. Digital simulation example 4: Quantity survey

Proficiency level 3

This task is at proficiency level 3 because it is a routine complex task, and the trainee is expected to be sufficiently skilled and confident
to complete the activity without advice or guidance.

Time required for the task: 30 minutes

The task:
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The trainee is required to provide a detailed survey of all the materials needed to complete a job including the labour component and an
estimated timeframe.
The trainee will receive a circuit layout diagram with dimensions to calculate cable runs and cable support system lengths.
Included with the layout diagram, will be the criteria that must be met when considering material selection.
The process involved in the task:
e  plan and design.
The capabilities involved in the task are:
e problem solving
e critical thinking
e safety consciousness
e  self-management
e literacy.
The knowledge categories involved in the task are:
e electrical theory and fundamentals including maths and science
e norms, standards and regulations
e materials, components, and tools
e electrical systems and application.
The context is:
e commercial/domestic.
The assessment criteria for the task:
o the list of materials required will be correct
e  safety regulations and standards will be followed as part of the selection process
e the labour component will have a minimum and maximum permitted outcome.
Note: the task must reflect the IEC standards
Video: provides an example

Annex Table 3.B.4. Example 2 of a scenario

Scenario: Modemising a freight elevator
Proficiency levels: Sample questions have been set for levels 1, 2, 3, 4 and 5

Time allowed: 30 minutes but the number of questions is to be decided
Context: Commercial
The knowledge categories included:

e  Electrical theory

o  Standards and regulations

o Materials, components and tools

o Systems and applications

o  Configuration and control.

Peter the electrician, from ‘Electrical Solutions’, received a call from a customer to inform him that the
freight elevator in a commercial building had failed. He travelled to the building and inspected the
installation. The problem has been discussed with the customer and the decision has been taken that the
complete electrical installation within the building should be modernised. Peter has emailed the customer
to confirm the work that will need to be undertaken. This is listed below:

1. A new three phase main distribution board will be designed and installed to facilitate all three phase
and single-phase loads.

2. The main distribution board will supply all the electrical needs within the building including lighting,
power circuits and it will also supply a new sub-distribution board for the freight elevator.
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3. The sub distribution board will house the overcurrent and earth fault protection devices for the
freight elevator as well as all the control equipment including the PLC.

4. New main, sub-main and final circuit cabling will be installed as well as all structured cabling as
required.

5. New lighting and power outlets will be installed throughout the building as well as new emergency
lighting and fire detection systems.

6. All materials required to complete the project will be specified and ordered.

7. All work conducted will satisfy relevant national rules and regulations.

Electrical Theory

Q1. The induction motor driving the freight elevator is connected in delta to a line voltage of 400V. The
current in each phase is 48A at a power factor of 0.9 lagging. Calculate the total power of the motor. (Prof
level 5).

Q2. The 2-pole induction motor driving the freight elevator runs at 2800RPM. If the supply frequency is
50Hz determine the percentage slip of the motor. (Prof level 4).

Q3. Explain why the three-phase power circuit for the freight elevator motor will not necessarily include a
neutral conductor. (Prof level 2).

Q4. The freight elevator motor can be considered an inductive load which will operate at a particular power
factor which may need to be calculated. Calculate the power factor of a circuit having a resistance of 220Q
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and an inductance of 0.5H both connected in series across a 230V 50Hz supply and state whether it is
leading or lagging. (Prof level 3).

Q5. The freight elevator is connected to an existing three phase supply. Determine the neutral current
within the three-phase system supplying the complete freight elevator installation if the currents for each
phase are as follows - L1 =80 A, L2 =60 A and L3 =40 A. (Prof level 4).

Standards & Regulations
Q1. With reference to wiring rules what type of cables are recognised by CENELEC? What is the colour
code for cables and cords for the circuits associated with the freight elevator? (Prof level 2).

Q2. With reference to wiring rules what determines the current carrying capacity of the cable supplying the
freight elevator installation. List four considerations that must be taken into consideration. (Prof level 3).

Q3. Explain the purpose of carrying out an Insulation Resistance Test on the completed freight elevator
installation. (Prof level 3).

Q4. Explain where, within the freight elevator installation, surge protective devices may be required. (Prof
level 2).

Q5. Name one type of earthing systems commonly used in the freight elevator electrical installation (Prof
level 1).

Materials, Components, Tools

Q1. Describe three factors that may affect lamp life of any type of luminaire in the building with the freight
elevator. (Prof level 2).

Q2. The diagram below shows a single-phase motor circuit which is used to drive a ventilation fan in the
freight elevator. Explain the sequence of events that take place from the moment the motor is started until
it reaches full load speed. (Prof level 5).

LIVE
L

CENTRIFUGAL
SWITCH

SINGLE-PHASE

SUPPLY
o— RUN
CAPACITOR WINDING
START WINDING
®
NEUTRAL

Q3. When connecting up existing single-phase loads to a new three phase Distribution board what is the
main point to consider? (Prof level 4).

Q4. Name two types of Fire alarm sounders that could be used in the building with the freight elevator.
(Prof level 2).
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Q5. List three different devices that could be used to provide overcurrent protection for the freight elevator
circuits. (Prof level 3).

Q6. List three considerations that need to be considered regarding the materials, given on a material
schedule, before they are obtained and installed for the upgrading of the freight elevator installation.

Systems and Applications
Q1. List three methods of generating renewable energy that could be installed during the upgrading of the
freight elevator electrical system. (Prof level 2)

Q2. Give one reason why AC is used in preference to DC for most electrical distribution systems, including
the distribution system for the freight elevator. (Prof level 3)

Q3. The diagram below shows a section of a distribution system in the building with the freight elevator.
The circuit breakers shown represent a miniature circuit breaker, an air circuit breaker, and a moulded
case circuit breaker.

Transformer
10kV / 400V / 230V

Main Switchboard

° Final Dist. Board
C
Final Circuits

State where each circuit breaker would be located relative to positions A, B and C.
Identify the circuit breaker which doesn't have an adjustable overload setting facility. (Prof level 5).

Q4. The control of the freight elevator requires the installation of structured cabling The termination of Cat5.
5e and 6 for structured cabling is completed to two standards T-568A and T-568B, see figure below.
Explain why both the termination standards must not be used in the one installation. (Prof level 3).

T-568A T-568B
12345678 123456738
S —— [T

sl J i
O/ O G/B B/ G Br/ Br

|

é/ G C}Bélaérlar
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Configuration and Control

Q1. Draw a schematic diagram showing the control wiring for a direct-on-line motor starter which is required
for the ventilation fan in the freight elevator. (Prof level 5).

Q2. Draw the truth table for the logic gate below. (Prof level 2).
——

—?fln_

Q3. List two type of input devices that may be found connected to an office/home automation system. (Prof
level 2).

Q4. The figure below shows an electronic circuit controlling a lamp. ldentify from the list below a suitable
switching combination that will turn on the lamp. (Prof level 4).

a) S1isclosed and S2 is open
b) S2is closed and S1 is open
c) S1isclosed and S2 is closed

d) S1 and S2 are both open

S1 S2
T i
/ J“/
Lamp
-+
“—— Batte
Thyristor - &
Gate
R2

Notes

' The electrician occupational area can also be identified in other occupational classifications. The
Standard Occupational Classification (SOC), used mostly in the United States, includes “industrial
electrician” (47-2111.00). The ‘home appliance repairers’ is also relevant for the electrical parts only (49-
9031.00).
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Business and Administration

This chapter defines “business and administration” as assessed by PISA-
VET and elaborates on the framework for business and administration that
has been designed for the Development Phase of the project, including
descriptions of the competencies and constructs to be assessed. It presents
and explains the processes, content knowledge and contexts and provides
several sample items with descriptions of task characteristics. The chapter
also discusses how performance in the business and administration area is
measured and reported against proficiency levels and scales.
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Introduction

Vocational education and training for business and administration occupations is a critical success factor
for national economies: business and administration is an important cluster (and often the hub) in the
business world and is present in every sector, region/country (Dummert, 2021;1;; Hoidn and Stastny,
2021p2;). Many professions in this cluster are high in demand and short in supply. Overall, there are three
main reasons for selecting this occupational area for PISA-VET related to the important role of the business
and administration domain in the economy and the VET landscape, namely:

The domain is critical to the still ongoing trend toward a service economy.

b. Commercial clerks are trained and in demand all over the world; in some countries, commercial
training is the most chosen training option in VET.

c. The occupational field is at the centre of several developments: automation (including artificial
intelligence) and the digital transition, new forms of work, outsourcing/offshoring.

The corporate world can be seen as both the driver and the driven of digitalisation. On the one hand, it
drives digitalisation processes to optimise corporate and work processes and achieve competitive
advantages. On the other hand, the sometimes-disruptive developments of digitalisation present
companies with major challenges in adapting their business models. The domain of business and
administration can be regarded as one of the disciplines that are intensively dealing with the digitalisation
of the working world and often assumes a pioneering role here. For example, companies are increasingly
relying on digital work processes and tools such as collaboration tools, cloud software and artificial
intelligence to optimize their workflows and make them more efficient. The use of big data and business
analytics is also becoming increasingly important to make decisions based on data.

Defining the business & administration occupational area

The domain of business and administration encompasses a wide range of activities related to the
management and organisation of business enterprises. Therefore, the variety of occupations within the
occupational area is huge. Specifically, the business and administration occupational area covers more
narrow subareas such as Accounting and Finance, Marketing and Sales, Human Resources, Operations
and Strategic Management and Information Technology. Rather than choosing to focus on one subarea,
it is proposed to look at the entire area of business and administration but focus on core cross-cutting
aspects.

In the International Standard Classification of Occupations (ISCO-08), the occupational area of business
and administration covers major group 4 “Clerical support workers”, as well as group 33 “Business and
administration associate professionals”. Clerical support workers record, organise, store, compute and
retrieve information, and perform a number of clerical duties in connection with money-handling operations,
travel arrangements, requests for information, and appointments. Business and administration associate
professionals perform mostly technical tasks connected with the practical application of knowledge relating
to financial accounting and transaction matters, mathematical calculations, human resource development,
selling and buying financial instruments, specialised secretarial tasks, and enforcing or applying relevant
government rules. Also included are workers who provide business services such as customs clearance,
conference planning, job placements, buying and selling real estate or bulk commodities, and serving as
agents for performers such as athletes and artists.

The proposed approach focuses on what young adults can do in their chosen occupational fields of
business and administration near the end of their training programmes, not just what they know. Most
countries focus on one of up to four VET programmes in the field of business and administration - the
target sample will be able to be drawn from students participating in these programmes. Almost all the
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training programmes are located at ISCED level 3 and consist mostly of a combination of training on the
job or practical training, and training in a VET institution (e.g. PISA-VET: A Feasibility-Study) (Baethge,
2006y3)). For the measurement of competency in the occupational field of business and administration, this
chapter, therefore, focuses on ISCED level 3 (OECD/Eurostat/UNESCO Institute for Statistics, 2015y):
upper secondary vocational education. With this in mind, the target population must meet the requirement
of having already completed at least an ISCED level 2 qualification. Due to changes in educational
biographies, heterogeneity can be observed when entering initial vocational training regarding the various
commercial occupational fields, so an age group between 16 and 19 years can be assumed. With regard
to the entry qualification at the start of initial training, differences can also be expected with regard to
different occupational fields so that a qualification level EQF3 and EQF4 must be assumed. In terms of the
EQF, the focus is primarily on level 4.

Table 4.1. Examples of VET programmes in the business and administration occupational area

Selected programmes in data collection countries of PISA-VET

Australia Germany Portugal United Arab Emirates
ISCED level 3 | Advanced vocational Occupations requiring General programmes, 3 Certificate 4 in Business
courses for recognised training for 2 years years Administration and
trades, technicians and Certificate 4 in Customer
other skilled Service

professions, 1-2 years
(Certificate IIl)

ISCED level 4 Advanced vocational Occupations requiring Professional programmes or = Diploma in Business
courses for recognised training for 3 or 3,5 apprenticeship programmes  Administration
trades, technicians and years 3 years
other skilled

professions, with an
advanced skills and
theoretical training
component., 1-2 years
(Certificate V)

ISCED level 5 | Professional vocational Master craftsman Higher professional Advanced Diploma in
courses at the diploma training (very short technical programmes, 2 Business Administration
level, 1-2 years preparation courses only ~ years
(VET diploma) that last less than 880

hours)

The possibilities of international comparability have already been examined within the framework of a
feasibility study (Baethge and Arends, 2009;5)). For this purpose, selected test contents were subjected to
international validation to check whether they can be transferred within and between different countries: It
turns out that there are a variety of occupational tasks that are relevant in different countries. For the
economic field, for example, a high degree of agreement can be found in the preparation of invoices,
reports and annual financial statements.

Based on different international VET standards, legal and economic systems, it is of particular relevance
to identify connected domain-specific elements and to narrow down the scope of the domain. To establish
international comparability, the focus of an international VET-assessment must therefore be on the typical
work situations of the trainees and their domain-specific requirements.

The chapter is based on the following key aspects, which are differentiated in the business and
administration area as follows:

e A PISA-VET must be based on a common understanding of the goals of VET in a specific
occupational area. For the area of business and administration three central goals are defined: (1)
to ensure individual mobility within the professional field, (2) to expand human resources in a
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society, and (3) to foster social participation. These goals are reference points for the definition of
competencies in business and administration; they make it clear that professional competencies
are the starting point for employability and integration.

e A PISA-VET does not claim to be representative of all facets of a specific occupational field; in
business and administration, the focus is on measuring competencies in specific fields of action in
workplaces that can be considered typical for a broad professional area.

e A PISA-VET records the competencies required for successful participation in the world of work in
the 21st century. Against this background, in business and administration, professional
competencies and employability are not discrete constructs, but measurable constructs on a
continuum between occupation-related or cross-occupational and occupation-specific
competencies to act appropriately in the workplace (Winther, 2010p)). Occupation-specific
competencies denote young adults’ abilities to successfully apply their knowledge and experience
to authentic occupational situations in selected contexts that characterize the area of business and
administration; occupation-related competencies refer to young adults’ abilities to be successful in
the broader professional field and to develop professional identities (Klotz, 2015(7;; Winther and
Klotz, 2016s)).

Organising the domain of business & administration

In vocational education and training, the measurement of competencies is primarily discussed in terms of
the domain-specific and domain-related content to which competencies relate (Winther, 2010)). A
widespread opinion is that competencies should be derived from the description of concrete occupational
activities. This would mean that the instruments of competency measurement would be oriented to and
developed from the professional activity. In this case, the test items would be taken from a specific
occupational context of action, which shows the characteristics of a domain (Wigdor and Green Jr., 19919).
This section, therefore, outlines the contexts in which learners of business and administration will be
employed, the processes they will engage in and the underlying capabilities and knowledge content they
will acquire in their training and apply in these contexts.

Context: Operational Value Chains in business and administration

To be able to make statements about competency in the occupational area of business and administration,
the focus of this chapter is not on a specific occupation, but on specific occupational activities, typically
performed in administrative as well as business workplaces or other types of organisations with
administrative areas. The work activities in business and administration are widespread but each can be
affiliated at some stage of the operational value chain. The operational value chain is a framework used to
describe the various processes and activities involved in producing and delivering goods and services to
customers. It is a model that helps organisations understand how different parts of their operations are
interconnected and how they contribute to creating value for customers (Porter, 198510;). Therefore,
activities are categorised along operational value chains: (Porter, 198510; Riiegg-Stirm and Grand,
2020p11)

¢ Management activities — knowledge and action strategies regarding operational and management
and the day-to-day operations; used to prepare decision-making aids for management.

¢ Business activities — knowledge and action strategies regarding customer processes, production
processes, and the distribution of goods; cover the quantifiable process of service creation and its
marketing.
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e Support activities — knowledge and action strategies regarding business principles, business
communication, and the preparation and presentation of relevant business information; address
issues of corporate management and organization.

Operational value chains can be defined both in terms of internal company relationships (e.g. coordination
between departments) and in terms of their market-oriented external image (e.g. relationships with
customers, suppliers, and lenders). Specific occupational scopes of activity can be assigned, see
Table 4.2. Occupational scopes of activities in this context can be defined as a range of activities that are
affiliated with the same category in the operational value chain. By means of the occupational scopes, the
occupational area of business and administration can be operationalised as a job family rather than a
specific occupation. Within the job family approach, the focus is on such competencies that are necessary
to be able to perform similar activities in different occupations of the area of business and administration.
This implies basic competencies in the occupational field as well as their professional-content-related
intersection with more specific occupations.

Table 4.2. Operational value chain and occupational scope

Operational value chain Occupational Scope of activities
Management activities capture procedures and methods of corporate Record market-oriented business processes / present
management. These processes are based on operating data and are services in accounting as a means of recording, controlling and
the sense of decision-making aids for management. monitoring value creation.
Business activities capture the process of service creation as well as its Order processing with procurement, production and

marketing against the background of a company's target system. Value creation distribution logistics.

can be measured via procurement, production and sales processes.

Support activities capture values and structures that cannot be directly allocated = Performing human resources management, business
to corporate value creation. These include legal and structural issues of administration and organizational development tasks.
management and organization.

In particular, the megatrends of digitalization and the ecological transformation of the economy have the
potential to significantly change (commercial) professions. Based on the megatrend of digitalisation, a
change in work contexts can be expected in the future. The use of artificial intelligence and the automation
of activities will mean that simple routine and administrative activities will become less important in day-to-
day work (Frey and Osbourne, 2017). In view of the increasing importance of the use of big data in the
operational work context, the handling of large volumes of data and their adequate processing will gain
significance. Depending on the occupational field within the domain, it can be expected that support in
decision-making processes and increased work on projects in agile team settings will become more
important (Jordanski, 201912;; Seeber and Seifried, 2019p13)). With regard to the increasing implementation
of environmental, social, and corporate governance (ESG), it can be expected that decisions for
investments such as the establishment of new production and supply chains as well as corporate reporting
will experience a change in values regarding the inclusion of sustainability-related assessment standards.
In this way, the sustainability of products will become an important advertising and image factor that can
make a significant contribution to a company's success (Williams et al., 2017114)).

Orientation to operational value chains provides a good approach to this because changes in the economy
are very quickly reflected in the value chains. In addition, the value chains can be used to identify contexts
that can be considered relevant for education and training in the domain. The cognitive processes for
mastering the context-related challenges as well as the content knowledge required for this can be defined.

Context Categories

The occupational scope of activities can be modelled via contexts. The contexts differentiate challenges
at the workplaces and delimit relevant activities in different occupational situations from one another. When
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modelling contexts, two aspects are particularly crucial. First, the contexts describe specific occupational
activities that can be summarised categorically. Three contexts are distinguished (see Figure 4.1):

1. Working with (business) data — This category describes occupational situations that relate to
working with relevant operational indicators or finding and presenting appropriate representations
of data.

2. Working with and through communication — This category describes occupational situations that
focus on appropriate correspondence or customer-facing skills.

3. Working in and for administrative projects — This category describes occupational situations that
can be related to operational project management and administrative work practices.

Figure 4.1. Operational value chains and related contexts

B (@ Working at digital
workplaces
& Working with (e.g. linking situations that
(business) data L 3 a (0] P s may relate to working with
(e.g. situations that may relate % 4 Context N ™1 digital work tools, applying ™
P * information search
finding P l s strategies, or using data
12 s management systems)
' BUSINESS AND e L .
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operational value chains

n Working with and & [management, business . Working in and for
a through communication 02 and supporeprocesses) # administrative projects
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Source: author’'s own representation

The linking element of the three contexts is working in a digital working environment. This refers to the use
of digital tools for data preparation, communication, project administration and project management. An
increasingly digital work environment represents a key contextual factor for a variety of professions within
the domain. This can include cloud-based tools for storing, sharing, and collaborating on documents and
files, communication tools such as instant messaging, video conferencing, and email to facilitate
communication and collaboration among employees and project management tools to help teams track
tasks, deadlines, and progress. The extent to which work environments are digitalised depends to a large
extent on the industry under consideration and the size of the company. Nevertheless, the complete
disappearance of face-to-face workplaces is not in the cards, so face-to-face communication with both
colleagues and customers will continue to be important.

Desired distribution of items by context category

The three context categories — working with (business) data, working with and through communication,
and working in and for administrative projects — are almost evenly contained in the test design (as shown
in Table 4.2). This nearly balanced distribution allows no single context type to dominate so that learners
are given tasks that cover a wide range of situations they expect to encounter in their work. The goal is to
simulate workplace conditions that are as authentic as possible. At commercial workplaces, communicative
and administrative tasks are increasing. Responsible for this are changed business models in which
collaboration becomes necessary. In this context, commercial employees are often mediators between the
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individual departments. Due to the digitalisation of business and work processes, the relevance of dealing
with big data is steadily growing and will continue to gain importance in the future. Therefore, the stronger
focus on the items in this context area is forward-looking.

Table 4.3. Desired distribution of business and administration items, by context category

Context category Percentage of items in Assessment
Working with (business) data 40
Working with and through communication 30
Working in and for administrative projects 30
Total 100

Business and administration processes and the underlying capabilities

Business and administration processes

At the centre of an assessment construction for vocational education and training in the field of business
and administration are competencies at business and administrative workplaces. That includes knowledge
and skills as well as characteristic ways of acting in occupation-specific as well as occupation-related
situations. Business and administrative competencies should be understood as learnable and thus
measurable constructs, which are demonstrated by the fact that professional challenges can be mastered
through the adequate and understanding-guided use of knowledge and skills. Therefore, business and
administrative competencies include both the ability and potential to perform typical tasks in administrative
and business workplaces based on a systemic understanding of operational and administrative sub-
processes. An individual's competency includes occupation-specific and occupation-related competency
dimensions. Occupation-specific competencies include recognising, analysing, using, and evaluating
business principles, data, and processes to successfully apply individuals” knowledge and experience to
authentic occupational situations and contexts; occupation-related competencies refer to individuals'
abilities to succeed in the broader occupational field by using transversal competencies like numeracy and
digital and ICT literacy skills appropriate to an business and administration occupational situation (OECD,
19961151; 2012p161; 20151177, 201911g1). This implies a mature approach to business communication and to
working tools and techniques for generating general templates, organising professional collaboration, and
creating value, for themselves, for the company and for the community. Both occupation-specific and
occupation-related competencies help individuals make informed judgments and decisions in the
occupational domain (Greiff et al., 2014).

In the following, the question must be answered which cognitive processes and resources are necessary
to cope with an occupational situation. In the context of the construct representation, the cognitive
processes and resources are chosen as the starting point for the description of occupational situations.
Hypotheses about the solution process are consequently translated into hypotheses about the contents of
the demanding situations and their difficulty parameters to arrive at a detailed description of the
measurement construct (Pellegrino, Chudowsky and Glaser, 200119)). For this purpose, a sufficiently
precise idea must be developed about which processes take place during the processing and solving of
occupational situations. Therefore, the process category describes the underlying cognitive processes
required to complete the assessment. The cognitive processes describe the abilities of professionals to
recognise, understand, apply, analyse, and evaluate occupation-relevant concepts of the business domain.

For the business and administration area, four process categories are often differentiated (see Figure 4.2;
e.g. (Rausch et al., 202120))):
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Figure 4.2. Business and administration processes and the underlying capabilities
Processes to describe npeter , ‘
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1. Identifying and understanding business and administration information — This process addresses
the search for workplace-related information and the recognition of its relevance. Information in the
business domain is mainly presented in text form, such as emails from customers or supervisors,
business letters, invoices, or presentations from Enterprise Resource Planning (ERP) systems.
The process category also includes the recognition and understanding of technical terms and
different types and sources of information within the domain.

2. Analysing business and administration information and situations — This process describes the
ability to analyse information and recognise relationships between different professional contexts
in relation to a specific problem situation. This includes, for example, criterion-supported analysis
and interpretation of key performance indicators in relation to different professional contexts,
analysing the impact of pricing strategies, or analysing marketing metrics and interpreting them in
relation to product sales. The process of analysis also includes understanding the underlying
analytical assumptions and their implications.

3. Applying business and administration knowledge and skills — This process focuses on acting in
professional situations by applying professional conceptual knowledge in conjunction with
professional action knowledge. The testee realises a typical work product. This can include, for
example, communicating and corresponding adequately in one's own mother tongue or in a foreign
language to finalize a contract conclusion or to inform different stakeholders appropriately. A more
complex use case could be the development of a solution or the formulation of recommendations
for action for a job-specific problem that requires the use of mathematical and linguistic skills and/or
the use of digital work tools such as Office/ERP/CRM.

4. Evaluating and reflecting on business and administration issues — This process refers to the use
of knowledge and skills that goes beyond a specific professional situation. This may involve
critically evaluating the pros and cons of a career decision both in terms of one's own point of view
and in relation to third parties. It includes cognitive skills such as reasoning, evaluating, and
generalising. It also includes critical reflection on one's own professional behaviour during the work
process and work outcomes and formulating changes in behaviour.

The operationalisation of the process category is based on the taxonomy of Marzano and Kendall
(Marzano, Kendall, 200721;) without assuming a hierarchy. The order of the processes rather reflects a
typical sequencing for processing an occupational action situation. It is considered that in professional
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actions an interaction of the described processes can take place. Regarding assessment, tasks are
evaluated according to which process category is most important for solving the task. Therefore, the
process category is used as a tool to characterise workplace requirements and to show what competencies
an apprentice/trainee should have regarding an occupational situation to be able to cope with this situation.

With recourse to cognitive models, the four identified subcategories of the cognitive system represent
differentiable processing and action processes that can be assigned to different levels of complexity: (1)
the activation and situation-specific retrieval of knowledge and skills, (2) the elaboration of knowledge and
skills and thus the representation of comprehension processes, (3) the inferential interpretation of
knowledge and skills with regard to the plausibility of a situation-specific solution, and (4) the utilisation of

knowledge and skills, for example, in the context of transfer tasks.

Table 4.4. Business and administration processes and level of complexity/level of capability

Processes

Example for the domain

Level of complexity /
level of capabilities

Identifying and understanding business and
administration information - the process refers to
recognizing and understanding occupational content.

Analysing business and administration information
and situations - the process refers to the elaboration of
knowledge and requires the representation of
understanding processes.

Applying business and administration knowledge and
skills - the process refers to the preparation of decisions
and the offering of concrete proposals for solutions.

Evaluating and reflecting on business and
administration issues — the process refers to the use of
knowledge that goes beyond a concrete occupational
situation.

Recognise and understand business
documents, identifying relevant
information.

Analysing data (e.g. prices, KPIs,

marketing data) and interpreting them.

Template decisions and preparing
solutions, work products for specific
situation.

Interpretation and reflection in front of
economic decisions that consider the
market environment and company
development.

Activation and situation-specific
retrieval of knowledge /

Capability to retrieve situationally
adequate knowledge stocks.
Elaboration of knowledge and the
representation of comprehension
processes /

Capability to describe system
coherences and to act within them.
Inferential interpretation of
knowledge regarding the plausibility
of a situation-specific solution /
Capability to think and act
purposefully in specific situations.
Utilization of knowledge and transfer
beyond a concrete situation /
Capability to independently control
processing procedures.

Desired distribution of items by business and administration processes

Even though recent studies show that the process categories in the test items are not determinants of
difficulty, a distribution is aimed that places an emphasis on the processes of analysis and application.
This considers the fact that at workplaces in the field of business and administration, these processes also
dominate. The same applies to the corresponding skills of the trainees. The ability to act within system
contexts and that of goal-oriented action in concrete situations predominate in practice over those of
isolated knowledge acquisition and independent further processing.

Table 4.5. Desired distribution of business and administration items, by process category

Process category Percentage of items in the assessment

|dentifying and understanding occupational information. 20
Analysing occupational information and situations. 30
Apply occupational knowledge and skills. 30
Evaluating and reflecting on occupational issues. 20
Total 100
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The distribution proposed here provides the plan for selecting items based on practical relevance and on
the importance to the workplace. Item selection is based on item characteristics related to a range of
framework aspects - including the process and context categories described. In summary, this is reflected
in the underlying definition of vocational competency in the domain of business and administration:

Vocational competency is the potential to act adequately in occupational situations; it is expressed in the
capability to cope with variously challenging situations at administrative as well as business workplaces by
incorporating both occupation-specific as well as occupation-related knowledge, skills and strategies.

Fundamental business and administration capabilities underlying the business and
administration processes

Regarding the requirement profile, occupational situations can vary, so a situation-specific explication of
the higher-level capability of coping with differently complex and challenging occupational situations is
necessary. The situation-specific explication is carried out via business and administration processes and
capabilities which are typically in the focus of action in a situation-specific manner. Accordingly, four
fundamental business and administration capabilities underlying the cognitive processes can be usefully
identified:

1. The capability to retrieve situationally adequate knowledge stocks: Retrieving business and
administration data and other relevant information.

2. The capability to describe system coherences and to act within them: Drawing conclusions from
business and administration data and other relevant information.

3. The capability to think and act purposefully in specific situations: Making appropriate
decisions/proposals for business and administration work products.

4. The capability to independently control processing procedures: Establishing appropriate, quality-
assuring working practices for business and administration workplaces as well as promoting their
own professionalism.

These four capabilities must be integrated to cope with various challenging situations at administrative as
well as business workplaces. Processes and capabilities meet in the test situations. The processes
describe the requirements of the situation; the abilities describe the possibilities of the person. The
interaction of process and capability is consequently based on what is considered a typical situation in
administrative as well as business workplaces. Consider for example the following occupational situation.
This situation is an authentic and typical work situation; it integrates all four business and administration
capabilities:

You are employed as an assistant to the head of the sales department of a household appliance
manufacturer. Due to geopolitical events, there are difficulties in prospecting the future revenues
of our newly released product, a smart vacuum cleaner robot. We want to sell our product
nationally as well as in the United States. Our sales department calculated that with the revenues
of both markets, our product should have a positive cash flow within three years. Your supervisor
asks you to evaluate the cash flow calculation based on recent events and to develop a justified
proposal when we can expect a positive cash flow at the earliest and should we release our product
on both markets?

This occupational situation refers specifically to the context: working with business data. How this
occupational situation can be differentiated via the processes and which capabilities underlie it is shown
in the following table. The table should be read as follows: The complex occupational situation is divided
into process categories - these are the last four columns of the table. It becomes clear that each
occupational situation - if it is authentic and complex - addresses several process categories (identify,
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analyze, apply, evaluate). The process categories describe the cognitive requirements that lie in complex,
occupational situations and thus in individual processes. These requirements are empirically well
separable construction criteria for test task. The last four rows of the table indicate which capabilities are
needed to master the process categories of an authentic and complex occupational situation. The
capabilities must meet the requirements at the process level to be able to deal appropriately with the
challenges of the occupational situation. In this table, the two aspects of competence measurement come
together: the demand of the situation and the ability of the person.

Table 4.6. Relationship between business and administration processes and fundamental
capabilities (example)

Process one -
Identifying and
understanding business
and administration
information

Process two -
Analysing business
and administration
information and
situations

Process three -
Applying business and
administration
knowledge and skills

Process four - Evaluating
and reflecting on
business and
administration issues

Coping with various
challenging situations
at administrative as
well as business
workplaces by
incorporating both
occupation-specific
as well as
occupation-related
skills and strategies.

Capability to retrieve
situationally
adequate knowledge
stocks

Capability to describe
system coherences
and to act within
them

Capability to think
and act purposefully
in specific situations

Capability to
independently control
processing
procedures

In an internal paper, the
difficulties in sales are
described. The trainee can
identify the connection
between geopolitical
changes and internal
company measures and
recognize the
interrelationships within
them; primarily occupation-
related skills are used for
this purpose.

The capability focus is here

(Drawing conclusions based

on information given in an
internal paper).

Main context: Working with (business) data.

Based on graphs showing
the expected
development of the
market-specific demand
for household goods as
well as the expected
consumer climate index in
general a trend analysis is
to be made. The trainee
must be able to read the
data, analyse the impact
and prepare the
information required for
the decision in context.
Again, this is primarily
occupation-related
knowledge.

The capability focus is
here (Preparing
appropriate decisions
based on a trend
analysis)

Initial cash flow
calculation is available.
The trainee must
calculate the now
expected revenue stream
for both markets and
compare it with the initial
calculation. Occupation-
specific knowledge is
used for this purpose and
learned algorithms for
cash flow calculation are
applied.

The capability focus is
here (Retrieving business
and administration data
for cash flow calculation).

For operational monitoring, it
is necessary to evaluate the
development of market
developments. For this
purpose, data are available
which contain statements
about the market-specific
demand and other relevant
trends (consumer climate
index, development in sales
figures of the industry and
your own company). The
trainees are asked to form a
key figure from this data and
to explain it. They are to
make a judgment as to
whether the current plan
product release plan should
be maintained as it is or to
adopt it. In this task, both
occupation-specific and
occupation-related skills are
activated.

The capability focus is here
(Promoting professionalism;
formulating a key figure goes
beyond the daily work
requirement).
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Business and administration content knowledge

Content knowledge is interpreted in a broad sense as action-relevant knowledge which is necessary to be
able to decide, against the background of occupational complexity, how to deal with the authentic
occupational situation, considering operational main and side effects (e.g. being able to name which
information is necessary for an economic decision, such as the selection of a supplier). Content knowledge
is the flagship of the test instrument; it determines the breadth and depth of the construct being measured.

The following content knowledge categories are suggested:

1. Content knowledge of the significance of relevant operational indicators in business administration
and how to interpret and present data appropriately — this content knowledge is linked to the
occupational context 1: working with business data.

2. Content knowledge of appropriate procedures and tools for correspondence and communication,
of cross-cultural differences, and of dealing with diverse customers and stakeholders — this content
knowledge is linked to the occupational context 2: working with and through communication.

3. Content knowledge of methods, forms, and areas of application of project management and of the
use of concrete work strategies — this content knowledge is linked to the occupational context 3:
working in and for administrative projects.

Each of these content knowledge categories incorporates knowledge of how and when to use digital work
tools, what information-seeking strategies are useful, and how to manage data.

Figure 4.3. Content knowledge linked to occupational contexts
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Source: author’'s own representation

Regarding the measurement of vocational competency, it is demanded that the contents of the
measurement be as complex as possible to capture an understanding of the dynamics of economic reality.
Against this background, static linearised views of business realities are abandoned, and the system-
oriented approach of business and administration is pursued. System orientation means emphasizing the
interrelationships between individual topics, concepts, and instruments to integrate the individual content
knowledge into a meaningful whole that can depict specific, dynamic relationships.

The system perspective of business administration is to be supplemented by process orientation: All value-
added activities of a company and the necessary organisational and administrative work are performed in
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processes that can be characterised by a certain factual and temporal logic in the execution of specific
tasks. Consequently, cross-functional business processes ask about the sequence, the temporal course,
the priorities of subtasks as well as the use of people, material goods and the use of information
(operational process organization).

Desired distribution of items by content category

An almost balanced distribution of content knowledge categories is sought in the assessment. Analogous
to the distribution of context categories, we consider a stronger content focus on the adequate handling of
data for analysis and decision-making to be forward-looking in view of the increasing digitization of
corporate and work processes. Mapping the system perspective requires a well-balanced distribution of
items across content categories.

Table 4.7. Desired distribution of business and administration items, by content category

Content Category Percentage of items in
Assessment

Content knowledge of the significance of relevant operational indicators in business 40
administration and how to interpret and present data appropriately
Content knowledge of appropriate tools and procedure for correspondence and 30
communication, of cross-cultural differences and of dealing with diverse customers and
stakeholders
Content knowledge of methods, forms and areas of application of project management and 30

of the use of concrete work strategies — this content knowledge is mostly linked to the
occupational context 3

Total 100

Content topics for guiding the assessment of business and administration competency for
VET learners

To effectively understand and solve contextualised problems involving the content categories requires
drawing upon a variety of business and administration concepts, procedures, facts, and tools at an
appropriate level of depth and sophistication. As an assessment of vocational competency in the field of
business and administration, PISA-VET strives to assess the levels and types of professional skills in the
domain that are appropriate for VET learners on a trajectory to become skilled professionals able to make
well-founded judgments and decisions at the workplace (Winther et al., 2016). It is also the case that PISA-
VET, while not designed or intended to be a curriculum-driven assessment, strives to reflect the business
and administration area that students have likely had the opportunity to learn by the time they are
approaching the end of their initial VET programmes.

The field of business and administration is primarily characterised by its service orientation and the
provision of services. The proposed occupational contexts as well as the associated content-related
knowledge categories explicitly take this into account. It is recommended that the focus of an international
comparison be placed on occupational tasks that deal in different ways with aspects of service provision
and are based on different work processes (Holtsch et al., 201622;). Therefore, all knowledge categories
are based on real work and business processes. Knowledge must be activated to master occupational
challenges in authentic situations. The idea behind using authentic challenges as an assessment style is
to observe authentic behaviour in authentic test environments as key indicators of vocational competency
in real-life settings (Sangmeister et al., 201823)). In addition, and consistently geared to the requirements
of working life in the business and administration area, content knowledge categories are highlighted that
stimulate adequate work in corporate domains with their specific economic contexts. ltems in this category
are referred to as occupation-specific challenges. Each occupation-specific challenge refers to a systemic
view of business data and processes regarding economic decision-making processes.
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Assessing Vocational Competency of learners in the business and
administration occupational area

General assumptions

The focus of the assessment is on knowledge stocks and skills that can be assumed to be needed for an
individual's participation in working life. The requirements for graduates of vocational education and
training are primarily oriented toward the workplace and, beyond that, the labour market. This implicitly
includes personal development, as this is the only way to ensure that graduates can adapt to changing
working and living conditions.

Consequently, the following questions are central to the assessment: (1) How can vocational competency
be defined, and which operationalisations are useful? Two aspects are of central importance here: on the
one hand, the domain and thus both the contexts and the associated contents of professional competency.
On the other hand, the person is a characteristic carrier of professional competency. Unlike comparable
international large-scale assessments (Third International Mathematics and Science Study (TIMSS); cf.
(Baumert, Bos and Lehmann, 2000j24)) the focus is not on curricular congruence but on functional aspects
of education. Closely related to this are (2) the questions of what radius of action, what scope for action
and decision-making graduates of vocational education have at their workplaces and on the labour market,
and thus of typical contexts of requirements by means of which "competent” behaviour is demonstrated,
as well as (3) the question of test situations and test items that adequately depict vocational behaviour and
thus make it accessible to a competency measurement. (4) The evaluation and analysis are linked back
to the requirement profiles of the occupations and the labour market and thus along the action parameters
of the employees.

In the preceding chapters, questions (1) and (2) were answered. Based on the value chains and the
associated occupational scopes, the context, the processes, and the content for the domain have been
identified (job family approach). The domain as well as the occupational actions have thus been
comprehensively described and explained. Questions (3) and (4) are addressed below.

Question (3) clarifies which options are available for recording vocational competency in relation to
workplace activities. In general, two procedures can be distinguished in this context, which can have
different characteristics (cf. (Rauner et al., 200925))):

e The external and/or self-assessment of work behaviour by questionnaire-based or rater-based
procedures as well as.

e Simulation-based procedures in which work behaviour can be observed and diagnosed through
knowledge and performance measurements.

The feasibility study on the implementation of an international comparative large-scale assessment in
vocational education and training (Baethge, 20063) relies on simulation-based procedures and thus
follows the current findings and recommendations of major international comparative studies. Procedures
of external and self-assessment can usefully complement simulation-based assessments, especially for
validation.

A simulation-based method of vocational competency measurement is proposed for an international
assessment in the field of business and administration. Simulations can be used to visualise value chains
and the associated professional scopes of action and contexts. Simulation-based test platforms can be
used to represent the authentic occupational tasks to be mastered by trainees, including the action and
communication processes required to master them. Computer simulation ensures that:

1. concrete processes can be observed in typical contexts, and

2. content knowledge can be tied to work products that are available as standardized results for
analysing trainees' capabilities.
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A simulation-based approach to a vocational assessment should be modelled in an occupationally
authentic setting to represent occupational reality. Authenticity is an essential prerequisite for measuring
occupational competency (Deutscher and Winther, 20182¢]). Authentic contexts serve to shape the s