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holders. Throughg ocess, 156 potentially relevant
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manual validatio! vidence base on emerging
ather than treating AI,

arners should be grounded in validated role-capability patterns and
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1 Introduction

Digitalisation, automation, and data-driven operational decision-making are re-
shaping the European transport and mobility sector, increasing demand for ad-
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vanced capabilities in AI, modelling, optimisation, simulation, digital infrastruc-
ture, and sustainability-oriented systems thinking [16]. Ideally complemented by
HPC, these capabilities are no longer confined to specialist computing roles, but
are increasingly embedded in smart cities, transport planning, operations, gov-
ernance, systems integration, and innovation functions across public and private
organisations [3,27].

This creates an educational challenge for postgraduate programme design.
Traditional HPC and AT curricula remain strongly oriented toward ¢
ence and engineering pathways, whereas many emerging transport ro
applied computational understanding without assuming deep prior e
low-level parallel programming or algorithm engineering [12,19,24].

has identified the requirement for HPC and A ills in
port industry for the eventual development of a
curriculum.

This paper outlines GreenShift’s Needs Analysi
account of how role-capability analysis can i
vanced digital education in transport and

sessment of current and emerging skills needs

validation, and coding procedures. ri transition from ana-
lytically derived role families to giu

and advanced digital capabilities be systemati-
anslated into an academically robust, curriculum-oriented
nd mobility education using mixed methods?. Four sub-

ow can transport-sector roles and associated capability requirements be

tracted from heterogeneous public sources in a traceable and methodolog-

defensible way?

an LLM-assisted extraction be incorporated into educational and

labour market research without compromising evidential rigour?

— What do the results of the survey and interviews reveal about capability
gaps, organisational barriers, and future training needs in the sector?

— How can validated role-capability findings be translated into curriculum ar-
chitecture suitable for interdisciplinary and non-computer-science learner co-
horts?
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The paper contributes a fully articulated methodology for role-anchored cur-
riculum design in an emerging digital-green domain. Its contribution lies not
only in the identification of transport-relevant digital capabilities, but also in
the demonstration of a transparent workflow that links evidence extraction, val-
idation, synthesis, capability clustering, and curriculum design [22].

Beyond the transport domain, the study contributes a transferable method-
ology for competency discovery and curriculum development in, emerging
technology-intensive sectors [17]. The combination of bounded LLMsassisted
extraction, structured human validation, multi-source triangulation, and cur-
riculum traceability provides a replicable workflow that can be applied‘wheréever
role profiles, skills requirements, and curricular structures need_to be kept
aligned over time, including cybersecurity, energy, manufacturifg, andyhealth.

For ETACS and neighbouring cybersecurity education initiatives, the éontri-
bution lies in an end-to-end, role-anchored workflewithat starts from documented
work roles, incorporates competency frameworks such,as thel ENISA European
Cybersecurity Skills Framework (ECSF) [15], and produces curriculum-ready
capability structures with an explicit evidence gfail for different gkills frame-
works [4]. In this sense, the methodological approach is patticularly relevant
to ETACS, because it offers a concrete model %o systematically trzanslate evolv-
ing cybersecurity workforce requirements into evidenee-based educational design,
rather than relying solely on technology=centred or expert-only syllabus updates.

2 Literature Review

The study is located within the literature oen HPC education, competency-based
learning, workforce-informed @urricudiim designjand just transition. Its central
premise is that adwanced digital education for transport systems cannot be de-
signed by transferring conventional ¢omputer science curricula to a new applica-
tion area. InStead, curriculumidésign must account for the roles, organisational
séttings,hand applied decisions through which HPC, AI, modelling, simulation,
digital twins, data gevernance, and sustainability are now being used in trans-
port and/mobility.

HP@ education hasthistorically been grounded in Parallel and Distributed
Computing (PDC), with emphasis on concurrency, parallel architectures, pro-
gramming models, performance optimisation, and algorithmic scalability [24].
This\disciplinary foundation remains necessary for specialist computing educa-
tion; but it does not fully address the needs of professionals who engage with
HPC through applied modelling, simulation, optimisation, digital twins, or Al-
enabled decision-support environments. Therefore, recent work on HPC edu-
cation points towards domain-driven and competency-based learning models,
where learners acquire sufficient computational understanding to reason about
scale, data movement, model behaviour, infrastructure constraints, and perfor-
mance implications in applied contexts rather than necessarily becoming spe-
cialist parallel programmers [9,12,31].
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This distinction is important for transport and mobility education. Trans-
port professionals may need to understand when large-scale simulation, GPU-
accelerated analytics, data-intensive optimisation, or distributed digital-twin in-
frastructures are appropriate, reliable, sustainable, and governable. Their educa-
tional requirements are therefore different from those of conventional computer
science cohorts. The curriculum problem is not simply to transfer existing HPC
modules into transport programmes, but to identify which computational con-
cepts should be retained, reframed, scaffolded, and connected to transpert-sector
decisions. This supports a role-first approach in which HPC and Al are treated
as enabling capabilities embedded within operational, analytical, governance,
and innovation roles [1,10].

The literature also indicates that the integration of AI andfHPC into non=
computing domains requires curriculum structures that combine techmical flu-
ency with contextual judgement. Domain profesSionals must interpret model
outputs, assess data quality, understand uncertainty, eyaluate sustainability im=
plications, and collaborate across organisational boundaries. For,this reason,
advanced digital education should avoid a narrowfSeparation between, technical
modules and contextual modules. Instead, it shonld organise, learning around
capability integration: data, modelling, AI, HPC, digital infrastzucture, gover-
nance, sustainability, and cybersecurity should be presented as mutually depen-
dent elements of digitally transformedsystéms [14,19,20].

Transport systems provide a cleat example ofithis integration problem. Digi-
talisation, automation, and data-deiven decision-making are increasingly embed-
ded in infrastructure management;logistics, publie transport, mobility services,
urban planning, and policy-oriented funétions [16]. In these settings, Al and HPC
are not isolated technoleg@ies butpart of wider socio-technical systems affected
by legacy infrastructure, fragmented data emyironments, interoperability con-
straints, sustainability pressutes, and uneven digital maturity [2,3,21]. Green
and digital transition‘\agendas also require edueation to address environmen-
tal performance, organisational readiness, and social distribution of capabilities,
rather,than treating technical development as a narrow software-training prob-
lem [23].

2.1 EXxisting approaches to workforce-informed curriculum design

The alignment of educational provision with evolving workforce requirements
has been a longstanding concern within professional and vocational education.
Traditional approaches to curriculum design have relied on occupational stan-
dards, eompetency frameworks, expert panels, and structured job analysis meth-
ods such as Developing A Curriculum (DACUM) [28] and task-based compe-
tency modelling [29]. These approaches provide valuable mechanisms for iden-
tifying role requirements, but are often resource-intensive, periodic in nature,
and limited in their ability to respond rapidly to emerging technological change.
Competency-based education provides a useful foundation because it directs at-
tention to what learners must be able to understand and do in context, but
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it still requires a defensible process to identify which capabilities matter in a
changing domain [22].

More recently, advances in labour market intelligence have enabled the use of
skills analytics, occupational databases, job advertisement mining, and sectoral
forecasting to identify emerging workforce trends. European frameworks such as
the European e-Competence Framework (e-CF), ESCO, DigComp, GreenComp,
and the European Cybersecurity Skills Framework (ECSF) provide structured
reference models for competency identification and curriculum alignments, [7].
These frameworks offer important guidance, but are not designed to identify
emerging sector-specific capability requirements in rapidly evolving' domains
such as Al-enabled transport systems, digital twins, advanced simulation, or
HPC-supported optimisation. They also do not automatically explain how a ca=
pability should be translated into learning outcomes, assessmeénts, andmoedular
programme structures.

The growing availability of Large Language Models (DLMs) has alsoled
to increased interest in automated approaches to cémpetency. extraction and
skills intelligence. Recent studies have explored Al-assisted, analysishof job ad-
vertisements, occupational descriptions, and poliey documents to identify skill
demands and trends in the workforce. However, eoncerns remain about trans-
parency, reproducibility, source fidelity, and the(risk of generating inferred or
unsupported findings. Consequently, Adfassisted approaches require robust vali-
dation mechanisms and should complement rathér than replace human expertise
and judgment [5,8,18].

Workforce-informed curriculum,_ design therefore faces a double translation
problem. First, heterogeneous evidengenfrom the labour-market must be con-
verted into stable role and capability patterns. Second, these patterns must be
converted into curriculum strugtures that aréyteachable, assessable, and acces-
sible to heterogeneous eohort§ of ledrners. Existing curriculum design method-
ologies frequentlyaddress.only one side of this proeblem. Workforce studies often
identify emerging skills ‘butyprovidé limited guidance on programme structure,
whilegeducational frameworks can define learning outcomes without a trans-
parent evidence trail linking them to labour market requirements. This creates
challenges in demonstrating curriculum relevance in interdisciplinary fields where
technologieal, organisational, sustainability, and governance considerations inter-
sect.

The proposed methodology seeks to address this gap through an inte-
grated workflow that combines evidence extraction assisted by bounded
LLM, structured human validation, stakeholder consultation, framework
mapping, and curriculum traceability. Rather than relying on Al-generated
interpretation, the approach constrains LLMs to the identification of explic-
itly evidenced roles and skills from publicly available sources. The extracted
outputs are subsequently validated, normalised, triangulated through sur-
vey and interview data, and mapped to recognised competency frameworks
before informing curriculum design decisions.
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The novelty of the approach lies not in the use of LLMs alone, but in the
systematic integration of Al-assisted extraction, expert validation, multi-method
triangulation, and curriculum translation within a single methodological frame-
work. This provides a transparent and replicable process for transforming diverse
evidence from the labour market into curriculum-relevant capability structures.
Although developed within the transport and mobility sector, the methodology
has potential applicability in other domains facing rapid digital transformation,
including cybersecurity, energy, manufacturing, and healthcare.

3 Methodology

Similarly to previous needs analyses to generate competencetbased eurricula
in computing [30], the GreenShift Needs Analysis has adopted an exploratory
mixed-methods design to generate an evidence-Based and éurriculum-oriented
understanding of skills needs in European transport and mobilityaThree methods
were integrated: desk research, survey research, and qualitative interviews, with
triangulation used to strengthen reliability and pfactical relevance.

The desk research systematically examined transport-related roles and as-
sociated skills related to AI, HPC, advanced ‘digital technologies, and sustain-
ability in the EU27. A standardised prompt framework was used to identify
only explicitly stated roles and associdted skills from werifiable public sources,
including policy documents, occupagional profiles, industey reports, and labour
market analyses [5,8]. The searclés were condueted primarily in English, while
relevant sources in the national-language were in¢luded where they could be re-
liably interpreted and validated. In thenEU27, 156 potentially relevant sources
were initially identified 4nd manually sereemed for accessibility, relevance, and
evidential quality. After validation, 103 seurees were retained, while 53 were
excluded due to inacgessibilify, duplication, insufficient role—skill evidence, or
lack of verifiability) This\explicit inclusion and exclusion logic strengthens the
academic robustness of the methodology.

3.1 LLM-assisted extraction and validation

LLMs have been used te support scalable extraction of transport roles and as-
sociated skills from public sources, but their use was strictly limited to retrieval
and structured extraction rather than interpretation or synthesis. The extraction
process was carried out using OpenAI’s ChatGPT platform between December
2025%nd January 2026 with web search enabled, and outputs were captured
in standardised Excel templates containing role title, associated skills, source
reference, and country. The prompt is presented in Appendix A.

Several platforms, including ChatGPT, Perplexity Pro, and Microsoft Copi-
lot, were tested for adherence to detailed extraction rules, source fidelity, and
Excel-compatible structured output. ChatGPT was retained because it showed
the strongest adherence to prompt constraints and the most consistent struc-
tured outputs, while systems that produced more inferred or less controllable
outputs were excluded from the final methodology [8].
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Because transport-sector sources frequently contained evidence relating to
more than one capability domain, extraction was conducted separately for each
predefined skill category, including AI, HPC, cybersecurity, governance, sustain-
ability, data, and systems integration. Skill categories were treated as controlled
analytical lenses rather than mutually exclusive properties of a source. The
same source could therefore be processed more than once using category-specific
prompts where it contained explicit evidence for multiple capability areas. This
design avoided forcing a single dominant label onto multi-capability zoles,and
directly addressed the risk that Al-enabled optimisation, HPC-supported simula-
tion, digital twins, data governance, or cybersecurity governance could@therwise
be collapsed into a single technical category.

Each extraction pass used a conservative zero-row rule: if the source did
not explicitly evidence both a role and an associated skill within the‘specified
category, no record was created. This rule wasgparticulagly important forhar-
eas that overlapped, where plausible inference could ,otherwise, be introduced
too easily. Following extraction, outputs from differefit categories were merged,
and duplicate role entries were reviewed manually.\Cross-domain entries were
retained only where the underlying source supported the association. During
validation, records were classified as single-category, evidence, multi-category ev-
idence, or rejected inference. This allowed overlaps to be analysed as validated
cross-cutting capability themes rathersthanas, artefacts, of prompt design.

Validation was multi-layered. Allfextracted entries werénmanually reviewed by
a domain-aware researcher using a'structured chegklist to verify source accessibil-
ity, transport relevance, evidential‘alignment between roles and skills, and com-
pliance with coding rules. Ambiguous entries were removed rather than rewrit-
ten, and a second reviewér examined themethodology, validation approach, and
consolidated findings ds part ofdquality assurance.

To support methodelogical transparency andiuture replication, the project
maintained standardised prompt templates, coding structures, validation check-
lists, controlled vocabulariés, incliision and exclusion rules, and examples of
aceepted and rejected extraetion tecords. Subject to consortium approval and
project. dissemination requirements, these materials will be made available
through a public repository following completion of the project.

Dataf structuring and synthesis An Excel-based coding framework was devel-
oped to organise and analyse the extracted evidence. Key fields included coun-
try, seurce title, source type, source URL, role title, role category, skill category,
associated skills, maturity level, sector or mode, organisation type, relevance,
validation’'status, and analytic comments. This coding structure supported trans-
parency, auditability, and aggregation across countries. Following validation, 28
distinct transport-related roles were identified in the dataset, with frequencies
ranging from one to sixteen occurrences across country-level records. To support
robust consolidation, only roles appearing five or more times were retained for
detailed clustering, while lower-frequency roles were excluded from role-family
analysis but still informed broader capability and topic mapping. This refinement
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supports methodological clarity and explains how role evidence was translated
into stable curriculum-relevant patterns.

Survey and interview methods The stakeholder survey was designed as a struc-
tured quantitative instrument aligned to the GreenShift analytical framework,
covering digital maturity, Al and digital twin adoption, infrastructure readiness,
barriers to adoption, sustainability capability needs, and programme preferences.

March 2026, distributed through consortium networks and open dis
channels such as LinkedIn, and generated 58 valid responses for an

sector. Nine semi-structured interviews were also conducted
selected stakeholders from industry, research, public sector, a
texts. Interviews were analysed using a hybrid atic

validate and deepen understanding of organisatio
barriers, and future capability requirements.

4 Results

Our results indicate that the Europea mobility sector is under-
going uneven but accelerating digita nati ith foundational capa-
bilities more established than adva i 51 lation, or integrated

. Transport Data
. Modelling, Sim
. Systems Integrsz

=~ w N =

ational categories. Al capability, sustainability, governance,
thinking, and HPC should be treated as cross-cutting ca-

able 1 consolidates the role-family interpretation against external compe-
rameworks. The table is intentionally role-family based rather than role-

while retaining sector-specific transport meaning.

Current capabilities and skills gaps. The analysis identifies a baseline of existing
digital and operational capability across much of the sector, but also highlights
major gaps in data integration, advanced analytics deployment, modelling and
optimisation, systems integration, and digitally enabled systems management.
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Table 1: Role-Family Alignment with Competence Frameworks and Curriculum Im-

plications

Role
family

Transpori
Data
Analyt-
ics

Modelling
Simu-
lation,
and
Digital
Twin

Systems
Integra-
tion and
Plat-
form

Digital
Inno-
vation
Leader-
ship

Primary capa-
bility focus

Transport data
pipelines, analyt-
ics, visualisation,
and evidence-
based  decision
support

Scenario  mod-
elling, simula-
tion, optimisa-
tion, digital-twin
reasoning, and

HPC-enabled
analysis

Interoperability,
infrastructure
integration, data
platforms, oper-
ational systems,
and AI/HPC
deployment con-
texts

Digital transfor-
mation, gover-
nance, procure-
ment awareness,
sustainability

strategy, organi-
sational change,
and accountabil-

ity

Relevant framework

alignment

ESCO data and transport
occupations; e-CF data and
analysis competences; Dig-
Comp information and data
literacy; GreenComp sus-
tainability data interpreta-
tion

e-CF  architecture  and
solution development com-
petences; ESCO modelling
and engineering roles;
GreenComp systems think-
ing and futures literacy

e-CF systems architecture,
integration, and service
delivery competences;
ECSF-adjacent architecture,
implementation, and risk-
management profiles; ESCO
ICT and infrastructure roles

GreenComp  sustainability
competences; e-CF gover-
nance and strategy com-
petences; ECSF-adjacent
policy, compliance, and
risk-management  profiles;
ESCO management and
policy roles

Curriculum  implica-
tion
Include transport data

management, data quality,
applied analytics, visuali-
sation, and interpretation
of operational and sus-
tainability indicators.

Develop learning out-
comes on simulation de-
sign, model assumptions,
validation, uncertainty,
computational scale, and
interpretation of digital-
twin outputs.

Embed systems archi-
tecture, interoperability,
platform governance,

operational resilience, and
secure-by-design integra-
tion tasks into practical
assessments.

Include governance, sus-
tainability, risk, cyberse-
curity awareness, organ-
isational readiness, and
strategic roadmap assess-
ments for Al- and HPC-
enabled transport.
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Advanced capabilities such as large-scale simulation, intelligent decision support,
digital twins, and HPC-supported optimisation remain concentrated in larger
organisations and specialised teams.

The analysis places a strong emphasis on the uneven diffusion of Al and
HPC. The survey respondents recognised the importance of HPC for future use
cases, such as optimisation and simulation, but the current deployment remained
limited outside of research-intensive or large infrastructure settings Slmllarly,
the demand for Al capabilities exceeded the organisational readine
plementation often fragmented into pilots rather than embedded o
systems. Cross-cutting gaps also emerged in transversal skills. Thes
systems thinking, interdisciplinary collaboration, governance aw:

digital transformation in transport contexts.

Organisational barriers and enabling conditi
structures, legacy systems, limited internal

| he evidence points to
important enablers. Stakeholders consi asised the value of practi-
cal, flexible, and industry- ) g s, including modular study,
micro-credentials, applig : tegrated approaches [13,25]. This
finding directly supports odel that balances conceptual
ili n varied disciplinary and pro-

is. The cross-method synthesis shows convergence across
interviews. Al-related capability demand was widely

The desk research revealed structural role and capability patterns, the
survey provided directional evidence on adoption and barriers, and the interviews
revealed the practical realities of implementation, including organisational silos,
cultural barriers, and uneven readiness. Together, the three methods produce a
richer basis for curriculum design than any source could provide alone.
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The synthesis shows a consistent pattern: capability demand is outpacing
organisational readiness. Although AI-, HPC-, and data-related roles are
widely recognised, surveys and interviews indicate that adoption is con-
strained by organisational, infrastructural, and workforce factors. These
shortages therefore reflect broader transformation challenges, not only tech-
nical skills gaps. Educational interventions must address both technological
competencies and adoption capacity.

5 Discussion

capability-based and role-anchored curriculu sign.
frequently separate workforce analysis from curricul
limited traceability between identified skills needs
Our methodology addresses this challenge by e
trail linking role identification, capability an
curriculum design. In this model, curriculu
disciplinary content alone, but from validated evi about what professionals
in digitally transforming transport sys rstand and do.

5.1 From labour market evid lum architecture

”

GREENSHIFT NEEDS ANALYSIS (COMPLETED)

CURRICULUM DEVELOPMENT (NEXT PHASE)

Learning Outcomes

i
|
| [ [ i =4 .
Definition of measurable
!
il = Y | o= i @ learning outcomes
Q Y | ‘.‘ | aligned with capability
‘ ‘ 1 requirements
Desk Role Role Capabili Curriculum | 3
> 4 Validation —p [-p| Capabllity Ly =g Modules &
Research Extraction Families | Themes Requirements | | ules
s , | = - — i ) Micro-credentials
| I
Systematic search LLM-assisted Multi-layer i Clustering of ‘ Identification of Consolidated | .. De_slan of mwules and
of public sources extraction of validation, | validated roles ‘ cross-cutting capability H m1<'°-<_'e¢emllls aligned
across the EU27 roles and deduplication, | into curriculum- capability requirements i to learning outcomes
transport associated normalisation |~ oriented role | themes across for cumiculum i v
ecosystem skills and coding families | role families design |
| : Masters Programme
| | ﬂ 1 Integration into a coherent,
! interdisciplinary Masters
i programme structure
|
J <
GreensShift Needs Analysis (Completed): Generates evidence-based B Curriculum Development (Next Phase): Builds on the requirements to develop
curriculum requirements from validated role and capability analysis. learning outcomes, modules, mi ials and the final Masters

Fig. 1: Evidence-to-curriculum traceability framework. The GreenShift Needs Analysis
establishes a pathway from desk research and validated role extraction to role fami-
lies, capability themes, and curriculum requirements. The next phase translates these
requirements into learning outcomes, modules, micro-credentials, and the Master’s pro-
gramme architecture.
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A central contribution of the study is the curriculum traceability framework
linking desk research roles to role families, capability themes, and curriculum
requirements. The framework provides a structured pathway from labour market
evidence to subsequent curriculum development activities, including learning
outcome definition, module design, and programme architecture.

Figure 1 illustrates the curriculum traceability process developed within
GreenShift. The framework provides an explicit link between labour market
evidence and curriculum architecture, ensuring that programme designddeci-
sions can be traced back to validated role and capability requirements identified
through desk research, stakeholder surveys, and interviews. This approachin-
creases transparency, supports curriculum relevance, and provides axeproducible
methodology for workforce-aligned educational design.

The role-family analysis should be read as an intermediate artefact in‘cutricu-
lum design, rather than as a final occupational taxonomy. Its purpose is to‘make
role-evidence pedagogically usable. The desk researchgproducedyheterogeneons
role titles across countries and organisations, but directtranslation of these titles
into modules would have produced an unstable and*overly fragmented, curricu-
lum. The synthesis therefore moved from indiidual role titlesyto role families,
and from role families to capability clusters. This enables curriculum design to
respond to recurring work requirements_without becoming dependent on the
exact vocabulary of particular employersor nationallabour markets.

The four role families support different currieulum emphases. Transport Data
Analytics roles require data acquisition, data management, transport analyt-
ics, visualisation, and evidence-based decision support. Modelling, Simulation
and Digital Twin roles requirépunderstanding6f simulation methods, scenario
analysis, validation, model limitations, and the computational implications of
large-scale modelling. [SystemsfIntegration and Platform roles require attention
to interoperabilitys architecture, data platforms, infrastructure integration, and
the operational embedding of AI- and HPC-enabled tools. Digital Innovation
Leadership r@les require governamce, sustainability, risk, procurement awareness,
gross-organisational coordination, and the ability to translate digital capabilities
into organisational ¢hange.

These role families imply six curriculum topic groups. First, learners require
a foundation in transport systems and domain context, including infrastructure,
mobility systems, operations, planning, and sustainability pressures. Second,
they require data management and analytics for transport, including transport
datantypes, data pipelines, quality, integration, and analytical interpretation.
Third, they require modelling, simulation, and HPC-enabled analysis, includ-
ing scemario modelling, optimisation, computational scale, and interpretation
of model outputs. Fourth, they require digital twins and advanced transport
modelling, with emphasis on integrating data, models, simulations, and opera-
tional feedback loops. Fifth, they require systems architecture and integration
for ATl and HPC in transport, including interoperability, platforms, infrastruc-
ture, and links between analytical systems and operational environments. Sixth,
they require decision support, strategy, and governance in Al-enabled transport,
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including accountability, risk, sustainability, cybersecurity, and organisational
adoption.

This translation provides a concrete response to the curriculum-design prob-
lem. The expected next step is not merely to list skills, but to transform validated
role-capability evidence into learning outcomes, module specifications, micro-
credentials, assessment patterns, and learner pathways. For example, evidence
of digital-twin and simulation roles can inform learning outcomespconcerned
with model interpretation, scenario design, computational constraints,landyval-
idation. Evidence of systems-integration roles can inform assessment. through
architecture design tasks or interoperability case studies. Evidence of digitaldin-
novation leadership roles can inform governance-oriented assessments, such as

digital transformation roadmaps, sustainability impact analysés, or risk-aware
deployment plans.

Table 2: Examples of Translation from Evidence to Curriculum Requirements

Evidence Key Finding Curriculum Requirement

Source

Desk Re- Emerging transport roles increas- Introduce a foundational Trans-

search

Survey

Interviews

ingly require an understanding of
transport systems alongside Al,
HPC, digital twins, data analytics,
and sustainability concepts. Many
prospective learners are expected
to enter from non-transport and
non-computing backgrounds.

Respondents identified low organ-
isational maturity in Al adoption
despite recognising its future im-
portance.

Stakeholders consistently high-
lighted systems integration,
interoperability, and cross-domain
collaboration challenges.

port Systems and Digital Trans-
formation module providing an
overview of the transport sector
and its relationship with AI, HPC,
sustainability, modelling, simula-
tion, and digital transformation.

Include introductory Al and data-
driven decision-making content to
support learners entering with lim-
ited prior Al experience.

Embed systems thinking, inter-
operability, and interdisciplinary
problem-solving concepts across
curriculum topics and practical ac-
tivities.

The analysis also identifies a structured topic development process involving
capability mapping, cross-family integration, learning architecture development,
and strategic alignment with GreenShift priorities in AI, HPC, sustainability,
and transport systems transformation. This supports a curriculum model that
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is both evidence-based and sufficiently flexible to accommodate future changes
in technology and workforce demand.

The role families developed through the needs analysis provide the foundation
for subsequent curriculum design activities within GreenShift. The next phase
involves translating capability clusters into learning outcomes, module specifica-
tions, micro-credentials, assessment strategies, and learner pathways. Particular
emphasis is placed on flexible entry routes for non-computer-science learners and
on integrating AI, HPC, sustainability, governance, and cybersecurityhas gross-
cutting themes across the curriculum rather than as isolated specialist topics.
This process has already informed the initial identification of curriculum topics,
capability areas, and programme design considerations, demonstrating a direct
pathway from workforce evidence to educational planning. While thisipaper fo=
cuses on the evidence-to-curriculum requirements phase, subgequent GreenShift
work is now translating these requirements into detailed ptogramme structures
and pilot learning activities.

Implications for non-computer-science learners Qur results reinforee the im-
portance of designing for heterogeneous learner [populations."Many prospective
learners are likely to engage with HPC, Al, mbodelling, and digital infrastructure
through applied contexts such as simulation, optimisation, emissions analysis,
and data-driven decision support ratherfthan through,specialist software engi-
neering roles.

This implies that curriculum should provide‘a strong foundation in transport
systems and domain context while offering multiple access points into advanced
digital concepts. It also suggests the meed for modularity, scaffolded learning,
practical cases, and programme Structuresithat support both full Master’s par-
ticipation and shorter apskilling pathways:.

Educational anddabour market implications The analysis indicates growing de-
mand for hybrid digital-green professionals who can interpret systems, integrate
data, understand governanee and sustainability constraints, and apply compu-
tational tools te operational transport challenges.

Thisthas implications not only for GreenShift, but for advanced digital ed-
ucation more broadly. It suggests that Al and HPC education in application
domains should be organised around capability integration, contextual use, and
interdiseiplinary problem solving rather than around purely technical specialisa-
tion. The same role-anchored, evidence-to-curriculum workflow can be adopted
to organise cybersecurity education around validated role profiles and evolving
capability requirements, providing a structured alternative to static, technology-
centred sytlabi.

Although developed in the context of transport systems, the methodolog-
ical approach has direct relevance for cybersecurity education. The challenge
of rapidly evolving role requirements, fragmented competency definitions, and
emerging technology adoption is equally visible across cybersecurity domains.
The GreenShift workflow therefore offers a potential model for identifying and
validating curriculum requirements in distinct computing contexts.
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6 Conclusion

This study contributes both substantive findings on HPC and Al capability
requirements in transport systems and a transferable methodology for the design
of evidence-based curriculum. The principal contribution lies in demonstrating
how bounded LLM-assisted extraction, human validation, framework mapping,
stakeholder engagement, and curriculum traceability can be integrated into a
coherent and academically defensible workflow.

Our results show that the digital transformation of the transport and mobility
sectors is real but uneven and that capability development has become a eritical
condition to translate AI, HPC, and advanced digital technologies into opers
ational and strategic value [23]. The study also demonstratesthat carriculum
design in such contexts should be grounded in validated role-capability evidence,
organised through curriculum-oriented role cluster®, and delivered through flexi-
ble, interdisciplinary learning architectures that are accessible to\non-traditional
and non-computer-science learner cohorts.

Some limitations should be acknowledged. EirSt, the study is exploratory
and does not claim statistical representativeness across ‘the, entire. Furopean
transport ecosystem. Second, desk research was dependent emypublicly avail-
able sources whose quality and coverage varied considerably between countries.
Third, although LLM outputs were mamnually. validated, extraction quality re-
mains partially dependent on source accessibilityland prompt design. Fourth, the
rapid evolution of AI, HPC, and transport technelogies means that identified ca-
pability requirements should be regarded as indicative rather than permanent.
Finally, while the methodology was developed within the transport domain, fur-
ther validation would begequiredybefore gémeralising results to other sectors.

In summary, the GreenShift anethodologyprovides a transferable model for
curriculum design in [sectorsgundergoing rapiditechnological change. The ap-
proach demonstrates howdole idengification, competency analysis, framework
mapping, stakeholder validation, and curriculum development can be integrated
within a trafisparent and reproducible workflow. This contribution is potentially
applicable to domains such as cybersecurity, energy, manufacturing, and health-
care, where emerging, technologies are reshaping workforce requirements faster
than traditional curriculum design processes can respond.
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Appendix A Representative LLM Extraction Prompt

Listing 1.1: Representative category-specific LLM prompt for evidence extraction

A. HPC - High Performance Computing

Search string:
"[Country] high performance computing transport"

LLM Search Request:
Identify explicitly evidenced roles and skills related to the use of High Perform
Computing (HPC) in the transport sector in [COUNTRY].

Search government policy, national HPC centres, transport authorities, academic research
sector bodies where transport use cases of HPC are clearly stated. R
include large-scale simulation, transport modelling, infrastructure
traffic systems, logistics modelling, digital twins, and scenario

Extraction rules: Q

- Extract only roles and skills explicitly mentioned in the source.

- Do not infer a role from a technology description.

- Do not infer a skill from a project description unless the s

- Use approved role dropdowns only.

- Record skills exactly as evidenced.

- Assign maturity level only where the source provides

- Assign SME or MNC relevance only where the source p

- Exclude generic computing strategies, marketing conte

- Exclude inaccessible sources and sources without stable
information.

- Output Sheet-02-ready records with accessi

stated.

ganisational

Skill Category:
HPC - High Performance Computing only.

Zero-row rule:
If the source does not explici
HPC skill, return zero

related role and an associated

Output fields:
Country | Source title | itle | Role category | Skill
| Organisation type |

prompt illustrates the conservative extraction logic rather than the complete
library.

innovation, production, business, leadership, and related capability categories.
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