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Figure 1: Typical skills intelligence approach

Figure 2: Schematic representation of the proposed predictive skills intelligence
methodology.

Figure 3: Signal to action pathway.

Figure 4: Indicative visualization of space-specific EWIs

Figure 5: Schematic illustration of the Delphi method.

Table 1: Indicative weak signals, future occupations and emerging skills in the space
downstream sector.

Table 2: Proposed generic EWIs
Table 3: Proposed space-specific EWIs for key areas

Deliverable Dx.y
Work Package WP
Earth Observation EO
Satellite Communications SatCom
Global Navigation Satellite Systems GNSS
Higher Education HE
Vocational Education Training VET
European Union Agency for the Space EUSPA
Program
European Space Agency ESA
European Space Agency-Business Incubator ESA-BIC
Center
Small and medium enterprises SMEs
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Deliverable 2.3 proposes a Predictive Skills Intelligence methodological framework,
conducted under Work Package 2 of the SpaceVantage project. The methodology builds
upon the evidence generated in D2.1, which established the baseline of current skills needs
and shortages, and D2.2, which developed occupational profiles and mapped their
competence requirements to relevant European frameworks. The proposed methodology
moves beyond conventional skills assessments that provide periodic and rapidly outdated
snapshots of labour market conditions. Instead, it establishes a dynamic and iterative skills
intelligence system capable of monitoring change, detecting early indications of emerging
skills demand, anticipating potential shortages, and supporting timely responses by
education providers, VET organisations, employers, sector associations, and policymakers.

The methodology is guided by several core design principles: It is continuous rather than one-
off, combines multiple sources and analytical methods, is specifically adapted to the
characteristics of the downstream space sector, incorporates forecasting and foresight
methods, uses weak-signal detection and Early Warning Indicators, aligns skills and
occupations with European frameworks, and is designed to be useful, simple, modular,
transparent, and sustainable beyond the lifetime of the project.

The framework consists of four interconnected phases. Phase 1, Continuous and Multi-
Source Data Collection, establishes the evidence base through desk research, skills needs
surveys, structured interviews, workshops, and other stakeholder-engagement methods.
Phase 2, Data Processing, Extraction of Key Information and Insight Creation, transforms
raw data into structured and comparable skills intelligence. This phase includes data-quality
checks, identification of skills needs and shortages, classification and clustering of skills,
integration and harmonisation of evidence, and mapping to European frameworks. This
enables the findings to be translated into occupational profiles, learning outcomes, curricula,
qualifications, and training interventions. Phase 3, Analytical Frameworks, introduces the
predictive and anticipatory dimension of the methodology. It combines descriptive and
conceptual analysis, horizon scanning, weak-signal detection, impact assessment, Early
Warning Indicator development, and the Delphi method. Phase 4, Validation, Updates and
Recommendations, ensures that the results are reviewed and validated by experts of the
space ecosystem. Expert validation helps distinguish robust signals from temporary noise,
improve forecasts and indicators, and translate the findings into recommendations for
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curriculum development, micro-credentials, reskilling and upskilling programmes, workforce
planning, and policy action.

Overall, this deliverable provides a practical framework through which the European
downstream space ecosystem can move from static skills assessment towards continuous,
forward-looking, and action-oriented skills intelligence. Its application will support stronger
education-industry alignment, earlier responses to emerging skills gaps, more responsive
curricula and training provision, and the development of a resilient and future-ready
European space workforce.

1.1 Objectives of Work Package 2

The overarching objective of the Work Package (WP) 2 is to develop an Evidence-based Skills
intelligence and anticipation framework through the structured and systemic collection of
current and emerging skills needs in the space sector with a focus on the downstream pillar,
aligned with European standards. The Skills intelligence framework will create a solid
foundation for subsequent design, development and implementation of comprehensive and
modular curriculum tailored to the needs of the downstream space sector. '

Specifically, WP2 includes six (6) complementary objectives:

e Conduct strategic skills assessment for the space downstream sector
e Map occupational profiles against European frameworks

e Develop predictive models for space sector workforce evolution

e Create a strategic framework for education-industry alignment

e Establish mechanisms for continuous industry feedback

e Align with European policy priorities and frameworks

1.2 Purpose of the deliverable 2.3

! SpaceVantage Grant Agreement No 101246589
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The purpose of this deliverable is to develop a predictive skills intelligence methodological
framework for continuous collection and analysis of data related to emerging skills needs in
the downstream space sector and particularly in the domains: Earth observation/remote
sensing, Satellite Communications and Global Navigation Systems (GNSS). This includes the
design of data collection tools, the establishing of the analytical frameworks, and the
provision of indicative visualization patterns for skills trends. The methodology will
incorporate both quantitative and qualitative approaches, combining labor market data with
expertinsights. A particular focus will be placed on developing early warning indicators (EWIs)
for emerging skills needs, especially in fast evolving sectors such as Al, quantum technologies,
and green space operations.

Specifically, this deliverable aims to:

e Introduce a dynamic skills intelligence methodology including forecast and foresight
elements for predicting emerging skills needs and gaps in the Space downstream
sector

e Provide the detailed methodological approach and the design principles

e Present in detail the analytical tools utilized in the methodology

e Provide detailed guidelines for the implementation of the methodology

This deliverable is structured as follows:

o Section 1 - Introduction: Presents the overarching objective of the WP2, as well as
the purpose and scope of the deliverable 2.3.

o Section 2 - Background and rationale: Presents the background and rationale
followed for the skills intelligence for the downstream space sector. It emphasizes the
strategic importance of the space sector for the European economy and the global
value-chain, and presents the main components of the Skills Intelligence including the
gathering, and analysis of the skills needs.

o Section 3 - Predictive skills intelligence methodological approach: Presents a
detailed analysis of the proposed methodological approach.

o Section 4 - Conclusions: Concludes the main elements and key messages of the
deliverable.

+ac: UIT The Arctic
28 University of Norway

; *
envOlve  praxi» @FORTH  @@rcoor, (VRS oTechTour EV/TA* ReMedia /v i iee



_“ : . ‘ spcce ‘ Co-funded by
. & VV VG ntoge the European Union

« References - List of reference documents, sources and bibliography used for the
development of the methodology.

e Annexes - Includes a sample of survey questions.

2.1 Why skills Intelligence matters?

In a context of dynamic, rapidly evolving and complex labour markets such as the Space
market, gathering intelligence on current and emerging skill needs can support better
matching of training, education and jobs, which is of significant importance for the European
economy. In recent years, better understanding of labour market needs and skills matching
have been high on the European and national policy frameworks, driven by both rapid
technological advances and global competition.?? Prediction of potential emerging skills and
appropriate skills matching can help reduce unemployment, particularly among young
people.

Anticipating and building skills and competencies for the future is essential in rapidly
changing labour markets because skills shortages can produce adverse social and economic
consequences on development and employment. Skill needs prediction relies on various
methods and tools that summarize labour market information to analyse skill shortages.
They are often forward-looking and can be combined to provide a more detailed and
multifaceted picture of the labour market. Anticipating skills and competences provides the
means to identify future imbalances, brings together key actors in addressing them, and
informs the public about the future skills demand and supply.

One of the main problems skills needs prediction aims to tackle is skill mismatch. Adequate
utilization of skills is the goal in each context. According to the literature, the focus is mainly
on mismatch at education level; people working in jobs below their educational level (over-
investment in education), which is costly to society, and people working in jobs above their
educational level (under-education), which signifies under-investment in human capital.*

Occupations in fast-evolving sectors like Space are changing rapidly, consequently individuals
are also changing their skills and competencies, either through education and training or

2 The Draghi report: A competitiveness strategy for Europe (Part A), 2024

3 The Draghi report: In-depth analysis and recommendations (Part B), 2024

4 Skill needs anticipation: Systems and approaches. Analysis of stakeholder survey on skill needs assessment and anticipation.
ILO - Geneva, 2017.
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through their work and life experience. Education and training systems, in particular, have a
key role to play in ensuring that opportunities are provided for all individuals to develop their
skills continually in a lifelong learning perspective, enabling them to adapt to rapidly changing
labour market requirements and conditions.

Given the complexity and dynamics of the process, perfect matching between skills demand
and supply is neither feasible (especially in rapidly changing labour markets and economies)
nor necessary, given the fact that many people can do many different jobs and many jobs
can be done by people with different skill sets. However, it is important for policy makers to
be aware of the importance of reducing the risk of creating large skills gaps that undermine
the employability of individuals and impede the productivity of enterprises and the growth
of economies. No single methodology can generate sufficient knowledge of labour markets
to avoid or minimise skills mismatch. The right mix and complementarity of different
methods is essential for a reliable and comprehensive overview of skills demand and
matching.

Skills needs prediction will only be successful if it is embedded into a structure in which the
results are developed, discussed and used with the various stakeholders and decision-
makers. It is not only the development and the instruments of generating forecasting or
foresight results that are important, but also networks and institutions that work with the
data, feed back into them, and participate in development of the (initial) discussion or
evaluation of results.

2.2 Beyond the traditional Skills Intelligence

Skills intelligence provides a structured way to identify, define, measure, and use data related
to skills to make better workforce, learning, hiring, and planning decisions. In simple terms,
Skills intelligence is used by European, national or even regional organizations to understand
what skills people have and what skills and competencies are needed, where the skills gaps
are, and how to close them. The typical procedure for a traditional skills intelligence approach
is depicted in Figure 1.

Repeat after 2-3

Analysis of skills Develop and
years

Data collection needs and gaps publish report

Figure 1: Typical skills intelligence approach.
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Unlike traditional skills intelligence, Predictive skills intelligence combines the main
components of the traditional skills intelligence with skills anticipation elements,
aiming to predict future skills needs and provide recommendations to organizations,
authorities, and stakeholders at EU, national or regional level.> Predicting skills needs is not
a straightforward process. It requires a combination of qualitative (foresight) and quantitative
(skills forecasting) methods and tools where one complements and supports the other, to
achieve the desired output; i.e. quantitative results can inform qualitative research and vice
versa. Usually it includes the following phases: Collect data continuously, monitor indicators,
detect “weak signals” (detailed elaboration of “weak signals” in section 3, Phase 3: analytical
frameworks), forecast future demand, experts validation, update and collect new data (see Figure
2).

Qualitative methods for skills needs prediction
The most widely used qualitative methods applied for skills anticipation are divided into three
main categories: 1) Exploratory, 2) Supplementary and 3) Normative methods.3

1) Exploratory methods, build on present and past socio-economic and technological
conditions and explore these conditions with an attempt to see where trends might go
in the future. Typical techniques in this category are the expert panel and Delphi
method (detailed description of Delphi method in section 3, Phase 3: analytical
frameworks), scenario planning, cross impact analysis, and Horizon scanning.

2) Supplementary methods, include a list of techniques that are applied to support
skills needs prediction. Literature review, SWOT analysis, brainstorming and focus
groups are among the most commonly used tools under this category.

3) Normative methods, focus on envisioning a possible or desirable future and work
backwards to see if and how this future might be achieved, or avoided, given the
existing constraints (skills, resources, technologies, institutions). Among typical
techniques applied in this category are backcasting, morphological analyses and
roadmapping.

Quantitative methods

Quantitative methods rely on the utilization of key data to estimate labour market needs, skill
demand and skill supply, skills shortages, gaps and mismatches.®> More specifically,
guantitative approaches include:

> Next generation skills intelligence for more learning and better matching. Skills anticipation trends, opportunities and
challenges in EU Member State, Policy brief, Cedefor (2023).
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e Surveys targeting different groups including employees, employers and
companies/organizations that recruit workforce, students, and authorities, asking
about skill deficiencies, skill gaps, and training needs enabling direct involvement of
the stakeholder/target group,

e Forecasting models, for instance, labour market forecasting models estimating the
future employment trends by sector/field,

e Occupational projections using quantitative (model-based) and qualitative tools
showing, for example, the creation of new jobs (market expansion demand) or jobs
that have to be filled due to employees’ retirement (replacement demand).

2.3 Rationale for Skills needs projections

The rationale for producing detailed projections builds on the following:

e Filling existing information deficits and preventing future labour market imbalances

e informing various actors on future labour market needs, as an aid to their choices and
decision-making

e Informing and supporting policy makers at European and national level as well as at
sectoral level in issues related to employment, social, lifelong learning and work-based
learning,

And answers key questions such as:

In which occupations will employment be growing?

For which competencies and skills will demand increase or decrease?
Which are the current skill gaps and shortages?

Which are the education/training needs?

o O O

2.4 Methodology design principles

The European downstream space sector needs a dynamic skills intelligence system that is
faster, more granular, and more forward-looking than a conventional “one-off” labour market
study. The downstream segment includes products and services that rely on satellite
technology, signal, or data to function, and the main market/application domains
prominently include Earth Observation, satellite communications, and GNSS. ESA and EUSPA
both frame this part of the space economy as a major and rapidly evolving market, with

envOlve  praxi» eFORTH  @@rccon, (IR GTechTour EVTAY ReMedia /% fjfhies @ UTledsc,,



_“ : . ‘ spcce ‘ Co-funded by
. & VV VG ntoge the European Union

strong links to user needs, service innovation, and downstream applications across many
sectors. ©

Given the complexity of the space sector and the fast evolution in space-related technologies,
we set the following design principles for the development of a Predictive Skills Intelligence
methodology:

a) Combination of methods and tools. No single methodology can generate sufficiently
reliable knowledge of changing labour markets, and that the “right mix and
complementarity of different methods” is essential. In other words, foresight,
scenarios, forecasts, labour market information, establishment surveys and tracer
studies are not alternatives, they are parts of a single anticipatory toolkit.

b) The methodology should not simply answer “what skills are needed now?" It should
answer four questions continuously: what is changing, how fast is it changing, where are
shortages likely to emerge, and what should education and industry do next?

c) Include weak-signal logic and early warning indicators for emerging skills needs. Early
warning is crucial because emerging disruptions become actionable before they
appear as large statistical trends

d) Sector-specific. The space sector is shaped by EO data services, Satellite Communication
architectures, GNSS applications, security and resilience needs, sustainability
requirements, and institutional ecosystems around ESA, EUSPA, Copernicus, Galileo,
and other. All these elements should be taken into account when designing the
methodology.

e) The methodology should be dynamic and continuous rather than “one-off” study. We aim
at the development of a “dynamic skills intelligence system” - an approach that moves
beyond static snapshots to continuous monitoring of labour market evolution. This
addresses a key limitation identified in previous space sector skills assessments, which
quickly became outdated due to the rapid pace of technological change.

f) Aligned with European frameworks. Alignment with EU frameworks like ESCO, EQF, and
DigiComp, it allows skills, competences, qualifications and learning outcomes to be
compared across countries, sectors and education.

g) Should serve as a reference and toolkit for education providers and associations.

h) General design principles: Usefulness, simplicity, modularity.

6 Bakule et al, Developing skills foresights, scenarios and forecasts guide to anticipating and matching skills and jobs volume 2,
2016
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3. Predictive Skills Intelligence methodological

approach

The proposed Predictive Skills Intelligence Methodology consists of four (4) interconnected
phases, as depicted in Figure 2. It is designed as a continuous and iterative system for
collecting, analysing and interpreting skills intelligence in the space sector. The methodology
combines quantitative methods with qualitative methods, such as labour market data
analysis, skills classification, trend analysis, desk research, surveys, interviews, expert
consultation, horizon scanning and Delphi rounds. This mixed-methods design is important
because no single data source or analytical method can fully capture the speed and
complexity of skills change in the downstream space sector.
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3.1Phase 1: Continuous and Multi-Source Data Collection

Continuous collection of primary and secondary data constitutes the foundational layer of
the proposed predictive skills intelligence approach. It is one of the most essential design
principles in a predictive skills intelligence system because the aim is not only to describe the
current skills demand, but to detect changes before they become shortages. Unlike
traditional skills assessments that provide static snapshots of labour market conditions,
continuous monitoring enables the identification of emerging trends, weak signals, and
changing competency requirements in near real time. This capability is particularly critical in
the downstream space sector, where technological innovation, regulatory developments,
and market transformations, particularly in areas such as Al, quantum technologies, Earth
Observation analytics, cybersecurity and green space operations, rapidly reshape workforce
requirements. Skills needs assessment conducted today may already be partially outdated
within the next year. This is a major limitation of applied skills anticipation methodologies
and is one of the reasons why recent approaches have shifted from periodic studies to
dynamic skills intelligence systems.®

By ensuring an ongoing flow of labour market, innovation, education, and policy intelligence,
the methodology supports the development of dynamic forecasts, early warning indicators,
and evidence-based interventions, thereby enhancing the responsiveness and long-term
sustainability of the space skills ecosystem. Below, are summarized the main data collection
instruments proposed for continuous data collection, the relevant target groups, indicative
content and indicators to track.’

Data collection through desk research

Desk research is an effective method to collect secondary data that have been reported in
reports, databases, policy documents, websites, publications and institutional sources. In the
predictive skills intelligence methodology, desk research is important because it gives the
baseline before starting the collection of new primary data through surveys, interviews or
other methods. Herein, we summarize the main sources that data that can be collected
through desk research and be useful for understanding the current situation and predicting
emerging skills:

7 Developing and running an establishment skills survey guide to anticipating and matching skills and jobs volume 5
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o International Labour Organization & Cedefop: Labour market and employment data

o Space market analysis: Data on current and emerging market trends

o EU Policy briefs and reports (e.g., EUSPA reports, ESA reports, EU Strategic Agenda
2024-2025): Policy and regulatory data

o Scientific publications and R&D documents on recent advancements on space-related
technologies: Research, technology and innovation data

o University/academic reports and studies: Information about educational and training
programs

o ESCO, EQF, DigiComp, Europass platforms: Data on space-related occupational
profiles

Skills needs assessment surveys

Surveys are a major element of the methodology because they collect information that often
is not visible in existing datasets, they capture employers and employees needs and identify
hidden skills shortages and gaps. The target groups for the skills needs assessment surveys
can vary from employers, SMEs, startups, large firms, clusters and associations to VET or
higher education graduates. Typical questions that can be included in a survey targeting
space-related stakeholders are:

e Which skills are harder to find when hiring?

e Which skills were hardest to recruit the last 6 months?

e What new tools/technologies entered your workflow?

e What is the average time-to-fill for priority roles?

e Which competences are missing in graduates?

e Expected demand by role over 12-24 months?

e Expected impact of Al?

o Expected sustainability/regulatory capabilities?

e Expected demand for hybrid EO/SatCom/GNSS profiles?

A detailed survey including indicative questions is presented in Annex 1 (Survey conducted in
D2.1)8. Other surveys may focus on VET or higher education graduates, and in general people
who are trying to find a job in the space sector, or new employees. Indicative questions that
can be included in a relevant survey are:

8 D2.1 Space Downstream Sector Skills Needs Analysis
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e Whatis your current role and position?

e Which skills are used frequently?

e Which skills were missing at entry?

e Which technical and soft skills were the most valuable to take this position?

e Which certificates/micro-credentials were most valuable to hire you in this job?

Interviews and other methods

In addition to surveys and desk research, other ways to collect useful data for sector specific
skills assessment studies, are interviews or interactive workshops with key players and
experts on the field. These supplementary methods serve as valuable tools for in-depth
discussions and analysis of specific topics of interest.

3.2 Phase 2: Data Processing, Extraction of Key Information and Insight
Creation

The second phase is dedicated to analysing and transforming the raw data collected from
Phase 1 into structured skills intelligence. This includes identifying skills needs, gaps and
shortages, classifying and clustering skills, mapping them to European frameworks,
integrating and harmonising data from different sources, and creating trend and pattern
analytics. Common EU frameworks are: ESCO provides the common occupation/skill
language and machine-readable model, EQF gives qualification-level alignment, DigiComp,
GreenComp and EntreComp add horizontal competence layers, and Europass Digital
Credentials provide a practical route for publishing outcomes as verifiable credentials. The
collected information must be cleaned, organised and translated into a comparable skills
language.

Moreover, mapping skills and competencies to European frameworks is particularly
important because it allows skills, competences, qualifications and learning outcomes to be
compared across countries, sectors and education systems. This phase also creates the
analytical baseline for the methodology. It helps identify which skills are currently in demand,
which skills are missing, which occupations are changing, and where the strongest skills gaps
appear across the downstream space sector. A detailed description of the mapping of
identified skills and competencies to European frameworks like ESQO and DigiComp has
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been presented in a previous deliverable.® In brief, the approach is grounded in a
competency-based perspective, aiming to define occupations through their associated
knowledge, skills, and competences rather than through rigid job titles.

The main elements of the approach are:

1) Evidence collection and synthesis, drawing on multiple complementary sources to ensure
accuracy and relevance,

2) Occupational structuring, translating evidence into coherent and standardised role
profiles,

3) Competency mapping, aligning the identified competences with European frameworks to
ensure comparability and transferability.

This approach ensures that the profiles are both representative of real-world practice and
usable within education, training, and policy contexts.

3.3 Phase 3: Analytical frameworks

The analysis of the collected data can be performed using a variety of techniques varying
from simple desk analysis and horizon scanning to more sophisticated foresight-based
analytical frameworks like weak signals detection, Delphi methods, focus groups, and
scenario planning. Below are described the proposed analytical methods for the predictive
skills intelligence methodology.

Desk analysis

The desk-based analysis of data is performed in two steps; the first step includes the internal
quality analysis, in which the collected data are checked in terms of their quality, in order
to remove non-valid questionnaires or non-valid responses that could affect the final results.
The second step includes the conceptual analysis of the data, where the aim is to establish
distributions (description of the data with statistics), categories (relationships among
variables) and correlations (dependencies and relationships among variables using
multivariable statistics).> Under conceptual analysis, the data can be presented in tables
and/or graphs using descriptive statistics (describes the characteristics of the data) or

° D2.2 Space Sector Occupational Profiles and Competency Frameworks
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inferential statistics (describes a population of the same sample data) including the relevant
variables.

From Weak Signals to Early Warning Indicators

Weak signals are characterized as the earliest evidence of change, hence are a highly
important component of a dynamic skills intelligence methodology.'®' In simple words, the
detection of weak signals may denote emerging trends and skills shortages in a specific
sector. A weak signal can be a new business model, regulatory, societal or environmental
developments, the expansion of a new technology, massive project results on a scientific
domain, rapid increase on scientific publication or patent application on a specific field, and
these signals can be translated into EWIs which can be then used to inform stakeholders
about potential emerging trends and changes (Figure 3).

1.Weak signals 3. Early Warning Indicators
Continuous scanning of multiple Signals translated into Early
data sources to detect early Warning Indicators for emerging
changes and emerging trends skills needs

2. Signal detection and 4. A.ction
impact assessment Inform policy makers,

. . education and training
Identify and extract meaningful N
signals related to jobs, pro;l%e(;sdto af‘i.t early
competencies, technologies. and build resilience
Assess the potential impact.

Figure 3: Signal to action pathway.

This phase introduces the predictive dimension of the methodology. It combines horizon
scanning, desk research, expert opinion and signal detection to identify weak signals of future
skills change. These weak signals may include emerging technologies, new policy priorities,
increasing research activity, changes in funding calls, new business models or early shifts in
job requirements. For example, increasing reports to Al-enabled satellite operations,
guantum-secure communications or green space operations may indicate future demand for
new competence profiles.

One important step at this phase is the validation/assessment of the identified signal. Not
every weak signal is important and often some signals disappear after a period. Therefore, it

10 H.I. Ansoff, Managing strategic surprise by response to weak signals, Californian Management Review 18 (2) (1975) 21-
33.
" M. Holopainen, M. Toivonen / Futures 44 (2012) 198-205
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is essential to validate the detected signals through other methods like Delphi rounds and
expert panel discussions.

Indicative “weak signal” assessment criteria:

1) Potential impact on occupations and skills; If the signal matures, could it change job
roles, competence requirements, curricula, recruitment, or reskilling needs?

2) Plausibility; |1s the signal technically, economically, institutionally, and strategically
plausible?

3) Novelty; Is the signal genuinely new or emerging, rather than an already
established trend?

4) Time horizon; Is the signal likely to affect skills needs within a relevant time
horizon, for example 1-5 years?

5) Source reliability; Does the signal come from credible and verifiable sources (e.g.,
ESA, EUSPA, Horizon Europe projects)?

6) Persistence; Does the signal re-appear over time?

7) Diffusion across sources; Does the signal appear in more than one type of source?

A scale from 0 to 5 can be used to assess the significance of each criterion:

0 Not significant No meaningful relevance to future skills
needs or the downstream space sector.

1 Very low significance Very limited relevance; the signal is isolated,
weak, or unlikely to affect skills needs

2 Low significance Minor relevance; the signal may be worth
recording but does not yet justify active
monitoring.

3 Moderate significance The signal is relevant and may indicate future
change.

4 High significance The signal is important, plausible, and likely to

affect occupations, skills, or training needs.
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5 Very high significance The signal is strategically important and may
require validation, translation into an Early
Warning Indicator

It is very likely weak signal to be disappeared after a period, therefore it is crucial to set
monitoring rules in order to be able to examine whether an identified signal should be
translated into an EWI.

A weak signal should be discarded or archived when one or more of the following conditions
apply:

it appears only once and does not re-appear in later monitoring cycles
it is not relevant to space domains (EO, SatCom, GNSS)

it cannot be linked to any plausible future skills need

it is based on unreliable or unverifiable sources

when experts consider it implausible or irrelevant

it reflects a mature trend rather than a weak signal

AN N N N N

it is too broad to be translated into specific occupations

Following weak signal detection and their impact assessment, the methodology translates
those weak signals into Early Warning Indicators (EWIs) (tables 2 and 3). This means that
uncertain early signals are converted into measurable indicators that can be monitored over
time. Building on the findings of the Deliverables D2.1 (Space Downstream Sector Skills Needs
Analysis) and D2.2 (Space Sector Occupational Profiles and Competency Frameworks) of WP2, we
present herein, examples of identified potential weak signals, and we propose emerging
occupations and skills for the downstream space sector. Moreover, potential generic and
space-specific early warning indicators are proposed. Figure 4, presents how these indicators
could be visualized. The data used for the development of the graphs are not real, are
indicative, and the numbers and infographics are used as example.

Table 1: Indicative weak signals, future occupations and emerging skills in the space
downstream sector.

Weak signal detected | Future occupation Emerging skills
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Increased use of Al-
enabled satellite
operations

Al/ML space systems
architect/engineer

Al/ML model development,
explainable Al (XAl)

Integration of Generative
Al in Earth Observation
analytics

EO Al Intelligence
Specialist / EO Al Analyst

Geospatial Al,

Observation systems
Al-assisted decision
intelligence

Increased emphasis on
projects related on
guantum-secure satellite
communications

Quantum Communications
Engineer
Quantum Satellite Systems
Specialist

Quantum cryptography
Quantum communications

More Earth observation
based commercial services

Earth observation
intelligence specialist

Earth observation data
engineering

Data visualization
Al/ML tools for Earth
Observation

More Horizon Europe calls
ask for Al-enabled
technologies for remote
sensing

Earth observation data
analyst

Earth observation data
engineering

Data visualization
Al/ML tools for earth
Observation

Based on the identified weak signals, indicative generic and space-specific EWIs are

presented in Tables 2 and 3, respectively.

Table 2: Proposed generic EWIs.

Rapid growth in specific
emerging technologies

Future skills driven by
technology disruption

% rate of scientific publications

or patents or license
agreements in key fields
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Changes in demand skills in The rising demand for | % increase in jobs requesting
online job ads evolving skills the emerging/new skills

Rate of the appearance of The emergence of new | First time appearance of new
emerging skills in jobs or skills skills

Curriculum Vitae

Emerging skills reflected in The response of the Number of courses and
university courses and training | education ecosystem | training programs that reflect
programs to emerging market the need of new skills

needs
Increase in funding and R&D The market and % investment in emerging
project in key technological industry emerging technology areas
areas needs in emerging

areas

New EU and national policies, | The future directions | Number and significance of

strategies and initiatives of EU and national policy documents

priorities
Societal needs and Main drivers of new % increase in presenting
environmental/sustainability | skills demand /mentioning these needs/goals
goals in media and reports

Table 3: Proposed space-specific EWIs for key areas.

Area Space specific | What it shows Proposed metrics
EWIs

Al and Increased use of | The rising demand % space-related job posts
autonomous Al/ML and for technical (Al/ML requiring Al/ML skills
space autonomous related) skills
operations systems in

satellites and

ground

operations
Generative Al Integration of Emergence of Al- % space-related job posts
in Earth Generative Al in driven EO services requiring Gen Al or prompt
observation Earth and new skills needs | engineering
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Observation data

analysis
Al-enabled Increase in the The development of | % increase on the number
remote sensing | number of R&D hybrid profiles of EU calls
projects projects and combining skills in

funding Al/ML and remote

instruments sensing applications

requesting Al-
based remote

sensing
applications
Space Rising cyber The growing demand | Number of space incidents
cybersecurity | threats to space | for space reported
and resilience | assets and data cybersecurity skills
infrastructure
Space Increased focus The increased need % space-related job posts
sustainability | on sustainability, | for green skills requiring green skills
and green debris mitigation
operations and use of
greener
procedures
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% rate of increase in scientific % Increase on the number of EU
publications on Generative Al for calls on Al-enabled remote sensing
EO

~ull

2022 2023 2024 2025 2022 2023 2024 2025

%  space-related job  posts

% Investment in space-related areas requiring green skills

2022 2023 2024 2025 2022 2023 2024 2025

Figure 4: Indicative visualization of space-specific EWIs. (Sample example; data used for the
development of the graphics are not real).

DELPHI method

The Delphi method is a structured, iterative technique used to gather and refine expert
opinions on complex issues, particularly when knowledge is incomplete or uncertain.? Its
primary purpose is to facilitate group thinking and communication while working toward a
consensus. The process that is followed in the Delphi method is schematically presented in
Figure 5. The process begins with an organizer who develops questions about a future issue
or problem and distributes them to a panel of experts. Participants independently provide
their responses, rankings, and comments. These responses are collected anonymously,
summarized, and used to generate improved questions for subsequent rounds. Experts then
reconsider their views in light of the group's feedback. This cycle is repeated up to 2-3 rounds
until a reasonable level of agreement or consensus is reached. Usually, the first round
focuses on identifying future occupations, disruptive technologies and skills that may

12 Linstone, Harold & Turoff, Murray. (1975). The Delphi Method: Techniques and Applications.
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become obsolete in the future, whereas the second round aims at prioritizing the urgency,
likelihood and strategic importance of the above, which can further support the validation of
skills priorities as well as the development of future occupation maps.

A characteristic of the Delphi method is that participants do not need to meet face-to-face.
The anonymity of responses reduces the influence of dominant personalities, status
differences, or group pressure, allowing experts to focus on the merits of the ideas rather
than the individuals presenting them. Participants can learn from the perspectives of others
while maintaining independent judgment. This method is particularly valuable for long-term
forecasting (often up to 30 years into the future) and for exploring issues where reliable data
are limited. Delphi studies typically involve a relatively small number of carefully selected
experts whose expertise, professional position, or policy relevance makes their insights
especially valuable. Although the method is qualitative and not intended to produce
statistically representative results, the quality and expertise of respondents provide the basis
for its effectiveness.

m ROUND 2 (AND SUBSEQUENT ROUNDS) FINAL ROUND
1. PREPARATION 0®¢ Questions sent FEEDBACK 0®¢ Refined questions 9@ Final questions
‘.‘ to experts '.‘ sent to experts '.‘ (if needed)
—
= \ 1l ! l
P

@ Experts provide ® Experts reconsider ®
' answers, rankings S in light of group eoe0

‘ d ummary of Round 1 ' AR

« Define the problem and comments results and range of W feedback an

or topic (anonymously) opinions provided to

l experts (anonymously)

Experts provide

" final answers
provide new

answers (anon.) l
* Formulate questions

about the future i l CONSENSUS
« Select and invite =il Re;""“s:s . Organizers refine ol Responses REACHED
experts A @ corectacian questions based on 1 @ collected and Shared conclusions
summ.anzed by feedback o G summarized and prioritized
organizers recommendations
A

——————— Process repeats for 2 or more rounds until consensus is achieved =~ ==--—-= === ——-——--J

KEY FEATURES

0,08,0 < Useful for complex
cans m Redl:::es do;mnance, % issues and long-term
AN prestige and group (9030 years)

Panel of experts Anonymity of Controlled feedback pressure assessments

responses between rounds

Figure 5: Schematic illustration of the Delphi method.

3.4 Phase 4: Validation, Updates and Recommendations
This phase validates the analytical findings through expert consultation and feedback from

space experts. The role of experts is to review the results, validate the relevance of signals
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and forecasts, and support in updating the findings where necessary, draw conclusions and
provide recommendations. This phase is important because predictive analytics alone is not
sufficient in a complex and fast-changing sector like space. Expert validation helps distinguish
meaningful signals from temporary noise. It also ensures that the methodology reflects real
sector dynamics, practical industry needs and tacit knowledge from employers, researchers,
education providers and policy actors. This phase also strengthens the credibility of the
methodology. By validating results with experts and stakeholders from the space ecosystem,
the system becomes more robust, transparent and useful for decision-making. The validation
of the findings can be achieved through validation workshops, panel discussions or focus
groups. The number of the validation rounds depends on the quality of the findings from
phases 1, 2, and 3.

3.5 Continuous Feedback loop and Methodology Updating

A continuous feedback loop is essential because it connects the outputs of the methodology
back into the next cycle of data collection and analysis. Recommendations, experts feedback
and updated evidence are used to refine the system, improve indicators, update forecasts
and adjust priorities. This horizontal layer is essential because skills intelligence must
remain dynamic. In the downstream space sector, skills needs can change quickly due to new
technologies, market developments, regulatory changes and education-industry interaction.
A continuous feedback loop ensures that the methodology does not become outdated and
can remain useful beyond the project lifespan.

3.6 Dissemination phase

The dissemination of the study results constitutes the final step of the skills intelligence
process. Its purpose is to ensure that the findings generated through the surveys, experts
discussions, the detected EWIs and the analysis, as well as the overall methodology reaches
and informs all the relevant stakeholders of the European space ecosystem. Dissemination
involves providing access to the collected data and main outputs, making the proposed
methodology available for use, engaging stakeholders who can use the findings to support
skills development, workforce planning, curriculum design, and policy formulation. The
results should be communicated to a broad range of stakeholders, including higher
education institutions, VET providers, lifelong learning training organisations, space
companies, SMEs, industry associations, clusters, research and technology organisations,
public authorities, labour market actors, and policymakers.
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The study is expected to contribute to strategic discussions on how education, training, and
workforce development systems can respond to technological change, digitalisation,
sustainability requirements, and the evolving needs of the space industry. Even where
immediate policy or curriculum changes are not implemented, fostering debate among
stakeholders regarding future skills requirements represents an important contribution to
strengthening the sectors long-term competitiveness and resilience. It is worth mentioning,
that curriculum changes come in various sizes, not just entirely new programs or courses,
but also small increments over time. Following the methodology proposed herein, and a
continuous discussion, could result in small increments that grow big over time.

Finally, the dissemination process can serve as an opportunity to gather additional insights
from space professionals. Feedback from industry representatives, educators, training
providers, researchers, and policymakers can help verify the interpretation of results, identify
emerging trends not captured during data collection, and improve future iterations of the
skills intelligence exercise. Such feedback loops are particularly valuable in rapidly evolving
sectors such as space, where technological developments and labour market needs can
change quickly and also support the sustainability of the methodology.

Predicting emerging skills needs and competencies is essential in fast-evolving labour
markets like the space industry where scientific and technological progress evolves in fast
pace. Skills shortages can produce adverse socio-economic consequences on development
and employment at European level, therefore skills anticipation is crucial. Skills Intelligence
approaches offer a well-established mechanism for identifying current skills needs, gaps and
shortages, however traditional methodologies rely on “one-off” labour market studies. Given
the complexity of the space-sector and the rapid evolution of space-related technologies, a
dynamic skills intelligence system that is faster and forward-looking, is proposed in this
deliverable.

The proposed Predictive skills intelligence methodology is based on the following main
principles: It combines existing tools and methods including foresight and forecast
approaches, it is space-sector specific, it is a dynamic approach for continuous gathering and
analysis of data, the inclusion of early warning indicators and alignment with European
standards both are core component of the methodology, and may serve as a reference and
toolkit for education providers and organizations.
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Briefly, the developed methodology includes both quantitative and qualitative tools and
methods and comprises 4 interconnected phases; The first phase, “Continuous and Multi-
Source Data Collection”, combines several approaches including desk research, surveys,
structured interviews, workshops, and other stakeholder-engagement methods. The second
phase, Data Processing, Extraction of Key Information and Insight Creation, includes data-
quality checks, identification of skills needs and shortages, classification and clustering of
skills, integration and harmonisation of evidence, and mapping of skills and occupations to
European frameworks. This enables the findings to be translated into occupational profiles,
learning outcomes, curricula, qualifications, and training interventions. The third phase,
“Analytical Frameworks”, introduces the predictive dimension of the methodology. It
combines several tools and approaches like descriptive and conceptual analysis, horizon
scanning, weak-signal detection and translation to Early Warning Indicators, and the Delphi
methods. The fourth phase, Validation, Updates and Recommendations, focuses on the
validation of the study results by external space experts. The inclusion of a continuous
feedback loop, as a horizontal layer between the phases, ensures the dynamic character of
the approach and its sustainability beyond project lifetime.

Overall, this deliverable proposes a structured, space-specific, and transferable framework
for moving from descriptive assessment to predictive and anticipatory skills intelligence. Its
implementation can strengthen education-industry alignment, reduce the lag between
market change and training provision, support earlier responses to emerging skills gaps, and
contribute to the development of a resilient, adaptable, and future-ready European space
workforce.
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Annex A: Sample survey questions

This annex offers an example of a set of questions for a questionnaire. It is organised into 7
sections. The survey can be expanded, depending on the particular interests and information
needs of the commissioning institution and its stakeholders, and also depending on the
specific circumstances of the survey (for instance budget or field work methodology).

These questions are a sample example for relevant surveys and could be adjusted to country-
specific or sector-specific characteristics. This set of questions should be considered as a
starting point that helps to form the basis of a questionnaire.

Section A: Consent and Personal information

Q1. Do you consent to the processing of your survey responses for research purposes?
. Yes, | consent

. No, | do not consent

Q2. What is your name? (optional)

Q3. What is your email address? (optional)

Q4. What is your job title?

Q5. What is your gender?

. Woman

. Man

. Non-binary

. Prefer not to say

Q6. Which company are you representing?
Q7. Are you responding on behalf of:
. The whole company

. A specific department or unit

Q8. If you are responding on behalf of a department, please specify which one.
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Section B: Company/organization Profile

Q9. In which country and city is your company based?
Q10. In which year was the company established?
Q11. What is the size of the company you represent?
. Micro (1-9 employees)

. Small (10-49 employees)

. Medium (50-249 employees)

. Large (250+ employees)

Q12. In which of the following space-sector pillars is your company active? (Select all that

apply)

. Earth Observation / Remote Sensing
. Satellite Communications

. Navigation Systems (e.g. GNSS)

. Integrated space applications

. None of the above

. Other (please specify)

Q13. Does your company focus on a specific sub-domain?

. Land monitoring

. Ocean monitoring

. Climate monitoring

. Disaster management (floods, fires, earthquakes)
. Defence applications

. Agriculture and forestry

. Maritime

. Commercial services

. Other (please specify)
Section C: Recruitment and Skills Availability

Q14. To what extent does your organisation experience difficulties in hiring staff with the
required qualifications in space-related domains, and what are the main sources of these
difficulties? (Likert scale 0-4 added in the online form) (Select all that apply)

. Difficulty finding highly experienced staff

Shortage of skilled workers on the labour market

. Mismatch of skills

Rapid industry growth
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. Other (please specify)
Q15. In your opinion, the identified skills gaps mainly result from (Select all that apply):

. Mismatch between higher education curricula and labour market needs (Academia-
Industry disconnection)

. Insufficient practical/ hands-on experience

. Lack of advanced digital competencies essential for modern space applications

. Limited technical studies/education opportunities

. Limited availability of specialised training opportunities

. Other (please specify)

Q16. What is the average length of employee retention in the company?

. <1 year

. 1-3 years
. 3-5years
. >5 years

Section D: Skills Needs and Gaps

Q17. Which types of skills are most important when hiring new staff?

. Technical and digital skills

. Green skills

. Transversal (soft) skills

. Entrepreneurial skills

. A combination of the above

. Other (please specify)

Q18. In which areas and to what extent have you identified the most critical skills gaps in
your current workforce? (likert scale has been added) (Select all that apply)

. Technical and digital skills
. Green skills

. Transversal (soft) skills

. Entrepreneurial skills

Q19. Which of the following technical and digital skills are the most difficult to find when
hiring new staff? (Select all that apply)

Engineering and Hardware

. Aerospace engineering

. Mechanical engineering (structures, vibrations)
. Advanced materials and additive manufacturing
. Orbital mechanics
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. Propulsion

. Electrical and electronics engineering

. Systems engineering (requirements, integration, verification)
. CAD tools

. Thermal analysis and control

. Power systems (solar arrays, batteries)

. Cloud computing

Programming and Software Development

. Embedded systems programming
. Real-time operating systems (RTOS)
. Software verification and validation

. Edge computing

Data analysis

. Data science and statistics

. Machine learning / artificial intelligence
. Data modelling and analysis

. Data visualisation

. Signal processing

. Image processing (satellite imagery)

Scientific Expertise
. Astrophysics

. Electromagnetism

. Quantum mechanics

. Industrial 10T and edge computing
. Quantum technologies

. Al/ML specialists
. Other (please specify)

Q20. Which green knowledge/skills are the most difficult to find when hiring new staff?
(Select all that apply)

. Sustainable development methodologies
. Sustainable chemistry and green materials
. Circular economy principles

. Life Cycle Assessment (LCA)
. Other (please specify)

Q21. Which transversal/soft skills are the most difficult to find when hiring new staff? (Select

all that apply)
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. Problem-solving and adaptability

. Leadership and project management

. Time management

. Communication and interpersonal skills
. Collaboration and teamwork

. Business development

. Entrepreneurial skills

. Other (please specify)

Q22. Considering rapid technological advances in the space sector, which new skills or
qualifications do you consider essential over the next 3-5 years? (Open-ended)
Section E: Workforce Dynamics and Retention

Q23. What are the main causes of skills gaps in your organisation? (Select all that apply)

. Insufficient access to qualified professionals through existing networks or
recruitment channels

. Limited capacity to attract and negotiate with highly specialised professionals
. Challenges in recruiting and onboarding suitably skilled new staff

. Low retention of skilled staff

. Insufficient training for existing staff

. Other (please specify)

Q24. What factors most affect the recruitment of new staff? (Select all that apply)

. Uncertainty related to company size

. Limited market presence or recent establishment
. Competition from other space companies/ sectors
. Non-competitive salaries

. Difficulty attracting international talent

. Location-related challenges

. Other (please specify)

Q25. What level of professional experience do you usually prefer when recruiting?

. Junior staff (little or no experience)

. Senior staff (minimum 3 years in the space sector)
. Highly experienced staff (more than 10 years)

. Depends on the position

Q26. What EQF qualification level do you typically prefer?
. EQF Level 8 (PhD / Doctorate)
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. EQF Level 7 (Master's degree)
. EQF Level 6 (Bachelor's degree)
. EQF Level <5 (High school or vocational qualification)

Section F: Training and Business Impact

Q27. Does your organisation provide training to its staff?

. Yes, to all staff
. Yes, but only to new employees
. No

Q28. What type of training does your organisation provide?

. Internal/informal training

. Formal training delivered by external providers
. Both

. None

Q29. In which topics do you provide training?

Q30. Do employees request training from external experts in their areas of interest?
. Yes

. No

(If Yes, please specify the topics)

Q31. Does the lack of skills within your workforce affect business performance and growth
(likert scale has been added)?

. No impact

. Minor impact

. Moderate impact
. Significant impact

Q32. What types of impact have you observed? (Select all that apply)

. Lost market share to competitors

. Reduced innovation capacity

. Increased workload on existing staff

. Lower productivity and production delays
. Hindered expansion into new markets

. Declining quality of products and services
. Termination of business partnerships

. Increased operating costs

. Other (please specify)
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Q33. Has skills shortage hindered your company'’s sustainability strategy?
. Yes

. No

(If yes, please explain how)

Section G: Final Remarks
Q34. Is there anything else you would like to share regarding skills needs or challenges in

the space sector? (Open-ended)

Q35. Would you be interested in participating in a follow-up structured interview?

. Yes
. No
. Maybe
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