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Abstract. The digitalisation of road transport and logistics is reshaping the work of automobile-
transport college graduates, yet the pedagogical literature tends to catalogue digital tools rather
than the entrepreneurial actions those tools should serve, and no evidence-based taxonomy links
practice types to competence outcomes for this sector. This study derives such a taxonomy through
a two-stage design: a PRISMA-ScR scoping review that maps a heterogeneous, cross-disciplinary
evidence base, followed by best-fit framework synthesis that codes the extracted practices against
an a-priori frame of entrepreneurial-competence areas and entrepreneurial-action stages. From an
initial 320 records, 63 sources were retained; the 22 practice-exemplifying sources among them
were classified into groups by two independent coding passes that agreed closely (Cohen’s κ = 0.94
for group assignment); as both passes were AI-generated, this indexes coding-scheme consistency
rather than independent human-rater reliability. Four groups of digital entrepreneurial practice
are distinguished: (1) project-based entrepreneurial, (2) technical–economic, (3) logistical–
organizational, and (4) communicative–reflective practices. The first three are each supported by
at least three independent sector or pedagogy studies; the fourth is warranted by the completeness
of the entrepreneurial-action cycle together with cross-sector reflection and assessment scholarship,
an evidential asymmetry we report rather than smooth over. The four groups span a coherent cycle
of entrepreneurial action – a structure partly entailed by the analytic frame – and are mapped onto
the EU EntreComp and DigComp frameworks and onto experiential and activity-learning theory.
Two conceptual moves extend the taxonomy into a framework: a trace–reflection mechanism, in
which each action leaves an inspectable digital artefact that mediates assessment and revision,
and a two-dimensional practice-design space that positions each group against tiers of environment
fidelity and treats immersive technology as a level of that dimension rather than a separate
group. Eight testable propositions and a progression-anchored assessment rubric are proposed.
The contribution is conceptual and design-oriented; the framework and rubric await empirical
validation.

Keywords: entrepreneurial competence, digital entrepreneurial practices, automobile-transport
vocational education, scoping review, EntreComp, DigComp, experiential learning, simulation and
immersive learning

1. Introduction

The professional training of students in automobile-transport colleges – vocational institutions
spanning professional (vocational) and professional pre-higher education (roughly ISCED 3–5 /
EQF 3–5) that prepare road-transport technicians, logisticians, and service specialists – is being
reshaped by the digitalisation of managerial, logistical, service, and communication processes across
the transport sector [21, 42]. As routing, costing, fleet management, and client interaction migrate to
digital platforms, employers increasingly expect graduates not only to perform technical operations
but also to work with digital data, assess costs and risks, organise service delivery, and make
substantiated entrepreneurial decisions [9, 51]. For a sector central to Ukraine’s economic recovery
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and its integration into the European transport area, this shift makes entrepreneurial capability a
training priority rather than an optional supplement [39, 43].

A well-developed research base supports the general case. Entrepreneurial competence is developed
through experiential, practice-based learning rather than through instruction about entrepreneurship
[47, 49, 53]; the European frameworks specify what entrepreneurial (EntreComp) and digital
(DigComp) competences comprise [2, 63]; and transport and logistics processes can now be modelled
at high fidelity through simulation and digital twins [25, 37]. These strands, however, remain
unintegrated at the level of the vocational classroom. Studies of digital entrepreneurship education
tend to enumerate the tools that appear in courses [19, 23, 60] rather than the entrepreneurial
actions those tools serve; no evidence-derived taxonomy links practice types to competence outcomes
in transport-sector vocational education; and there is no assessment logic for the digital artefacts such
practices generate. The result is a field organised around technology rather than around learning, in
which “using a digital tool” is too readily equated with “developing entrepreneurial competence.”

The aim of this study is to derive, from the literature, an evidence-grounded taxonomy of dig-
ital entrepreneurial practices for automobile-transport vocational education, and to embed it in a
competence-grounded conceptual framework with testable propositions and a proposed assessment
rubric. The study addresses five research questions:

RQ1. How is the construct digital entrepreneurial practice defined and delimited across entrepreneur-
ship education, vocational education and training (VET), and the digital transformation of
transport and logistics?

RQ2. What groups of digital entrepreneurial practices can be derived from the literature for automobile-
transport VET, and what evidence supports each?

RQ3. How do the derived groups map onto the EntreComp and DigComp/DigCompEdu frameworks
and onto experiential and activity-learning theory, and where does the construct exceed those
frameworks?

RQ4. Which digital, simulation, and immersive environments enable each group, and under what
conditions do they develop rather than merely demonstrate entrepreneurial competence?

RQ5. How can the digital artefacts of these practices be assessed, and what testable propositions
link the taxonomy to competence development?

The study makes the following contributions. (1) We are not aware of a prior taxonomy of digital
entrepreneurial practices for automobile-transport VET; this study derives one through a scoping
review (a claim bounded, as section 6 notes, by the databases searched, which did not include Scopus,
Web of Science, or ERIC). (2) It defines the construct and fixes its differentia as the entrepreneurial
action modelled, not the tool employed. (3) It distinguishes four practice groups – three supported by
at least three independent sources and a fourth warranted by cycle completeness and corroborating
scholarship – and reports the procedural consistency of the group assignment. (4) It introduces
a trace–reflection mechanism and a two-dimensional practice-design space that together turn the
taxonomy into a framework. (5) It maps the framework onto EntreComp and DigComp and states
explicitly what those frameworks do not specify. (6) It advances eight testable propositions and a
progression-anchored assessment rubric to guide validation and practice.

2. Background

Three literatures bear on the problem. The first concerns entrepreneurial competence and its devel-
opment. Entrepreneurship education research has moved from teaching about enterprise toward
teaching through enterprise, emphasising experiential and project-based activity as the mechanism
of competence formation [36, 49, 53], even as the impact-measurement literature cautions that
the evidence for these effects is methodologically uneven [47]. Competence models have been
consolidated at European level in EntreComp, which organises entrepreneurial competence into
the areas of ideas and opportunities, resources, and into action [2, 3, 5], and empirical work has
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elaborated the core competencies and their interdependencies, including the present authors’ account
of its professional and personal dimensions [35, 40, 57, 65]. This tradition establishes what is to be
developed but says little about the sector-specific practices through which it is developed.

The second literature concerns digital entrepreneurship and its education. Digital technologies are
recognised as reshaping the entrepreneurial process itself – its opportunities, artefacts, and business
models [4, 16, 33, 48] – and a growing body of work examines how education should respond,
through digital entrepreneurship courses, gamified venture creation, and simulations [19, 20, 26,
60, 64]. In vocational settings specifically, studies report the development of conceptual models
for entrepreneurial-skill formation, analyses of student-entrepreneurship practice, and evidence on
vocational students’ digital-entrepreneurial dispositions [14, 24, 32, 58, 61]. A recurring limitation is
that this work maps tools onto competences [23] without specifying the practices that connect them.

The third literature concerns the digital transformation of transport and logistics education. Simu-
lation, discrete-event modelling, and digital twins are now used to represent routing, scheduling,
and supply-chain operations [25, 37, 50], and digital twins and virtual learning environments are
entering engineering and manufacturing education as pedagogical instruments [22, 34]. In parallel,
immersive virtual, augmented, and mixed reality is used to develop technical and self-regulatory
skills in vocational training [7, 8, 13, 29, 52, 66]. This literature supplies powerful environments but
frames them around technical skill or system modelling, not around entrepreneurial action.

The gap that motivates the present study lies at the intersection of the three: there is no framework
that connects the digital tools and environments of the transport sector to the entrepreneurial actions an
automobile-transport graduate must perform, expressed as teachable, assessable practices grounded
in a competence model.

Because “digital entrepreneurial practice” sits near several established constructs, we delimit it
at the outset. It is not digital competence, which is an antecedent capability to use technology [63]:
possessing digital skills does not entail modelling an entrepreneurial action. It is not entrepreneurship
simulation, which we treat as one tier of a fidelity dimension (§4) rather than as the construct itself
[20]. It is not digital entrepreneurship, which is the target real-world activity [48], whereas a digital
entrepreneurial practice is the pedagogical activity that rehearses it. Following practice theory, we
treat a practice – a routinised, tool-mediated, socially recognisable doing – rather than a tool as the
unit of analysis [55].

3. Methods

3.1. Design rationale

The study uses a two-stage design. Stage 1 is a scoping review reported against the PRISMA extension
for scoping reviews (PRISMA-ScR) [62], following the Arksey and O’Malley framework as advanced
by Levac and colleagues [1, 38]. A scoping review, rather than a systematic review or a narrative
essay, fits the aim: the evidence base is emerging, heterogeneous, and spread across disciplines, and
the objective is to map it and derive a construct, not to estimate the effect of an intervention [46].
Stage 2 is best-fit framework synthesis [11, 12]: extracted practices are coded against an a-priori frame
formed by crossing the EntreComp competence areas [2] with the phases of an entrepreneurial-action
cycle, and any practice the frame cannot accommodate generates a new, emergent theme reported
as such. This design names the step – from charted data to derived groups – at which a narrative
review would rely on the author’s judgement alone, and subjects it to an explicit coding frame,
a support threshold, and a reliability check. Because the frame is built from EntreComp and an
action cycle, and because the authors’ earlier descriptive account had already asserted a four-part
structure (treated here only as a sensitising frame, not as an a-priori coding scheme), the four-fold
result is partly entailed by the design; best-fit framework synthesis is, accordingly, a method for
structuring and testing candidate groups against evidence rather than for discovering them ex nihilo.
What the synthesis adds, and what could have failed, is whether each candidate group cleared the
support threshold, which candidates were reclassified or rejected (section 4.1), and how the groups
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instantiate in the transport sector.

3.2. Realm, databases, and search

The realm comprised peer-reviewed literature and high-credibility framework and policy documents
at the intersection of entrepreneurship education, VET, digital entrepreneurship, competence frame-
works, and the digital transformation of transport and logistics education. Searches were run in
July 2026 across Semantic Scholar and Crossref (through a federated academic-search interface),
the Wiley Online Library, PubMed (for methodological and psychometric works), and – for two
foundational transport records – arXiv, with document identifiers resolved through the publishers
and, for the European framework reports, through the EU Publications Office. Ten thematic search
strings combined the core construct with entrepreneurship-education, VET, competence-framework,
digital-twin, immersive-learning, and methodology blocks; the full query log is retained as an audit
trail. The primary window was 2020–2026, with foundational and methodological works retained
irrespective of date. Scopus, Web of Science, and ERIC were not accessible in the present environment,
and the Consensus research engine was unavailable; these constraints are acknowledged in the
limitations. Searching within each theme stopped when further queries returned no new candidate
practice type [59].

3.3. Eligibility and screening

Sources were included if they were peer-reviewed or high-credibility framework/policy documents;
addressed entrepreneurial competence, digital entrepreneurship, VET, or digital, simulation, and
immersive learning relevant to transport and logistics; and offered at least one of a definition, a
practice or activity type, a tool-to-task link, an assessment cue, or a competence-framework mapping.
Vendor and product-download pages were excluded (tools are named in prose without citation),
as were records with no learning dimension, no retrievable full text or metadata, or predatory
provenance. Figure 1 reports the flow. Consistent with a scoping review, the sample is purposive
rather than exhaustive. Of 320 records identified, 279 remained after duplicate removal; title/abstract
screening excluded 176; of 103 records assessed in full, 40 were excluded (chiefly non-credible venues
and unverifiable metadata); 63 were retained. Of these 63, 22 were charted as practice-exemplifying
sources – the basis of the taxonomy and of the reliability check – and 41 were corroborating framework,
theory, method, and context works; a further 3 methodological and canonical references (e.g., [6, 15])
are cited outside the screened corpus, giving 66 references in total. The retained corpus spanned
seven disciplines (entrepreneurship and management; education and VET; educational technology
and learning sciences; transport, logistics, and engineering; research methodology and measurement;
social theory; and competence-framework/policy studies); Ukrainian-context sources accounted for
7 of 63 (≈11%, counting the Ukrainian-authored self-citation) and self-citations for 2.

3.4. Charting, the support threshold, and reliability

Each source was charted for bibliographic details, discipline, education level, the entrepreneurial
action addressed, the digital-tool class, the environment-fidelity tier, the EntreComp and DigComp
areas engaged, the learning-theory anchor, the artefact or trace produced, and any assessment
cue. A candidate practice group was retained as defining only where supported by at least three
independent sources – peer-reviewed or scholarly works by different author teams; policy and
framework instruments corroborated but did not count toward the threshold. Support was recorded
separately as Tier-1 (cross-sector, warranting the group’s structure) and Tier-2 (transport-logistics-
specific, warranting its sector instantiation). To check the stability of the group assignment, the 22
practice-exemplifying sources were classified into the group each most directly exemplified by two
independent coding passes run in separate, mutually blind contexts. Both passes were AI-generated
(see the Declaration on Generative AI); the resulting statistic therefore indexes the procedural
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Records identified (n = 320): database searching via
Semantic Scholar/Crossref, Wiley, PubMed, and arXiv
(n = 287) and known-item / citation lookup and the
authors’ draft list (n = 33). Consensus scoping was
unavailable.

Unique records screened on title/abstract after duplicate
removal (n= 279; 41 duplicates removed)

Excluded at screening (n = 176):
off-topic with no VET or learning
dimension; sector-irrelevant; ven-
dor/product pages

Records assessed for eligibility in full (n= 103)

Excluded (n = 40): non-credible
venue (22); no retrievable meta-
data (9); superseded/redundant
(9)

Included in the synthesis (n= 63)

Figure 1: PRISMA-ScR flow of source identification and selection. As a scoping review with a purposive rather
than exhaustive sample, the flow documents transparency, not systematic-review completeness; identification
totals aggregate the thematic searches.

consistency of the coding scheme rather than human inter-rater reliability, and cannot detect biases
the two passes may share. Observed agreement was 95.5% and Cohen’s κ for group assignment
was 0.94 (computed before consensus resolution) [15]. Because N is small (22) and the marginal
distribution is skewed, this figure is prevalence-sensitive and fragile to a single reclassification – one
further disagreement would lower it to about 0.88 [41] – and it covers only the group-assignment
variable, not the screening, threshold, or tier-coding decisions, which were not double-coded. The
single disagreement – an immersive-VR workspace-design study read as organizational by one pass
and technical by the other – was resolved to the logistical–organizational group. Sensitivity of the
taxonomy to the threshold (≥ 2, ≥ 3, ≥ 4 sources) was examined and is reported with the results.

3.5. Rigour, reflexivity, and ethics

Trustworthiness was supported by an a-priori protocol fixed before searching, a retained query log
and coding matrix, analytic memoing, a disconfirmation audit that recorded candidate practice types
not retained, and the double-coding above. The authors are situated within the Ukrainian vocational
system, which afforded contextual insight but risked over-reading the sector’s needs into the corpus;
the a-priori frame and the independence rule were adopted to constrain this. The study analysed
published literature only: it involved no human participants, no personal data, and no primary data
collection, and the learning cases presented in section 4 are constructed illustrations, not studies of
identifiable individuals.

4. Results

4.1. From asserted principles to derived groups

The corpus consistently frames effective entrepreneurship pedagogy as experiential, artefact-producing,
and progressively authentic [26, 49, 54]. Coding the extracted practices against the a-priori frame
yielded four groups, and no additional group cleared the support threshold in the searched corpus:
candidate types such as digital-marketing and data-analytics practices folded into one or more of the
four groups, while regulatory-compliance practices – arguably central to transport entrepreneurship
(licensing, cabotage, dangerous-goods, tachograph rules) – surfaced in only one source and were
recorded as a coverage-limited candidate for future work rather than as a group; this is a limitation of
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a search that did not include Scopus, Web of Science, or ERIC, not a demonstration of exhaustiveness.
The construct that organises the four groups is defined as follows: a digital entrepreneurial practice
is a professionally-oriented learning activity in which a student models, performs, and analyses
an entrepreneurial action of the automobile-transport domain through digital tools, such that the
action leaves an inspectable digital artefact that mediates feedback, assessment, and revision. The
differentia is that the tool is subordinate to the modelled action: operationally, an activity fails the
test when its assessable output is a demonstration of tool proficiency (a formatted document, a
completed tutorial) rather than an artefact or decision that answers an entrepreneurial question.

4.2. The four groups and the practice-design space

The four groups are project-based entrepreneurial (G1), technical–economic (G2), logistical–organi-
zational (G3), and communicative–reflective (G4) practices. They are four phases of entrepreneurial
action – opportunity formation, feasibility substantiation, operational implementation, and market
interaction with reflection – that together span the entrepreneurial-action space. As noted in sec-
tion 3.1, this four-fold structure is partly entailed by the analytic frame and by the authors’ sensitising
prior account; the synthesis instantiates and tests it rather than discovering it. The ordering G1→ G2
→ G3→ G4 reflects one defensible action logic; non-linear and effectual accounts of entrepreneur-
ship would sequence the same phases differently [49]. The groups are analytically distinct but not
mutually exclusive: a single practice may engage more than one – a gamified venture with a live store
engages both project-based and technical–economic practice – and the derivation charted sources
under multiple groups accordingly, so the per-group source tallies below share some sources.

The evidence is uneven across groups, and we report it as such. Applying the ≥ 3-independent-
source rule (peer-reviewed works by different teams; theory, method, and framework works corrobo-
rate but do not count) and, crucially, separating support for a group’s content from support for the
fidelity dimension, the project-based (G1), technical–economic (G2), and logistical–organizational
(G3) groups each clear three independent sector or pedagogy studies. G3 is the most strongly
sector-grounded (four transport-logistics studies [21, 25, 37, 50]). The immersive-VR technical-skill
studies [7, 13, 66] evidence the fidelity dimension – that vocational skills are rehearsed in immersive
environments – not the economic content of G2, and are counted only toward the former; G2’s
economic content rests on [9, 20, 26] together with the digital-twin modelling studies [22, 34]. The
communicative–reflective group (G4) is the weakest link: setting aside theory and method works
as the rule requires, it rests on essentially two direct practice studies [40, 52], together with the
completeness of the action cycle and corroborating reflection and assessment scholarship, and it has
no transport-specific study. This double asymmetry – thin, and non-sector-specific – is disclosed here,
in the coding matrix, and in the limitations rather than smoothed over.

A taxonomy of groups is, on its own, one-dimensional. The corpus indicates that the same
entrepreneurial action can be rehearsed at very different levels of authenticity – with generic digital
tools, in a simulation, in a digital twin or immersive environment, or on a real-market platform
[20, 26, 29, 34]. Crossing the four groups with these tiers of environment fidelity yields a two-
dimensional practice-design space (figure 2). The design space locates each concrete practice as a
cell rather than a point, and it treats immersive technology as a level of the fidelity dimension rather
than a fifth group. This is a modelling choice, not a discovery; its justification is that separating
the environment in which a practice runs from the entrepreneurial action it rehearses dissolves a
recurring conflation in the literature, under which “adding VR” is mistaken for adding a new kind of
entrepreneurial practice. The fidelity axis also describes a progression from low-fidelity familiarisation
to real-market performance that later informs the assessment rubric.

4.3. Group 1: project-based entrepreneurial practices

Project-based practices engage the EntreComp area of ideas and opportunities: identifying a transport-
service need, forming a value proposition, and presenting a service digitally [26, 49, 64]. In the
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Generic digital tools Simulation
Digital twin
/ immersive

Real-market platform

G1
Project-based

Idea map, Business
Model Canvas, land-
ing page

Venture/business
game, gamified store

AR/VR service pitch;
VR service-space
model

Live e-commerce
offer; real pitch to
clients

G2
Technical–economic

Cost/price spread-
sheet; economic note

Cost/risk scenario
simulation

Digital-twin
cost/throughput
model

Real quotation and
tender

G3
Logistical–

organizational

Route/schedule on
digital maps

Discrete-event / Petri-
net logistics sim

Transport digital twin
of operations

Live TMS dispatch

G4
Communicative–

reflective

Offer page, CRM mes-
sage, reflective note

Simulated client dia-
logue

Immersive client inter-
action; SRL prompts

Real client feedback
loop

increasing environment fidelity / authenticity (familiarisation→ capstone)

Figure 2: The practice-design space: the four practice groups (rows) crossed with tiers of environment fidelity
(columns). Cells are practice archetypes drawn from the corpus and from tables 1–3. Immersive technology
appears as a fidelity tier, not a fifth group; the fidelity axis marks a progression that informs the rubric (table 6).

automobile-transport domain they range from identifying a local service gap to modelling a service
space in virtual reality and pitching a venture. Table 1 sets out representative learning cases, the
student tasks, indicative digital tools, and the target artefact each is designed to produce; the artefact,
not the tool, is the object of assessment.

4.4. Group 2: technical–economic practices

Technical–economic practices engage the EntreComp area of resources: calculating the resources, costs,
and risks of a transport service and substantiating its feasibility [22, 26, 34]. Digital and simulation
tools support quantitative modelling; where a digital twin represents a service’s throughput or cost
structure, the practice sits at a higher fidelity tier of the same group. Table 2 shows the task types
with worked automobile-transport examples. Tools such as spreadsheet and discrete-event simulation
environments are named as exemplars in the text rather than cited as sources.

4.5. Group 3: logistical–organizational practices

Logistical–organizational practices engage the EntreComp area of into action – planning, and coping
with uncertainty and risk – through the organisation of routes, schedules, and transport processes
[21, 25, 37, 50]. This group has the strongest sector-specific evidence, because transport routing
and logistics are exactly where digital twins and discrete-event simulation are most developed. The
logic of such a practice can be expressed as a cycle from order analysis to a substantiated decision,
with iteration when conditions change (figure 3).

4.6. Group 4: communicative–reflective practices and the trace–reflection mechanism

Communicative–reflective practices engage the EntreComp competences of working with others and
learning through experience: interacting with clients, handling feedback, and evaluating one’s own
decisions [40, 52]. This group also carries the framework’s central mechanism. What makes a
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Table 1
Project-based entrepreneurial digital practices: learning cases, student tasks, digital tools, and target artefacts.

Learning case Tasks for students
Digital tools
(examples)

Target
digital artefact

A new transport
service for the
community

Identify a relevant local transport need;
propose a service; describe its consumer,
advantages, and mode of delivery

Google/Microsoft
Forms, Padlet, Miro,
Canva

Idea map; short ser-
vice presentation

Mobile on-site
service for the
client

Design an on-site service (technical as-
sistance, diagnostics, seasonal main-
tenance); define ordering and client
communication

Canva, Google Sites,
Genially, online
forms

Service-page pro-
totype; customer-
journey scheme

Digital customer
journey

Describe the journey from need to ser-
vice delivery; mark digital touchpoints:
search, ordering, payment, feedback

Miro, FigJam, Lucid-
chart

Customer-journey
map

Online service
offer

Create a digital offer: title, description,
advantages, ordering conditions, indica-
tive cost, contacts

Canva, Google Sites,
Wix, Tilda

Landing/advertising
page layout

Business idea for
a small enterprise

Complete a simplified business-model
template: clients, service, resources,
partners, costs, revenue, promotion

Business Model Can-
vas online, Notion,
Google Sheets

Digital business-
model template

AR presentation
of a service

Show service elements via augmented
reality; explain client benefits

CoSpaces Edu, As-
semblr EDU, Zap-
Works

AR demonstration
of the service

VR model of the
service space

Model the space of a future service: ser-
vice area, reception point, logistics hub

CoSpaces Edu, Spa-
tial, WebXR viewers

Virtual model /
short VR walk-
through

Pitch of an en-
trepreneurial idea

Prepare a short pitch: audience, advan-
tages, digital channels, expected out-
come

Canva, Prezi, Loom,
video editors

Video pitch / inter-
active presentation

Table 2
Technical–economic digital practices: task types with automobile-transport worked examples.

Task type Content
Automobile-transport

example Digital product

Resource and
cost modelling

Determine the resources, costs,
and conditions required to de-
liver a service

Compute the cost of a transport
service given fuel, time, labour,
and maintenance

Resource/cost
table; economic
note

Price and prof-
itability mod-
elling

Set a price given prime cost,
market conditions, and ex-
pected profit

Set the price of a transport offer
and justify its competitiveness

Digital pricing
model

Scenario-based
risk modelling

Analyse how the outcome
changes under different con-
ditions (costs, demand, delays,
faults)

Compare profitability if fuel
prices rise or orders fall

Scenario table;
risk matrix

Technical–
economic sub-
stantiation

Compare several courses of
action and select the most ap-
propriate

Choose between own transport,
rental, partnership, or a digital
planning service

Comparative
table; reasoned
conclusion
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Analyse
orders

Determine
resources

Build
route

Prepare
schedule

Assess
risk

Adjust
the plan

Substantiate
the decision

iterate on changed conditions

Figure 3: Logic of a logistical–organizational digital practice: a cycle from order analysis to a substantiated
decision, with iteration when conditions change. In higher-fidelity tiers the cycle runs on a discrete-event
model or a transport digital twin.

Digital action Digital trace Reflective evaluation

Online offer of a ser-
vice

Service page / post Is the service clear and
client-oriented?

Response to a client
request

Message / chat / CRM
record

Is the response profes-
sional and relevant?

Work with feedback /
complaint

Comments / question-
naire / note

What should be cor-
rected?

Figure 4: The trace–reflection mechanism at the micro level: each entrepreneurial action leaves an inspectable
digital trace that mediates reflective evaluation and revision.

practice digitally entrepreneurial, across all four groups, is that each entrepreneurial action leaves an
inspectable digital trace – a page layout, a message, a model, a pitch – and it is the trace, not the tool,
that can be examined, questioned, and revised. The digital character of the trace matters because,
unlike a paper canvas or an ephemeral spoken pitch, a digital artefact is versioned, timestamped,
machine-inspectable, and shareable, so the reasoning behind an entrepreneurial decision can be
reconstructed, compared across iterations, and assessed at scale. Figure 4 renders this trace–reflection
mechanism at the micro level, and table 3 sets out the matrix of action, trace, reflective question,
and possible result. Because the mechanism produces an artefact for every action, it is also what
makes the practices assessable, which the rubric below exploits.

Table 3
Communicative–reflective digital practices: the action–trace–reflection matrix.

Student action Digital trace Reflective question Possible result

Create an online
service offer

Page layout, adver-
tising post, service
description

Is it clear to the client what problem
the service solves and what its advan-
tage is?

Clarified value
proposition; revised
service description

Model a response to
a client request

Chat, email, mes-
senger message,
CRM-style record

Is the response professional, accurate,
persuasive, and client-oriented?

Corrected commu-
nication style; clari-
fied conditions

Work with feedback
or complaints

Comments, ques-
tionnaires, ratings,
request screenshots

What problems does the client see,
and what should change?

List of corrective
actions; updated
offer

Prepare a video
pitch or digital pre-
sentation

Video, slides, inter-
active presentation,
AR/VR demo

Is the entrepreneurial decision pre-
sented with sufficient argument?

Revised presenta-
tion; strengthened
argument

Analyse the results
of a learning case

Reflective map, an-
alytical report, self-
assessment

Which decision was effective, what
errors occurred, how to correct them?

Conclusion on de-
cision quality and
ways to improve it
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5. Discussion

5.1. A complete cycle mapped onto competence frameworks

Read together, the four groups trace one cycle of entrepreneurial action and collectively engage
competences across the three EntreComp areas, and they span – though they do not traverse in
canonical order – the modes of Kolb’s experiential-learning cycle [2, 30, 31]. Two qualifications follow.
First, EntreComp has three areas, not four, so the mapping is not one-to-one: G3 and G4 both draw
on the into action area but on different competences within it (planning and coping with uncertainty
for G3; working with others and learning through experience for G4). Second, the four practice
groups touch all four Kolb modes as a set but do not run in Kolb’s sequence (concrete experience,
reflective observation, abstract conceptualisation, active experimentation); the G1→G2→G3→G4
order follows the action logic, not the learning-cycle order, and we do not claim the two coincide.
Table 4 sets out the mapping and, in its final column, states what the competence frameworks do
not specify. This delta is the substance of the contribution beyond a restatement of EntreComp: the
frameworks name competences but not the sector-instantiated practice types that develop them, nor
the digital artefacts that evidence them, nor a fidelity progression along which they mature. Activity
theory motivates treating each practice as a mediated system in which the digital tool is the mediating
artefact between the student and a substantiated entrepreneurial decision [17, 45, 55], and the
TPACK framework explains why pedagogical value emerges only where technological, pedagogical,
and content knowledge intersect – the principle we render as “task over tool” [44].

Table 4
Mapping the four practice groups onto competence frameworks and learning theory, with the delta the
frameworks do not specify.

Group
EntreComp

competences (area)
DigComp area

(predom.) Kolb mode
Delta: not specified
by the frameworks

G1 Project-
based

Spotting opportuni-
ties; valuing ideas
(Ideas and opportuni-
ties)

Digital content
creation

Concrete
experience

The sector practice type
(transport-service ideation)
and its assessable artefact

G2 Technical–
economic

Financial and eco-
nomic literacy; mo-
bilising resources
(Resources)

Information
and data liter-
acy

Abstract
conceptuali-
sation

Quantitative transport
cost/risk modelling artefacts
as evidence

G3 Logistical–
organizational

Planning; coping
with uncertainty and
risk (Into action)

Problem solv-
ing

Active exper-
imentation

Operations/digital-twin prac-
tice and its fidelity progression

G4
Communicative–
reflective

Working with others;
learning through ex-
perience (Into action)

Communication
and collabora-
tion

Reflective
observation

Trace-mediated reflection as
an assessable act

Note. The mapping is not one-to-one: EntreComp has three areas, and G3 and G4 both draw on the into action area
through different competences. DigComp and Kolb columns give the predominant, not exclusive, association; the four

groups span the Kolb modes as a set but not in Kolb’s canonical order.

Table 5 positions the framework against the nearest existing accounts. Competence frameworks and
reviews specify competences or themes but not practices; tool-to-competence mappings work at the
level of the tool; digital-twin-in-education studies supply environments without an entrepreneurial
framing. The present framework is distinguished by taking the practice as its unit, grounding it in a
specific vocational sector, tying each practice to an assessable artefact, and connecting practices to
competences through explicit propositions.
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Table 5
The framework contrasted with the nearest existing accounts.

Account Unit of analysis Sector grounding What it does not provide

EntreComp [2] Competences None Sector practice types; trace-based
assessment

Reviews of digital en-
trepreneurship educa-
tion [19, 60]

Research themes None A practice taxonomy or design model

Tool-to-competence
mapping [23]

Tools None Practice-level grouping; the trace
mechanism

Digital-twin-in-
education [22, 34]

Technology Manufacturing /
eng.

Entrepreneurial framing; competence
mapping

This framework Practices Automobile-
transport VET

—

5.2. Propositions

The framework yields eight propositions (figure 5). Two are analytic, fixing the construct’s boundary;
six are empirical and, we argue, falsifiable by future study. The citations under each empirical
proposition are warrants – works that make the prediction plausible – not tests of it; none tests the
specific novel claim, which is the point of proposing it.

• P1 (analytic). An activity is a digital entrepreneurial practice only where the digital tool is
subordinate to a modelled entrepreneurial action [23, 48, 55].

• P2 (analytic). The four groups partition the entrepreneurial-action space into distinct phases;
this decomposition is definitional given the action-cycle frame (section 3.1), not an empirical
discovery, and its outcome implications are carried by the empirical propositions below rather
than by P2 itself [2, 49].

• P3 (empirical). Curricula that complete all four groups as a connected cycle produce greater
competence gains than equal time spent on any subset – configuration, not exposure, matters
[18, 54, 64].

• P4 (empirical). The quality of the digital-trace archive (its inspectability and the depth of
reflection it records) predicts competence gains during training over and above time-on-task –
distinct from P7, which concerns the completeness of the archive and transfer beyond training
[27, 40, 52].

• P5 (empirical). Higher-fidelity environments (simulation, digital twins) amplify gains for G2
and G3 practices but add little to G1 and G4 [13, 29, 34, 37].

• P6 (empirical). Omitting G4 cannot be compensated by additional G1–G3 practice, because
artefact-mediated reflection is not substitutable [30, 40, 52].

• P7 (empirical). Because a defined digital artefact is required for a practice to qualify (P1),
the assessability of artefact-producing practice is definitional; the empirical claim is that the
completeness of the artefact archive predicts transfer of competence to novel entrepreneurial
tasks beyond the training context [26–28].

• P8 (empirical). Immersive and digital-twin practices develop rather than merely demonstrate
competence only when embedded in a practice group and moderated by teacher digital-
pedagogical competence [7, 8, 10, 56].
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Antecedents
learner digital compe-
tence; educator Dig-
CompEdu; institutional
infrastructure

Four-group
practice cycle

G1→G2→G3→G4
across fidelity tiers

Trace–reflection
mechanism (artefact-

as-evidence)

Entrepreneurial
competence
EntreComp competences
developed

Moderators
fidelity tier; teacher

DigCompEdu

P3

P4, P7
P5, P8

P6

Figure 5: The framework as a logic model. Antecedents enable the four-group practice cycle, which develops
entrepreneurial competence; the trace–reflection mechanism and the fidelity/educator moderators condition
the effect. Arrows are labelled with the empirical propositions they represent (P3–P8); the analytic propositions
P1–P2 are definitional and are not drawn as causal arrows.

5.3. A proposed assessment rubric

Because every practice yields an artefact, the framework supports criterion-referenced assessment.
Table 6 proposes a rubric whose criteria name a group, its EntreComp thread, and the evidencing
trace. Its four bands collapse EntreComp’s eight-level progression to Foundation, Intermediate,
Advanced, and Expert for tractability – a deliberate simplification, not a one-to-one correspondence –
cross-walked to the SOLO taxonomy for the cognitive structure of the descriptors (unistructural to
extended abstract) [2, 6]. The levels describe competence, which the design deliberately keeps on a
separate axis from environment fidelity; where an Expert descriptor names a higher-fidelity resource
(real users, a digital twin), it does so as an exemplary rather than a necessary form, and the level can
in principle be reached at lower fidelity, so that a student’s grade is not gated by their institution’s
resources. Two transversal criteria – cycle integration and justified tool selection – operationalise P3
and the “task over tool” principle respectively; because they depend on as-yet-untested propositions,
they are design intentions pending validation. The rubric is a proposed design artefact: it has not been
validated, and applying six criteria over a multi-artefact cycle for a full class implies a marking load
that a real deployment must weigh. A validation programme would establish content validity through
an expert panel with a content-validity index, scoring reliability through the evidence standards for
rubrics [27], and an argument-based account tracing the scoring, generalisation, extrapolation, and
use inferences [28].

5.4. Implications

For curriculum design, the framework recommends sequencing practices so that a cohort completes all
four groups and, where resources allow, climbs the fidelity dimension across a programme. Crucially,
the framework degrades gracefully: a complete G1–G4 cycle can be run entirely in the generic-tool
tier with free, browser-based tools, and we take that low-fidelity cycle as the expected default rather
than the exception. This matters for ordinary and under-resourced colleges, and for Ukrainian
institutions operating under wartime disruption of power, connectivity, and scheduling, where the
leftmost tier is the resilient core that keeps a full entrepreneurial-action cycle teachable and assessable
offline or asynchronously. The digital-twin, immersive, and real-market tiers are opt-in extensions
contingent on institutional resources or employer partnerships; they presuppose a level of teacher
digital-pedagogical competence (DigCompEdu) that many transport-college instructors – often subject
experts without formal digital-pedagogy training – have not yet acquired, so realising the higher
tiers is as much a teacher-development task as a curriculum one. The real-market tier further raises
supervision, liability, and data-handling questions – where student artefacts and client-interaction
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Table 6
Proposed assessment rubric (design artefact, awaiting validation): criteria by competence thread and evidencing
artefact, with EntreComp-progression levels.

Criterion (group;
EntreComp thread) Evidencing artefact

Level descriptors: Foundation→ Intermediate→
Advanced→ Expert

Opportunity identifica-
tion and value propo-
sition (G1; ideas and
opportunities)

Idea map; value-
proposition / land-
ing page

Names a need→ states a value proposition→ justifies it
against client and market→ differentiates and validates
it (with users where available)

Technical–economic
substantiation (G2;
resources)

Cost / pricing / sim-
ulation model, with
note

Lists cost items→ computes cost and price→ models a
risk scenario→ optimises across scenarios and defends
the choice

Logistical–
organizational plan-
ning and adaptation
(G3; into action)

Route / schedule /
adaptation artefact

Sequences steps→ builds a feasible plan→ adapts to a
disruption→ substantiates the plan against a model (a
simulation or digital twin where available)

Digital communication,
client orientation and
reflection (G4; working
with others; learning
through experience)

Offer page / mes-
sage / pitch / CRM
trace; reflective note

Conveys information→ addresses the client’s need→
persuades with evidence and reflects on the trace→
manages feedback, self-evaluates against the trace, and
revises

Cycle integration
(transversal; opera-
tionalises P3)

The linked artefact
chain across groups

Artefacts are separate→ partially linked→ coherent
across the cycle→ each artefact informs the next as one
decision

Justified tool selection
(transversal; “task over
tool”)

Rationale accompa-
nying each artefact

Uses the given tool→ chooses a suitable tool→ justifies
the choice by the task→ selects and combines tools to fit
the entrepreneurial action

traces are stored, and under what consent – that adopting institutions must resolve, typically through
apprenticeship or employer arrangements. For pedagogy, the framework recommends assessing
the artefact and the reasoning behind the tool choice rather than tool proficiency itself. For the
sector, although the taxonomy is instantiated for automobile transport, its structure – an action cycle
mapped to competences, evidenced by digital traces, and progressing along fidelity – is likely to
transfer analytically to other asset-heavy, regulated, logistics-intensive vocational fields, a claim that
itself invites testing.

6. Limitations

Several limitations bound these claims. First, the study is conceptual and design-oriented: the
taxonomy, the propositions, and the rubric are derived from the literature and have not been validated
with students or teachers, and no efficacy is claimed. Second, the four-fold structure is partly entailed
by the analytic frame (EntreComp crossed with an action cycle) and by the authors’ sensitising prior
account; the synthesis therefore confirms and instantiates the groups more than it discovers them, and
the contribution lies in the sector instantiation, the artefacts, and the propositions rather than in the
number four. Third, the search could not access Scopus, Web of Science, or ERIC, and the Consensus
engine was unavailable, so coverage is partial and the corpus is English- and Ukrainian-language
only; consequently no new group emerged in the searched corpus, which is weaker than saturation,
and at least one plausible candidate (regulatory-compliance practices, central to transport) was
excluded on thin coverage and is flagged for future work rather than dismissed. Fourth, the evidence
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is uneven across groups: only the logistical–organizational group is strongly sector-grounded; the
sector instantiation of the others rests partly on the authors’ constructed illustrations (tables 1–3)
pending validation, and the communicative–reflective group has no transport-specific study and,
under a strict reading of the independence rule, only about two direct practice sources, so its warrant
is chiefly structural. Fifth, the reliability statistic is limited: it was computed from two AI-generated
coding passes (not independent human raters), so it indexes procedural consistency and cannot
detect biases the passes share; it covers only group assignment (not screening, threshold, or tier
coding), rests on 22 sources with only two in the weakest group, and is prevalence-sensitive given
skewed marginals. Sixth, the practice-design space and rubric are analytic proposals: the fidelity tiers
simplify a continuum, and the rubric’s levels require empirical calibration. Finally, the differentia
(“tool subordinate to action”) is given an operational test but remains partly interpretive, and the
“we are not aware of a prior taxonomy” claim is bounded to the sector and the databases searched.
These limitations define the validation agenda rather than undermine the framework.

7. Conclusions

This study set out to replace a tool-centred account of digitalisation in automobile-transport vocational
education with a practice-centred one. Through a PRISMA-ScR scoping review and best-fit framework
synthesis, it distinguished four groups of digital entrepreneurial practice – project-based, technical–
economic, logistical–organizational, and communicative–reflective – the first three each supported
by at least three independent sources and the fourth by cycle completeness and corroborating
scholarship, with a high procedural consistency of group assignment (Cohen’s κ= 0.94). It argued
that the four groups span a coherent cycle of entrepreneurial action – a structure partly entailed
by the analytic frame – mapped them onto EntreComp and DigComp and onto experiential and
activity-learning theory, and stated what those frameworks do not specify. Two conceptual moves
turned the taxonomy into a framework: a trace–reflection mechanism that makes practices assessable
through the digital artefacts they produce, and a practice-design space that positions each group
against tiers of environment fidelity and treats immersive technology as a level of that dimension
rather than a separate group. Eight propositions and a progression-anchored rubric translate the
framework into testable and teachable form. The contribution is conceptual; its value now depends
on empirical validation. Further work should implement the framework in automobile-transport
colleges, test the propositions – especially the cycle-completeness (P3), trace-mediation (P4), and
fidelity-moderation (P5) claims – and validate the rubric, and should examine whether the framework
transfers to adjacent vocational sectors.
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