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Openness as a pedagogical affordance: free and
open-weight large language models in the preparation of
informatics teachers
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Abstract. In most school subjects a large language model is something a class consumes; in the
preparation of informatics teachers it is something the class must be able to open, inspect, adapt,
and govern — the very competencies the discipline obliges its graduates to teach. This dual relation
makes the openness of free and open-weight models not a cost-driven substitute for proprietary
services but the decisive pedagogical affordance. This conceptual, framework-building paper
develops that claim from a structured review of a 202-record Web of Science pool, extended by
targeted, DOI-verified supplementation. It re-conceptualizes openness as a vector of six affordances:
four descend directly from the software freedoms to run, study, modify, and share — inspectability,
adaptability, deployability with data sovereignty, and shareability with licensing — and two are
reconstructions demanded by a stochastic, versioned artifact: reproducibility and governability.
These affordances are arrayed against four enacted teacher roles — designer, facilitator, monitor, and
evaluator — as a claim-graded openness—agency matrix whose every cell is marked as empirically
evidenced, transferred from adjacent evidence, or argued as a proposition. Four deployment
tiers, TO through T3, locate where each affordance becomes actualizable; the decisive threshold
is the TO-to-T1 transition, where a hosted endpoint gives way to a locally run model and three
constrained affordances switch on together. A four-axis governance scaffold — configuration,
boundaries, logging, and adjudication — makes deployment documentable and doubles as student-
authored coursework. Five falsifiable propositions frame the framework for empirical test. The
organizing maxim follows: model selection in teacher education is a curriculum decision, not a
procurement decision.

Keywords: open-weight large language models, free software, informatics teacher education,
pedagogical affordances, teacher agency, TPACK, data sovereignty, Al competency frameworks

1. Introduction

Informatics teachers occupy a position that no other teaching specialism shares: they stand in a dual
relation to the artificial-intelligence systems now entering classrooms. Like every teacher, they may
reach for a large language model as a pedagogical instrument — a tutor, a drafting aid, a source of
worked examples — and so teach with it. Unlike other teachers, they are also obliged to teach about it,
because generative models are themselves curricular subject matter in computing: their architecture,
training, and characteristic failure modes belong to the discipline. A third relation, teaching for life
in an algorithmic society, adds civic and ethical preparation to the mandate [10, 34, 41]. This triple
charge arrives amid documented pressure on informatics teacher education, a field in which the
pace of technological change repeatedly outruns both curricula and the readiness of the teaching
workforce [36, 48, 68].

When the field asks which models to adopt, it tends to compare open and proprietary systems
along three axes: cost, capability, and safety. Recent syntheses of large language models in computing
and in education largely inherit this frame, weighing hosted proprietary services against open-weight
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alternatives as broadly interchangeable providers of the same capability [32, 51, 67]. The comparison
is a procurement framing: it treats a model as a service to be sourced at an acceptable price, quality,
and risk, and it asks whether an open substitute is good enough to displace a proprietary default
[16]. For most subjects that framing may suffice. For the preparation of informatics teachers it
carries a blind spot, because it evaluates the model only as something the class consumes and never
as something the class must be able to open, inspect, and govern — precisely the competencies these
teachers must later teach.

This paper advances a different claim. In the preparation of informatics teachers — uniquely among
teaching specialisms — the openness of free and open-weight models is not a cost-driven substitute
for proprietary services but is itself the decisive pedagogical affordance. Only open systems let
future informatics teachers enact, rather than merely be told about, the inspection, adaptation, and
governance competencies their discipline obliges them to teach: one cannot rehearse fine-tuning a
model one may not modify, cannot audit data flows one cannot see, and cannot govern guardrails
one does not own. Openness here is a graded property of a released system rather than a slogan,
and most open-weight releases are not, in the strict sense, open source [47]. Reframed this way,
the adoption question shifts from sourcing to formation — from what a model costs to what future
teachers can do with it. In teacher education, then, model selection is a curriculum decision, not a
procurement decision.

The lens that makes this visible is not new. A sustained program of free-software didactics
has argued that the freedoms to run, study, modify, and share software are not merely economic
conveniences but conditions for the kind of professional agency that teacher education should
cultivate [13, 62-65]. Open-weight language models extend that argument to a new class of
artifact, and the four software freedoms supply the missing vocabulary for what openness affords
pedagogically. Methodologically, this is a conceptual and framework-building contribution grounded
in a structured, two-stream review of the informatics-teacher-preparation and computing-education-
with-LLMs literatures; it synthesizes existing evidence and reasons from it rather than reporting a
new empirical dataset. The framework it proposes is therefore offered as an analytic and design
instrument — to be instantiated and tested in practice — rather than as an already validated intervention.

The paper makes four contributions. C1 re-conceptualizes openness as a vector of six pedagogical
affordances for informatics teacher preparation (section 5.1, table 2). C2 arranges these affordances
against four enacted teacher roles as an openness—agency matrix of concrete, gradeable practices
(table 3). C3 maps the evidence across two review streams and names the gap the matrix confronts
(figure 1). C4 supplies deployment tiers and a governance scaffold that make the framework operable
in real programs (tables 4, 5). The remainder proceeds through the literature review (section 2), the
objectives (section 3) and methods (section 4), the results that develop C1-C4 (section 5), and the
discussion (section 6), limitations (section 7), and conclusions (section 8).

2. Literature review

2.1. Informatics teacher preparation as a mature, technology-turbulent field

Informatics teacher preparation is not a young field meeting a disruptive technology for the first
time; it is a mature discipline whose defining condition has, for four decades, been technological
turbulence. Its literature exhibits a persistent duality between the tools of instruction and the content
of the discipline, together with a recurring habit of absorbing paradigm shifts by reformulating the
competencies a teacher must hold rather than by discarding its foundations. Early work already
framed the preparation of informatics teachers as a distinct professional problem, analysing the tension
between programming skill and pedagogical understanding [44] and asking which applications and
roles should define the teacher’s expertise [61]. Problem-based and integrative models followed,
aligning instruction with authentic engineering and disciplinary practice [25, 26], while broader
surveys mapped the directions and challenges the field would repeatedly confront [24].
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A second strand foregrounded fundamental concepts as the stable core beneath shifting tools: func-
tions, objects and states as the conceptual spine of school informatics [23], concept-based pedagogy
[20], and the deliberate exposure of core informatics ideas to young learners and their teachers [43].
What should constitute advanced, master’s-level preparation in the discipline was posed directly
[4]. As the field matured, its attention turned to competency description and curricular modelling:
competence frameworks were articulated to make teacher knowledge explicit and assessable [33],
informatics education was reframed for “new millennium” learners around contest-based and tin-
kering didactics [7], and design- and evaluation-oriented laboratory concepts were proposed for
teacher training [58]. Studies of professional formation examined how future informatics teachers
are prepared [14] and surfaced the questions educators themselves most wanted answered [8]. The
same tensions reappear most recently in specifying K-12 computing curricula [68], in the knowledge
lower-secondary teachers bring to informatics [36], and in what primary and secondary teachers
actually know about the discipline they are asked to teach [48].

Across these eras a single dynamic recurs. Each technological wave — structured programming,
objects, parallelism, contest informatics, and now generative Al — is absorbed not by abandoning
the field’s commitments but by reformulating the competencies expected of the teacher; the field’s
habitual response to disruption is curricular rather than merely instrumental. This history matters for
the present argument, because it establishes informatics teacher preparation as the one specialism
whose competencies are defined by the very technologies it must both teach with and teach about. It
is against this backdrop that free and open software, and now open language models, arrive as the
next paradigm to be absorbed.

2.2. Large language models in computing education: what is known

A rapidly growing body of work examines how large language models affect learning and teaching in
computing, and recent syntheses attempt to consolidate it [51, 56, 67]. Two findings are compara-
tively robust. The first is that the cognitive effect of a model on a learner is task-dependent rather than
uniform. When students delegate the generative core of a task — obtaining complete programs or au-
tomated repairs on demand - the evidence points to weakened learning and heightened dependence:
trivial program generation displaces the productive struggle on which programming pedagogy relies
[49], and unstructured use correlates with poorer outcomes and over-reliance [27, 69]. Patterns of
help-seeking show learners drifting toward answer-extraction when nothing constrains the interaction
[55]. When, by contrast, the model is confined to conceptual clarification — explaining an error,
unpacking a concept, withholding the solution — the effect is more favourable: guardrailed tutors that
refuse direct answers [31] and context-aware explanations of compiler errors [59] support rather
than supplant understanding. The distinction is pedagogical rather than technical: what matters is
whether the interaction preserves or removes the reasoning work the learner is meant to do.

The second finding is that models are increasingly useful on the teacher’s side of the desk. The
corpus documents assistance with code grading [6], the training of teaching assistants through
simulated students [39], the generation of practice questions and formative exercises, and broader
whole-learner support functions [38], alongside systematic attempts to evaluate whether a model
can act as a competent teacher across pedagogical tasks [16]. These uses locate the model as an
assistant to professional judgement rather than a replacement for it. Running through both strands
is a persistent concern with academic integrity and assessment security, since the same fluency that
aids explanation also enables undetectable misconduct [49, 69].

Yet this literature carries a structural blind spot that matters decisively for teacher preparation.
Almost without exception, the studies that establish these effects were conducted on proprietary,
hosted models accessed through an API. Even the reviews that explicitly foreground open-source
alternatives find the empirical base thin and dominated by closed systems [32, 51]. The field
therefore knows a great deal about what models do to and for learners, and almost nothing about
what difference the openness of a model makes to that pedagogy; openness is treated, when treated
at all, as a matter of cost or deployment convenience rather than as a variable with pedagogical
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consequences of its own. For most instructional uses this omission is harmless. For the preparation
of informatics teachers — who must not only use models but open, inspect, adapt and govern them —
it removes from view precisely the property on which their professional formation depends.

2.3. Free software in teacher education and the openness question for models

The conceptual resources for taking openness seriously as a pedagogical property already exist in the
free-software tradition. The Free Software Definition names four freedoms — to run, study, modify
and share a program [13] — and a sustained program of free-software didactics has argued that
these are not merely economic conveniences but conditions for the professional agency that teacher
education should cultivate: future teachers who can study and modify their tools relate to technology
as authors rather than as consumers [62-65]. That lineage supplies the vocabulary this paper extends
from software to language models.

The extension is not automatic, because openness in language models is graded and frequently
overstated. The Open Source Al Definition makes the crucial distinction explicit: most releases
marketed as “open” distribute only weights, and open-weight is not the same as open source [47].
Weights without training data, code and documentation permit use and adaptation but not full
study or reconstruction. It is therefore more accurate to speak of a spectrum of license classes
than of a binary, and to ask which of the four freedoms each class actually delivers (figure 3). Five
classes organise the field, named here by license and grounding property and illustrated with model
families as exemplars only. At the open end sit fully-open releases that publish weights together with
training data and code, restoring the freedom to study in full; the OLMo, Pythia and BLOOM efforts
exemplify this commitment [3, 19, 30]. Next come permissive open-weight releases distributed under
standard software licenses such as Apache or MIT [1, 46], whose weights may be used, adapted and
redistributed with few restrictions — the Mistral, Qwen, Phi, DeepSeek and Falcon families occupy this
class. Restricted open-weight releases attach custom community terms that add acceptable-use or
scale conditions [17, 40], as with the Llama and Gemma families, constraining the freedom to share.
Research-only releases under responsible-Al licenses permit study but bar commercial classroom
deployment [53]. At the closed end, proprietary API models expose no weights at all and confine the
teacher to prompt-level use.

The pedagogical consequence is that different license classes preserve different subsets of the four
freedoms, and therefore different educational affordances. This is exactly what the existing literature
does not ask. Across both the free-software and the LLM-in-education strands, openness is evaluated
as cost, capability or deployment convenience: the literature evaluates open LLMs in education by
what they cost and do, never by what they let future teachers become; this paper supplies that missing
lens for the one population where it matters constitutively.

3. Research objectives

Existing scholarship appraises free and open-weight large language models chiefly by what they cost
and what they can do, rarely by what they enable a future informatics teacher to become. As section 2
established, the pedagogical literature tends to treat openness as an economic or infrastructural
attribute and stops short of connecting the concrete properties of these models to the competencies
and enacted roles that informatics teacher preparation must cultivate. The result is a missing analytic
lens for precisely the population in which those properties matter constitutively.

This paper addresses that gap as a conceptual and framework contribution built on a structured-
review base. It synthesizes and reasons from existing evidence rather than reporting a new empirical
dataset, and the framework it develops is offered as an analytic and design instrument to be instanti-
ated and tested in practice rather than as an already validated intervention. Four research questions
organize the inquiry:
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RQ1. Which properties of free/open-weight LLMs function as pedagogical affordances specifically in
informatics teacher preparation?

RQ2. How do these affordances map onto the competencies and enacted roles of future informatics
teachers?

RQ3. Under which deployment tiers are the affordances practically actualizable by teacher-education
institutions?

RQ4. Which governance conditions (integrity, privacy, licensing) must accompany deployment — and
how do they themselves become teachable content?

The questions are answered in sequence and map onto the paper’s contributions. RQ1 is addressed
in section 5.1, which delivers contribution C1; RQ2 in section 5.2 (C2); RQ3 in section 5.3 (the
deployment tiers of C4); and RQ4 in section 5.4 (the governance scaffold of C4). The cross-cutting
evidence gap (C3) is delivered not by a single results section but by the review itself — the methods of
section 4 and the two-stream flow of figure 1 — together with the gap statement that closes section 2.3.

4. Research methods

The evidence base for this framework was assembled through a structured review. In the review
typology of Grant and Booth [18], the design sits between a critical review and a scoping review: like
a critical review it appraises and interprets a heterogeneous literature in order to build a conceptual
model, and like a scoping review it maps the extent and distribution of the evidence through an
explicit, reproducible search. The procedure is reported against the applicable items of the PRISMA-
ScR reporting guidance [60] and follows the stagewise logic of Arksey and O’'Malley’s scoping method
[2] - identifying the question, locating relevant studies, selecting them, charting the data, and
collating the results. It is deliberately not presented as a full systematic review: there is no registered
protocol, screening was performed by a single reviewer (the sole author), no risk-of-bias grading was
applied, and no effect estimates were pooled. These departures are stated openly so that each claim
is read at the strength the method warrants and no more.

The primary corpus came from the Web of Science Core Collection. Two topic searches were run
and exported: query 1, TS=(Free 0SS LLMs) AND TS=(training) AND TS=(informatics
teachers), returned 100 records, and query 2, TS=(large language models) AND
TS=(training informatics teachers), returned 102 records. Merging the two exports identi-
fied 202 records spanning 1971-2026; 2 duplicates were removed, leaving 200 records for screening.
Title-and-abstract screening against the criteria below retained 84 records and excluded 116. Figure 1
traces this flow from the two exports through de-duplication, screening, targeted supplementation,
and synthesis.

Records were included when they addressed large language models in relation to education
or teacher preparation with content bearing on informatics, computer science, or programming
pedagogy, and when a full text or a resolvable DOI was available. Records were excluded when they
fell outside this scope or when they clustered into the recurrent noise themes that the topic queries
inevitably surfaced. The 116 exclusions resolved into five reason clusters: out-of-scope items (54);
computer-assisted language learning and foreign-language teaching (24); model-engineering and
systems work with no pedagogical framing (23); isolated medical applications (11); and records
with no retrievable full text or DOI (4). These counts sum to the 116 excluded and are recorded
cluster by cluster in figure 1, keeping the boundary between the framework’s concern and its adjacent
literatures auditable.

Because a database-bounded search under-represents fast-moving open-model scholarship, the
two Web of Science streams were supplemented by a third, targeted stream. This supplementary
stream drew on academic-search and preprint (arXiv) channels through documented queries and
contributed 43 candidate items, each admitted only after its DOI had been verified through Crossref;
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WoS Core Collection export 1, WoS Core Collection export 2,
n =100 (ES-A) n =102 (ES-B)

Emerged pool, N = 202 records (1971—2026)H 2 duplicates removed }

excluded, n = 116:
out of scope (54)
[ title/abstract screening CALL/foreign-language cluster (24)

N = 200 screened (sole screener) model-engineering cluster (23)
isolated medical items (11)
no full text / no DOI (4)

targeted
supplementation ES-C,

included and coded, n = 84}
n = 43 (DOl-verified)

streams A + B

configurative synthesis — openness—agency matrix
(claim grades E/T/P in table 3)

Figure 1: Two-stream structured-review flow: provenance, screening with named noise-cluster exclusions,
targeted supplementation, and configurative synthesis. The design is reported against PRISMA-ScR items
where applicable without claiming a systematic review [18, 60].

items without a verifiable DOI were not carried forward. The supplementation widened coverage
without relaxing provenance, so that every additional source meets the same citation standard as
the database corpus. The two-stream configuration is therefore configurative by construction: the
database corpus establishes the mapped extent of the field, while the targeted stream repairs its
known temporal blind spots.

Included records were charted with the coding scheme summarized in table 1, which combines de-
ductive families — affordances, enacted teacher roles, curricular axis, education level, and deployment
tier — with inductively derived emergent themes such as integrity, cognitive offloading, equity, and
multilinguality. The synthesis is configurative rather than aggregative: evidence is arranged to build
and interrogate concepts, namely the affordance vector and the openness—agency matrix, rather than
to pool comparable outcomes into a single estimate. Each cell of the resulting matrix carries a claim
grade recording the strength of its support — E for cells anchored in direct empirical evidence, T for
theoretically motivated but not yet empirically demonstrated claims, and P for practice-reported or
plausible expectations. Grading every cell keeps the framework’s confident claims and its conjectures
visibly distinct.

Finally, the review applied an explicit quarantine protocol to generative tooling. Two Al-generated
research digests were consulted as scoping aids only: they helped orient the search and suggest
structure, but they were never cited, never paraphrased as fact, and contributed no facts and no
citations to this paper. Every factual claim was traced back to a DOI-verified primary source, and
any system or result named only in a digest — but not confirmable in a primary — was dropped or
re-labelled as this paper’s own synthesis rather than repeated as established fact. This step ensures
that the provenance of each assertion is a verified, human-authored primary source and never the
scoping aid itself.
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Table 1
Coding scheme of the structured review and screening summary.
Code family Values Type

Affordance A1-A6 (openness—agency matrix rows) deductive
Enacted role Designer / Facilitator / Monitor / Evaluator deductive
Curricular axis about-Al / with-AlI / for-Al deductive
Education level school CS / pre-service / in-service deductive
Deployment tier (context) TO0-T3 deductive, optional
Emergent themes integrity; cognitive offloading; equity; multilinguality ~inductive

Screening summary (from the deposited log): from two Web of Science exports, 202 records were identified;
2 duplicates were removed, leaving 200 screened; of these, 84 were included and 116 excluded across
five reason clusters — out of scope (54), CALL/foreign-language (24), model-engineering (23), isolated
medical (11), and no full text or DOI (4). Every included record carries at least one code.

5. Research results

5.1. The openness construct: from four freedoms to an affordance vector

An affordance is not a property of a thing but a relation between a thing and an agent acting toward a
goal. Gibson [15] introduced the term to name what an environment offers an animal, insisting that
the offer is neither purely objective nor purely subjective but relational; Norman [45] carried it into
design, distinguishing the affordances a system really has from those it merely signals; and Kirschner
[28], followed by Hammond [22], transposed it to education, where a technology’s affordances are
the action possibilities it opens for a learner or teacher pursuing a pedagogical goal. The lesson
these authors share is that an affordance is a three-place predicate — property x agent x goal — and
therefore cannot be read off a system in the abstract. The same released model affords different
things to a data-entry clerk, a physician, and a computing teacher, because each brings a different
goal and a different competence to the encounter. This is why the present thesis is deliberately
population-specific. The claim is not that openness is pedagogically decisive for every teacher, nor for
every subject; it is that for the preparation of informatics teachers — whose disciplinary goals include
inspecting, adapting, and governing the very systems they use — openness becomes the property that
converts a tool into an object of professional formation. Stated for any other population the claim
would overreach; stated for this one it is exact.

What, concretely, does an open release make available for such a relation to form? The framework
distinguishes a layer of grounding properties — the objective, agent-independent facts about a released
system — from the affordances those properties can support (figure 2, left). The grounding layer is
inherited directly from the free-software tradition, whose didactic program argued that the freedoms
to run, study, modify, and share a program are not economic conveniences but the conditions of an
authorial, rather than consumerist, relation to technology [13, 62, 63, 65]. For a language model the
corresponding properties are the released weights, tokenizer, and architecture; the model and data
cards; the license class; commodity runnability on ordinary hardware; the ability to pin a checkpoint;
and the rights attached to derivatives. None of these is yet an affordance: weights on a disk afford
nothing until an agent with a goal acts on them. But without them no inspection, adaptation, or
governance is possible at all, and a closed API withholds every one.

Mapping the four freedoms onto these properties yields four of the six affordances directly. The
freedom to run grounds A3, deployability and data sovereignty; the freedom to study grounds Al,
inspectability; the freedom to modify grounds A2, adaptability; and the freedom to share grounds A6,
shareability and licensing (table 2). The transfer, however, breaks in two revealing places, and the
breakage is not a defect but the source of the framework’s two remaining affordances. First, weights
are not source code. A released model may be run, adapted, and redistributed while its training data
and training code remain undisclosed, so the freedom to study is delivered only partially: one can
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Four freedoms

Affordance vector

study Grounding Al Inspectability
pr(?pertles Role-mediated practices

modify weights + cards A2 Adaptability | 0 e
tokenizer/arch. a
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A T ffordanc - !

Share license class A3 Deployability thmugﬁs df;gifg"jﬁ?‘? only!
commodity and data sovereignty ity

runnability
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version pinning A4 Reproducibility :
derivative rights :
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CFT “create”-
level indicators
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|

DigCompEdu
areas 1, 3,4, 6

A5 Governability

A6 Shareability
and licensing

consume inspect adapt govern

Figure 2: The openness—agency framework: the four software freedoms ground the openness properties
of open-weight models; these afford the six-dimensional affordance vector A1-A6; the affordances are
actualized only through designed activity (relational affordance theory [15, 28]) enacted through four teacher
roles, producing competency outcomes; the whole is crossed by the consume — inspect — adapt — govern
progression.

decreasing affordance survival —

A1-A6 incl. Al-A6 Al1-A5; A6 Al, A4; prompt-level
data-level Al (weights, no data) constrained no commercial A6 use only
| | | | | \
I I I I I 4
fully open permissive restricted research- closed
with data open-weight open-weight only API
OLMo, Pythia, BLOOM Mistral, Qwen, Phi, Llama, Gemma RAIL-class releases -

DeepSeek, Falcon

Figure 3: The openness spectrum by license class, annotated with the affordances that survive each threshold;
model families appear as class exemplars only (no versions, no scores). Per the Open Source Al Definition,
most open-weight releases are not open source [47].

probe behaviour and read cards but cannot reconstruct the artifact. The Open Source Al Definition
makes exactly this distinction, and it is why most releases marketed as open are open-weight rather
than open source [47]; the fully-open efforts that publish data and code alongside weights — OLMo,
Pythia, BLOOM - are the exception that restores study in full [3, 19, 30], and they anchor the open
end of the license spectrum (figure 3). Second, a language model is stochastic and versioned in ways
a compiled program is not. Running the same source twice yields the same behaviour; querying
a model twice need not, and a hosted model may change silently beneath a stable name. The
four freedoms never had to address decoding randomness or version drift because software did not
exhibit them. Two LLM-era reconstructions close the gap: A4, reproducibility — the capacity to pin a
checkpoint and its decoding parameters so that classroom conditions repeat — and A5, governability —
the capacity to own guardrails, logs, and policies at institutional scale rather than accept vendor-set
ones. Both are recognisably descendants of run, study, and modify, rebuilt for a stochastic artifact
operated at the scale of a program or a faculty.

It follows that “open-source LLM”, used as a binary label, is analytically useless for education.
The label collapses a graded spectrum of license classes onto a single bit and, worse, says nothing
about what a given release lets a given agent do. Two models bearing the same badge may differ
in whether their data is inspectable, their weights adaptable, or their derivatives shareable; two
teachers facing the same model may actualize entirely different affordances. The pedagogical weight
is therefore carried not by the label but by the affordance vector — the six-dimensional, standards-
anchored profile of table 2, which ties each affordance to specific UNESCO, DigCompEdu, and TPACK
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Table 2

10.55056/cte.1404

The six openness affordances for informatics teacher preparation: grounding, freedom lineage, and standards
anchoring (UNESCO AI CFT dimension/level [41]; DigCompEdu area [52]; EDEH axis; TPACK locus [42]).

Affordance

Grounding property /
freedom lineage

Pedagogical meaning
for future informatics teachers

Standards anchoring

Al Inspectability

A2 Adaptability

A3 Deployabil-
ity and data
sovereignty

A4 Reproducibil-
ity

A5 Governability

A6 Shareability
and licensing

released weights, tokenizer, architec-
ture, model/data cards; study (par-
tial: weights without training data)

fine-tuning/LoRA, quantization, sys-
tem prompts on an owned stack;
modify

local/offline execution; run

pinned checkpoint + decoding pa-
rameters; reconstruction of study un-
der stochasticity and silent API drift

ownable guardrails, logs, policies;
reconstruction of run/modify at in-
stitutional scale

permissive licensing of derivatives;
license-class literacy; share

the model as object of study: prob-
ing, tracing tokenization, reading
cards critically (teach-about)

the model as constructionist
object-to-think-with: building
course-scoped assistants; localiza-
tion including Ukrainian

governing where learner data lives;
exam-safe, air-gapped, connectivity-
resilient operation

scientific method applied to stochas-
tic systems; repeatable classroom
conditions

institutional agency: course-owned
rules instead of vendor-set ones;
governance as teachable content

commons-based professionalism:
publishing fine-tunes, prompts,
curricula; rights and duties by
example

UNESCO: foundations,
deepen—-create; Dig-
CompEdu 3, 6; EDEH:
about; TPACK: TKNCK

UNESCO: Al pedagogy,
create; DigCompEdu
3; EDEH: with/about;
TPACK: TCK

UNESCO: ethics,
deepen; DigCompEdu
1; EDEH: with/for;
TPACK: TPK

UNESCO: foundations,
create; DigCompEdu
4; EDEH: about/with;
TPACK: TPK

UNESCO: ethics +
pedagogy, create; Dig-
CompEdu 1, 4; EDEH:
for/with; TPACK: TPK +
ethics

UNESCO: professional
learning, create; Dig-
CompEdu 1, 6; EDEH:
for; TPACK: TK + ethics

targets [41, 42, 52]. Reframing openness as this vector, rather than as a badge or a price, is the first
contribution and the precondition for everything that follows.

5.2. The openness—agency matrix

If the affordance vector answers what openness offers, the openness—agency matrix answers who
actualizes it and how (table 3, figure 2). Its rows are the six affordances; its columns are four roles
a future informatics teacher enacts — Designer, Facilitator, Monitor, and Evaluator. The four-role
scheme is this paper’s synthesis rather than an imported taxonomy. It draws together two established
lines of scholarship: the tradition, articulated most fully by Laurillard [29], that casts teaching as
a design science in which the teacher is the designer of learnable activity; and the orchestration
literature, in which Dillenbourg [9] analyses the teacher’s real-time management of a multi-plane
classroom. Designer and Facilitator descend from these precedents directly; Monitor and Evaluator
extend them to the specific obligations a stochastic, governable model imposes — the continuous
auditing of behaviour and the adjudication of automated decisions. The four are not disjoint job
titles but a cycle a single teacher moves through: designing an activity, facilitating it live, monitoring
its conduct, and evaluating its products, then redesigning. Crossing the six affordances with the
four roles yields a 6 x 4 grid of twenty-four cells, each naming one concrete, gradeable practice
rather than a disposition, so that the matrix functions as a design instrument and not merely as a
description. Each cell, moreover, carries a claim grade — E, T, or P — recording how far its practice is
yet backed by evidence, so that the grid’s confident claims and its conjectures remain visibly distinct
throughout the walkthrough that follows.
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10.55056/cte.1404

The openness—agency matrix: enactable teacher-education practices by affordance (rows) and enacted role
(columns). Claim grades: E = empirically evidenced by at least one verified study; T = transferred from
adjacent evidence; P = proposition, argued conceptually. Bold cells are the four flagship practices instantiated
in the vignette (section 6).

Designer Facilitator Monitor Evaluator
Al In- select models by demonstrate the hallucination-audit judge whether stu-
spectabil-  critically reading mechanism (tokeniza- lab: trace failure dents’ explanations
ity model/data  cards; tion, sampling) live cases to mechanism, of model behaviour
anticipate capability on the actual artifact not folk theories (T) are mechanistically
limits and bias in (T) correct (P)
lesson design (T)
A2 Adapt- fine-tune/prompt- switch  scaffolding run regression probes: build rubric-aligned
ability engineer a small modes mid-course compare base vs. evaluator  configu-
open model into (Socratic / no-direct- adapted behaviour rations; calibrate
a syllabus-scoped solution) (T) for side-effects (P) against human grad-
Socratic tutor that ing (T)
refuses full solutions
(T
A3 De- architect deployment run offline/air- audit the deploy- assess under
ployability so learner data never gapped class in- ment’s data flows; connectivity-
and data leaves the institution stances; use authentic verify zero teleme- independent, eq-
sovereignty (T) data without third- try/egress (P) uitable  conditions
party exposure (T) (same local model for
every student) (P)
A4 Repro- build repeatable guarantee all students re-run flagged interac- make  automated
ducibility = lab  configurations face identical model tions to verify miscon- feedback re-
(pinned weights, behaviour (task fair- duct or hallucination executable and
decoding params, ness) (P) claims (P) contestable; doc-
seeds) (T) umented rubric
overrides (T)
A5 Gov- encode course policy students draft and audit anonymized adjudicate flagged
ernability as an executable defend the class us- logs for integrity risks cases under human-
configuration (system age policy, imple- and over-reliance; override rules; retain
prompt + filter + mented as an actual tighten course-owned pedagogical authority
logging rules) (T) system prompt and guardrails (T) over automated deci-
filter (P) sions (T)
A6 Share- choose license- teach reuse rights and maintain a license in- assess student ar-
ability and compatible mod- duties by example: ventory; detect viola- tifacts (fine-tunes,
licensing els/datasets for the publish course configs tions (P) datasets, prompts) for

intended educational
use (T)

under open licenses

(M

license compliance
and attribution (P)

Read across its columns and down its rows, the matrix traces a progression of deepening agency:
consume — inspect — adapt — govern (figure 2, lower band). Generic frameworks for teachers’
digital competence, and the professional-development offerings built on them, concentrate their
mass at the first two stations. They prepare a teacher to use a digital tool responsibly and, at their
most ambitious, to look inside it and explain it — to consume and to inspect. That is appropriate
for specialisms in which the model is only an instrument. For informatics teachers it stops precisely
where the discipline’s obligations begin. The centre of gravity of the present matrix lies deliberately
at the far end of the progression, in adapt and govern: in modifying a model to serve a pedagogical
purpose (the Adaptability row) and in owning the rules, records, and remedies under which it
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operates (the Governability row). These are not enrichment activities layered on top of consumption;
they are competencies the informatics curriculum obliges the teacher to teach, and the matrix’s claim
is that they can be enacted — not merely described — only on an open artifact. The progression thus
doubles as a diagnostic: a deployment that permits only the first two stations is, for this population,
under-resourced by definition.

Consider one cell per role, beginning with the Designer. The flagship Designer practice sits at the
intersection with Adaptability: the teacher fine-tunes or prompt-engineers a small open model into a
syllabus-scoped Socratic tutor that withholds full solutions and instead provokes the student’s own
reasoning (table 3, bold). The pedagogical value of such a guardrailed tutor is not speculative —
guardrailed tutors that refuse direct answers and error-explanation aids that unpack rather than
repair have been shown to support programming learning [31, 59]. But that evidence was gathered
on proprietary, hosted models configured through their APIs; the practice of building the tutor on an
owned, modifiable model - of the teacher exercising the freedom to modify rather than renting a
vendor’s configuration — has not itself been studied. The cell is therefore graded T, transferred: its
pedagogical logic is evidenced, its instantiation on an open artifact is not. The Designer’s work here
is architectural — deciding what the model may and may not do before any student meets it.

The Facilitator acts in the live classroom, and the flagship Facilitator practice sits at the intersection
with Governability: students draft and defend the class usage policy, which is then implemented
not as a poster on the wall but as an actual system prompt and content filter running on the class’s
own deployment. Governance ceases to be a lecture and becomes an artifact the students author,
negotiate, and see take effect. No verified study yet demonstrates this practice, on open or closed
models alike; it is graded B a proposition argued from the affordance and from the orchestration
literature’s insistence that classroom rules are enacted in real time rather than declared in advance
[9]. It is nonetheless among the framework’s sharpest claims, because it is precisely the practice
that a proprietary deployment forbids: one cannot hand students the guardrails of a model whose
guardrails belong to a vendor.

The Monitor watches the system in operation, and the flagship Monitor practice sits at the in-
tersection with Inspectability: a hallucination-audit laboratory in which students trace a model’s
failure cases back to mechanism — tokenization, sampling, distributional gaps — rather than to folk
theories about a machine that “lies” or “knows”. The activity turns the model’s errors into the
curriculum, and it presupposes inspectable internals: one audits what one can open. Evidence that
learners drift toward answer-extraction and over-reliance when nothing constrains the interaction
[27, 55] motivates monitoring as a standing practice rather than an occasional check, but the specific
audit-to-mechanism lab has not been evaluated, so the cell is graded T. The Monitor role is where the
informatics teacher’s dual mandate is sharpest: the same failure a general user would route around
becomes, in this classroom, the object of study.

The Evaluator judges products and closes the cycle, and the flagship Evaluator practice sits at the
intersection with Reproducibility: automated feedback is made re-executable and contestable, with
every model-assigned assessment reproducible from a pinned checkpoint and decoding parameters
and every rubric override documented. A grade a student cannot re-run is a grade a student cannot
appeal; reproducibility is what makes automated evaluation compatible with due process. The
use of models to assist grading and to train assessment judgement through simulated students is
documented in the corpus [6, 39], which is why the cell is graded T rather than P; what the open
setting adds — and what studies conducted on drifting hosted models cannot guarantee — is the
pinned, repeatable substrate that makes a feedback decision auditable after the fact. Evaluation then
feeds back into design, and the role cycle begins again.

Two features of the completed matrix deserve emphasis. The first is its standards anchoring: every
cell is tied through its row to specific targets in the UNESCO AI competency framework for teachers,
the DigCompEdu areas, and the TPACK knowledge types [41, 42, 52], so that the practices are not
idiosyncratic to this paper but map onto instruments a program is already accountable to. The
second, stated plainly, is that no cell in the matrix reaches grade E. Fifteen cells are graded T and
nine P; not one rests on direct empirical evidence, because peer-reviewed evidence for these practices
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conducted on open-weight models does not yet exist. Every E-eligible study in the corpus was run
on a proprietary, hosted system. This is not a weakness the framework must apologise for; it is the
framework corroborating, from the inside, the very gap the review identified — the field knows what
models do to learners and almost nothing about what their openness affords teacher formation. The
empty E column is that gap made visible cell by cell, and it is what the falsifiable propositions of
section 6 are designed to convert into evidence. The grading also makes the matrix falsifiable by
construction: because each cell carries its own claim and its own grade, a reviewer may contest any
single practice without collapsing the whole. The matrix survives the loss of individual cells; what it
cannot survive, and what would refute it, is a demonstration that openness makes no difference to
any of them.

5.3. Deployment tiers as degrees of affordance actualization

Affordances are potential until a deployment actualizes them, and deployments differ. Table 4
arranges four tiers, TO through T3, defined not by the hardware they name but by which affordances
each one switches on. The capacity classes are described qualitatively and deliberately without
products, prices, or benchmark figures: a hosted open-weights endpoint (T0); a personal device with
at most a single consumer GPU running a quantized small-model class through a local runner of the
llama.cpp or Ollama kind (T1); a department lab server serving a mid-size class to many users at
once through a batched server of the vLLM kind (T2); and an institutional cluster serving the largest
model classes faculty-wide (T3). The economic logic tracks the same ladder: TO trades a capital
outlay for a per-call operating cost and a standing dependency, while T1 and above substitute an
owned, largely one-time capacity for recurring fees and external reliance. The point of the table
is not to recommend a machine but to show that each affordance has a threshold — a minimum
deployment below which it simply cannot be enacted, however open the model’s license.

The decisive transition is from TO to T1. A hosted open-weights endpoint already delivers shareabil-
ity and a partial inspectability — one can read the cards and study the license — and it is a reasonable
site of first contact with open artifacts. But three affordances that a hosted endpoint leaves dark or
only partial — A3 and A5 dark, A4 only partial at TO — reach full or partial actualization together at
T1: A3, deployability and data sovereignty, because only local execution puts learner data under
institutional control; A4, reproducibility, because only an owned deployment can pin a checkpoint
against silent drift; and A5, governability, at least in part, because only an owned stack can carry
course-set guardrails and logs. This is the empirical heart of the tier analysis and it carries a con-
ceptual payload: the transition proves that openness is not the same as locality. A model’s license
may grant every freedom, yet a hosted endpoint leaves the freedoms that depend on controlling
the running system unexercised. Openness is necessary but not sufficient; a tier that actualizes it is

Table 4
Deployment tiers as degrees of affordance actualization (® actualized, © partially actualized, O not actualized).
Capacity is described only as classes; no products, prices, or benchmark scores.

Tier Al A2 A3 A4 A5 A6 Typical teacher-education use

TO hosted open-weights endpoint ©O © O © O e (frstcontact with open artifacts;
card-reading exercises

T1 personal device (CPU or singlecon- ©¢ @ @ @ © @ individual labs: deploy, probe,
sumer GPU; small-model quantized class; adapt, pin
llama.cpp/Ollama-class runner)

T2 department lab server (mid-size class; @ ) ® () ® ® whole-class concurrent use un-
multi-user batched serving, vLLM-class) der course policy

T3 institutional cluster (large/MoEclass) ® e e @ ® @ faculty-wide serving; program
audits
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required as well. The practical consequence is reassuring rather than utopian. The minimum viable
tier for the teacher-education curriculum is modest: T1 suffices for the individual laboratories in
which a future teacher deploys, probes, adapts, and pins a model on a personal device, and T2 — a
single departmental server — suffices to add whole-class concurrency under a shared course policy.
Neither T3 nor exotic hardware is a precondition for the framework; the affordances that matter
most are actualized at the low end of the ladder.

These tier economics acquire a particular sharpness in the setting for which the framework
was written. Ukrainian pedagogical universities have, since 2022, conducted teacher preparation
under conditions of disrupted connectivity, displacement, and recurrent interruption to campus
infrastructure — circumstances documented in studies of higher education under the pandemic
and under martial law [54, 57]. For such institutions the low-tier affordances are not a matter of
convenience but of continuity. A model that runs on a personal device or a departmental server keeps
working when the network does not, so that an air-gapped or offline laboratory can proceed through
an outage that would suspend any hosted service; the same locality that secures data sovereignty also
secures connectivity-resilient instruction. And because learner data never leaves an institutionally
controlled machine, deployment aligns with the data-protection obligations these universities carry,
without routing the work of future teachers and their students through infrastructure beyond national
jurisdiction. The framework’s minimum viable tier and the operational realities of Ukrainian teacher
education thus point to the same modest, owned deployment — a convergence of pedagogical principle
and practical necessity rather than a compromise between them.

5.4. Governance: integrity, privacy, licensing — and governance as curriculum

Governance is the fourth affordance made operational, and it is where the mismatch between a
general-purpose safety layer and a computing classroom is most acute. A vendor’s guardrails are
tuned to a global average user and optimised to avoid categories of harm that have little to do with a
programming course; they will refuse or hedge on legitimate material — exploit code discussed for
defensive purposes, say — while remaining indifferent to the one behaviour a computing educator
most needs to shape: the student who asks the model to do the assessed work. Off-the-shelf safety
under-fits the classroom in both directions at once. What the setting requires instead is a domain
taxonomy of prompts, and the matrix’s integrity concerns suggest a three-class one, offered here
as this paper’s synthesis of the academic-integrity findings in the reviewed corpus. A prompt is
irrelevant when it falls outside the course’s scope; relevant-safe when it seeks legitimate help — a
concept explained, an error unpacked, a design discussed — of exactly the kind the guardrailed-tutor
evidence shows to support learning; and relevant-unsafe when it seeks to offload the graded work
itself: a demand for a full solution, the completion of an assessed task, or a jailbreak crafted to
defeat the tutor’s restraint. The boundary that governance must police is not safe-versus-unsafe in
the vendor’s sense but this discipline-specific line between help that teaches and help that substitutes.

Policing that line calls for documentation, and the framework supplies it as a four-axis orchestration
scaffold (table 5): Configuration records the pinned checkpoint and decoding parameters; Boundaries
records the system prompts, the no-direct-solution guardrails, and the three-class taxonomy as
applied; Logging records the local, anonymized, minimized interaction records and their retention
rules; and Adjudication records the human-override rules and the appeal path for any automated
decision. Together the four axes are the documentation norm a serious deployment should meet.
Their distinctive feature in a teacher-education setting is that the same scaffold report doubles as a
student-authored artifact. The future teacher does not merely receive a governance document; the
future teacher writes one — specifying a configuration, drafting boundaries, defining a logging and
retention policy, and designing an adjudication procedure — as an assessed product of the course.
Governance thereby closes an isomorphism loop: the artifact a teacher must one day maintain over a
classroom deployment is the very artifact the teacher authors while learning, so that the competence
and its documentation are acquired in a single act. Each axis, as the table records, trains specific
matrix cells, tying the scaffold back to the practices it operationalizes.
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Table 5
The four-axis governance/orchestration scaffold: the documentation norm for teacher-education deployments,
doubling as a student-authored artifact.

Axis What is documented Who exercises it Matrix cells it trains

Configuration pinned checkpoint id/hash + decoding pa- instructor; students A4xDesigner,

rameters (temperature, top-p, seed) in Designer role A4 xFacilitator
Boundaries system prompts, no-direct-solution guardrails, instructor + students A2xFacilitator,
the three-class prompt taxonomy (policy drafting) A5xDesigner,
A5 xFacilitator
Logging local anonymized interaction logs; retention course team; stu- A5xMonitor,
and minimization rules dents in Monitor role  A3xMonitor

Adjudication = human-override rules for automated deci- instructor; students A5xEvaluator,
sions; appeal path in Evaluator role A4 xEvaluator

Crucially, all four axes are course-owned only under open deployment. A hosted service exposes,
at best, a configuration dial and a usage dashboard; it does not surrender its guardrails, its raw
logs, or its adjudication authority to a course. This is what the framework calls artifact-level access:
possession of the model’s own weights, its own guardrails, its own logs, and offline reproducibility —
the condition under which every governance axis becomes an object the course can inspect, modify,
and own rather than a setting a vendor exposes. Artifact-level access is the deployment counterpart
of the openness construct, and it is the precondition for governance to be taught by enactment rather
than by description. The governance content is not confined to pedagogy: it is where the framework
meets law. Local, minimized logging operationalizes the data-minimization and purpose-limitation
principles of the General Data Protection Regulation [11]; the open-source provisions of the European
Union’s Artificial Intelligence Act bear directly on how open-weight models may be deployed and
documented in an educational setting [ 12]; and for the institutions in view, Ukraine’s Law on Personal
Data Protection governs the handling of learner data on owned infrastructure [66]. Treated as legal
primaries rather than as background, these instruments make the governance scaffold auditable
against external obligations — and, in the process, turn compliance itself into teachable content, the
final demonstration that in this specialism governance is not a constraint on the curriculum but part
of it.

6. Discussion

The argument of this paper can be stated as three premises and a conclusion. The first concerns the
object of the competency. Informatics teachers stand in a dual relation to generative systems: they
may teach with a model as a pedagogical instrument, and they are obliged to teach about it because
the model’s architecture, training, and characteristic failure modes are themselves curricular subject
matter, to which a third, civic charge of teaching for life in an algorithmic society is added [10, 41].
Call this the dual-relation premise. Its force is that the teach-about and teach-for functions, unlike
teach-with, cannot be discharged by fluent use alone; they require the model to be available as an
object of study and control, not merely as a source of outputs.

The second premise concerns how the competency is acquired. Teacher education works by
modelling: future teachers teach, to a considerable degree, as they were themselves taught, having
absorbed the practices they witnessed across years of schooling long before formal preparation begins
[35], and teacher educators exert their strongest influence when they make their own pedagogical
reasoning explicit and enact the practices they advocate [37]. Call this the isomorphism premise. It
entails that a program cannot install a disposition it does not itself enact: a cohort taught to consume
a sealed service will carry consumption, not stewardship, into their own classrooms, whatever the
syllabus asserts about openness.
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The third premise concerns the material conditions of enactment. The practices the first two
premises demand — inspecting an artifact’s internals, adapting its weights and behaviour, deploying
it under one’s own governance, reproducing a fixed configuration, and sharing a derivative — are
afforded only by open, or at least open-weight, systems; a closed interface affords consumption
and prompt-craft but structurally withholds the remainder [47]. Call this the affordance-asymmetry
premise. The three together yield the conclusion: openness is not a procurement preference but a
pedagogical affordance constitutive of informatics-teacher competency. And because affordances are
relational rather than intrinsic — a property realised only in the coupling of an artifact with an agent’s
designed activity [15, 28] — the conclusion carries a corollary: openness enables the competency
but does not deliver it. It must be actualised through deliberately designed activity, which is exactly
what the openness—agency matrix (table 3) specifies.

Four objections deserve a direct answer. The first is capability: proprietary systems are more
capable, so surely they serve learners better. But for the teach-about function capability is secondary
to inspectability — a smaller model whose mechanism can be opened teaches more about how such
systems work than a stronger one that cannot be examined — and scoped, fine-tuned small open
models already reach task-sufficient quality in computing-education settings such as context-aware
compiler-error explanation [59]. The tier scheme, moreover, is not abolitionist: it retains closed tools
at the consumption tier for the teach-with function they serve well. The apparent counterexample of
a vendor fine-tuning API, which seems to offer adaptation without openness, dissolves under the
definition of artifact-level access established in section 5.4: uploading data to tune a hosted endpoint
yields neither the model’s own weights and guardrails, nor its raw logs, nor offline reproducibility, so
it leaves the adapt, govern, and reproduce affordances as dark as before.

The second objection is gradient: openness is a matter of degree, not a binary, so a clean instru-
ment/service dichotomy misdescribes it. This is conceded and absorbed rather than resisted. The
framework already treats openness as a six-dimensional vector partitioned by license-class thresholds
(figure 3), and recognising the gradient sharpens the thesis, because it lets a program locate the
precise dimension and threshold at which a given affordance switches on.

The third objection is feasibility: open deployment seems to demand infrastructure many programs
lack. But entry sits on consumer hardware at zero marginal cost, and the further resilience of local,
offline operation to connectivity disruption is argued in the tier analysis of section 5.3, whose account
need not be restated here; the decisive TO-to-T1 transition requires only a personal device.

The fourth objection is actualisation: access is not learning, and possessing an open model guar-
antees no competency. This too is conceded by design, and is in fact why the framework is built as
it is. Because affordances are relational, access is a necessary but insufficient condition, and the
matrix and the governance scaffold exist precisely to actualise it — converting a possessed artifact
into enacted practice through designed roles and assessed products.

Two scope conditions bound these claims — they concern informatics teachers specifically, not all
educators, and preparation programs, not school procurement at large — and within that scope the
framework refines four established models rather than displacing them. It moves the technological-
knowledge locus of TPACK from consuming a service to stewarding an artifact, recasting the boundary
between technological and content knowledge for a discipline whose content includes the tool [5, 42].
It adds to SAMR an orthogonal control/agency axis, so that a substitution-level task on an open
stack can build more teacher competency than a redefinition-level task on a closed service — an
extension consonant with the critique that SAMR under-theorises context and process [21, 50]. It
operationalises the create level of the UNESCO Al competency framework as artifact-level creation,
which is structurally out of reach on a closed stack [41]. And it supplies the deployment substrate
that the professional and learner competences of DigCompEdu presuppose [52].

The framework is offered as testable. Five falsifiable propositions follow, each stated so that a
well-designed study could refute it.

P1. Pre-service informatics teachers who complete an open-stack module (tier T1 or higher) score
higher on mechanism-explanation tasks and on UNESCO create-level indicators than peers
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trained on prompt engineering alone.

P2. The breadth of matrix-role coverage a program provides predicts its pre-service teachers’ self-
efficacy for teaching about Al.

P3. Course-owned guardrails reduce policy-violating completions without depressing legitimate
conceptual help-seeking, relative to generic vendor filters.

P4. Deployment tier predicts the breadth of affordance actualisation observed in program audits:
TO programs cluster at the consume and inspect affordances, whereas T1-and-above programs
reach adapt and govern.

P5. Reproducibility practices — pinned weights and fixed decoding — transfer to students’ scientific
habits when they investigate other stochastic systems.

An illustrative design, not an implemented case: a four-week open-stack module in a bachelor pre-
service informatics-teacher course. The module is a design sketch, offered to make the framework concrete
rather than to report a trial; no cohort has yet run it. Across four weeks it follows the consume — inspect —
adapt — govern band, and its spine is the four flagship cells of table 3. Week one (consume, then inspect).
Students first use a small open model as ordinary consumers, then turn to critique: they read its model and
data cards against its observed behaviour, and run a hallucination-audit lab that traces particular failures
to mechanism — tokenization, sampling, gaps in training coverage — rather than to folk theories about the
machine (A1). Week two (adapt). Working from those internals, each student adapts the base model, by
system prompt or a lightweight fine-tune, into a syllabus-scoped Socratic tutor that questions and hints
but refuses to hand over full solutions, then runs regression probes that compare the adapted behaviour
against the base to surface any pedagogical side-effects of the change (A2). Week three (deploy and pin).
Students deploy the tutor quantized and offline on lab hardware, so that authentic learner data never leaves
the room, and verify that the deployment emits no telemetry (A3); they then pin its checkpoint hash and
decoding parameters — temperature, top-p, seed — so that every classmate meets identical behaviour and
any flagged interaction can be re-run exactly (A4). Week four (govern and share). Students draft, implement,
and audit the class usage policy on a week of anonymized logs, adjudicating Al-graded submissions under
human-override rules and documenting each contested case (A5), and close by choosing a compatible open
license and publishing the resulting course configuration under it, so the next cohort can reuse and revise
their work (A6).

This vignette is the concrete instantiation of the very open-stack module whose learning effect
proposition P1 is framed to test.

7. Limitations

Five limitations bound the claims advanced here, and stating them plainly is part of the framework’s
own discipline of grading confidence. First, this is a conceptual and framework-building contribution
that reports no effectiveness data of its own: it synthesizes existing evidence and reasons from
it, but it does not measure whether an open-stack module produces the competencies the matrix
specifies, and so it offers a design instrument awaiting trial rather than a validated intervention.
Second, its evidence base is a structured, not an exhaustive, review. The primary corpus originated
in a single database, title-and-abstract screening was performed by a single reviewer (the sole
author), no protocol was registered, no risk-of-bias grading was applied, and no effect estimates
were pooled — departures from full systematic-review procedure that follow from the chosen review
type [18, 60] and that a targeted supplementary stream mitigates but does not eliminate. Third,
the model landscape moves faster than any literature can track, so specific systems named today
may be superseded before print; the framework mitigates this by pitching its claims at the level
of affordances and license classes rather than particular models, invoking model families only as
exemplars, so that the affordance vector should outlast the releases that currently populate it. Fourth,
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the coding and synthesis were interpretive and single-authored: the affordance vector, the four-role
scheme, and the cell-by-cell grading reflect one reasoned reading of the corpus, and a second coder
could partition or grade differently. Fifth, and most consequentially, the framework is unvalidated.
No cell in the openness—agency matrix (section 5.2) reaches claim-grade E — peer-reviewed evidence
for these practices conducted on open-weight models does not yet exist, because every E-eligible
study in the corpus was run on a proprietary, hosted system. This is not a contradiction of the paper’s
argument but a corroboration of the very gap it identifies, and the validation pathway named in
section 8 is designed to close it.

8. Conclusions

This paper set out to supply the analytic lens that the procurement framing of model adoption
withholds from informatics teacher preparation, and its four research questions can now be answered
in turn. RQ1 — which properties of free and open-weight models function as pedagogical affordances —
is answered by the affordance vector, six standards-anchored affordances that recast openness from
a price or a badge into a graded, teachable property (section 5.1). RQ2 — how those affordances map
onto the competencies and enacted roles of future teachers — is answered by the openness—agency
matrix, whose twenty-four cells name concrete, gradeable practices across the Designer, Facilitator,
Monitor, and Evaluator roles (section 5.2). RQ3 — under which deployment tiers the affordances
become actualizable — is answered by the four-tier ladder that locates the decisive affordances at its
modest low end (section 5.3). And RQ4 — which governance conditions must accompany deployment
and how they themselves become teachable - is answered by the four-axis scaffold that turns integrity,
privacy, and licensing into a student-authored artifact (section 5.4).

The through-line of these answers is a single maxim: model selection in teacher education is a
curriculum decision, not a procurement decision. The paper’s four contributions follow that line.
C1 re-conceptualizes openness as a vector of six pedagogical affordances for informatics teacher
preparation; C2 arranges those affordances against four enacted teacher roles as an openness—-agency
matrix of concrete, gradeable practices; C3 maps the evidence across two review streams and names
the gap the matrix confronts; and C4 supplies the deployment tiers and governance scaffold that
make the framework operable in real programs.

Because no matrix cell yet rests on direct evidence, the framework’s next obligations are empirical,
and two studies define the validation pathway. The first is a Delphi study that puts the matrix and
its claim grades to a panel of teacher educators, seeking expert consensus on the practices, their
role assignments, and their priority before any cohort is taught. The second is a pilot module study
that instantiates the four-week open-stack design of section 6 and tests propositions P1 through
P3 - the learning effect of an open-stack module, the coverage-to-self-efficacy link, and the effect
of course-owned guardrails against generic vendor filters — converting the empty E column into
evidence one cell at a time.

Seen whole, the argument closes a lineage. The freedoms to run, study, modify, and share, first
named for software [13] and carried into teacher education by a sustained program of free-software
didactics [62-65], extend without a break to open-weight language models. Free software and open
weights are not two topics but one continuous research program into a single question — what a
technology must permit for a teacher to relate to it as an author rather than a consumer - and this
framework is that program’s next instalment.
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