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Abstract

The rapid integration of generative Al in education often frames teachers as technology
users who primarily need technical training. Existing prompt engineering frameworks offer
technical guidance but have limited grounding in theories of teacher professional develop-
ment or reflective practice. This misses a key feature of prompt engineering: prompting can
externalize pedagogical thinking, making Al interaction a process of knowledge externaliza-
tion. Through systematic conceptual analysis, this paper proposes a reconceptualization of
prompt engineering from a technical competency to a reflective professional practice. The
methodology integrates three theoretical traditions: Schon’s reflective practice theory (for
externalizing tacit knowledge), Wiggins and McTighe’s backward design (for structuring
instructional decisions), and Celik’s AI-TPACK framework (as integrated knowledge base).
This synthesis suggests that effective prompting can be understood as an act of pedagogical
externalization requiring integrated professional knowledge. The paper develops a seven-
strategy framework (RPE framework) as an analytic lens for examining prompt engineering
sophistication. This theoretical framework offers theory-derived hypotheses that require
future empirical validation rather than presenting verified outcomes. Ultimately, the RPE
framework offers a conceptual basis for potentially shifting the focus from technical training
to teacher professional development by repositioning educators as Al-assisted instructional
designers rather than mere Al users.

Keywords: prompt engineering; reflective practice; teacher professional development;
AI-TPACK; generative Al; instructional design; teacher education

1. Introduction
1.1. Opening: The Evolution of Al and the Agentic Role of Teachers

Generative Al has rapidly integrated into educational ecosystems, moving beyond
simple automation to complex pedagogical co-design. Recent systematic reviews demon-
strate that educators are increasingly utilizing Al systems for sophisticated tasks, including
instructional planning, content generation, and assessment design [1,2]. UNESCO’s Al com-
petency framework for teachers (2024) explicitly identifies “Al for professional development’
as a critical competency dimension [3]. However, despite these advancements, a significant
gap remains: current practical implementations often lack the theoretical mechanisms
necessary to embed these competencies into teachers’ daily professional practice.

The integration of Al raises a fundamental question: are teachers merely users of
Al tools, or are they intentional designers of Al-mediated learning? Current discourse
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often positions educators as technology consumers who must adapt to Al systems [4,5],
rather than professional agents who actively shape how Al functions pedagogically. The
distinction matters: users adapt to technology; designers adapt technology to pedagogical
purpose. When teachers function as designers, they exercise professional judgment about
how Al capabilities serve instructional goals, learner needs, and disciplinary contexts. This
requires making pedagogical reasoning explicit through Al configuration. This distinction
establishes the necessary foundation for reconceptualizing prompt engineering not as a
technical skill, but as reflective professional practice.

Prompt engineering represents the primary interaction method through which humans
configure Al system behavior. In the current educational landscape, it has evolved into
a fundamental human—computer interaction challenge, where the quality and depth of
natural language specification determine the system’s pedagogical effectiveness [6]. Unlike
traditional software with predetermined operational options, generative Al requires users
to explicitly externalize and formulate their domain expertise through nuanced language [6].
This evolution transforms human-Al interaction from simple command-and-control to a
sophisticated process of knowledge externalization [7]. This represents a paradigm shift
with profound implications for the future of teacher professional identity and practice.

1.2. The Problem: Technical Skill Versus Professional Practice

Current approaches treat prompt engineering as technical skill acquisition rather than
professional practice development. This limited framing persists despite urgent calls to
reconceptualize prompt engineering as both “foundational digital literacy” and a “central
pedagogical practice” [8]. Systematic reviews confirm this orientation. Tan et al. ana-
lyzed 95 studies and found that only 35% addressed teacher professional development [2].
Most extant literature emphasizes operational competence: writing effective prompts,
understanding Al capabilities, and generating usable outputs.

Recent frameworks exemplify this technical orientation. Lo’s CLEAR framework [4]
and Park and Choo’s IDEA framework [5] provide structured guidance but largely po-
sition teachers as operators optimizing tool performance. Similarly, Qian’s systematic
review found that existing approaches lack grounding in theories of teacher professional
development or reflective practice [9].

This reductive paradigm creates three interconnected problems. First, it separates Al
use from core pedagogical thinking. Second, it treats development as one-time training
rather than ongoing reflective practice. Third, it leaves teacher professional identity largely
disconnected from the Al interaction process. This technical framing underscores the
urgent need to reconceptualize prompt engineering as professional practice rather than
isolated skill mastery.

1.3. The Conceptual Gap and Paper Contributions

Despite extensive literature on Al in education and emerging frameworks for prompt
engineering, a critical theoretical gap persists: we found no framework that reconceptual-
izes prompt engineering as reflective professional practice. Current approaches position
Al interaction as technical operation, often overlooking established pedagogical theory
that frames teaching as reflective practice. This gap misses a key feature of generative Al:
unlike previous technologies, generative Al requires teachers to explicitly articulate com-
plex instructional intent. They have to specify learner characteristics, learning objectives,
pedagogical strategies, and assessment criteria within the prompt structure. This process
transforms Al interaction into active knowledge externalization, making tacit professional
knowledge explicit, visible, and examinable.
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Pedagogically grounded frameworks could support teacher professional development
in distinctive ways. When educators learn prompt engineering as a technical skill, they
acquire operational competence. In contrast, when they engage prompting as reflective
practice, they develop metacognitive awareness of their own instructional design thinking
while simultaneously producing Al-mediated materials. This approach aims to transform
professional development from external skill acquisition to sustainable capacity building.

The proposed paradigm shift operates across multiple dimensions. Table 1 illustrates
how the reconceptualization would transform the nature of prompt engineering, teacher
roles, theoretical foundations, and development models.

Table 1. Paradigm Shift in Prompt Engineering.

Dimension Existing Frameworks Reflective Practice Paradigm
Prompt engineering Technical skill Pedagogical thinking externalized
Teacher role Al user Instructional designer
Theoretical foundation Technical rationality Reflective practice [10]
Development model One-time training Ongoing professional learning
Primary focus Output quality Professional growth
Success criterion Effective Al outputs Enhanced pedagogical understanding
Iteration purpose Error correction Learning cycle [11]
Knowledge base Al operation AI-TPACK integration [12]

Research Questions:

This analysis motivates the following research questions:

Primary Research Question: How can prompt engineering be reconceptualized
as reflective professional practice that could transform teachers from Al users into
instructional designers?

Sub-Questions:

e  What pedagogical and theoretical foundations should inform a prompt engineering
framework for teachers?

e How does prompt engineering align with established theories of reflective practice
and instructional design?

e  What role can prompt engineering play in teacher professional development?

This reconceptualization aims to address a critical implementation gap in UNESCO’s
Al competency framework for teachers (AI CFT). The framework’s fifth aspect—'AlI for Pro-
fessional Development’—identifies three progression levels: enabling lifelong professional
learning, enhancing organizational learning, and supporting professional transformation.
However, existing approaches lack theoretical mechanisms for implementing these compe-
tencies through teachers’ daily Al practice [3].

The RPE framework (developed in Section 4) operationalizes this aspect through three
levels. At the Acquire level, prompting serves as a medium for job-embedded professional
learning. At the Deepen level, it supports collaborative knowledge building. At the Create
level, it enables identity transformation from Al users to instructional designers.

1.4. Paper Contributions

This paper makes three interconnected theoretical contributions to understanding
prompt engineering in teacher professional development:

e  Conceptual Reframing: It proposes reconceptualizing prompt engineering from techni-
cal skill to reflective professional practice by integrating Schon'’s reflective practice [10]
with instructional design principles [13].
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e Identity Repositioning: It proposes repositioning teachers from Al users to instruc-
tional designers. This positions prompting as an act that makes pedagogical thinking
visible and examinable.

e  Professional Development Extension: It extends AI-TPACK (Intelligent-TPACK) [12]
by proposing that prompt engineering can serve as a site for ongoing teacher profes-
sional development, where iteration operates as a reflective learning cycle. This could
operationalize UNESCO AI CFT’s fifth aspect ("Al for Professional Development’), po-
tentially providing theoretical grounding for the international standard’s progression
from individual learning to professional transformation [3].

The resulting reflective prompt engineering (RPE) framework (Section 4) is a theo-
retical model derived from systematic synthesis and analysis. It provides theory-derived
hypotheses for future empirical validation rather than verified outcomes. These contribu-
tions aim to address the theoretical gap, offering a conceptual foundation for designing
teacher professional development programs that utilize Al for pedagogical growth.

2. Conceptual Analysis
2.1. Methodological Approach

This paper employs systematic conceptual analysis to examine how prompt engineer-
ing can be reconceptualized as reflective professional practice. Conceptual analysis differs
from empirical studies: it examines theoretical relationships, identifies gaps in existing
frameworks, and proposes new theoretical integrations [14]. This methodological approach
is well-established in educational technology research. For example, Mishra and Koehler’s
TPACK framework (2006) provided a conceptual foundation that was subsequently vali-
dated through extensive empirical research. Similarly, Celik’s AI-TPACK extension (2023)
first established theoretical integration before empirical investigation. Our work follows
this tradition, providing a conceptual framework that enables and informs future empirical
studies. This approach is appropriate for addressing the identified gap: we found no exist-
ing framework that positions prompt engineering within established theories of reflective
practice and professional development.

The analysis proceeded through three stages:

e  Stage 1: Framework Analysis. We systematically analyzed prompt engineering frame-
works documented in recent educational literature, focusing on those most widely
cited and discussed. This included Lo’s CLEAR framework [4] and Park and Choo’s
IDEA framework [5], which represent current dominant approaches to structuring
prompt engineering guidance for educators. We examined these frameworks to
understand their theoretical foundations (or absence thereof), their positioning of
teacher roles, and their treatment of professional development. This analysis revealed
a systematic absence of grounding in pedagogical theory or professional learning
frameworks, establishing the conceptual gap this paper addresses.

e  Stage 2: Theoretical Integration. We selected three theoretical frameworks based on
two criteria: (a) established empirical support in educational research, and (b) direct
applicability to understanding Al-mediated instructional design. Schon'’s reflective
practice theory [10] provides the mechanism by which prompting externalizes tacit
knowledge. Wiggins and McTighe’s design framework [13] provides the structure of
instructional decisions that prompts must embody. Celik’s AI-TPACK [12] provides
the knowledge base required for effective Al integration. Through conceptual map-
ping, we show how these theories converge on a unified understanding: effective
prompt engineering can be understood as pedagogical externalization requiring inte-
grated professional knowledge. Schon explains how teachers learn through prompting
(reflection). Wiggins and McTighe define what structure prompts require (backward
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design). AI-TPACK specifies which knowledge must integrate (content, pedagogy,
Al capability).

e  Stage 3: Framework Development. Based on this theoretical integration, we devel-
oped a seven-strategy framework operationalizing prompt engineering as reflective
practice. Each strategy maps onto established instructional design principles while
embodying reflective practice theory. The framework functions as an analytic lens for
understanding what makes prompting pedagogical rather than a prescriptive checklist
for prompt construction.

This three-stage approach provides the theoretical foundation for the integrative
framework presented in Sections 3 and 4 (Figure 1).

The Systematic Conceptual Analysis Process of the RPE

Framework
\\ 3 I’ ﬂ
=' : E | 7 RPE STRATEGIES
/ .. <D DESIGN (1-5):
STAGE 2 * Outcomes
Integration  Context
_— * Format
iTAlGE.l Th . STAGE 3 * Cognitive
nalysis eories: Do - o Examples
> o Schén(1983) —> P —3
i REFLECT (6):
CLEAR, IDEA, GPEI . ngg!ns & Operationalize GENERATES torate
McTighe - @@
(2005) COLLABORATE (7):
e Celik (2023) Share

Figure 1. Three-Stage Conceptual Analysis Methodology. The integration draws on Schon'’s reflective
practice [10], Wiggins and McTighe’s backward design [13], and Celik’s AI-TPACK [12]. To address
the gap in pedagogical grounding of existing frameworks, the research proceeded through systematic
analysis (Stage 1), theoretical integration (Stage 2), and operationalization (Stage 3), directly producing
the seven-strategy RPE framework.

2.2. Prompt Engineering in Education: Current State
2.2.1. Existing Frameworks

Current frameworks for prompt engineering provide valuable procedural guidance
but lack grounding in established educational theory. Several prominent models exist. Lo’s
CLEAR framework [4] emphasizes five prompt qualities (concise, logical, explicit, adaptive,
reflective) for information literacy instruction. Park and Choo’s IDEA framework [5]
provides educators with structured strategies: include essential PARTS, develop CLEAR
prompts, evaluate and REFINE, apply with accountability. Veldsquez-Henao et al.’s GPEI
model [15] offers a four-step iterative methodology (goal, prompt, evaluation, iteration)
developed for engineering applications. These frameworks improve Al output quality.
However, they conceptualize prompting as a procedural skill—learning steps to construct
effective prompts. They do not position it as a site for professional learning grounded in
pedagogical expertise.

This procedural orientation appears in Qian’s systematic review [9], which categorizes
prompt engineering approaches into technique-focused and process-focused methods. Both
emphasize technical utility rather than professional development mechanisms. Table 2
compares CLEAR and IDEA with the RPE framework proposed in this study, establish-
ing fundamental differences in purpose, theoretical grounding, and conceptualization of
teacher role. Existing frameworks address the “what” and “how” of prompting: what
makes an effective prompt and how to construct one. However, they do not address the
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critical “why” that positions prompt engineering within teachers’ professional identity and
pedagogical expertise. This theoretical deficit motivates a framework that links prompt en-
gineering directly to established theories of professional learning and instructional design.

Table 2. Comparison of existing prompt engineering frameworks.

Dimension

Lo’s CLEAR

Park and Choo’s IDEA

RPE Framework (This Study)

Primary Purpose

Target Users
Theoretical Foundation

Core Focus

Teacher Role

Professional
Development Approach

Iteration Purpose
Teacher Identity

UNESCO CFT Alignment

Information literacy framework
for prompting
Librarians, educators
(information literacy)

None explicitly stated

Prompt quality and structure
for information retrieval

Information seeker/user

Not addressed

Practical strategies for educators
using GenAl

Special educators, K-12 teachers

Integrates CLEAR, PARTS
(Google), GPEI model,
REFINE strategies
Step-by-step practical prompt
engineering process
Al tool user applying
structured strategies

Procedural training: follow
IDEA steps

Develop teacher professional capacity
through reflective practice

Teacher professional development

Schon'’s reflective practice [10], Backward
design [13], AI-TPACK [12], Communities
of practice
Prompting as pedagogical externalization
and professional practice
Reflective practitioner; instructional
designer externalizing expertise
Job-embedded learning:
reflection-on-action, identity
transformation (UNESCO CFT

progression [3])
Reflective learning cycle
Instructional designer
Operationalizes 5th aspect
(Acquire —Deepen — Create)

Error correction
Procedure follower

Not addressed

Output refinement
Information seeker

Not addressed

The nine dimensions in Table 2 clarify the fundamental paradigm distinction between
technical and reflective approaches to prompt engineering. CLEAR and IDEA position
prompting as a procedural skill requiring step-by-step training. Iteration serves to optimize
outputs. Teachers learn techniques for constructing effective prompts. In contrast, the RPE
framework positions prompting as reflective professional practice. Iteration constitutes
the learning mechanism itself—each revision cycle develops metacognitive awareness of
instructional design thinking. This distinction reflects different understandings of teacher
identity. Technical frameworks position teachers as information seekers or procedure
followers who must learn new skills. The RPE framework positions teachers as instructional
designers who externalize existing pedagogical expertise. This theoretical grounding aligns
with the UNESCO AI competency framework’s vision [3]. UNESCO envisions Al as a
medium for professional transformation (Acquire — Deepen — Create progression) rather
than merely a tool for task completion. The RPE framework operationalizes this vision
through established teacher professional development principles: job-embedded learning,
collaborative inquiry, and reflective practice [10,16].

2.2.2. Critical Gap Identification

Analysis of existing frameworks reveals three systematic absences:

Theoretical Grounding Absence. Current frameworks for prompt engineering provide
valuable technical guidance but lack explicit grounding in established educational theory.
Foundational frameworks like Schon’s reflective practice theory [10] and Kolb’s experiential
learning cycle [11] remain unintegrated. These frameworks often present prompting as a
novel technical skill with little attention to positioning it within existing theories.

Professional Development Absence. Existing frameworks conceptualize prompt en-
gineering as an endpoint skill to acquire rather than ongoing professional practice. They
provide guidance for constructing effective prompts but not for understanding prompting
as a site for professional learning. This misses a key feature: prompting externalizes peda-
gogical thinking, creating opportunities for reflection unavailable in traditional practice.

Teacher Identity Absence. Frameworks often position teachers as technology users
adapting to Al capabilities rather than instructional designers exercising professional judg-
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ment. This can leave teacher professional identity unchanged—educators learn new tools
without practice transformation. However, effective prompting requires the same pedagog-
ical expertise that defines teacher professionalism. Research confirms this: the strong link
between intention to use Al tools and a teacher’s technological pedagogical knowledge
(TPK) highlights the inadequacy of technical framing [17], showing that successful Al
integration depends on pedagogical expertise, not mere tool operation.

These absences collectively motivate repositioning prompt engineering within estab-
lished pedagogical theory and reflective professional learning frameworks.

2.3. Theoretical Foundations

This section establishes the theoretical traditions that inform reconceptualizing prompt
engineering as reflective professional practice. Four interconnected theories converge to
position prompting as pedagogical thinking made explicit.

2.3.1. Schon’s Reflective Practice

The first theoretical foundation positions prompt engineering as reflective practice
rather than technical skill acquisition.

Schon distinguished between technical rationality and reflective practice, where pro-
fessionals develop understanding through examining their work [10]. Reflection-in-action
(thinking while doing) and reflection-on-action (analyzing afterward) transform tacit knowl-
edge into examinable understanding—professionals know more than they can initially
articulate. Technologies, including Al, can enhance reflective practice when designed
around teacher agency and pedagogical alignment [18].

Prompt engineering aligns with this framework. When teachers write prompts, they
externalize pedagogical knowledge that typically remains implicit. Each prompt revision
constitutes a reflective cycle. Teachers examine Al output (reflection-on-action), understand
intent mismatches (identifying tacit knowledge gaps), and articulate requirements explicitly
(making knowledge visible). This positions prompt engineering as reflective practice rather
than technical operation. Research demonstrates that such reflective practices support
teacher professional identity development [19], with agency, reflection, and professional
growth being interconnected dimensions of teacher development [20].

2.3.2. Instructional Design Theory

The second foundation connects prompt engineering to established instructional
design principles, revealing that teachers already possess the expertise needed for
effective prompting.

Backward design’s three stages—identify desired results, determine acceptable evi-
dence, plan learning experiences—map directly onto effective prompt construction [13].
When teachers specify objectives, criteria, and approaches in prompts, they execute instruc-
tional design thinking.

This alignment reveals that teachers already possess expertise for effective prompt-
ing: the same pedagogical knowledge underlying lesson planning. The difference lies in
explicitness. Traditional lesson plans can remain incomplete because teachers fill gaps
during implementation. Prompts require complete articulation—AI cannot infer unstated
pedagogical intent. Effective use of generative Al depends on prompt quality [21]. This ex-
plicit articulation makes instructional design thinking visible and examinable, transforming
prompting into both design activity and learning opportunity.
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2.3.3. AI-TPACK

The third foundation provides the knowledge integration framework, showing how
prompt engineering requires simultaneous coordination of content, pedagogical, and
technological knowledge.

Celik’s AI-TPACK (Intelligent-TPACK) framework [12] extends Mishra and Koehler’s
TPACK to incorporate artificial intelligence [22]. The framework recognizes that effective Al
integration requires simultaneous understanding of content, pedagogy, and Al capabilities.
AI-TPACK development involves complex interrelations. Core knowledge elements (PK,
CK, AI-TK) are mediated by composite elements (PCK, AI-TCK, AI-TPK), creating syner-
gistic effects [12]. Research demonstrates that educators” Al tool use is driven primarily
by their Al-technological pedagogical knowledge (AI-TPK). This confirms that effective
integration depends on pedagogical application rather than technical mastery [23].

AI-TPACK provides vocabulary for analyzing which knowledge dimensions teachers
externalize. When teachers specify objectives (PK), address misconceptions (CK), or antici-
pate Al feedback (AI-TPK), they demonstrate knowledge integration. The framework helps
transform prompting from opaque technical operation into analyzable practice, making
integration visible.

2.3.4. Communities of Practice

The fourth foundation enables the shift from individual competence to collective
professional knowledge through shared artifacts.

Prompts, as explicit shareable text, can transform private reflection into shared artifacts
available for collective scrutiny [24]. Wenger’s communities of practice framework em-
phasizes learning through participation and reification [25]. When teachers share prompts,
instructional design becomes a subject for mutual engagement, enabling educators to jointly
refine methodologies and build shared practices. Digital artifacts of reflection can function
as ‘meta boundary objects’ facilitating collective learning and transformative practice in
teacher communities [26]. This shared practice elevates individual teacher competence to
collective professional standards.

2.4. Teacher Professional Development Theory

Teacher professional development literature distinguishes between training—one-
time skill acquisition focused on implementing specific techniques—and professional
learning—ongoing development through practice examination [27,28]. Effective profes-
sional development is job-embedded, collaborative, and focused on pedagogical thinking
rather than procedural compliance.

Current Al professional development typically follows the training model: workshops
teaching prompt techniques, disconnected from ongoing practice. For example, typical
workshop-based Al training sessions focus on writing effective prompts without exam-
ining what prompts reveal about pedagogical thinking or how prompting can develop
professional understanding.

Our reconceptualization aligns with professional learning principles in three ways.
First, it treats prompting as ongoing practice embedded in daily work. Second, it examines
prompts collaboratively to develop shared understanding. Third, it focuses on pedagogical
thinking rather than technical operation. This theoretical grounding provides the evaluative
lens for reimagining Al-related teacher development in Section 5.

2.5. Synthesis: The Missing Paradigm

The existing literature calls for a framework that transcends technical approaches
and positions prompt engineering as reflective practice. Such a framework can inform
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the design of effective teacher professional development programs. Table 1 summarizes
the conceptual gap identified in this section and motivates developing a new, integrated
theoretical model. The following section introduces the integrated foundations of Schén’s
reflective practice, backward design, and AI-TPACK, establishing the conceptual core of
this paper.

3. The Theoretical Synthesis: Prompt Engineering as Pedagogical
Externalization

3.1. Core Argqument: Prompt Engineering as Pedagogical Externalization and Theoretical Synthesis

The central argument of this paper is that effective prompting can be understood as
an act of pedagogical externalization. This moves the practice beyond technical skill and
grounds it in professional development. Prompting requires teachers to transform internal,
tacit pedagogical judgments (e.g., scaffolding needs) into concrete, codified parameters.
The resulting prompt serves two purposes. First, it instructs the Al Second, it functions as
an explicit design document that makes the teacher’s underlying instructional rationale
available for critical examination.

This externalization operates at three levels. First, visibility enables Schon'’s reflection-
on-action [10]. Second, making pedagogical thinking explicit enables improvement by
revealing gaps when Al output fails. Third, shareability enables collective learning, as
prompts function as boundary objects [24]. This positions the prompt as both an instruc-
tional tool and a reflective artifact.

This framework integrates three theoretical traditions, each providing a complemen-
tary dimension. Schon'’s reflective practice provides the mechanism for externalizing tacit
knowledge. Instructional design theory [13] provides the structure for embodying design
decisions. AI-TPACK [12] provides the necessary knowledge base: integrated content,
pedagogy, and technology understanding. This convergence positions prompting as a
unified professional practice, not mere tool use.

3.2. Detailed Theoretical Integration
3.2.1. Prompt Engineering as Reflective Practice

This subsection demonstrates how prompting operationalizes Schon'’s reflective cycle
through observable, iterative practice.

Prompting makes the internal process of pedagogical reflection observable through
iteration [10]. When teachers write prompts, they engage in reflection-on-action, articu-
lating tacit knowledge that guides instructional decisions. Prompt revision based on Al
output constitutes reflection-in-action, adjusting pedagogical thinking in real-time. This
creates rapid learning cycles unavailable in traditional practice [11]. Empirical research sup-
ports this mechanism: Al-scaffolded reflective writing improves reflection quality (3 = 0.41,
p = 0.003) comparable to instructor feedback [29]. Since prompt engineering constitutes re-
flective writing through explicit specification, this evidence suggests Al-mediated iteration
can function as genuine reflective learning rather than technical optimization. Externalizing
thinking can develop metacognitive awareness of professional knowledge in ways internal
reflection alone cannot achieve.

Al’'s immediacy enables rapid iteration. Where traditional design requires days
or weeks, Al-mediated prompting provides real-time articulation, feedback, and refine-
ment [6]. This tight coupling between externalization and response accelerates reflective
learning while maintaining professional reasoning [30].
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3.2.2. Prompt Engineering as Instructional Design

Effective prompts align with backward design principles [13]: specifying learning
objectives (desired results), assessment criteria (acceptable evidence), and pedagogical
approaches (learning experiences). The key difference is required explicitness. A prompt
functions as a design document that cannot rely on implementation flexibility, requiring
complete articulation of pedagogical intent. This structural parallel makes existing design
thinking visible.

3.2.3. Prompt Engineering as AI-TPACK Integration

This subsection demonstrates how prompt engineering requires simultaneous synthe-
sis of content, pedagogical, and technological knowledge.

Prompt engineering is the convergence point where AI-TPACK’s three knowledge
domains [12]—content, pedagogy, and Al capability—synthesize simultaneously. An
effective prompt is not merely a technical request; it integrates content knowledge, peda-
gogical knowledge (addressing misconceptions, established metaphors), and technological
knowledge (visual specification, interactive format). The prompt is both where knowledge
integration occurs and what makes integration visible.

Consider a biology teacher prompting for cellular respiration materials. An effective
prompt integrates three knowledge types. It includes content knowledge (glycolysis, Krebs
cycle, electron transport), pedagogical knowledge (addressing the breathing misconception,
using established metaphors), and Al knowledge (visual format, interactive elements).
Example: “Create an interactive cellular respiration explanation for 10th grade showing
ATP production. Address the breathing misconception. Use the ‘cellular factory’ metaphor.”
This illustrates AI-TPACK integration: the framework distinguishes technically competent
prompts from pedagogically sophisticated ones.

3.2.4. Convergence: The Unified Nature of Prompt Engineering as Professional Practice

This subsection synthesizes the three theoretical perspectives to suggest that prompt-
ing constitutes unified professional practice.
The prompt serves simultaneously as:

e  Reflection artifact (Schon): making tacit pedagogical knowledge explicit and examinable;

e Design document (instructional design): embodying instructional decisions in
analyzable form;

e  Knowledge synthesis site (AI-TPACK): requiring integrated content, pedagogical, and
technological expertise.

This convergence suggests why prompt engineering can be understood as professional
practice rather than technical operation. When teachers construct prompts, they engage
in the same professional work that defines teaching: instructional design, pedagogical
reasoning, and assessment planning. Prompting makes this work visible. Prompting also
serves dual purposes: producing instructional materials (immediate practical function)
and developing professional understanding (ongoing developmental function). This dual
nature distinguishes prompting from tool use. The tool can develop the practitioner even
as the practitioner uses the tool.

3.3. From Skill to Practice: A Paradigm Shift

The theoretical integration presented in this section supports a fundamental reconcep-
tualization of prompt engineering in educational contexts. Current approaches position
prompting within what Schon terms technical rationality [10]: viewing it as a skill to be
acquired through training and applied to achieve predetermined outcomes. This frame-
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work aims to reposition prompting within reflective practice: understanding it as ongoing
professional work that simultaneously produces outcomes and develops capacity.
This paradigm shift operates across three dimensions:

1.  Repositioning teachers from technology consumers to professional practitioners.
Teachers engage in the same professional work they have always done: instructional
design, pedagogical reasoning, and assessment planning. However, prompting makes
this work explicit and examinable. This can preserve teacher agency and professional
identity in the age of AL

2. Reframing prompt engineering from endpoint to process. In the skill paradigm,
effective prompts represent mastery: the goal is prompts that consistently produce
quality outputs. In the practice paradigm, prompts represent thinking-in-progress:
each iteration reveals new dimensions of pedagogical understanding. The goal is not
perfect prompts but continuous professional growth through prompting practice.

3. Reconceptualizing professional development. We support teachers in making their
existing expertise visible and examinable rather than training them to use new tools.
This shifts professional development from external skill acquisition to internal capacity
development: from learning about Al to learning through Al-mediated reflection
on practice.

4. The Reflective Prompt Engineering (RPE) Framework:
An Analytic Model

4.1. Framework Overview

The theoretical integration presented in Section 3 positions prompt engineering as re-
flective professional practice. This section operationalizes that reconceptualization through
a seven-strategy framework, transforming the paradigm shift from technical skill to reflec-
tive practice into concrete analytic dimensions.

Figure 2 visualizes the framework’s nested structure across three interconnected di-
mensions: an instructional design core (Strategies 1-5), a reflection dimension creating
iterative learning cycles (Strategy 6), and a community dimension enabling collective pro-
fessional learning (Strategy 7). This nested architecture embodies the theoretical integration
from Section 3. The core operationalizes backward design and AI-TPACK principles. The
middle layer operationalizes Schon’s reflective practice. The outer layer operationalizes
Wenger’s communities of practice.

The framework operates across three nested dimensions. First, the instructional de-
sign core (Strategies 1-5) embeds backward design and AI-TPACK principles in prompt
construction. Second, the reflection dimension (Strategy 6) creates iterative learning cycles
through prompt revision. Third, the community dimension (Strategy 7) enables collec-
tive professional learning through prompt sharing. The arrows illustrate how iteration
moves pedagogical thinking from implicit to explicit. The nested structure shows how
individual reflection (middle layer) and collective examination (outer layer) build upon
core instructional design decisions (center).

The framework rests on five design principles:

o  Reflective rather than prescriptive: Strategies function as an analytic lens for examining
prompting practice, not a procedural checklist for prompt construction. As Figure 2
illustrates, the framework reveals pedagogical thinking.

o  Theory-grounded: Each dimension corresponds to established theory. The core em-
bodies instructional design principles [13] and AI-TPACK [12]. The reflection layer
operationalizes Schon'’s reflective practice [10]. The community layer operationalizes
Wenger’s communities of practice [25].
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e  Practice-embedded: Strategies describe what teachers already do when planning in-
struction, made visible through prompting. The nested structure shows how prompt-
ing simultaneously engages design, reflection, and collaboration.

e  Developmental: The framework treats prompting as an ongoing professional learning
cycle. The iterative arrows in Figure 2 represent continuous refinement rather than
linear progression toward mastery.

e  Epistemic categories: Strategies represent dimensions of pedagogical thinking, not
sequential steps to follow. Teachers do not apply strategies 1-7 in order. Rather, every
prompt implicitly addresses all dimensions, with varying degrees of explicitness.

The Seven Strategies as Pedagogical Externalization Framework

Backward Design
AI-TPACK, PCK

Strategy 1: Goals

Strategy 2: Context

iterate iterate

Strategy 4: Cognitive

Strategy 5: Examples

Strategy 6 (Iterate & Reflect)

reflect

Strategy 7 (Share & Collaborate)

Figure 2. The seven strategies as pedagogical externalization framework.

This epistemic framing distinguishes the framework from technical approaches. These
are categories through which we understand what prompting reveals about pedagogical
thinking, not strategies teachers should follow. The nested structure in Figure 2 emphasizes
that effective prompting integrates all three dimensions simultaneously: instructional
design thinking, reflective iteration, and collaborative learning.

From a human-computer interaction perspective, these seven strategies represent de-
sign dimensions that inform the development of Al-assisted tools for professional practice.
Each strategy identifies where tacit professional expertise must be made computationally ex-
plicit. This represents a fundamental challenge in designing intelligent systems that support
human decision-making [31,32]. Tools implementing these dimensions (through structured
input fields, theory selection interfaces, or intelligent scaffolding) can support the external-
ization process while preserving professional agency and control [30]. The framework thus
serves dual purposes: as an analytical lens for understanding prompting sophistication
and as design guidance for developing Al systems that augment professional practice.
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4.2. The Seven Strategies

The theoretical integration presented in Section 3 positions prompt engineering as re-
flective professional practice. This section operationalizes that reconceptualization through
a seven-strategy framework organized across three nested dimensions.

The framework comprises seven interconnected strategies:

Instructional Design Core (Strategies 1-5):

Clarify Learning Outcomes—Specify desired learning results explicitly;

Provide Context About Learners—Externalize tacit knowledge about students;
Specify Format and Structure—Define assessment criteria and success indicators;
Define Cognitive Level—Articulate intended thinking requirements;

SRR .

Include Examples and Constraints—Make quality standards explicit.

Reflection Dimension (Strategy 6): 6. Iterate and Reflect—Transform revision into
reflective learning cycles.

Community Dimension (Strategy 7): 7. Share and Collaborate—Enable collective
professional learning.

To illustrate how the seven strategies function as an integrated framework rather than
a prescriptive checklist, we present a progressive example following Sofia Dimitriou, a 9th
grade Geography teacher. She develops materials for teaching climate change solutions.
Sofia faces a common challenge: her students feel overwhelmed and helpless about climate
change. They know the problem exists. But they do not understand the range of solutions
or how to evaluate them. The following subsections show how each strategy builds upon
the previous ones. This demonstrates the framework’s cumulative nature.

The following subsections detail each strategy’s theoretical grounding and application.

4.2.1. Clarify Learning Outcomes

Effective prompts state desired learning outcomes explicitly, operationalizing Wiggins
and McTighe’s principle of beginning with the end in mind [13]. This articulation makes
pedagogical intent visible and examinable. Generic prompts like “Create a math lesson
on quadratic equations” lack an outcome specification. Teachers who specify “Create
a lesson where students derive the quadratic formula from completing-the-square, un-
derstanding why it works rather than memorizing steps” externalize their pedagogical
priorities. These include conceptual understanding over procedural fluency, and derivation
over memorization.

This outcome specification can transform implicit instructional goals into explicit
design criteria. When Al output misaligns with intent, teachers recognize gaps in their
outcome articulation: this engages reflection-on-action [10]. The question becomes not
“Did Al understand my request?” but “What does my outcome specification reveal about
my teaching priorities?”

Sofia’s Application:

Sofia begins by clarifying her learning outcome. She writes:

“Create a lesson where students compare three types of climate solutions: individual
actions, government policies, and technological innovations. Students will evaluate
which approach is most effective for reducing carbon emissions.”

This makes her pedagogical goal explicit. She wants comparative analysis, not just
information recall. Her students need to understand that multiple solution types exist.
They must evaluate effectiveness using evidence. This outcome transforms a vague content
request into a specific design criterion.
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4.2.2. Provide Context About Learners

Strategy 2 operationalizes constructivist learning theory [33,34] and situated learning
theory [34,35]. Prompts that specify learner characteristics externalize tacit knowledge
about students, transforming implicit assumptions into design data. Context provision
renders learner analysis visible for reflection.

A chemistry teacher prompting “Explain oxidation-reduction for students who strug-
gled with electron configuration last week, using familiar battery examples” demonstrates
sophisticated learner knowledge. This includes prior difficulty (electron configuration),
conceptual connection (to redox), and effective pedagogy (familiar analogies). This speci-
fication embodies what Shulman terms pedagogical content knowledge: understanding
how specific learners engage specific content [36].

The ethical dimension matters: context specification ensures Al-generated materials
address actual learner needs rather than imagined generic students. This grounds instruc-
tional design in lived classroom reality, connecting to Freire’s emphasis on teaching real
learners in real contexts [37].

Sofia’s Application:

Sofia adds critical learner context to her prompt. She writes:

“My 9th graders feel helpless about climate change. They think individual actions are
meaningless compared to corporate pollution. Last week, several students said ‘nothing
we do matters anyway.” They need to understand how different solutions work at different
scales. They need to see that individual, governmental, and technological approaches all
have specific roles.”

This specification externalizes her knowledge of her students” emotional state. It
positions climate pessimism as a pedagogical obstacle requiring direct attention.

4.2.3. Specify Format and Structure

Strategy 3 operationalizes Wiggins and McTighe’s backward design principle [13]:
that assessment design precedes instructional planning. It also operationalizes Black
and Wiliam’s assessment for learning theory, which establishes that assessment format
fundamentally shapes what learning becomes visible and valued [38]. Format specification
forces teachers to define assessment criteria and success indicators, making evaluation
thinking explicit.

When teachers request “a 500-word argumentative essay with clear thesis, three sup-
porting paragraphs with textual evidence, and counterargument acknowledgment,” they
specify assessment criteria: length expectations, genre requirements, structural elements,
and evidential standards. This specification makes visible the assessment literacy underly-
ing instructional decisions.

Format specification embodies constructive alignment [39]: ensuring activities match
intended outcomes. Teachers requesting specific formats implicitly declare what demon-
strates learning, transforming tacit assessment knowledge into examinable design criteria.

Sofia’s Application:

Sofia specifies the assessment format clearly. She writes:

“Create a comparison table with three columns: Individual Actions, Government Policies,
Technological Solutions. Include rows for: examples, carbon impact scale, implementation
timeline, and barriers to adoption. Students complete the table using provided data
sources. Then they write a 250-word argument selecting the most promising approach.
They must support their choice with evidence from the table.”

This format embodies constructive alignment. The table scaffolds comparison before
students write their evaluation. The structure matches her analytical learning goal.
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4.2.4. Define Cognitive Level

Strategy 4 operationalizes Anderson and Krathwohl’s revised Bloom’s taxonomy and
Webb’s depth of knowledge framework [40-42]. Cognitive level specification can transform
implicit assumptions about thinking requirements into explicit pedagogical decisions.

A biology teacher distinguishing “explain the steps of photosynthesis” (recall) from
“evaluate which environmental factors most limit photosynthesis rates in specific ecosys-
tems” (evaluation + application) makes pedagogical reasoning visible. This shift from
lower-order to higher-order thinking reflects Biggs” constructive alignment principle: en-
suring cognitive demand matches intended learning outcomes [39]. The prompt defines
intended cognitive demand, forcing examination of whether activities match learning goals.

Cognitive-level articulation is not a classification exercise but a declaration of peda-
gogical intent: revealing what teachers consider appropriately challenging and why.

Sofia’s Application:

Sofia makes cognitive demand explicit in her prompt. She writes:

“This requires evaluation-level thinking. Students must judge solution effectiveness
using specific criteria: carbon reduction potential, implementation speed, and economic
feasibility. Avoid simple descriptions. Students should recognize trade-offs. Individual
actions are accessible but limited in scale. Government policies affect millions but
face political resistance. Technology offers large-scale impact but requires investment.
Students must weigh these factors, not just list solutions.”

This specification reveals Sofia’s pedagogical priority. She wants students wrestling
with complexity, not memorizing facts.

4.2.5. Include Examples and Constraints

Example specification externalizes teachers’ mental models of quality work, opera-
tionalizing Bandura’s modeling principle [43]. When teachers specify what good work
looks like, they make tacit standards explicit.

A writing teacher requests “mentor texts showing strong introductions—Ilike Ta-Nehisi
Coates’ opening in “The Case for Reparations’ where he uses historical narrative to frame
argument.” This demonstrates sophisticated quality criteria: specific structural elements,
rhetorical strategies, and effective models. This specification embodies assessment stan-
dards typically held implicitly: what Sadler terms “evaluative knowledge,” the capacity to
judge quality [44].

When teachers specify examples and constraints, they develop Brookhart’s “formative
assessment expertise”: recognizing and articulating gradations of quality [45]. Once
exemplars are defined, iteration becomes the site where these exemplars are tested and
refined, creating a continuous cycle of professional learning.

Sofia’s Application:

Sofia provides concrete quality standards. She writes:

“Model the reasoning I want to see: ‘Government policies like carbon taxes affect entire
industries. This creates larger impact than individual recycling. However, policies require
political will that takes years to build. This suggests combining approaches—individual
action builds public support for policy change.” Students should demonstrate this causal
reasoning. Constraints: present solutions fairly without declaring one ‘correct’ answer.
Show that each approach has strengths and limitations. Help students see strategic
thinking, not simple solutions.”

This exemplar makes Sofia’s tacit quality standards visible.
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4.2.6. Iterate and Reflect

Strategy 6 operationalizes Schon’s reflection-in-action, Kolb’s experiential learning
cycle, and principles of formative assessment and self-regulated learning [46]. Itera-
tion can transform prompting from output production into a reflective learning cycle,
positioning each revision as an opportunity for professional growth through feedback-
driven refinement.

Consider a teacher creating differentiated reading materials. Initial prompt: “Create
a passage about climate change.” Al produces text too complex for struggling readers.
Rather than viewing this as Al failure, iteration makes pedagogical thinking visible: what
was missing from my specification? The teacher realizes she did not specify reading level,
sentence complexity, or vocabulary support, elements she intuitively adjusts when teaching
but hadn’t externalized.

Revision: “Create a 300-word climate change passage for 6th graders reading at 4th
grade level, using short sentences and defining scientific terms in context.” This iteration re-
veals learning not about Al but about the teacher’s pedagogical reasoning. It makes explicit
what was implicit. Each prompt becomes a hypothesis about what effective instruction
requires. When AI output misaligns with intent, the gap reveals tacit knowledge requiring
articulation. This reframes “failure” as a professional learning opportunity: the essence of
reflective practice.

Sofia’s Application:

After reviewing the Al output, Sofia identifies a gap. The materials only discussed
Western developed nations. They ignored climate solutions in developing countries. Sofia
realizes she hadn’t articulated this explicitly. She revises her prompt:

“Include examples from diverse contexts: Costa Rica’s renewable energy transition,
Bangladesh’s climate adaptation strategies, Kenya’s mobile-based carbon tracking. Stu-
dents should see that effective solutions vary by context. Local conditions matter.”

This iteration demonstrates reflection-on-action. The gap between intent and out-
put revealed implicit knowledge. Sofia’s revision makes her commitment to global
perspectives explicit.

4.2.7. Share and Collaborate

Prompt sharing can transform individual reflection into collective professional learn-
ing. This strategy operationalizes Wenger’s communities of practice [25], where prompts
function as boundary objects [24] making pedagogical thinking collectively examinable.

When teachers share prompts, they share not outputs but pedagogical reasoning.
Examining a colleague’s prompt for differentiation reveals their learner analysis, scaffold-
ing strategies, and assessment thinking. This creates professional discourse grounded
in artifacts of practice rather than abstract discussion: facilitating legitimate peripheral
participation [35] and modeling expert thinking [43].

Collaborative examination addresses equity concerns: shared prompts reveal as-
sumptions about learners, exposing biases requiring collective examination. Leaders
supporting prompt-sharing communities create infrastructure for ongoing professional
development embedded in daily practice, transforming individual expertise into shared
professional knowledge.

Sofia’s Application:

Sofia shares her refined prompt at a staff meeting. It becomes a discussion catalyst. A
science teacher notices Sofia’s multi-scale framework. She says:

“I teach climate science but only focus on individual actions. Your approach shows
students how solutions connect across scales. That’s more sophisticated.” A social studies
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teacher observes Sofia’s evidence-based evaluation structure. He says: “I assign climate
essays but students produce opinion pieces. Your table-then-arqument format scaffolds
analytical thinking.”

The shared prompt enables legitimate peripheral participation. Less experienced
teachers access Sofia’s pedagogical reasoning through her explicit design decisions.

This progressive example demonstrates the framework’s integrated nature. Sofia
did not apply seven strategies sequentially. Each strategy revealed a different dimension
of her pedagogical thinking. Strategy 1 showed her learning goals. Strategy 2 showed
her student knowledge. Strategy 3 showed her assessment design. Strategy 4 showed
her cognitive expectations. Strategy 5 showed her quality standards. Strategy 6 showed
how iteration develops awareness. Strategy 7 showed how prompts enable collaborative
learning. Together, these strategies transformed Sofia’s prompt into a comprehensive
instructional design document. They made her pedagogical expertise visible and shareable.

Table 3 synthesizes Sofia’s progressive prompt development across all seven strategies,
illustrating the cumulative and integrated nature of the RPE framework.

Table 3. Cumulative evolution of Sofia’s reflective prompt.

RPE Strategy

Pedagogical Focus (Sofia’s Application) Evolution of the Prompt Content

1. Clarify Learning Outcomes

“Create a lesson where students compare three
types of climate solutions... evaluate which
approach is most effective using evidence.”
“My 9th graders feel helpless... They need to

Shifting from generic content request to
comparative analysis and evaluation.

2. Provide Context About Learners

3. Specify Format and Structure

4. Define Cognitive Level

5. Include Examples and Constraints

6. Iterate and Reflect

7. Share and Collaborate

Addressing “climate pessimism” and feelings
of helplessness as a pedagogical obstacle.

Using a comparison table to scaffold the
transition from data collection to
argumentation.

Demanding evaluation-level thinking by
weighing trade-offs rather than simple
description.

Externalizing tacit quality standards through a
reasoning model and neutrality constraints.

Performing reflection-on-action to correct the
omission of diverse global contexts.

Transforming the prompt into a “boundary
object” to reveal cross-disciplinary
pedagogical logic.

see that individual, governmental, and
technological approaches all have specific
roles.”

“Create a comparison table with rows for:
examples, carbon impact scale,
implementation timeline, and barriers... then
write a 250-word argument.”

“Students must judge solution effectiveness...
weighing factors like carbon reduction
potential versus political resistance.”

“Model the reasoning: ‘Government policies
create larger impact than individual recycling
but require political will’... Show that each
approach has limitations.”

“Include examples from diverse contexts:
Costa Rica’s renewable energy, Bangladesh’s
adaptation, Kenya’s carbon tracking.”

The final integrated prompt serves as an
instructional design document that makes
Sofia’s expertise visible and shareable.

4.3. Framework as Reflective Cycle

The seven strategies map onto two interconnected reflective cycles. Strategies 1-5 oper-
ationalize Schon'’s reflection-on-action [10]: teachers formulate pedagogical thinking before
prompting. Strategy 6 operationalizes reflection-in-action: real-time adjustment as gaps be-
tween intent and output become visible. Strategy 7 extends reflection to collective practice:
communities examining shared prompts engage in collaborative reflection-on-action.

This dual-cycle structure positions prompt engineering as reflective practice. Individ-
ual iteration develops personal pedagogical understanding. Collaborative examination
develops shared professional knowledge. This makes pedagogical thinking visible at both
personal and communal levels.

4.4. Framework as Analytic Lens

The framework can function as an analytic lens for examining prompting practice, not
a prescriptive checklist. This distinction matters: technical frameworks tell teachers what
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to do; reflective frameworks help teachers understand what they are already doing and
why. The framework can reveal the pedagogical thinking embedded in prompts, whether
teachers consciously apply strategies or not. Every prompt implicitly addresses learning
outcomes, learner characteristics, format expectations, cognitive demands, quality criteria,
and revision processes. These dimensions exist whether explicitly stated or not.

The analytic function has three applications. First, teachers examining their own
prompts identify which pedagogical dimensions they specify readily and which remain
implicit, revealing professional development needs. Second, teacher educators analyzing
novice versus expert prompts identify expertise development patterns. Third, researchers
studying prompting as professional practice use the framework to characterize pedagogical
sophistication across contexts.

This positions the framework as an epistemic tool for understanding professional
practice rather than a procedural guide for improving outputs. Its power lies not in
prescribing what teachers should prompt, but in revealing what their prompting discloses
about their pedagogical thinking.

4.5. Operationalizing the Framework: A Step-by-Step Illustrative Case

This section presents a detailed case study demonstrating the RPE framework’s ap-
plication in secondary biology education (cellular respiration). An additional case study
illustrating the framework’s application in elementary mathematics (fractions) is provided
in Appendix A, demonstrating the framework’s adaptability across educational levels and
disciplinary contexts.

To demonstrate how the RPE framework functions as an analytic lens for examining
prompt engineering sophistication, we examine the evolution of a lesson design process
through three developmental stages. This case follows Maria Kiriakou, a biology teacher
with eight years of experience, as she prepares materials for her annual unit on cellu-
lar respiration. Maria had observed that despite thorough coverage of the material, her
10th-grade students consistently struggled with two issues. First, they confused cellular
respiration (the cellular metabolic process) with breathing (the respiratory system). Sec-
ond, they memorized the reaction stages without understanding ATP production as the
functional purpose. Maria decided to use Al assistance to develop more targeted materials,
employing the RPE framework to make her instructional design thinking explicit. The
case illustrates the transition from “Al User” to “Instructional Designer” by revealing how
iterative prompting externalizes tacit pedagogical knowledge.

4.5.1. Stage 1: The Technical Rationality Baseline (The “Al User”)

Initially, Maria approached the AI with a focus on output generation rather than
pedagogical design, reflecting a technical rationality approach where Al serves as a content-
production tool.

Initial Prompt: “Create an interactive explanation of cellular respiration for 10th
grade biology.”

AI Output: A standard list of biological facts (glycolysis, Krebs cycle, electron transport
chain) followed by a generic multiple-choice quiz testing definitional recall.

Analysis: This prompt represents a weak application of the instructional design core
(Strategies 1-5). It lacks specific learning outcomes (Strategy 1). It provides no learner
context regarding prior knowledge or misconceptions (Strategy 2). It omits assessment
criteria beyond “interactive” (Strategy 3). It assumes a low cognitive level focused on recall
rather than understanding (Strategy 4). The teacher’s considerable pedagogical expertise
remains tacit and unexpressed. This includes her knowledge of her students’ specific
struggles, her instructional metaphors, and her assessment priorities. The result is a generic
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output that, while scientifically accurate, fails to address the specific pedagogical challenges
of her classroom context.
Teacher’s Reflection (Between Stage 1 and 2):

“When I reviewed the Al output, my first reaction was disappointment. It looked like
every cellular respiration explanation I could find in a textbook. Then I realized: of
course it did. I hadn't told the Al anything about MY students or MY classroom. The
output was technically correct but pedagogically useless because I hadn’t externalized
any of my professional knowledge. Every year, students confuse cellular respiration with
breathing. It's the most persistent misconception I encounter. But I never mentioned it in
my prompt. I also have specific instructional moves I use: the ‘cellular factory’ metaphor
that we establish in class, the emphasis on ATP as the “why’ behind each stage. None of
that was in my prompt. I was treating the Al like a search engine: give it keywords, get
generic content back. I wasn't using it as an instructional design partner that needs my
pedagogical expertise to create something actually useful for my students.”

Strategies Applied: Strategy 1 (partial—vague objectives), Strategy 3 (partial—format
request only).
Missing: Strategies 2,4, 5, 6, 7.

4.5.2. Stage 2: Reflective Externalization (The “Designer” in Progress)

Through reflection-on-action, Maria recognized that the Al output failed to address
the critical conceptual obstacle her students face. A conversation with a colleague who
asked, “Will this actually help YOUR students understand the difference between cellular
respiration and breathing?” prompted her to articulate the misconception explicitly in her
next iteration.

Revised Prompt: “Create a lesson on cellular respiration for 10th grade biology. Focus
on ATP production at each stage: glycolysis, Krebs cycle, and electron transport chain. Use
the “cellular factory’ metaphor we established in class where the cell is a factory, glucose
is raw material, and ATP is the product. Crucially, address the common student miscon-
ception that cellular respiration is the same as breathing. Explain that breathing delivers
oxygen, but cellular respiration is the chemical process inside cells that produces energy.”

Analysis: This iteration reveals a fundamental shift toward pedagogical externaliza-
tion. The prompt now functions as an explicit design document. It integrates content
knowledge (the three stages), pedagogical knowledge (the factory metaphor as conceptual
scaffold), and pedagogical content knowledge (the breathing misconception as the primary
learning obstacle). By specifying both the metaphor and the misconception, Maria external-
izes her PCK. This makes her instructional rationale visible and available for examination.
The prompt demonstrates stronger application of Strategies 1 (specific learning outcome:
distinguishing cellular respiration from breathing), 2 (learner context: the misconception),
and 5 (the factory metaphor as an instructional example). However, assessment criteria
and cognitive level remain implicit.

Teacher’s Reflection (Between Stage 2 and 3):

“This version felt completely different. The Al output was finally something I could
actually use in my classroom because it addressed MY students’ specific struggle. Adding
the misconception and our metaphor changed everything. I was now designing for my
context, not for some generic 10th grade class. But when I tried to use the materials,
I realized there was still a gap. The explanation was good, but I hadn’t specified how
students should demonstrate understanding. What does “proficient’ understanding look
like versus ‘novice’? And I have several ESL learners who need language scaffolding
without reducing scientific rigor. I also realized I wanted them to think ecologically:
how would lack of oxygen or glucose limit ATP production? I wanted this, not just
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memorization of the steps. All of these design decisions exist in my head when I plan
lessons, but I hadn't made them explicit in the prompt.”

Strategies Applied: 1, 2, 5 (Examples via metaphor).
Emerging: Strategy 6 (Reflective iteration becoming systematic).
Still Missing: Strategies 4 (explicit cognitive level), 7 (collaborative sharing).

4.5.3. Stage 3: Full RPE Integration (The “Instructional Designer”)

In the final iteration, Maria integrated all dimensions of the RPE framework. She
used the prompt as a complete instructional design document that embodies back-
ward design principles, assessment criteria, differentiation strategies, and cognitive
demand specification.

Final Refined Prompt: “Act as an instructional designer using Backward Design prin-
ciples. Our learning goal is for 10th grade biology students to evaluate how environmental
factors (oxygen availability, glucose availability, temperature) would limit ATP production
at specific stages of cellular respiration. Create a scaffolded case study where students
analyze a scenario and make predictions. Include a rubric that clearly defines what “profi-
cient” evaluation looks like (considers multiple stages, explains mechanisms, makes specific
predictions) versus ‘novice’ evaluation (identifies factors but does not explain mechanisms).
Use the ‘cellular factory” metaphor we established in class. Address the misconception that
cellular respiration equals breathing. Adjust language complexity for ESL learners (define
technical terms, use visual supports) while maintaining 10th-grade scientific rigor. The
assessment should reveal whether students understand ATP production as the functional
purpose, not just memorize the stages.”

Analysis: This prompt represents full integration of the RPE framework’s instructional
design core. It specifies learning outcomes using Bloom’s taxonomy (“evaluate” as higher-
order thinking, Strategy 4). It provides comprehensive learner context including the
persistent misconception and ESL considerations (Strategy 2). It defines explicit assessment
criteria through the rubric specification (Strategy 3). It includes the established metaphor as
an example (Strategy 5). It embodies the principle of backward design by starting with the
desired outcome (evaluation of limiting factors) and working backward to the instructional
approach. The progression from Stage 1 to Stage 3 demonstrates Strategy 6 (Reflective
Iteration) in action.

Teacher’s Reflection (After Stage 3):

“Looking at this final prompt, I realize it’s essentially an X-ray of my teaching philosophy.
Everything I value is in there: Backward Design starting with learning goals, differ-
entiation for my ESL students, assessment criteria that distinguish surface-level from
deep understanding, higher-order thinking rather than memorization. I do all of these
things intuitively when I plan lessons, but I've never articulated them this systematically.
The process of refining these prompts wasn't just about getting better Al output. It was
professional development. It made me examine my own pedagogical reasoning in a way
that’s usually invisible. The Al didn’t give me expertise I lacked. It gave me a mirror
to see the expertise I already possess but had never fully externalized. Now I can share
this prompt with colleagues and explain exactly why I made each design decision. That’s
something I couldn’t do before.”

Strategies Applied: All seven strategies integrated.
Especially evident: Strategy 4 (Cognitive Level via Bloom’s taxonomy), Strategy 6
(Systematic reflective iteration), Strategy 1 (Specific, measurable outcomes).
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4.5.4. What the Complete Cycle Reveals

Maria’s progression demonstrates the RPE framework’s developmental trajectory
from technical rationality to reflective professional practice. In Stage 1, she operated as
an “Al User.” She approached the Al as a content-generation tool without externalizing
her pedagogical expertise. The generic result prompted reflection-on-action, forcing her
to recognize the tacit knowledge she carries. This includes her students” misconceptions,
her instructional metaphors, and her pedagogical priorities (Stage 2). By Stage 3, she had
transformed into an “Instructional Designer.” She used the prompt as a comprehensive
design document that integrated backward design principles, assessment criteria, cognitive
demand specifications, and learner scaffolding.

Critically, this iterative process functioned as professional development rather than
mere tool use. The requirement to make pedagogical knowledge explicit through prompt
construction developed metacognitive awareness. This awareness would have remained
tacit in traditional practice. Each iteration constituted a cycle of reflection-on-action where
Al output served as immediate feedback revealing gaps in articulation. As Maria reflected:
“I've taught cellular respiration for eight years, but writing these prompts made me artic-
ulate WHY I teach it the way I do. This included the conceptual obstacles students face,
the scaffolds that work, and the level of thinking I am targeting. The Al didn’t give me
pedagogical expertise. It gave me a mirror to examine the expertise I already had but
couldn’t see.”

This case exemplifies how the RPE framework repositions prompt engineering from
technical operation to reflective professional practice. The prompts themselves become
artifacts of pedagogical thinking: visible, examinable, and shareable. When teachers
construct prompts at the level of sophistication demonstrated in Stage 3, they engage
in the same professional work that defines teaching. This includes instructional design,
pedagogical reasoning, and assessment planning. They do this through a medium that
makes this work explicit. The framework thus transforms Al interaction into a site for
pedagogical externalization. This enables both immediate instructional improvement and
ongoing professional growth.

Beyond individual development, this process extends into collective professional
learning. Maria later shared her refined prompt at a department meeting, where it be-
came a catalyst for examining diverse pedagogical philosophies. One colleague prioritized
different text complexity (current events articles versus scientific papers). Another em-
phasized different scaffolding approaches (graphic organizers versus worked examples).
These variations revealed that prompting sophistication reflects not just technical com-
petence but pedagogical identity. The shared prompt functioned as what Wenger terms
a “boundary object” [25]. It became an artifact enabling collective professional inquiry
where teachers examined not just what instructional decisions they make, but why. This
collaborative dimension exemplifies Strategy 7 (Share and Collaborate). It demonstrates
how individual reflective practice, when made visible through explicit prompts, naturally
extends into collective professional learning within communities of practice. The prompt
becomes simultaneously an individual learning tool and a social artifact. It facilitates
the kind of collaborative pedagogical discourse that characterizes effective professional
development ecosystems.

4.6. Operationalizing UNESCO AI Competency Framework for Teachers

The RPE framework provides an implementation mechanism for UNESCO AI com-
petency framework for teachers’ fifth aspect: ‘Al for Professional Development.” This
aspect identifies three progression levels but lacks theoretical grounding for their actualiza-
tion [3]. Table 4 maps the seven RPE strategies across UNESCQO’s progression levels, illus-
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trating how theoretically grounded professional development differs from skill-oriented

technical training.

Table 4.
contrasting approaches.

Operationalizing UNESCO AI CFT ‘Al for Professional Development’ aspect:

UNESCO Progression Level

Skill-Oriented Approach
(Technical Training)

RPE Framework Approach
(Professional Development)

RPE Strategies

Acquire: Individual
Professional Learning

Deepen: Organizational
Learning

Create: Professional
Transformation

Teachers learn prompting syntax,
templates, and technical patterns
as external competencies
to master

Teachers share effective prompts
as best practices; organizations
standardize prompting
procedures

Teachers master advanced Al
features and become technical
experts in prompt optimization

Teachers externalize tacit instructional
knowledge through structured
pedagogical articulation; iteration
refines capacity for making
instructional thinking explicit
Teachers share prompts as boundary
objects for examining pedagogical
assumptions; organizations build
collective understanding through
collaborative reflection
Teachers develop metacognitive
awareness of instructional design
thinking; identity shifts from Al user
to instructional designer

Strategies 1-5 (instructional
design core): Systematic
externalization of backward
design decisions

Strategy 7 (Share and Collaborate):

Communities of practice enabling

joint examination of instructional
reasoning

Strategy 6 (Iterate and Reflect):
Reflection-on-action developing
both artifacts and professional
understanding

The mapping reveals fundamental differences between approaches. The instructional
design core (Strategies 1-5) operationalizes the acquire level. It enables job-embedded
pedagogical externalization rather than teaching prompting syntax. Strategy 7 (Share
and Collaborate) operationalizes the Deepen level through communities of practice [25].
Prompts serve as boundary objects for collective reflection. This contrasts with technical
approaches that share prompts as templates to replicate. Strategy 6 (Iterate and Reflect)
operationalizes the Create level. It develops metacognitive awareness through reflection-on-
action [10], supporting the identity transformation from AI user to instructional designer.

This integration of Schon’s reflective practice [10], Wiggins and McTighe’s backward
design [13], and Wenger’s communities of practice [25] can provide theoretical mechanisms
for operationalizing all three UNESCO progression levels. Technical frameworks (e.g.,
CLEAR [4], IDEA [5]) lack these foundations, remaining at the Acquire level’s surface with-
out developing the professional capacities UNESCO’s Deepen and Create levels require.

5. Discussion

The reflective prompt engineering (RPE) framework offers a conceptual basis with
potential implications for teacher development at every professional stage. By reposi-
tioning prompting as pedagogical externalization, the framework informs the redesign of
professional development (PD) programs, pre-service teacher education, and instructional
leadership. This fosters a context where pedagogical expertise, not technical skill, drives
effective Al integration.

5.1. Redesigning Teacher Professional Development Programs

Adopting the RPE framework requires a fundamental change in PD program design,
shifting the focus from technical instruction to reflective practice. This necessitates three
strategic redesigns:

e Job-Embedded Learning: PD must replace traditional workshops with continuous,
job-embedded application within the classroom context. Prompting is treated as a
reflective tool where teachers develop skills in practice, with reflective revision serving
as the primary learning mechanism. For example, when a middle school mathematics
department collaboratively develops algebra materials, examining prompts reveals
varied assumptions. Different teachers prompt for scaffolding differently, showing
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their assumptions about prerequisite knowledge, cognitive load management, and
error anticipation. This collaborative prompt construction makes professional learning
inseparable from instructional design. It embeds development in daily practice rather
than separating it as external training. This principle is validated across Al-mediated
reflective practices in language teacher education [18].

e  Communities of Practice (CoP): Isolation is replaced by collaboration. Strategy 7 of RPE
(Share and Collaborate) encourages the creation of communities of practice. Refined
prompts serve as boundary artifacts and become objects of critical discussion. This
transforms individual learning into collective, shareable pedagogical knowledge [24].

e Assessment Focus: Success metrics must shift from the quality of the final Al output
to the quality of the pedagogical thought revealed in the prompt. Assessment should
focus on the teacher’s ability to effectively integrate AI-TPACK into the prompting
process, evaluating the sophistication of their specified design decisions.

The necessity for this structural redesign is supported by empirical evidence. Despite
training, reflective writing in pre-service teacher education often remains superficial and
descriptive. It fails to achieve deep, critical analysis of practice [47]. The RPE framework,
by demanding the explicit articulation of design decisions, aims to structurally overcome
this deficiency.

The efficacy of these three strategic redesigns is empirically validated. Meta-analysis of
59 experimental studies demonstrates that teacher education interventions yield significant
TPACK improvements (d = 0.839). This occurs when structured as sustained professional
development rather than short-term training. Three critical findings support the RPE frame-
work’s approach. First, intervention duration beyond 6 months produces substantially
stronger effects. This validates job-embedded learning over workshop models. Second,
method-based interventions (emphasizing pedagogical strategies) significantly outperform
purely technical training. This confirms that pedagogical expertise drives effective inte-
gration. Third, theory-grounded assessment instruments reveal larger effect sizes than
self-reported measures. This underscores the necessity of rigorous, pedagogically anchored
evaluation frameworks [48].

The RPE framework’s conceptualization of prompt engineering as reflective practice
finds support across multiple educational contexts. Empirical evidence from pre-service
teacher education demonstrates that Al-mediated iterative feedback significantly improves
reflection quality [29]. Additionally, research on prompt engineering instruction shows that
structured engagement with prompt patterns enhances reflective competencies and self-
regulated learning skills even among novice learners [49]. This suggests that the reflective
benefits of prompt engineering emerge from the cognitive processes inherent in the practice
itself: articulating goals, externalizing reasoning, and iterating based on feedback. If
students develop reflective competencies simply by learning prompt engineering patterns,
experienced teachers may experience amplified reflective benefits. They can apply these
same patterns to instructional design, drawing on their pedagogical expertise to engage in
deeper metacognitive analysis.

As detailed in Section 4.6, the RPE framework operationalizes UNESCO AI CFT’s
three progression levels through theoretically grounded mechanisms. These include job-
embedded reflection (Acquire level), communities of practice (Deepen level), and iterative
identity transformation (Create level). These strategic redesigns provide the implementa-
tion mechanism UNESCO’s competency framework requires. The shift in assessment focus
supports this implementation. Moving from output quality to pedagogical sophistication
prepares teachers for the ‘Create” level’s requirement to function as agents of professional
transformation [3].
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Addressing Equity Concerns

While effective deployment of the framework presupposes pedagogical expertise,
potentially widening gaps between expert and novice educators, the framework contains
inherent mechanisms to mitigate this risk. Strategies 6 and 7 (iterate and reflect; share and
collaborate) function as dynamic professional learning mechanisms. When less experienced
teachers examine the prompts of more expert colleagues (Strategy 7), the explicit design
document grants direct access to expert pedagogical thinking. The prompt becomes an
artifact enabling legitimate peripheral participation [35], actively bridging professional
development gaps rather than merely recording existing expertise.

5.2. Implications for Pre-Service Teacher Education

The RPE framework can provide a conceptual foundation for integrating generative
Al into pre-service teacher education programs.

Strategy 6 (iterate and reflect) can transform student teachers’ field experiences into
iteration laboratories. Student teachers are not merely trained in Al usage. Instead, they
utilize prompting as a tool to diagnose gaps in their instructional design thinking. In this
approach, the Al functions as a reflective partner. It provides immediate feedback on lesson
planning, accelerating the development of reflective capacity (reflection-in-action) before
they fully enter the profession.

5.3. Implications for Educational Leadership and Coaching

For educational leaders and instructional coaches, the RPE framework provides a
common language for discussing technology integration.

RPE highlights that the role of the instructional coach is more critical than that of
the technology specialist. Coaches can use prompts as diagnostic tools, asking, “What
does this prompt reveal about your pedagogical intentions and your assumptions about
the learners?” This approach focuses discussions on the teacher’s pedagogical expertise
(professional judgment), affirming their professional authority rather than reducing Al
integration to a technical problem.

5.4. Framework Adaptability Across Disciplinary Contexts

The RPE framework demonstrates adaptability across disciplines, emphasizing that
pedagogical externalization is a universal mechanism for professional development.

5.4.1. Mathematics: Algebraic Thinking

Prompt evolution for an algebra teacher reveals their pedagogical content knowledge
(PCK). An initial prompt (“Create practice problems on quadratic equations”) lacks speci-
ficity. A refined version progresses to detailed requirements: “Create 8 problems using
factoring, completing square, and quadratic formula (2-3 per method), progressing from
integer to rational coefficients. Include one word problem requiring equation formula-
tion.” This evolution externalizes knowledge regarding method variety, cognitive load
management, and anticipated student errors.

5.4.2. Science: Inquiry-Based Learning

In the sciences, prompt revision demonstrates how teachers implement systems think-
ing and inquiry-based pedagogy. A vague initial prompt (“explanation of food webs”)
evolves to specify complexity (grade-appropriate), approach (disruption scenarios requir-
ing prediction), scaffolding (simple three-organism chains), and assessment (evaluating
predictions using ecological principles).
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5.4.3. Humanities: Critical Analysis

In the humanities, prompt refinement focuses on critical literacy and text accessibility.
Revision from “analyze persuasive techniques” progresses to detailed specifications. These
include sources (contemporary op-eds), analytical depth (rhetorical strategies beyond
claims/evidence), reading levels, and scaffolding (model analysis first). This evolution
reveals pedagogical thought concerning developing critical capacity and text accessibility.

5.5. Limitations and Future Research
5.5.1. Theoretical Nature

This paper presents a theoretical-conceptual framework based on systematic synthesis
of existing theories. While the theoretical foundation of Schén'’s reflective practice, back-
ward design, and AI-TPACK provides strong conceptual validity, the RPE framework has
not yet undergone empirical validation. The consequences and operational mechanisms de-
scribed require experimental or qualitative study. This is particularly true for the claim that
prompting leads to pedagogical knowledge externalization. Thus, the findings constitute
theory-derived hypotheses, providing a model for future research rather than empirically
verified outcomes.

5.5.2. Teacher-Centric Focus

The RPE framework focuses on the transformation of the teacher’s role and how
prompting enhances professional practice. While this is critical for professional devel-
opment, the paper does not directly examine several important areas. These include:
(a) impact on student learning outcomes, (b) the impact of algorithmic bias potentially
embedded in Al tools, or (c) whether the framework’s core mechanism of professional
expertise externalization transfers to domains beyond education (e.g., medicine, law, en-
gineering). Analysis of these issues remains beyond the scope of this conceptual work,
though they represent important directions for future empirical investigation.

5.5.3. Future Research

The RPE framework, as a theoretical-conceptual model, generates testable hypotheses
that address critical gaps in the methodology and evaluation of Al-mediated professional
development (PD).

1. Validation of Pedagogical Externalization via Mixed Methods

The central theoretical hypothesis of the RPE is that the explicit articulation of
prompts externalizes tacit pedagogical knowledge, transforming it into a critically
examinable artifact.

Proposed Direction: Future research must validate this mechanism by adopting con-
current mixed-methods research, similar to approaches used in analyzing reflective writing.
Studies should combine qualitative process data (e.g., think-aloud protocols during prompt
iteration) with quantitative computational linguistic analysis (NLP).

Goal: The primary objective is to systematically quantify the correlation between
the level of RPE strategy integration in the prompt and the use of cognitive and affective
language that signals deeper reflection. This would empirically validate the prompt’s
function as an externalized reflective artifact.

2. Measuring RPE’s Impact on AI-TPACK and PD Efficacy

Empirical evidence indicates that current reflective writing often remains low-level
and superficial, necessitating a structural solution like the RPE.

Proposed Direction: Experimental studies are needed to compare the effectiveness
of RPE-based professional development programs versus programs based on technical
frameworks (e.g.,, CLEAR, IDEA).
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Goal: These studies must utilize longitudinal designs and employ theory-grounded
assessment instruments. They should measure changes in teachers” holistic pedagogical
capacity (AI-TPACK) and the resulting quality of their reflective practice. This is essential
to demonstrate that the pedagogical focus of the RPE framework produces measurably
superior outcomes to purely technical training.

3. Tool-Mediated Implementation and Comparative Validation

While Direction 2 addresses program-level effectiveness, the RPE framework also
requires operationalization through practical tools that scaffold individual teacher practice.

Proposed Direction: Design-based research should develop Al-powered implemen-
tations that embed RPE principles through structured interfaces. This enables controlled
comparison of theory-grounded versus technical approaches. Such tools should: (a) scaf-
fold explicit application of the seven strategies through structured prompts, (b) enable
educational theory selection for pedagogical grounding (implementing Strategies 1-5),
and (c) provide comparative modes allowing within-subjects evaluation of RPE-informed
versus technical prompting.

Goal: Tool-mediated studies enable precise measurement of RPE impact on prompt
quality while providing practical implementations for teacher use. By comparing theory-
grounded scaffolding against technical frameworks (CLEAR, IDEA), such research di-
rectly tests a key hypothesis. It examines whether pedagogical expertise, operationalized
through RPE, produces superior instructional design outcomes compared to technical
optimization approaches.

6. Conclusions: The Value of Pedagogical Expertise in the Al Era

The reconceptualization of prompt engineering from technical skill to reflective profes-
sional practice addresses the theoretical gap in educational Al literature. It positions prompt
engineering within decades of research on teacher professional learning. This proposed
paradigm shift aims to reposition teachers from technology consumers to professional
practitioners. It offers an alternative framing for concerns about Al and teacher profes-
sionalism. Instead of viewing Al as an external force requiring adaptation, Al-mediated
prompt engineering can be the medium through which teachers practice and develop
their existing expertise. This demonstrates how pedagogical sophistication, not technical
operation, determines effective Al integration.

This work proposes three interconnected theoretical contributions to understanding
prompt engineering in teacher professional development.

First, it offers conceptual reframing. It integrates Schon’s reflective practice [10] with
instructional design principles [13] and AI-TPACK [12]. This positions prompt engineering
within established theories of professional learning rather than as novel technological com-
petency. It addresses the absence of pedagogical frameworks identified in recent systematic
reviews [2,9]. When teachers construct prompts, they externalize tacit knowledge underly-
ing instructional decisions. This transforms knowing-in-action into reflection-on-action.

Second, it proposes repositioning teachers through identity transformation. Effective
prompting requires the same pedagogical expertise that defines teacher professionalism.
Rather than learning new technical skills, teachers make their existing instructional design
thinking visible and examinable through prompting.

Third, it proposes that the seven-strategy framework can serve as a mechanism for
ongoing teacher learning. Iteration functions as a reflective cycle developing both in-
structional artifacts and pedagogical understanding. This could operationalize UNESCO
Al competency framework’s fifth aspect through job-embedded practice [3]. These pro-
posed contributions aim to transform prompt engineering from external skill acquisition to
internal capacity building, reclaiming teacher agency in the Al era.
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The principle of human—Al co-agency positions teachers as active partners in Al-
mediated practice, where reflective pedagogical judgment guides effective technology use.
The sophistication of Al interaction depends on the depth of pedagogical knowledge the
teacher can externalize through prompting. This recognition can transform Al anxiety into
professional confidence. Teachers, secure in their pedagogical expertise, can approach Al
as a tool enhancing their instructional practice, not a threat requiring accommodation.

Teachers have always been instructional designers, defining learning objectives, se-
lecting materials, scaffolding difficulty, and determining assessment criteria. Prompt
engineering offers a visible medium through which to externalize and examine this exist-
ing expertise. As Al capabilities advance, the distinctively human contribution becomes
clearer and more valuable. This contribution is pedagogical judgment formulated through
reflective prompting.

The reflective prompt engineering framework repositions teachers as instructional
designers whose pedagogical expertise guides Al interaction. By making pedagogical
knowledge explicit through prompting, teachers engage in the distinctively human work of
articulating learning objectives, defining cognitive demand, specifying learner needs, and
determining assessment criteria. This framework is specifically developed for teacher pro-
fessional development. The RPE framework draws on decades of established pedagogical
theory—Schon'’s reflective practice [10], backward design [13], and AI-TPACK [12]—that
are unique to education. The seven strategies operationalize instructional design principles
specific to teaching and learning contexts. While expertise externalization is a general prin-
ciple, this framework’s mechanisms are pedagogically situated. Investigation of whether
analogous frameworks might emerge in other professions would require domain-specific
theoretical foundations and independent validation. This represents future research beyond
the current study’s scope.

This repositioning of teachers as instructional designers reflects a fundamental shift
in how we conceptualize Al integration in educational practice. Rather than viewing Al
as autonomous intelligence requiring teacher oversight, we adopt Shneiderman’s human-
centered Al paradigm [30] and Engelbart’s augmentation philosophy [50]. Al serves
as a medium through which teachers express, examine, and refine their pedagogical
expertise. The quality of Al output depends not on algorithmic sophistication alone, but
on the sophistication of pedagogical thinking made explicit through prompting [31]. In
this paradigm, pedagogical expertise becomes more valuable, not less, as Al capabilities
advance. The ability to externalize instructional judgment determines system effectiveness.
By recognizing prompt engineering as reflective professional practice, we position teachers
as the instructional designers they have always been, now equipped with a new medium
for pedagogical knowledge externalization and professional development.
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Abbreviations

The following abbreviations are used in this manuscript:

Al Artificial Intelligence

AI-TCK Artificial Intelligence Technological Content Knowledge

AI-TPACK  Artificial Intelligence Technological Pedagogical Content Knowledge
AI-TK Artificial Intelligence Technological Knowledge

AI-TPK Artificial Intelligence Technological Pedagogical Knowledge

CK Content Knowledge

CLEAR Concise, Logical, Explicit, Adaptive, Reflective framework

CoP Communities of Practice

IDEA Introduce, Define, Execute, Adapt framework
PCK Pedagogical Content Knowledge

PK Pedagogical Knowledge

RPE Reflective Prompt Engineering

TPACK Technological Pedagogical Content Knowledge
TPK Technological Pedagogical Knowledge

Appendix A. Complete Case Study

To further demonstrate the RPE framework’s adaptability across educational levels
and disciplinary contexts, this appendix presents a second developmental case study. While
Section 4.5 examined secondary biology education, this case follows Dimitris Papadopoulos,
a fourth-grade mathematics teacher with five years of experience, as he develops materials
for his annual unit on fractions. Dimitris had observed that despite consistent practice
with fraction algorithms, his students demonstrated two persistent issues. First, they
could execute procedures (adding fractions with like denominators, reducing to simplest
form) without understanding fraction magnitude or equivalence. Second, they memorized
rules (“flip and multiply”) without connecting these operations to conceptual models.
Dimitris decided to use Al assistance to develop more conceptually focused materials,
employing the RPE framework to externalize his instructional design thinking. This case
illustrates how the framework functions across different grade levels, subject areas, and
pedagogical challenges.

Appendix A.1. Stage 1: The Technical Rationality Baseline (The “Al User”)

Initially, Dimitris approached the Al with a focus on generating practice materials
rather than designing conceptual instruction, reflecting a view of Al as a worksheet-
generation tool.

Initial Prompt: “Create fraction practice problems for 4th grade students.”

Al Output: A list of computation exercises: “Solve: 1/4 +2/4=__", “Reduce 6/8
to simplest form”, “Compare: 2/3 ___ 3/4”. The problems tested procedural execution
without requiring conceptual understanding.

Analysis: This prompt represents minimal application of the instructional design core
(Strategies 1-5). It lacks specific learning outcomes beyond procedural fluency (Strategy 1).
It provides no learner context regarding students’ conceptual difficulties with magnitude
and equivalence (Strategy 2). It omits specification of representations or models (Strategy
3). It assumes a low cognitive level focused on computation rather than understanding
(Strategy 4). The teacher’s considerable pedagogical expertise remains unexpressed. This
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includes his knowledge that students can compute with fractions while lacking under-
standing of what fractions represent, his recognition that visual models support conceptual
development, and his awareness that certain conceptual obstacles require explicit attention.
The result is a generic worksheet that, while mathematically correct, fails to address the
fundamental challenge: building conceptual understanding of fractional quantities.

Teacher’s Reflection (Between Stage 1 and 2):

“Looking at these problems, I realized they were exactly what I was trying to move away
from. Pure computation with no conceptual foundation. My students can already solve 1/4 + 2/4
mechanically. They just add the numerators and keep the denominator. But if I ask them to show me
1/4 + 2/4 on a number line or explain why the answer makes sense, they're lost. The fundamental
issue is that they don’t understand fractions as numbers with magnitude and position. They see them
as two separate whole numbers with a line between them. I have specific instructional moves for this.
We use fraction strips extensively. We always connect symbolic notation to visual representations.
We emphasize comparison and magnitude before computation. None of that expertise was in my
prompt. I was treating the Al like a problem generator, not as a partner that could help me design
conceptually-grounded instruction. The prompt revealed nothing about my pedagogical thinking.”

Strategies Applied: Strategy 1 (partial—vague objective), Strategy 3 (partial—
format only).

Missing: Strategies 2,4, 5, 6, 7.

Appendix A.2. Stage 2: Reflective Externalization (The “Designer” in Progress)

Through reflection-on-action, Dimitris recognized that the Al output failed to support
his central instructional goal: developing conceptual understanding of fractions as quanti-
ties. A planning conversation with his grade-level team prompted him to articulate this
goal explicitly in his next iteration.

Revised Prompt: “Create fraction learning activities for 4th grade that focus on un-
derstanding fractions as numbers, not just computing with them. Include visual models
like fraction strips or number lines. Address the common misconception that fractions
are two separate whole numbers rather than a single quantity. Start with comparing and
ordering fractions (which is bigger: 2/3 or 3/4?) before moving to computation. Use
familiar contexts like pizza slices or measuring cups to make fractions concrete.”

Analysis: This iteration reveals a fundamental shift toward pedagogical externaliza-
tion. The prompt now functions as an instructional design document that integrates content
knowledge (fractions as quantities), pedagogical knowledge (visual models as conceptual
scaffolds), and pedagogical content knowledge (the part-whole misconception as primary
learning obstacle). By specifying both the visual representations and the conceptual mis-
conception, Dimitris externalizes his PCK. This makes his instructional rationale visible
and available for examination. The prompt demonstrates stronger application of Strategies
1 (specific learning outcome: understanding fractions as quantities), 2 (learner context: the
misconception), and 5 (fraction strips and number lines as examples). However, assessment
criteria for conceptual understanding and specific cognitive demands remain implicit.

Teacher’s Reflection (Between Stage 2 and 3):

“This version was much better. The Al output finally included the visual representations
and conceptual focus I wanted. But when I tried the activities with my class, I realized
there were still gaps in my specification. I have three students with dyscalculia who need
very specific scaffolding. They need smaller numerical values, more structured visual
supports, and explicit step-by-step progression. I also realized I hadn’t specified what
‘understanding’ looks like. Can students explain why 2/3 is less than 3/4? Can they
place fractions on a number line without counting unit fractions? Can they justify their
reasoning using visual models? These are the assessment criteria I use when evaluating
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conceptual understanding, but I hadn’t made them explicit. I also wanted higher-order
thinking. Not just “which is bigger” but "how do you know’ and “prove it with a model.’
All of these design decisions were in my head but not in my prompt.”

Strategies Applied: 1, 2, 5 (Examples via visual models).
Emerging: Strategy 6 (Reflective iteration becoming systematic).
Still Missing: Strategies 4 (explicit cognitive level), 7 (collaborative sharing).

Appendix A.3. Stage 3: Full RPE Integration (The “Instructional Designer”)

In the final iteration, Dimitris integrated all dimensions of the RPE framework.
He used the prompt as a complete instructional design document that embodies back-
ward design principles, assessment criteria, differentiation strategies, and cognitive
demand specification.

Final Refined Prompt: “Act as an instructional designer using Backward Design
principles. Our learning goal is for 4th grade students to evaluate and justify fraction
comparisons using visual models and magnitude reasoning. Create a scaffolded learning
sequence with three levels. Level 1 (unit fractions): compare fractions with numerator 1
using fraction strips (e.g., 1/2 vs. 1/4). Students explain which is larger and why, using the
visual model. Level 2 (like denominators): progress to fractions with same denominator
(2/5 vs. 4/5). Students justify comparisons by reasoning about number of equal parts.
Level 3 (unlike denominators): compare fractions with different denominators (2/3 vs. 3/4)
using number lines or area models. Students must both identify the larger fraction AND
explain their reasoning using the model. Include a rubric: ‘Proficient’ means student
correctly identifies larger fraction, accurately uses visual model, and explains reasoning
using fractional magnitude (e.g., ‘2/3 is two out of three equal parts; 3/4 is three out of four
equal parts, so each fourth is smaller than each third, making 3/4 larger’). ‘Developing’
means correct identification but incomplete explanation. ‘Beginning” means errors in
comparison or no use of models. For students with dyscalculia: use only denominators 2, 3,
4 in Level 1-2; provide pre-drawn fraction models rather than requiring students to draw
them; use color-coding to distinguish numerator/denominator. Address the misconception
that larger denominator means larger fraction by explicit comparison of unit fractions.
The assessment should reveal whether students understand fractions as quantities with
magnitude, not just symbols to manipulate.”

Analysis: This prompt represents full integration of the RPE framework’s instructional
design core. It specifies learning outcomes using Bloom’s taxonomy (“evaluate and justify”
as higher-order thinking, Strategy 4). It provides comprehensive learner context including
the magnitude misconception and dyscalculia considerations (Strategy 2). It defines explicit
assessment criteria through the three-level rubric (Strategy 3). It includes visual models
as examples and specifies the scaffolded progression structure (Strategy 5). It embodies
backward design by starting with the desired outcome (evaluation with justification) and
working backward to the instructional sequence. The progression from Stage 1 to Stage 3
demonstrates Strategy 6 (Reflective Iteration) in action.

Teacher’s Reflection (After Stage 3):

“This prompt is essentially a map of my pedagogical thinking about fraction instruction.
Everything I've learned in five years of teaching fractions is in there. The scaffolded
progression from unit fractions to like denominators to unlike denominators reflects my
understanding of how fractional reasoning develops. The emphasis on visual models and
explanation reflects my belief that conceptual understanding must precede procedural
fluency. The specific accommodations for dyscalculia reflect my experience with what these
students actually need. I do all of this intuitively when I plan lessons, but articulating
it this explicitly was transformative. The process of writing these prompts made me
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examine my own instructional reasoning in unprecedented detail. The Al didn’t teach me
how to teach fractions. It gave me a medium through which to externalize and examine
the expertise 1've developed through practice. Now I can share this prompt with my
grade-level team and explain exactly why each design decision matters. That kind of
precise pedagogical communication was impossible before.”

Strategies Applied: All seven strategies integrated.

Especially evident: Strategy 4 (Cognitive Level via Bloom’s taxonomy), Strategy 2
(Comprehensive learner context including differentiation), Strategy 3 (Detailed rubric with
three levels).

Appendix A.4. What the Complete Cycle Reveals

Dimitris’s progression demonstrates the RPE framework’s developmental trajectory in
elementary mathematics education. In Stage 1, he operated as an “Al User.” He approached
the Al as a worksheet generator without externalizing his pedagogical expertise. The
generic computational exercises prompted reflection-on-action, forcing him to recognize
the tacit knowledge he carries about conceptual development, visual representation, and
common misconceptions (Stage 2). By Stage 3, he had transformed into an “Instructional
Designer.” He used the prompt as a comprehensive design document that integrated
backward design principles, assessment criteria, cognitive demand specifications, and
differentiation strategies.

Critically, this iterative process functioned as professional development rather than
mere resource generation. The requirement to make pedagogical knowledge explicit
through prompt construction developed metacognitive awareness. This awareness would
have remained tacit in traditional planning. Each iteration constituted a cycle of reflection-
on-action where Al output served as immediate feedback revealing gaps in articulation. As
Dimitris reflected: “I've taught fractions for five years, but writing these prompts made me
articulate WHY I teach them this way. The conceptual obstacles students face, the models
that work, the level of thinking I'm targeting. The AI didn’t give me pedagogical expertise.
It gave me a mirror to examine the expertise I already had but couldn’t see.”

This case exemplifies how the RPE framework repositions prompt engineering from
technical operation to reflective professional practice across different educational contexts.
While Maria’s case (Section 4.5) focused on secondary biology and misconception correc-
tion, Dimitris’s case demonstrates the framework’s application to elementary mathematics
and conceptual development. Both teachers engaged in the same professional work: ar-
ticulating learning outcomes, specifying learner needs, defining assessment criteria, and
determining cognitive demand. The prompts themselves become artifacts of pedagogical
thinking: visible, examinable, and shareable. When teachers construct prompts at this
level of sophistication, they engage in instructional design through a medium that makes
this work explicit. The framework thus transforms Al interaction into a site for pedagogi-
cal externalization that enables both immediate instructional improvement and ongoing
professional growth.

The comparison between the two cases reveals the framework’s adaptability. Maria
addressed student misconceptions in secondary science through explicit conceptual scaf-
folding. Dimitris built conceptual foundations in elementary mathematics through visual
models and progression design. Despite different grade levels, disciplines, and challenges,
both teachers applied the same seven strategies: clarifying outcomes, providing learner con-
text, specifying format, defining cognitive level, including examples, iterating reflectively,
and enabling collaborative sharing. This consistency demonstrates that the RPE framework
operationalizes universal principles of instructional design rather than discipline-specific
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techniques, positioning pedagogical expertise as the common foundation for effective Al
integration across all educational contexts.
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