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Abstract. Learning simulations are effective pedagogical tools, but their
development often requires technical expertise that limits direct teacher
involvement in design. This paper examines how teachers can author
adaptive learning simulators through natural-language interaction with
Al positioning educators as “vibe-coders” in teacher—Al co-design pro-
cesses. Using a design-based research methodology, three teachers iter-
atively authored and deployed simulators across three undergraduate
course contexts: Product Management and Costing, Service Manage-
ment, and Solutions Architecture. Data were collected from teacher re-
flections, system interaction traces, and post-session surveys completed
by students and teachers. Results indicate that teachers were able to con-
struct functional, classroom-usable simulators through iterative prompt
refinement, with domain characteristics shaping authoring effort, sim-
ulator behavior, and student sense-making. Students reported positive
perceptions of clarity, usability, engagement, and learning support, while
teacher reflections identified misalignment and constraint-setting as pro-
ductive mechanisms for instructional refinement. The paper advances
the concept of adaptive instructional authoring, re-framing adaptivity
in educational systems as a design-time, co-creative process rather than
solely a runtime property of learner-facing systems, and discusses design
implications for natural-language authoring environments that preserve
teacher agency in simulation-based higher education.

Keywords: Learning simulations - Generative Al - Vibe-coding - Natural-
language authoring - Adaptive instructional systems - Teacher—Al co-
design - Simulation-based learning

1 Introduction

This paper examines how teachers can act as vibe-coders to design adaptive
learning simulators without programming, using natural-language prompts and
concept models. The aim is to lower barriers to simulation authoring while main-
taining fidelity and clarity of core ideas. The work is positioned in HCI at the
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intersection of accessible creation tools and simulation-based learning in higher
education, informed by evidence on simulations improving understanding when
paired with scaffolding and debriefs [5] and by experiential learning cycles that
link action, reflection, and abstraction [4]. Building on adaptive instructional
paradigms, the study focuses not only on learner adaptivity within simulators
but also on teacher adaptivity during authoring, situating vibe-coding within
emerging frameworks for adaptive instructional authoring. The platform embod-
ies adaptivity through iterative teacher—Al co-design cycles, in which prompt re-
finements and system feedback progressively align the simulator’s logic with ped-
agogical intent. This approach extends Adaptive Instructional Systems research
[7] by focusing on adaptation during instructional design rather than only during
content delivery. The contribution is a practical platform and design considera-
tions that support teacher—Al co-creation for classroom use. This study examines
adaptive instructional authoring, where teachers iteratively shape simulator be-
havior through natural language in collaboration with AlI, shifting adaptivity
from delivery-time learner modeling to design-time instructional construction.

Unlike prior work on LLM-based authoring tools and Adaptive Instructional
Systems, which primarily examine adaptivity during learner interaction or run-
time system behavior, this work extends prior framing by emphasizing adaptivity
as a property of instructional authoring itself—where teachers iteratively adapt
simulator logic and feedback through natural-language interaction with AI dur-
ing design.

1.1 Objectives and Research Questions

This study is guided by the following questions, emphasizing adaptive instruc-
tional authoring and teacher—Al co-design:

RQ1) How can teachers in different domains design and iteratively adapt
interactive simulators through natural language without coding?

RQ2) How do domain contexts shape adaptive simulator design, usability,
and engagement?

RQ3) How do students and teachers perceive learning, adaptivity, and us-
ability after simulator-based sessions?

2 Review of Related Work

Recent advances in generative artificial intelligence (GenAl) have been driven
largely by the emergence of large language models (LLMs), which are neural
models trained on massive corpora to generate, interpret, and transform natural
language [3]. LLMs exhibit strong capabilities in code generation [J], reasoning,
and semantic translation, enabling users to specify complex computational tasks
using everyday language rather than formal programming syntax. These mod-
els function not only as text generators but as general-purpose cognitive tools
that can translate intent into executable artifacts, including software code [9],
simulations [0], and interactive systems. As a result, LLMs have begun to lower
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technical barriers to software creation and have shifted attention toward hu-
man—AT collaboration, prompt design, and the interpretability of model outputs
in both professional and educational contexts.

Vibe-coding is a way to instruct LLMs to program or perform development
given natural language inputs or prompts [II][10]. The concept of vibe-coding
has extended into the teaching domain [I0][11] and integrating resulting artifacts
into a learning management system (LMS) [12].

Design-based research (DBR) [2][8][I] is a suitable research methodology for
iteratively bridging the gap between research and practice in formal education.

Prior work on Adaptive Instructional Systems has largely focused on learner-
facing adaptivity, where systems adjust content, pacing, or feedback in response
to learner models during instruction [7]. In contrast, this study shifts the locus
of adaptation to the instructional design process itself. Rather than treating
adaptivity solely as a runtime property of educational systems, we examine how
teachers iteratively adapt simulator logic, parameters, and feedback structures
through natural language interaction with AI during authoring. This design-
time adaptivity re-frames adaptation as a co-creative process, where pedagogical
intent is progressively negotiated and encoded through teacher—Al interaction,
extending adaptive instruction beyond delivery-time personalization to include
adaptive instructional construction.

3 Methodology

The study employed a design-based research (DBR) methodology to examine
teacher—Al co-design of adaptive learning simulators in authentic classroom con-
texts. DBR supported iterative refinement of both the system and authoring
practices while generating transferable design insights. Three teachers from a
private university participated as co-designers, each authoring an interactive
simulator for a technology entrepreneurship topic: (1) Product Management
and Costing, (2) Service Management, and (3) Solutions Architec-
ture. These topics were selected to examine how domain characteristics shape
simulator authoring and adaptation.

The vibe-coding platform enabled teachers to create interactive simulators
using natural-language prompts rather than programming. It comprised two
components: (1) a no-code authoring interface for specifying simulator logic in
plain language and (2) an interactive visualization for variable manipulation and
inspection of system behavior. Through iterative prompt refinement, teachers ex-
ternalized domain knowledge into simulators that visualized causal relationships
and feedback dynamics.
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Fig. 1. Simulation generation interface showing teacher-authored natural-language
prompts and Al-generated simulator behavior.

Authoring control remained primarily with the teacher throughout the pro-
cess. Teachers provided free-form natural-language prompts specifying instruc-
tional goals, variables, constraints, and feedback logic, while the Al system trans-
lated these prompts into executable simulator behavior. Constraints were en-
forced through iterative prompt refinement rather than hard-coded rules, allow-
ing teachers to narrow scope, clarify assumptions, and adjust simulator feedback
based on observed behavior. Prompts were not pre-scaffolded, enabling instruc-
tors to author simulators using their own pedagogical language and domain
framing.

Each teacher completed iterative authoring cycles involving prompt formu-
lation, inspection of generated simulators, and revision to improve fidelity and in-
terpretability. In this study, adaptivity refers to instructional adaptation achieved
at design time through co-authoring between the teacher and Al during these
writing cycles. Student feedback was collected only after classroom deployment
and used for evaluative purposes; it did not inform further simulator revision
within the scope of this study.

One teacher deployed finalized simulators in three live undergraduate classes,
where simulators were used as exploratory instructional artifacts through real-
time parameter manipulation. Following deployment, students and teachers com-
pleted aligned post-session surveys using parallel 5-point Likert-scale items as-
sessing clarity, usability, realism, engagement, and perceived learning support.
Teachers additionally provided reflective feedback on authoring effort and in-
structional fit. No formal assessment of student learning outcomes was con-
ducted.

Data sources included teacher prompt histories and reflection logs, system
interaction traces from authoring and classroom use, researcher field notes, and
post-session survey responses containing both Likert-scale and open-ended items.

The three research questions were analyzed using complementary quanti-
tative and qualitative approaches. For RQ1, teacher reflection responses were
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synthesized to examine how instructional intent was articulated through natural-
language prompts, where misalignment between intent and system behavior
emerged, and how such breakdowns were addressed through iterative prompt
refinement and constraint setting. For RQ2, student open-ended responses were
compared across the three classroom contexts, treating each as a contrastive case
to examine how domain characteristics shaped simulator use, perceived clar-
ity, and exploratory behavior. For RQ3, descriptive statistics (mean and stan-
dard deviation) were computed for Likert-scale survey items, and open-ended
responses from both students and teachers were grouped thematically to con-
textualize these trends. Findings from these analyses are presented narratively
in the following section, foregrounding how adaptive instructional authoring and
classroom experience co-evolved across domains.

4 Results

This section reports findings aligned with the three research questions. Findings
are presented descriptively, emphasizing observed authoring patterns, domain-
specific differences, and reported perceptions of usability, engagement, realism,
and instructional alignment rather than measured learning outcomes.

4.1 Teacher Authoring Through Natural Language (RQ1)

Across the three instructional domains, teachers reported that natural-language
prompting was sufficient to author functional classroom simulators, though au-
thoring typically involved iterative refinement rather than one-time specification.
Teachers indicated that early prompts frequently produced simulator behaviors
that were overly complex, under-specified, or misaligned with instructional in-
tent, prompting subsequent revisions.

On aligned 5-point Likert-scale items, teachers (n=3) reported strong agree-
ment that they were able to express instructional intent through natural-language
prompts (mean = 4.67, SD = 0.58). Teachers also reported that iterative re-
finement improved simulator alignment over time (mean = 4.33, SD = 0.58).
Perceived control over simulator behavior was rated positively but slightly lower
(mean = 4.00, SD = 0.00), indicating that some unpredictability persisted even
after refinement.

Open-ended teacher reflections described recurring authoring actions, includ-
ing rewording prompts to clarify assumptions, narrowing the scope of simulator
behavior, and adding explicit constraints to reduce unintended outputs. Teach-
ers noted that misalignment between expected and generated behavior was most
prominent in early iterations and tended to decrease as prompts became more
specific.

4.2 Domain-Specific Patterns in Classroom Use (RQ2)

Student open-ended responses revealed domain-specific patterns in how sim-
ulators were used and interpreted across the three classroom contexts. These
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contrasts are interpreted as descriptive patterns across contexts rather than sta-
tistically tested differences.

In the Product Management and Costing context, students (n=10)
frequently referenced numerical sensitivity and cause—and—effect relationships
among variables such as pricing, costs, and outcomes. Students reported high
clarity in understanding how parameter changes affected results (mean = 4.71,
SD = 0.46) and indicated that the simulator made relationships between vari-
ables easier to observe. Open-ended responses emphasized that small changes in
inputs could produce noticeable changes in outcomes, suggesting a focus on quan-
titative exploration. For example, one student noted that “even small changes
in the inputs completely changed the outcome, which made the relationships
between variables much clearer.”

In the Service Management context, student responses (n=15) empha-
sized tradeoffs and system-level consequences rather than precise numeric rela-
tionships. Students described the simulator as supporting reflection on user ex-
perience, friction, and service design assumptions. While clarity ratings remained
positive (mean = 4.39, SD = 0.67), open-ended responses more frequently ref-
erenced interpretive insights, such as reconsidering assumptions about efficiency
or security, rather than direct cause—and—effect reasoning.

In the Solutions Architecture context, students (n=6) commonly de-
scribed the simulator as supporting reasoning about automation, reliability, and
downstream operational effects. Engagement ratings were high (mean = 4.55, SD
= 0.68), but this context also produced more frequent requests for additional
explanation to interpret simulator outputs. Students noted that while outcomes
were observable, understanding what those outcomes implied required further
guidance. As one student described, “I could see the results change, but I needed
more explanation to understand what those changes actually meant in practice.”

4.3 Student and Teacher Perceptions of Usability and Instructional
Alignment (RQ3)

Across all classroom contexts, students (n=31) reported positive perceptions
of simulator usability, engagement, and perceived learning support. Students
rated ease of interaction highly (mean = 4.65, SD = 0.66) and reported that
they understood how to use the simulator during class (mean = 4.61, SD =
0.72). Engagement-related items were also rated positively, including interest in
exploring different parameter combinations (mean = 4.61, SD = 0.67).

Perceived learning support ratings indicated that students felt the simulators
helped them understand course concepts (mean = 4.55, SD = 0.77) and see re-
lationships between variables and outcomes (mean = 4.52, SD = 0.68). Ratings
related to realism were slightly lower but remained positive, with students indi-
cating that the simulators felt realistic (mean = 4.42, SD = 0.81) and reflected
real-world situations (mean = 4.42, SD = 0.67).

Teacher responses mirrored these trends. Teachers (n=3) rated simulator
usability and classroom integration highly, including ease of classroom use (mean
= 5.00, SD = 0.00) and fit within lesson flow (mean = 5.00, SD = 0.00). Teachers
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also reported strong perceptions of student engagement (mean = 5.00, SD =
0.00). Similar to student responses, teachers rated realism slightly lower (mean
= 4.33, SD = 0.58) than usability and engagement.

Open-ended responses from both students and teachers consistently high-
lighted the value of experimentation and comparison across scenarios. Students
frequently described exploring multiple parameter combinations, while teachers
noted that simulator use encouraged discussion and questioning during class
sessions.

5 Discussion

This study examined how teachers author adaptive learning simulators through
natural-language interaction with AI and how such simulators are perceived
and used across different instructional domains. Building on prior work in gen-
erative artificial intelligence, vibe-coding, and Adaptive Instructional Systems,
the findings suggest that natural-language authoring lowers technical barriers to
simulator creation while repositioning adaptivity as a design-time, co-creative
instructional process rather than a purely runtime system behavior.

Prior research on large language models has emphasized their capacity to
translate natural-language intent into executable artifacts such as software code,
simulations, and interactive systems [3][9][6]. The present findings extend this
line of work by demonstrating how such intent translation operates in an edu-
cational authoring context, where intent is pedagogical rather than purely func-
tional. Teachers in this study used natural-language prompts to express instruc-
tional goals, causal relationships, and feedback structures, refining these prompts
iteratively as misalignment between intent and system behavior emerged.

Within existing work on vibe-coding, prior studies have shown how natural-
language prompting enables instructors and learners to generate instructional
artifacts and integrate them into teaching workflows [II][I0][12]. The findings
here add nuance by showing that when vibe-coding is applied to simulator au-
thoring, the primary challenge is not initial generation but sustained pedagogical
alignment. Teachers reported that early simulator outputs were often plausible
yet misaligned with instructional intent, requiring prompt refinement, scope nar-
rowing, and constraint specification. This positions vibe-coding not as a replace-
ment for instructional design expertise, but as a medium through which such
expertise is iteratively externalized and refined.

The study also contributes to research on Adaptive Instructional Systems
by shifting the locus of adaptation from learner-facing runtime personalization
to instructional design itself [7]. Whereas prior work has largely conceptualized
adaptivity as system-driven adjustment during instruction, the present findings
illustrate how adaptation can occur during authoring, as teachers iteratively
reshape simulator logic, parameters, and feedback structures through natural-
language interaction. This form of design-time adaptivity re-frames adaptation
as a co-creative process in which pedagogical intent is progressively negotiated
and encoded through teacher—Al interaction.
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Domain-specific findings further support this re-framing. In domains char-
acterized by more structured quantitative relationships, teachers reported fewer
iterations before achieving acceptable simulator behavior, corresponding with
students’ strong perceptions of clarity and cause—and-effect understanding. In
more interpretive domains, teachers expended greater effort in refining prompts
to guide simulator feedback, while students more frequently requested additional
explanation to interpret outcomes. This alignment between teacher authoring
challenges and student sense-making highlights the importance of interpretabil-
ity and scaffolding in adaptive instructional authoring.

Across domains, engagement was consistently associated with opportunities
for exploration and parameter manipulation, aligning with prior work on expe-
riential learning and simulation-based instruction [5][4]. Importantly, simulators
functioned as shared instructional artifacts that supported discussion and reflec-
tion rather than replacing instructional facilitation. At the same time, teacher
reflections on grounding and unintended system behavior underscore ongoing
challenges related to interpretability and accountability in Al-assisted author-
ing.

These findings suggest that natural-language authoring can support adap-
tive, simulation-based instruction while maintaining teacher agency, particu-
larly when refinement and constraint-setting remain under instructional con-
trol. This perspective re-frames adaptivity as a design-time process embedded
in teacher—Al collaboration, extending existing work in adaptive instruction to-
ward a model in which teachers actively construct, rather than merely deploy,
adaptive learning artifacts.

6 Conclusion

This paper examined how teachers can author adaptive learning simulators
through natural-language interaction with AI, positioning educators as “vibe-
coders” in teacher—Al co-design processes. Through a design-based research study
spanning three instructional domains, the study demonstrated that teachers can
iteratively construct classroom-usable simulators without programming, while
actively shaping simulator behavior through feedback and refinement. Rather
than treating adaptivity as a system feature applied during instruction, the
findings indicate that it can be embedded in the authoring process itself.

6.1 Contributions

This work introduces the notion of adaptive instructional authoring, framing
adaptivity in educational systems as a design-time activity shaped through
teachers’ interaction with Al rather than a property enacted solely during in-
structional delivery. Through natural-language authoring, teachers iteratively
negotiated instructional goals, constraints, and feedback structures, treating sim-
ulator construction itself as an adaptive process. In doing so, the study extends
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prior work on Adaptive Instructional Systems by shifting attention from learner-
facing runtime personalization to the construction of instructional representa-
tions during authoring.

At an empirical level, the study shows that natural-language authoring can
support the creation of functional, pedagogically aligned simulators across do-
mains with different levels of structure and interpretive complexity. At a con-
ceptual level, it frames vibe-coding not simply as a technique for generating
instructional artifacts, but as a co-creative instructional practice through which
teacher expertise is articulated, tested, and refined in collaboration with AI.

6.2 Implications

The findings suggest several implications for the design of natural-language au-
thoring systems in education. First, authoring tools should support explicit con-
straint specification and grounding mechanisms to help teachers manage system
assumptions and reduce unintended or misleading behaviors, particularly in in-
terpretive domains. Second, adaptive simulators should incorporate explanation
and interpretation layers that help learners translate observable outcomes into
meaningful insights, especially when reasoning involves tradeoffs or second-order
effects. Third, transparent intermediate representations—such as visible assump-
tions, causal relationships, or parameter definitions—may support instructional
accountability while preserving teacher agency.

For HCI, this work advances research on human—AT co-design by illustrating
how adaptive authoring environments can center professional judgment rather
than automate it away. The findings emphasize the role of teachers as active
co-constructors of instructional models, with Al serving as a responsive and
negotiable design partner, rather than casting Al as an autonomous instructional
agent.

6.3 Limitations

Several limitations should be considered when interpreting these findings. The
study involved a small number of teachers and students from a single institutional
context, which limits generalization. Teachers’ authoring experiences and per-
ceptions were self-reported, while student interaction data and responses offered
evaluative insight into classroom use rather than evidence of system adaptation.
Participating teachers also had familiarity with their instructional domains and
some exposure to technical concepts, which may have influenced their ease of
authoring.

These constraints are consistent with the goals of design-based research,
which emphasizes depth of insight and iterative refinement over broad rep-
resentativeness in early-stage exploration. Accordingly, the findings should be
understood as evidence of feasibility and instructional alignment rather than
demonstrations of instructional effectiveness across populations.



10 G.A. Uy et al.

6.4 Future Work

Future studies could examine learning outcomes through pre—post or compar-
ative designs to better understand how simulator-based instruction authored
through natural language influences conceptual understanding. Longitudinal work
may also explore how teachers’ authoring practices change as simulators are
reused, adapted, and shared across courses and cohorts. Additional research
could investigate how natural-language authoring platforms support educators
with differing levels of technical background, as well as how interface features
such as constraint visualization, explanation generation, and authoring feedback
shape instructional quality in more complex or interpretive settings.
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