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Abstract

Creating classroom exercises consumes substantial teacher time,
requiring educators to balance pedagogical soundness with student
engagement while adapting materials for diverse learners. Through
formative interviews with ten K-12 teachers, we observed that
educators increasingly turn to Al tools for exercise creation, yet
struggle with prompt design, fragmented workflows across multiple
applications, and significant verification overhead. From these in-
terviews we synthesized a three-phase workflow model describing
how teachers conceptualize, transform, and finalize educational con-
tent. Building on these insights, we present CAT-AI, an Al-assisted
authoring system that embeds structured parameter specification,
unified WYSIWYG editing, and transparent confidence indicators
to support teachers throughout exercise creation without requiring
prompt engineering expertise, disrupting workflow, or extensive
manual verification.
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1 Introduction

Educational content creation consumes substantial teacher time,
with educators spending hours adapting materials for diverse learn-
ers while balancing pedagogical objectives, difficulty calibration,
and student engagement [14, 20]. Studies reveal that teachers em-
ploy transformation-based approaches to exercise creation, using
techniques like addition of supplementary materials, deletion of
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inappropriate content, and modification of difficulty levels [15, 17].
Traditionally, digital efforts to support teachers have focused on
Intelligent Tutoring Systems (ITS) and related authoring environ-
ments, which enabled educators to design and train digital tutors
without programming expertise [3, 4]. However, their primary fo-
cus was on the digitization of tutoring practices rather than on
pedagogical content creation.

More recently, the emergence of Al-powered tools has shifted
attention directly to educational content creation, supporting teach-
ers in generating and adapting classroom exercises, worksheets, and
assessments. Early neural network approaches demonstrated tech-
nical feasibility for generating questions from textbooks [10, 18],
and LLMs promised greater flexibility through prompt engineer-
ing [11], with validated capabilities now integrated into commercial
platforms [6, 13].

Han et al. [8] provide empirical evidence that while teachers
appreciate Al’s ability to accelerate material preparation, they face
a significant verification burden: most Generative Al systems pro-
vide no indication of output reliability, forcing teachers to manually
check every element of the generated content [5, 7]. This lack of
transparency undermines adoption, as the effort spent verifying
outputs can offset the time saved through generation. Separately,
misalignment with pedagogical goals often derives from prompt
engineering difficulties, as teachers must translate nuanced instruc-
tional intentions into textual instructions [16, 19]. Template-based
systems like REDEEM helped non-programmer teachers create in-
teractive content through structured interfaces [1, 2]. However,
these systems assume teachers start from scratch, offering lim-
ited possibilities to reuse or adapt existing resources. On the con-
trary, field studies show teachers using Al-generated content as
starting points, extensively modifying outputs for their specific
contexts [8, 9]. This transformation-based approach represents
teachers’ natural workflow but cannot be easily expressed through
current interfaces, which fragment generation, editing, and format-
ting into disconnected stages [12].

In this work, we examine how teachers engage with Al through-
out their authoring workflow. We conducted formative interviews
with 10 K-12 educators using semi-structured protocols and think-
aloud observations. Teachers demonstrated their typical exercise
creation workflows, revealing recurring challenges that cluster
around four areas: difficulty translating pedagogical requirements
into effective prompts; use of multiple disconnected tools creat-
ing substantial context-switching overhead; effort spent verifying
Al-generated content without transparency about reliability; and
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inability to easily specify what to preserve versus modify when
adapting existing materials.

These observations led us to formalize a three-phase workflow
model. During conceptualization, teachers specify pedagogical pa-
rameters through structured fields rather than open-ended prompts,
eliminating the need to translate teaching expertise into prompt
engineering. During transformation, a unified What You See Is
What You Get (WYSIWYG) editor enables both direct text manipu-
lation and targeted Al-assisted regeneration, with confidence indi-
cators flagging potentially problematic content. During finalization,
the system handles export formatting automatically, producing
classroom-ready materials without requiring external tools. We
present CAT-AI a web-based system that operationalizes teachers’
workflow through integrated support for each phase.

CAT-Al is available as open-source software with a live demon-
stration.!

2 Formative Study

To ground our design in observed pedagogical practices, we con-
ducted semi-structured remote interviews with ten K-12 teachers,
aimed at understanding their current workflows for creating class-
room exercises and identifying friction points in Al-assisted content
creation. We recruited teachers from primary and secondary schools
covering grades 1 through 8, with teaching experience ranging from
3 to 40 years and varying levels of Al tool proficiency, balanced
between primary (n=5) and middle school (n=>5). Interviews lasted
approximately 20 minutes each and were recorded with participant
consent. The interview protocol covered five areas: (1) recent teach-
ing activities and exercise types created; (2) tools, processes, and
thinking behind exercise creation; (3) perceived advantages and
disadvantages of digital versus paper-based materials; (4) strategies
for adapting exercises to heterogeneous student abilities; and (5) col-
lection of example artifacts such as exercise files and photographs
of recently created materials. Interview transcripts and collected
artifacts were analyzed qualitatively to inform both the workflow
model (Figure 1) and the design goals described in Section 3.

2.1 Findings

Across all participants, we identified a common multi-tool workflow
(Figure 1) characterized by four recurring stages: planning exercises
around learning objectives, calibrating difficulty to student abilities,
generating and verifying content through Al tools, and adapting
existing materials rather than creating from scratch. Each stage
surfaced specific friction points that informed our design.

Planning. Teachers begin by identifying learning objectives from
their curriculum and determining target difficulty levels based on
their knowledge of student abilities. All interviewed teachers re-
ported that learning objectives drive exercise design. Clarity in
instructions is critical since ambiguous wording undermines the
purpose of an exercise. Coherence emerged as equally important
across three dimensions: terminological coherence requires consis-
tent use of the vocabulary introduced in class, structural coherence
means following familiar exercise patterns, and visual coherence
demands consistent formatting conventions.

!Platform  demo: https://catai.paperbackwriters.club/; Code:  https:/repo.
paperbackwriters.club/code/catai.
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Difficulty calibration. Adjusting exercise complexity to match
student ability was universally cited as critical but context-dependent.
Primary teachers emphasized that all students should be able to
complete exercises successfully, while middle school teachers fo-
cused on testing higher-order thinking rather than knowledge recall.
Teachers stressed that appropriate difficulty can only be determined
through direct knowledge of individual students.

Content generation and verification. The generation phase, in
which teachers create exercises, worksheets, and assessment ma-
terials, exposes challenges in translating pedagogical intent into
effective prompts. Teachers navigate to ChatGPT or similar Al tools
and construct prompts through iterative refinement, yet the gap be-
tween pedagogical expertise and prompt engineering skills creates
repeated cycles of adjustment. As one teacher explained, “I have to
be very specific about what I want, but even then the system fre-
quently ignores these constraints” (T6). Once content is generated,
teachers manually transfer it into word processors, introducing
workflow discontinuity. Teachers then extensively modify mate-
rials by simplifying instructions, adjusting vocabulary, correcting
errors, and adding visual elements. One participant noted: “I spend
nearly as much time checking and fixing generated content as I
would creating from scratch” (T8).

Adaptation workflow. Throughout the study, teachers rarely cre-
ate exercises from scratch but instead take existing materials and
selectively modify them through vocabulary adjustment, content
substitution, and difficulty modification. As T6 described, “I find
an exercise that’s close to what I need, then change the parts that
don’t fit” Current Al tools do not support this transformation-based
workflow: they require teachers to articulate requirements through
prompt engineering, they operate through holistic regeneration
that produces entirely new content, they provide no indication of
output reliability forcing extensive manual verification, and they ex-
ist as disconnected applications that fragment the creation process
across generation, editing, and formatting tools.

3 Design Goals

While generative models offer powerful content creation capabili-
ties, the formative study revealed evident frictions in how teachers
currently use Al for exercise creation. The cognitive overhead of
prompt engineering, workflow fragmentation, and verification bur-
den often negate potential efficiency gains. These findings informed
three design goals for CAT-AL

Goal 1: Minimize Prompt Engineering Burden. Teachers pos-
sess deep pedagogical expertise, yet current tools require them
to develop prompt engineering skills to leverage Al assistance.
Rather than asking teachers to translate requirements into natu-
ral language prompts, the system should directly capture dimen-
sions teachers naturally consider: learning objectives, prerequisites,
school level, and difficulty calibration. The dual-mode generation
approach, allowing either file-based reference or manual specifica-
tion, emerged from interviews where teachers rarely create from
scratch but work from existing materials.
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Figure 1: Typical teacher workflow for Al-assisted exercise creation, showing fragmentation across multiple tools.

Goal 2: Integrate Generation, Customization, and Export.
The observed workflow fragmentation creates significant cogni-
tive overhead as teachers move between ChatGPT for generation,
Word for formatting, and various verification steps. A unified en-
vironment should support WYSIWYG editing where teachers see
content in its final printed form, provide granular control over
Al-assisted modifications allowing selective regeneration while
preserving context, and handle export formatting automatically to
produce classroom-ready materials without manual reformatting.

Goal 3: Support Verification Through Transparency. Teach-
ers reported spending considerable effort checking Al-generated
content because existing tools provide no indication of output relia-
bility. To reduce this verification burden, the system should include
confidence indicators that flag potentially problematic content, di-
recting teacher attention to elements most likely to require scrutiny
rather than forcing exhaustive review. Multiple regeneration modal-
ities, from complete exercise regeneration to element-level adjust-
ments, support teachers’ transformation-based workflow by distin-
guishing what should change from what must remain constant.

4 CAT-AI System

We implemented CAT-AI as a full-stack web application that trans-
lates our design goals into a functional system supporting teachers’
three-phase workflow (Figure 2). The frontend uses React 18 with
Material-UI components, while the backend uses Node.js with Ex-
press, integrating with OpenAI’s GPT-4o for content generation
and verification.

The workflow begins with a conceptualization phase where
teachers specify pedagogical parameters without requiring prompt
construction (Figure 2, top row). From the welcome screen, teachers
select between file-based reference or manual entry modes. In file
mode, the system accepts PDF or image uploads as shown in the file
upload panel, including screenshots or photos of existing exercises,
extracts text content server-side using pdf-parse for PDFs or OCR
for images, and automatically infers candidate learning objectives,
prerequisites, school level, and grade through an initial LLM API
call. Teachers review and modify these extracted parameters before

generation proceeds. Manual mode presents the structured input
forms visible in the manual input panel, directly requesting peda-
gogical dimensions such as school level, grade, learning objectives
as tagged entries, prerequisites, and optional features like worked
examples or student reminders. Both modes converge to a common
generation pipeline through the pedagogical settings interface.

Generation settings including difficulty level, number of exer-
cises, vocabulary tone, language, and visual style apply globally
across sessions through a persistent settings modal. This separation
between exercise-specific parameters, representing what to teach,
and stylistic preferences, representing how to present, reduces cog-
nitive load during individual exercise creation. The generation pro-
cess involves two sequential API calls. The first generates exercise
and solution content structured as JSON arrays of text elements,
each with content, positioning, dimensions, and styling attributes;
the second call analyzes this generated content for logical or math-
ematical errors, assigning confidence scores and explanatory notes
to each element. This dual-pass approach is designed to mitigate
the reliability concerns raised by teachers, as the system explicitly
flags uncertain content rather than presenting all output with equal
authority.

Once content is generated, teachers enter the transformation
phase. Through a WYSIWYG editor they directly interact with
exercise content in its final printed form (Figure 2, middle row).
The direct manipulation interface eliminates the abstraction gap
between editing and output that characterizes the ChatGPT and
Microsoft Word workflows observed in our formative study. As
visible in the editor interface, exercise and solution occupy separate
Ad-sized canvases where all content appears as draggable, resizable
text or image elements.

The editor supports three distinct modification modalities. Man-
ual editing allows direct text modification through double-click
interaction, drag-and-drop repositioning with alignment guides,
element resizing within page boundaries, and styling adjustments
including font size, color, and emphasis. The Al-assisted editing
panel enables element-level regeneration where teachers select
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Figure 2: Complete user interaction flow through CAT-AI’s three-phase workflow. The conceptualization phase (top) guides
structured parameter specification through welcome screen, optional file upload, manual input, and pedagogical settings. The
transformation phase (middle) provides uncertainty resolution, Al-assisted editing, and a WYSIWYG editor interface. The
finalization phase (bottom) handles format selection and export with preview.

any text element and request modifications through natural lan-
guage prompts, with the system preserving all other content while
regenerating only the specified element.
eration processes natural language requests to add, modify, or re-
move content across the entire exercise or solution, supporting
the transformation-based workflow where teachers make targeted

changes to mostly-satisfactory content.
tion interface, shown in the middle row,

Exercise-level Al regen-

The uncertainty resolu-
presents flagged content

with confidence indicators and one-click “Fix” options that trigger
targeted regeneration.

Additional Al-assisted features include solution recalculation
that regenerates solutions when exercise content changes to main-
tain consistency, and image generation through DALL-E 2 with
text prompts. Each Al operation maintains context from the cur-
rent exercise state, ensuring modifications remain coherent with
existing content rather than producing disconnected alternatives.
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The implementation stores all element data in React Context as
structured objects containing position, dimensions, content, styling,
confidence scores, and unique identifiers, enabling immediate UI
updates and undo/redo functionality.

The finalization phase addresses the formatting burden ob-
served in current workflows where teachers spend considerable
time reformatting content for distribution (Figure 2, bottom row).
Through the format selection interface, teachers preview their com-
plete exercise in standard A4 layout and select from predefined
formats: exercise only, exercise with exam header including name,
date, and class fields, or solution only. The export panel converts the
React component representation to PDF server-side, handling page
margins, element positioning, and formatting automatically. Gen-
erated PDFs become immediately available for download without
additional processing, eliminating the manual reformatting work
that fragments teachers’ current workflows.

The system architecture separates presentation logic from con-
tent generation and file management. The frontend employs React
182 for component architecture, Material-UI® for interface compo-
nents, and react-draggable? for element positioning. PDF genera-
tion uses html2canvas® and jsPDF®. The backend runs on Node.js’
with Express® for routing, Multer® for PDF text extraction, and
Tesseract.js'? for OCR on image uploads. Content generation and
verification use OpenAl's GPT-40'!, while image generation uses
DALL-E 2'2. Users provide their own API key, which is stored
only in the browser session and transmitted over HTTPS without
server-side persistence. The dual-pass generation pipeline intro-
duces a latency of approximately 50 seconds per exercise, a trade-off
between verification coverage and responsiveness.

5 Conclusions

CAT-Al is a prototype system that attempts to align Al assistance
with teachers’ natural exercise creation practices instead of re-
quiring educators to adapt to general-purpose tools. The system
operationalizes a three-phase workflow model derived from forma-
tive interviews, but has not yet been validated through comparative
evaluation with target users.

Several limitations should be noted. The confidence indicator
mechanism relies on a second-pass analysis using the same lan-
guage model that generated the content. This means the system
may systematically miss certain error classes, producing confident-
but-wrong outputs, or flag correct content as uncertain. Teachers
should interpret confidence indicators as attention guidance rather
than guarantees of correctness. Practical deployment in K-12 set-
tings raises additional considerations: the dual-pass generation
pipeline introduces latency of approximately 50 seconds per ex-
ercise, API costs accumulate with repeated regeneration, and the
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system depends on stable internet connectivity and access to a
commercial APIL. Because exercise content is sent to an external
API for generation and verification, schools would need to establish
data governance policies, particularly regarding what content may
be processed through third-party services.

Several directions for future work emerge from this design. Com-
parative evaluations with teachers using both CAT-AI and their
current practices would measure whether the structured approach
reduces cognitive load and improves content quality. Longitudi-
nal deployment would reveal how teachers integrate the system
into regular practice and whether initial benefits persist over time.
Future versions might incorporate formal knowledge representa-
tions such as curriculum standards to provide more pedagogically
grounded validation. Detecting and correcting for potential biases
in Al-generated educational content represents another important
direction. Cross-cultural evaluation spanning different countries
and school systems would clarify which design principles generalize
and which require contextual adaptation.
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