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Spelling taught through memorization often fails learners, 
particularly children with language-based learning 
disorders who struggle with phonological skills.



Speech-language pathologists (SLPs) use inquiry-based 
approaches targeting phonology, morphology, meaning, 
and etymology to teach spelling. Yet everyday writing 
tools simply detect and autocorrect errors, missing an 
opportunity for learning.



Research Question: How might we bring the rich, inquiry-
based pedagogy of SLPs into everyday writing tools such 
that spelling errors become an opportunity to learn?

A novel approach that represents SLP instructional moves in a 
domain-specific language (DSL) and synthesizes tailored programs 
from learner errors in real-time. 



The DSL formalizes Language Knowledge Primitives (morphemes, 
bases, graphemes, phonemes, etymology, related words), 18 
Hypothesis Templates (each a structured quintuple: preconditions → 
evidential features → action base → warrant → learning effect), and 
Compositional Primitives (sequencing, nesting, branching, closure), 
enabling instruction as constrained search under uncertainty.



Example: "heelthy" → "healthy" When a learner misspells a word, 
SPIRE identifies the error in context, synthesizes a program of 3 to 5 
inquiry steps, and renders it as an interactive interface. Here, the 
program asks the learner to box the base of the word, presents the 
etymology (Old English hælan) to explain the ⟨ea⟩ spelling, and 
displays a grapheme-phoneme table for guided exploration. The 
program branches adaptively on learner responses.

SPIRE processes each misspelling through five chained modules. 



Given "reechable" in "My friend was not reechable today": 

The Spell Checker uses LLM-based contextual analysis to detect 
the error and identify "reachable" as the intended word. 

The Word Property Synthesizer extracts its linguistic profile: 
morphemes [reach, -able], graphemes, phonemes, and 
etymology. 

The Error Analyzer compares the attempt against this profile, 
diagnosing likely causes across linguistic dimensions. 

The Spelling Inquiry Engine filters relevant hypothesis templates 
from the DSL, generates candidate instructional traces through 
three parallel LLM instances, ranks them for pedagogical 
soundness, and synthesizes the top trace into an executable 
program with branching logic. 

The Interface Generator renders this program as interactive 
inline components within the writing environment.

◆ Cost & scalability: Replacing commercial API calls (~$0.70/word) 
with local fine-tuned models to reduce latency and cost for school 
deployment.

◆ Diverse populations: Expanding evaluation to non-native 
speakers (Chinese, Russian, Spanish) and broader grade/proficiency 
ranges.

◆ Longitudinal study: Tracking spelling development, transfer of 
morphological reasoning, and sustained engagement across 
authentic writing tasks.
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◆ Expert Evaluation: 10 SLP experts rated 50 synthesized 
conversations. Pedagogical reasoning: μ = 4.90/5 (74.7% perfect 
agreement). Instructional actions: μ = 4.32/5 (82% rated ≥4), with 
moderate variance reflecting genuine pedagogical flexibility, as 
effective tutoring admits multiple valid approaches.

◆ User Study: 7 children (ages 7–11) used SPIRE in 45-minute 
sessions. Ease of use and confidence: median 5/5. None had prior 
exposure to morphological analysis, yet all spontaneously discussed 
learning words beyond fixing errors.
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