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I work on a voice-first AI tutor [1, 2]. So do the teams at Buddy.ai, Khanmigo, 

and Duolingo Max. All four products now hold real-latency conversations with 

learners; the previous generation of language apps could not. The multimodal UX 

literature was written before any of this existed, and it mostly assumes general-purpose 

interfaces with keyboard input. Language lessons are not general-purpose. The 

feedback is constant, the stakes are higher than people assume, and most of the 

alignment problems will never appear on a feature checklist. 

This thesis introduces the Multimodal Tutor Framework (MTF). Six principles for 

evaluating voice-first AI tutors before they ship (Table 1). Four are general to multimodal 

UX: Perceptual Alignment, Cognitive Complementarity, Cultural Calibration, Adaptive 

Accessibility. Two are domain-specific. Linguistic Alignment synchronizes channels at 

the phoneme, word, and grammar level. Error-Correction Salience calibrates correction 

signals against pedagogical immediacy and emotional tone. 
 

Table 1 – Six principles for voice-first language-learning interfaces 

Principle Definition 
Perceptual Alignment Visual cue and spoken prompt resolve to the same lexical unit at the 

same instant. 
Cognitive Complementarity Each channel reduces load on the others rather than duplicating them. 
Cultural Calibration Examples and references sit inside the learner’s lived context. 
Adaptive Accessibility Graceful degradation preserved when any single channel fails. 
Linguistic Alignment Channels synchronize at sub-lexical units – phoneme, word, grammar. 
Error-Correction Salience Correction signals balance pedagogical immediacy with emotional tone. 

 

The four general multimodal principles need only minor restatement. Perceptual 

Alignment in a tutor means the spoken word and the visual highlight land at the same 

lexical unit at the same instant [2]. In Speak, a 200 ms transcript lag is enough for 

learners to stop trusting the visual layer. They revert to audio-only and the scaffolding 

collapses. Cognitive Complementarity is each channel doing what the others cannot [3]. 

The visual reduces audio load by exposing structure, not by repeating the prompt as a 

subtitle [4]. Cultural Calibration is example-level. A Brazilian Portuguese learner of 

English does not need a sentence about snow shoveling. Adaptive Accessibility is the 

fallback rule. On a noisy bus, audio fails. The visual has to carry enough to keep the 

lesson alive. 
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The two new axes are where the language tutor breaks from general multimodal 

UX. Linguistic Alignment is sub-lexical synchronization. When a learner 

mispronounces a phoneme, the tutor must surface it at that altitude. Not the word. Not 

the letter [5]. Error-Correction Salience is the calibration of how loudly a correction 

lands. Sharp visual emphasis with a harsh tone teaches the learner to dread mistakes. 

Encouragement-wrapped correction teaches them not to take it seriously. The middle 

is the design problem. Figure 1 shows one Speak lesson moment where alignment, lag, 

and phoneme-level correction interact. 
 

 
Figure 1 – One lesson moment in Speak: voice waveform, transcript highlight 

(with a 200 ms lag breaking alignment), and phoneme-accuracy heatmap 
 

Calibration is the open problem. Linguistic Alignment can be measured; 

phoneme accuracy is well-defined. Error-Correction Salience cannot, at least not yet. 

Different learners need different tones and different interruption thresholds [6]. The 

framework names the variables; tuning them is still mostly done by feel. 

Voice models now produce natural prosody at production latency, so that is no 

longer where the work is. The work is in everything around the model: how it decides 

to interrupt, when to stay quiet, how it recovers after a mistake. Most teams 

underestimate this part. A language tutor cannot be evaluated as voice plus UI. The 

learner reads every channel at the same time, and if they disagree the learner stops 

speaking. That is the metric that matters. 
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