Missing Elements in Human—Al
Communication and the Path Forward

Nonverbal and Paralinguistic Cues Missing in Al Conversations

Human conversation is richly multi-modal. Words are only
one channel among many that include gaze, posture, gesture,
facial micro-movements, vocal prosody (tone, rhythm, pitch,
stress), timing, and silence. Most human—Al interactions today are
constrained to text or narrowly scoped voice exchanges. That
constraint strips away context humans rely on to disambiguate
intent, negotiate turn-taking, gauge confidence versus
uncertainty, and express empathy. The result is brittle dialogues,
over- or under-responding, and a pervasive sense that the Al
“doesn’t quite get it.”

Body Language (Gestures and Posture)

In person, we continuously read stance (open vs. closed),
orientation (lean-in vs. lean-back), hand and arm kinetics
(pointing, illustrating size/shape, self-soothing fidgets), and
locomotion cues (approach/withdraw). These signals change the
force and meaning of identical words. Today’s assistants rarely
perceive full-body context, and even video interfaces usually crop
to a head-and-shoulders box. Without body context, systems miss



interest/aversion, agreement hedging, and the soft cues that
invite or discourage further probing.

Facial Expressions and Micro-Expressions

A slight lip press, blink cadence, Duchenne versus
non-Duchenne smiles, eyebrow flashes, eye aperture, and
micro-asymmetries all carry affective content (certainty,
amusement, discomfort, contempt). Commodity vision models
detect coarse categories, but struggle with subtlety, mixed
emotions, masking, and sarcasm. Avatars that output canned
expressions often fall into “uncanny” territory when timing and
musculature don’t synchronize with speech and meaning.

Tone, Emphasis, Rhythm, and Voice Quality

Prosody often disambiguates intent: the same sentence can
reassure, accuse, or joke depending on pitch contour, intensity,
tempo, and timbre (breathy, creaky, tense). Most ASR pipelines
discard these cues during transcription; most TTS voices render a
single style with limited dynamic range. Systems therefore miss
hesitations, escalation, fatigue, or relief—signals people use to
adjust pacing, detail level, and empathy.

Silence and Timing

Silences and micro-pauses are part of the message. They
mark reflection, disagreement, discomfort, solemnity, or respect;
they structure turn-taking and give space for repair. Cultural



norms vary widely: some contexts value rapid overlaps; others
honor long reflective gaps. Current agents treat silence simply as
“end of input,” often interrupting too soon or filling space that
should be left open.

Regional, Cultural, and Situational Tropes

Accent, dialect, register (formal/informal),
directness/indirectness, honorifics, humor frames, and gesture
semantics vary by region, community, and setting (e.g., clinic vs.
classroom vs. customer support). Generic models frequently
misread passionate speech as anger, or restrained delivery as
indifference; they default to bland phrasing and a single “global
English” cadence. Gesture meanings (e.g., nods, head tilts, eye
contact) also differ cross-culturally.

Challenges to Incorporating Non-Literal
Communication

Sensing and Perception

Continuous, permissioned capture of audio-visual streams is
needed to perceive nonverbal cues robustly. Real-world
conditions (occlusions, lighting, background noise, multiparty
scenes) degrade accuracy. The same observable cue has multiple



plausible meanings; disambiguation depends on context the
system often lacks (task, relationship, prior turns).

Interpretation and Context

Humans ground interpretation in lived experience, norms,
and shared context. Models require situational grounding (what
task are we in?), user modeling (preferences, accessibility needs),
and cultural priors to avoid naive or biased inferences. Classifiers
trained on narrow demographics will systematically misread
others.

Generation and Expressivity

To respond naturally, agents must align content with
prosody, facial animation, gaze, and gesture. Asynchrony (excited
voice with flat face, off-beat nods) breaks rapport. Real-time
co-articulation, gaze targets, beat-gesture timing, and subtle
micro-expressions are computationally and artistically hard, and
errors invoke the uncanny valley.

Systems and Latency

Multimodal perception, reasoning, and rendering must
complete within a few hundred milliseconds for fluid turn-taking.
Traditional cascades (ASR - LLM - TTS - avatar) accumulate
latency and propagate errors. Efficient end-to-end or tightly fused
speech-to-speech and speech-to-avatar stacks are still emerging.



Data, Bias, and Evaluation

High-quality, consented, diverse datasets of everyday
interaction—spanning languages, cultures, ages, neurotypes, and
contexts—are scarce. Labels like “frustrated” or “uncertain” are
subjective; annotator bias is real. Robust evaluation demands
scenario-based, cross-cultural benchmarks that measure
interaction outcomes (trust, task success, satisfaction), not just
frame-level accuracy.

Ethical, Privacy, and Social Acceptance

Always-on sensing can feel intrusive; emotion inference may
be seen as manipulative. There is risk of over-personalization,
stereotyping, or penalizing atypical expression. Users need legible
controls, clear on-device versus cloud data flows, purpose
limitation, and the ability to opt in or out per context. Some users
prefer low-bandwidth, non-performative interactions.

What Needs to Be Developed or Invented

Multimodal Foundation Models

Models that jointly attend to speech prosody, lexical
content, vision (face, gaze, gesture), and dialog context; that
reason over timing and silence; and that output coordinated
language, voice, and animation. Integrated affective state tracking



should remain provisional and context-aware rather than
categorical and absolute.

Low-Friction Sensing and Interfaces

Leverage existing webcams and mics with privacy-first
defaults; add optional depth/eye-tracking where helpful. For
output, prioritize virtual avatars and voice over costly hardware
robots, except where embodiment is essential (e.g., therapy
robots, eldercare). Provide lightweight SDKs to add
gesture/face/voice cues to apps without bespoke research.

Cultural Adaptation Layers

Style controllers that modulate directness, formality,
small-talk, turn-length, and backchannel frequency; locale-aware
idiom banks and gesture semantics; user-tunable preferences.
Guardrails to avoid stereotyping; continuous learning from
consented feedback.

Expressive Speech and Animation

Neural TTS with fine-grained, mid-utterance control
(prosody, timbre, laughter, sighs); co-articulated facial rigs
(FACS-inspired) and procedural gesture synthesis aligned to
prosodic beats and discourse structure; real-time gaze targeting
and head-pose dynamics that track addressee and shared
artifacts.



Privacy-Preserving Learning

On-device inference for sensitive cues; federated/secure
aggregation for model updates; differential privacy for logs;
transparent data retention policies and per-capability toggles.

Evaluation Protocols and Tooling

Human-in-the-loop evaluation of rapport, clarity, and
fairness; cross-cultural scenario suites; red-team tests for
manipulative use; standardized metrics for latency, overlap
handling, repair success, and user satisfaction.

Distribution and Economics

Bundle capabilities as cloud APIs and on-device runtimes
with tiered pricing; provide reference UX patterns and templates;
open datasets and benchmarks to lower barriers for researchers
and smaller orgs; prioritize use cases with clear ROl (contact
centers, tutoring, healthcare triage) to fund broader adoption.

Indicative Costs and Practical Deployment

Near-zero new hardware for most users (webcam + mic
suffice). Incremental software costs for cloud inference
(emotion/prosody analysis, avatar rendering) likely cents per
minute at scale, declining over time. Enterprise pilots (e.g.,
multimodal contact center) may run low six figures for integration



and evaluation; education pilots far less using commodity devices.
Physical robotics deployments remain expensive and niche in the
five-year window; virtual embodiments deliver the best
economics.

Timeline (Five Years)

0-12 months

¢ Voice: broader rollout of expressive TTS styles and
sentiment-aware turn-taking; basic hesitation handling; safer
interruption policies.

* Vision: opt-in face/gaze/gesture perception in pilots; improved
lip-sync; simple backchannels (nods, smiles) in avatars.

e Policy/UX: capability toggles; visible indicators; purpose-limited
sensing defaults; early cultural style presets.

e Evaluation: first open, scenario-based multimodal benchmarks.

12-36 months

e Multimodal: fused speech-text-vision stacks with sub-500 ms
median latency in typical networks; improved silence modeling
and overlap handling.



e Expression: mid-utterance prosody control; procedural
beat-gestures aligned to discourse; less uncanny facial animation.

e Culture: adaptive style controllers that learn user preferences
safely; expansion beyond English-centric defaults.

* Tooling: developer SDKs/APIs for perception and avatar output;
turnkey vertical solutions (support, tutoring, coaching).

36—60 months

e Conversational fluidity approaching human norms in
constrained domains; robust repairs and context shifts; better
calibration to user uncertainty.

e Avatars: lifelike, low-uncanny virtual agents in mainstream
channels; basic full-body motion when camera framing allows.

e Governance: industry standards for emotion sensing, consent,
retention; widely adopted evaluation suites.

e Economics: commoditized APIs reduce cost; on-device runtimes
for common tasks; broad accessibility without specialized
hardware.

Steps and Milestones

e Research - Pilot - Standardize - Scale: iterate with real users
in high-value domains; publish methods and benchmarks; codify
UX and policy patterns; broaden access via platforms.



e Keep humans in the loop for sensitive decisions; default to
minimal necessary sensing; privilege repair and transparency over
persuasion.

e Invest in diversity: data, teams, and evaluation must reflect
global users to avoid systematic misreads and exclusion.

Bottom Line

The gap between human communication and Al interfaces is
largely a gap in modalities and timing. Closing it does not require
human-level “feelings,” but it does require systems that can
perceive and produce the cues people use to coordinate
meaning—prosody, gaze, gesture, silence—and adapt these to
culture and context under user control. Within five years, many
everyday interactions can become markedly more natural,
empathetic, and effective if we build the multimodal stack,
evaluation discipline, and privacy-first distribution needed to
make it real.
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Structured Outline

1. Nonverbal and Paralinguistic Cues Missing
1.1 Body language (gestures, posture, movement)

- Meaning: confidence vs. uncertainty; approach vs. avoidance;
engagement vs. withdrawal.

- Current gap: head-and-shoulders views; no full-body context;
missed hedges/invitations.

- Risk: misread intent; reduced rapport; brittle turn-taking.
1.2 Facial expressions and micro-expressions

- Meaning: subtle affect (sincerity, discomfort, amusement,
contempt).

- Current gap: coarse emotion categories; difficulty with
mixed/masked affect.

- Risk: sarcasm and ambivalence missed; trust erosion; uncanny
avatar timing.

1.3 Voice: tone, emphasis, rhythm, timbre

- Meaning: disambiguates intent; signals certainty, fatigue,
escalation.

- Current gap: ASR strips prosody; TTS monotone or few styles.
- Risk: flat empathy; wrong pacing; missed hesitation/relief.

1.4 Silence and timing
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- Meaning: respect, reflection, disagreement, solemnity;
structures turn-taking.

- Current gap: silence treated as “end of input”; interruptions;
space not honored.

- Risk: users feel rushed or talked over; loss of nuance.
1.5 Regional/cultural/situational tropes

- Meaning: accents, idioms, humor, directness, gesture semantics
vary widely.

- Current gap: generic cadence; locale blind spots; gesture
misinterpretation.

- Risk: offense or confusion; reduced relevance; inequity.
2. Challenges to Incorporation
2.1 Sensing/perception

- Need robust, permissioned audio-visual capture; real-world
noise/occlusion.

- Ambiguity: same cue, many meanings; requires broader context.
2.2 Interpretation/context

- Requires situational grounding and user/cultural modeling.

- Bias risks when training data are narrow or labels subjective.

2.3 Generation/expressivity

- Synchronize content with prosody, face, gaze, gesture in real

time.
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- Avoid uncanny artifacts; support co-articulation and
beat-gesture timing.

2.4 Systems/latency
- Fuse modalities under ~300-500 ms for fluidity.

- Reduce cascade errors; move toward end-to-end speech/gesture
stacks.

2.5 Data/bias/evaluation

- Diverse, consented datasets across languages/cultures/contexts.
- Scenario-based benchmarks: trust, repair, task success, fairness.
2.6 Ethics/privacy/acceptance

- Opt-in sensing; purpose limitation; on-device by default when
possible.

- Avoid manipulation; respect atypical expression and user
preferences.

3. What Needs to Be Developed
3.1 Multimodal foundation models

- Joint speech-text-vision with timing/silence reasoning;
provisional affect tracking.

3.2 Low-friction sensing and interfaces

- Use commodity webcams/mics; optional depth/eye-tracking;
virtual avatars first.

3.3 Cultural adaptation layers
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- Style controllers (formality, directness, backchannels, turn
length);

- Locale-aware idioms and gesture semantics; user-tunable
preferences.

3.4 Expressive speech and animation
- Fine-grained TTS control (prosody, timbre, laughs/sighs);

- Procedural gestures aligned to prosodic beats; real-time
gaze/head dynamics.

3.5 Privacy-preserving learning

- On-device inference; federated updates; differential privacy;
transparent retention.

3.6 Evaluation protocols and tooling

- Rapport/clarity/fairness evaluations; cross-cultural scenario
suites; red-teaming.

3.7 Distribution and economics

- Cloud APIs and on-device runtimes; SDKs and templates; open
datasets/benchmarks;

- Focus on high-ROI use cases to underwrite broader adoption.
4. Timeline (Five Years)
4.1 0-12 months

- Expressive TTS styles; sentiment-aware turn-taking; improved
interruption handling.



- Opt-in face/gaze/gesture pilots; simple avatar backchannels;
capability toggles.

4.2 12—-36 months

- Fused multimodal stacks <500 ms; silence/overlap modeling;
better repair.

- Mid-utterance prosody control; procedural beat-gestures;
less-uncanny faces.

- Cultural style controllers expand beyond English; developer SDKs
mature.

4.3 36—-60 months

- Domain-constrained fluidity near human norms; robust context
shifts.

- Lifelike virtual agents mainstream; full-body motion when
framing allows.

- Standards for consent/retention; commoditized APIs; on-device
runtimes common.

5. Costs and Practicalities

- Hardware: webcams/mics suffice; AR/VR optional; robots niche
due to cost.

- Software: cents/minute cloud inference at scale; falling with
model efficiency.

- Projects: pilots from tens of thousands to low six figures
depending on scope.
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6. Steps and Milestones
- Research - Pilot - Standardize - Scale.

- Human-in-the-loop for sensitive use; default-minimal sensing;

visible indicators.

- Invest in diversity across data, teams, and evaluation to avoid

systemic misreads.
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