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Figure 1: Verbal and non-verbal behaviors of the user and the agent emerge from continuous interaction and reciprocal
behavioral adaptation. (Illustration for this paper created by Michael Dietz)

Abstract

In recent years, considerable efforts have been made to improve
the expressive behaviors of artificial interactive agents, ranging
from animated virtual characters and anthropomorphic robots to
digitally enhanced everyday objects. Experience shows, however,
that realistic appearance and animation alone do not suffice to
maintain long-term engagement beyond an initial novelty effect.
Motivated by the goal of enabling smooth, natural interactions, this
talk discusses the challenges of engineering socially interactive AL
Particular emphasis is placed on temporal alignment, including the
concurrent generation of appropriate system responses, such as
backchannels, during ongoing interaction with the human inter-
locutor. The talk highlights the need for tightly integrated real-time
systems that coordinate Multimodal Social Behavior Analysis and
Generation under dynamically evolving interaction conditions.

CCS Concepts

+ Human-centered computing — Virtual reality; Mixed / aug-
mented reality; Natural language interfaces; - Computer sys-
tems organization — Robotics; « Computing methodologies
— Intelligent agents.

This work is licensed under a Creative Commons Attribution 4.0 International License.
EICS Companion °26, Patras, Greece

© 2026 Copyright held by the owner/author(s).

ACM ISBN 979-8-4007-2669-9/26/06

https://doi.org/10.1145/3807968.3816801

Keywords

Socially-Interactive Agents, Multimodal Behavior Analysis and
Generation

ACM Reference Format:

Elisabeth André. 2026. Engineering Socially-Interactive AL In Companion
Proceedings of the 18th ACM SIGCHI Symposium on Engineering Interactive
Computing Systems (EICS Companion °26), June 30-Fuly 03, 2026, Patras,
Greece. ACM, New York, NY, USA, 3 pages. https://doi.org/10.1145/3807968.
3816801

1 Introduction

Human communication is inherently multimodal: speech is inter-
woven with gestures, facial expressions, posture shifts, and subtle
affective cues. Motivated by the goal of enabling more natural and
intuitive communication with machines, increasing research ef-
forts have focused on socially-interactive agents, including virtual
characters and anthropomorphic robots [4].

Recent advances in multimodal representation learning, large
language models, and generative models have substantially ex-
panded the behavioral repertoire of socially-interactive systems.
Yet socially competent interaction requires more than generating
isolated behaviors. Interactive agents must couple social behavior
analysis and multimodal behavior generation while continuously
reacting to evolving user behavior (see Fig. 1).

While generative Al has substantially improved the realism of
artificial agents, the field is now aiming toward closely integrated
real-time systems in which verbal and non-verbal behaviors are
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shaped by the interactional context as well as by the personality
and social role an agent is intended to portray [2].

2 Multimodal Social Behavior Analysis

Multimodal behavior analysis has undergone rapid change over
the past decade, driven by advances in deep learning and large-
scale multimodal datasets. While robustness has increased, social
behavior analysis remains challenging because social cues are inher-
ently ambiguous and depend on the interactional context, and user-
specific traits. Modern systems increasingly rely on data-driven
multimodal representations that integrate audio, visual, and lin-
guistic information to capture dependencies and complementarities
across modalities.

Recent community efforts, such as the MultiMediate Grand Chal-
lenge, investigate core challenges in analyzing social and conver-
sational behaviors, including the recognition of backchannels and
agreement [5]. Benchmark results from MultiMediate "25 [1] high-
light the difficulty of robust engagement estimation in a conversa-
tion across cultures and domains. Beyond recognizing social signals,
interactive systems must also anticipate conversational behaviors.
The first edition of the MultiMediate Grand Challenge, therefore,
included next-speaker prediction [6] as an initial step toward timely
conversational interventions by an agent.

3 Socially-Aware Behavior Generation

Behavior generation transforms communicative intent into mul-
timodal behavior across speech, gaze, gesture, facial expression,
and posture. Natural interaction depends not only on the realism
of individual modalities, but also on their semantic and expressive
coherence. Inconsistencies between modalities or poorly timed re-
actions can negatively affect the perception of the interaction with
an agent.

Earlier approaches to behavior generation often relied on hand-
crafted symbolic Al models and manually specified behavior rules.
In contrast, modern neural architectures learn the semantics, expres-
sive characteristics, stylistic variations, and temporal organization
of human behavior directly from large multimodal datasets. Recent
systems increasingly combine large language models for content
generation with multimodal generative architectures integrating
audio, visual, linguistic, and contextual representations.

Community initiatives such as the GENEA [3] and REACT [7]
challenges have advanced benchmarking for multimodal behavior
generation through shared datasets and standardized evaluations.

4 Integrated Perspective and Outlook

Human interaction is fundamentally incremental and overlapping:
conversational partners interrupt each other, produce backchannels
while listening, and adapt to the evolving flow of interaction. En-
gineering socially-interactive Al, therefore, requires moving from
modular, sequential architectures toward integrated, real-time sys-
tems that support continuous, reciprocal behavior adaptation be-
tween a human and an agent.

Emerging multimodal foundation models provide new opportu-
nities to unify analysis and generation within a single architecture.

André

However, their deployment in interactive systems raises major engi-
neering challenges, including latency, controllability, interpretabil-
ity, validation, and real-time coordination.

Despite advances, many systems still heavily rely on statistical
regularities that only partially capture the complexity of social in-
teractions. Such systems may produce socially plausible responses,
but remain only weakly grounded in the conversational setting and
fail to adapt across diverse real-world settings.

Evaluating such adaptive behaviors remains a major challenge.
Most evaluations still focus on offline analyses of recorded interac-
tions rather than on agents engaged in free conversation.

Beyond technical robustness, simulating socially expressive be-
havior may raise ethical concerns. Embodied agents may reproduce
stereotypes, reinforce social biases, or convey inappropriate social
signals in sensitive domains. Generative approaches additionally
introduce challenges regarding hallucinations, behavioral inconsis-
tency, and failures to maintain a coherent social role.

Addressing these challenges requires combining advances in
machine learning with principles from human-centered design and
interactive systems engineering.
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