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Abstract. Video-based learning plays a central role in contemporary ed-
ucation; however, learners frequently experience diminished social pres-
ence and friction in retrieving instructional information. Essential con-
textual details are often embedded within video frames or conveyed
through instructors’ verbal explanations, making them difficult to ac-
cess using conventional text-based tools. To address these challenges, we
present CIALLO, a Chrome extension that augments YouTube-based
learning through a dual-LLM pedagogical agent framework. CIALLO
integrates an animated, emotionally expressive pedagogical agent capa-
ble of dynamically adjusting its appearance and motion based on affec-
tive signals. To balance instructional rigor and socio-emotional interac-
tion, the system employs two specialized LLM components: one responsi-
ble for generating context-grounded, academically oriented explanations,
and another dedicated to producing affect-aware dialogue and behavioral
modulation. Embedded directly within the Chrome sidebar, CIALLO
provides context-aware assistance grounded in video transcripts. This
design aims to reduce information retrieval friction while potentially en-
hancing perceived social presence and learner engagement.

Keywords: Animated Pedagogical Agents - Generative Al - Video-
based Learning - Large Language Model.

1 Introduction and Background

Video-based learning has emerged as a prominent pedagogical approach in con-
temporary education [18,24], with platforms such as YouTube hosting a vast
ecosystem of instructional content [29]. However, online learners frequently en-
counter two persistent challenges that hinder effective learning. The first chal-
lenge is the lack of social presence during online learning: the absence of in-
structor cues and peer interaction fosters isolation and disengagement [1,12],
particularly in lengthy technical “mega-tutorials” [14].

The second challenge is information retrieval friction: essential context is
often embedded in video frames or verbal instruction, making it inaccessible
to conventional text-based retrieval tools [29,30]. For instance, when learners
encounter conceptual uncertainties, they cannot readily extract relevant context
for further inquiry. As these difficulties accumulate, they can impose significant
cognitive burden and interrupt the continuity of learning [6].
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Pedagogical agents (PAs) have been proposed to enhance social presence
and interactive support in digital learning environments, with prior research
demonstrating their ability to improve self-efficacy, emotional support, and en-
gagement through mechanisms such as the persona effect, social agency theory,
and embodied cognition [27,21,5]. However, most existing PA frameworks rely
on pre-scripted interactions, resulting in largely static behavior that lacks the
flexibility to adapt to diverse learning situations and may discourage sustained
interaction [5, 22, 4].

Recent advances in LLMs present new opportunities to overcome the limi-
tations of static PA models, enabling more dynamic, context-aware, and affec-
tively responsive interactions [10, 4]. Moreover, LLMs have demonstrated strong
proficiency in reasoning over extended textual inputs [7, 3], making video tran-
scripts a natural contextual source for LLM-based instructional assistance [19)].
For instance, Ray et al. [23] leverage YouTube transcripts to generate detailed re-
sponses to student inquiries, demonstrating the potential of transcript-grounded
LLMs to reduce information-seeking friction in educational video contexts.

Recent studies have begun exploring the integration of LLMs with animated
PAs. For instance, Chen et al. [4] integrate LLM-powered dialogue generation
with an animated 3D VTuber avatar system. Equipped with real-time motion
capture and anime-style visual rendering, these agents evolve from static as-
sistant interfaces into dynamic, emotionally engaging interactive partners. How-
ever, such systems remain largely unexplored in authentic learning environments.
Moreover, creating high-quality VTuber avatars requires specialized technical
expertise, posing significant personalization barriers [13]. This limitation in per-
sonalization is particularly significant given the established pedagogical value of
avatar customization, as research in virtual learning environments indicates that
allowing learners to tailor their agent’s visual identity fosters stronger psycho-
logical identification with the companion [28, 26].

To address the two aforementioned challenges, i.e., the lack of social presence
in self-directed video learning and the friction in retrieving instructional informa-
tion, we introduce CIALLO, a Chrome extension that augments YouTube-based
learning through an integrated pedagogical agent framework. Unlike text-only
chatbots, CIALLO embeds an animated, multimodal PA directly within the
browser sidebar to support in-situ interaction. Compared to recent VTuber-based
systems such as Chen et al. [4], which rely on complex modeling that poses signif-
icant barriers to learner-driven personalization, CIALLO employs Al-generated
avatars that can be readily customized by students to create their own agent rep-
resentations. Additionally, we provide an intuitive configuration interface that
allows learners to map specific visual appearances to distinct emotion tags, en-
abling fine-grained affective embodiment without technical overhead. Crucially,
rather than operating in isolated demonstration contexts, CIALLO is embedded
directly within authentic educational workflows, where learners can interact with
the agent while engaging with actual instructional content.



2 Tool Descriptions

2.1 System Overview
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What is the teacher talking about right now?

At this point in the video, the teacher is
explaining variable reassignment in Python —
specifically, how assigning a new value to a
variable breaks its connection to the previous
object it referenced. For example:
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After the second line, X no longer refers to
the original list [1, 2, 3] .The first list
may still exist in memory if nothing else
references it, but X now points to a new
object. This illustrates how variables in
Python are names that refer to objects, not
containers holding values. Reassigning X
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Dectarative vs. Imperative Knowledge and Algorithms.
20:05:05 - 00:10:19

The lecture distinguishes between declarative
knowledge (statements of fact) and imperative

3

knowledge (recipesfalgorithms). Using a square
oot calculation as an example, Bell defines an
algorithm as a sequence of steps with a flow of
control and a stopping condition, noting that
computers are ‘dumb’ machines that simply
execute these recipes.

History and Basic Computer Architecture
00:10:19 - 00:15:20

Fig. 1. Screenshot of CIALLO usage demo. CIALLO contains two modules: (1) the
Overview module, which presents LLM-generated chapter segmentation and summaries
synchronized with the video timeline, and (2) the Chat module, where learners interact
with the pedagogical agent. The chat panel illustrates a context-grounded response
generated based on the current playback position.

Lecture 1: Introduction to CS and Programming Using Python
Q oeone g BT (5

Send
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Module 2

CIALLO is a Chrome extension designed to support learning on YouTube
(see Fig. 1). The system detects the active video and retrieves its transcript us-
ing the YouTube-Transcript-API. The transcript is then processed by an LLM
to generate chapter segmentation and summaries. These structured outputs are
displayed in the Overview module (module 1 in Fig. 1) and synchronized with the
video timeline. CTALLO continuously tracks the playback timestamp and high-
lights the corresponding chapter to support efficient navigation and contextual
awareness.

The interface also includes a Chat module (module 2 in Fig. 1) that enables
real-time interaction with the PA. The agent accesses both the transcript and
playback position, allowing it to produce responses grounded in the instruc-
tional context currently being viewed, as illustrated in Fig. 1. This design aims
to reduce information retrieval friction by enabling transcript-based assistance
without leaving the video interface.

2.2 Multimodal Interaction

When a learner submits a query through the Chat module, the system invokes
two LLM instances in parallel, each guided by distinct objectives. This dual-LLM
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Fig. 2. Illustration of CIALLOs multimodal interaction pipeline. When a student sub-
mits a query, two LLM calls are invoked in parallel. LLMmytor generates context-
grounded instructional responses, while LLMpa produces personalized, emotionally
expressive dialogue. LLMpa additionally outputs emotion tags that control the PAs
appearance and animations, and can be synthesized into speech via a text-to-speech
(TTS) module.

design is motivated by a practical limitation observed during system develop-
ment: it is challenging for a single LLM to simultaneously maintain academically
rigorous explanations while exhibiting rich socio-emotional expressiveness [17].
To balance this competing demand, we separate pedagogical reasoning from
socio-emotional interaction.

LLMytor is responsible for generating academically rigorous, context-aware
instructional responses grounded in the video transcript and conversation his-
tory. Functioning as a professional domain tutor, it prioritizes conceptual accu-
racy and clarity to support high-quality pedagogical guidance. LLMpy, in con-
trast, is designed to enhance social presence and emotional engagement. Its de-
sign draws on prior research on PAs, social agency theory, and the persona effect,
which collectively suggest that socially expressive agents can enhance learner
motivation, perceived companionship, and engagement by fostering a sense of
relational interaction [21,5]. Rather than delivering technical explanations, it
generates personalized, affect-aware dialogue that complements LLMryto,’s in-
structional response. By default, LLMpa follows a predefined persona configu-
ration; however, learners may customize its speaking style to better match their
preferences. Beyond generating dialogue, LLMpa produces structured emotion
tags (e.g., happy, curious, surprised) that directly control the agents visual ap-
pearance and animations (e.g., subtle vertical motion or lateral shaking). Op-
tionally, the generated dialogue is forwarded to a text-to-speech (TTS) module
to synthesize spoken responses with natural, human-like prosody. In addition
to a default voice configuration, learners may upload a preferred voice sample,
enabling the TTS system to imitate its vocal characteristics during synthesis.
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This personalized vocal embodiment is designed to further enhance the perceived
relational connection between the learner and the PA.

2.3 Technical Implementation and Design Rationale

(1) LLM Integration and Prompt Engineering CIALLO employs a role-
separated prompt engineering strategy to balance instructional rigor with socio-
emotional engagement. A unified API interface supports flexible model provider
selection, while distinct system prompts enforce strict behavioral boundaries and
prevent role leakage.

LLMp, is explicitly constrained to prioritize affective presence over technical
explanation, yielding concise, emotion-tagged utterances that directly map to
avatar animations. Example outputs include:

[curious] Hmm~ that seems kinda tough, doesn’t it? {jump up and
down}
[smile] You’re doing fine, don’t rush yourself~ {sway left and
right}

In contrast, LLMmrutor is optimized for academic precision and transcript
grounding, producing structured, timestamp-anchored responses:

"Regarding your question on dynamic memory allocation:

the segmentation fault occurs because the pointer references
deallocated memory. In this video segment (12:34), the
instructor demonstrates using valgrind to trace such

leaks by inspecting the call stack..."

When interfaced with commercial LLM APIs, streamed responses typically begin
rendering within ~1 second, supporting a fluid interactive experience.

(2) Text-to-Speech Module When enabled, CIALLO forwards LLMpa’s gen-
erated dialogue to a TTS module for speech synthesis. We currently integrate
CosyVoice v3 [8], an open-source model that supports easy voice cloning with
minimal reference audio. This allows learners to upload a voice sample of their
preferred character and synthesize emotionally expressive speech that matches
the agent’s affective state.

The TTS pipeline operates asynchronously: audio generation begins imme-
diately after LLMpa outputs text, while the UI displays the text response con-
currently. Average synthesis latency is under 1.5 seconds when using commercial
APIs. Users can also choose to disable TTS for text-only mode.

(3) Animated Character The animated character shown in Fig. 1 is gen-
erated via Gemini Nano Banana 2. Each message from LLMpa includes struc-
tured emotion tags (e.g., happy, curious, surprised), and learners may upload
corresponding avatar appearances for each tag. As illustrated in Fig. 2, a single
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character can be rendered in multiple expressive variants. Nano Banana 2 facili-
tates this process through its strong character-consistency preservation: learners
generate a base avatar once, then request posture or stylistic adjustments with-
out re-specifying identity features. This workflow lowers the technical barrier for
personalized avatar creation.

Critically, this customization capability is not merely aesthetic. Prior work
in virtual learning suggests that when learners shape their agent’s visual iden-
tity, they develop stronger psychological identification with the companion [28,
26]. Such identification has been shown to enhance the emotional relevance of
instructional interactions and improve retention of agent-mediated content [20,
11, 26]. Moreover, customizable avatars support learners’ self-efficacy, which is
consistently linked to increased motivation and deeper cognitive engagement [26,
2]. Another key rationale for adopting a stylized animated avatar is to mitigate
the ethical and cognitive risks associated with Al anthropomorphism. Highly
photorealistic agents can inadvertently foster misplaced trust or unrealistic ex-
pectations about Al capabilities, which poses significant concerns in educational
contexts [9, 25]. Empirical studies indicate that stylized, non-photorealistic char-
acters effectively reduce these risks by maintaining a clear “artificial” identity
and evoking a more approachable, game-like aesthetic rather than mimicking
human realism [15]. Employing 2D animated characters could also avoid the
uncanny valley [4] while preserving the socio-emotional cues necessary to foster
social presence and leverage the persona effect. As established in pedagogical
agent research, the mere presence of a responsive, expressive companion, even
when transparently non-human, can significantly enhance learners’ perceived en-
gagement, reduce isolation, and sustain motivation [16, 27]. By decoupling visual
realism from emotional expressiveness, CIALLO ensures that learners benefit
from these well-documented psychological effects without conflating the agent
with human-level intentionality or instructional authority.

3 Discussion and Conclusion

We presented CIALLO, a Chrome extension that augments video-based learning
through a dual-LLM PA framework. Our design is intended to address two key
challenges in video-based learning: information retrieval friction and the lack of
social presence. One limitation of the current work is the absence of user studies.
Future work will focus on conducting systematic user studies to evaluate learners
perceptions and learning outcomes.

Our work positions LLMs as collaborative learning partners in video-based
environments, emphasizing human-Al co-agency and collaborative intelligence.
The ultimate goal is to explore how to strengthen social presence and emotional
support while maintaining instructional rigor, improving engagement without
disrupting learners focus or learning continuity.
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