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Abstract

As online language education increasingly
shifts toward personalized and immersive learn-
ing, scenario-based learning (SBL) offers a
promising way to connect language knowledge
with authentic communicative contexts. How-
ever, creating or generating immersive scenario-
oriented learning materials remains challeng-
ing, since systems must interpret complex real-
world situations, organize them into pedagogi-
cally coherent learning paths, adapt linguistic
difficulty to learners’ proficiency levels, and
support interactive learning beyond static con-
tent delivery. In this work, we develop Immer-
siveCFL, a multi-agent framework that gen-
erates scenario-oriented learning paths for en-
hancing immersive experiences during learning
Chinese as Foreign Language (CFL). Given
learner-customized scenarios, ImmersiveCFL
schedules a pedagogically coherent learning
path with knowledge retrieved from a Chinese
Education Knowledge Graph, generates mul-
timodal scenario dialogues, and creates task-
based interactive simulations with multi-skill
exercises. Experimental results show that Im-
mersiveCFL improves difficulty control, cur-
riculum coherence, and personalization over
general LLM-based baselines. An online pro-
totype' further demonstrates its potential for
goal-driven and interactive CFL learning.

1 Introduction

Recently, Chinese language education has wit-
nessed rapidly growing global demand, driven by
expanding economic, cultural, and academic ex-
changes. According to the 2025 language report?
released by Duolingo, Chinese has become the
fastest-growing language studied in more than ten
countries and the second fastest-growing language
studied in the United States. Online learning plat-
forms for Chinese as a Foreign Language (CFL)
*Corresponding author.
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Figure 1: From conventional CFL learning to Immer-
siveCFL. Learners acquire scenario-related knowledge
and practice it through goal-driven interaction.

have provided scalable access to video lectures,
flashcards, listening materials, and exercises.

However, most existing platforms still rely on
pre-designed materials and fixed topic sequences,
making it difficult to support immersive learning
experiences for learners with diverse real-life com-
municative needs. As shown in Fig. 1, conventional
CFL learning typically presents vocabulary, gram-
mar, and exercises as separate instructional units,
which hinders learners from transferring acquired
knowledge to authentic communication. Situated
learning theory (Lave and Wenger, 1991) suggests
that language acquisition is deeply embedded in
authentic contexts and communicative practices.
Scenario-based learning (SBL) (Smith et al., 2018;
Misfeldt, 2015) offers a natural basis for immer-
sive CFL learning, which seamlessly injects lan-
guage knowledge into communicative situations
from daily life or professional communication.

However, generating immersive scenario-
oriented CFL materials is both labor-intensive and
technically challenging in three aspects. First, real-
world scenarios are inherently complex and often
involve temporal progression, causal dependency,
role interaction, and cultural conventions. Without
effective scenario decomposition, generated

796

Proceedings of the 2026 Conference on Empirical Methods in Natural Language Processing: System Demonstrations, pages 796-805
October 24-29, 2026 ©2026 Association for Computational Linguistics


https://blog.duolingo.com/2025-duolingo-language-report/

materials may become fragmented or fail to guide
learners from basic expressions to more complex
communicative tasks. Second, language learning
resources must remain pedagogically appropriate
with learners’ language proficiency, such as
their Hanyu Shuiping Kaoshi (HSK) (Chinese
Testing International, 2026) level.  However,
general-purpose Large Language Models (LLMs)
often lack explicit mechanisms for learner-aware
difficulty control and pedagogical sequencing.
Third, scenario-oriented CFL systems should
support interactive problem-solving simulations
in which learners can practice language within
dynamic environments by completing concrete
goals, making choices, and receiving feedback.
To address these challenges, we propose Immer-
siveCFL, a multi-agent framework that transforms
learner-customized scenarios into immersive CFL
learning experiences. Given a scenario and learner
profile, a Learning Path Scheduler decomposes
into pedagogically coherent sub-scenarios and
retrieves difficulty-appropriate knowledge from a
Chinese Education Knowledge Graph. A Scenario
Dialogue Generator then produces multimodal
role-playing dialogues as contextualized learning
materials.  Finally, an Interactive Practice
Generator creates task-based HTML interactions
and multi-skill exercises, supporting interactive
problem-solving simulations. Evaluation experi-
ments show that ImmersiveCFL improves difficulty
control, curriculum coherence, and personalization,
enhancing immersion during learning.

2 Related Work

2.1 Task-based Language Teaching &
Scenario-based Learning

Task-Based Language Teaching (TBLT) and
Scenario-Based Learning (SBL) provide the theo-
retical foundation for contextualized language ac-
quisition. Regarding TBLT, Ellis (Oxford, 2006)
established its roots in cognitive-interactionist the-
ories, arguing that acquisition is driven by learners’
engagement in authentic tasks. Long (Long, 2014)
further proposed a TBLT framework that prioritizes
real-world objectives over discrete grammatical
practice, while Willis (Willis, 2021) introduced a
structured task cycle in which communicative tasks
are followed by form-focused analysis to develop
both fluency and accuracy. Concurrently, SBL lit-
erature has advanced the understanding of highly
contextualized learning. Lave and Wenger (Lave

and Wenger, 1991) proposed situated learning the-
ory to emphasize that learning is embedded in so-
cial practice, and Errington (Errington, 2003) in-
troduced formal SBL models that place learners
in immersive and narrative-driven environments.
These works suggest effective language learning
should connect linguistic knowledge with concrete
communicative goals and real-world scenarios.

2.2 Adaptive Instructional Planning

Instructional planning has long been regarded as
a core component of intelligent tutoring systems.
Early studies mainly relied on symbolic represen-
tations and rule-based heuristics to align instruc-
tional content with learning outcomes (Gagne et al.,
1981), organize learning paths through concept
maps and state transitions (Peachey and McCalla,
1986), and support adaptive plan repair according
to student progress (Vassileva, 1992, 1995).
Recent advances in deep learning and LLMs
have introduced new perspectives. Learning Path
Recommendation (LPR) aims to generate individ-
ualized learning resource sequences (Nabizadeh
et al., 2020), including sequence-based methods
that construct complete learning paths (Zhou et al.,
2018; Chen et al., 2023) and step-based methods
that recommend learning elements according to
learners’ evolving feedback (Li et al., 2023; Liu
et al., 2019). More recently, Multi-Agent Edu-
cational Systems (MAES) have leveraged LLM
agents for adaptive instructional planning (Lv et al.,
2025; Wang et al., 2025; Zhang et al., 2025). How-
ever, existing methods mainly focus on resource
sequencing or general instructional design, while
limited attention has been paid to language educa-
tion. ImmersiveCFL bridges this gap by employing
multiple specialized agents to coordinate scenario
understanding, knowledge-grounded planning and
immersive practice for personalized CFL learning.

3 Framework Design

In this section, we first formally define the
Scenario-oriented Learning Path Generation
task, and then elaborate on the three-stage gen-
eration pipeline of ImmersiveCFL shown in Fig. 2.

3.1 Problem Definition

Formally, we define the Scenario-oriented Learn-
ing Path Generation task in this work as follows:

L=LPG(S,U)={t; | t; = (V;, D;, E)YY,. (1)
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Figure 2: The overall multi-agent generation pipeline of ImmersiveCFL.

Input: S is the learner-provided scenario de-
scription, e.g., Ordering food in Beijing; U
(0, T, W) denotes the learner profile, includ-
ing proficiency level 6, expected lesson duration
T, and skill preference wy;;; € R® over Listening,
Speaking, Reading, Writing, Translation.

Output: £ is a learning path with an ordered se-
quence of N lessons, where each ¢; contains vo-
cabularies V;, scenario-specific dialogues D;, and
multimodal practice resources F;.

3.2 Stage 1: Learning Path Scheduler

The Learning Path Scheduler decomposes the
learner’s description S into pedagogically coher-
ent sub-scenarios and fills the learning path with
vocabulary, grammars, and cultural points.

Lesson Planning. To generate adaptive scenario-
based curricula, the scheduler first constructs a les-
son plan P through three steps: (1) Learner Needs
Analysis: It summarizes the overall learning goal
and corresponding advanced objectives for the tar-
get scenario. (2) Scenario Modeling: 1t decom-
poses the main scenario S into a logically ordered
narrative flow of sub-scenarios, each corresponding
to one lesson. (3) Instructional Strategy Design:
It specifies teaching objectives and difficulty pro-
gression based on SMART principles (Wolf and
Akkaraju, 2014), Bloom’s Taxonomy (Krathwohl,
2002), and Krashen’s Input Hypothesis (Krashen,
1982), assigning suitable difficulties to each lesson.

Pre-hoc Retrieval for Content Enrichment.
We construct a Chinese Education Knowledge

Graph (CEKG) from Chinese proficiency standards,
HSK syllabi, dictionaries, and cultural materials to
provide structured pedagogical knowledge. Details
of CEKG are provided in Appendix A. The sched-
uler retrieves lesson-relevant vocabulary, grammar,
and cultural knowledge from CEKG to form Cl.pg,
which grounds the initial path generation:

Linit = LLM(P, Ccekg)- (2)

Post-hoc Retrieval for Personalization. The
scheduler further refines L;y;; to mitigate hallucina-
tions and improve personalization. Cognition align-
ment replaces out-of-level content with proficiency-
appropriate alternatives, while preference align-
ment adjusts practice allocation according to learn-
ers’ skill preferences:

L= Align(cim'ta u, Ccekg)' (3)

Details are provided in Appendix B and Fig. 7.

3.3 Stage 2: Scenario Dialogue Generator

For each lesson /; in the learning path, the second-
stage agent generates a core instructional dialogue
D;. The dialogue simulates authentic communica-
tion and naturally incorporates target knowledge
points. Fig. 2 presents an example in which a cus-
tomer discusses flavor preferences with a waiter in
a Chinese restaurant. The agent further transforms
each dialogue into multimodal scenario materials.
It extracts key contextual elements from D;, includ-
ing roles, actions, objects, and environmental set-
tings, to generate cartoon-style illustrations. It also
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Figure 3: Example interactive simulation for Dining at a Chinese Restaurant

restructures the dialogue into a concise role-playing
script for coherent video presentation. These mate-
rials help learners understand the communicative
situation and prepare for interactive practice.

3.4 Stage 3: Interactive Practice Generator

The third stage augments the learning path £ with
multimodal practice activities F, including task-
based interactive simulations and exercises.
Task-based Interactive Simulation. Instead of
presenting static learning materials, interactive sim-
ulation enables learners to practice efficiently in
an immersive task-based environment. The genera-
tion process consists of two steps: (1) Interaction
Flow Construction. It first extracts the commu-
nicative goal, roles, scene objects, target language
items, actions, and completion criteria to form a
task specification. It then organizes them into a
fine-grained interaction flow controlling task states,
feedback, and progression within a sub-scenario.
(2) Simulation Instantiation. The flow is instanti-
ated as an editable HTML-based simulation with
task prompts, interactive objects, choices, feedback,
and progress controls. Correct actions advance the
task, while inappropriate or incomplete actions trig-
ger formative feedback and retries. This editable
design allows instructors to refine the generated
content according to specific pedagogical needs.
Dialogue-aware Multi-skill Exercises. Based
on interactive simulations as context, another agent
generates exercises covering Listening, Speaking,
Reading, Writing, and Translation. To balance
generation quality and efficiency, a hybrid strategy
is applied. Rule-based programs generate struc-
tured tasks such as character writing and read-aloud

prompts. LLMs generate semantically demanding
exercises such as comprehension, cloze, and trans-
lation questions. TTS and ASR services support
audio-based listening and speaking practice.

4 Experiments and Evaluation

4.1 Experimental Setting

Dataset. To fairly evaluate the authenticity of gen-
erated scenarios, we construct a Chinese Textbook
Dataset from the Official HSK Textbooks, covering
six proficiency levels from HSK 1 to HSK 6. Each
textbook is organized into topic-based units with
scenario-based dialogues and vocabulary lists. Af-
ter manual quality assessment, our dataset contains
120 distinct cases involving diverse scenarios.
Comparison Methods. To validate the gener-
ality of ImmersiveCFL, three typical LLM back-
bones are evaluated, including Qwen3.6-Plus,
DeepSeek-3.2, and GPT-5.4. We compare with
two baselines: Direct Prompt, where LLMs are
directly prompted to generate learning paths, and
Chain-of-Thought (CoT) Prompt, where LLMs
reason using chain-of-thought prompting. For all
baselines, Qwen3.6-Plus is used as the backbone
due to its competitive ability and cost-effectiveness.

4.2 Quantitative Analysis

Vocabulary. We use Out-of-Vocabulary Rate
(Roov) to measure generated words exceeding the
target HSK level, where a small amount of above-
level input is beneficial according to Krashen’s
Input Hypothesis (Krashen, 1982), and Vocabu-
lary Repetition Count (#Repeat) to measure each
word’s average exposure, following frequency-
based second language acquisition (Ellis, 2013).
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Model Roov (1) #Repeat (1) DG () Sim () PPL{) SkillAlign. (1)
ImmersiveCFL
with Qwen3.6-Plus 1.16%* 15.34* 0.4581*  7424%* 991" 98.49%*
with DeepSeek-v3.2  0.73% 15.29 04637  73.18% 10.40 98.24%
with GPT-5.4 2.60% 18.90 0.5315  74.06% 9.61 98.52%
Direct Prompt 47.82% 5.39 0.0000  66.88% 10.99 72.05%
CoT Prompt 64.47% 458 0.0000  66.09% 11.60 69.29%

Table 1: Main experimental results. Arrows indicate the preferred direction for each metric. For Rpov, values
among 1%—-3% are considered optimal according to Krashen’s Input Hypothesis (Krashen, 1982).  indicates a
statistically significant difference (p < 0.05) between ImmersiveCFL and baselines.

As shown in Table 1, ImmersiveCFL maintains
a low OOV rate across backbones, ranging from
0.73% to 2.60%, and repeats each word 15-18
times on average. Direct Prompt and CoT Prompt
produce much higher OOV rates, 47.82% and
64.47%, with fewer repetitions, approximately 4-5
times per word, suggesting weaker difficulty con-
trol and vocabulary exposure.

Curriculum Content. We use the Difficulty
Gradient of Learning Paths (D), Adjacent Dia-
logue Similarity (Sim), and Perplexity of Gener-
ated Content (PPL) to evaluate curriculum con-
tent quality. DG measures the standard deviation
of HSK levels across lessons to reflect the difficulty
gradient of the learning path. Sim measures nar-
rative continuity between adjacent dialogues using
cosine similarity, and P P L reflects text fluency. As
shown in Table 1, ImmersiveCFL achieves higher
DG values, ranging from 0.45 to 0.53, while the
baselines collapse to 0.00, indicating clearer pro-
gressive difficulty. It also obtains higher adjacent
dialogue similarity, 73.18%—74.24%, compared
with 66.09%—-66.88% for baselines, suggesting bet-
ter narrative continuity and relatively low PPL.

Personalization. To evaluate whether generated
learning paths satisfy individual needs, Skill Align-
ment is defined as the cosine similarity between
the multi-skill proportion distribution of generated
exercises and the learner-specified skill preference
distribution. As shown in Table 1, ImmersiveCFL
achieves 98%—-99% Skill Alignment, substantially
outperforming the baselines at around 70%. More
personalization and ablation results are provided in
Appendix C and Appendix D.

4.3 User Study & Human Evaluation

To validate the pedagogical quality of Immer-
siveCFL, we recruited 10 professional CFL teach-
ers to evaluate it with the CoT baseline. We ex-
tracted 60 cases covering daily-life topics such as

Scenario

Coherence
4.42

—o— Ours
—#— CoT Prompt

Vocabulary Scenario
Necessity 43 401 Realism
4.11 4.11
Vocabulary Dialogue
Difficulty Difficulty

Overall Preference

Figure 4: Human evaluation results.

ordering food, taking public transportation, or shop-
ping. Each case was evaluated by at least 3 eval-
uators, resulting in 180 evaluation records. For
each case, evaluators compared the anonymized
curricula generated by two models side by side as
ResultA and ResultB, and scored on 6 dimen-
sions: scenario coherence, scenario realism, dia-
logue difficulty, vocabulary necessity, vocabulary
difficulty, and preferred overall. Final results are
derived from the average of all cases. As shown
in Fig. 4, ImmersiveCFL outperforms the baseline
by significant margins on all subjective metrics,
and the number of evaluators who prefer Immer-
siveCFL is nearly two times that of the baseline.

4.4 Platform Deployment

We have implemented ImmersiveCFL as a pub-
lic online platform to demonstrate the generated
immersive learning experience. Designed for
CFL learners seeking scenario-specific practice
and teachers preparing customized materials, the
platform offers two entry points as illustrated in
Fig. 5: Generated Scenarios and Customize Sce-
narios. In Generate Scenario Mode, users input
a scenario prompt and configure preferences, and
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Figure 6: Interactive simulations comparison between ImmersiveCFL and prompt-only using three LLMs.

the system automatically generates an adaptive les-
son sequence. For advanced learners or teachers,
Customize Scenario Mode supports fine-grained
intervention. The platform further provides interac-
tive and immersive practices, including multi-skill
exercises and interactive simulations.

4.5 Interactive Simulation Comparison

To intuitively demonstrate the quality of interactive
simulations generated by ImmersiveCFL, we con-
duct a case-based comparison with the prompt-only
baseline using three LLMs. As shown in Fig. 6,
under the same scenario request, the prompt-only
baseline tends to generate HTML pages resembling
conventional forms or language-selection exercises,
while ImmersiveCFL generates dialogue-grounded
communicative tasks with contextual information,
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manipulable objects, and immediate feedback. This
comparison suggests that structured task grounding
and staged generation help align communicative
objectives and scenario context.

5 Conclusion

In this paper, we propose ImmersiveCFL, a
multi-agent framework for generating immersive
scenario-oriented CFL experiences. Given a
learner-customized scenario and proficiency pro-
file, ImmersiveCFL generates coherent learning
paths, scenario-specific dialogues, interactive sim-
ulations, and multi-skill exercises with difficulty
control. Experimental results demonstrate its po-
tential for goal-driven Chinese language learning
in terms of curriculum coherence, proficiency adap-
tation, and personalized practice.
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A Chinese Education Knowledge Graph

We crafted a Chinese Education Knowledge
Graph (CEKG) as the knowledge foundation
of ImmersiveCFL. The data are collected from
multiple sources, including Chinese Proficiency
Grading Standards for International Chinese Lan-
guage Education (Standards) (Ministry of Educa-
tion of the People’s Republic of China and State
Language Commission, 2021), Hanyu Shuiping
Kaoshi (HSK) syllabi (Chinese Testing Interna-
tional, 2026), dictionaries, and cultural materials.
We first clean and normalize the raw data, then
use entity recognition and relation extraction to
construct candidate triples, and finally apply cross-
source entity alignment and manual checking to
reduce duplicates and improve data quality.

Table 2 summarizes the statistics of CEKG. Dif-
ferent from a simple vocabulary list, CEKG orga-
nizes Chinese learning resources as a structured
semantic network. The CEKG contains several
types of entities, such as Hanzi, vocabulary, gram-
mar points, HSK levels, learner errors, and cultural
points, each entity is stored with teaching-oriented
attributes. The relations in CEKG describe how
different knowledge items are connected, including
synonym, antonym, co-occurrence, word formation,
learning dependency, entity difficulty, and cultural
association. Beyond storing isolated knowledge
entities, CEKG supports relation-aware retrieval,
precise difficulty control, and cultural enrichment,
providing a more reliable knowledge foundation
for LLM-based generation.

Resource Count Data Source

Entity

Hanzi 20,841 Standards, HSK Syllabi, Stroke Or-
der

Vocabulary 267,853 Standards, HSK Syllabi, Dictionar-
ies

Idioms 56,752 Idiom Dictionaries

Level Types 20 Standards, HSK Syllabi

Grammar Points 1,167 Standards, HSK Syllabi

Learner Errors 602 Chinese Writing Error Resources

Cultural Points 591 Cultural Teaching Reference Data

Relation

Synonym 1,152 Chinese Synonym Dictionary

Antonym 5,375 Online Chinese Dictionaries

Co-occurrence 43,363 Baidu Baike Corpus

Entity-Level 31,744 Standards, HSK Syllabi

Word Formation 557,263 Character-Word Composition Data
Cultural Association 9,613 Cultural Teaching Resources
Learning Depen- 435 Radical-Based Hanzi Relations

dency

Table 2: Statistics of CEKG.
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Figure 7: Example of Post-hoc Retrieval for Cognition
and Preference Alignment.

B Post-hoc Retrieval Alignment

As shown in Fig. 7, the scheduler refines the learn-
ing path through cognition and preference align-
ment. For cognition alignment, out-of-level vo-
cabulary is replaced by semantically similar words
whose HSK level does not exceed the lesson tar-
get level. Word embeddings from bge-large-zh-
v1.5 (Chen et al., 2024) are used to select replace-
ments with high semantic cosine similarity. For
preference alignment, the scheduler allocates learn-
ing time under the duration constraint 7'. Harder
words are assigned larger learning weights, and
the final exercise time is further distributed across
Listening, Speaking, Reading, Writing, Translation
according to both pedagogical skill weights and the
learner’s preference vector w;;.

C Personalization Analysis

As shown in Fig. 9, the left figure reports the aver-
age sentence length of generated dialogues across
learner proficiency levels, and the right figure re-
ports the average number of exercises under dif-
ferent learning durations. ImmersiveCFL captures
differences in learner proficiency by generating
proficiency-sensitive dialogues. It also increases
exercise counts according to lesson duration. By
contrast, the baselines tend to generate shorter dia-
logues and fewer exercises, showing weaker adap-
tation to personalized time requirements.

D Ablation Study

We conduct ablation studies on two components
of the Stage 1 Learning Path Scheduler: Lesson
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Scenario-oriented Learning Path
Taking the Shanghai Metro

FobH W Rtk
o Station Search and

Ticket Purchase
k20 BRI b
Reading Maps and Asking
for Directions

esson Text Dialogue

1RSF, AN QRXEIG?
Hi,is the subway entrance here?

B, EERIE. AERRSEER.

[ Yes, keep walking. The ticket machines are over there

KRB R L FE#RR

Understand the Lines and

screen to purchase a ticket

AT BTSN,
Transfer : I'd like to buy a subway ticket to the Bund.
PN BRES OISR,
2‘] j& —L:J lﬂ 3& N Please select the Nanjing East Road station on the

Arrival and Exit

 Listening

© Speaking

Vocabularies

didn mal p2.01] pido
& *x &£ 2
click buy walk ticket

: Exercises

: o » Q: Where do tourists P

Cody o want to go? LA
Bund B. Garden C. Museum Writing

Q: Please follow the :
R R T &
As HFREA D RIETS? :
Az F b B R 55 7
[:E] B: T A% H hF Ak
~

Q: Do tourists want o go to

. Reading Nanjing East Road?A. yes B. no!

Ei From: #.8 % —# s %. E
N To: I'd like to buy a . D

* Translate

)

Immersived raming:

Simulated Interaction

0.0.0.0.0.0.0.0.0

Choose the platform direction

Toward ABAFE  Toward BHE

Figure 8: Example Scenario-Based Instructional Content for Taking the Shanghai Metro
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Figure 9: Personalization analysis across learner profi-
ciency levels and lesson durations.

Planning and the Alignment module, which per-
forms cognition and preference alignment. Re-
moving Lesson Planning eliminates the decompo-
sition of learner-described scenarios into progres-
sive sub-scenarios and weakens the reconstruction
of a logically ordered narrative flow. Removing
Alignment causes the model to generate content
without learner-specific cognition and preference
alignment.

As shown in Fig. 10, without Lesson Planning,
the Difficulty Gradient collapses to 0.00 and Adja-
cent Dialogue Similarity decreases, indicating that
the learning path lacks progressive structure and
narrative coherence. Without Alignment, Vocab-
ulary Coverage, defined as 1 — Rpoy, and Skill
Alignment decrease substantially. These results
show that Lesson Planning supports pedagogical
progression, while Alignment improves vocabulary
difficulty control and skill preference alignment.

E Case Study

As shown in Fig. 8, we present another generated
example for the scenario of Taking the Shanghai
Metro. The scenario is decomposed into four or-
dered sub-scenarios, including station search and
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Figure 10: Ablation study results.

ticket purchase, asking for directions, line transfer,
and arrival and exit. Each lesson contains multime-
dia dialogue, vocabulary, exercises and interactive
simulation. Taking the first lesson as an exam-
ple, we create dialogue text, instruction images
and videos about finding the metro entrance and
purchasing a ticket to the Bund, these dialogues in-
clude a range of pedagogically appropriate vocabu-
lary. The lesson follows a suite of multimodal prac-
tice, including multi-skill exercises and HTML-
based interactive simulations, where learners can
practice the various linguistic skills for determining
directions or transferring lines. This case demon-
strates that integrating a learning path, dialogue,
and interactive practice into a unified scenario con-
text enables learners to practice Chinese through
immersive and goal-driven interaction.
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