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Figure 1: System overview of NieNie, combining stress detection, LLM-driven rhythmic guidance, and interactive squeezing
gameplay for emotional regulation.

Abstract
Today’s young people are facing increasing psychological stress due
to various social issues. Traditional stress management tools often
rely on static scripts or passive content, which are ineffective in
alleviating stress. NieNie addresses this gap by combining rhythm
biofeedback with real-time psychological guidance through a large
language model (LLM), offering an interactive, tactile response.
The system is specifically designed for young people experienc-
ing emotional stress, collecting physiological signals such as heart
rate variability and generating adaptive squeeze-release rhythms
via soft, tactile devices. Utilising LLM, the system provides timely
squeezing rhythms and psychologically guided feedback prompts,
offering personalised rhythm games while reinforcing stress re-
structuring. Unlike traditional mental health apps, NieNie places
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users within an embodied interactive loop, leveraging tactile inter-
action, biofeedback, and adaptive language support to create an
immersive stress regulation experience. This study demonstrates
how embodied systems can connect bodily actions with mental
health in everyday contexts.
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1 INTRODUCTION
In recent years, mental health crises among college students have
reached an alarming level. Students are facing increasing academic
pressure, uncertain career prospects, social isolation, and growing
digital distractions, all of which contribute to heightened psycholog-
ical stress. Despite growing awareness and investment in mental
health infrastructure, traditional intervention strategies such as
mindfulness meditation apps, counseling sessions, and journaling
prompts often fail to effectively engage students during moments of
cognitive or emotional overload. Their core limitation lies in their
reliance on user-driven engagement: individuals in a state of stress
may lack the appropriate channels or methods to release stress.
Additionally, most existing solutions remain static, lack personal-
ization, and are disconnected from users’ physical and emotional
states during moments of stress [4, 6].

To address this significant gap, we have made NieNie, a real-
time, rhythm-guided system that senses physiological indicators
of stress and guides users toward calmness through interactive
gameplay. Our approach is grounded in research on affective com-
puting, embodied interaction, and narrative psychology. Unlike
treating stress as a cognitive challenge requiring rational solutions,
NieNie employs a more intuitive, body-based feedback loop. Users
rhythmically squeeze a soft device under the system’s guidance,
while the system responds with visual, auditory, and narrative cues
that adaptively adjust based on the user’s physiological state. All
guidance text and rhythms are not pre-written but generated in
real-time by a large language model that simultaneously evaluates
real-time sensor inputs and recent interaction history. This makes
the experience smoother, more empathetic, and personalized, en-
abling the system to act as a dynamic co-regulator rather than a
static guide [7, 14].

NieNie’s core vision is to transform stress management from
a cognitively demanding, text-heavy process into an embodied,
emotionally resonant, and even playful experience. Unlike conven-
tional breathing apps that provide countdown timers or voiceovers,
NieNie incorporates the user’s own sensorimotor feedback into the
rhythm generation and response cycle. This not only helps rein-
force positive behavioral loops but also fosters a sense of immersion
and agency that is often missing from traditional wellness tools.
Our system is designed with portability and scalability in mind,
enabling deployment in all the places with minimal setup.

In the following sections, we will provide a detailed introduction
to existing research related to this design, elaborate on the system
architecture and implementation plan, and present the preliminary
results of the pilot deployment. Finally, wewill reflect on the current
limitations of the system and propose future development directions
and challenges.

2 RELATEDWORK
Our work on NieNie builds upon a rich intersection of research
in affective computing, biofeedback-based interaction, rhythmic
entrainment, and personalized guidance via large language models.
This convergence enables us to design a system that is not only
reactive to stress but also engaging and adaptive to each user’s
unique emotional landscape.

Biofeedback games and stress sensing. Early explorations in
biofeedback-based interaction have demonstrated the potential of
physiological signals such as electrodermal activity (EDA), heart
rate variability (HRV), and respiration to serve as real-time indica-
tors of affective state [6, 8]. Notably, Schwartz et al.[12] introduced
a game-based biofeedback framework that incorporated EDA and
HRV as continuous inputs for modulating gameplay difficulty. Their
work showed that embedding physiological awareness into the me-
chanics of a game increased both user retention and emotional
regulation efficacy. Subsequent research expanded this approach
by exploring adaptive feedback loops that altered game dynamics
based on biosignal fluctuations [13].

Rhythmic entrainment and embodied regulation. Teixeira et
al. [14] demonstrated that rhythm-based breathing games onmobile
devices significantly improved physiological indicators of calmness
in users. Their work supports the broader theory of entrainment,
wherein the human body and mind tend to synchronize with exter-
nal rhythmic stimuli, such as pulsing lights, sounds, or haptic cues.
In the context of NieNie, we leverage this principle not through
passive exposure but via active, rhythmic interaction—specifically,
the act of squeezing and releasing a soft device in coordination with
system generated timing cues. This embodied interaction aligns
with research on somatic therapy and sensorimotor regulation,
where bodily motion becomes a medium for emotional processing.

Narrative and emotional engagement. Emotional engagement
is a key predictor of adherence and effectiveness in mental health
interventions [7]. In NieNie, we extend this by integrating real-
time, adaptive narrative feedback generated by a large language
model. Unlike scripted systems, our LLM-based module can adjust
tone, style, and thematic elements based on the user’s ongoing
emotional and physiological state, enabling a more responsive and
personalized interaction loop.

LLMs for mental wellness. Liu et al.[10] and Valmeekam et al.[15]
demonstrate how LLMs can generate personalized prompts for
emotional reflection and empathy. NieNie positions this capabil-
ity within an embodied gameplay context, bridging LLM-driven
feedback with physical regulation strategies [5, 9].

3 SYSTEM DESIGN
NieNie consists of four interlinked modules designed to detect stress
and deliver personalized, rhythmic interventions through multi-
modal sensing and real-time feedback. Each module plays a distinct
role while maintaining tight integration within a continuous feed-
back loop.

Stress Detection. At the foundation of NieNie lies a real-time
stress detection mechanism based on physiological sensing. Using
an Apple Watch, the system captures heart rate and heart rate vari-
ability (HRV) via built-in PPG sensors. These signals are used to in-
fer stress levels continuously during interaction, without requiring
additional sensors or manual calibration. These three biomarkers
commonly linked to autonomic nervous system activation. These
raw signals are processed through an LSTM-based model trained on
theWESAD dataset, which has been widely used for wearable stress
classification [6, 11]. The model operates on short, overlapping time
windows and outputs a continuous stress probability score ranging
from 0 (calm) to 1 (high stress). This probability is not treated as
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