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Abstract

In an increasingly noisy world, managing auditory focus is a persistent challenge. This
thesis explores how embodied interactions|primarily head tracking, alongside experiments
with gaze tracking, speech commands, and audio-visual segmentation|can enhance user
control over complex auditory environments. By linking head orientation to volume ad-
justments, we investigated whether natural, instinctive movements could serve as intuitive,
hands-free mechanisms for isolating and amplifying relevant sounds. User studies revealed
that head tracking is e�ective in structured audio contexts, such as music, where distinct
sources are easily separable. However, its utility diminishes in dense, overlapping conver-
sations, highlighting the need for �ner control mechanisms. While gaze and segmentation
o�er promising re�nements, cognitive load and system responsiveness remain key challenges.
These �ndings underscore that embodied audio interaction must be adaptive, content-aware,
and seamlessly integrated with user intent. This research contributes to human-computer
interaction by demonstrating both the potential and limitations of movement-based audio
control. Future work should re�ne multimodal fusion, improve segmentation accuracy, and
enhance accessibility to create systems that dynamically respond to users’ natural behav-
iors|reducing cognitive strain and enabling more 
uid, user-centric auditory experiences.
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Chapter 1

Introduction

The work presented in this thesis grew from a personal struggle: the di�culty of concentrat-

ing in environments �lled with competing and distracting sounds. Whether in a bustling

o�ce, a lively gathering, or outdoors in public spaces, I regularly encountered overlapping

audio sources that twisted my attention. This experience sparked an idea:

(
What if you had a system that empowered you to shape your auditory environment, tune

out distractions, amplify relevant sounds, and focus on what truly matters?

)

1.1 Taming Distractions in Noisy Everyday Environments

The initial idea was expressed as a voice-driven interface responding to commands such

as \Quiet", \Focus", or \Expand". In this imagined system, a user could verbally lower

unwanted background noise, amplify a single audio source for deeper concentration, or

expand the soundstage to monitor multiple streams at once. Such concepts are reminiscent

of earlier work on voice-based interaction with smart assistants and audio devices [1], where

natural language input already shapes various user experiences.

Yet as this voice-centric concept took shape, certain constraints became apparent. First,

speaking commands aloud in shared o�ces, libraries, or public spaces risks disturbing others

12



or undermining social norms. Second, automated speech recognition in loud surroundings

can struggle to parse user utterances|an ironic cycle in which one must shout to be heard

by a tool intended to reduce noise. Third, some scenarios demand near-silent interactions,

whether to preserve an atmosphere of focus or to accommodate users uncomfortable with

vocalizing commands. These challenges hinted at a need to look beyond purely spoken

directives, toward more subtle channels of input.

This realization led to the exploration of embodied interaction modalities such as head

tracking and eye tracking, which both leverage natural human behaviors. Head tracking

harnesses the fact that we instinctively turn our head toward an important sound source|be

it a colleague speaking, a piece of music, or an alert|in order to attend more closely [?, 2].

Similarly, eye tracking keys into the micro-movements of the eyes, which frequently shift

focus moments before the head or entire body follows [3]. Taken together, these techniques

promised an unobtrusive way to steer audio streams without requiring continuous manual

adjustments.

Figure 1-1: A set of scenes depicting the varied and challenging real-world environments
where multiple audio sources compete for our attention. From the bustling energy of a caf�e
and collaborative workspace to the crowded chaos of a busy intersection and bar, these
images highlight the complex auditory landscapes that motivate the need for more intuitive
and e�ective audio control systems.

In an imagined future equipped with such capabilities, individuals would seamlessly manage

overlapping audio channels. Busy professionals could tone down o�ce chatter with a slight

head turn, then hone in on a relevant meeting participant by resting their gaze upon them.

Students in a collaborative study room could e�ortlessly shift from a lecture recording to a

group discussion without hunting for volume sliders or physically muting other devices. Even

households �lled with multiple media devices|smart TVs, digital assistants, streaming

music players|would no longer force users to juggle various remotes or app interfaces.

13



1.2 Focus as an Interaction Challenge

At the ideation stage, these concepts primarily existed in sketches and thought experiments

rather than functional prototypes. Questions about re�ning head-tracking algorithms for

diverse body types and calibrating eye-tracking sensors in varied lighting remained specula-

tive. Even so, envisioning a scenario where intuitive volume control and media management

could seamlessly blend with everyday gestures helped de�ne the problem space: how to

channel people’s natural behaviors into a more 
uid, adaptive interaction model [4].

In dynamic, multi-sensory contexts, individuals constantly shift their gaze or posture toward

whatever demands attention [5]. If those small actions could be interpreted in real time,

the system itself might handle volumes or sound sources, lessening the need for repeated

manual tweaks. However, building such a hands-free mechanism also demands a deep grasp

of how people balance attention and manage distractions in busy environments [6].

Ultimately, creating an environment conducive to focus goes beyond appealing graphics

or e�ective code; it requires understanding how users allocate their mental resources [7].

Factors such as background noise, disruptive noti�cations, or fatigue can disrupt a person’s

concentration on particular content. Similarly, an interface overloaded with choices can

elevate cognitive burden. On the 
ip side, uninspiring content or a lack of clear indicators

can cause a user’s attention to wander simply due to diminished interest.

14



Figure 1-2: The designing for focus in audio-visual interfaces requires considering cognitive
load, user behavior, attention shifts, motivation, context awareness, and feedback. This
work reveals that addressing focus in interaction design enhances our understanding and
progress in related challenges. The thesis emphasizes strategies to manage focus, improving
user experience and design e�cacy.

1.3 Refining Motivation and Configuring Scope

In the course of early ideation, it became clear that managing numerous audio sources is a

challenge across many familiar settings. At home, people juggle everything from streaming

music to voice calls; in o�ces, casual conversations and device alerts can accumulate into

a disruptive mix. Educational scenarios may layer lecture feeds with group discussions,

and assistive-listening tools must keep background noise from overshadowing a speaker.

Although we did not pursue a single, uni�ed platform for every possible device, these

observations guided our approach toward building more intuitive control methods for multi-

source audio.
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1.3.1 Personal Observations and Context

Daily routines often reveal how quickly someone might pause a podcast, mute a browser

tab, or lower the TV volume whenever a new sound intrudes. Such manual �xes, while

simple, can become tedious. A system that reads subtle gestures|such as head turns or

gaze shifts|could replace much of this micromanagement. Instead of hunting for volume

controls, users would rely on intuitive cues, focusing their attention on an important sound

source or turning away from ambient noise. This thesis thus aims to translate those concepts

into a concrete prototype, employing head and eye movements as direct signals for real-time

audio control.

1.3.2 Bridging Movement and Content

In social or visually complex settings, multiple speakers often overlap in a single feed [2, ?].

Traditional volume knobs and channel controls prove inadequate when numerous voices

converge in the same track. Modern deep learning techniques can map video frames to

audio signals, identifying and isolating individual sound sources at the object level [8, 9].

Mapping these algorithms to head orientation or eye movement o�ers a �ne-grained layer of

interaction: a glance, a turn, or a brief spoken instruction can highlight a preferred speaker

or instrument and soften the rest.

1.3.3 Towards Intelligent Audio Interaction and Control

A core objective of this thesis is to show that body-centered gestures|turning one’s head,

directing one’s gaze, or issuing a concise vocal command|can serve as direct signals for

managing multiple audio streams in a more human-centric manner. Unlike conventional

interfaces that rely on knobs, sliders, or layered menus, this approach exploits how people

naturally distribute their attention [1]. By enabling the system to infer intent from subtle

cues|a head turn or glance|we move away from a static, control-heavy paradigm and

toward an interaction model that feels intuitive. Head or eye movements can unobtrusively
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govern volume, while speech still provides a powerful override for explicit instructions. This

multimodal perspective|where each modality ful�lls a distinct purpose|yields a 
exible,

user-centric platform, in which micro gaze shifts or gentle head reorientations handle �ne

source selection, and voice commands step in for broader actions.

In an ideal vision, these modalities merge into a seamless environment, continuously sensing

the user’s bodily and vocal indicators to dynamically reshape the auditory experience. Al-

though this thesis does not implement or evaluate every facet of that integrated system, it

advances several core threads|head tracking, eye tracking, speech interaction, and audio-

visual segmentation|to illustrate how they might ultimately work in unison. This ties

into the broader notion of Intuitive Audio Interaction and Control in multi-source environ-

ments, where interaction emphasizes the bidirectional dialogue between user and system,

and control underscores the user’s capacity to select, modify, or prioritize audio parameters.

The former speaks to the continuous loop of feedback and user response; the latter to the

explicit ability to alter volume, source, or spatial orientation. Together, they signal a user

experience that fosters both �ne-grained manipulation and broader personalization. The

chapters that follow translate these concepts into concrete research questions, prototype

implementations, and pilot studies, examining whether such embodied cues can e�ectively

manage multi-stream audio and enhance users’ focus.

1.4 Initial Research Questions and Design Goals

Key Research Questions

1. Q1: How e�ectively does simple head orientation enable a listener to isolate and

comprehend a single audio stream among many?

2. Q2: In what ways do gaze tracking and audio-visual segmentation reduce cognitive

e�ort or improve performance when rapidly switching attention?

3. Q3: Under which circumstances do speech commands remain essential, and how do

they integrate with visual cues for �ne-grained control?
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4. Q4: Can segmentation-based methods manage concurrent speakers in the same feed,

mirroring a user’s ability to focus on one conversation amid several?

5. Q5: To what extent do these multimodal approaches o�er tangible bene�ts in terms

of usability, accessibility, and overall e�ciency?

Refining Our Goals Through Practical Constraints

Although these questions initially guided our exploration, the �nal system was shaped by

hardware and time limitations. Rather than implementing one all-encompassing interface,

we iterated on core ideas, testing them in smaller prototypes. Over the course of develop-

ment, certain properties emerged as crucial:

• Responsiveness in detecting user movements, ensuring minimal lag between an ac-

tion (like turning one’s head) and the corresponding audio change.

• Simplicity of interaction, so participants could readily grasp how their gestures im-

pacted audio without extensive training or calibration.

• Flexibility in adapting to diverse setups, by leveraging existing libraries for computer

vision, speech recognition, and audio mixing.

Subsequent chapters explain how these design aims were addressed (and occasionally re-

shaped) when incorporating modalities such as head tracking, gaze tracking, speech control,

and audio-visual segmentation. While not every envisioned feature was fully realized, each

prototype o�ered valuable insights into how natural cues|head turns, eye shifts, or voice

prompts|could inform a more direct and intuitive approach to audio control. Later user

studies assessed how e�ectively these evolving designs met the original research questions,

drawing on objective metrics and subjective feedback about usability, workload, and user

experience.
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Chapter 2

Background: Foundations of Audio

Interaction and Control

This chapter provides a comprehensive overview of the theoretical and technical underpin-

nings that inform the development of a system leveraging human movement and multi-

modal cues for audio control. By delving into prior work in multi-source audio browsing,

the mechanisms behind auditory attention, the role of vision in guiding hearing, and emerg-

ing techniques for audio-visual segmentation, we lay a robust foundation for the proposed

research. The sections that follow map out the critical concepts, identify key limitations,

and highlight the opportunities that this thesis intends to address.

2.1 The Landscape of Multi-Source Audio Browsing

Multi-source audio browsing broadly concerns the ability of a user to navigate, select, and

manipulate multiple concurrent audio streams. As media consumption and communication

become increasingly distributed, systems capable of handling diverse audio feeds in parallel

have grown ever more essential. This section focuses on how earlier research|particularly

the AudioStreamer project|has shaped our understanding of multi-source audio interfaces.
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2.1.1 AudioStreamer as a Precedent

The AudioStreamer project [10] emerged as one of the earliest attempts to enable par-

allel audio browsing. In its initial implementation, AudioStreamer sought to provide a

user-friendly interface whereby multiple audio channels could be accessed, previewed, and

managed without the inconvenience of switching from one stream to another serially. The

design prioritized rapid scanning and selective attention, allowing users to sample di�erent

channels quickly. By aligning di�erent audio tracks on a time axis, AudioStreamer exposed

them through an interface that let users jump among channels with minimal disruption.

While AudioStreamer demonstrated the feasibility of handling simultaneous audio streams,

its core focus remained limited to conventional interaction modalities: keyboard shortcuts,

mouse-based clicking, or graphical UI elements for volume adjustments. The project re-

vealed two important insights: �rst, that multi-source audio browsing is technically achiev-

able and can signi�cantly enhance user agency in audio-rich environments; second, that

the user experience surrounding how individuals navigate, �lter, and selectively listen is

as important as the underlying technology. Yet it did not deeply investigate the use of

embodied interaction cues such as head movement or gaze, nor did it thoroughly assess how

di�erent forms of content (e.g., speech, music, ambient noise) a�ect comprehension or user

satisfaction.
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(a) AudioStreamer’s Spatialized Audio Setup

(b) Multi-Source Real World Audio

Figure 2-1: A comparison of multi-source audio setups. (a) Illustrates the three spatially
separated audio sources and user of AudioStreamer. (b) A visualization of a complex
auditory environment, highlighting the many potential sources of sound that might be
managed using a system like AudioStreamer.
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2.1.2 Key Concepts: The Cocktail Party Effect, Spatial Audio, and User

Interface Design

Understanding the challenges of multi-source audio builds upon several foundational con-

cepts. At the heart of these is the cocktail party e�ect [2, 6, 11, 12]. Originally coined by

Cherry [2], this e�ect illustrates the human auditory system’s remarkable ability to selec-

tively attend to a single speaker amidst a background of competing sounds. Subsequent

research has illuminated that this selective attention is facilitated not only by low-level

acoustic cues such as spatial separation, pitch, and volume, but also by higher-order factors

including linguistic context and semantic integration [5, 13, 14, 15]. For system designers,

this phenomenon underscores the need for interfaces that enable users to quickly isolate

an audio stream|for example, by emphasizing a particular speaker or instrument|while

simultaneously �ltering out extraneous noise.

Spatial Audio techniques leverage these natural auditory processes to create immersive

soundscapes. Approaches such as binaural rendering can provide highly realistic three-

dimensional auditory experiences, though they often require specialized hardware and head-

tracking capabilities. More scalable methods, such as amplitude panning and ambisonics,

allow for the simulation of spatial audio in multi-user environments, albeit with trade-o�s in

spatial accuracy and resource demands. In our system, head-tracking devices are employed

to rotate the auditory scene relative to the listener, thereby enabling a dynamic and context-

sensitive audio experience [16, 17]. The e�ectiveness of these approaches depends on aligning

technical implementation with the inherent strengths of human auditory perception, as

epitomized by the cocktail party e�ect.

From a user interface (UI) perspective, the design challenge is to balance clarity and control.

Overly detailed interfaces that o�er a wide range of options may overwhelm users, whereas

minimalistic designs may restrict their ability to �ne-tune the system to their needs [18, 19,

20]. An e�ective audio control interface must therefore provide powerful functionality while

remaining easy to use and intuitively aligned with natural perceptual cues. For instance,

by harnessing the principles underlying the cocktail party e�ect, an interface can use simple
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visual feedback and spatial audio cues to guide users’ attention in a manner that feels

natural and e�ortless. Early prototypes of AudioStreamer employed a timeline-like display

with channel-speci�c controls, but this approach can be limiting. Emerging paradigms,

such as embodied or multimodal interfaces, promise to deliver more intuitive interactions

by embedding gestures|like head turns|directly into the listening experience.

In short, by drawing on the cocktail party e�ect to inform spatial audio processing and

carefully balancing the trade-o�s in UI design, our work aims to create a system that

enhances the perceptual isolation of sound sources and supports natural, intuitive user

interactions. This exploration is central to the thesis, which seeks to merge robust technical

solutions with user-centered design principles to overcome the inherent challenges of multi-

source auditory environments.

2.1.3 Limitations of Existing Approaches

Although AudioStreamer and similar early endeavors were signi�cant milestones, several

limitations persist. First, these platforms did not rigorously measure comprehension or

cognitive load when juggling multiple audio sources. Second, the direct use of spatial or

embodied cues, such as head orientation, remained largely unexplored. Third, few (if any)

attempts were made to incorporate visual information into the audio control paradigm, a

gap addressed in later sections of this chapter.

Yet, modern developments hint at new forms of interaction that could move us closer to the

intuitive, multi-modal vision articulated earlier. Some emerging systems harness advanced

natural language processing for voice-driven sound management [21, 22, 23], allowing users

to modify audio properties or isolate sources in real time. Others integrate augmented

reality headsets providing eye-based or gesture-based controls [24, 25, 26, 3], though their

audio capabilities remain limited. These voice-centric or gesture-centric solutions point to

a more seamless user interface in principle but still struggle with the full range of everyday

scenarios. For instance, some users may need �ner-grained control than voice commands

alone can o�er, or require a quieter mode of interaction in shared spaces. These limitations
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motivate a deeper investigation into attentional control, the role of vision, and emerging

multimodal frameworks.

2.2 Deciphering Auditory Attention and Spatial Perception

The ability to �lter and attend to a single audio source|whether a speaker in a crowded

room or a speci�c instrument in a piece of music|is grounded in robust auditory attentional

mechanisms [27, 6, 28]. This section examines the key theoretical constructs and physiolog-

ical processes that enable humans to engage in selective hearing, as well as the limitations

and challenges inherent in modeling or replicating these processes computationally.

2.2.1 Mechanisms of Auditory Attention: Bottom-Up and Top-Down

Auditory attention can be broadly dissected into bottom-up and top-down processes [15, 29,

30]. In bottom-up attention, salient auditory features (e.g., a sudden loud clap or a distinct

change in pitch) capture the listener’s focus automatically. This form of attention relies

heavily on subcortical pathways and earlier stages of the auditory cortex. Meanwhile, top-

down attention is governed by the listener’s goals, knowledge, and expectations. Cognitive

resources, often associated with cortical and frontal lobe regions, decide which sound to

prioritize [13, 27].

These dual processes pose signi�cant design questions for an interactive system: how can

we map top-down user intentions (like a subtle head turn or a gaze shift) to actionable

commands, and what role do bottom-up cues play in alerting the listener to important

or unexpected audio events? Understanding this interplay helps re�ne the system’s algo-

rithmic pipeline, indicating when to maintain user-selected focus and when to prompt a

re-evaluation of the current source [15, 31]. Furthermore, it also necessitates that we ac-

count for other natural head and eye movements that are independent of a goal to interact

with the audio system: for example, if someone turns their head to take notes, they may

not want to turn up the volume on a particular speaker.
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