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Abstract 
In this paper we describe how we designed the performance Human-
Computer Counter-Choreographies (HCCC) using a methodology 
that borrows from artistic research, critical design, choreography, 
and embodied sense-making. HCCC is a live-coding performance 
in which I (the first author) manipulate JavaScript code and use 
a modified version of the open-source DuckDuckGo privacy ex-
tension to unveil online tracking algorithms on stage. Throughout 
the performance, the audience is encouraged to participate in a 
sequence of choreographic prompts where they embody aspects of 
online tracking such as fingerprinting and profiling. We analysed 
audience responses to questionnaires after three performances of 
HCCC and found that it allows audience members to gain aware-
ness and engage their bodies to critically reflect on online tracking. 
We contribute a new approach to live-coding that bridges choreog-
raphy with online tracking, and we present empirical findings on 
the efficacy of this approach to engage audiences in reflecting on 
data tracking. 

CCS Concepts 
• Applied computing → Performing arts; Media arts; • Human-
centered computing → Systems and tools for interaction design; 
Web-based interaction. 
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1 Introduction 
Algorithmic systems are often made opaque by design, and users 
are unaware of how much of their data is being collected [53] 
and for what purposes. Algorithmic systems have been reported 
to inflict harm and perpetuate inequality in various ways [42]. 
Among these systems are online tracking algorithms, which are 
present in most web services [43]. Surveillance capitalism [75] has 
been the driving force of online tracking technologies for decades. 
The advertising sector is at the forefront of collecting extensive 
datasets on online user activities to perform predictions and feed 
advertising technologies that serve targeted content and ads to 
influence user behaviour [71]. Tracked data can be demographic 
data, such as age or geographic location, or metrics associated with 
user engagement, such as number of clicks, scroll percentage, or 
time spent on a webpage. 

Various countries are regulating the use of user data in algo-
rithms and computational systems. An example is the General Data 
Protection Regulation (GDPR) law in effect in the European Union 
(EU) since 2018. This law established new parameters for data rights, 
privacy policies, and transparency of data processing, and intro-
duced binding sanctions that can be imposed on companies that fail 
to comply [43]. However, a study measuring the impact of GDPR 
on the Web concluded that although overall transparency in data 
collection and processing has increased, there is no evidence that 
online tracking has decreased [43]. The reasons for this are many; 
including the violation of GDPR requirements [68], the use of de-
ceptive design and dark patterns. Dark patterns are manipulative 
and deceptive functionalities employed in digital systems against 
the best interest of the user even where they comply with GDPR 
[12, 31]. 
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In this paper we present an artistic research which aims to 
heighten people’s awareness of online data tracking. To do so, we 
pose two research questions: 

• RQ1: How can we design a choreographic live-coding per-
formance that reveals data tracking algorithms in web envi-
ronments? 

• RQ2: How does such live-coding performance support audi-
ences in gaining awareness of data tracking? 

To address RQ1, we first present a performance called Human-
Computer Counter-Choreographies (HCCC). We introduce the per-
formance design, detailing the methodology used to create it that 
borrows from artistic research and critical design (Section 3.3), 
followed by a description of the performance design from the first-
person perspective of the first author who is also the maker and 
performer of HCCC (Section 3.4). HCCC combines live-coding with 
choreographic methods to expose online tracking on stage. HCCC 
uses custom-made programming scripts and a modified version of 
the DuckDuckGo privacy extension [30], an open-source tool that 
monitors online tracking, to make the trackers visible and audible 
on stage. Throughout the performance, the audience is also en-
couraged to participate by following a sequence of choreographic 
prompts that embody various aspects of online tracking, such as 
fingerprinting and profiling. 

After three performances of HCCC, and to address RQ2, we 
gathered the audience’s responses to questionnaires (Section 4) and 
analysed them using thematic analysis. Our findings show that 
HCCC allowed audience members to gain awareness and engage 
their bodies in critical reflection on online tracking. Our contri-
bution in this paper is two-fold. First, we present a new design 
approach to live-coding practices and human-computer interac-
tion (HCI) that bridges choreography with online tracking. Second, 
we share our empirical findings on the performance’s efficacy in 
engaging audiences in reflecting on and critiquing data tracking. 

2 Related Work 
We begin with a summary of live-coding approaches in HCI. We 
then discuss works in HCI and artistic communities that engage the 
body to critically reflect on technology and its impact on society. 
Lastly, we focus on performance approaches that use browser-
based technologies on stage. We describe how our work builds on, 
complements, and extends existing research in these fields. 

2.1 Live-Coding in HCI 
Live-coding, also referred to on-the-fly or just-in-time performance 
[8] is a practice where computer code is written live in front of an 
audience, making visible the algorithmic processes the perform-
ers undertake. A live-coding performance is typically set up with 
projections that allow the audience to follow the algorithmic com-
positions being created. It usually incorporates other practices and 
expressions, including visual and music composition, choreography, 
and poetry. 

The principle of making the code visible, by displaying the per-
former’s screen, is a common characteristic of most live-coding 
performances. One of the lines of the TOPLAP manifesto, first 
drafted in 2004, says: ‘Give us access to the performer’s mind, to 
the whole human instrument. Obscurantism is dangerous. Show us 

your screens.’ [70, p. 247]. There are different motivations for live-
coding performers to want to share their software and tools with 
audiences. Inherent in this gesture is the quest for transparency that 
gives ‘technical credibility (even virtuosity)’ [8, p. 4]. For others, 
the didactic quality of exposing the coding process is the driving 
force. However, transparency in live-coding is always partial and 
selective [20], as live-coding languages have many levels of op-
erational abstraction that are not entirely visible to the audience. 
Sound, visuals, movement, and audience interaction complement 
the display of the code and the resulting sensorial experience. Black-
well et al. highlight the capacity of live-coding to ask ‘questions 
about liveness, inviting us to reflect on what it means to be live — 
to have bodies, to communicate, to act’ [8, p. 2]. 

Various contributions from HCI have explored live-coding to bet-
ter understand live-coding processes and performance work [56, 66] 
or its potential in pedagogy [61]. Although most of these examples 
are centred on music composition and tools, recent approaches 
embrace interdisciplinary work. An example is the live-coding en-
vironment CO/DA that facilitates the real-time manipulation of 
motion data of one or more dancers and can be programmed to 
generate audio feedback on the fly [28]. To add to the diversity of 
approaches, the research project MosAIck [72] connects live-coding 
practices with dance mediated by e-textile sensors. 

In 2023 the International Live Coding Conference (ICLC) hosted 
an evening programme dedicated to the theme ‘Choreographic 
Coding’. Two out of the three keynote speakers, Kate Sicchio and 
Marije Balmaan, presented their embodiment-focused live-coding 
practices. In Baalman’s theatrical piece The Machine is Learning, 
she trained a machine to detect simple gestures that she performed, 
yet it repeatedly failed to do so accurately. In her piece Untitled 
Algorithmic Dance [62], Kate Sicchio fed images of bodies in mo-
tion to a t-distributed stochastic neighbour embedding algorithm 
(t-SNE), producing new choreographic scores which were inter-
preted during live performance. In Codes for a Dance [63] Sicchio 
and McLean interact with two robots on stage through a series of 
gestures that influence the soundscape. These works explore the 
tensions between machinic interpretation and human agency, often 
resulting in broken expectations. At times, the algorithm misinter-
prets the dancer and vice versa, which invites the performers to 
embrace improvisation and adapt their response to the algorithms. 

The work in this paper draws from this history of novel ap-
proaches to live-coding that, like our work, integrate choreography 
and embodiment as integral aspects of the performance. The speci-
ficity of HCCC is to add choreography to live-coding in order to 
engage the audience in embodying the algorithmic concepts dis-
played. 

2.2 Embodiment and Choreography as Critical 
and Reflective Methods 

HCI has seen an increased interest and attention to bodily, felt 
experiences and tacit knowledge. Established methods include live-
action role-playing and scenario enactment [55] and bodystorming 
[36], among other examples drawn from theatre and performance 
practices [51]. These methods emphasise the generative and cre-
ative potential of physical involvement through learning by doing 
or using physical movement [48]. 
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Beyond being valuable for HCI, there has been a growing interest 
in incorporating embodiment and sense-making approaches as a 
means to foster greater algorithmic awareness [35, 41, 49]. Some 
approaches incorporate immersive theatre or artistic performance, 
such as the Embodying the Algorithm project, in which a group of 
performers embodied algorithmically produced instructions [40]. 
The authors investigated how embodiment can be a useful lens to 
examine Large Language Models, such as GPT-3, and their lack of 
consideration for the human body. 

Another example is Quantified Self, an immersive theatre experi-
ence that combines design fiction and user enactments to engage 
audiences in the discussion of technology ethics [64]. For each per-
formance, audience members supply their social media data (e.g., 
Facebook or Twitter) to shape a personalised experience where 
they interact with performers and technological artefacts in the 
performance setup. 

Backhouse et al. made use of Forum Theatre, a technique by 
the Brazilian theatre maker Augusto Boal, to involve audiences in 
reflecting on the impact of engagement-based algorithms [3]. The 
authors describe engagement-based algorithms designed to boost 
platform engagement by prioritising content that will provoke a 
user’s reaction, such as ‘liking’ or ‘sharing’ types of interactions [3]. 
Backhouse et al. demonstrate how Forum Theatre is an effective 
tool to increase algorithmic awareness. In a similar vein, Bhargava 
et al. [7] introduce the concept of Data Theatre as an entry point to 
growing data literacy by engaging participants emotionally in the 
embodied performance of data stories. 

The DoxBox Trustbot by Alistair Gentry [29] is a mobile, digital 
puppet device designed to conduct interviews with users about 
their interactions with various apps and digital services. It detects 
the extent of information these providers have about their users and 
shares stories about the potential consequences of this knowledge. 
It also offers recommendations on the trustworthiness of these 
entities, considering both the individual user and others who might 
be affected to varying degrees by the collection and potential misuse 
of their digital data. 

Dance and choreography have also been critically engaged in 
these topics. One example is the initiative Cryptodance [11], which 
hosts events with the intent to collectively reflect on issues of 
privacy, safety and surveillance through embodiment and dance. 
Another example is the piece Data Sensorium which uses dance 
to visually convey environmental migration data [23]. Through 
choreographed gestures symbolising various disasters, and spa-
tial movements representing population displacements, the per-
formance offers both dancers and viewers a visceral and visually 
engaging experience. 

Sarah Fdili Alaoui developed a performance called RCO [2] that 
creates situations where dance and technology converge, asking 
both participants and artists to respond to instructions on their 
mobile phones. Although RCO doesn’t explicitly focus on online 
tracking, it more broadly asks those involved to reflect on social 
and technological norms. It also provides a means of resisting and 
breaking free from these influences, offering alternative perspec-
tives with humour and irreverence. 

The works referenced above bridge embodiment with perfor-
mance practices, including dance and physical theatre, to increase 
data literacy and critical reflection on data and surveillance. 

HCCC adds to this body of work by integrating embodied sense-
making to prompt audience members to enact physical and choreo-
graphic actions (e.g. standing up or making hand gestures). In doing 
so, we guide the audience to embody concepts related to online 
tracking, to grow awareness and provoke reflection on user agency 
(or lack thereof). The choreographic influence here comes from the 
view of the Brazilian theorist André Lepecki of choreography as 
a control mechanism and the need to question how to assert our 
freedom of movement and agency in societies that are intricately, 
if subtly, controlled [46]. 

2.3 The Browser as a Stage 
As browsers have expanded their graphic and audio capabilities, a 
growing number of browser-based live-coding environments have 
emerged [58]. The development of these environments started as 
early as 2012 [52], examples include Gibber [57], LiveCode Lab [39], 
Hydra Synth [38], P5.JS Live [22] (which integrates various creative 
coding libraries), the node-based platform Nodysseus [54], Cascade 
[4] (which maps HTML and CSS attributes to sound), Strudel [59] 
(the web version of TidalCycles), Sema [5] which integrates machine 
learning, and others. 

The artist Joana Chicau has produced various live-coding per-
formances (e.g. [18, 19, 69]) using built-in browser developer tools 
to manipulate code in real-time and modify the appearance of web-
pages. She also incorporates dance and choreographic notations 
into her performance work. 

Another example of sourcing and remixing material from a pre-
existing platform is the project Live Coding YouTube by Lee, Bang 
and Essl [45]. This approach differs from the previous one in that 
the authors use a custom interface that allows them to search and 
display streaming media instead of using the YouTube platform 
itself. 

In the online publication Flee Immediately [17], the editor Renee 
Carmichael created a series of instructions using the iconography 
of hand gestures to guide the user, step by step, on how to navigate 
the browser. In her editorial text Care to Dance? [16], she repur-
poses the dance notation Laban, to define a user choreography that 
involves actions such as ‘scrolling’, ‘zooming’ and ‘breathing’. In 
doing so, she draws attention to the design of the user experience, 
the interface environment, and the specificities of the browser. 

Various web extensions have been created by artists and creative 
technologists in response to concerns about online tracking and 
algorithmic surveillance. For example, the piece Listening Back 
[34] employs an add-on for the Chrome and Firefox browsers that 
maps Internet cookies to different sounds, creating a melody while 
browsing. Although this work was presented as a performance, it 
focuses on the sonic qualities of cookies and does not involve other 
forms of embodied interactions. Other work includes GoogleTeller 
[37], a tool that makes audible each packet or tracker request sent 
to a Google service. The plug-in Safebook [33] removes all Facebook 
content leaving the interface as an empty grid of white, grey, and 
blue circles and squares. Finally, Demetricator [32] removes all 
metrics from the Twitter feed. These last two interventions question 
the quantifying nature of these platforms. 

The performance HCCC expands on this prior work by explor-
ing browser-based live-coding in order to critique online tracking. 
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Although online tracking is pervasive, bringing these algorithms to 
centre stage to reflect and interrogate them is far from a user’s daily 
experience. The format of a browser-based live-coding performance 
in HCCC opens possibilities to witness in-action algorithms that 
are most often obfuscated and made invisible to users. HCCC does 
so by interweaving live computer programming of the browser, and 
choreographic methods in an engaging and interactive way. 

3 Designing HCCC 

3.1 Intentions Behind the Performance 
In line with our research question 1 (introduced on Section 1), 
HCCC was created with the intention of increasing awareness of 
online tracking. The performance piece builds upon the artistic 
practice of the first author and her engagement with live-coding 
and its community (further contextualised in Section 3.2). 

The design of HCCC focused on four main aspects: the browser 
design (Section 3.4.1), the visualisation and sonification of trackers 
(Section 3.4.2), the choreography of audience participation (Section 
3.4.3), and the dramaturgy (Section 3.4.4). Note that choreography 
is not only a contained element, but also an overarching one which 
binds together trackers’ exposure and audience involvement. 

3.2 Positioning Who We Are 
I, the first author, have been an active member of the live-coding 
community for almost a decade, and I have created several live-
coding performances. In my practice, I explore the use of built-
in web development tools, such as the console, and how I can 
manipulate content from existing webpages using JavaScript. I am 
inspired by web and net art and interested in the web browser as 
a medium for artistic expression and critique. The latter led me to 
investigate the algorithms that operate in that space, such as data 
tracking which became the focus point of HCCC. 

In addition, I have dance training, in classical and contempo-
rary among other genres, and I have collaborated with various 
choreographers and dance companies. My lifelong commitment to 
dance shapes my approach to creating live-coding performances 
and the incorporation of choreographic and embodied methods as 
described in 3.4.4. 

For this performance, I draw a parallel between the web and 
choreography to reflect on data traces and user’s agency online. 
More details on the connection to choreography and how this 
approach is deployed are given in Section 3.4. 

The second, third and fourth authors constitute my Ph.D. super-
vision team. They collectively bring expertise in live-coding, dance, 
human-computer interaction, design, and data ethics. I have had 
sole responsibility for the performances. The roles of my supervi-
sors in this work have been primarily to advise on the research 
approach, assist with reflexive thematic analysis (especially second 
author), and to advise on and contribute to the writing of the work. 

3.3 Design Process 
3.3.1 Artistic Research. We followed an artistic research method-
ology [13] where we focused on the act of creating a performance 
piece in relation to online tracking algorithms. Similarly to research 
through practice, our artistic research approach is based on the 
development of knowledge that emerges from the first author’s 

creative practice and her reflections on it. The research is reported 
from the first author’s perspective, thus embracing a first-person 
perspective. First-person methods in HCI include autoethnography, 
autobiographical design and research-through-design [50]. They 
allow the researcher, designer, and author to continuously create, 
construct, and/or utilise their own designs [24]. Our process in-
volves placing the first author at the heart of their design process 
and the lived experience of utilising a system. 

In Section 3.4, we present our artistic research based on an au-
tobiographical process that led the first author to produce a live-
coding performance that uses custom-made programming scripts 
and choreographic prompts to reveal online tracking live on stage. 
The design process centres around the first author’s background, 
skills and interests in live-coding to gain deep and long-term in-
sights into designing the performance and reflecting on its impact 
on people. 

3.3.2 Critical Design. In the fields of art, design, and computer 
science, there is a legacy of methods and approaches for critically 
reflecting on technological artefacts and their impact in society by 
investigating them as socio-technical systems [10]. An example is 
Critical Technical Practice [1], which sees technology development 
not as an end in itself, but as a means to reflect on the assump-
tions and attitudes underlying the relationship between technology 
and humanity [25]. Similarly, Critical Design is one form of re-
search through design [74], that produces critical artefacts that 
encourage users to assess how assumptions, values, ideologies, and 
behavioural norms are embedded in designs that mediate their lives 
[26]. In the vein of Critical Technical Practice and Critical Design, 
we designed the custom web extension described in Section 3.4.1 
and 3.4.2 as a discursive artefact that provides a critical lens for 
audiences to reflect on the prevalence and evasiveness of the online 
algorithms it exposes. The motivation behind the custom web ex-
tension goes beyond the technical artefact and towards sensitising 
audiences and making abstract concepts related to data tracking 
more tangible, visceral, and embodied, through visualisation and 
sonification techniques. To this end, there is less concern for the 
code achieving a specific practical goal other than raising critical 
awareness. 

In addition, we use a critical approach to design the participatory 
aspect of the performance, which consists of moments in which 
audience members respond to choreographic prompts with simple 
actions as a form of enactment of tracking strategies. These design 
decisions are described in Section 3.4.3. 

3.4 Performance and System Design 
In this Section, we provide a first-person account of designing 
HCCC from the perspective of the first author, who is both the 
performer and maker of the performance. As part of her autobio-
graphical design process, she documented the performance-making 
process by keeping written notes of the steps she went through dur-
ing creation. She also collected screenshots of visual experiments 
alongside saved versions of code. For this paper, we revisited all this 
material to retrace her journey of making this performance piece. 
In addition, all three public performances were video recorded, 
making it possible to rewatch and reflect on them afterwards. 
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3.4.1 Designing the Browser. My process for creating the piece 
started by investigating different web browsers (such as Chrome, 
Firefox, Tor) and how much information could be inferred in rela-
tion to tracking requests. In parallel, I investigated purpose-built 
tools, such as browser extensions, to enhance privacy while brows-
ing online. I decided to work with the open-source DuckDuckGo 
privacy extension [30] in the Chrome browser as it seemed a mal-
leable and well-maintained tool, providing more granular informa-
tion on tracking requests compared to other choices. With the aim 
of exposing online tracking to audiences, I designed a custom ver-
sion of the DuckDuckGo extension that maps each tracking request 
to audio and visual feedback in JavaScript. During the performance, 
I use this extension in combination with additional programming 
scripts, written in the same language as described next. 

Additionally, I chose to use Google search engine because of its 
popularity with users in Europe and USA, where the performances 
took place. This means that audiences can immediately identify the 
interface and relate to its navigation gestures. In addition, Google 
corporation is at the forefront of the ad networks market which 
heavily uses tracking techniques to target users with personalised 
content [71] making it relevant for me to expose their strategies 
when addressing data tracking. 

I divided the browser window into two: on the left side, I dis-
played the websites being navigated, and on the right side, the 
developer tools. I run and modify code on the browser developer 
tools which displays in real-time on the browser interface. While 
most code functions are pre-written and assigned to a specific sec-
tion of the performance, some changes to the code are made live, 
for example, to highlight or change the scale of the visuals on the 
screen. My choice to display the console relates to the principle of 
algorithmic transparency advocated by the live-coding community. 
Although my practice consists of manipulating and parametrising 
pre-written code instead of writing code from scratch, it qualifies 
as live-coding. As introduced in Section (2.1), there is no formal 
definition of live-coding nor a defined measure to how much cod-
ing needs to be written live to make a live-coding performance. 
One of the earliest definitions of this practice refers to ‘tweaking 
or writing the programs’ live [21, p. 321]. In fact Blackwell et al. 
resist claiming a particular definition as doing so would establish 
control over that which is an open and evolving practice [8]. In 
HCCC, live-coding consists of displaying the algorithms live to 
advocate for algorithmic transparency in response to the trend of 
hiding algorithms from users. The fact that the code is projected 
during HCCC allows me to perform impromptu modifications to it 
to better communicate the main aspects of online tracking to the 
audience. 

I designed the browser to have overarching sonic and visual 
aesthetics, using the metronome as an ongoing sound and the pink-
colour theme as a visual style. I chose the metronome’s sound as 
it is commonly used to set rhythm and synchronise dance move-
ments. The idea behind it is to create a continuous rhythm that 
emphasises the concept of online tracking. The pink colour allows 
me to differentiate the custom code and the added content to the 
interface. For example, I applied a pink background to expose the 
tracker requests displayed in the browser console (as seen in Fig. 1). 
This allows people to notice the prevalence of third-party trackers 
from companies external to the webpage. 

Figure 1: Screenshot of a webpage with the Chrome browser 
web console open on the right side, displaying the Duck-
DuckGo privacy extension adapted and developed by the 
first author to display tracking requests 

Another visual aesthetic choice I made was to visually overlap 
elements in the browser to emphasise the cumulative aspect of 
the trackers. To do so, I drew inspiration from the choreographic 
concept of accumulation developed by Trisha Brown in her 1971 
performance Accumulation [60]. In Accumulation, the American 
dancer and choreographer stands on stage and builds up a choreog-
raphy, starting from the first step and adding one more step each 
time she repeats the choreography. Throughout HCCC, tracking 
accumulates, and such accumulation is visible both on the browser 
and in the long list of tracker requests in the console. 

To emphasise the centrality of choreography in the piece, each 
of the JavaScript functions used in HCCC are named after chore-
ographic concepts. For example, one of the code functions exem-
plified next is named after Brown’s ‘Accumulation’ concept. This 
practice of adding syntax and meaning to standard functional or 
procedural programming is called Esoteric Programming [67]. In 
HCCC the code vocabulary combines computer code and choreog-
raphy as a means for exploring new aesthetic expressions outside 
the conventions established within computational systems. The 
added comments (‘//’) and the name of the code function help guide 
the audience to understand what the code does, both at a technical 
and conceptual level. 
// function ‘accumulation’ lists data commonly extracted 
// e.g. user's location, browser and operating system: 
print[0]='location: ' + location; 
print[1]='browser and operating system:' + 
navigator.userAgent; 
// [...] 

function accumulation (){ 
var fingerprinting = document.createElement("p"); 
document.getElementsByTagName('body') 
[0].prepend(fingerprinting); 
fingerprinting.innerHTML = print[count]; 
console.log('%c' + print[count],'color: #9500ff;'); 
count++; 
if(count==print.length){count='0';} 
} 
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datapoints = setInterval(accumulation, 200); 

The complete documentation of the code and adapted version of 
the browser extension are available in an online repository 1 and 
are open-source which is in line with views strongly present within 
live-coding community. 

3.4.2 Visualising and Sonifying Online Tracking. I designed visuali-
sations and sonification of three tracking techniques on the browser: 
1) tracker requests, 2) fingerprinting, and 3) user interactions. I 
chose to add sound and visual feedback to reveal them and set a 
rhythm to the experience of being tracked for an audience. 

First, to expose tracker requests, I mapped each request to the 
sound of a single metronome click. Depending on which page is vis-
ited and the corresponding amount of tracker requests, the sound 
plays repetitively. Tracker requests occur in various instances, such 
as when content is loaded or when interacting with content, depend-
ing on how much tracking is deployed on a website. The trackers 
are also printed at the same time that the metronome sound plays 
and a pink background flashes to allow the audience to follow which 
trackers are triggered each time. I expose these tracker requests 
by including their name, the likelihood of fingerprinting, and the 
tracker’s prevalence on the web. 

Second, to expose fingerprinting, I collected and adapted JavaScript 
code that extracts information on the user’s browser, operating sys-
tem, and device. These include screen dimensions and resolution, 
time-zone and language preferences, and fonts installed, among 
others. The more information collected, the more precise the identi-
fication of the device. To emphasise this aspect of the accumulation 
of user’s data, the text corresponding to each fingerprint item over-
lays the Google search engine displayed to the left of the screen. I 
set the font size to be large and with a level of transparency, so that 
audience members can clearly read the initial fingerprint values, 
but as the items stack on top of each other, they become unreadable 
(Fig. 2). 

Lastly, to expose the user interactions commonly tracked by 
web analytics, I created a set of code functions, for example, a 
visual tail connected to the cursor that emphasises the monitoring 
that underlies user interactions with the mouse while browsing 
websites. As illustrated in Fig. 2, the tail is visible as a series of 
human fingerprints. Another example is the overlay of the scroll 
percentage onto the webpage. As seen in Fig. 3, the scroll value is 
updated as I ‘move’ vertically on the page. 

3.4.3 Choreographing Audience Participation. Throughout the per-
formance, I invite the audience to engage with choreographic 
prompts that introduce aspects of online tracking, such as finger-
printing and profiling through a series of physical enactments. As 
shown in Fig. 4, these prompts are overlaid on the webpage for the 
audience to read. 

I designed the prompts following the given sequence: ‘STAND 
UP if your age: 25–34’; ‘STAND UP if your age: 35–44’; ‘STAND UP 
if your age: Unknown’; ‘STAND UP if you live in Italy’; ‘STAND 
UP if you live in Italy and purchased 1-5 items in the last 7 days’ 
and ‘STAND UP if you live in Italy and purchased at least 3 items 

1Link to repository available at: https://gitlab.com/hc-cc/human-computer-counter-
choregraphies. 

Figure 2: Screenshot detail of the interface with both user 
data fingerprint and a human fingerprint image trail over-
laying the webpage. 

Figure 3: Screenshot displaying the current scroll percentage 
overlay on top of Google search results. 

in the last 5 days and spent more than 50 euros’; ‘thank you for all 
the movements performed’; ‘please return to your initial positions‘. 

For each performance, the prompts are adaptable to the audience 
setup, for example, if people are seated or if there is space to move, 
the type of movement might change from ‘stand up’ to ‘move 
to the left’ or ‘raise your hands’. The prompts also allow me to 
comment on people’s responses, for example, by concluding: ‘most 
likely someone sitting next to you is above 35 years old’. The latter 
emphasises the inferences that can be made from data extraction 
when employing online tracking algorithms. 

I designed these prompts to choreograph the audience’s partici-
pation using daily gestures. This choreographic approach is inspired 
by the method developed in the 1980s by Augusto Boal known as 
Theatre of the Oppressed (Teatro do Oprimido). Boal understood 
theatre as a rehearsal for everyday life. He did not see it as an end in 
itself, but as the beginning of a social transformation that supported 
the de-alienation of bodies and allowed the repetitiveness of daily 
tasks to be disrupted [9]. Another inspiration for my choreographic 
approach is the American choreographer Yvonne Rainer, who ob-
served individual pedestrians and crowds in the streets of New York 
City and transposed the movement observed into the theatre. This 

https://gitlab.com/hc-cc/human-computer-counter-choregraphies
https://gitlab.com/hc-cc/human-computer-counter-choregraphies
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opened up new possibilities for performing mundane daily gestures 
[73]. 

These references shaped the way I designed choreographic prompts 
using movement vocabulary that favoured daily gestures that are 
performed by people both offline such as standing and moving 
around, and online such as clicking or scrolling. The goal was to 
physically engage audience members in gaining an embodied un-
derstanding of online tracking technologies. 

Figure 4: Screenshot of the choreographic prompts in large 
text on the screen for audience members to respond to. 

3.4.4 Dramaturgy. The last step in the making of HCCC was bring-
ing all the elements together in a live performance. The binding 
theme of the performance is the dramaturgic approach, which inte-
grates the tracking visualisation and sonification with audience par-
ticipation and with the overall design of the browser. Dramaturgy 
is approached here in line with Hanna Slättne’s [65] view of it as a 
method of structuring an experience, a story, or a system. Slättne’s 
dramaturgy provides a way of ‘foregrounding, accentuating and 
drawing attention’ [65, p. 515] to specific components, procedures, 
and information in HCCC following a given order. 

The performance’s total duration is approximately 20 minutes. 
In the accompanying video, the various parts that comprise the 
performance can be viewed. The performance starts with me walk-
ing on stage making an analogy between fingerprinting and the 
performance event. I list descriptive data out loud, such as the cur-
rent date, time, location, language, dimensions of the space, and its 
capacity. I move back to my laptop, and a projection of a browser 
window appears divided into two (as illustrated in Fig. 5): on the 
left-hand side showing the website (Google search engine) and on 
the right-hand side the web developer tools. 

In the first part of the performance, I introduce fingerprinting. 
After calling a function that prints commonly used fingerprinting 
parameters, I read out loud each parameter to the point of being 
unable to keep up with the speed of text being shown as it accumu-
lates and overlays on the screen until it is illegible. This highlights 
the scale of tracking and how it supersedes human scale, as I am 
unable to keep up with the algorithm. 

The second part of the performance focuses on audience partici-
pation: the audience is invited to move according to the on-screen 
prompts inspired by the web analytics data collection, as exempli-
fied in Section 3.4.3. 

Figure 5: Photo of the performer on stage with a projection 
behind showing a split screen: on the left side the Google 
search engine results webpage with text overlay ‘Moving by 
0%’ in colour pink and on the right side the web development 
tools. 

The third part of the performance displays the traces left when 
interacting with the websites visited thus far. The sound of the 
metronome mapped to the trackers, as detailed in Section 3.4.2, 
plays as the tracking requests are triggered. I type ‘tracing move-
ment’ into the search input field, in order to allude to how move-
ment data is captured online. This search query leads to a list of 
Google search results on the left side of the screen which vary 
depending on the country of performance. I randomly click on 
5-10 websites from the results aiming to choose different categories 
(e.g. news or e-commerce) for the audience to witness the contrast 
or similarities in the tracking requests triggered in each of them. 
Then, I scroll up the web console, on the right side of the screen, 
where the trackers have been listed throughout the performance 
and read out loud a short selection to emphasise the amount and 
diversity of the trackers that accumulated up until that moment of 
the performance. 

Figure 6: Screenshot of Google image search results showing 
images ‘off-grid’ overlaying each other after the performer 
manipulated code to change the style appearance. 

Next, I click on the image search results and call a function that 
displays the scrolling percentage, as in Fig. 3 which changes to 
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‘infinite’, as it operates as an infinite scroll. Further alterations to 
the visual composition are improvised in the moment, making the 
interface morph dynamically and its original display become almost 
unrecognisable (as shown in Fig. 6). The sound of the metronome 
mapped to the trackers intensifies as tracking requests are trig-
gered by more images loading and their display modified. The idea 
behind the intensification of the overlapping text elements, the 
chaotic morphing images and the metronome sound effects is to 
give the audience a feeling of overwhelmingness that reflects the 
‘cumulative’ aspect of tracking. 

In the final scene, I type commands to go back into the browser 
history. While each page loads, the tracking requests continue to 
trigger the metronome at different rhythms until I arrive back at 
the initial screen with the Google search landing page. 

Overall, the dramaturgical choices of climaxing and calming 
down are geared towards progressively inviting the audience to 
feel overwhelmed by online tracking in order to develop resistance 
to it and imagine ways to move against it. 

4 Performing HCCC and Probing Audience 
Members 

4.1 Methods 
4.1.1 Performance Setup and Audience Demographics. After an 
initial phase of design and production of the performance as de-
scribed above, I presented the performance at three different events, 
the International Conference for Live Coding in The Netherlands 
in April 2023, HASTAC on Critical Making and Social Justice in 
the USA in June 2023, and xCoAx Conference on Computation, 
Communication, Aesthetics & X in Italy in July 2024. 

Minor adjustments were made between performances to accom-
modate the feedback collected and to improve the experience of 
the audience. Changes between performances included presenting 
each tracking technique more clearly and making the visual display 
more legible. 

Audience involvement has been crucial in understanding if our 
aim of raising critical awareness has been met and in collecting feed-
back on the performance. After each performance, a questionnaire 
was provided for audience members to share their experiences. We 
chose the questionnaire format rather than interviews, as it is more 
suitable for probing a larger number of people across all perfor-
mances. A total of 43 responses were collected. The questionnaire 
included Likert scale questions, with seven options from ‘Strongly 
Disagree’ to ‘Strongly Agree’. The questions included: ‘The dura-
tion of the performance felt right’; ‘Before the performance, I had 
a good understanding of what online tracking algorithms are and 
how they work’; ‘After the performance, I had a good understand-
ing of what online tracking algorithms are and how they work’; 
‘The browser interface used in the performance clearly displayed 
what the algorithms were doing’; and ‘The movement tasks at the 
start of the performance were useful in creating a parallel with 
online tracking’. 

The questionnaires also included open-ended questions: ‘What 
do you see as the main connections or parallels between the per-
formance’s choreographic ideas and online tracking algorithms?’; 
‘What was your favourite part of the performance?’; and ‘What 

could be improved? Feel free to add suggestions for future itera-
tions’. 

In the first performance, we collected 18 responses to the ques-
tionnaire, respondents were between 24-63 years old, and half iden-
tified their gender as male and the other half as female. In the second 
performance, a total of 8 people responded to the questionnaire, 
ranging in age from 26-45, 6 of whom identified as female and 1 as 
male. In the last performance, a total of 17 people responded to the 
questionnaire, ranging in age from 25-59, 56% of whom identified 
as male and 44% as female. 

We opted to share the performance during three conferences on 
live-coding, arts, and digital activism, which are communities the 
first author is part of. Although we might speculate that in these 
contexts, attendees had a level of technological literacy, we did not 
specifically collect data on their expertise in online tracking. In fact, 
responses to our questionnaires showed that their literacy levels 
were varied and not specific to online tracking. This is evidenced in 
the Likert Scale results described in Section 4.2, which states that 
audience members increased their understanding of what online 
tracking was and how it works. In Section 5.4 we further discuss 
our audience demographics and our aim to broaden it in future 
performances. 

4.1.2 Data Collection and Analysis. The responses to the open-
ended questions collected from the performance questionnaires 
were evaluated through a reflexive thematic analysis [15]. The 
thematic analysis process followed a six-phase structure of famil-
iarisation, coding, theming, review, definition, and documentation 
[15]. These were not part of a linear trajectory but integrated a 
recursive process [14] in which the researchers returned to and 
revised the work done in the previous phases. For the initial phase 
of familiarisation, the data collected from research activities was 
printed out for note-making; for the next phases, a spreadsheet was 
used. Coding and analysis followed predominantly an inductive 
approach in which codes and themes were derived from the data. 
In addition, quantitative data analysis was employed, specifically 
a one-tailed Wilcoxon Test which is a commonly used statistical 
method to analyse Likert-scale responses [44]. 

Both qualitative and quantitative analysis aimed to capture a 
broad understanding of how audience members engaged with the 
performance and the connections they made between the choreo-
graphic approach and online tracking. 

All audience members gave their consent to use their information 
for our research study, which was approved by the ethics committee 
at our academic institution. Audience members have been assigned 
unique IDs from A1 to A43 for anonymisation purposes. 

4.2 Results 
From the data analysis, three high-level themes were generated. 
The first focuses on how the performance revealed the prevalence 
of tracking algorithms online. It provides evidence of how the audi-
ence grew an understanding of online tracking after attending the 
performance. The second theme concerns how the choreographic 
aspect of the performance allowed audience members to critique 
data tracking online using their bodies. The third concerns how the 
performance allowed the audience to reflect on concepts related to 
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power and lack of agency online. Next, we expand on the themes 
and provide quotes from audience members. 

4.2.1 Revealing and Raising Awareness of Data Tracking Algorithms 
Online. As one of our goals for the performance was to impact the 
audience’s understanding of online tracking, we used data from 
the audience questionnaire to conduct a preliminary investigation 
of whether this was successful. Specifically, we used two of the 
7-point Likert scale questions from the post-performance question-
naire: ‘Before the performance, I had a good understanding of what 
online tracking algorithms are and how they work’ and ‘After the 
performance, I had a good understanding of what online tracking 
algorithms are and how they work’. 

Audience members’ Likert-scale responses to these questions 
were compared. On average, participants’ scores indicated a higher 
understanding of online tracking (Mdn = 6) after the performance 
than before (Mdn = 5). A one-tailed Wilcoxon Test indicated this 
improvement was statistically significant (W = 23.5, z = -3.6143, 
p =.00015), allowing us to reject the null hypothesis (‘the perfor-
mance did not increase people’s understanding’). This indicates that 
the performance increased people’s self-reported understanding of 
what online tracking algorithms are and how they work. 

From our analysis of the responses to the open-ended questions, 
a significant number of audience members highlighted the perfor-
mance’s revelation of tracking algorithms. Its revealing character 
refers both to the literal revelation of the tracking through the cus-
tomisation of the web extension and the choreographic approach. 

An audience member mentioned that the performance allowed 
them to see ‘behind the browser’ (A7), referring to the feeling of 
obfuscation of the algorithms that were brought to the ‘surface’ 
during the performance. Similarly, A32 highlights the code legibility 
and how the split screen layout ‘was a resourceful way to show 
how the code impacted the website’. 

The performer’s intention to expose online tracking was reiter-
ated by A17: ‘the performance was very clear in its aim and really 
felt like it was making underlying web processes more exposed 
and explainable to an audience. The elements of humour and play-
fulness in engaging the audience were very useful in creating a 
dynamic performance about this topic’. 

Audience members drew connections and even reappropriated 
the language of ‘movement’ and ‘traces’ in relation to the tracking 
of data as experienced during the performance. A36 referred to 
the realisation that ‘our traces are recorded as we navigate the 
internet’. In a similar vein, A15 mentioned: ‘I see that there is a 
connection between the ability to express user tracking and patterns 
obtained from the web through movement in a visual way. During 
the performance, I felt that this connection was further emphasised 
by the use of JavaScript commands to manipulate web components 
live, which highlights the relationship between choreography and 
web interface design’. 

Finally, A16 highlighted the element of ‘liveness of tracking pro-
cesses’ in the performance as an antithesis to their daily experience 
online in which data tracking is obfuscated. Live-coding as a for-
mat already focused on the presentation of algorithms in real-time 
was found to fit well with the aim of revealing tracking live, as it 
happens, to an audience. 

4.2.2 Engaging the Body in Critically Reflecting on Online Track-
ing. The performance engaged audience members in reflecting and 
critiquing online tracking algorithms through an embodied and 
choreographic approach. Many audience members provided com-
ments in response to open-ended questions about their embodied 
experience of online tracking during the performance. 

In contrast to online tracking, which is often abstract and hidden 
from users, audience members found that the performance opened a 
space for it to be felt and for a connection to be established between 
digital and physical spaces. For example, A17 highlights the role of 
choreographic prompts and physical engagement during the perfor-
mance to make tangible an abstract concept like online targeting: 
‘the parallel between creating segregation based on demographics 
like age and buying history was clear through its physicality in the 
audience participation’. A43 emphasised the embodied nature of 
the performance and how it helped to better understand tracking: ‘I 
thought the standing up part was very illustrative (of) how tracking 
works’. Similarly, A33 referred to the embodied aspect of growing 
awareness: ‘I was under the impression that it was a performance 
of movement and almost like a body awareness or somatic exercise 
but for our screen selves’. 

The participants found that the choreographic exercises in the 
performance revealed how the online tracking strategies worked. 
A42 reflected on how the choreographic prompt in the perfor-
mance is a metaphor for how online tracking conditions people’s 
behaviours online. They said: ‘your storytelling choreographed not 
only our behaviours (e.g. standing up), like a configuration we are 
meant to comply with, but you also guided the audience with your 
narrative, in the direction of your ultimate message. Similarly, these 
algorithms use our information as a means to an end, conditioning 
our online experience and, perhaps, our futures’. A17 also drew 
parallels between choreography and online tracking processes and 
strategies: ‘the manipulation and the dancing elements of the web-
page also helped metaphorically outline the tracking processes and 
decomposed the web into moving and traceable parts’. 

Participants reflected on the value of experiencing the traces 
that are left online and that were made visible by the performance. 
Participant A10 highlighted that the performance helped ‘situating 
the body within the technology - our actions online leave traces, 
as in life’. In a similar vein, A26: ‘I enjoyed the parallel between 
physical and digital space and the way we leave our marks on both. 
The logic we use to move through space is also present on the web’. 
This means that the performance brought the body to the centre 
of the experience, acting as a common denominator across digital 
and physical spaces. It linked experiences commonly felt separate 
from each other; for example, being in a specific physical location 
influences the content we see online. 

A8 mentioned that the choreographic approach to online track-
ing led them to reflect on their ‘everyday "prosumer" choreogra-
phies’. They reflected on how they, as users, act as both consumers 
and producers of data, through daily actions and gestures performed 
online, which feed into the algorithmic systems in place. This aspect 
relates to the next theme, which focuses on the conditions within 
which users’ movements online operate, particularly in relation to 
users’ agency or lack thereof. 
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4.2.3 Online Power, Agency and Lack Thereof. One of the themes 
generated was the lack of agency regarding online tracking. Some 
participants found that the choreographic prompts in the perfor-
mance led them to reflect on the concept of agency and how online 
services take control over personal data, not always with consent. 
These audience members provided comments on this matter, in the 
words of A11: ‘by coming to a performance, we as audience mem-
bers inadvertently put ourselves in the position of giving power 
to you as presenter: when you asked us questions and asked us to 
(I can’t remember) put our hands up then, we all went along with 
it. In everyday use of a browser, we are similarly giving away our 
power to advertisers and other online actors, without realising it’. 

The order of the choreographic prompts purposefully plays with 
power dynamics, for example, by first asking audience members to 
reveal aspects of their personal data and only at the end providing 
the chance to opt-out. A10 mentions that as a memorable moment: 
‘The realisation that we do not have to supply data e.g. ‘age un-
known’ was the last category after asking audience their age. This 
showed me how ready we are to give our data if asked’. 

Due to the live nature of the performance, audience members 
witness how tracking is prevalent on various popular websites and 
how powerless one feels. A22 emphasises this: ‘the performance 
engaged us, the audience, in a kind of process of tracking and 
making meaning of the performer’s digital and physical movements 
and actions, which was an eerie echo of how companies track us. I 
felt odd but fascinated being a voyeur’. 

Thus, the performance led participants to reflect on the power-
lessness and the insidious lack of agency that online spaces impose 
on their users. 

5 Discussion 
In this paper, we illustrated how we designed our choreographic 
live-coding performance HCCC to reveal data-tracking algorithms 
in web environments. Our analyses of the audiences’ responses 
to HCCC (described in Section 4.2) showed that the performance 
supported them to: (1) increase awareness of online data tracking; 
(2) critique online data tracking through choreography and em-
bodiment; and (3) reflect on concepts related to power and lack of 
agency online. 

From our approach to live-coding with choreography combined 
with our empirical findings, we derive insights that can benefit the 
live-coding and HCI community at large. In the following sections, 
we present reflections, takeaways, and possible directions for future 
work. 

5.1 Exposing and Embodying Data Tracking as 
New Approaches to Live-Coding 

We contribute a new approach to live-coding that allows us to sup-
port audience members in gaining awareness of online tracking by 
exposing these mainstream algorithms and by using choreography 
and audience participation. 

5.1.1 Exposing Mainstream Algorithms. While live-coding tradi-
tionally exposes the algorithms that performers manipulate, these 
tend to be within custom-made programs that the performers de-
velop and use, but may not be familiar to audience members. Addi-
tionally, the performances rarely explicitly point to the impact of 

the algorithms they display. While a critique of algorithmic opacity 
and data extractivism is implicit in the foundations of live-coding— 
live-coding’s first principle is algorithmic transparency—most per-
formances focus on audiovisual composition or other forms of 
collaborative work. It is thus uncommon for live coders to reap-
propriate familiar mainstream tools and systems, and even less 
common for them to reveal their impact on people. The specificity 
of our approach in HCCC was to manipulate mainstream algorithms 
and to display these manipulations in front of audience members to 
open a space for them to critique them and reflect on their impact 
in their lives. Our findings show that our approach was effective 
in critically engaging the audience members in reflecting on the 
presence of extractivist technologies. Our findings showed, for ex-
ample, that exposing mainstream algorithms helped participants 
question how their actions online are used as data to profile them. 

Thus, even though the underlying discourse in the live-coding 
community is political, supportive of open-source technologies, 
and regularly contributes to those efforts, the performances are 
rarely explicitly political. Instead, most live-coding performances 
are aesthetic audio-visual experiences. HCCC distinguishes itself 
from these by providing an experience that focuses on the expo-
sure and critique of extractivist technologies, thus extending the 
scope of the current literature on live-coding performances. Our 
paper contributes to the live-coding community by illustrating an 
approach that live coders can appropriate in their work to explicitly 
display the algorithms that they manipulate with the aim of foster-
ing critique and advocating for activism among audience members. 

5.1.2 Choreography and Audience Participation for Increased Digital 
Awareness. Our approach focuses on involving audience members 
in performing physical tasks. Instead of presenting data tracking 
as a distant phenomenon (confined to a screen), we bring it closer 
to people’s embodied experiences. This allows them to make con-
nections between what they witness on the screen and their own 
bodies. As reported in Section 4.2.2 we weave together both physi-
cal and digital aspects of tracking and audience members perceived 
it as we intended. These findings connect to previous live-coding 
performances that involve audience members in various aspects of 
the performances. 

One example is CrowdPatching [6], a system for audience partici-
pation that allows the audience to change the performance’s visual 
and audio parameters in real-time by connecting to a web interface 
through their mobile phones. Although this participatory approach 
focused on interaction with the live-coding systems in place, the 
audience participation did not extend to physical tasks. 

On the other hand, live-coding pieces such as Codes for a Dance 
by Sicchio et al. [63], CO/DA by Fdili Alaoui et al. [28] and MosAIck 
by Wilson et al. [72] focused on designing systems to choreograph 
and facilitate physical engagement of the performers themselves. 

HCCC combined both approaches, using live-coding to chore-
ograph audiences and choreographing audiences to engage with 
the live-coding piece. Our embodied and choreographic approach 
supported audience members in understanding how tracking works 
and critiquing it. As we demonstrated, live-coders can explore new 
forms of prompting audience members and break the ‘fourth-wall’ 
separating performers from their audience. We showed that includ-
ing physical and embodied participation of the audience offers a 
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more direct connection between the audience and the topic of the 
performance. Thus, our work contributes to live-coding by demon-
strating the effectiveness of embodied and participatory approaches 
to foster the audience’s interest in digital matters, with the aim of 
growing their digital awareness. 

5.2 Exposing and Embodying Data Tracking as 
New Approaches to HCI 

HCCC contributes to HCI by demonstrating a live setup that en-
gages audience members critically with tracking algorithms by both 
witnessing them on stage and embodying them. 

5.2.1 Benefits of ‘Liveness’ for HCI. Our results show the poten-
tial of live-coding in exposing the prevalence of social control in 
algorithms and inviting audience members to reflect on them. Fou-
cault developed the concept of social control, which refers to rules 
and restrictions that shape, supervise, and regulate the behaviour 
of individuals in societies [27]. We believe that the first stage for 
resisting the mechanisms of social control is to expose them. Our 
piece illustrates how we used the liveness of live-coding to expose 
the mechanisms of online tracking on stage in order to make ex-
plicit how they shape and control users, echoing Li et al’s argument 
[47]. HCCC displayed live the everyday interactions people have 
with data tracking and, by doing so, opened a space for imagining 
how else these systems might operate and how users can subvert 
their usual ways of working. While audience members were not 
explicitly asked to reflect on forms of countering online tracking 
during the performance, some of the actions taken by the performer 
were perceived as opposing or resisting tracking. In our findings, 
we describe how A4 made a parallel between the choreographic 
approach proposed in HCCC and what they perceived as forms 
of countering ‘tracking requests and measurements.’ Another au-
dience member, A15, understood the live-coding in the browser 
as ‘JavaScript hacking’. The concept of hacking is inherently sub-
versive and attempts to disrupt existing systems. Thus, our work 
contributes to HCI by demonstrating the effectiveness of expos-
ing the mechanism of tracking algorithms to foster the audience’s 
awareness and criticality, and inspire forms of emancipation. 

5.2.2 Benefits of Embodied Participation for HCI. Additionally, our 
piece illustrates how we utilised audience participation and embod-
iment as an effective means to involve people in critically reflecting 
on data tracking. Our results show that embodiment and chore-
ography contributed to engaging the audience in reflecting more 
intimately and viscerally on the algorithms’ impacts. The audi-
ence went beyond witnessing the effects of online tracking: HCCC 
created a shared experience that involved the audience physically-
individually and collectively. Instead of tracking being an external 
phenomenon, including embodiment and audience participation 
in our approach emphasised the entanglement between people’s 
actions and the extractivist technologies that choreograph them 
online. Similar performances developed in HCI have used audience 
participation to foster critical reflection of engagement-based algo-
rithms [3] or peoples’ dependence on mobile technologies [2]. We 
contribute to this line of work by advocating for audience partici-
pation alongside clear demonstrations of the mechanisms behind 
the algorithms critiqued in the performances. Our approach aims 

to reveal how these algorithms shape users while enabling a more 
direct and embodied form of critical engagement with them. 

Building a performance that is physically engaging while being 
critical, political, and entertaining at the same time is a challenging 
endeavour. As pointed out by Skirpan et al., ‘even if we know fiction 
and enactments have the potential for reflection and inquiry by 
participants, it is not easy or obvious how these efforts could be 
formatted for broad accessibility. That is, we consider the balance 
between engagement and entertainment, detailed technical content 
and artistic simplification as well as audience interaction and nar-
rative structure’ [64, p. 2]. Our paper contributes to these efforts 
by detailing how we designed, performed, and analysed audience 
responses to a performance that both exposes online tracking and 
engages people in enacting it. 

Our dual approach to ‘liveness’ from live-coding (e.g., manip-
ulating and displaying) the algorithms on stage combined with 
audience participation through the enactment of these algorithms, 
contributes to HCI with two complementary entry points to allow 
people to grow their understanding and critique of data tracking. 
We see a potential for our dual approach to be appropriated by HCI 
researchers outside the confines of theatres to grow awareness of 
a large number of malicious algorithmic practices online, reach a 
large audience and impact more general users. 

5.3 Insights Gained from a Personal Artistic 
Project 

Artistic Research is a method that gives space to the artist’s voice. 
HCCC is an artistic research project (as detailed in 3.3.1), deeply 
grounded in the choreographic and live-coding practice of the first 
author. The artist brings her own experiences but also biases, which 
shape the scope of the project and the communities it involves, as 
mentioned in Section 3.2. For instance, the choreographic references 
influencing HCCC reflect the dance trajectory and interests of the 
first-author. The concept of ‘Accumulation’ (3.4.4), for example, 
shaped HCCC at conceptual, technical, and aesthetic levels, which 
has proven effective in engaging audiences. Another example is the 
use of the browser’s developer tools within the performance which 
reflects the first-author’s practice as a live coder. Although these de-
sign choices were shaped by the first author’s personal background 
and experiences, the paper offers larger insights that come from an 
authentic and reflexive understanding of these decisions. 

We believe that the insights into the artistic research process 
and the analysis of the performance’s impact on the audience will 
resonate with readers. Describing both our design process of HCCC 
and our empirical findings of how the audience members expe-
rienced it should inform future works in HCI about combining 
choreography, live-coding, and audience participation to encourage 
critical engagement with technology. 

Our design process, empirical results, and discussion provide 
concrete takeaways that can inspire novel design directions beyond 
our specific use and that HCI researchers can learn from. 

5.4 Limitations and Future Work 
Our approach certainly presents limitations. We see these limita-
tions as opening opportunities for future work. 
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As mentioned in Section 4.1.1 our audience members were mainly 
drawn from people who attend live-coding, digital arts and activist 
events. This might not reflect how a general audience might per-
ceive the performance. We are interested in further exploring the 
impact of the performance in events and venues that host a broad 
audience, one less familiar with online technologies. For that, the 
performance design might need to be adapted, for example, by 
adding a more detailed introduction to online tracking at the start 
of the performance or by drawing attention to each aspect of track-
ing through more explicit connections between the data collected 
and the visual and sound clues on the screen. Performing the piece 
in a broader context would be possible since our design emphasises 
portability (the technology operates within a web browser that can 
be adapted to a variety of contexts). This would allow HCCC to 
be presented, for example, in public spaces or streamed online to 
reach larger audiences. We see a potential for our approach to live 
outside of the confines of theatres or conference venues to impact 
the general public. 

While this paper covers a series of three performances with no 
follow-up afterwards, we are interested in developing further work 
that will investigate longer-term engagement with choreographic 
prompts and visualisation or sonification of online tracking. This 
will allow us to investigate whether our approach can lead people 
to long-term behavioural change and can provide strategies for 
them to counter online tracking. 

Moreover, HCCC focused on exposing online tracking algorithms 
and prompting audience members to embody such algorithms so 
they could relate more meaningfully and deeply to them. In the cur-
rent version of HCCC, we do not feed the performance’s real-time 
tracking system with personal data from audience participants. We 
are interested in further exploring how our embodied approach 
can be combined with other forms of data capture from the audi-
ence integrating, for example, sensor data or mobile interactions. 
Capturing various personal data from the audience exposes them 
to different forms of data tracking in daily life, which are often 
obfuscated. Growing awareness of these would allow audiences 
to expand on the critique of surveillance capitalism [75] and the 
prevalence of data extractivism in our societies. 

Finally, our strategy in problematising data extraction through 
participation and a sense of embodied engagement supports sense-
making and critical reflection, which drive change. The live al-
gorithmic aspect of the performance combined a ‘real scenario’ 
(that of data tracking) with an imaginative one (that of ‘counter-
choreographies’) opening space for new and emerging emancipa-
tion strategies. While the concept of ‘counter-choreographies’ is 
not explicitly addressed during the performance, it is an invitation 
to take the next step in resisting or countering online tracking. Our 
future work will explicitly explore the engagement of participants 
in imagining forms of countering and data advocacy. 

6 Conclusion 
In this paper, we describe the making of HCCC from the first-person 
perspective of the first author. HCCC is a live-coding performance 
that reveals the algorithms tracking users in web interfaces. Our 
findings, derived from analysing the audience responses to the 
performance, demonstrate how the performance revealed and grew 

the audience’s understanding of the prevalence of online tracking 
algorithms. In addition, the embodied and choreographic aspects 
of the performance allowed audience members to critique data 
tracking and reflect on power issues and lack of agency online. 

Our contribution is twofold: (1) we present a novel approach 
to live-coding that combines choreography with online tracking 
and (2) we share insights on the performance’s effectiveness in 
engaging audiences to reflect on and critique data tracking. Our 
contribution benefits the live-coding community as our piece il-
lustrates the impact of exposing mainstream algorithms and the 
use of choreography and audience participation to increase their 
awareness of these algorithms. It also benefits the HCI research 
community as our approach shows the potential of live-coding 
and the benefit of using choreography and audience participation 
to expose the prevalence of data tracking and involve audiences 
physically in reflecting on these issues. 

We believe that the insights from our study inspire new em-
bodied and algorithmic approaches to both live-coding and HCI 
that enhance audiences’ awareness of online tracking and have the 
potential to empower them to imagine meaningful alternatives. 
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