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Abstract. Live music is not only an artistic expression but also a social encounter in which performers and listeners

negotiate meaning. While popular concerts often embrace this exchange through collective gestures and technological

mediation, classical recitals usually preserve a strictly passive audience role. This work investigates how digital

interaction can bridge this gap. We designed FeelIt, a mobile and web-based application that transforms spectators’

emotional responses into visual projections, thereby integrating the public into the concert atmosphere without

altering the music itself. The system was evaluated during an international piano seminar, where engagement was

assessed through direct observation, the User Engagement Scale (UES), and qualitative accounts from both listeners

and performers. Audience members highlighted the novelty, aesthetic appeal, and rewarding nature of the tool,

though some reported difficulties related to interface design and reaction visibility. Musicians, in turn, emphasized

that the visual feedback generated a stronger sense of dialogue with the public and intensified their emotional

connection during performance. Beyond reporting empirical evidence, this work contributes by (i) introducing and

validating a non-intrusive mechanism for audience participation in classical concerts, (ii) offering insights into how

interactive technologies can enrich experiences without compromising artistic integrity, and (iii) providing practical

design guidelines for integrating spectators’ voices into traditionally passive cultural events.
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1 Introduction

The interaction between audience and artistic performers has

been widely explored, focusing on intensifying audience en-

gagement in live events, such as cultural, musical, and per-

formative experiences. Since the 1990s, interactive methods

have significantly expanded, applying to a variety of contexts,

including educational events [Salovaara et al., 2021], musical

performances [Oliver Hödl, 2020], sports events [Martins

et al., 2023], and cultural festivals [Vasconcelos et al., 2018;

Martins et al., 2021]. Instead of a unidirectional experience

where the audience acts as observers, interaction fosters a

shared experience, where the spectator takes on the role of

co-creator of the event [Jacucci et al., 2007].

With the advancement of interactive technologies, audi-

ence participation and engagement in events have been trans-

formed, enhancing the spectator’s experience [Lee et al.,

2019]. In cultural events, interactive systems enable par-

ticipants to express their emotions and influence the event’s

narrative or environment [Martins et al., 2021]. Technolog-

ical tools promote engagement in educational contexts by

encouraging student collaboration and active participation

[Salovaara et al., 2021]. In sports, digital interactions provide

a more immersive and connected experience to spectators

[Veerasawmy and McCarthy, 2014]. Thus, adopting interac-

tive technologies in different scenarios has enhanced how the

audience relates to the event.

In the case of arts and entertainment events, such as musical

performances, the audience often manifests their emotions

through active behaviors, such as singing along, clapping,

or verbally expressing excitement [Otsu et al., 2021]. The

literature has already documented the use of technologies to

enhance audience engagement in these events, promoting in-

teractions that enrich the spectator’s experience [Burns, 2016].

For example, Open Symphony allows the audience to control

the style of an improvisational music performance through

voting [Wu et al., 2017]. Similarly, Poème Numérique en-

ables the audience to trigger sounds and colors on their smart-

phones to create a visual spectacle [Oliver Hödl, 2020]. More

recently, light sticks have been used to enhance interaction

and enrich the spectator experience during pop concerts [Jia

et al., 2024].
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However, in more formal musical performances, such as or-

chestra concerts or solo piano recitals, audience participation

tends to be more passive, given the traditionally structured

nature of these performances.

Designing participation strategies for piano events involves

balancing engagement with respect for the musician’s per-

formance. Unlike a rock concert or an interactive festival,

where the audience’s active expression is encouraged, a piano

recital requires concentration and technical refinement. Any

audience participation mechanism must be carefully designed

to avoid negatively interfering with the performance. There-

fore, further research is needed to understand how to design

participation strategies in the context of formal musical perfor-

mances, given the traditionally passive nature of such events.

Exploring these strategies is essential to provide evidence on

new forms of participation and engagement in formal music

settings. Gaining perspective on these new strategies helps

expand knowledge about designing technologies for audience

interaction and engagement in events. It also broadens the

vision of event organizers in creating new experiences for

audiences through the use of technology.

Given this scenario, the following research question arises:

how can the audience collaboratively contribute to shaping

an interactive scenic environment in piano concerts without

disrupting the musician’s performance? To address this ques-

tion, we utilize FeelIt, an application that enables the audience

to co-create the visual atmosphere of the event through re-

actions represented by emojis and short expressions, such

as “bravo”, “surprising”, and “emotional”. No prior study

was conducted to investigate audience demand for alternative

forms of expression. The problem emerged from the practical

needs of a classical music event organizer seeking to enhance

audience engagement.

The FeelIt application was used during a performance at

the International Piano Forum at Federal University of Ama-

zonas. After the application’s presentation and use, the au-

dience was invited to answer a questionnaire based on the

User Engagement Scale (UES) instrument. The collected data

were analyzed, and the results indicate a positive reception of

this type of application. In general, the audience appreciated

the ability to express their emotions in real-time during the

event. However, as a primary negative aspect, participants

highlighted that the application’s visual design could be more

appealing.

In this paper, we explore this collaborative experience and

investigate how these interactions can transform the audience

experience without compromising the musician’s execution,

offering an innovative approach to audience participation in

traditional musical performances. Thus, we contribute to Soft-

ware Engineering and Human Computer interaction as follow:

Firstly, we propose and validate Feelit, an application that

enables the audience to co-create the visual atmosphere of the

event through reactions represented by emojis and short ex-

pressions. Secondly, we offer insights into how technology in-

fluences audience engagement during musical performances,

emphasizing the importance of user experience, real-time in-

teraction, and engagement elements in enhancing audience

participation. Finally, our findings provide practical guidance

for event organizers or researchers to incorporate interaction

technology to create engaging experiences for audiences.

This paper is an extended version of a paper published by

Gomes et al. [2025b] in Brazilian Symposium on Collabora-

tive Systems (SBSC 2025).

2 Background

In this section, we present concepts related to events, audi-

ences, and technologies that will be explored.

2.1 Events and Audience

An event is defined in different ways in the event-related liter-

ature. Dolasinski et al. [2021] defined events as occurrences

that have a temporal element, involve two or more partici-

pants, are planned, and are unique opportunities.The study of

events has been widely explored in the field of tourism, as

events are an important motivator for tourism. They stimulate

the local economy and improve factors such as accommoda-

tions, support services, and transportation [Getz and Page,

2016].

Getz and Page [2016] state that event tourism is an impor-

tant and rapidly growing segment of international tourism.

Moreover, events can bring several benefits to both society

and the region. According to Getz and Page [2019], events

can attract tourists, help brand or reposition cities, and make

urban spaces more attractive and efficiently used. Biaett and

Richards [2020] highlights that events are about experiences,

where spectators are motivated to participate because of a

special interest in that experience.

Such experiences depend on the type of event in which par-

ticipants are involved [Biaett and Richards, 2020]. Different

emotions and cultural contexts can shape different experi-

ences. For example, sporting events carry a high level of

audience energy, similar to music festivals where participants

may shout or jump, while business events are focused on

exchanging information or acquiring services and products.

Therefore, the nature of the event directly influences the au-

dience experience. Dashper and Buchmann [2020] points

“research on event experiences needs to move beyond the

focus on individual responses and reflections on personal ex-

periences, and to try and account for the social and collective

aspects of those experiences.” Understanding the types of

events is essential for designing and providing better experi-

ences.

Getz [2007] discusses the concept of planned events, which

are organized with the main goal of creating meaningful ex-

periences for participants. He proposes a categorization of

these events based on their characteristics and functions:

• Cultural celebrations: Related to the culture or tradi-

tion of a region, people, or community, such as festivals,

carnivals, heritage celebrations, parades, and religious

rites.

• Political events: Produced by governments or political

parties, such as rallies, inaugurations, and royal wed-

dings.

• Arts and entertainment: Events whose main goal is to

provide pleasure and fun, such as art exhibitions, music

concerts, and food festivals.
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• Commercial events: Aimed at promoting, marketing,

or directly engaging in commerce, such as trade fairs,

product launches, and business conferences.

• Educational events: Focused on creating and exchang-

ing knowledge, such as symposiums, workshops, and

conferences.

• Sporting events: Involving games and competitions,

such as soccer matches, the Olympics, and races.

• Recreational events: Non-competitive, playful events,

usually organized by parks, non-profit organizations,

churches, or schools.

• Private events: Planned for a restricted group, like fam-

ily or friends, where the theme and emotional stimulation

are essential, such as birthdays and weddings.

During event planning, it is crucial to consider the needs

and behaviors of the expected audience to build more mean-

ingful experiences. Mackellar [2013] discusses the impor-

tance of understanding the behavior of an event’s audience to

meet their needs and expectations, proposing a categorization

of audiences based on size, purpose, and level of interest:

• Mass audience: Interested in the collective excitement

of large-scale events, such as Tomorrowland and the

World Cup.

• Special interest audience: Seeks events related to spe-

cific interests, such as fan conventions, jazz festivals,

and car exhibitions.

• Community audience: Participates in events related

to historical and local traditions, such as fairs and craft

markets.

• Incidental audience: Spontaneous participation due to

sudden interest or curiosity.

• Media audience: Follows events, usually sports,

through TV, radio, and social media broadcasts.

2.2 Technologies and Audience experience

Events have different characteristics that allow audiences to

express themselves in various ways depending on the type and

context of the event. For example, in lectures or educational

events, the audience engages by asking questions, while in

sports events or music festivals it is common for the audience

to clap or jump. Additionally, events can take place in dif-

ferent formats, such as in-person, remote, or hybrid, which

shape how engagement occurs. In this sense, researchers

have explored how audience experience can be altered across

different types of events based on various factors.

In educational events, it is common to use backchannel sys-

tems, which enable a secondary, often discreet, conversation

to run alongside a primary activity such as a lecture or presen-

tation [Salovaara et al., 2021]. In addition, tools like Kahoot,

Mentimeter, or Quizizz are used to promote competitive and

collaborative dynamics during interactive lectures or classes.

These tools range from creating quizzes, polls, and surveys

to creating and storing documents or assignments [Andriani

et al., 2024]. For example, Duvignau [2025] investigates the

effects of Kahoot and Mentimeter on student engagement,

boths inscresead the student engagement and shows to be a

valuable active learning.

In the context of sports events, competition between teams

has been explored through digital banner battles during soccer

matches [Veerasawmy and Iversen, 2012]. More recently, re-

search has investigated how to deliver immersive experiences

using virtual reality for spectators [Cheng et al., 2022; Lo

et al., 2021]. In addition, with the rise of remote sports events,

studies have begun to examine how interactive platforms in-

fluence audience engagement and media consumption.

2.3 E-Tax taxonomy perspective

Technologies have enriched audience experiences across dif-

ferent event contexts. The inherent characteristics of each

event shape how interaction and participation unfold through

technology. Factors such as the type of event, its location, and

its format can guide the design of these technologies. Under-

standing how technology influences the audience experience

is essential for creating interactions that are more engaging,

satisfying, and memorable. Moreover, this understanding

supports the design process, helping to develop interaction

strategies that address different audience profiles.

In this context, Gomes et al. [2023] proposed E-TAX, a

taxonomy designed to support the understanding of concepts

related to audience experience across different events. Later,

Gomes et al. [2025a] expanded the use of E-TAX by conduct-

ing a study to explore how it can characterize experiences in

events involving technological interaction. E-TAX broadens

the knowledge of designers and event organizers by show-

ing how audience experience can be manifested or perceived

through the use of technology. The taxonomy is structured

around three main lenses: Engagement, Participation, and

Liveness.

The Engagement lens brings together concepts related to

audience behaviors and reactions during an event. Gomes

et al. [2025a] organizes these concepts based on the scale of

the audience: crowds, defined as large groups gathered in

one place; audiences, which are smaller groups that do not

necessarily form a crowd; and spectators, representing the

individual perspective of event participants. From the per-

spective of crowds, as commonly seen in stadiums or concerts,

the authors highlight the concept of collective effervescence,

the shared feeling of excitement, unity, and emotional con-

nection experienced by a group in the same space or event

[Otsu et al., 2021]. For smaller audiences, engagement is

often associated with concepts such as arousal and valence

[Latulipe et al., 2011]. At the individual level, the Spectator

unit emphasizes personal experiences, including immersion,

immediacy, interactivity, and sociability [Haimson and Tang,

2017].

The Participation lens helps characterize audience involve-

ment through units of analysis such as time, space, motivation,

and qualities of participation. The time unit supports the ob-

servation of how the audience engages both during and after

the event [Cerratto-Pargman et al., 2014], while the space unit

highlights how the physical or virtual setting of the event can

shape the audience’s experience [Wu et al., 2017]. The moti-

vation unit addresses why the audience may choose to partici-

pate, whether through competitive or collaborative dynamics

[Martins et al., 2021]. Finally, the quality of participation

unit reflects how the audience may be constituted or display
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distinct reactions throughout the event [Cerratto-Pargman

et al., 2014].

The Liveness lens focuses on real-time shared experiences

and highlights the feeling of being present at an event [Robin-

son et al., 2022; Webb et al., 2016]. It includes the analytical

units of Flow [Mueser and Vlachos, 2018] and Presence [Kim,

2017]. Presence refers to the degree of attention spectators

devote to the event and encompasses aspects such as Co-

presence [Haimson and Tang, 2017] and Immediacy [Haim-

son and Tang, 2017].

3 Related Work

As previously discussed, several studies in the literature ex-

plore audience participation in various event contexts. Au-

dience participation in musical performances has been ex-

tensively studied, with various approaches exploring how

technology can enhance engagement and interactivity. Tra-

ditional concerts often treat audiences as passive spectators.

Still, recent advancements in human-computer interaction

and interactive music systems have challenged this notion,

introducing innovative ways for audiences to participate in

performances actively.

One example is Open Symphony [Wu et al., 2017], which

enables audiences to influence live music performances by

voting for different musical modes (typological music at-

tributes). This system facilitates real-time collaboration be-

tween performers and audiences through mobile technology

and data visualization, allowing spectators to become co-

creators of the musical experience. Similarly, the Crowd in

C system [Lee et al., 2019] incorporates social interaction to

sustain engagement in large-scale participatory music perfor-

mances. Using mobile music instruments, the system enables

audiences to collaboratively create musical pieces while ex-

ploring the impact of social dynamics on engagement.

Another approach to audience participation in live music

events is using smartphones as interactive tools. Oliver Hödl

[2020] investigated large-scale audience participation using

smartphones, highlighting the potential of mobile devices to

serve as both musical instruments and interaction platforms.

Their findings suggest that while smartphones provide new

opportunities for engagement, maintaining artistic control re-

mains a critical challenge. Additionally, Araújo et al. [2022]

introduced a collaborative experience where audiences in-

fluenced the sequence of musical pieces during a scientific

event’s networking session. This work emphasized the im-

portance of real-time interaction and engagement in informal

musical settings.

Despite these advances, challenges remain in designing

interactive music experiences that balance audience engage-

ment with the integrity of a performance. Many existing

systems focus on direct audience manipulation of sound or

musical structure, which may not be suitable for more struc-

tured or classical settings, such as piano recitals. Our work

differentiates itself by exploring how audience reactions, rep-

resented through emojis and short expressions, can collab-

oratively shape the visual ambiance of a live piano concert

without disrupting the musician’s performance. By lever-

aging the FeelIt application, we provide a novel approach

to audience participation that preserves a classical perfor-

mance’s aesthetic and technical demands while enhancing

engagement through real-time interactivity.

4 Feelit: A tool for expressing reac-

tions in interactive orchestras

This section presents the design process of FeelIt. From the

Double Diamond design process perspective, the section 4.1

comprises the Discover and Define steps. The Discover phase

comprises the exploration phase, during which problems and

opportunities are identified. The Define phase comprises

problem analysis aimed at finding a solution. In the section

4.3, we present the Development phase, including information

about FeelIt, the solution chosen for development.

4.1 Designing FeelIt

The Feelit idea emerged during the event Define phase. We

carried out a design workshop with four participants: an event

manager, a developer, and two researchers. A workshop is a

collaborative method to gather data from participants about an

innovation or topic under investigation [Storvang et al., 2017].

The researchers are specialists in audience engagement using

technologies in different events. The event organizer has 30

years of experience planning and organizing music events.

The workshop session was split into two phases. In the

first phase, we detailed the event information. Initially, par-

ticipants were asked to provide their consent through the

Informed Consent Form (ICF)1. The event under study is

an orchestra rehearsal. An orchestra is a musical event con-

ducted by a large ensemble of instruments from various fam-

ilies (e.g. Violin, Cello, Flute or Trumpet) [Broder, 1960].

The primary objective is the “Amazonas Philharmonic Perfor-

mance,” which aims to provide an orchestra presentation for

high school students at the local Amazonas Theater in Man-

aus, Amazonas. One of the researchers shared the Draw.io

tool screen through a digital board (Samsung Smartboard), so

that all session participants could view it. Draw.io 2 is a tool

for creating diagrams, including network diagrams and UML

models. To support the ideation process, drawings were made

on the board, where the event information was described.

The audience for this event is of special interest because it

is a specific public. Their behavior is described as passive;

they are typically seated, listening, and they applaud at certain

times. After collecting information about the event and the

audience, we began the second phase.

In the second phase, a discussion was initiated about the

event’s timeline of activities and possible technologies to be

used. In this sense, an event timeline was drawn to fill the

main event information. The event was scheduled to last for

three hours, from 9:00 AM to 12:00 PM. The event includes

six main activities: the transportation of the students to the

venue, the audience’s entry into the theater, the first part of

1This research was approved by the Ethics Committee under Cer-

tificate of Presentation for Ethical Consideration (CAAE), process:

76726923.4.0000.5020
2Draw.io link: https://www.drawio.com/



FeelIt: A Tool for Expressing Real-Time Emotions and Its Influence on the Public Experience Gomes et al. 2026

the performance, a short intermission, the second part of the

performance, and the closing of the event.

Below the event timeline, we also designed three lanes

to better detail the ideas and technologies. The lanes were

based on the taxonomy lenses in Gomes et al. [2025a]. The

Participation lane represents opportunities for interaction, and

it’s where the user describes the main idea of a technology

that encourages audience participation. The Liveness lane

represents the transmission of results that reflect this participa-

tion, and the user must detail how the audience perceives the

outcome of their interaction. The Engagement lane reflects

how and what kinds of emotional reactions can occur when

the technology is used.

Based on the event’s activities, we identified five Interac-

tion Opportunities (IOs). During the first part of the event,

we determined the following opportunities: (IO 01) random

virtual scenery, (IO 02) collaborative virtual scenery, and (IO

03) collaborative repertoire.

From these options, IO 02 was chosen for the event. This

collaborative virtual scenery application lets the audience

send emoticons to represent their emotional reactions. The

results are displayed on a large screen behind the orchestra,

allowing everyone to see the audience’s emotions during the

performance. Engagement is measured by the number of

interactions within the app, specifically through emoticons

and predefined words displayed on the screen. This IO2

was selected by the event manager based on its feasibility for

development, cost and its potential as the most suitable option

for audience interaction.

The results of this dashboard are presented in the Figure

1. The figure presents the timeline of events designed by the

event manager. It is organized into four lanes. The first lane

shows the event timeline, including the main activities. The

timeline colors are illustrative and may be adapted to suit

the specific context of each event. The start of the event is

represented by an empty circle, while the end of the event

is indicated by a circle containing an “X” at its center. The

second lane represents Participation according to the E-Tax

taxonomy, describing the primary purpose of the artifact used.

The third lane represents Liveness, which is associated with

feedback, and describes how the audience perceives the use

of the artifact. The fourth lane represents Engagement within

the E-Tax taxonomy, describing the behaviors or emotions

that the audience may exhibit.

4.2 Designing the audience experience

Recognizing the impact of technology on audience experi-

ence is essential for designing interactions that deliver more

engagement, satisfaction, and lasting memories. Based on the

taxonomy proposed by Gomes et al. [2023], we characterized

technological interaction through the lenses of Engagement,

Participation, and Liveness. It is important to note that not

all concepts associated with these lenses can be applied to

describe the audience experience.

With respect to the Engagement lens, FeelIt is designed

for medium-scale audiences (a couple of hundred) [Hödl and

Turchet, 2025], meaning it is not intended for large crowds.

The Audience lens incorporates concepts of Arousal and Va-

lence. Arousal refers to the level of emotional intensity the

audience experiences during an event [Latulipe et al., 2011],

while Valence refers to positive and negative feelings [Lat-

ulipe et al., 2011]. In the case of FeelIt, arousal can be ob-

served through the reactions triggered during the event, which

may reflect the audience’s excitement. Reactions such as

“heart” or “love” can represent positive responses, while re-

actions like “angry” or “sad” can represent negative ones.

From the spectator’s lens, Interactivity and sociality stand out.

Interactivity concerns how Immediacy occur and whether

they enhance or hinder the audience experience. In this case,

interaction occurs through a web application that allows the

audience to submit reactions that reflect their emotions. Im-

mediacy reflects the experience of following the event in real

time. Accordingly, reactions sent through FeelIt are displayed

instantly, creating an immersive virtual environment.

Regarding the participation lens, when analyzing partic-

ipation in relation to the event space, FeelIt was designed

for use with a local audience, where the event takes place in

a physical space and the audience is co-located. However,

since FeelIt is a web application, its use with remote audi-

ences still needs validation. The E-Tax taxonomy considers

the audience’s perspective as part of the event space, such as

how the audience’s position within the venue can influence

participation. In the case of FeelIt, however, participation

does not depend on specific positions in the physical space.

Considering the qualities of participation, the epistemic qual-

ity stands out, since the reactions sent by users can represent

each spectator’s experience. In this way, every participant can

view the audience’s collective reactions to the performance.

At the same time that users participate through FeelIt, they

also collaborate toward a shared goal. This goal is expressed

by sending reactions that collectively create a visual spec-

tacle during the performance. FeelIt does not include any

features designed to promote competitive dynamics among

the audience.

Regarding the Liveness lens, FeelIt is designed to be used

in real time, where reactions are immediately reflected in the

visual environment. This interaction can influence the sense

of Presence, that is, the degree of attention spectators devote

to the event. Through audience participation, the engagement

and focus fostered by FeelIt may also trigger the concept of

Flow.

All these concepts help characterize the audience’s experi-

ence at an event. Although not all concepts may be applicable,

the taxonomy provides insight into how technology can shape

audience participation. Event researchers and organizers can

use it to better understand the impact of technology on the

spectator’s experience. In this sense, researchers may apply

the taxonomy as a lens to interpret and analyze results.

4.3 Developing FeelIt App

To explore how the audience can actively shape an interactive

scenic environment in piano concerts without disrupting the

musician’s performance, we developed FeelIt, an application

designed to enable real-time interaction between performers

and spectators. Traditional classical music concerts often

feature passive audience behavior, with engagement limited to

applause at the end of a performance. Advances in interactive

technology offer new ways to enhance audience participation
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Figure 1. Workshop session results

while preserving the integrity of live performances. FeelIt was

created to address this need, allowing spectators to express

their emotions visually and dynamically throughout a recital,

fostering a more immersive and participatory experience.

With the idea defined, weekly meetings were conducted

with the developer team to guide the FeelIt design. The team

included two researchers, one developer, and two musicians

(stakeholders). One musician was the decision-maker, while

the other focused on validating FeelIt. The weekly meetings

were intended to check with stakeholders the fulfillment of the

defined requirements for the tool and to gather their feedback.

For example, one of the discussion topics was how musicians

would perceive FeelIt results while playing their instruments,

since they don’t see/perceive/feel the audience’s response. To

avoid distraction and high cognitive load, we decided not to

show this feedback to the musician during the performance.

FeelIt was developed as a Web/Mobile application de-

signed to provide an intuitive and seamless way to commu-

nicate spectators’ emotions during a musical performance

and designed to be easy to access through a link/QR code.

The FeelIt architecture uses a modular design. The frontend

was developed with the React framework and communicates

with the backend via HTTPS. The backend is the system’s

core and is implemented in Node.js. For data persistence, we

use a NoSQL (non-relational) database managed by Firebase.

Figure 2 illustrates the FeelIt Architecture.

The system consists of two interconnected modules: the

Spectator Module and the Feedback Module. The Spectator

Module serves as the primary interface for audience interac-

tion, enabling users to select from emoticons and predefined

words that best represent their emotions at any moment. The

spectator module comprises two screens: the Main screen

and the About screen. The Main screen presents a sequence

of buttons, represented by emoticons and labels, to support

audience interaction. The About screen provides information

about how FeelIt can change the audience experience. This

module is accessible to the spectators, who can use it on their

mobile devices.

The spectators select the reactions in the app, which are sent

in real-time to the Feedback Module. This module comprises

a single screen that processes and displays the reactions in the

concert environment. The main requirements to use this mod-

ule are an external display (e.g., a second monitor, projector,

or LED panel) and a laptop with an internet connection. The

Feedback Module ensures that audience emotions are visually

represented in a way that enhances the performance without

distracting the musician, creating a balanced integration of

audience participation. Figure 3 illustrates both the Spectator

(A) and the Feedback modules (B).

Although FeelIt supports different reactions, the follow-

ing reactions were determined by the event manager: Love

(Heart), Anger, Applause, and Frustration. Additionally, six

words were chosen to express further audience sentiment:

Fabulous, Surprising, Brave, Emotional, Confused, and Sad.

According to the event manager, these emoticons represent

typical audience emotions during a piano concert.

By integrating these two components, FeelIt transforms the

traditionally passive concert experience into an interactive

and immersive event while maintaining the formal nature of

classical music. The following section details the method-

ology used to evaluate the system and assess its impact on

audience engagement.
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Figure 2. FeelIt architecture. Created by the authors and enhanced with AI.

Figure 3. Screens of the FeelIt application. Figure A presents the Spectator

Module, which includes the Main and About screens. Figure B shows the

Feedback Module, illustrating an example of emerging reactions.

5 Case Study: International Piano

Seminar

This study investigates how the audience can collaboratively

contribute to shaping an interactive scenic environment in pi-

ano concerts without disrupting the musician’s performance.

We conducted a case study using the FeelIt application during

a live piano concert at the International Piano Seminar & 2nd

National Seminar on Arts Memory in the Amazon (2024).

This setting allowed us to examine how interactive audience

participation through FeelIt influences engagement while

maintaining the integrity of classical music performance.

The study followed an exploratory case study design, as

recommended by Yin [2009], which is particularly suited

for answering “how” and “why” questions when researchers

have little control over ongoing events. A single-case em-

bedded design was chosen, with the unit of analysis being

the audience’s interaction with the application during the per-

formance. This approach enabled us to investigate real-time

engagement and participation without interfering with the

musical execution.

The study took place during a speaker’s presentation on arts

and technology, followed by a live piano performance. The

session began with a presentation on innovative technologies

for audience engagement, providing attendees with insights

into technological solutions designed to foster interactive

experiences. Participants were then introduced to FeelIt, and

a QR code was provided for easy access to the application. A

brief tutorial was offered to explain its functionalities before

the performance commenced.

Participants were encouraged to express their emotions

freely using FeelIt during the live piano recital. The app does

not limit the number of reactions the users can submit, and

their responses, represented by emojis and short text expres-

sions, were projected in real-time as part of the concert’s

interactive scenic environment. This setup enabled an immer-

sive and collaborative experience, aligning with the study’s

objective of analyzing audience engagement through technol-

ogy. Figure 4 illustrates the moment when FeelIt was used

during the study, showcasing audience reactions projected in
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the background as the pianist performed.

Figure 4. FeelIt in use during the pilot study. A pianist performs while

audience reactions are shown in the background.

To enhance methodological rigor, data collection incorpo-

rated both quantitative and qualitative methods. Following

Yin [2009] principles, multiple sources of evidence were used

to enhance validity, maintain a chain of evidence, and create

a structured case study database. The primary data sources

included direct observations of audience behavior. By ob-

serving the audience, we saw how they engaged with FeelIt

and reacted to each emotion, and the excitement of being able

to express their reactions during the event became clear. We

also collected responses from a questionnaire based on the

short version of the User Engagement Scale (UES) [O’Brien

et al., 2018], and open-ended feedback collected from partici-

pants regarding their experience with FeelIt, and the musician

perspective feedback about the FeelIt use. The performance

was recorded and made available online 3. A total of 55 par-

ticipants attended the session, and 23 completed the feedback

questionnaire.

Data Analysis: Data analysis employed a mixed-method

approach, integrating quantitative and qualitative analyses to

provide comprehensive insights. Quantitative data from the

UES questionnaire were analyzed using descriptive statistics,

including frequencies and percentages, to identify engage-

ment patterns across different dimensions (Focused Attention,

Perceived Usability, Aesthetic Appeal, Reward Factor).

TheUES is a questionnaire used tomeasure the user engage-

ment with interactive systems, considering human-computer

interaction factors [O’Brien and Cairns, 2015; O’Brien et al.,

2018]. Engaging experiences, such as FeelIt, involve differ-

ent dimensions. We chose the UES questionnaire due to its

capacity to gather initial reactions to technologies and their

engagement during the use of technology. This allowed us

to assess overall engagement quantitatively and pinpoint the

application’s specific strengths and weaknesses.

Qualitative data obtained from musician perspective and

open-ended feedback were analyzed. The qualitative analysis

enriched our understanding by providing context and depth

to the quantitative findings, enabling clearer interpretation of

participants’ perceptions, motivations, and suggestions for

improvement.

3FeelIt use record: https://youtu.be/Xe7BZKHWn0k?si=JQ2HD6DDmvRd16w0

6 Results

The analysis of the User Engagement Scale (UES) and qual-

itative feedback provides a detailed understanding of how

participants interacted with FeelIt during the piano perfor-

mance. The findings highlight aspects related to engagement,

usability, aesthetics, and the rewarding nature of the expe-

rience while identifying areas for improvement. The UES

questionnaire data were analyzed and are presented in Figure

5. We structure our results based on the four dimensions of

UES.

6.1 User Engagement Scale (UES) Analysis

In the Focused Attention dimension, responses indicate that

engagement levels varied among participants. When asked

whether they “lost myself in this experience”, 12 participants

strongly disagreed, 6 disagreed, and 4 remained neutral. Sim-

ilarly, for “The time I spent using FeelIt just slipped away”,

7 participants neither agreed nor disagreed, 3 disagreed, and

3 strongly disagreed, while 4 agreed and 1 strongly agreed.

In the statement “I was absorbed in this experience”, 7 partic-

ipants remained neutral, 4 agreed, and 3 strongly agreed, but

a considerable portion (9 participants) disagreed or strongly

disagreed. These results suggest that while FeelIt engaged

some users, it did not fully capture the attention of the major-

ity, as a significant number of participants did not experience

deep immersion.

The Perceived Usability category revealed notable usabil-

ity challenges. The statement “I felt frustrated while using

FeelIt” received strong disagreement from 15 participants, dis-

agreement from 6, and only 1 agreement, showing that while

most users did not find the tool frustrating, a few struggled.

However, in “I found FeelIt confusing to use”, 18 participants

strongly disagreed, 3 disagreed, and no one agreed, highlight

that users had no difficulty using FeelIt. The statement “Us-

ing FeelIt was taxing” also reflected similar concerns, with

13 participants strongly disagreeing, 6 disagreeing, and only

3 showing some level of agreement. These findings highlight

that FeelIt was not confusing and overwhelming for users.

In the Aesthetic Appeal dimension, it received predomi-

nantly positive responses. When asked whether “FeelIt was

attractive”, 11 participants agreed, 2 strongly agreed, 5 re-

mained neutral, 3 disagreed, and only 2 strongly disagreed.

In the statement “FeelIt was aesthetically appealing”, 10 par-

ticipants neither agreed nor disagreed, 3 agreed, 3 strongly

agreed, 4 disagreed, and 3 strongly disagreed. In “FeelIt ap-

pealed to my senses”, 8 participants agreed, 1 strongly agreed,

9 neutral, 3 disagreed, and 2 strongly disagreed, demonstrat-

ing that the application’s visual design was generally well

received. These results suggest that participants appreciated

the aesthetic and visual aspects of FeelIt.

The Reward Factor also showed strong positive feedback.

When asked whether “Using FeelIt was worthwhile”, 11 par-

ticipants agreed, 5 strongly agreed, 5 remained neutral, and

only 2 disagreed. Similarly, in “My experience was reward-

ing”, 8 agreed, 6 strongly agreed, 6 were neutral, and only 3

disagreed. In “I felt interested in this experience”, 8 agreed,

6 strongly agreed, 4 were neutral, 3 disagreed, and 2 strongly

disagreed. These findings indicate that most users found
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Figure 5. UES analysis based on audience responses collected after the performance using FeelIt.

FeelIt to be a valuable and rewarding tool for engagement

during the event.

6.2 Qualitative Feedback Analysis

The qualitative results comprise feedback from open-ended

questions collected after the UES items in the questionnaire.

In these questions, participants were asked about the difficulty

of using FeelIt, its contribution to audience engagement, their

self-perception of using FeelIt during the performance, and

suggestions for improvement.

The qualitative feedback reinforced these findings while of-

fering deeper insights into user experiences. Most participants

described FeelIt as user-friendly, with comments highlighting

its simplicity and intuitive design (e.g., “It was simple and

easy to use” - P05, “Easy to understand” - P23). However,

some reported technical difficulties, such as challenges scan-

ning the QR code (“Reading the QR code was difficult” - P10,

“I couldn’t scan the QR code” - P16) or typing responses due

to interface constraints (“It was somewhat difficult to type” -

P13). Additionally, internet connectivity issues occasionally

affected user experience (“At the moment, my network was

slow, but that has nothing to do with the application” - P20).

Participants consistently reported that FeelIt significantly

enhanced their engagement. Users noted the application en-

couraged active participation (“It made everyone participate”

- P02, “It made me feel like I was actually participating” - P12)

and provided valuable insights to performers regarding audi-

ence reactions (“It helps presenters understand the audience’s

opinion” - P16, “It helps see what the audience is feeling”

- P06). Several participants expressed that the application

made the event more enjoyable and interactive (“Fun” - P07,

P20, “Exciting” - P23). Nonetheless, some experienced con-

fusion regarding their visible impact on the collective display,

noting difficulty recognizing their contributions amidst many

simultaneous reactions (“There were too many reactions at

the same time, and I couldn’t tell if mine was going through”

- P21, “I took some time to understand that it would appear

on the front screen” - P17).

Users provided actionable recommendations for improving

the application’s usability and enhancing overall engagement.

Many suggested clearer visual feedback when selecting re-

actions, such as implementing animations or visual cues to

confirm their interactions (“The reaction button could inter-

act in some way, blinking or something similar” - P12, “An

animation on the emojis would make it more fun” - P08).

Participants also recommended refining the overall interface

to increase visual appeal (“A more attractive interface” - P16,

“Improve the app’s design” - P23) and allowing reaction cus-

tomization to enhance user confidence in participation (“Cus-

tomize reactions so the person can be sure they are partici-

pating” - P21). Layout improvements were also suggested,

including enlarging reaction buttons and enabling landscape

mode for improved usability (“The words are quite small; it

could be used in landscape mode” - P15). Additionally, par-

ticipants recommended adding features for user interaction,

such as commenting capabilities and user-to-user interaction

(“Comment option” - P10, “Interaction with other users” -

P10), and conducting test runs before live events to ensure

smoother experiences (“Do a test before it officially counts” -

P17).

The results indicate that FeelIt was well received in aesthet-

ics and rewarding engagement. However, usability remains

an area for improvement, as some users reported difficulties

with navigation, real-time feedback visibility, and interface

design. While the application successfully engaged many par-

ticipants, the findings suggest that future iterations of FeelIt

should focus on optimizing user experience by enhancing

visual feedback, refining the interface, and incorporating ad-

ditional features to ensure a seamless and interactive experi-

ence.

7 Discussion

Technologies have changed the way audiences interact in mu-

sic events. Our article aims to address the following research

question: How can the audience collaboratively contribute

to shaping an interactive scenic environment in piano con-

certs without disrupting the musician’s performance? We
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approach this question by proposing FeelIt, a tool designed

to transform the environment in piano concerts. The core

contribution of FeelIt lies in its ability to transform the tradi-

tionally passive audience experience into an active, collective

interaction that complements the musical performance. Un-

like classical concerts, where audience responses are largely

restricted to applause at predetermined moments, FeelIt fa-

cilitated a continuous and dynamic engagement. Through

real-time reactions projected onto the stage, spectators collec-

tively influenced the concert’s visual atmosphere. This aligns

with previous studies on interactive performances, such as

Open Symphony [Wu et al., 2017], which emphasize that

audience participation, when structured effectively, enhances

engagement without disrupting artistic integrity.

However, the degree of collaborative immersion varied

among participants. While some users reported feeling deeply

engaged in shaping the scenic environment, others remained

neutral or uncertain about the impact of their contributions.

This aligns with findings from Wu et al. [2017], which sug-

gest that audience engagement in interactive performances is

maximized when participants can perceive how their actions

influence the event. The lack of immediate and individualized

feedback in FeelIt may have contributed to this disparity, as

some users reported difficulties recognizing their participa-

tion within the collective display. Addressing this challenge

through enhanced visual feedback mechanisms, such as inter-

active animations highlighting individual contributions before

integrating them into the collective display, could strengthen

users’ sense of unity in the collaborative experience.

Another essential aspect of audience collaboration in FeelIt

was its ability to create a shared emotional expression during

the concert. The reactions projected onto the stage repre-

sented individual sentiments and formed a collective narra-

tive of how the audience experienced the music. This form

of emotional synchronization aligns with research on digi-

tal participation [Edelman and Singer, 2015], highlighting

that audience engagement increases when spectators perceive

themselves as part of a more extensive, interconnected experi-

ence. Future iterations of FeelIt could explore mechanisms to

enhance this aspect, such as grouping reactions into thematic

visual patterns that evolve dynamically based on audience

input, reinforcing the idea of a collectively shaped concert

environment.

Despite the positive reception of FeelIt’s collaborative as-

pects, usability challenges impacted the fluidity of partici-

pation. Some users reported difficulty perceiving whether

their reactions were registered, which may have limited their

confidence in contributing to the experience. This issue re-

flects broader challenges in designing interactive audience

systems, as discussed by Veerasawmy and McCarthy [2014],

who emphasize that the effectiveness of participatory systems

depends on the clarity and immediacy of feedback. To address

this, future improvements should include real-time feedback

indicators, such as temporary highlights on selected reactions,

and an improved user interface that allows participants to

track their contributions in the scenic projection better.

7.1 Musician Perspective

At the end of the event, we had an unstructured interview with

the three musicians involved in the performance to collect

their perspective, one of whom was the event manager. We

only asked for their feedback on the first experience with

FeelIt during the concert.

The meaning of music emerges from the dynamic inter-

action between the music and its context, shaped by factors

beyond the musical text itself, such as individual motivations,

sociability, and both prior and concurrent experiences. This

aligns with the idea that the meaning of a musical experi-

ence is co-constructed by musicians and audiences within

specific social and cultural contexts [Cook, 2012]. Moreover,

the experience is time-dependent, with meaning evolving as

ideologies, associations, and circumstances change [DeNora,

2000].

The analysis of musicians’ experiences in performances

that incorporate real-time visual reactions is crucial for evalu-

ating the impact of this technology on the artistic and technical

aspects of contemporary concerts. The performers’ perspec-

tive helps identify key elements of the performance process

and contributes to improving the integration between mu-

sic, technology, and audience, expanding the collaborative

possibilities of live presentations.

Musicians perceived the on-stage visual reactions as factors

that significantly shaped the performance environment. The

visual effects enhanced their sense of connection with the

audience, making audience responses more evident. The

musician 1 said: ”The reactions there during the performance

reflected the mood of the presentation, it was awesome!”.

While the musician 2 said: ”With those visuals, I felt closer

to the audience, it seemed like I understood better what they

were feeling.”

This co-participation in the experience and construction of

meaning between performers and listeners leads us to three

points: first, the growing interest in studying specific types of

musical experiences, such as concerts [Brown, 2013; Wald-

Fuhrmann et al., 2021]; second, alongside this focus on the

concert as a musical event, there is increasing attention to the

collective experience of audiences [McPherson and Schubert,

2022; O’Neill and Sloboda, 2017] and third, the context of the

performance shapes group experiences, particularly within

concert-specific musical genres such as pop, classical, and

jazz [Dearn and Price, 2016; Radbourne et al., 2013; Brand

et al., 2012].

An increase in emotional involvement among both the au-

dience and the musicians was observed, with the public par-

ticipating in the performance through reactions captured and

visually displayed, as highlighted by the P2 - ”You could feel

an involvement from everyone, the reactions that appeared

there made the audience participate, almost as if they were

part of the performance itself, really nice experience.” In pop

concerts, technologies such as video, images, and lighting

contribute to shaping the social dynamics of the musical event,

allowing the audience to develop a shared sense of collectivity.

In contrast, classical music audiences may value the focused

listening required, believing that it deepens their aesthetic

experience of performances [Pitts et al., 2013]. These studies

highlight how the unique contextual possibilities of differ-
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ent musical events can shape both the aesthetic and social

dimensions of the audience experience.

One of the musicians reported noticing greater audience

engagement, describing the impression of a “dialogue” be-

tween participants: P3 - ”There was a moment when I felt the

audience was much more present; it even seemed like a kind

of ”dialogue” was happening during the performance. The

analysis of the musicians’ perspective shows that the use of

applied technology can enrich the performance experience,

fostering greater collaboration and emotional involvement

between stage and audience. However, it is essential to strike

a balance between visual and musical stimuli so that tech-

nological innovation acts as a catalyst for art rather than a

competing element. Ongoing dialogue between musicians,

developers, and the audience is crucial for the evolution of the

tool and the creation of truly integrated artistic experiences.

With the growing use of new technologies in concert mu-

sic performances, there is a unique opportunity to examine

how these innovations are reshaping audience experiences as

concert habits evolve. While pop concerts have a long history

of incorporating technological elements [Brown and Knox,

2017], concert music has only recently begun to adopt such

innovations.

7.2 Implications for Design

The findings from this study highlight several implications

critical for the design of interactive systems in performing

arts contexts. Firstly, ensuring clear and immediate feedback

is vital, enabling users to quickly and confidently recognize

their contributions. Secondly, designing intuitive interfaces

that minimize technical barriers such as QR code scanning

difficulties or text input limitations is essential for enhancing

accessibility and usability. Additionally, considering varia-

tions in technical infrastructure, such as inconsistent internet

connectivity, should inform the design of robust, adaptive

systems. Finally, incorporating adaptive visual strategies to

manage large numbers of simultaneous user interactions could

significantly improve user experience and engagement.

A key takeaway from this study is that collaborative audi-

ence participation in classical concerts can be successfully

integrated when designed as an augmentative, rather than

disruptive, experience. FeelIt demonstrates that by providing

structured yet flexible mechanisms for audience expression,

spectators can meaningfully contribute to shaping the concert

atmosphere without affecting the musician’s performance.

This differs from interactive performances that allow direct

manipulation of musical elements, as explored in Open Sym-

phony [Wu et al., 2017], and instead offers a model where

the audience’s role is to enhance, rather than alter, the artistic

delivery.

Future research should explore how different concert set-

tings, audience sizes, and cultural contexts affect collabora-

tive engagement through FeelIt. Additionally, investigating

the potential for adaptive interaction models, where audience

reactions influence scenic elements in more nuanced ways

(e.g., tempo-sensitive visual transformations), could further

expand the impact of interactive audience participation in live

music performances. By refining and optimizing its collabo-

rative framework, FeelIt paves the way for a new paradigm

of audience engagement in classical concerts, transforming

spectators into active participants in the artistic experience.

7.3 Limitations and Threats to Validity

While this study provides valuable insights into audience

engagement in interactive concerts, several threats to validity

must be considered. Below, we identify these threats and

discuss how we mitigated them.

One potential threat is the novelty effect, where participants

may have been excited about using a new technology rather

than responding to the actual effectiveness of FeelIt. To miti-

gate this, we ensured that our analysis included quantitative

and qualitative data, allowing us to capture long-term engage-

ment indicators beyond initial enthusiasm. Additionally, we

examined whether users reported usability issues that could

hinder engagement rather than assuming a positive response

was purely due to novelty.

The study was conducted in a single event with a specific

audience demographic, which may limit generalizability to

other types of performances or cultural contexts. To address

this, we compared our findings with related literature on audi-

ence engagement in interactive concerts [Jacucci et al., 2007;

Wu et al., 2017], ensuring that our observations align with

broader patterns in the field. Future studies should apply

FeelIt in different musical genres and settings to further vali-

date its effectiveness.

Another possible threat is response bias, where partici-

pants may have provided socially desirable answers rather

than their genuine opinions. To reduce this risk, we included

anonymous surveys and open-ended questions, allowing par-

ticipants to express positive and negative feedback freely.

The balance of supportive and critical responses in our re-

sults suggests that participants felt comfortable sharing honest

opinions.

Given that the study involved subjective user experiences,

there is an inherent challenge in ensuring consistency in re-

sponses. To enhance reliability, we used the validated User

Engagement Scale (UES) [O’Brien et al., 2018] structured

measurement and complemented it with qualitative analysis to

gain deeper insights into user perceptions. Repeating similar

studies in future iterations of FeelIt will help confirm whether

these findings remain consistent across different contexts.

Additionally, the application of the UES scale presents

limitations due to the innovative context of music and events,

which may influence engagement factors and make it more

difficult for users to fully understand the instrument. In addi-

tion, the UES may not capture all the nuances of this specific

type of engagement. Regarding FeelIt, it has technical limi-

tations such as scalability to support large numbers of users

and simultaneous reactions. From an emotional perspective,

the FeelIt may not capture the full complexity of the perfor-

mance; although the musician defined the initial categories,

additional emotional expressions should be explored in future

work.

By addressing these threats, we aimed to strengthen the

validity of our findings and provide a more robust under-

standing of how FeelIt contributes to interactive audience

participation in live concerts. Future work should build on

this foundation by expanding the scope of the study and refin-
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ing the methodology to further enhance generalizability and

reliability.

8 Conclusion

This study explored how the audience can collaboratively con-

tribute to shaping an interactive scenic environment in piano

concerts without disrupting the musician’s performance. By

leveraging the FeelIt application, we introduced a novel ap-

proach that enables spectators to engage in real-time, express-

ing their emotions through visual reactions without interfering

with the artistic execution of the performance.

The findings indicate that FeelIt effectively facilitated au-

dience engagement, with many participants appreciating the

opportunity to interact with the concert dynamically. The

User Engagement Scale (UES) results highlighted positive

aspects of the tool’s aesthetic appeal and rewarding nature,

reinforcing its potential to enhance the audience experience.

However, usability and real-time feedback perception chal-

lenges emerged, with participants suggesting improvements

in interface design, reaction visibility, and interaction me-

chanics.

Compared to previous research on interactive musical expe-

riences, FeelIt offers a unique contribution by focusing on non-

intrusive audience participation. Unlike systems that modify

the musical structure or directly influence performance, FeelIt

enhances engagement while maintaining the formal and tech-

nical integrity of classical music concerts. This aligns with

prior studies on digital audience interaction but extends their

applicability to traditionally passive performance settings,

such as piano recitals.

Future work should address the usability challenges iden-

tified in this study by refining visual feedback mechanisms,

expanding reaction customization options, and exploring dif-

ferent performance contexts to assess the tool’s adaptability.

Future work should focus on the development of a musician

module. As musicians perform while FeelIt is being used by

the audience, they are unable to see which reactions are com-

ing through. A musician module should therefore provide

real-time audience feedback in a way that supports performers

without compromising their attention. Additionally, further

studies could investigate the long-term impact of interactive

audience experiences on musical performances and the poten-

tial for integrating machine learning techniques to personalize

engagement strategies. In addition, we intend to further inves-

tigate the audience experience, as individual users may have

different perceptions. It is particularly important to examine

whether FeelIt may negatively impact the audience experi-

ence and to understand why some users may lack the intention

to participate. One alternative is to collect quantitative data

based on the frequency of each element, the moments at which

they appear during the performance, whether they occur in

clusters or are dispersed, and their proportion relative to the

audience size.

By bridging the gap between active participation and artis-

tic preservation, FeelIt presents a promising avenue for en-

hancing audience engagement in live performances. As digi-

tal interactivity shapes cultural events, tools like FeelIt pave

the way for more immersive and inclusive musical experi-

ences, fostering deeper connections between performers and

audiences.
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