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Abstract The use of mobile devices, especially smartphones, is widespread across all social strata and age groups,
helping to ensure faster access from anywhere, data collection, and more regular and frequent control to aid urban,
environmental, and social management. In this scenario, the entertainment industry has benefited from this pow-
erful individual technological resource in cultural and sporting events. In this way, this work presents a proposal
for interaction and engagement in entertainment events in a more prosperous and more technological way, through
the development of a collaborative and competitive mobile-web crowd game, intended for enhancing interaction
between the crowd and as a unified group, whether physically co-located or online. The application, called Bum-
bometer, uses motion sensors during an interactive dynamic with the crowd applying concepts from Mobile Crowd
Sensing and User eXperience. We conducted two experimental studies to evaluate the proposed technology, the
first in a real scenario of a folk cultural festival and the second in a controlled environment, simulating an event
considering a scenario in which users were geographically distant. The results indicate that people feel immersed
and engaged during the interaction through the proposed game, which reinforces the statement that the game meets
an increasingly growing need to use technologies to ensure more significant interaction and audience immersion at
crowd entertainment events, a creative and far-reaching form.

Keywords: crowd computing, crowd digital game, entertainment industry, mobile computing, participatory sensing, user

experience.

1 Introduction

Brazil is the scene of a series of significant events such as
Carnival, music festivals such as Rock in Rio, folk festivals,
and sporting events. We can notice that the public of these
events ceased to be just passive spectators and started to play
an increasingly significant role (Edelman and Singer, 2015),
mainly from the dissemination of technologies provided by
smartphones. It is common to watch people use their smart-
phones to send text messages, interact on social networks,
take pictures, film, and use flashlights (Bennett, 2012) while
interacting during entertainment events. These devices pro-
vide a robust and little-explored computational tool. In this
sense, Lordin (2017) seeks to answer questions related to
the engagement of individuals during live events, conclud-
ing that individuals in the audience perceive the combination
between the use of technology and interaction between artist
and audience as something positive.

Designing this interaction requires knowledge of the audi-
ence’s behavior at events. Especially in audiences classified
as “mass event audiences” (Mackellar, 2013), one should
consider the behavior of this mass and its possibilities for col-
laboration and interaction during the event. Each event has
its characteristics related to the type of interaction expected
and provided to the public, with the public itself being the
protagonist in many of them. The dynamics of this event au-
dience interaction can provide greater collaboration between

members of the audience and, consequently, greater engage-
ment of the audience with the event itself.

The Folkloric Festival of Parintins is an example of a mass
audience event, where the audience is the protagonist of the
show. In this event, there is a competition between two folk-
loric groups, the Boi Caprichoso and the Boi Garantido, who
make their presentations, and a jury evaluates them following
several criteria (Cavalcanti, 2000). One of the most relevant
criteria, which consists of a tiebreaker item, is the participa-
tion of the fans. The audience not only acts as a spectator, but
also directly influences the performance of the show. The ri-
valry between fans sets the tone for the show, and it is a vital
feature of the culture of the State of Amazonas.

With the rivalry of Parintins Festival fans as a background,
this paper presents research that aims to increase the collab-
oration between the participants in a competitive environ-
ment during events involving the festival’s theme. It is sen-
sible to use mobile computing technologies and crowd com-
puting and sensing techniques in this context. Collaboration
is encouraged through the Bumbometer, a collaborative and
competitive game designed for crowds. Consequently, the re-
search question raised in this paper is “In what extent has
the Bumbometer app helped participants to feel engaged in
rooting for their favorite folk group, along with other fans
in the crowd?” . The interaction promoted by the game was
explored in two case studies, the first in an actual crowd
event during Carnival 2020 and the second in a small con-
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trolled event, taking place entirely remotely. The remainder
of this paper is organized as follows. Section 2 presents the
theoretical basis of the research and discusses some related
works. Section 3 presents the research methodology and ap-
plied techniques. Section 4 describes the folkloric context of
the research and details the development of the Bumbometer.
In Section 5, the case studies carried out are presented, and
the discussions are covered in Section 6. Finally, Section 7
presents the final considerations.

2 Background

To support the interaction, increase collaboration, and ac-
tively participate in entertainment events, it is necessary to
understand the concepts related to the most different events
and their respective audiences. Thus, this section describes a
typology of events proposed by Getz (2007), and the differ-
ent types of audience, as defined by Mackellar (2013). Be-
sides, we address concepts of collaboration, cooperation, and
competition. Finally, we present some related works involv-
ing the use of technologies in different types of events.

2.1 Events and Audiences

Getz (2007) studied and categorized events based on their
characteristics with different perspectives to understand the
different types of events. Knowing how to differentiate the
types of events helps design specific technologies for interac-
tion in a given event and reinforces knowledge from design-
ing for different audiences. According to the author, there are
eight main categories of events that are:

Cultural celebrations: events that provide joy and have
some cultural significance for the region, which may include
different types of events, but are separated from entertain-
ment events due to their cultural character;

Recreational events: events commonly planned by parks,
recreation agencies, non-profit organizations, churches,
schools, or clubs. They have an unlimited number and scope,
do not promote competitive activities, and comprise activi-
ties like running clubs, dance classes, and exercises or im-
promptu concerts;

Arts and entertainment events: popular events of the cur-
rent generation of young people, including music concerts,
award ceremonies, theater, art exhibitions, and dance shows;

Sports/competition events: this category involves events
such as sports games, races, competitions, e-sport, tourna-
ments, among others;

Business and trade events: comprise events such as mar-
kets, fairs, and farmers’ exhibitions, where products are sold.
World events such as fairs, exhibitions, cars or automobiles,
promote international trade and, consequently, tourism;

Educational and scientific events: events for academic pur-
poses, involving the creation and exchange of knowledge are
part of this category. Academic and professional symposia,
conferences related to specific topics are the main compo-
nents of this category;

Private events: this category covers individual celebra-
tions or demand for small groups, usually involving celebra-
tions with themes that contain an emotional charge to par-
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ticipants, for example, weddings, birthday parties, funerals,
theme parties, and church social events;

Political and state events: this involves events directly re-
lated to politics or produced by government entities, common
examples are the G8 summit, the congress of political parties,
protests, or visits by heads of state.

Different types of events aggregate different types of audi-
ences. Its different objectives differentiate the public of each
event. In Brazil, it is common to hold several festivals or fes-
tivals annually, such as Carnival, June party, or the Parintins
Folk Festival. These are Cultural Celebrations events that ex-
plore the identity of the local people and their origins. These
events take into account the local cultural issues of the au-
dience. Usually, the public constantly seeks to get involved
with the event by wearing clothes or other gadgets with the
theme of the event.

Identifying the behaviors that emerge from the relation-
ship of events and audiences helps to explore the particulari-
ties of different technologies, allowing to determine the most
effective method of engagement. Mackellar (2013) presents
a typology to classify the audience at events, and is based
on the audience’s objectives in attending the event. The ty-
pology is categorized into 5 different types, ‘mass event au-
dience’, ‘special interest audience’, ‘community audience’,
‘incidental audience’, ‘media audience’. Table 1 details each
audience type.

Considering different perspectives of the audience in the
context of events, crowds can identify these audiences’
grouping that participates in the event. The classifications
mentioned above represent how these audiences can group.
Determine the type of behavior that the audience exercises,
directly reflects the event’s characteristics or determined by
the internal policies of the place. For example, a typical event
broadcasting on the internet or TV has an audience that fol-
lows it even through a screen, either using a smartphone
or computer, limiting the interaction and communication be-
tween the public and the event.

In the Parintins Folk Festival context, the audience may
be a mass, community, and media audience. In particular, an
audience represents the local community that attends and par-
ticipates in the event and seeks to disseminate the culture of
the region. There is a mass audience with a general interest in
attending the event, usually composed of tourists from other
regions to attend the festival. The media audience follows the
event through the broadcast of open TV from their homes or
in pubs. All of these audiences represent different perspec-
tives from the audience that accompanies the festival. It is
essential to consider these perspectives to extract competi-
tive and collaborative behaviors from the public so that the
event can explore other forms of engagement.

2.2 Competition, Cooperation, and Collabora-
tion

Collaboration and cooperation are essential activities and
processes. Despite being similar, they are two very differ-
ent and challenging concepts to grasp. Collaboration is the
process by which people act together for a common goal,
being a collective, synchronous activity that results from a
sustained effort to build and maintain a shared understand-
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Table 1. Brief characterization of different types of audience. Source: Mackellar (2013).

Type Audience features

Event examples

- General interest in being entertained
- Social desire to be in a public space

Mass audience | - Expectation of entertainment

- Enjoyment of atmosphere of celebration

- City spectacular

- Oktoberfest

- Olympic Games

- Edinburgh International Festival

Special interest .
P - Attendance at other similar events

- May participate for religious reasons Hajj
- Specialised recreational interest - County flower show
- Links to other life interests - Birdfest

- National air show

- Need for on-site information

audience - Expectation of specialist content - Fishing classic
- Enjoyment of like-minded crowd - Dancing festival
- Celebration of history or community feature Reach Village Fair (UK.) .
- Grafton Jacaranda Festival (Australia)
- Support for efforts of others . .
. . - Sankofa Multicultural Festival (USA)
Community - Showcasing of local culture .
. o . - Morden Corn and Apple Festival (USA)
audience - Participation in parades or dances, wearing of costumes .
. - - Kermesse (Belgium)
- Ceremonial traditions s . .
. . - Itel’men Tribal Harvest Festival
- Raising funds for local charities .
(Russia)
- No pre-commitment to attend Cultural festival
Incidental - Attendance as part of seeking the culture of the destination .
. . . - City arts show
audience - No specific expectations

- Public sporting event

- Worldwide access through media

Media audience . . .
- Either passing or deep interest

- Enjoyment of close and personal experience

- Mediated experience through the third party

- British Open golf championship
- World Rally Championship

- Edinburgh Military Tattoo

- Olympic Games

ing of an issue or task. Cooperation otherwise denotes the
act of delegating a more significant task to a group of people
as an activity in which each person is responsible for a por-
tion of the matter, not necessarily consistently collaborating.
Competition occurs once two or more individuals strive for a
common goal that cannot be shared: one’s gain is the other’s
loss. Competition is the opposite of collaboration. It happens
when individuals enjoy the challenge of achieving a better
performance than others. Usually, individuals alternate be-
tween a competitive and a collaborative behavior (Szolnoki
and Chen, 2021). However, in crowd games is not possible
to have a team full of high performers individuals. Other-
wise, in crowd games most of the involved individuals are
not very competitive, what reduces the overall team perfor-
mance (Preist et al., 2014).

Table 2. Aspects of collaboration vs cooperation in popular digital
games.

Game Gameplay relations Aspect
Zombicide | Players must cooperate in order to survive | Cooperative
until the end of the game, but not everyone

will win (Guillotine, 2012).
Pandemic The game’s central mechanic is coopera- | Cooperative

tive; the players are grouped into a team
that must work together in order for every-
one to win (Z-Man, 2008).

League of | In an arena, two teams compete against
Legends each other. Each player has a particular role
that varies depending on the team’s strategy
(Riot, 2009).

Two teams take turns arming and disarm- | Cooperative-
ing a bomb. With limited movement space | Competitive
and a faster pace of play, team communi-
cation becomes a critical factor in winning
the game (Valve, 2012).

The game’s mechanics are based on the dis- | Collaborative
covery of protein forms, and the data col-
lected by players is used in science research
(Miller et al., 2020).

Pokémon Players compete in individual battles
GO against the Al or other players in specific
locations called gyms. Each player is
assigned to a team, the overall score of the
team is used to determine the “owner” of
the gym (Niantic, 2016).

Cooperative-
Competitive

Counter
Strike GO

Foldit

Collaborative4
Competitive

A combination of these aspects is often beneficial to

the player’s experience in games. These elements are fre-
quently used as the primary game mechanics, stimulating
teamwork and providing players with a memorable experi-
ence. There are also electronic games with serious intent,
such as Foldit, which allows players to contribute to scien-
tific research by designing proteins (Kleftner et al., 2017).
Other examples include the Pokémon Go mobile game, in
which players from all over the world gather in specific loca-
tions and form leagues that compete against one another (Col-
ley et al., 2017), as well as team-based games like League
of Legends (Mora-Cantallops and Angel Sicilia, 2019) and
Counter-Strike GO (Lux et al., 2019). Table 2 presents dif-
ferent aspects of those games regarding collaboration, co-
operation and competition. The main interest in this work
is to explore possibilities of interaction and audience im-
mersion through technological digital games in live enter-
tainment events, such as musical and cultural shows, which
have been very little explored, in comparison with the dig-
ital game’s industry. Figure 1 presents a graphic diagram
with the three segments of interest in this work and the pro-
posed collaborative-competitive crowd game, involving sci-
entific research, digital game industry, and crowd entertain-
ment events.

2.3 Related Work

Entertainment events are increasingly sophisticated, catering
to diverse audience interests, being a prosperous and expand-
ing industry. A consequence of the proliferation of events is
the existence of several processes for developing interactive
technologies with a focus on a wide diversity of audiences, in-
cluding the public, even with no intention of interacting. The
technologies resulting from these processes explore both the
active spontaneity of the crowd and its possible implications
and expand interactions already commonly present in some
types of events (Vasconcelos et al., 2018).

In this perspective, interactive methods have grown sig-
nificantly since the 1990s in different contexts and differ-
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Figure 1. Synthesis of aspects of collaboration and cooperation, where be-
sides academy and traditional game industry, .

ent purposes, in particular educational events (Webster and
Ho, 1997; Nelimarkka et al., 2016), various musical shows
(Barkhuus and Jergensen, 2008), sporting events (Veera-
sawmy and McCarthy, 2014), cultural festivals (Vasconcelos
et al., 2018), among others. Among these events, some in-
teresting works stand out, for example, in Veerasawmy and
McCarthy (2014) when exploring uninhibited, emergent, and
spontaneous aspects that arise during football matches.

Veerasawmy and McCarthy (2014) focus on sporting
events and technologies used to increase the experience of
the fans (crowd) through a prototype composed of an LED
screen, microphone, and camera. Crowd characteristics such
as noise or excitement movements are used to explore dynam-
ics such as imitation, emergence, and self-organization. The
technology Bannerbattle was developed as an alternative to
exploring these aspects, inserting a kind of dispute between
fans in football matches. The results of the case study con-
ducted indicated that the previously defined qualities were
well worked into the prototype. Furthermore, it was shown
that the use of a game as a platform was quite efficient in
engaging the audience in question Veerasawmy and Iversen
(2012).

Consequently, the perception of interactive methods in-
volving crowds and their impact on audience collaboration
and active participation in events is constantly evolving, as
in the aforementioned works and more recently in Wu et al.
(2017) and Kayali et al. (2017). Despite this constant search
for a broader interaction in favor of greater engagement,
there are already consolidated methods in this context, such
as bracelets equipped with LED lights (Burns, 2016). The in-
novation resulting from the application expands new forms
of interactivity with audiences and artists, in addition to in-
creasing the crowd’s involvement with the event, thus pro-
moting aspects of participation during the show.

In this sense, the number of publications in studies using
applications or native functions of smartphones as an inter-
action method has increased, seeking to involve the crowd
using applications for collaborative productions (Lee et al.,
2019) or to expand participation in educational events such
as lectures and conferences (Nelimarkka et al., 2016). It is
important to notice that most of these methods involve mu-
sic festivals or sporting events.

In this way, crowds are actively explored due to the ubig-
uitous presence of the smartphones of the public at events.
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The use of this technology allows the exploration of innova-
tive ways of interaction within the crowd, either individually
or considering the crowd as a whole. For example, recently
Jacucci et al. (2007) explored the idea that viewers don’t
go to events just to passively watch, and used “CoMedia”,
a mobile tool, integrated with information about the event
and functions for sharing images among the list of friends
at events. Another technology that turns the audience into
active participants in events is “Graffito” (Sheridan et al.,
2011). This technology increases crowd experience in events
by providing a digital wall where the audience can interact
drawing their graffite on it. The authors analyzed collabora-
tive actions using measures of engagement in festivals.

These contributions have in common the objective of ex-
ploring different experiences based on crowds of different
sizes, promoting opportunities for interaction, participation,
and consequent engagement in different types of events me-
diated by technology. The importance of highlighting points
in these technologies corresponds to knowing the extent to
which the ITHC has reached the perspective of interaction with
the public, exploring the audience’s experience, whether in-
dividually or collectively.

3 Methods

As mentioned in the previous Section, the Bumbometer App
was originally developed to mimic a traditional competitive
game called tug-of-war (or “cabo de guerra” in Portuguese).
After changing the game’s context and improving it to be-
come the Bumbometer, we designed two case studies to test
some hypotheses. We investigated crowd engagement in both
case studies, using the Bumbometer app in slightly different
contexts, namely: a natural event involving crowds, Carnaboi
2020, presented in Section 4.1; and, in a simulated scenario
in a virtual event, with all participants geographically distant.
This second case study scenario was fostered by the the rais-
ing context of social isolation, during COVID-19 pandemic’s
first phase in the first semester of 2020. Regarding catego-
rization of The case studies, the first one is exploratory and
it took place during a real face-to-face co-located event, just
before the pandemic of COVID-19, and the second one is de-
fined as explanatory because we already had some clues and
hypothesis to check in an online scenario.

Face-to-face co-located events are characterized by pub-
lic’s disposition at the event, sense of collective engagement,
influence that the venue adds to public’s experience, pres-
ence of other people around and the sounds of the environ-
ment. All these aspects influence the engagement of the pub-
lic in this type of events, changing the way people interact
using Bumbometer app (Gomes et al., 2020).

In virtual events, these aspects are present in different
ways, given that each user does not participate in the event
physically, but follows the event through the Internet or TV.
Many of the aforementioned aspects are not present virtually,
such as the influence that the place adds to the experience,
sense of collective engagement, and people around. These
aspects of virtual events are limited by viewing on a screen
and how the event is broadcast to users. Therefore, the ex-
perience is totally different, there is no proper atmosphere
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in the environment, impacting the UX during the use of the
Bumbometer app.

For both case studies, we used engagement scales and in-
terviews to find out people’s level of engagement with and
without the app, because as they are used to the competition
and entertainment provided by these events, we assumed they
started with some motivation level, even in the simulated on-
line event.

The first case study took place during a large-scale event,
planned for 20 thousand people: Carnaboi 2020. This ex-
ploratory case study aimed to evaluate whether there was ob-
served engagement during interaction using the Bumbome-
ter. It is worth mentioning that considering engagement is
one of the main aspects of UX in the context of the evalu-
ated application, two approaches were used to compare data
in this case study. The first consisted of evaluating the logs
generated by the application after each interaction round. The
second used a scale technique for evaluating engagement,
called User Engagement Scale (UES) (O’Brien etal., 2018).

The UES used is a reduced form of its original version pro-
posed by O’Brien et al. (2018). The technique is based on a
likert scale, where the participant indicates his agreement to a
particular sentence, ranging from 1 to 5, being: 1 strongly dis-
agree and 5 strongly agree. The UES consists of 12 sentences
that assess four different dimensions, namely: (i) Focused At-
tention (FA), (ii) Perceived Usability, (iii) Aesthetic Appeal
(AE) ), and (iv) Reward Factor (RW - Reward Factor). Each
dimension is evaluated by 3 sentences.

The second case study was also for evaluating engagement
using the Bumbometer but during a simulation of an online
event, typical when it is not possible to gather crowds in a
co-located space. In this explanatory case study, as we al-
ready had some clues and assumptions inherited from the
previous case study, users’ perception of the Bumbometer
application was analyzed in two stages. In the first stage, the
general UX of the application was evaluated using a scale-
based technique, called AttrakDiff (Hassenzahl et al., 2003),
which is the most used and known technique for evaluating
UX in general (Pettersson et al., 2018). It was possible to use
AttrakDiff more precisely because we had collected feelings,
impressions, and opinions in the first study and wanted to be
sure some of them do not change even when people are inter-
acting online. In the second stage, we sought to analyze the
specific aspects of engagement using the UES technique.

To corroborate with the chosen method for the explana-
tory case study, AttrakDiff is possibly one of the most well-
known UX assessment techniques (Brennand et al., 2019). It
consists of 28-word pairs that evaluate pragmatic, hedonic,
and attractiveness aspects. These word pairs are organized
on a seven-point scale. The participant performs the UX as-
sessment by marking the point closest to the adjective that
best characterizes their user experience.
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4 Bumbometer: empowering the
audience through a collaborative-
competitive digital crowd game

There is a rather particular type of event in Brazil: the folk-
loric festivals where the fans of each performance can help
one of their preference collaboratively. However, in some of
these festivals, there is stiff competition. Consequently, even
though the nature of the event is collaborative, the competi-
tiveness makes those events unique. Hence, we have a hybrid
type of interaction. This section will characterize the types of
interaction, give a brief introduction to the main events of this
type, and present Bumbometer.

4.1 Parintins Folklore Festival and the Carn-
aBoi - Brazilian carnival derived event

Parintins is an island city in the Amazonas state, located in
the Northern Brazil. The city is world-renowned for the Par-
intins Folkloric Festival, recognized in 2018 as a Cultural
Heritage of Brazil by the Brazilian National Historical and
Artistic Heritage Institute (IPHAN). There are two folklore
groups that dispute the Festival de Parintins, both based on
a popular culture story about the death and resurrection of a
farm ox, and which, therefore, have the ox as its main ele-
ment. The tradition says that, once upon a time, a pregnant
woman wanted to eat the tongue of an ox; to satisfy her, the
husband kills the most beloved ox in the farm. The priest of
the village is called and says that the population must orga-
nize parties and celebrate feasts which, if happy enough, will
bring the animal back to life.

Festivities based on this story spread across the North and
Northeast of Brazil, but in the city of Parintins it turned into
a grandiose and creative spectacle that attracts thousands
of people every year to the small island in the middle of
the Amazon rainforest. The population is divided into two
groups: the sympathizers of the “Boi Azul” (Blue Ox - a
black ox with a blue star), called Caprichoso, and in the other
side, the sympathizers of the “Boi Vermelho” (Red Ox - a
white ox with a red heart), The official contest is held to-
day during three nights in a stadium called “Bumbo6dromo”,
which fits about 35,000 people.

Given this scenario, some minor events derived from this
famous Festival arisen. For example, in Manaus, capital of
the State of Amazonas, during the traditional Brazilian Carni-
val festival, there is an event based on the Parintins Folklore
Festival, where the main musical rhythm is the “Toada de
Boi”, and where important characters from the famous folk
festival take place on a large stage, with the fans gathered in
the same space as at a traditional music festival (Cavalcanti,
2000).

4.2 The Game

The Bumbometer app is a collaborative-competitive digi-
tal crowd game adapted to promote and measure the engage-
ment of the fans of the two folklore groups, Garantido and
Caprichoso, in events related to the Parintins Folklore Festi-
val. Originally, the application emerged for a more general
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case of digital dispute between two groups, receiving the
name of Cabo DIGuerra, in allusion to the playful game
in which two teams pull at opposite ends of a rope until
one drags the other over a central line, called Tug of War.
The CaboDIGuerra app was developed in an undergraduate
scientific initiation project, and it works by capturing data
from multiple sensors of each individual’s mobile phone de-
vice, who participates in the digital game by choosing one of
two groups represented by different colors, to then accumu-
late the data captured from the two groups through a proper
mathematical formulation. Then, the result is displayed on
a screen with a bicolor graphic circle, half of each different
color in the beginning, and which, as the dispute takes place,
one color will take space until it completely dominates the
circle (as if the cable had been all pulled to one side), with
the due group winning the digital dispute. Motion capture
(accelerometer) and audio sensors are applied.

However, the application version presented in this pa-
per, called Bumbometer, arose from a technological part-
nership between the FunTechShow RD project of the Insti-
tute of Computing of the Federal University of Amazonas
(IComp/UFAM), and the State Secretariat of Culture and
Creative Economic of Amazonas (SEC-AM), promoting the
CarnaBoi 2020 event. For this partnership, a prototype of the
game was developed. The usability project and the human-
computer interface were further explored to promote a more
significant user experience, which was then based on a Mas-
ter’s dissertation research. Both the undergraduate and Mas-
ter’s degree projects were part of the FunTechShow group,
of intelligent digital entertainment, from IComp/UFAM.

As described in detail in a previous work of our research
group (Martins et al., 2020a), the collaborative game has a
client/server architecture consisting of two modules: the mo-
bile client application and the web server application. In Fig-
ure 2 we show the mobile client module’s screens. In Figure 3
we show some the server module’s screens.

To play the game, the participants or players (the fans)
must download the application on their smartphones, avail-
able on both Android and iOS platform Stores. Figure 2
presents the screenshots (A, B, C, and D) of the Bumbometer
mobile app. In the Screen A, the participant must choose one
of the two groups, Caprichoso or Garantido. In the Screen
B are presented the user manual, a step-by-step instructions
to indicate how to use the mobile game. In the Screens C
and D the mobile app shows the mobile game presents the
screen relative to the chosen group in Screen A (a blue screen
with the Caprichoso Ox or a red screen with the Garantido
0x). So, when the game is started on the web server module,
that is, when a session game is started, it will be on Screen
C or D, depends on the chosen group, that the game takes
place in the client module, where participants must shake
their smartphones and thus, send data from the motion sensor
(accelerometer) to be accumulated on the web server, in the
chosen group, during a given session of the game.

During a session of the game (a match), the smartphones’
motion sensors capture twisting and shaking movements the
player, and then, these acceleration data are sent, through
the Internet, to a database where the web server application
handles the collected data and then feeds the crowd intensity
pointers, symbolizing which one is more excited at a given
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moment. The winning group (or team) in each comparison
has its meter increased, as seen in Figure 3 A. The one that
reaches the top of the meter first wins, which causes a unique
champion screen to appear (Figure 3 B and C). In each game
session we have a winner (which resulted from several com-
parisons that made the thermometer go up until one of the
groups reached the top first, in a game session). For the event
in question, each match had a maximum duration of thirty
seconds, not to become tiring for the participants.

BUMBOMETRO

Escolha sua galera ¢ comece 8

o ¥

A B c D
Figure 2. Screens of the Bumbometer app’s mobile client module, available
for both Android and iOS platforms.

The game was developed using the Ionic 4 framework,
which is responsible for capturing the device’s motion data
in meters per second. This data is captured during 3 seconds,
and then these values are averaged, which are sent via the
Internet to a cloud database. The application Web was de-
veloped using the JavaScript language alongside CSS. It ac-
quires data from Firebase, a cloud database chosen for being
scalable and of low cost, and then processes the data, obtain-
ing the acceleration values of all players. Each player is as-
signed a randomly generated ID for later data analysis. The
visual representation of the competition data occurs through
two vertical bars that act as intensity or temperature meters
for the crowd (equivalent to thermometers). Figure 3, which
moves according to the result of comparing the accumulated
intensities of the group of fans of each folkloric group, this
being the sum of the values of each team. This measurement
takes place every one second.

People move their mobile devices as they participate in the
contest by jumping and dancing. This movement generates
several files of log sent to the application Web and contain-
ing data collected during the execution of the matches. A log
example of Bumbometer app can be seen in Figure 4. Among
these data, there are:

a) start and end date and time of each match.

b) the number of connected customers measured every sec-
ond.

c¢) acceleration data for each device, using the ID assigned
to it, at each instant when the comparison of values is
performed.

As for the classification of aspects of the Bumbometer, de-
scribed in Table 3, it can be labeled as a collaborative and
competitive game at the same time.

On the one hand, as seen in Table 3, the Bumbometer has
a cooperative bias because the goal is to win together, with
each fan cooperating individually through their smartphone.
On the other hand, the participation or non-participation of
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|cAMPEAO
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Figure 3. Web server module screens, where (A) each team has a thermome-
ter that moves according to the data captured by the set of the mobile, and
(B) and (C) the winner screen that appears at the end of each session of the
game (a match), for Caprichoso and Garantido, respectively.

2020-10-15 16:10:14

AZUL Aceleracao:56.14465396574985 Jogadores:2

ID:7v7681 ACELERACA0:21.039661663324182 LOCALIZACAQ:-3.0711885,-60.0314638
ID:uw6bfw ACELERACA0:35.10499230242567 LOCALIZACAO:2.8260259,-60.6897871
VERMELHO Aceleracao:74.68981828361262 Jogadores:2

ID:0f20sr ACELERACAO:47.63734449462106 LOCALIZACAO:-3.2813253,-60.6267607
ID:soe@sn ACELERACA0:27.05247378899157 LOCALIZACA0:0,0

Figure 4. Example of log generated by the Bumbometer application.

a player does not directly interfere with the individual expe-
rience of the others, who can play in the same way. There-
fore, the game is better classified if presented as collabora-
tive since this term has a broader meaning, encompassing
cooperation and involving other characteristics.

The Bumbometer is also a competitive game. It results in
a shared victory or defeats so that the competition between
the two teams is visible and is part of the game’s mechanics.

However, despite Table 3 considering only the patterns of
participation-action of collaboration and competition, there
is also the possibility of the player’s omission in specific sit-
uations, as in the case where he enters the game and finds it
boring, feels tired of the mechanics of the game (movement
of shaking the cell phone) or when there is simply a change of
focus of the player, who may prefer to film the event instead
of playing, for example.

In the next section, the proposed case studies are presented,
the methodology applied to conduct the experiments, as well
as the results of the game application, are discussed.
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Table 3. Summary table of aspects that characterize the Bumbome-

ter app.

Bumbometer

Aspect Perception Patterns - action
of the Game | Collaboration \ Competition
Vision Possible for everyone
Motivation Passion Hatred
Objective Win together Win the other
The other Pa1:tner, Adversary,
friend enemy
. . Interdependence Dependenc
Relationship and Pagtnership ang Rivalr}}f’
Feelings Joy / ecstasy Anger / frustration
Symbol Bridge Obstacle
Action Play With Play Against
Climate Excitement Rivalry
Shared victory
Results Shared defeat
Willingness Finish the first
Consequence .
to keep playing game

5 Case Studies

In this section, the two proposed case studies are described:
one involving a real, large-scale event, with a multitude of
participants located in person at the event; and another, a
small, completely virtual controlled event. The results are re-
ported and discussed next, according to the methodology and
techniques described in the previous section.

5.1 Interaction in real world crowd event be-
fore the COVID-19 pandemic: Carnaboi
2020

As previously mentioned, Carnaboi is an annual event that
takes place during the carnival season in the city of Manaus,
inserting the folk tradition of the Parintins Festival in the car-
nival revelry.

In 2020, Carnaboi happened in February, shortly before
the confirmation of the first case of COVID-19 in Brazil !,
and the organization pointed to the use of different technolo-
gies for public engagement during the event, such as the cre-
ation of hashtags for use on social networks and posting pho-
tos of the public on the screens during the event. This more
technological scenario made it possible to use the Bumbome-
ter application as a tool for audience interaction and engage-
ment.

5.1.1 Preparation

Introducing new forms of audience engagement at an event
with the characteristics of Carnaboi requires careful planning.
Therefore, numerous meetings were held in association with
the Secretariat of Culture and Creative Economy of Ama-
zonas (SEC-AM) to facilitate the use of the Bumbometer
application during the event. Definitions of moments of in-
teraction, a form of feedback to the user, and an incentive to
use the application were necessary.

Uhttps://agenciabrasil.ebc.com.br/en/saude/noticia/2020-02/brazil-
confirms-first-case-coronavirus
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Days before the event, there was a comprehensive meet-
ing with organizers, artists, and those responsible for techni-
cal matters such as lighting and sound. On that occasion, the
Bumbometer was presented to everyone through a demon-
stration. It was defined, together with the artists, that the
application would be used in the intervals between presen-
tations during the event. The artists were able to install the
Bumbometer and use it during the demonstration so that they
could get to know the application and spread it among their
fans through social networks.

Another aspect point when designing an action involving
applications from mobile devices concerns the early disclo-
sure of the application. The audience must arrive at the event
with the application installed. To this end, advertising pieces
were broadcasted on SEC-AM and artists’ social media, in
addition to the event’s commercials on open TV.

As feedback media for the audience, the event would fea-
ture LED screens on the sides of the stage, where thermome-
ters would be displayed for each crowd. In addition, adver-
tisements for the app would be displayed on horizontal *“ ban-
ner ” style screens, inspiring the spectators to install the Bum-
bometer on their devices.

The application requires an active connection to the inter-
net to send data from the sensors of the devices to calculate
the agitation of the fans. Hence, it was decided that an open
Wi-Fi network would be made available to all event partic-
ipants. Therefore, access to the internet was guaranteed re-
gardless of the user’s internet availability. A link was pro-
vided to make it possible to install the application for those
who had not previously installed it.

5.1.2 Execution

As defined in the planning meetings, advertisements for the
application were displayed on the screens, inviting the audi-
ence present to install on their devices. The presenter of the
event announced the moments when the application should
be used. At that time, he invited fans from both teams (oxen)
to turn on the app, select their team and interact by shaking
the device. The visual feedback with the thermometers indi-
cating the crowd’s agitation was displayed on the screens on
the sides of the stage.

foet B 5

nt. Source: Portal Beiju.
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Figure 5. Image of the Carnaboi 2020 eve

At each interval between stage shows, the presenter of the
event invited the audience to participate in an interaction sec-
tion that represented an engagement dispute with the Bum-
bometer. The fans of the teams reacted with the shaking of
the devices, screams, and jumps. Each section lasted 30 sec-
onds. In all, 5 sections were held, all pulled and encouraged
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by the presenter of the event. Due to heavy rain, other sec-
tions of interaction were impracticable, as the screens had to
be turned off and people sought shelter.

Figure 5 illustrates the event where the Bumbometer was
used. It is possible to observe the horizontal screens in the
form of a banner above the stage and at the bottom, on the
right side of the figure, one of the screens is observed where
the feedback of the interaction was given to the participants.

After the rounds, some members of the audience of the
event were approached and invited to answer a questionnaire
with the UES technique to assess their engagement. Among
the people approached, six participants agreed to answer the
questions. At a time after the event, the application logs, as
well as the activity logs of the app stores, were analyzed.

It is worth mentioning that the interaction in this specific
event needs to be provoked because rivalry is a characteristic
among the fans. For this, an effect of 80% is expected in a
more controlled environment, such as the Parintins Folk Fes-
tival, since this is an additional resource for the fans. In other
events, such as Carnaboi and lives in general (and the sim-
ulated live presented in this article), in which there was no
real dispute, the engagement objective was 30% in Carnaboi,
without a pre-established goal, because it was a simulation
for future achievement. To have a more reliable approach, the
way in which this interaction occurred at the Carnaboi event
can be verified from the 12th minute of the video available on
the Internet: https://www.facebook.com/watch/live/
?7v=2294362407530458&%ref=watch_permalink.

5.1.3 Results

Throughout the audience interaction with the Bumbometer
application, logs were generated. These logs contain the fol-
lowing information: departure, date, time, participant identi-
fication, participant team, and values of the participant’s de-
vice motion sensor (accelerometer). Such information was
analyzed as evidence of people’s engagement during the mo-
ments of interaction with the application.

During the event, there were 5 games (interaction rounds).
Table 4 shows the number of people who interacted on each
team for each of the matches. The total number of partici-
pants and the winning team in each of the matches is also
displayed. It is worth mentioning that the winning team did
not necessarily consist of the team with the most participants,
but rather the team that was most excited and that shook the
device with more intensity, that is, the one that had the great-
est accelerometer vibration.

Table 4. Interaction round table during Carnaboi 2020

QTY | QTY
ROUND | 3o | pep | TOTAL | WINNER
1 100 | 35 135 | GARANTIDO
2 32 26 58 | GARANTIDO
3 40 [ 26 66 | GARANTIDO
4 504 | 396 900 | CAPRICHOSO
5 154 | 182 336 | GARANTIDO

The higher the values of the accelerometer, the greater the
intensity of the shaking of the device, a fact that indicates a
greater engagement during the interaction round (departure).


https://www.facebook.com/watch/live/?v=2294362407530458&ref=watch_permalink
https://www.facebook.com/watch/live/?v=2294362407530458&ref=watch_permalink
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Figure 6 illustrates the average values of the teams’ sensors
at each moment during the 5 interaction rounds (matches). It
is possible to notice the predominance in the interactions of
the participants of the red team that won 4 of the 5 disputed
rounds. The average values of the accelerometer sensor of
the participants of the red team were higher than those of the
blue team, although fewer people were participating.

Result Acceleration by time

30

Acceleration per player

Round 1
Round 2
Round 3
Round 4
Round 5

Figure 6. the average acceleration of the teams during the 5 interaction
rounds at Carnaboi

Figures 7 and 8 shows the number of installs of the appli-
cation from the App Store and Play Store application stores,
respectively. Figure 7, referring to installations on iOS sys-
tem devices, shows two very evident installation peaks. The
first concerns the day after the presentation of the demon-
stration of the Bumbometer to the artists of Carnaboi 2020.
The second peak consists of the day of the event itself. Fig-
ure 8, referring to installations on Android devices shows an
increasing curve where the peak is precisely on the day of
the event and the next day. Considering that the event took
place on the 24th at night, the installations after midnight are
counted on the 25th. Thus, it is clear that even with advertise-
ments on social media and television, people were interested
in installing the application only during the event, when per-
ceiving the interaction provided.

Total: 87 installations

40
30

20

Downloads

Feb Feb Feb Feb Feb Feb Feb Feb Feb Feb Feb Feb Feb Feb Feb
15 16 17 18 19 20 21 22 23 24 25 26 271 28 29

Date

Figure 7. Installations chart on I0S devices

5.1.4 Evaluation of engagement with UES - Results

Considering that engagement is a fundamental factor of UX
to the application context, this factor was assessed during the
event using the UES technique, as described in Section 3. The
evaluation of engagement with UES (O’Brien et al., 2018) in-
cluded 6 respondent participants who were approached dur-
ing the event and agreed to participate in the study. The dif-
ficulty in recruiting participants for the study is because the

Total: 1047 installations
600

400

Downloads

200

15 16 17 18 19 20 21
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Feb Feb Feb Feb Feb Feb Feb Feb Feb Feb Feb Feb Feb Feb Feb
22 23 24 25 26

27 28 29

Date

Figure 8. Installations chart on Android devices

study environment was not controlled and, because it is a real
event, the participants were there to entertain themselves and
not participate in a traditional UX assessment. The results of
the evaluation can be seen in Figure 9.

I lost myself in this experience.

[Dlmenslon
Focused Aftention

I [DImemlon Average

The time | spent using the App just slipped away.

Focused Attention

31

| was absorbed in this experience.

Focused Attention

| felt frustrated while using this App

Perceived Usability

| found this App confusing to use

Perceived Usability

Using this App was taxing

Perceived Usability

This App was attractive

Aesthetic Appeal

This App was aesthetically appealing

Aesthetic Appeal

4,2

This App appealed to my senses

Aesthetic Appeal

Using App was worthwhile

Reward Factor

My experience was

Reward Factor

| felt

in this

Reward Factor

Figure 9. UES Results - Interaction at Carnaboi 2020

When looking at Figure 9, it is possible to notice that only
the dimension related to usability was evaluated as a very
low grade. This result further reinforces the usability aspects
of the application, showing the need for an adaptation to pro-
vide a more pleasant, pleasurable use experience and conse-
quently improving perceived UX. However, it is noted that
these problems did not affect the engagement of the partici-
pants, who evaluated the other dimensions as positive, show-
ing that the experience was worthwhile. This shows that the
Bumbometer app serves well the purpose for which it was de-
veloped, but that some aspects of usability can be improved
so that the application provides an even better UX and conse-
quently can enable a greater engagement of the participants
during the experience.

5.2 Quarantine interaction

The COVID-19 pandemic caused people to adhere to social
isolation to prevent the rapid spread of the new coronavirus.
As a result, events such as concerts and parties were can-
celed as an action to avoid crowds of people. In this new sce-
nario, as a way of relieving and entertaining people, several
artists started to make live presentations transmitted over the
Internet, from their own homes. Such presentations became
popular under the name of ““ lives ™. Thus, the entertainment
industry had to adapt to the new times and formats taking
greater advantage of digital information and communication
technologies.

This context proved to be conducive to the exploration of
the Bumbometro application/game, since the requirements
for its operation would be: large public and availability of
Internet access. Lives have attracted more and more people
and, to watch them, it is necessary to connect to the network.
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Thus, to investigate engagement through the Bumbometer in
a virtual event, a pilot case study was carried out in a sim-
ulation of a virtual event in a controlled environment. The
goal was to explore usability and UX on the Bumbometer at
remote events for crowds.

The event participants were invited and interested in in-
vestigating different ways of interacting in a remote environ-
ment. In the pilot case study with the Bumbometer, partici-
pants were asked to evaluate the application’s UX, consider-
ing its use in a broader context, by the crowd, separated by
social isolation. The meeting was scheduled in the Google
Meet tool so that it was possible to observe the reaction of
everyone watching the live.

5.2.1 Preparation

To make the use of the Bumbometer feasible, everyone
should previously install it on their devices. Therefore, a
link to the app stores for Android and iOS devices was sent
to participants via email two days before the synchronous
meeting. To collect the responses of the participants regard-
ing the application’s UX, forms were created using Google
Forms with the questionnaires of the AttrakDiff and UES
techniques. The evaluation using the first technique aimed
to evaluate in general the UX of the Bumbometer. The sec-
ond technique sought to analyze, more specifically, aspects
of engagement in this scenario of a virtual event.

5.2.2 Execution

Thirty-five participants and three researchers attended the on-
line meeting for the pilot case study, one of them acting as
a presenter of the “live” event. During a previous explana-
tion by one of the creators of the game, the participants were
introduced to this application. It was shown the context for
which it was developed and to prospect its large-scale use
remotely, in a real event. Then the participants were invited
to insert themselves in a moment of interaction where they
should put themselves in the place of spectators of a “live”
where the attractions belonged to opposite teams and they
would be encouraged to interact. Each one was free to choose
one of the teams and the interaction, commanded by one of
the creators of the Bumbometer, started. The feedback of the
interaction, which consists of thermometers, was shared with
everyone (Figure 10).

BUMBOMETRO

Figure 10. Feedback screen of online interaction using the Bumbometer.

Two rounds of interaction were carried out. The first is
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for participants to understand the idea of the app and how it
works. The second is for them to have one more experience of
use. Each round a different team won. The participants were
then able to have feedback on the victory of both teams. It
is worth mentioning that each participant was free to change
teams between one round and another if they wanted to. Fig-
ure 11 illustrates one of the moments of interaction with the
Bumbometer.

Bumbometer.

After the two rounds of the interaction of the Bumbometer,
the participants were invited to complete the questionnaires
related to the AttrakDiff and UES techniques, as mentioned.
The average response time was 10 minutes to complete both
questionnaires. The results are analyzed below.

5.2.3 Results

AttrakDiff evaluates UX in terms of pragmatic, hedonic as-
pects, and attractiveness. The results of AttrakDiff will be
presented through Figure 12, where it is possible to see the
percentage of how the participants marked a certain item of
the technique. The colors in Figure 12 vary according to the
points on the scale, where a more negative rating is indicated
by the colors in reddish tones, while a more positive rating is
indicated by the colors in greenish tones. When a participant
replied ““ neutral”, that is, he did not consider the aspect mea-
sured by the negative or positive item, the color represented
in the figure is gray.

When looking at Figure 12, the interest is in analyzing
which aspects were considered most positive or negative ac-
cording to the participants. Concerning the negative aspects,
they can be easily visualized by looking at the pairs of words
that have the highest indexes of negative evaluation, that is,
the pairs in which the shades of red are more evident. It is
possible to verify that five pairs of words stand out negatively
(6,7,8, 11, and 25). These pairs are, respectively, professional
/ non-professional, ugly / attractive, practical / non-practical,
stylish / tacky and undemanding / challenging.

These aspects were perceived negatively by the study par-
ticipants, which indicates that they are aspects that need to
be improved in the application so that it can provide a better
UX to these aspects. Looking at the word pairs, you can see
that the participants would probably like the interface to be
more professional and attractive. As they were people who
know HCI concepts, perhaps they were analyzing only the
aesthetic factor in these items, a statement reinforced by the
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Figure 12. AttrakDiff Results - Remote Virtual Interaction.

analysis of the choice for more positive words in other pairs.
The non-practical item deserves more attention because it is
not contrasted with a positive element. Participants noted that
it could be tiring to wiggle the mobile device all the time. The
assessment as challenging was due to the lack of feedback,
which was easily corrected.

On the other hand, it is observed in Figure 12 that,
in general, the participants had a more positive percep-
tion due to the predominance of positive evaluations (in-
dicated by the color green). The isolating/connective, sim-
ple/complicated, ambiguous/clear word pairs stand out, bring
me closer to people/move me away from people, without
imagination/creative and innovative/conservative (pairs 2, 5,
10, 15, 18, and 23, respectively). Considering the innovative
nature of the application, users needed to have this percep-
tion when using and evaluating it. The results showed that
the participants consider the application innovative, creative,
connective, which helps to bring people closer together, all of
which are extremely important characteristics in the context
of the application. Also, it was perceived as clear and sim-
ple, that is, the participants were able to easily understand
the purpose of the application. These results show that the
application meets the main objectives for which it was devel-
oped, requiring only a few interface adjustments to provide
an even more positive user experience.

In addition to the general perception of the application, it
was important to verify engagement as a fundamental aspect
of UX concerning the context of the application. Therefore, a
specific evaluation was carried out using the UES technique
(O’Brien et al., 2018). The results of this assessment can be
found in Figure 13.

‘ |Dimension Average

Dimension
Focused Attention
Focused Attention 26
Focused Attention

Perceived Usability

Perceived Usability 24
Perceived Usability

Aesthetic Appeal

Aesthetic Appeal 30
Aesthetic Appeal
Reward Factor
Reward Factor 36
Reward Factor

| lost myself in this
The time | spent using the App just slipped away
| was absorbed in this experience
| felt frustrated while using this App
| found this App confusing to use.
Using this App was taxing.
This App was atfractive
This App was i
This App appealed to my senses.
Using App was
My experience was rewarding
| felt interested in this

Figure 13. UES Results - Remote Interaction

When looking at Figure 13, it is possible to verify that the
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two dimensions with the lowest overall scores (average) were
FA and PU. Regarding the FA dimension, it appears that the
participants did not pay so much attention to the experience
that they were immersed in. However, this can be explained
by the low grade of the PU dimension, related to the per-
ceived usability of the game. By not being perceived posi-
tively concerning its usability, the participants may have fo-
cused more on understanding how to use the app/game itself
and getting to know it than effectively immersing themselves
in the experience. These results reinforce the results obtained
through AttrakDiff, where the participants indicated that an
improvement is needed in aspects related to the application’s
ease of use and feedback.

On the other hand, the AE and RW dimensions scored
more positively, indicating that the participants found the app
attractive and at the same time that the experience was worth-
while, attracting the interest of the participants. The fact that
the application is aesthetically attractive does not conflict
with the ease of use of the interface, since its design may have
been pleasant, but the layout of the features may have made
interaction difficult. Also, the sentences present in these two
dimensions show that users had a positive engagement dur-
ing the experience, motivated by the possibility of remote
interaction and by the collaborative and competitive charac-
teristics of the activity and the game.

6 Discussion

The Bumbometer game’s design aims to enhance audience
interaction during an entertainment event where there is a
strong appeal for a healthy competition between two teams.
Although its interface is clean and straightforward, the game
has a consistent process of acquiring and managing data, and
it also requires a crowd dynamic for planning its usage.

Analyzing both case studies as one unity towards the use
of a game to support interaction in a competitive and col-
laborative way, we confronted logs, UX methods, and direct
observation to evaluate engagement and participation using
the Bumbometer App. It is worth mentioning that the original
plan was to conduct both case studies in face-to-face settings.
However, with the pandemic context that followed the first
one, during Carnaboi, we reached out a secondary research
question about the impact of a remote setting in audience’s
engagement.

Table 5. Comparative table between the Bumbometer and other
crowdsourcing applications.

Features
Audience
mode
Internet needs | Yes No Yes Yes Yes
Operational No Yes No No No
or  network
infrastructure
Need for indi- | Yes No Yes Yes Yes
vidual use de-
vice

Bumbometer | BannerBattle | Open Symphony | Graffito CoMedia
Onsite/remote | Onsite Onsite/remote Onsite/remote | Onsite/remote

Kind of inter- | Online real- | Real-time Online real-time | Online  real- | Online

action time time

Participants 2-Crowd 2-Crowd Performers and | Crowd Crowd

number crowd

Organizational | Low High Low Low Low

cost involved

Participant Requires a | Null Requires a device | Requires  a | Requires a

cost involved | mobile device with browser mobile device | mobile device

Aspect Cooperative- | Cooperative- | Cooperative Cooperative Null
Competitive Competitive
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As seen in Table 5, our work differs from other crowdsens-
ing applications by having a competitive aspect as an inter-
action stimulant. Papers such as Open Symphony (Wu et al.,
2017) and Graffito (Sheridan et al., 2011) uses purely coop-
erative interactions, by which they seek to engage the users.
CoMedia (Jacucci et al., 2007) specifically works as a kind
of social media and consequently does not possess a game-
play aspect to compare to. However, their study case indi-
cated that they succeeded in engaging the event audience by
being a part of the event and not just an addon. BannerBat-
tle meanwhile uses a classic team-based approach, by which
the authors tried to engage two crowds in a battle, which re-
sulted in a high level of participation of the public. However,
their approach required the installation of dedicated infras-
tructure and did not allow participation from spectators not
onsite. The Bumbometer integrated the positive findings of
those experiences by incorporating a team-based approach,
having a cooperative and competitive aspect, allowing both
onsite and remote participation, being low cost, and by be-
ing integrated into the event itself while a part of it since the
beginning.

As mentioned in Section 3, the Bumbometer’s game de-
sign considers the context of a traditional folkloric festi-
val called “Boi Bumba” and its related events, such as the
“Carnaboi.” Due to these events’ competitive characteristics,
the Bumbometer game adopts a crowd dynamic which priv-
ileges competition but keeping cooperation a goal among
team members, who may also reach collaboration when com-
bining different strategies for achieving high results in their
bull’s thermometer. Remarkably, some hybrid interaction el-
ements in entertainment events are unique for the events de-
scribed in the case studies. It is worth mentioning that there
is an urge for audience participation in both cases by their na-
ture. Because there is a natural opposition between the bulls,
people are willing to lead their team to win.

Even with the audience’s willingness to engage, whether
they keep engaged depends mainly on the immediate feed-
back and their perception of feeling they play an important
role as their team’s supporters. This feeling raises collabora-
tion because the technological game works as a standalone
app, and the crowd dynamic starts with a presenter, who
keeps giving feedback when showing the thermometers. Re-
sults in the case studies point out collaboration was a shared
goal within teams. Even though people engage in the fos-
tered interaction, according to Carnaboi’s analysis, usability
was affected, mainly because people do not feel comfortable
holding their mobile device and shake it unnaturally for their
preferred bull to win. Confronting usability issues pointed
out with engagement measures, we conclude that it had no
impact on the overall enjoyment. The probable cause for
engagement being unaffected is the short duration of each
match. During the second study, participants remained seated
in front of their cameras in a simulated event, and they did not
point out any usability issues. In that case, the recommenda-
tion for short matches is essential for keeping usability issues
diminished for the Bumbometer game and other interactive
applications in other entertainment events.

Another consideration is audience attention, which does
not deviate from artists’ performances. This focus on perfor-
mance impacted the initial match when only a few people in
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Carnaboi and a Simulated live audience engage. The presen-
ter needed to show their low interaction results to urge them
to engage in the next match. From this second match, the au-
dience started to negotiate different ways to shake their de-
vice to win, acting out collaboratively and, at the same time,
competing against their opposite bull’s supporters. Compet-
itiveness between supporters’ teams is essential for creating
a constructive hybrid interaction with no personal animosity.
In both case studies, this productive hybrid interaction took
place. However, during the simulated online event, people
felt they need to engage more effectively, and the Bumbome-
ter made it possible for them to feel more immersed in the
experience.

Besides the benefits Bumbometer brought to both scenar-
ios, simulated live and Carnaboi, it is worth arising an im-
portant argument during a pandemic situation. The simulated
live results point out, related to the UX perspective, partici-
pants (audience) had a positive experience, diminishing the
feeling of distance unavoidable by the event’s virtual nature.
It is clear when analyzing the results from AttrakDiff, refer-
ring to the pair “it joins me to people / it separates me to peo-
ple.” Participants’positive perception of this element shows
that their overall experience provided them a sense of partic-
ipation and proximity, even at a physical distance. Further-
more, making people feel close to one another during social
distancing times is a challenge and a benefit if achieved to
mitigate the lack of face-to-face activities. In this way, the vir-
tual event described in the second case study brings to light
the possibility of entertainment.

To sum up results, after the aforementioned considerations,
regarding the primary research question posed in Introduc-
tion “In what extent Bumbometer app helped participants to
feel engaged in their teams?” have a positive answer. In both
case studies the Bumbometer app helped audience to feel en-
gaged, even for those participants who played with less inten-
sity. As the setting for the second case study deviated from
its original goal, the secondary research question raised about
the impact of a remote setting in audience’s engagement, re-
sults showed that the audience enjoyed having a more active
role even in remote events.

Finally, specifically regarding the second case study, inter-
action during a simulated live show, it fleshes out the impor-
tance of more research in the context of interaction, collabo-
ration, and cooperation in virtual entertainment events. More-
over, it shows that proposals like the Bumbometer, aiming at
engaging people in productive interaction during a virtual en-
tertainment event, may bring new ways of interaction. In this
direction, the design of new interaction paradigms comes as a
necessary step forward in discussing interaction foundations,
raising the need for new ways to evaluate the quality of that
interaction. Towards issues for different evaluation methods,
there is the work of Marques et al. (2020) which investigates
the creation of UX metrics for logs of entertainment events
apps, aiming at giving more meaning to the data collected
during the app usage to identify clues of people’s experience.
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7 Concluding Remarks

The proposal of hybrid interaction for entertainment events,
which contains the participation of rival fans, was the focus
of this article. The Bumbometer is a competitive game when
considering the two fans, but collaborative if the interaction
between the pairs of the same crowd is considered.

Of the various types of entertainment events that involve
opposing sides, the chosen case was the context of the Par-
intins Folk Festival, the interfaces being customized to meet
the characteristics of the dispute between the two oxen,
Caprichoso and Garantido. To refine the application as a
whole and the visible part in the form of a game, two studies
were carried out. The first was in a live face-to-face event
while the second was in a simulated virtual event with the
participation of people through an online meeting environ-
ment. The objective of this second was to verify the virtual
engagement, its possible losses, and/or advantages concern-
ing face-to-face events.

The results of the studies, in both evaluation methods used,
point to a high engagement in entertainment events with the
competition. Therefore, the hybrid interaction is extended
with the use of a game like the Bumbometer, as long as it
does not occur during the entire event, but at moments stim-
ulated by who is conducting it, in this case, a presenter.

As future work, we intend to investigate deeply the use of
the Bumbometer in more virtual events and with more people
participating at the same time. In the face of a pandemic con-
text, research on virtual entertainment tends to grow as inter-
est in these events becomes more evident. In this sense, it is
important to produce empirical evidence on how to provide
this type of entertainment by producing a good experience
for people.
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