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Abstract. Mobile devices have become an indispensable part of modern life. We
investigated how such devices could be used to improve audience experience
at entertainment events, and as a result, we proposed Cabo DIGuerra, a
collaborative mobile game that uses motion sensors and microphones to provide
interactivity between the audience and the show through a dispute that digitally
simulates a tug-of-war. Bumbometer, an evolution of Cabo DIGuerra, was used
in two case studies at large events in northern Brazil, with the results indicating
the game’s and proposed technologies’ suitability. Furthermore, a prototype
application was developed based on the findings of case studies with a Boids-
based artificial life system, Bumboids.

Resumo. Os dispositivos moveis se tornaram uma parte indispensdvel da vida
moderna. Neste trabalho, investigamos como tais dispositivos poderiam ser
usados para melhorar a experiéncia do puiblico e, como resultado, propusemos
Cabo DIGuerra, um jogo movel colaborativo que usa sensores de movimento
e microfones para proporcionar interatividade entre o puiblico e o espetdculo
através de uma disputa que simula digitalmente um cabo de guerra. O
Bumboémetro, uma evolugcdo do Cabo DIGuerra, foi utilizado em dois estudos
de caso em grandes eventos no norte do Brasil, com os resultados indicando
a adequagdo do jogo e das tecnologias propostas. Além disso, uma aplicagcdo
protétipo foi desenvolvida com base nos resultados de estudos de caso com um
sistema de vida artificial baseado em Boids, o Bumboids.

1. Introduction

Brazil hosts a number of major events throughout the year, including Rock in Rio,
Carnival, New Year’s Eve, and Folk Festivals. The adoption of smartphones across all
social classes and age groups provides a powerful but underutilized computing tool. We
proposed some alternatives ways of encouraging audience interaction and engagement in
on site or remote events. This paper is the result of previous publications that sought to
promote audience engagement before and during the COVID-19 pandemic [Martins et al.,
2021a, 2020b,a, 2021b].

The audience is no longer merely a passive observer and is increasingly
demanding a prominent role in entertainment events. People are frequently seen using
their smartphones to send direct messages, interact on social networks, take pictures,
film, and engage in other related activities. Individuals in the audience perceive the
combination of technology and interaction between the performer and the audience as



positive. Because of the pandemic, events had to be adapted to virtual mode, limiting
interaction between performer and audience to the exchange of messages and emoticons
on live streaming platforms, increasing the demand for innovation in these events.

The main objective of this research consisted in developing and exploring a
collaborative crowd game with effective use of mobile computing technologies and
collective computing and sensing techniques. Thus, the following research questions
were proposed: a) how can we provide greater interactivity, immersion, collaboration and
user experience in entertainment events using computational tools? b) how can we better
leverage a mobile technological tool (smartphones) in the entertainment industry?

This paper is organized as follows. Section 2 presents some theoretical aspects
of this research such as Crowd dynamics, Mobile Crowd Sensing, Collaborative games
and an agent based algorithm. Section 3 presents the applications developed, the Cabo
DIGuerra, Bumbometer, and the Bumboids. Section 4 summarizes the contributions of
this research. And, in Section 5 the final considerations are made.

2. Background

In this section we will contextualize the theoretical concepts involved in the development
of the applications and the various case studies, expanding the concepts given in Martins
et al. [2021a,b].

2.1. Crowd dynamics and Mobile Crowd Sensing

Defined as the study of large groups of individuals in a given space, Crowd Dynamics
is an area with a wide variety of applications [Still, 2000]. While research in this area
often focuses on aspects of studying behavior in emergencies, work such as that by Baig
et al. [2015] addresses issues related to crowd emotion, providing tools for improving the
individual’s experience.

The use of computational tools developed as a way to obtain accurate data about
crowd behavior is a very present trend in recent papers in the area. One proposal in
this direction is the use of smartphones as a data source. Mobile Crowd Sensing covers
not only technical aspects related to mobile devices but also aspects of human behavior.
Collective sensing methods that act in scenarios where the use of cameras is restricted or
unfeasible have recently emerged, one proposal in this direction is the use of smartphones
as a data source [Guo et al., 2015; Macias et al., 2013]. The growth in numbers of mobile
devices, such smartphones, tablets or activity trackers, has made large-scale sensing
feasible at a low implementation cost.

2.2. Collaborative games

Collaborative games are those that aim to increase the sociability of the players as a
general goal. It not only encourages participants in an elicitation activity to collaborate
in developing a shared understanding of a problem or solution, but it also incentivizes a
greater sense of participation.

Veerasawmy and Iversen [2012] have built a prototype called BannerBattle in
a crowd entertainment environment to examine the usage of technologies to enhance
the crowd experience. The study described three crowd behavior features, imitation,



emergence, and self-organization, which were later utilized as analytical methods to
evaluate the prototype. The findings of a case study conducted during a football match
revealed that using a game as an entertainment tool was effective in engaging the
crowd and so improving the overall experience. When employing Bumbometer in a
competitive/collaborative situation, we found a resemblance to BannerBattle regarding
the use of audience engagement as a data source.

2.3. Artificial Life simulation: boids, behaviours and algorithms

Initially proposed by Reynolds [1987], Boids is a program that simulates the swarming
behavior observed in several species in nature such as birds and fish. In his work,
Reynolds defined three parameters that each agent in the simulation must obey. The
flocking behavior emerges from these parameters in an emergent way, that is, the behavior
arises from the interaction of each individual with the others, and the whole is the result
of the individual interaction. Next, the three main rules that define the behavior of the
boids are presented and in the Figure 1 the same rules are represented in a visual form.

* Separation: keeps each boid away from another in order to avoid collisions.
* Cohesion: the tendency of boids to stay in groups, avoiding drifting apart.
* Alignment: the general direction of group movement.

(a) Separation. (b) Alignment. (c) Cohesion.

Figure 1. Boid behavior parameters.

Several variations of the original model have been proposed over the years, and
the model has gained popularity in computer science applications. It is the foundation
upon which Particle Swarm Optimization was first developed. In a review by Long
et al. [2019], several algorithms based on animal behaviors were analyzed, emphasis
on techniques using herding, in which a single cell guides the others. Also, the use of
parallelization techniques are extremely relevant since the execution time of a classical
Boids implementation reaches the order of O(N?).

3. A mobile-web system as collaborative crowd game versions

Two variants of the proposed system will be presented in this section. The first encounter,
called Cabo DIGuerra, was created as a proof-of-concept to examine technology problems
and further investigate the concept. A second version, named Bumbometro, was created,
this time with a clear research purpose and a case study as a target. Finally, there is the
Bumboids, which is a collaborative game prototype based on the Boid algorithm.

3.1. Cabo DIGuerra (Digital Tug of War) and applications

Based on the traditional Tug-of-war game, where two teams compete against each other
through force pulling a rope, Cabo DIGuerra (Digital Tug-of-war) is a digital version
of the same game, hence the inspiration for the name. The collaborative game consists






