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Abstract

When an individual violates a norm, they infringe one or more principles of proper conduct, presenting

behaviours that should not be accepted in a society. However, there are studies showing that norm

violators are afforded and perceived with more power than norm abiders. To understand the When, Why

and How of these findings, we implemented a video game research tool.

This dissertation describes the development process of a configurable resource-management first-

person multiplayer game, where players are able to follow or violate norms during resource collection

and transactions. In the game, there is one leader responsible for taking or giving power to other players,

within actions such as the distribution of resources and the selection of the following leader.

We conducted an experiment with 20 participants to verify if the created tool was in line with prior

findings. Subjects played the leader role and interacted with two confederates, a norm violator and a

norm abider. We measured power perception and affordance given subjects’ game actions and answers

from a questionnaire.

We found results that contradicted prior studies. Only 35% of subjects selected the norm violator as

the leader. Additionally, during resource distribution, subjects favoured the norm abider compared to the

norm violator. Given these results, we realized that the scenario of our experiment was unbalanced -

the norm violator’s scripted behaviour was extremely selfish compared to the norm abider. Even so, we

noticed that a few subjects still perceived the norm violators as more skilful and, therefore, more worthy

of power.
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Resumo

Alguém que desrespeite normas sociais, infringe princı́pios de conduta adequada, revelando compor-

tamentos que não deveriam ser aceites numa comunidade. Ainda assim, há estudos que indicam que

os violadores de normas são concedidos mais poder do que os cumpridores. Para entendermos o

Quando, Como e Porquê destes resultados, implementámos uma ferramenta de investigação na forma

de um videojogo.

Esta dissertação descreve o processo de desenvolvimento de um jogo multiplayer configurável de

gestão de recursos, onde os jogadores podem cumprir ou violar normas durante a coleção e transação

de recursos. Dentro do jogo, existe um lı́der responsável por tirar ou dar poder a outros jogadores, em

ações como a distribuição de recursos ou a seleção do próximo lı́der.

Realizámos um estudo com 20 participantes para verificar se a ferramenta criada estava de acordo

com estudos anteriores. Os participantes desempenharam o papel de lı́der, interagindo com dois atores,

o violador de normas e o cumpridor de normas. Medimos o poder inferido e concedido a partir de ações

do jogo e de respostas a questionários.

Os resultados obtidos divergiram de estudos anteriores. Apenas 35% dos participantes selecionaram

o violador de normas como lı́der e grande maioria favoreceu o cumpridor de normas na distribuição de

recursos. Dados estes resultados, percebemos que o cenário da nossa experiência era assimétrico - o

comportamento do violador de normas era extremamente egoı́sta em comparação com o do cumpridor.

Porém, identificámos alguns participantes que consideraram os violadores de normas mais experientes

dentro do jogo e, portanto, mais dignos de poder.

Palavras Chave

Poder, Normas Socias, Violação de Normas, Jogo de Computador, Multiplayer
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If norms are essential for maintaining well-functioning communities, why do we afford norm

violators in�uence? , Prof. G.A. van Kleef, 2019.

Social norms are “generally accepted ways of thinking, feeling, and behaving that people agree on

and endorse as right or proper” [1]. Norms such as fairness, honesty, respect and care should be

followed, since they are essential to maintain harmony within a chaotic society. They usually guide the

behaviour of individuals in a community, yet there are a few exceptions - the norm violators. A norm

violation is “a behaviour that infringes one or more principles of proper and acceptable behaviour” [2].

One would expect that an individual who breaks the norms would lose in�uence within a community,

however recent �ndings say otherwise. There are studies [2, 3] indicating that norm violators are per-

ceived as more powerful than norm abiders, and can even be afforded more power. Powerful people

encounter “fewer social constraints and more resource-rich environments” [3]. Then, when an individual

breaks a norm, they might be seen as having no fear of the negative consequences of their actions,

conveying behavioural disinhibition, which may signal perceptions of power [3].

Throughout the years, there have been studies investigating the relation between power and norm vi-

olations. Researchers responsible for these studies are interested in solving the initially posed paradox,

believing it is the key to understanding norm violating behaviours and, most importantly, that it will help

identify in which circumstances norm violators are given power. Typically, �ctional scenarios or confed-

erates are used in these studies, however the mentioned research methods present several limitations,

such as decreased ecological validity, restrictions in the reproduction of speci�c situations in the real

world or even extremely time-consuming preparation of the experiments. So what if there was an easier

and less costly research method to study norms and power? We believe that computer games are the

answer.

Computer games are useful for studies in the �eld of psychology since they allow the recreation of

unethical situations impossible to simulate in the real life and they can be distributed on a large scale,

in order to provide a wide range of data about human behaviour. Games are easy to con�gure as

well, meaning that researchers could perform more than one experiment using the same game, just by

altering a few of their parameters. In addition, computer-controlled characters may also be implemented

within games, which could be extremely bene�cial for researchers, given that the time and money they

usually spend on confederates would not be necessary anymore.

In general, researchers show an higher interest in the responses of subjects in the context of a group.

Then, games designed for research are usually multiplayer. Nowadays, we can �nd several examples

of these type of games being applied in research and education as well. They can be useful in the

simulation of several game theory paradigms in an engaging manner [4] or even to teach key social

behaviours, such as leadership and teamwork [5].

Nevertheless, using games in research can also present some disadvantages, in particular when

2



studying social norms. Given that players are inserted in a virtual world, their behaviours within the

game may not be an exact representation of their actions in the real world. Players might violate norms

inside a game, since they know their actions will not have real life consequences. Then, researchers

should consider using games with higher ratings of engagement and immersion, providing that an ac-

curate representation of the physical world within the game will increase the ecological validity of the

experiment. Higher immersion can be accomplished, for example, with rich graphics, a �rst-person

perspective and realistic animations and expressions within players' avatars. Furthermore, given that

not everyone is familiar with games, research using video games may require that subjects practice

beforehand, or the target of the experiments will have to be reduced to participants comfortable with

games.

1.1 Problem

Considering the previous motivation, our objective, in this dissertation, is to address the following re-

search question using, for that effect, a video game:

When, why and how norm violators gain or lose in�uence?

As a way to develop this research tool disguised as a video game, we will focus on prior experiments

studying the relation between norm violations and power, and extract the absolutely necessary require-

ments of a norm violating game. Having said that, our intention is that the implemented computer game

allows researchers to further investigate how humans respond to norm violations and in what situations

they afford power to individuals who break the rules. However, we are concerned with the fact that �nd-

ings within the game context may not be in line with previous studies suggesting that norm violations

fuel perceptions of power and power affordance. Therefore, in the current dissertation, our focal point

will be to attempt to prove the following hypothesis in the game environment:

Subjects perceive norm violators as more powerful and afford them more power.

In order to verify the previous hypothesis, following the development of the research tool, we will

establish a scenario within the game (using confederates at this phase) where subjects will face two

simultaneous conditions, norm violator and norm abider. Then, they will perform decisions on power

affordance, according to their perceptions of each confederate. If the previous hypothesis is proven,

we will be able to validate the created video game to be used in further studies related to our research

question.
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1.2 Contributions

According to the developed work, we highlight the following contributions:

• The concept of a norm violating “realistic” game, to be used as a research tool, in which players

can break or follow norms and give or take power.

• The implementation of the proposed game, which parameters may be con�gured according to the

desired experiment.

• A study attempting to validate the game, testing if norm violators are perceived and afforded more

power than norm abiders within the game world.

1.3 Outline

Our document is divided into �ve chapters, excluding the introduction.

In Chapter 2 (Background and Related Work), we start by providing a background on social norms,

power and research methods used in psychology. Then, we focus on game theory, behavioural and

experimental economics. Following this, we discuss the advantages of video games and computer

simulations for research and educational purposes, giving a few examples.

Moving on to Chapter 3 (Game Concept), we propose the concept of the game, ful�lling the neces-

sary requirements to build a norm violating research tool.

Chapter 4 (Game Implementation) details the iterative process of development of the game de�ned

in the previous chapter.

Concerning Chapter 5 (Evaluation), we evaluate how well the research tool performs according to

our hypothesis, describing the scenario and methodology of the experiment and discussing its results.

Regarding Chapter 6 (Conclusion), we write an overview of the current document and de�ne what

needs to be improved in the future.
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In this section, we initially provide a background on norms, power and traditional research methods

and their pros and cons.

Then, we de�ne game theory and experimental and behavioural economics, highlighting experimen-

tal games tested in laboratory. Following this, we consider the bene�ts and disadvantages of using video

games as a tool for research, and introduce a tool called INVITE framework, mentioning as well other

online immersive multiplayer games.

Lastly, we make a �nal overview of the section, performing a comparison between video games and

more traditional research methods.

2.1 Background on Norms and Power

2.1.1 Norms and De�nitions

Social norms are de�ned as the “rules and standards that are understood by members of a group, and

that guide and/or constrain social behaviour without the force of laws” [6]. Norms like fairness, honesty,

respect and care are the basis of ethical decisions.

Fairness In general, fairness “relates to the just distribution of resources” [1]. Jon Elster [7] divided

this norm into different behaviours, such as the rejection of unfair division and reciprocity. A fair division

may be equal for all parties involved, however that's not obligatory. “To each according to his X”, where

X could be effort, ef�ciency or need. This means that it might be fairer to split a resource unequally and

provide more to someone with a higher value of X. Reciprocity “regulates the exchanges of goods and

services between people” [1], requiring them to help those who help them and allowing them to hurt

those who hurt them. However, the former can be seen more as revenge.

Honesty According to Michael Josephson [8], there are two dimensions regarding honesty: com-

munications and conduct. Honesty in communications is telling the truth the best as we know it, not

transmitting it in a way that will deceive. It is fundamental to maintain a society that supports free and

rational choices by each individual member, since distorting or hiding information can, ultimately, alter

individuals' choices [9]. Honesty in conduct is following the rules, without stealing or cheating.

Respect In order to be a respectful person, one should treat people with consideration (and not use

intimidation, coercion or violence), allow all individuals to have a say in decisions that may affect them

and accept personal differences and beliefs without discrimination [8].

Care Finally, “to care” is to be concerned with the well being of others. The care norm supports the

notion that one should not intentionally cause unjusti�ed harm while performing one's duties [8].
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2.1.2 Norm Violation and Power

Gerben van Kleef et al. [3] researched about power and norm violation. Power corresponds to the

capacity of controlling others' outcomes by providing or denying resources or administering punish-

ments. Norm violation corresponds to the infringement of one or more principles of proper behaviour.

When a person gets caught violating a norm, feelings of embarrassment, anxiety, guilt and shame can

emerge [10]. However, these feelings may depend on the amount of power someone holds, since pow-

erful people seem to be unaffected by others [3].

Gerben van Kleef et al. drew a few conclusions about rule-breaking behaviour and power:

• High-power individuals encounter fewer social restrictions and more resource-rich environments,

acting without fear of negative consequences – behavioural disinhibition. On the other hand, low-

power individuals encounter more social constraints, threats and punishments, which causes them

to restrict their actions – behavioural inhibition.

• Several studies suggest that norm violations can lead to perceptions of power. In other words,

individuals who break norms might be perceived as more powerful than those who follow them.

The reason behind this is that power is associated with lack of constraint, so when individuals

violate norms, it is implied that they have high levels of power that enable them to behave as they

want.

2.1.2.A Prosocial Norm Violation

Besides the fact that a rule-breaking behaviour signals power, power may only be given to norm-violators

in speci�c situations. According to Gerben van Kleef et al. [11], prosocial norm violations can lead to

power affordance, which means that people who break the rules in order to bene�t someone or a group

may be perceived as more worthy of power. This implies that power can be provided to norm violators,

given that the norm violation is prosocial instead of sel�sh. It is also revealed that less power is afforded

to a norm-abiding individual with a prosocial behaviour than to a norm-violator individual with a prosocial

behaviour.

2.1.2.B In-group Bias

Apart from preferring prosocial over sel�sh individuals, people also favour individuals who belong to

their own group instead of other groups. This phenomenon is called “in-group bias”: people evaluate

their in-group more favourably than an out-group, allocating more resources to in-group members than

to out-group members [1]. Most people have a tendency to cooperate with members of their own group,

because they want to increase their reputation inside the group which, consequently, bene�ts them,

since they expect indirect reciprocity (hope for something in return) from in-group members [12].
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Also, there's a chance that, if an individual of a group violates a norm, other members of the same

group might adjust their own moral compass and, consequently, imitate that individual's behaviour.

Therefore, regarding an in-group context, norm violations turn out to be contagious, especially when

the norm violator represents an authority �gure [7].

2.1.3 Research Methods

In order to investigate responses to norm violations, more speci�cally in what situations people afford

power to a norm-breaking individual, several experiments can be made. During these experiments

participants can have a passive or an active participation. The former means that participants just

observe the main action of the experiment as outsiders. The latter means that participants are part of

the main action of the experiment.

2.1.3.A Passive Participation

Usually, experiments with passive participation follow three main steps. First of all, participants are

randomly assigned certain conditions of a short scenario. Then, each participant reads or watches (ob-

serves) the scenario with the assigned conditions. Finally, participants are asked to �ll a questionnaire

to evaluate the consequences of each combination of conditions and to verify if they understood the

scenario.

In one of Gerben van Kleef et al.' [11] experiments, a short movie clip with three individuals in a

waiting room was shown to participants. Later in the video, one of the individuals stands up to close

a window. The conditions tested were Norm Violation vs. Control (the window has a “Do not touch”

sign, so closing it constitutes a norm-violation vs. the window has no sign, so opening it is allowed)

and Prosocial vs. Sel�sh (the other two individuals are cold, so closing the window bene�ts them

vs. the other two individuals are very warm and sweating, so closing the window does not bene�t

them). By combining and testing the previous conditions with different participants, experimenters could

measure how much power each participant afforded to the individual closing the window and what was

the perceived prosocial behaviour of that same individual.

2.1.3.B Active Participation

Experiments with active participation are very similar to experiments with passive participation, in the

sense that they follow its �rst and last steps (assign conditions and questionnaire). However, in these

types of experiments, each participant usually has to interact with a confederate, an actor that performs

actions according to the set of conditions assigned to the participant. Most of the times, both participant

and confederate have to perform a task together.

8



Gerben van Kleef et al. [11] described a study using active participation. There were three individuals

inside a room: an experimenter, a confederate and a participant. The experimenter started by explaining

that both confederate and participant would be playing a game together. Then, the experimenter left the

room. In speci�c cases, before leaving, the experimenter invited the individuals to drink coffee from the

coffee pot on their desk; in other circumstances, the experimenter wouldn't mention the coffee. Despite

this, the confederate ended up always drinking it. The conditions tested were Norm Violation vs. Control

(the experimenter didn't invite any of the individuals to drink coffee, so drinking it constituted a norm

violation vs. the experimenter invited the individuals to drink coffee, so drinking it was allowed) and

Prosocial vs. Sel�sh (the confederate offered coffee to the participant vs. the confederate didn't offer

coffee). Then, the participants �lled a questionnaire in order to assess power affordance and prosocial

behaviour perception, similar to the previous experiment with passive participation

2.1.3.C Confederates and Fictional Scenarios

During social psychology experiments as the ones described above, researchers may decide to use

�ctional scenarios and/or confederates to test their hypotheses. Despite presenting a few bene�ts, the

use of the mentioned research tools can also exhibit some limitations.

• Advantages and Disadvantages of Fictional Scenarios: David Wilson et al. [13] identi�ed some

advantages and disadvantages about the use of �ctional scenarios. Their advantages include easy

and precise manipulation of imaginary situations and inexpensive measurement of emotional and

actional responses of large numbers of people. Regarding the disadvantages, the one standing

out the most is the ecological validity of these experiments, since reactions to a �ctional scenario

may not be the same as in a comparable real-life event. Then, it can't be assumed that responses

to imaginary and real environments are equivalent. Nevertheless, imagined responses can still

be an important object of study, since storytelling is essential for social interactions and internal

psychological processes.

• Advantages and Disadvantages of Using Confederates: Mike Allen [14] mentioned a few pros

and cons of using confederates in research studies. Starting with the advantages, a single con-

federate can be used to play different roles in an experiment, so there's no need for researchers

to spend more resources and time than needed. Also, confederates are useful to assess partici-

pants' reactions when they come across an individual (the confederate) with an unusual behaviour.

Regarding the disadvantages, the most problematic issue is the fact that the deception used in the

experiment, by scripting the confederate's speech and actions, may invalidate the results of the

study, since social psychology's main goal is to study genuine interactions.
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2.2 Game Theory

Game theory is a mathematical language used to describe games, outlining players' strategic interac-

tions and their expected outcomes. Its main goal is to predict players' strategies during a game by

assuming that they are rational and want to maximize their payoffs [15].

2.3 Behavioural and Experimental Economics

In classical economic theory, humans are seen “as self-interested agents who seek optimal, utility-

maximizing outcomes” [16], however behavioural and experimental economics contradict this concept,

as we'll see in further experiments during the next sections. Experimental economics is a methodology

that uses controlled laboratory experiments to study economic questions, while behavioural economics

attempts to incorporate insights from psychology into economics, trying to understand how and why

psychological aspects have an in�uence in economic behaviours [17].

2.4 Measuring Social Norms with Experimental Games

In the game theory point of view, it is expected that players always choose the self-interested strategy

during a game. However, their choices often deviate from this prediction, because of the existence of

social norms. Colin Camerer et al. [15] listed and described several experimental games illustrating

this, such as the Public goods Game, the Ultimatum Game, the Dictator Game and the Third Party

Punishment Game.

2.4.1 Public Goods Game

There are n subjects deciding at the same time about their contribution gi , 0 � gi � y, where y is players'

revenue. Each player i earns � i = y � gi + mG, where G is the sum of the contributions of all n group

members and m < 1 < mn . Game theory predicts that sel�sh players will not contribute, so gi = 0 .

However, the experimental results show that most players start by contributing 50% of their revenue. Still,

these contributions decrease by playing the game for a �nite number of times, since reciprocal players

are only willing to cooperate if the other players do it too, refusing to be explored by sel�sh players that

never contribute. To counteract that, individual punishment opportunities were inserted into a variant of

the game, allowing reciprocal players to punish sel�sh players and increasing contributions. This game

re�ects in situations with overuse of common goods, where people enjoy the resources provided without

making any contribution (free-riders).
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2.4.2 Ultimatum Game

There are two subjects involved, the Proposer and the Responder. The goal is to divide a �xed sum of

money S between them. Proposer offers x. If the Responder rejects x, both subjects earn nothing. If the

Responder accepts x, the Proposer earns S � x and the Responder earns x. Game theory predicts that

sel�sh and rational players will offer the smallest money unit possible and accept any x > 0. However,

the experimental results show that many Proposers offer x between 0:3S and 0:5S, anticipating that

Responders will reject low offers (x < 0:2S are rejected half the time). This means that Responders

punish unfair offers, refusing them, giving up their own money and preventing Proposers from earning

any money (negative reciprocity). This game re�ects in negotiations made just before a time deadline

(take it or leave it bargaining).

2.4.3 Dictator Game

This game is similar to the Ultimatum Game, however, instead of a Responder, there's a Recipient, who

can't accept or reject the Proposer's offer - the Proposer dictates. Game theory predicts that sel�sh

and rational players won't offer anything to the Recipient, keeping all the money S for themselves, so

x = 0 . However, the experimental results show that many subjects allocate something to the Recipient,

x = 0 :2S. Still, this can change according to the experimental design: when Proposers know their

decisions are completely anonymous, most allocate nothing; when Proposers listen to Recipients giving

a short description of themselves, the average allocation rises to half of S. This game re�ects in the

charitable sharing of unexpected gains (e.g. winning the lottery).

2.4.4 Third Party Punishment Game

There are three subjects involved, A, B and C. Only A and C have resources, but C has less resources

that A. A and B play a dictator game and C knows how much A offered to B. C can punish A, however

it will be costly. Game theory predicts that A, as a sel�sh player, won't offer anything to B, and also

that C, being self-interested, will never punish. However, experimental results show that players (A) that

offer less than half of their resources are punished by C, so the less A allocates to B, the higher the

punishment of A is. This means that C punishes the violation of a fairness norm. This game re�ects in

the social disapproval of inappropriate treatment of others.

2.5 Modifying Experimental Games

John List [18] explored the Dictator Game more profoundly, by changing its action set and the origin of

the money. He designed an experiment in which participants were randomly placed in one of two rooms
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(A or B) without having any previous contact. A baseline and three variations were tested:

• Baseline: Equal to the standard Dictator Game. Players from each room were allocated $5,

and players from room A were allocated an additional $5 (endowment). During a one-shot game,

dictators had to decide how much of their endowment they wanted to allocate (from $0 to $5) to

their randomly selected partner in room B.

• Take ($1): Identical to the baseline treatment, but dictators had one more action available - they

could take $1 from room B participants.

• Take ($5): Identical to the Take $1 treatment, but dictators had one more action available - they

could take up to $5 from room B participants, making their choice set symmetric (giving or taking

up to $5).

• Earnings: Identical to the Take $5 treatment, but participants in both rooms earned the initial

money by performing a task before the allocation part - subjects of room B(A) were told that room

A(B) subjects earned $10($5) by completing the task.

One would think that the results of the variations shouldn't be that different from the standard Dictator

Game, since, as we've seen before, social norms have a big impact on the strategy chosen by the player,

so a simple manipulation of the choice set shouldn't affect the outcomes that much.

However, after testing, List obtained surprising results in the variations of the game. As expected,

he found that, in the baseline game, the data was similar to the data from other dictator games (amount

given was close to 25% of the money). But, by merely adding the “Take” actions, he noticed a consider-

able change in behaviour: many fewer participants gave money when the “Take” actions were included

in their action set, especially when they had the “Take ($5)” action available, in which many participants

decided to take the full amount. Interestingly, in the “Earnings” experiment, the results obtained were

different from the previous variations, since a lot less individuals decided to take the money and many

stayed neutral (not taking, nor giving).

By analysing these results, List concluded that interpretations obtained from standard dictator games

need to be revised, since the simple change of the choice set appears to invoke different social norms

(taking money and not giving any money seem to have different moral costs). Also, given the results

of the “Earnings” experiment, it was possible to infer that taking earned money is seen with much more

social disdain than taking given money.

2.6 Research using Video Games

Games are considered useful tools for psychological research. First of all, they are designed to be en-

gaging and motivating to play. This gives them a leverage comparing to other not so engaging research
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methods. Also, players can be completely immersed in the game, which allows them to avoid distractions

from their surroundings [19].

A video game is a successful type of game that's been used in an increasing number of psychological

studies over the years, because of its many advantages. These include the ability to model interpersonal

interactions, without having to spend money or time on confederates (when the game has computer-

controlled players), the capacity to easily record data (e.g., decision branches, conversation logs) and

the possibility of simulating situations impossible or unethical to test in real life. In addition, video games

reveal to be much more engaging than traditional research methods, keeping the player focused on the

experiment [19].

Furthermore, the use of video games in research is very bene�cial for scientists, especially “Citizen

Science” games [20]. They are de�ned as a “form of collaboration involving ordinary citizens in scien-

ti�c research projects to address real-world problems” [20]. Therefore, regular individuals help experts

complete their research studies, by participating and contributing actively for their scienti�c work.

There are many examples of citizen science games, especially from the biology �eld [20]: Fold it

[See �gure 2.1(a)], a puzzle game where players fold the structures of proteins in order to discover

stable con�gurations; Eyewire [See �gure 2.1(b)], a game where players map the structure of neurons,

helping researchers know how they are connected; Tiger Nation, a game where players are asked

to provide photos of tigers photographed in wilderness reserves and to identify unique tigers in these

photos, in order to monitor the life of endangered tigers.

(a) Fold it Game (b) Eyewire Game

Figure 2.1: Examples of citizen science games

Regarding the economy �eld, there are a few tools using games that allow researchers to easily

conduct economical experiments, such as the Colored Trails tool, that allows the con�guration of exper-

iments like the prisoners' dilemma, public goods, ultimatum games, dictator games, trust, gift exchange

and third party punishment games, using a non-immersive 2D environment where players have to de-

cide how to use their resources in order to satisfy their goals [20], and the INVITE framework, described

in section 2.7.
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Despite the video games' bene�ts, they also present several disadvantages. They can be less intu-

itive to play, meaning that research participants unfamiliar with the technological resources used to play

the game, may have to spend a lot of time learning them [19]. Also, it can be dif�cult to obtain valid

results in a research through video games, especially if the goal of the research is to study social norms.

Many players are stimulated by games where norm violation is possible, since the violation of socially

accepted norms in virtual words doesn't normally cause any harm, unlike in the real world [21]. So, to

counteract this, researchers should focus on experiments using immersive and realistic games.

2.6.1 Game Immersion

Immersion is the sensation of being surrounded by a completely other reality, as stated by Alison McMa-

han [22]. In a game context, it means that the players are so caught up inside the world of a game, that

they tend to “forget” about the real world. Therefore, the main conditions needed to create immersion in

a game are [22]:

• Player's expectations of the game must be similar to the game's conventions.

• Player's actions should have a signi�cant impact on the game environment.

• Game's conventions should be consistent.

Narrative is usually used to de�ne conventions of a game, so the game should be consistent in its logic

and, consequently, ful�ll the player's expectations [22].

One way to assess the levels of immersion experienced by players in a game is to use the IEQ

(Immersive Experience Questionnaire) [23]. This questionnaire has been widely tested in a variety of

different scenarios and game types, using a �ve-point Likert scale to measure player experience [24].

Alison McMahan also concluded that immersion could be improved by changing the game's perspec-

tive. When comparing a god view/isometric perspective and a �rst-person/virtual reality perspective in

terms of immersion, there's a few aspects that make the former much more immersive than the latter.

The major difference is that VR/�rst-person games allow players to explore the full game environment

by using a non-restrictive camera.

Then, a simulation/game is realistic and, consequently, valid for research if it presents rich graphics

and an immersive environment, actions in the game that have consequences just like in the real world

and “missions with prede�ned goals” [25], in order to make players feels like their actions within the

simulation have a purpose.

As we can see in section 2.8, online multiplayer realistic video games are perfect to teach players

useful social behaviours, allowing researchers to perform experiments concerning social norms as well,

given their high immersion and engagement scores.
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2.7 INVITE framework

The INVITE framework [4] is a great example of a useful research tool in the form of a video game.

Its high level of �exibility allows the con�guration of several game theory paradigms, like public goods

experiments, in an engaging and immersive environment, since the framework includes a 3D multiplayer

video game, called Volcano Island [26] [See �gure 2.2].

“The game is set on a desert island after a plane crash. A volcano's eruption is eminent and the

players only chance of survival is to built a raft to escape the island's destruction. Dilemma arises as

greed can lead players to prefer to act solely on their personal interest and collect a private resource

(such as gold) instead of contributing in favour of the group's common goal.” [4]

(a) Con�guration Tool (b) 3D Environment

(c) Player Avatar

Figure 2.2: Volcano Island Screenshots

The scenario above can be seen as a public goods game, since it presents a social environment

where each player has to decide whether or not to contribute (“gather wood to build raft”) to a common

resource, that is then going to be shared by all players (“escape the dangerous island”, “raft sold and

earnings distributed”). According to game theory predictions, rational and sel�sh players won't contribute
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to the common goal and will try to collect all the gold instead (free-riders). However, as we've seen

before, most real players contradict this behaviour and contribute, guided by the existence of social

norms.

A simple interface [See �gure 2.2(a)] is offered by the framework to researchers, in order for them to

easily con�gure their desired experiments in the game scenario above. Some of the parameters nec-

essary to con�gure an experiment are the number of teams, the number of players per team, earnings

obtained by one unit of wood (after selling), distribution of team earnings (equal for all players, depen-

dent on player's contribution, ultimatum game), type of game (neutral game, competition or cooperation

between groups), and many others.

According to the experiments' parameters, another great advantage of the INVITE framework is the

fact that it allows the creation of teams inside the game, by setting the number of teams with a value

superior to 1. This is useful to compare the interaction of groups and individuals, or just study the relation

between members of the same team. For example, Jorge Peña et al. [27] conducted a team study using

the INVITE framework and found that playing a video game in groups in the presence of in-group social

identity cues (i.e. avatars dressed with the same colours - shared social identity) increased enjoyment

and in-group attachment, compared to groups where avatars are dressed differently. Furthermore, this

framework provides valuable data to researchers regarding human behaviour by the means of a video

game, allowing the simulation of deadly situations, that are somewhat impossible to test in the real world.

2.8 Social Behaviours and Norms in Multiplayer Games

Multiplayer games have a lot of potential in research and educational �elds. They may provide players

with useful social skills, such as learning how to lead and cooperate, or allow researchers to study

social interaction, considering that real-life social norms may also be present in a multiplayer video

game context. Then, in the following sections, we will see with more detail the possibilities of multiplayer

games.

2.8.1 Leadership and Cooperation

Multiplayer video games can teach several social behaviours involuntarily. A project called PlayOn [5],

in which researchers recorded and analysed many hours of game play of online multiplayer games,

revealed that these types of game are much more than earning experience points. In these games,

players can learn a lot of different social behaviours just by being integrated in a community of players.

Some of these behaviours can be:

• Teaching other players: Some players learn how to help others with actions within the game,
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even without receiving anything in return, being this a demonstration of altruism.

• Observe other players: Less skilful players learn how to observe more successful players, in

order to gain knowledge from others.

• Leadership: Advanced players learn how to be good leaders “and orient the activities of newcom-

ers” [5], reinforcing an ef�cient behaviour of the group and, at the same time, showing empathy for

other players.

• Instrumental Coordination: Players learn how to work as a team in order to ful�l the game's goal.

This to say that a lot of commercial multiplayer games used purely for entertainment can teach

several social skills by “accident”. One of the most valuable skills learned in these type of games is

“social learning, where a community of players in cooperation learn and master a game” [28], even

when the designed game has a different purpose.

As an example of the previous statements, we have found a multiplayer game, Matematris [28],

created with the goal of teaching mathematical skills to students in a fun way. This game was played in

teams, one member of the team was playing regular Tetris and the other members were creating pieces

of Tetris. Each piece was produced by solving a mathematical problem. If players from a team got the

problem right, the piece produced would go to other team's Tetris player, otherwise the piece would go to

their own team. Then, the goal was to create a lot of pieces for the other teams in order to win. However,

it was not expected that the team members would start communicating in the physical world to win the

game. When the game was tested, the Tetris player of a team started telling their team members which

pieces �tted in their own Tetris game, so they would purposely answer the most dif�cult math problems

wrong in order to deliver to their Tetris player pieces that could be easily placed. If the problem was easy,

they would solve it and those pieces would go to other teams. This prolonged their game and increased

the score of the Tetris player. Therefore, a game with the purpose of teaching math allowed players to

develop “strong cooperative skills in learning how to manipulate the game structure to accommodate the

social actions” [28].

Then, we can see that “new strategies, norms and rules are developed” within multiplayer games,

which creates “potential for social learning” [28]. With that said, researchers can use serious multiplayer

games to study or teach speci�c social skills. As an example, we have In�niteams [25], a multiplayer

online serious game designed to improve leadership skills and team dynamics. All players have to work

in team in order to ful�l the game goal, completing several puzzles during their game play. A random

player is assigned as the team leader at the beginning of the game, and members of the team have to

cooperate to overcome all obstacles within the game.
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2.8.2 Social Norms

Social norms are often developed within multiplayer online games, such as The Sims Online [29] and

Second Life [30], given the rules and goals of the game. The provided examples are 3D online multi-

player games with rich and realistic virtual environments, where players can create their own customized

avatar and communicate with other users via written text. Researchers participated and observed inter-

actions within these games, intending to discover how social norms arise in multiplayer games and what

in�uences them.

In The Sims Online, researchers discovered that during players' actions and interactions, social

norms emerged. They observed that text-based interactions were used to condone or praise players'

behaviours. Additionally, the game environment had a big impact on what kind of norms were present.

Then, depending if players were visiting other players' houses or were participating in group events, the

social norms varied. For example, in weddings organized within the game, players were expected by the

wedding organizers to make their avatars perform adequate actions, such as standing and applauding at

the end or hugging the bride and the groom. In case there were players that did not follow those standard

rules, other players would call them out or they could be even kicked out by the wedding host [29]. With

that said, researchers concluded that norms found in the mentioned game followed real world norms

accurately, being in�uenced not only by the game environment, but also by the existence of realistic

human-like avatars to represent the players and, consequently, their actions.

Concerning Second Life, researchers were interested in exploring if real-life social norms of “gender,

interpersonal distance and eye gaze” [30] were replicated within the game. They found that social

interactions in multiplayer online realistic games were “governed by the same social norms as social

interactions in the physical world” [30]. These �ndings demonstrate that virtual environments are a great

tool to study real social interactions. Even when people navigate within a virtual environment using a

keyboard and a mouse, they still follow the same social rules of the physical world, which means that we

can generalize players' interactions within immersive and realistic games into real life interactions.

When researchers want to explore social norms using multiplayer online games, it is valuable to

consider that the expressions and animations of the avatar of a player, while reacting to another player

following or breaking a norm, are valuable not only to display more accurately the emotions felt by the

player, but also to re�ect the importance of the norm. For example, a player might react with an action

that shows a more angry expression and body movement of the avatar, which may reveal that the norm

violated was very serious.

In order to illustrate the previous situation, we will give the example of a computer simulation done

with virtual agents studying norms and emotional reactions [31]. In this environment, agents presented

emotional responses given the ful�lment or violation of a norm. Norms' salience could vary, so the

emotional response could be triggered or not depending on this value.
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Subjects were place in a virtual scenario within a bar. They were sitting with two agents representing

two friends, one of them was a smoker and the other was not. Also, there was a smoking ban, which

subjects were told about at the start of the study. Participants of the experiment could be in one of two

scenarios: a low-salience version [See image 2.3(a)] or a high-salience version [See image 2.3(b)]. In

the �rst one, the smoker agent started smoking within the bar and the non-smoker perceived this norm

violation, however since the salience was low, the non-smoker did not show any emotion. The second

version was similar to the �rst, but given that the salience was higher, the non-smoker reacted making

a frown expression. In general, researchers were interested in verifying if subjects would see the norm

of smoking as more important in the high salient scenario, proving then that participants “did relate the

differences in the versions to the importance of the norm” [31].

(a) Low Salience Version - No Emotion (b) High Salience Version - Frown Expression

Figure 2.3: Smoking Norm Experiment with Agents

2.9 Concluding Remarks

In this section, following the de�nition of norms and power, we started by compiling the conclusions

drawn in several studies about these two components. We highlighted that individuals high on power

�nd less social restrictions, being this one of the possible reasons why there are studies revealing that

norm violations lead to power perception and affordance.

Additionally, we found that researchers typically use confederates and �ctional scenarios on their

experiments, however we veri�ed that these research methods have several disadvantages, being the

low ecological validity the most prominent.

Following this, we proceeded to list some results of laboratory experiments, showing that subjects'

behaviour deviated from the self-interested strategy in experimental economics games, however these

experiments were still low on immersion. Therefore, we started focusing on research using video games.

Then, we found that video games are a much more complete research tool, given that researchers
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can easily record data, simulate unethical situations, or use computer-controlled characters instead

of confederates. However, we discovered a few cons, such as the learning dif�culty of video games.

We also highlighted the fact that researchers had to guarantee that the game was immersive enough

to increase the ecological validity of experiments. Therefore, we listed the main conditions to create

immersion within games, as a way to solve the mentioned problem.

We concluded that, despite of the disadvantages, if researchers conduct experiments using an im-

mersive and engaging video game, they could obtain more valid results compared to experiments con-

ducted in laboratory, where immersion is lacking. Therefore, video games, in speci�c multiplayer games,

can be used as tools to study economic experiments (INVITE framework) or even social norms (The

Sims Online), teaching bene�cial social skills as well, such as leadership and team work.
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In this chapter, the concept of a norm violating game, which will be used as a research tool, is de�ned.

Initially, we list the main requirements of the game. Following this, we approach each requirement one

by one, suggesting how to ful�l them within the game. Finally, we give an overview of our game concept,

providing a summary of the players' actions and information.

3.1 Game Requirements

The main requirements of a norm violating game were identi�ed before de�ning the game concept.

These requisites were discussed with Professor Astrid Homan and Professor Gerben van Kleef, from the

University of Amsterdam, who have been investigating the relation between norm violations and power

for a long time now. In their experiments, participants encountered one of two conditions, norm violation

(confederate violated a norm) or control (confederate followed a norm). Given these experiments and

our discussion with the professors, we gathered the main requirements we needed to ful�ll, in order to

create a norm violating game:

• Opportunities to follow or violate norms: it was essential to create norm violation situations in

the game, that would contrast with norm abiding behaviours.

• Norm violations visible to players: norm violation situations needed to be clear and obvious for

all players during the game.

We considered two other requisites for this project. Even though they were not necessarily the most

important requirements for a norm violating game, they were still fundamental in our concept. Given our

need to embrace the bene�ts of using a computer game as a research tool, we addressed these two

“secondary” requisites:

• Highly engaging and “real” game: this would help increase the ecological validity of the exper-

iments, in the sense that if players felt that their actions mattered in the game, researchers could

transpose their behaviours within the game into real life situations.

• Emotion and behaviour registry throughout the game: players' actions and feelings during the

game needed to be registered, especially their behaviours towards norm violating players, since

this would allow researchers to carry out a more thorough analysis of the results obtained.

3.2 Game Requirements Mapping

Given the previous requirements, we proposed a concept for the game with the intention of ful�lling

every single requisite.
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3.2.1 Game Context

In order to create opportunities for a player to follow or violate a norm, there should always be a reason

for them to do so. The main question was: Why would a player violate a norm? A stressful situation, such

as surviving in extreme conditions, could be enough reason to violate a norm. Therefore, we agreed

that players should be trapped inside a closed space with limited resources available. This would,

consequently, establish circumstances within the game where they would have to consider whether to

obey or break a norm, while interacting with other players. As a result, we classi�ed the game as a

survival resource management multiplayer game.

3.2.2 Norm Violation

The previous scenario led us to the following question: How could a player violate a norm given the

situation described? Given that players had limited resources available, this would allow the existence

of several norm violating behaviours.

Players would have to gather resources in the game in order to survive. The accumulated resources

could go to a group stash, shared by all players, or an individual stash, containing the resources held

only by the player. This implied that there would be individual and group resources within the game,

which was extremely helpful in de�ning norm violating vs. norm abiding actions.

We concentrated primarily on norms such as fairness/reciprocity, honesty/truthfulness and care/no-

harm, de�ning three distinct ways of breaking or following norms [See table 3.1]:

• Resource Collection: After catching the resources, players would have to decide how many of

the gathered resources they would like to give to the group (group stash) – norm abiding action –

and how many they wanted to keep to themselves (individual stash) – which could be, depending

on the situation, a norm violating action. If the norm of sharing with the group is perceived with

a higher importance, the act of collecting a lot of individual resources could be seen as a norm

violation. For example, if there is a signi�cant contrast between the behaviour of two players while

collecting resources, the mentioned norm could appear more important: if one player collected

all group resources and the other collected only individual resources, the second player would

look like a norm violator compared to the �rst player. In addition, this action could be seen as an

adaptation of a public goods game [15], since players would decide whether or not to contribute to

a common supply that was going to be shared by all of them, which, in this situation, corresponded

to the group stash of resources.

• Resource Request: When a player was in trouble (no individual resources and low health), they

would have the possibility of requesting resources from another player that had enough resources
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to help. The player that received this request would have two responses available: accept the

request – norm abiding action – or deny the request – norm violating action.

• Resource “Exchange”: Players could steal or give resources from/to other players without their

permission. A player could be really dishonest and steal individual resources from other player

even if they had enough personal resources available – norm violating action - or they could be

really sel�ess and give their own individual resources to other players, without having to receive

a request – norm abiding action. We had trouble �nding a reason for players to perform these

actions which we will discuss later in section 4.4.4

Table 3.1: Game Actions and Norms Violated

Action Norm Abiding Norm Violation Norm

Resource Collection Give most collected
resources to the group
(group resources)

Keep most collected
resources to themselves
(individual resources)a

Honesty, Truthfulness,
Fairness, Reciprocity

Resource Request Accept player's re-
quest and help player
in trouble

Refuse player's request
and disregard player in
trouble

Care, No-harm

Resource “Exchange” Give resources will-
ingly to another player

Steal resources from an-
other player

Honesty, Truthfulness,
Fairness, Reciprocity

a. Considering the norm of sharing resources with the group has a high degree of importance

3.2.3 Visibility of Norm Violation

Within the game, players would be able to violate certain norms, as described previously. But how

could other players see the norm violation occurring at the right moment? We agreed that making a

log of activities available to all players, where they would be able to read everything going on inside the

game, was the best and easiest way to guarantee the ful�lment of this requirement. Actions such as

those mentioned in table 3.1 should be explained in short and insightful sentences, which would allow

the player to process and analyse the registered data much faster. Ideally, the interpretation that each

player made of the listed actions would in�uence some of their choices inside the game.

3.2.4 Engagement and Realism

Although not a main requirement, we decided to consider engagement and realism within the game,

since we wanted to create a more immersive and appealing experiment in which players could feel like

their actions were signi�cant. Then, we concentrated on the game perspective and the plot, aiming to

develop a game that satis�ed the mentioned requirement.
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Regarding the game perspective, the best choice was a 3D �rst-person game, since immersion has

been shown to improve using this form of game perspective [22]. Concerning the game story, we wanted

to create a hypothetical real-world scenario where all actions made sense, having the situation of being

trapped inside a closed space, with limited resources, as a starting point to create the game plot. In

order to do so, we focused on the following points:

• Why and where were players trapped? An external threat seemed like the most logical way of

explaining why the players were trapped. Inspired by an apocalyptic scenario, we decided that

infected humans were trying to attack the players and, consequently, they had to stay inside a

closed space for an arbitrary number of days in order to survive. Concerning the space itself,

having an engaging story was the main goal, so we thought of a bar, since we could create an

appealing story around it and integrate the players in that same story, as depicted in the game

narrative.

• What were the resources and why do players needed them? As time went by inside the

bar, players would lose health, so they would need to collect resources [See resource collection

in table 3.1] in order to survive. Resources were going to be in a speci�c area inside the bar

that we called the dangerous zone, and this area would be full of the infected humans previously

mentioned. For simplicity reasons (better understanding of the game by the player), there should

be only one type of resources – medicine – which would allow players to improve their health when

consumed.

By answering the questions above, we managed to create an entertaining game narrative:

After a busy night working in the bar Las Moscas, you decide to have a drink with your

colleagues. It is Thursday, 4 a.m. and all the clients already left. The TV catches your

attention: Breaking News: Unknown virus is causing strange behaviours around the world:

people are presenting extreme rage attacks and attempting to kill each other! We advise you

to stay inside, wherever you are. Stay safe!

A sudden noise coming from the main door startles you. You look through the window and

realize your worst nightmare came true: violent looking humans killing everyone in their �eld

of view, biting arms and legs off and breaking bones. Finally, it hits you: you are trapped

inside the bar with your colleagues and you have limited resources available. Will you be

able to survive?
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3.2.5 Player's Emotions

Capturing how players felt when they came across norm violating players was necessary for researchers

to obtain enough data for their analysis. We considered two approaches in order to satisfy this require-

ment. Initially, we explain the key power giving and taking behaviours that we decided to include in the

game and how we inferred players' emotions according to them. Then, we proceed to discuss about an

emotion recording method that we decided to use in order to obtain even more relevant data.

3.2.5.A Actions and Power Giving and Taking Behaviours

Returning to our research question, it is important to recall that our primary goal was to see how players

would respond to a player who violated a norm and what kind of circumstances they would afford them

power in. Then, it was bene�cial to de�ne power giving and taking behaviours within the game, since it

would allow researchers to infer how a player felt about another player based on the type of behaviour

shown.

In order to illustrate these behaviours in more detail, we needed to introduce the role of the Leader.

Players would spend an arbitrary number of days inside the bar and, during each day, one of the players

would be the leader. When the day ended, the leader would have two tasks to perform, in which they

would have to make certain decisions that would, consequently, demonstrate power giving or taking

behaviours [See table 3.2]. The tasks in question were:

• Resource Distribution: Following the end of the day, the leader had to perform the task of dis-

tributing the collected group resources between all players. If the leader decided to give more

resources to a player that violated norms, they might have been showing support for that same

player and their actions. On the contrary, if the leader wished to provide less group resources to a

norm violating player, they could have been exhibiting a behaviour of opposition against that same

norm violator. In case the leader distributed the same amount of resources to players who broke

the norms and to players who followed the norms, they were possibly showing that they allowed the

behaviour of norm violators, which implied they did not display any opposition against such actions

nor did they support them (acquiescence). This task could be seen as a dictator game [15], since

the other players had no other choice than to accept the distribution dictated by the leader.

• Leader Assignment: Following the resource distribution, the leader had to select a player to be

the new leader for the next day. If the chosen player violated norms and the leader was aware

of their conduct, they were demonstrating that they supported the actions of the norm violator. If

the new selected leader did not break norms, the leader might have been demonstrating that they

were opposed to the behaviour of the norm violator.

26



Given the described tasks, it should be possible to obtain a big share of information regarding play-

ers' emotions. In the �rst place, we could link their actions to speci�c feelings: opposition revealed

anger, support showed admiration and acquiescence might have been linked to fear. Besides that, we

could also relate their decisions with power giving or taking behaviours. So, when the leader supported

the norm violator, they were revealing a power giving behaviour, as their decision to distribute more re-

sources to them and/or select them as a leader made norm violators have more power within the game.

In contrast, if the Leader opposed the norm violator, they were demonstrating a power taking behaviour.

Table 3.2: Game Actions and Power Giving and Taking Behaviours

Action Support Opposition Acquiescence

Resource Distribution More resources to
norm violator

Less resources to
norm violator

Same number of re-
sources to norm violators
and norm abiders

Leader Assignment New leader is norm
violator

New leader is not
norm violator

—

3.2.5.B Journal

Furthermore, we wanted a way for players to openly express their feelings within the game, which also

had to make sense considering the game's context. Since this was survival type game, we thought it

would be enjoyable to have a place for players to write their survival story. At the end of each day, after

the Leader Assignment, players would be invited to write in their own personal journal, where they could

share how they felt about the other players (performance and behaviours) and also write about the game

itself (visuals and mechanics). They were going to be free to write what they wanted, which would be a

useful way to capture their feelings and obtain more information for analysis.

3.3 Game Overview

After ful�lling all the requirements of this norm violating game, we decided to make an overview of the

game itself, de�ning in more detail the information and actions of each player and building the main

game loop.

3.3.1 Player's Information

While playing the game, players would have several information available about them and other players

on their screen. It was crucial to have a visible health bar in order for them to be aware of their need for

resources, since their health would improve with its consumption. It was also necessary to show their
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name on the screen, and also an indication if they were the leader in the current phase. Besides seeing

their own information, players would also be able to visualise information about the other players: their

name, their health bar and, in case one of the other players was the Leader, an indication of that as well.

Additionally, players would be able to see the number of resources they collected in the dangerous

zone, before performing the resource collection action, as well as the amount of resources owned only

by them (individual resources) and also by all players (group resources). In order to situate players in

time, the number of the day and a countdown timer that indicated how much time was left for the day to

end would be accessible as well.

Finally, as mentioned in section 3.2.3, players should be able to read, on their screen, logs of speci�c

actions happening within the game. These logs would be updated in real-time and would always be

visible.

3.3.2 Player's Actions

Players would have standard actions available, like walking, changing direction and jumping. As de-

�ned in the previous sections, other actions allowed were related with norm-violating/abiding and power

giving/taking behaviours. Players would also be able to write in the journal.

In table 3.1, it was possible to see the two sides of the player's actions, norm abiding and norm

violation, and what were the norms followed/violated in each case. These actions included resource

collection, resource request and resource “exchange” as de�ned before.

Regarding table 3.2, we could observe how some of the player's actions could show support (power

giving behaviour), opposition (power taking behaviour) or acquiescence to norm violating players during

tasks such as resource distribution and leader assignment, which were only performed by the player

that was currently the leader.

3.3.3 Game Loops

Finally, we decided to summarize the game in a main game loop [See image 3.1]. In short, players were

going to spend an arbitrary number of days inside the bar and the goal was to obtain resources and

consume them in order to survive. In the �rst day, one of the players was going to be the leader. At the

end of each day, the leader distributed the group resources between the players and voted for the next

leader. Following the selection of the leader, all players wrote in a journal.
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Figure 3.1: Main Game Loop

29



3.4 Concluding Remarks

As a way to create a simple, yet useful research tool, we focused on de�ning and ful�lling the strictly

necessary requirements of a norm violating game. In addition, we considered a few extra requisites,

thinking on how to approach our research question and also on the validity of the experiment.

Thus, in our game concept, we introduced actions related with norms and power, with the intention of

using the game to explore how norm violation in�uenced power giving and taking behaviours. All of these

actions were based on the fact that the game was a survival resource-management game. Moreover,

we agreed that a �rst person 3D perspective would be ideal to create a more immersive experiment

within the game.
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The current chapter describes the implementation process of the game previously de�ned in Chap-

ter 3. We start by introducing the tools used during this process. Then, we divide the implementation

into three iterations and, in each one of them, we provide a detailed report of our development process,

and list the problems found after testing with a few users. Given the problems discovered, we detail how

we solved them in each new iteration. Finally, we give a more elaborate view of some features of the

game.

4.1 Tools

The game was implemented using UnityEngine1. In order to add multiplayer to the game, we used

a Unity package for multiplayer games called Photon Pun23. It was simple to use, included a lot of

documentation and allowed for reliable synchronization of players' information and actions during the

game.

4.2 First Game Iteration

4.2.1 Environment, Characters and Resources

The �rst step was to create our initial Unity scene and start building the game environment – the bar

[See image 4.1]. We looked for 3D unity assets45 that we could use in order to make players feel like

they were in a realistic bar: wooden tables and chairs, bar stools and counters, leather sofas and a few

cabinets. We also found some other assets67 which complemented the space, such as drinking mugs

and glass cups, candles, barrels and a few eery wall decoration (goat's head, shields, axes). All of these

assets already included lighting maps and colliders. Then, we applied only a few point lights to the bar's

ceiling, with the intention of illuminating the space lightly and, consequently, giving the game a dark and

spooky atmosphere.

Following the previous step, we focused on the character used to represent the players. We dis-

covered an asset of a 3D rigged model of a human8. The character included a set of animations (idle,

walking, jumping, . . . ) and also had a gun [See image 4.2]. We started by programming the player

movement, such as walking in all directions (tweaking the player speed as our implementation evolved),

1 Unity Engine: https://unity.com/
2 Photon Engine: https://www.photonengine.com/pun/
3 Photon Engine Glossary: https://doc.photonengine.com/en-us/pun/current/reference/glossary/
4 Furnished Cabin: https://johnnykasapi.com/portfolio/furnished-cabin-unity-asset/
5 Medieval Tavern: https://assetstore.unity.com/packages/3d/props/furniture/medieval-tavern-pack-112546/
6 See footnote 5
7 Hut Pack: https://assetstore.unity.com/packages/3d/props/free-hut-pack-130776/
8 Adventurer Blake: https://assetstore.unity.com/packages/3d/characters/humanoids/adventurer-blake-158728/
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jumping and rotating. Then, we de�ned the camera movement, which consisted in allowing the players

to look around the scene in a �rst-person perspective.

(a) Ortographic Mode - Top View (b) Perspective Mode

Figure 4.1: Bar Environment

Figure 4.2: Player Character

We proceeded to de�ne the limits of the dangerous zone, mentioned in section 3.2.4, within the bar

area. In this zone, we positioned the infected humans, as a symbol of danger, and the resources, as

seen in image 4.3. For the former we used the asset of a zombie9, with animations included, and for the

latter we found an asset of a �rst-aid box 10. After this, we added a plain health bar to the game, which

decreased according with the time passed inside the bar multiplied by a constant coef�cient. If players

were inside the dangerous zone, that same coef�cient would increase. Then, we implemented our �rst

attempt at the resource collection action, where players had to click resources to grab and throw them.

9 Zombie: https://assetstore.unity.com/packages/3d/characters/humanoids/zombie-30232/
10 Survival Game Tools: https://assetstore.unity.com/packages/3d/props/tools/survival-game-tools-139872/
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Figure 4.3: Dangerous Zone with zombies and resources

4.2.2 First Steps of Multiplayer

We began adding multiplayer to the game, starting by setting up Photon Pun and creating a second Unity

scene. This scene contained only a hidden Start button, which would become visible if players/clients11

connected to the Photon master server12 successfully. Connecting to the master server implied that

players were ready to initialize the matchmaking13 process. Upon connection, players were given a

random name. When a player clicked on the button, they would try to join an existing random room14,

and if not possible, they would create a new room, with a random name and a speci�c number of

players. The player that created the room was the master client15 of that speci�c room, and only the

master client could load the multiplayer scene (the �rst scene we created). By setting the Photon Pun

property AutoSyncScene to true, all other players that joined an existing room would automatically be

sent to the scene controlled by the master client. For each player that entered the multiplayer scene, we

had to instantiate a networked player object – our character game object. This process is presented in

�gure 4.4. During this implementation stage, players could now see other players in the same scene,

however they were unable to see their movement, so we proceeded to implement the synchronization of

players' position and rotation.

11 Applications that connect to a server are called clients.
12 The Master Server handles the matchmaking for a region or cluster.
13 The process of �nding a game or match.
14 Players meet in rooms to play a match or communicate. Any client can only be active in one room.
15 Master Client is a “special” client per room. In absence of custom server code, it can be made responsible for handling logic

that should only be executed by one client in a room.
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Figure 4.4: Matchmaking Process using Photon Pun

4.2.3 Player's Information

Following the matchmaking process, we focused on the player's interface, obtaining assets of User

Interface (UI) icons16, which we applied in several menus of the game. We improved the health bar

appearance and displayed the player name on top of the bar. In addition, we updated players' health

using a Remote Procedure Call (RPC)17, and allowed for players' health and name to be visible for other

players on top of their characters. We also started implementing the Leader role, selecting at �rst the

master client as leader, with an RPC, and displaying the word Leader above the selected leader's name.

We proceeded to add the countdown timer and the day incrementor to the game, as a way of in-

dicating the days passing by within the game, as mentioned in section 3.3.1. First, we speci�ed the

maximum number of days spent inside the bar and then we de�ned the maximum number of seconds in

a day. After this, we made the master client responsible for decreasing the timer and updating it with an

RPC. All players, having access to the updated current time, would convert it to a string, with a mm:ss

format, to be shown at the top of their screen. When the timer reached 0 seconds, the master client

would increase the number of the day, which was also displayed on players' screen, over the timer. The

game would �nish if it were the last day, otherwise players would return to their initial position and keep

playing. In addition, as a way of increasing the game's level of dif�culty, the coef�cients used to reduce

players' health within the game were augmented as the days were incremented.

4.2.4 Resource Collection

We returned to the resource collection action, deciding to simplify it as much as possible. We agreed

that players would just have to click on a resource to collect it and the resource would automatically

16 User Interface Icons: https://assetstore.unity.com/packages/2d/gui/icons/icons-ui-95116
17 It refers to calling a method on remote clients within PUN games.
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disappear, being respawned again after a speci�c time. We also had to deal with the synchronization

of the resources' disappearance/appearance, in order for players to be in the same game state, using

RPCs for that effect. We tweaked this process a bit and ended up allowing the player to collect resources

only when they were close to them and inside the dangerous zone. Furthermore, we wanted players to

be informed on how many resources they collected, so we displayed that information on their screen.

At �rst, we limited the number of resources collected each time players entered the dangerous zone

however this was altered, as it will be explained later in section 4.2.10.

Following this, we began implementing the Resource Collection Menu [See image 4.5]. When players

left the dangerous zone with collected resources, the referred menu would appear on their screen. In

here, they had to decide on how many of the collected resources they would like to give to the group or

keep to themselves. In the beginning of our implementation, the menu was automatically �lled (half of

the collected resources for each stash), however we agreed it was safer to start with 0 resources in each

stash in order not to in�uence players' behaviour. Just like the collected resources, we also displayed

the number of individual and group resources on the players' screen.

Figure 4.5: Resource Collection Menu

After the resource collection, we implemented the resource consumption action. Players could con-

sume their individual resources by simply clicking on the R key of the keyboard, and, consequently,

increase their health. We used RPCs to update the number of individual and group resources during

these actions, since we needed these variables synchronized throughout the whole game.

4.2.5 Log of Actions

We moved on to implement the log of actions [See image 4.6], displaying a scrollable panel in the lower

right corner of the screen, available for all players to read. As explained in more detail in section 4.6, it

included text logs of important game behaviours. At �rst we started by displaying logs related with the

resource collection action. Then, as we introduced other mechanics into the game, we proceeded to

add more logs. As a way of improving their readability, we decided to highlight the logs' key words, using
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bold and the colour red, choosing also to darken the panel's background colour.

Figure 4.6: Log Of Actions Panel

4.2.6 Resource Distribution and Leader Assignment

Since we had already implemented the end of the day mechanic, we started adding the Resource

Distribution action to the game. When the day ended, the Menu representing this action [See image 4.7]

would show up on the leader's screen, while the rest of the players had to wait. In order to provide

more information to these waiting players, we decided it was important to show them a waiting screen,

notifying them that the leader was deciding. We started by implementing the resource distribution one

player at a time, however we agreed that it was easier to understand this task if we showed all players

of the game on the same screen. In this menu, the leader was in charge of distributing all the group

resources collected during the current day between all players. Since we wanted the leader to make an

informed decision, we wrote a small text in the menu suggesting them to read the log of actions. After

distribution, players' individual resources were updated, as well as the number of group resources.

Figure 4.7: Resource Distribution Menu

Then, we included the leader assignment action. After closing the distribution menu, the Leader
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Assignment Menu [See image 4.8] popped up for the leader, while the other players kept seeing the

waiting screen. The leader had to select one of the other players to be the new leader, using the arrows

to go through their names. The same paragraph of the distribution menu warning the leader to read the

log of actions was also added into this menu. After this power giving action, the leader role was updated.

Figure 4.8: Leader Assignment Menu

4.2.7 Journal Writing

We proceeded to add the journal writing action to the game. After the execution of the leader assignment

task, the Journal Writing Menu [See image 4.9] would be displayed on the screen of all players. In this

menu there were two panels, one above the other. The one at the top showed everything the player

wrote in their journal within the game, while the one at the bottom worked as an input text box where

the player could write without restrictions before of�cially sending it to the panel above. We also added

an introduction on the menu stating that players could share their feelings freely in the journal, providing

them with more information on what we expected with this diary. When we began this implementation,

the journal appeared at the start of each new day, meaning that the timer was already counting when

players were writing. However, since we did not want players to feel pressured about writing fast in the

journal, we agreed it was better to only start the timer of the new day after all players wrote in their own

journal. Therefore, we had to implement another waiting screen informing players they needed to wait

for everyone to �nish writing in order to advance to the next day.

4.2.8 Resource Exchange

We moved on to implement the resource “exchange” action. Essentially, we allowed players to click with

their mouse on another player in order to open the Steal or Give Menu. At �rst, players could be far away

to perform this action, yet we decided it made more sense to only allow this action when players were
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Figure 4.9: Journal Menu

facing each other. In this menu, players would decide on their action, steal or give, and the respective

sub-menu would open according to their decision [See image 4.10]. They could steal all of the chosen

player's individual resources or give them all of their own. Following this transaction, all players involved

would have their individual resources updated.

Figure 4.10: Steal Sub-menu

4.2.9 Multiplayer Start Menu and Player Interface

Having all of these actions programmed, we agreed to concentrate on the interface of the matchmaking

process, upgrading our start menus. First, we gave players the chance of writing any name they desired

to play with. Then, we added a Create Room Screen [See image 4.11(a)], where players could see

all rooms available in the Photon Server and join one of them or host their own. This allowed play-

ers to join any room they wanted and not being randomly assigned to one, which would also give the
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researchers more control during the game experiments. Lastly, we created the Current Room Screen

[See image 4.11(b)], in which players could see who they were playing with, and also had the option of

leaving the room. Moreover, the master client was the only one who could start the match, given that

only this player had access to the Start Match Button. As soon as the game started, we decided to hide

the current room from new players so that only the players present in the room could be a part of that

match, meaning that all of them started playing the game simultaneously.

(a) Create Room Screen (b) Current Room Screen

Figure 4.11: Game Start Menus

Since we were focused on improving UI, we decided to upgrade our player information section [See

image 4.12] as well, giving it a darker background to increase visibility and also positioning some ele-

ments differently. In addition, we added the instruction on how to consume resources above the number

of resources, since we did not have that information anywhere in the game.

Figure 4.12: Player Information Section

4.2.10 Resource Collection Details

In parallel, we concentrated on some aspects regarding the resource collection. Granted that we wanted

players to feel like collecting resources was a risky and not so linear task, we agreed to remove the

threshold of collected resources within the dangerous zone, in order to allow players to collect an “unlim-

ited” number of resources with a speci�c rule. The rule was “the more resources collected by the player

the more health the player would lose”. We computed a linear interpolation between the minimum and

maximum health coef�cients of the dangerous zone, having the percentage of caught resources (given

a maximum number of resources) as a parameter. The result obtained corresponded to the coef�cient

40



used to reduce health inside the dangerous zone. We included a blood splatter near the health bar on

each resource click, as a way to represent the described mechanic to players. Furthermore, within the

dangerous zone, we decided to display a frame simulating blood on the players' screen, whose opac-

ity would increase with the decline of players' health, aiming to make players perceive the zone with a

higher sense of danger.

We also opted to limit the number of times a player could enter the dangerous zone in a day, since we

did not want them to be performing the resource collection throughout the whole game. This was due to

two reasons. The �rst one was the fact that, without this restriction, the game would be much easier for

players, making the collection rule described before pointless, given that they could easily catch a lot of

resources by entering the dangerous zone several times. The second reason was because we wanted

subjects to focus on the other players and their actions as well, and not only on this action.

4.2.11 Final Steps

Following the previous improvements, we had only minor details left to implement. We programmed the

death mechanic of the game, trying to make it more challenging, de�ning a maximum number of lives.

If players were about to lose all of their health, a warning would be displayed under their health bar. In

case their health reached 0 and they still had lives left, players would respawn with half of their individual

resources (rounded up) and one third of a full health bar. Additionally, a panel stating they were injured

and advising them to be careful would show up on their screen. When players lost all their lives, the

game would end for them.

Then, we displayed a few simple panels with text information throughout the game, intending to help

and guide the players during their gameplay: game story, controls, start of the day, end of the day . . .

Additionally, we decided to add an extra scene to the game, thanking participants for playing.

Furthermore, we saved all game actions into a database, using PostgreSQL and PHP, since we

needed to record players' actions to be able to analyse them during our experiments. The database

structure we built was very straightforward as described in section 4.5. During this �rst phase of imple-

mentation, we stored the player in the database with two random unique identi�ers, their roomId and

their playerId, and also a string for the room name. Considering that we wanted players to answer a

questionnaire external to the game during testing, we needed a system to link the answers from the

questionnaire with the data from the database. Therefore, we decided to display these identi�ers on a

menu at the beginning of the game, instructing players to copy and paste them into the questionnaire.

Then, we added animations (included in our character asset) to the players – idle, walk, jump - seek-

ing to confer more realism to the game. The parameters of these animations (isWalking, isJumping) were

synchronized between players using RPCs. Aiming to make the game feel a bit more immersive and
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engaging, we decided to include sound and music as well, such as player movement sound effects1819,

eery background noises for when players were just wandering through the bar20, and a stressful music

for when they were exploring inside the dangerous zone21. Sounds for when a player picked up22 or

consumed a resource23 were also included. In addition, we added sound effects to the buttons24, trying

to help players navigate easily throughout the game menus.

Lastly, we exported the game to WebGL, given that it was easier to request subjects to test the game

by following a link, instead of running the Unity executable.

4.2.12 Testing and Identi�ed Problems

We did our �rst test of the game with 5 players, 3 in one group and 2 in another. Players had to spend

three days inside the bar, 3 minutes each day, and they could only enter the dangerous zone once a day.

We randomly selected one of the players of each group to create the room. This was an uncontrolled

remote experiment, without confederates, and our main goal was to obtain player feedback regarding

the current implementation of the game and get a sense if players understood how to play it clearly.

We sent a link with the questionnaire [See questionnaire in Appendix A] to players and they began

answering it, starting by the demographic section. Then, in another link, they proceeded to play the

game, having to copy the identi�ers given in the game to the questionnaire. As soon as players �nished

the game, they returned to the questionnaire link, answering a few questions about the game itself and

stating their opinions. In order to �nd the problems of this �rst iteration of the game, we focused more on

the questionnaire's open-ended questions (Overall, what would you change/add to improve the current

version of the game?), on the feedback a few players gave us during and after the experiment and also

on a few of the data from the database (Did players give or steal? How many resources could they

collect? How many times did they die?).

Overall, players asked us too many questions throughout the test, since they did not understand the

goal of the game and, consequently, they did not have a good game experience. Having said that, we

managed to �nd the following main problems in this �rst iteration of the game:

1. Players were having trouble copying and pasting the room and player identi�ers into the question-

naire

2. Players were not aware of the game goal

3. Players thought they were not given enough instructions
18 Footstep Sound: https://freesound.org/s/166506/
19 Jumping Sound: https://freesound.org/s/422426/
20 Ambience Sound: https://freesound.org/s/270387/
21 Stressful Music: https://freesound.org/s/428862/
22 Pick Up Sound: https://freesound.org/s/216629/
23 Consume Sound: https://freesound.org/s/348112/
24 Menu Sound: https://freesound.org/s/166186/
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4. Players did not pay much attention to the text panels within the game

5. Players entered the dangerous zone and left right away, spending a whole phase without catching

any resources

6. Players did not understand why they could not enter the dangerous zone again after leaving

7. Players took a long time �guring out how to catch resources, not collecting a lot in general

8. Players did not realize they could give and steal resources

9. Players did not know right away how to write in the journal

10. Players lost very easily

4.3 Second Game Iteration

During this second iteration, our main goal was to eliminate the problems listed in section 4.2.12.

4.3.1 Player Identi�er

Starting with the identi�ers problem, we realized that having this menu at the beginning of the game

decreased the players' focus in the game right as it started, raising too many doubts. So, we agreed to

move the task of copying and pasting the identi�ers to the end scene of the game. Moreover, we realized

it did not make sense to have two unique identi�ers in order to identify the player in the database, one

would be more than enough, given that we already had the room name in there, which allowed us to

identify which subjects played together in the same room. Therefore, we kept only the playerId, predicting

that this would also bring less confusion to players while answering the questionnaire, going from �lling

the inputs of two unique identi�ers to only one.

4.3.2 Website and Game Appearance

Given the second and third problems, we decided it would be easier for players to understand the game

if we implemented a game website with full game instructions. We used HTML,CSS and JS to develop a

website25 with the following structure: an introduction header with the game name, Bar Invasion, a slider

presenting illustrated instructions of the game [See image 4.13] and also its goal, the survey used in the

experiment, our game ready to play and a contacts section, in case players had any further questions.

Our intention was to make the instructions easier to retain, using many illustrations and not a lot of text to

25 Bar Invasion Website: https://web.tecnico.ulisboa.pt/ ~ist424817/BarInvasionTheGame/
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provide examples of every action of the game. Additionally, we inserted one more panel at the beginning

of the game clearly stating its goal, in order to provide even more information to the player.

Figure 4.13: Game Website - Instructions Slider

Regarding the fourth problem, by developing an appealing website for the game, we, optimistically,

managed to partially solve this issue, since we attempted to make the game a lot more attractive to play,

which could make players more focused on text written within the game panels. Furthermore, we added

bold and the colour red on key words of the game goal, so that if a player only read those words, they

would understand what the aim of the game was. Finally, we upgraded the appearance of the controls'

window [See image 4.14]. Instead of being just plain text, we added a few images representing the

mouse and keyboard keys and reduced the text length as well, making the controls easier to memorize.

Figure 4.14: Controls of the Game
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4.3.3 Highlight Shader

Concerning questions number 7 and 8, we decided to highlight the resources [See image 4.15] and play-

ers on mouse hover, seeking to make the actions of catching resources and stealing or giving resources

more evident to players. In order to do so, we changed the selected game object's shader to an outline

shader, given the condition that players had their cursor on top of the chosen object. Furthermore, at

the start of the game, we positioned all players in a circle facing each other, intending to make everyone

aware of the existence of other players in the same space as them, which could, consequently, give

more visibility to the steal and give action.

Figure 4.15: Highlight Resources on Mouse Hover

4.3.4 Journal Writing and Resource Consumption

In our �rst iteration, the writing order in the journal followed a bottom to top �ow, which was not intuitive

for a few players. As a solution, we swapped the positions of the text panels [See image 4.16], so players

would write on the top panel instead and read on the bottom. In addition, we also increased the journal

width and displayed the writing day in front of each journal log, aiming to improve its readability.

For the �nal problem, we just had to tweak the health given by the consumption of a resource,

increasing it to 50%.

4.3.5 Administrator Mode

As an extra, during this second iteration, we decided to implement an administrator mode within the

game. The researchers could use this feature to have more control of their experiments, being able to

be a hidden spectator of the game [See image 4.17], just like a ghost inside a room, which would allow
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Figure 4.16: Journal Menu Upgrade

them to verify if players had any problems during their game play (connection issues to the photon server,

issues understanding the controls,...) and also to visualize their actions in real time, having access to

the log of actions. Additionally, in the current room menu, administrators could select any player they

wanted to be the leader before starting the match, which would, then again, give them more control of

the experiment. In order to have access to the administrator mode, researchers needed to enter the

game with a speci�c password.

Figure 4.17: Administrator Mode View

4.3.6 Testing and Identi�ed Problems

We did our second test of the game with 6 players, 3 in each group. Just like in the �rst iteration, players

spent three days within the bar, 3 minutes each, and they could only collect resources once in a day.

This time, the researcher was the one creating the room, proceeding to select one of the players to be
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the leader, in order to test the new administrator feature. This experiment had the same aim as the

�rst one, which essentially was to obtain feedback in order to solve any further problems in the game.

Players were sent the link of the game website, and followed this sequence: read instructions, �ll the

�rst part of the questionnaire, go to the game section and play, �nish playing and copy player identi�er,

return to questionnaire and paste the identi�er, continue �lling the second part of the questionnaire. The

questionnaire had the same questions as in the �rst experiment, therefore we used similar methods to

assemble the problems found.

In general, players had a much better experience than in the �rst test, asking only a few questions

after playing. Nevertheless, we still managed to register a few problems:

1. Players were still confused about copying and pasting the player identi�er into the questionnaire

2. A few players mentioned they wanted to use the character's gun to kill the zombies

3. Players had trouble collecting resources in the �rst day, though most of them managed to succeed

in the second

4. Players did not steal or give resources that often

4.4 Third Game Iteration

Then again, our intention was to solve the problems found in section 4.3.6.

4.4.1 Player Identi�er

Starting by the �rst problem, we decided that copying and pasting the player identi�er should not be a

task executed by the subjects. Therefore, we agreed that it would be better to generate the identi�er

using JS and save it into a browser cookie, populating the identi�er �eld from the questionnaire auto-

matically and sending this same identi�er to the game, once it loaded, to be added into the database.

Therefore, the subjects did not need to participate in this process. In addition, we chosen to improve the

way players navigated through the game website, splitting our questionnaire into two, being the �rst the

demographic questionnaire, and the second the one that contained survey questions that could only be

answered after playing the game. We thought this would be less confusing for the players, since they

would just have to follow the sequence of the website (instructions – questionnaire 1 – play – question-

naire 2), not having to go back and forth like they did in the previous experiments.

47



4.4.2 Player's Gun

For the second problem, we decided not to add any use to the player's gun (for example, attack zombies),

believing it would take the focus out of the other actions of the game. Furthermore, it would be one more

mechanic for players to learn, which would bring even more dif�culties to their game play and would not

provide relevant data to researchers, at least at this stage of implementation. Therefore, we simply hid

the gun included in our character's mesh.

4.4.3 Training Phase

Moving on to the third problem, we decided we should implement a training phase (phase 0), where

players could learn the game before going to the �rst real phase. This would help them have more time

to adapt to the controls and mechanics of the game and, simultaneously, would make them take the

following phases more seriously. At the beginning of the day, we displayed a screen telling players they

were in a training phase. They would learn how to perform the game actions: explore the bar, collect

resources, distribute resources, ... When this phase ended, we showed a panel warning them that the

training was concluded and that their actions would begin counting starting from the following phase. All

players' actions and resources would be reset after the end of the practice, therefore everything started

from zero on the �rst real phase of the game.

4.4.4 Resource Request

Given the fourth problem, we decided to hide the steal and give action. Players could not �nd a reason

to steal from others without their permission, not having any motivation to give resources as well. So, we

focused on the resource request action, which made a lot more sense, in particular when we performed

the evaluation [Chapter 5], given that if a player had low health and no resources, that same player had

a valid reason to request resources. We allowed players to request resources by clicking on the players,

just like the steal and give actions, however their health had to be really low and they could not have any

individual resources left to consume in order to open the Resource Request Menu [See image 4.18(a)].

If all of these conditions veri�ed, we displayed a warning near the player's health bar alerting them they

could request resources. After the request, the player had to wait for the corresponding response. The

player which received the request would have a menu displaying on their screen [See image 4.18(b)]

where they had to decide if they wanted to accept or reject the request.

Furthermore, to simplify this interaction as much as possible, players could not decide on the amount

of resources they would like to request or to offer, meaning that the number of resources would be �xed

instead.
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