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Di�erence in How Players Treat Their Hu-

man and Their AI Team-Mates

Abstract

Research has shown that there are signi�cant di�erences between the

way humans behave towards (or in the presence of) and feel about human

team-mates � compared to the way humans behave towards (or in the

presence of) and feel about computer team-mates. This di�erence has

important consequences for the design of multiplayer games. What can be

done to reduce the di�erence in how people respond towards human and

computer team-mates in multiplayer games?

There has been research examining how the behavior towards and per-

ception of either human or AI team-mates can be moderated by such ma-

nipulations as the use of of team mates-stereotypes, representations of the

systems used to interact, and the anthromorphism of the team-mate's ap-

pearance.

However, few studies that look at moderating the di�erence in how

people respond to human and AI team-mates. This thesis addresses the

following research question: will di�erences in the display of scoring infor-

mation and di�erences in player interdependence moderate behavioral and

emotional di�erences in in real-time cooperative games with human and AI

team-mates?

Two studies were conducted to see whether speci�c design changes

would moderate behavioral and emotional di�erences for the two types

of team-mates. Each study used a two-by-two con�guration (two versions

of game and two types of team-mates), with a minimum of 60 participants

playing a team-mate game; each participant played two rounds of several

games, half the time playing with a human team-mate and half the time
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playing with an AI team-mate. Data gathering included game logs and

self-reported answers to questionnaires.

One of the studies involved changes to the display of scoring information

in a game Defend the Pass that required players to choose whether or not

to sacri�ce their team-mate. The other study involved changes to team-

mate interdependence in a game Return the Ball; in one version of the

game participants chose whether they or their team-mate got to play �

in the other version, participants chose between two positions/roles which

allowed both team-mates interdependently contribute to the outcome.

The experiments' results showed that manipulations of scoring informa-

tion and manipulation of interdependence between team members were able

to moderate behavior towards human and AI team-mates (through the fre-

quency of choices made). However, for the di�culty in making those choices

(i.e. emotional di�culty), manipulations of scoring information were un-

able to moderate emotional di�culty between human and AI team-mates,

while manipulation of interdependence between team members was able to.

This is because the manipulation of interdependence between team mem-

bers eliminated the trade-o� situation in the Return the Ball study, while

the manipulation of scoring in the study Defend the Pass study did not

eliminate the trade-o� situation in that game. The results of these stud-

ies provide designers of cooperative games with three insights if they want

to ensure that players will have the same type of experience with human

and AI team-mates �(1) both behavior and emotional di�culty must be

addressed; (2) trade-o�s must be addressed and (3) caution is necessary

when manipulating interdependence between team members.

Keywords : Team-mate Games
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Chapter 1

Introduction

This chapter establishes the context of the thesis � people treat

human team-mates di�erently from AI team-mates in real-time

cooperative games � and poses the question of what can be done

to reduce this di�erence. It ends with an outline summary of

the chapters of the thesis document.

1.1 Background & Motivation

Games such as Defense of the Ancients (DotA) 2 and Team Fortress 2

often involve multiple players cooperating as part of a team in order to

achieve a common goal. These games are designed with this multiplayer

cooperative element as one of the main features, and require groups of

players playing over a local network, or remotely via the Internet. However,

certain circumstances such as network problems may result in an insu�cient

number of human players to form teams. Erik Johson, project lead for DotA

2 acknowledges this problem, saying the the goal of his project team for

the AI bots in DotA 2 is as follows [1]:

Our goal with the AI is just that their [the player's] experience

isn't destroyed just because one person couldn't �nish the game.

It is clear from this example that game developers see the use of AI

team-mates controlled by the computer as a solution to the problem of

missing human team-mates. While the developers' goal is to ensure that

the player's experience does not abruptly end just because not all players

were able to complete the game, it is not necessarily true that playing

with the AI team-mate / opponent which substituted for an unavailable

human one would give players the same quality of experience. In order to
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understand whether the quality of player's experience is maintained before

and after such a substitution occurs, it is necessary to understand how

people respond towards human and computer team-mates, of which there

are two main approaches.

The Social Responses to Communication Technology (SRCT) approach

[18] examines how people respond towards computers and other media.

They term the interaction between humans using computers as computer-

mediated communication (CMC), and the interaction between humans and

computers as human-computer interaction (HCI). This approach encom-

passes the Media Equation [25] and the Computers Are Social Actors

(CASA) paradigm [19], and makes the following claim [18]:

A summary of the SRCT viewpoint is �human-human interac-

tion equals human-computer interaction�. The word equals has

a weak meaning � the same general patterns between HCI and

CMC � and a strong meaning � identical results between HCI

and CMC.

The �strong� meaning of equality according to SRCT is:

To examine equality in the strongest possible sense, one must

have an experiment in which the situation, the procedures, and

the measures are identical for those participants who believe

they are interacting with a computer and those participants

who believe they are interacting with a person (i.e., for experi-

mental purposes, human-human interaction must be construed

as computer-mediated communication between two humans).

Studies that have used the SRCT approach to examine CMC versus HCI

with team-mates has found that in terms of the SRCT's strong meaning

of �identical results between HCI and CMC�, people actually respond more

favorably towards humans than computers both behaviorally and socially.

SRCT researchers have attempted to explain this using the �Black Sheep

E�ect�, as suggested in Johnson & Gardner [6]:

. . . [people] treat the computer like a person to the extent that

they perceive the computer as a member of the ingroup, albeit

a member of the group that does not contribute positively to

their group identi�cation.
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An alternative means of explaining this di�erence in responses towards

human and AI team-mates is provided by the Cooperative Attribution

Framework [17]. This framework seeks to explain why people respond more

favorably towards human team-mates than AI team-mates.

Examples of behavioral and social responses where people respond more

favorably towards human team-mates than AI team-mates encompass at-

tributes such as the sense of �ow and enjoyment [14, 24, 31], risk-taking

[15], assigning credit and blame [16], and sacri�cing team-mates [17]. In

fact, comparative studies in the SRCT approach comparing people's re-

sponses to social science phenomena in CMC and HCI have found results

[6, 18] that are consistent with this alternative approach.

These results suggest that if game developers were to use AI team-mates

as substitutes for unavailable human team-mates, a quality of a player's

game experience would be compromised, as shown by Rajava et al [24] and

Weibel et al[31]. It thus becomes clear that AI team-mates are not perfect

substitutes for missing human team-mates, and that despite using the AI

team-mates as a means of ensuring the player's experience is not destroyed,

the quality of experience will compromised, due to the di�erence in how

people respond towards human and computer team-mates.

It is clear that without addressing this second problem � the di�erence

in how people respond towards human and computers, the solution of sub-

stituting AI team-mates for missing human ones does not completely solve

the original problem. This then presents an interesting opportunity to ad-

dress the following question in this thesis: What can be done to reduce

the di�erence in behavioral and social responses towards human and AI

team-mates in multiplayer games?

1.2 Thesis outline

The remainder of this thesis document is structured as follows:

Related Work A review of previous work that examined what can be

done to change people's behavior towards and perceptions of AI in-

teractants or team-mates in a variety of computer-mediated environ-

ments and contexts.

Research Problem An articulation of the research gap, the main re-

search problem, and the original contribution of the thesis work.

Methodology A brief summary of the methodology and study design of

the two studies in this thesis.

Theoretical Framework An explanation of theoretical framework(s)
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used as a reference point to analyze participant behavior towards

human and AI team-mates in cooperative games.

Study 01: Changes to Score Display A study examining how the mod-

i�cation of available game-state information in�uences behavior to-

wards and perception of human and AI team-mates.

Study 02: Changes to Interdependence A study examining how a

modi�cation of the level of interdependence between team-mates in-

�uences perception of and behavior towards human and AI team-

mates.

Discussion An overall discussion comparing the �ndings of the two stud-

ies, and the limitations of the studies.

Conclusion A summary the �ndings, as well as possible directions for

future research.
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Chapter 2

Related Work

This chapter provides a review of previous work on moderat-

ing the di�erences in responses people have towards others in

CMC and HCI scenarios � and moderating responses towards

others in either CMC or HCI contexts. The results of this re-

search show that manipulations such as visibility of scoring in-

formation, level of behavioral realism of the AI agent, whether

a participants' views are made public or private, and whether

humor is utilized by other interactants in the task can moderate

di�erences in responses between CMC and HCI. Also, when ex-

amining either CMC or HCI scenarios, alignment of team-mate

ability and task appropriateness, representation of interface ele-

ments or level of anthropomorphism are manipulations that can

moderate the di�erence in responses towards other interactants.

2.1 Moderating di�erences in responses be-

tween CMC and HCI

Studies have shown that di�erences in how responses towards human and

AI partners can be moderated by elements such as the visibility of scoring

information, level of behavioral realism of the AI agent, whether a partici-

pants' views are made public or private, and whether humor is utilized by

other interactants in the task.

A study was conducted by Ong et al [22] that examined how the use

of di�erent representations of game state information moderated the dif-

ference in how people responded towards human and AI team-mates in

a real-time cooperative game. When game state information such as the

team's cumulative total score was visible, participants chose to protect
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the human team-mate more than the AI team-mate. However, when this

information was not made visible, di�erences in behavior towards the hu-

man and AI team-mates were not statistically signi�cant, suggesting both

types of team-mates were treated similarly when scoring information was

not made visible. However, this variation in visibility of information did

not moderate the di�erence in self-reported emotional di�culty felt when

choosing one's position with a presumed human team-mate compared to

the AI team-mate. In other words, in both versions (scoring information

visible and not visible) participants reported having more emotional dif-

�culty in choosing their position with their presumed human team-mate

than their AI team-mate.

Blascovich's Threshold Model of Social In�uence [2] seeks to provide

a method on to how to moderate the di�erence in social responses to-

wards computers such that it is more similar to social responses towards

humans. In the Threshold Model, in order for computer agents to elicit

social responses from users the same way that other humans (represented

by avatars) do, a threshold of social veri�cation (i.e co-presence or social

presence) must be crossed. The model states that the social veri�cation is

a function of agency (whether the other interactant the user is exposed to

is a human or a computer) and behavioral realism (how believable the be-

havior is). The model assumes that if the other interactant is human, then

agency will be high, but if it is a computer, it will always be low. Thus,

to moderate the level of social veri�cation that a user has with a com-

puter interactant to cross the threshold, the computer interactant's level of

behavioral realism must be increased to compensate for low agency.

Lee and Nass [10] conducted two experiments where users interacted

with either other humans in computer-mediated communication (CMC) or

with agents in human-computer interaction (HCI). They investigated how

group size (one interactant vs four interactants) and visual representation

(varying levels of anthromorphism) of the interactants in�uenced partici-

pants' public compliance and private conformity to a group decision in a

social dilemma task. It was found that whether the participants' views were

made public or kept private moderated the di�erence between participants'

own views and those of others. Participants would comply more with group

opinion in the CMC condition than the HCI condition when their views

are made public, but compliance will not be signi�cantly di�erent between

the CMC and HCI conditions when their views are kept private.

In Morkes et al [18], two experiments were conducted to investigate

the in�uence of humor of participants' social responses towards their fellow
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interactants in a cooperative task. The �rst experiment examined this

in the context of CMC interaction while the second experiment examined

this in the context of HCI interaction. Participants reported that the other

interactants were more likeable, made more jokes and were more sociable

in the humor condition than the one where humor was not utilized, in both

the CMC and HCI experiments. However, it was found that in terms of self-

reported similarity between themselves and their team-mate, participants

reported that they felt signi�cantly more similar to the other interactant

in the CMC condition when humor was used, but there was no signi�cant

di�erence in the level of similarity felt with the other interactant in the

HCI condition.

2.2 Moderating responses towards others in

CMC or HCI

There is also research has examined manipulations that can moderate the

di�erence in participant responses towards interactants that could be ei-

ther avatars (human) or agents (AI). Such manipulations include alignment

of team-mate ability and task appropriateness, representation of interface

elements or level of anthropomorphism (especially in Embodied Conversa-

tional Agents research).

Research by Plaks & Higgins [23] found that participants' performance

in a cognitive task with a team-mate would be moderated by how well the

information about the team-mate's demographic information �t the stereo-

types associated with the nature of the task they were required to perform.

Results of the study showed that if participants felt that their team-mates

would be able to perform well in the task because their stereotypes were

a good �t with task requirements, they would perform poorly. However,

if participants felt that team-mates would not be able to perform well in

the task because their stereotypes were a poor �t with task requirements,

they would perform well. Furthermore, participants in the poor-�t con-

dition performed signi�cantly better than those in the good-�t condition.

In other words, the extent to which a team-mate's stereotype �ts the task

requirements would moderate participants' willingness to put in e�ort and

perform in their share of the task.

Haley & Fessler [5] found that the amount of generosity exhibited by

allocators in a Dictator Game could be moderated by the perception of

whether they were being observed or not. In the version where the interface
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of the computer-based Dictator Game had a pair of stylized eyes integrated

as part of the interface, participants serving as allocators were found to be

more generous towards recipients than those in the condition where there

was text in place of the stylized eyes in the interface.

In the �eld of Embodied Conversational Agent (ECA) research, there

have been many studies that examined the e�ect of the level of anthro-

morphism on reponses towards computer agents. Studies similar to the

ones conducted by Kiesler et al [9], Lee & Nass [10], Gong [4] and Nowak

& Biocca [20] have all found that the use of di�erent levels of anthro-

morphism is able to moderate participants' behavior and social responses

towards computer agents that they interact with. However, as these stud-

ies have shown, it is not necessarily true that computer agents that are

the most anthromorphic would rate the highest in terms of social responses

from the participants, as in the case of Lee & Nass [10], Kiesler [9] and

Nowak & Biocca [20].

2.3 Summary

This chapter covered the two categories of related work:

� Work that examined what manipulations could moderate the dif-

ference in responses to others in CMC situations compared to HCI

situations. These manipulations involved elements such as the vis-

ibility of scoring information, level of behavioral realism of the AI

agent, whether a participants' views are made public or private, and

whether humor is utilized by other interactants in the task.

� Work that examined what manipulations could moderate people's

responses towards others in either CMC or HCI situations. Such ma-

nipulations include alignment of team-mate ability and task appro-

priateness, representation of interface elements or level of anthropo-

morphism (especially in Embodied Conversational Agents research).
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Chapter 3

Research Problem

This chapter identi�es the research gap that currently exists:

the use of an approach other than anthropomorphism of the

AI agent as a means of moderating the di�erence in responses

towards human and AI team-mates. The research question to

address this gap raises the question asking what can be done

to moderate the di�erence in responses towards human and AI

team-mates in real-time cooperative games. It concludes with

the original contributions that this thesis will add to existing

knowledge: identifying and analysing what type of manipula-

tions can moderate these di�erences, using concepts from Game

Theory and Decision-Making research.

3.1 Research Gap

There is work that examines moderating behavioral and social responses

towards others in CMC and HCI. Though some studies that are motivated

by the SRCT approach do compare people's responses towards others in

CMC and HCI scenarios such as work done by Johnson & Gardner [6],

Lee & Nass [10], Morkes et al [18]. They mainly compare the e�ects that

their manipulations (such as the private or public nature of a participant's

viewpoints) a�ect the responses towards others in CMC and HCI scenarios.

Apart from the work by Ong et al [22], there have been very few studies

that focus speci�cally on how the di�erence in responses towards others in

CMC and HCI scenarios can be moderated.

Much of the work that investigates the di�erence in responses towards

others in CMC and HCI scenarios places the focus on varying the level of

anthropomorphism of the avatar (in CMC) or the agent (in HCI), which
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can be in terms of the visual representation of the agent or avatar, or

the behavioral realism of the agent. Varying visual representation involves

using di�erent variations of avatar or agent appearance that more closely

resembles actual humans (through animated 3D models or photo-realistic

images), while varying behavioral realism of the agent involves designing

it such that it is able to exhibit behaviors and non-verbal cues (such as

smiling or nodding in response to a participant). Moderating the di�erence

in social responses towards avatars and agents through varying the level of

behavioral realism is explained by the Threshold Model of Social In�uence

[2].

There have been problems found with this approach as observed in von

der Pütten et al [29], as the participants' perception of whether the be-

havioral realism is su�ciently similar to a human's is subjective. Also, the

level of behavioral realism that an agent can display is bound by limitations

of technology available.

Much of the existing work has focused on di�erent aspects of agent

anthromorphism � varying the appearance and behavior of the agent to

resemble humans � as the primary method of moderating the di�erence in

how people respond towards human interactant compared to a computer

agent. The gap in the research that this thesis could help �ll is to examine

other factors that may help moderate this di�erence in responses, which

are independent of the characteristics of the agent. Examples of two such

factors could be the relationship between a participant and the avatar or

agent that they are interacting with, while another would be the presence

of indicators of performance of a task.

3.2 Research Problem

The experience that a player has while playing a real-time cooperative game

such as DotA 2 or Team Fortress 2 would be in�uenced by the choices they

need to make during the gameplay, and how di�cult it was to make that

choice. The choices made relate to the players' behavioral responses, while

the di�culty in making the choices relate to players' emotional responses.

This makes real-time cooperative games a suitable context to exam-

ine how variations in factors independent of an agent's characteristics �

such as the relationship between team members or indicators of the team's

� would moderate the di�erence in how players respond towards human

and AI team-mates. Thus the research question of this thesis would be

the following: What can be done to moderate the di�erence in behavioral
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and emotional responses towards human and AI team-mates in cooperative

games?

3.3 Original Contributions

This thesis contributes to the existing work on behavioral and social re-

sponses towards others in CMC and HCI scenarios. It identi�es and analy-

ses the type of manipulations to that can be made to reduce the di�erence

in behavioral and emotional di�culty responses, in the context of real-time

cooperative games played with human and AI team-mates.

Concepts from the �elds of Game Theory and Decision-Making � In-

terdependence Theory [8], Trade-o�s and Multi-Attribute Utility Theory

(MAUT) [7] in particular � are used to interpret the data gathered from

2 separate experiments, and along with statistical analyses of the recorded

data, are used to demonstrate how the relationship between team-mates in

a real-time cooperative game can be manipulated to moderate the di�er-

ence in how people respond towards human and AI team-mates in terms

of their behavior and emotional di�culty experienced while making these

decisions. It also will explore why some manipulations may change both

the behavior and the emotional di�culty involved in that behavior, while

others may only change behavior.

3.4 Summary

This chapter has done the following:

� Highlight the existing Research Gap that exists regarding what meth-

ods � apart from anthropomorphism of the AI agent � that can be

used to moderate the di�erences in behavior towards others in CMC

and HCI situations.

� Establish the Research Problem, asking what can be done to moder-

ate the di�erence in how players' behavioral and emotional responses

towards human and AI team-mates in real-time cooperative games.

� Highlight the original contributions of this thesis to the existing body

of knowledge � its use of concepts from Game Theory and Decision-

Making to address the Research Problem, and the identi�cation of

reasons that suggest why not all manipulations will a�ect the dif-

ferences in behavior (and emotional di�culty associated with that

behavior) when players play with human team-mates compared to

AI team-mates.
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Chapter 4

Method

This chapter provides an overview of the methodology used in

both studies conducted in this thesis. It provides brief infor-

mation about the participants involved, the types of materials

used to conduct the studies, the study protocol, a justi�cation

of the use of a presumed human (PH) team-mate instead of an

actual human confederate, and the means of collecting and an-

alyzing data from the studies. More detailed information about

each study will be provided in the chapters devoted to them.

4.1 Overview of Studies

The studies used in this thesis were aimed at moderating the di�erences in

behavior towards and feelings about human and AI team-mates in real-time

cooperative games. They were designed with the intention to demonstrate

that a manipulation of certain design elements in the games would help

moderate the di�erence in responses such that it would be reduced (i.e.

participants would respond more similarly towards human and AI team-

mates). The studies involved multiple researchers, who helped with design

and re�nement of the cooperative games and data-gathering questionnaire.

However, the author of this thesis was the one who was primarily responsi-

ble for designing the cooperative games and data-gathering questionnaire,

recruiting participants and running of the experiments, as well as collecting,

analyzing and interpreting the data.
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4.2 Participants

Participants in the two studies were undergraduates from the National

University of Singapore, who participated in the studies as a requirement

for course credit. The researchers were not involved in the course from

which participants were recruited.

4.3 Materials: Cooperative Games

The researchers designed the two cooperative games speci�cally to inves-

tigate how changes to the relationship between team-mates can moderate

the di�erence in behavior and emotional di�culty involved with that be-

havior towards human and AI team-mates. The game Defend the Pass

(DTP) was designed to investigate the e�ect of changing the visibility of

scoring information on the di�erence in behavioral and social responses to-

wards human and AI team-mates. The game Return the Ball (RTB) was

designed to investigate the e�ect of changing the level of interdependence

between team-mates on the di�erence in behavioral and social responses

towards human and AI team-mates. A common feature of both games was

the gameplay feature which required participants to make a choice about

their and / or their team-mate's position (which had a direct impact on

themselves and / or their team-mate) before proceeding to actually play

the game with the positional choices enforced.

4.4 Protocol

Since each study was a 2x2 experiment, half the participants in each study

played one version of the respective cooperative games, while the other half

played a di�erent version. In the �rst study, the two versions of DTP were

the SCORE version where information about the score and performance

was shown; and the NO-SCORE version where this information was not

shown. In the second study, the two versions of RTB are the one are

the INDEPENDENT version where the player in the front who returns

the ball does not depend on the player in the back to successfully return

the ball; and the INTERDEPENDENT version where the player in the

front depends on the player in the back to successfully return the ball.

The details of both games will be covered more comprehensively in their

respective chapters.

Each participant played the respective cooperative games for two rounds
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each, one round with a human team-mate and the other with an AI team-

mate. Counterbalancing to rule out order e�ects was done by making half

the participants play with the AI team-mate �rst and the other half play

with the human team-mate �rst. Each round consisted of the respective

game being played multiple times with the same team-mate, much like

iterated Prisoners' Dilemma games are played. In DTP, a round consisted

of �ve games. In RTB, a round consisted of seven games.

At the end of each round of games played with the respective team-

mates, participants were asked to provide feedback via questionnaire. At

the end of both rounds, they were asked to provide feedback in another

questionnaire that compared their experiences with the PH and AI team-

mates.

4.5 Deception about PH team-mate identity

Though participants were told that the human team-mate they were play-

ing with was joining the game from a remote location over the network,

much like a typical Computer-Mediated Communication (CMC) situation,

the reality was that they were playing with the exact same AI team-mate in

both rounds. In other words, both rounds were similar to a typical Human-

Computer Interaction (HCI) situation. This then makes the team-mate in

the CMC situation more of a �presumed human� team-mate (PH), and for

the remainder of the thesis, the human team-mate will be referenced as

such.

The reason for this deception � that the CMC situation was actually a

HCI situation � was to ensure consistency of the team-mate's performance

during gameplay, and thus any di�erences in behavioral or social responses

towards the di�erent team-mates would be due to the perceived identity of

the team-mate (i.e. AI or PH) rather than any other factors.

In fact, Morkes et al [18] suggest that there are bene�ts in using a

PH team-mate if one is to examine the SRCT de�nition of equality in the

strong sense:

To examine equality in the strongest possible sense, one must

have an experiment in which the situation, the procedures, and

the measures are identical for those participants who believe

they are interacting with a computer and those participants

who believe they are interacting with a person (i.e., for experi-

mental purposes, human-human interaction must be construed
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as computer-mediated communication between two humans).

The comparison of text-based (perceived) CMC and HCI, as

performed in this study, is an example of this approach. It has

the added advantage that one can eliminate human qualities

of appearance, gesture, speech characteristics, and so forth, all

of which would be confounding aspects of the human-computer

di�erence.

4.6 Data Gathering and Analysis

Participant behavior in both studies was gathered via game logs which

recorded details of all games played by each participant. The main data

that was collected from the game logs centered around how often partic-

ipants selected a particular strategy in each round of games with the PH

and AI team-mates, in the di�erent versions of the respective cooperative

games. The resulting data, along with the feedback gathered from the

questionnaire in the form of likert scale and ranking data were analyzed

via statistical methods using SPSS software to determine if any statistically

signi�cant di�erences in the behavioral and social responses of participants

existed between the PH and AI team-mates.

4.7 Summary

This chapter has done the following:

� Provide general details about the participants who were involved in

the two studies conducted for this thesis

� Gave a brief description of the two games used in the respective stud-

ies and what they were designed to investigate

� Described the general study protocol used, with a description of the

entire process that each participant went through

� Justi�ed why participants were deceived into thinking they were play-

ing with a human conferate when they were actually playing with the

same AI team-mate

� Described how data in the studies was gathered and analyzed.
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Chapter 5

Theoretical Framework

This chapter establishes the theoretical framework that is used

to contextualize the results of the two studies conducted,

demonstrating how trade-o�s in decision-making lead to di�er-

ences in players' responses towards human and AI team-mates,

and how increasing interdependence between team members can

eliminate this trade-o�. Using the example of the game Capture

the Gunner, this chapter illustrates trade-o�s (and how they

are represented) in the decision-making process, along with the

concept of Interdependence Theory as a means of represent-

ing and calculating the level of interdependence between team

members.

5.1 Trade-o�s in Cooperative Games: Theo-

retical Framework

In examining six real-time cooperative games, Ong & McGee [21] found

in three of them had trade-o� situations. In these games that had trade-

o� situations, players would select the non-optimal choice out of concern

for their team-mate's experience of the game. The presence of trade-o�s

were identi�ed as being linked to three characteristics � (1) level of inter-

dependence between team members, (2) threat of damage or death and

(3) symmetry of roles. Of the three, the level of interdependence between

team-mates was deemed to be the most important in determining the pres-

ence of trade-o� situations. These trade-o� situations arose because players

have many di�erent attributes they considered when they made decisions

while playing, and some of them were in con�ict.

Examples of the multiple attributes that could factor into a player's
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decision-making can include the following: the player's own enjoyment of

the game or ability to participate, the player's desire to be a good team-

mate, the desire to ensure the team wins or performs well, among others.

Ong & McGee [21] suggested that players in cooperative games with

other human team-mates have a desire to be a good team-mate because of

the player's concern for their team-mate's experience of the game. When

there is a trade-o� between being a good team-mate and the team's per-

formance, players will opt for the non-optimal choice that is in favour of

being a good team-mate over the dominant strategy that guarantees better

team performance.

The analysis of six real-time cooperative games in this research also

found that this trade-o� between being a good team-mate and team per-

formance was not present in all games. The presence of this trade-o� in

players' decision-making was due to three design factors in the real-time

cooperative games analysed. These included level of interdependence be-

tween team-mates, symmetry of roles and the threat of damage or death

(to one or both team members). Of these three design factors, it was sug-

gested that level of interdependence was most important in determining

the presence of a trade-o�.

Making the choice out of the desire to be a good team-mate will occur

more frequently when playing with a human team-mate. This choice would

also be more di�cult to make � more �emotionally di�cult� [12] � because

of the inner con�ict / tension a player may feel when deciding whether to

choose between being a good team-mate and having better team perfor-

mance.

Making choices out of the desire to be a good team-mate would occur

less frequently with an AI team-mate (and be less �emotionally di�cult�)

due to reasons highlighted by Merritt as part of the Cooperative Attribu-

tion Framework [17]. A comparison of these behavioral (and emotional)

responses where team-mates are human vs team-mates are AI, there may

be consistent with existing work that demonstrates that there is a di�erence

in how people respond towards human and AI team-mates.

The observations in Ong & McGee [21] therefore suggest that one could

try increasing the (perceived) level of interdependence between team-mates

as a means to reduce or remove the trade-o�, since the games with a higher

level of (perceived) interdependence between team-mates did not appear to

have a trade-o� situation present. If increasing the level of interdependence

managed to successfully remove trade-o�s between being a good team-mate

and team performance, then the di�erence in how players would respond
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towards human and AI team-mates would perhaps be reduced.

In order to ensure that any manipulations have successfully managed

to in�uence the presence of trade-o�s and level of interdependence between

team-mates, it is necessary to use some concrete means of expressing and

quantifying these concepts.

5.2 Measuring the Dependence on a Team-

mate

Among the di�erent concepts de�ning and measuring Interdependence, In-

terdependence Theory [8] is suggested as a means of representing the de-

pendence of one team member on another through the use of an Index of

Dependence (ID). The calculation of this Index of Dependence is demon-

strated using the game Capture the Gunner (CTG).

The concept of interdependence is complex and multi-faceted, with dif-

ferent researchers each having di�erent de�nitions for what they de�ne to

be interdependence. Wageman [30] highlighted that at a broad level, there

are two types of interdependence � what is structured in versus how people

actually behave. These are referred to as structural and behavioral interde-

pendence respectively. Since structural interdependence involves elements

external to the individual(s) and their behavior, it is possible to manipulate

this kind of interdependence through the design of the activity's features

of the task, de�nition of goals, distribution of rewards etc. As such, struc-

tural interdependence can be di�erentiated further according to inputs and

outcomes � known as task and outcome interdependence respectively.

Examining task interdependence in work teams has often used Thomp-

son's work[26] as a basis for analysis. Thompson's work speci�ed the ex-

istence of three types of task interdependence � pooled, sequential and re-

ciprocal � where the required complexity of coordination between members

increased from one type to the next. In other words, a situation where mem-

bers of a group are sequentially-interdependent has more interdependence

than a situation where members of a group are pooled-interdependent, and

that a sequentially-interdependent group contains all elements of a pooled-

interdependent group.

Victor and Blackburn [28] suggest that because Thompson's work classi-

�es interdependence using a Guttman-type scale, it is not able to quantify

the extent to which they vary. For example, it is not possible to deter-

mine whether four �pooled interdependence� is more than two �reciprocal
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interdependence�. They also identify Interdependence Theory [8] as one

framework that is able to address this issue.

Interdependence Theory uses game theory payo� matrices as a way to

represent the relationship between two members of a 2-person group (or

dyad), in terms of their own outcomes from interacting with the other

party. In the context of games, the outcomes can be in the form of points

scored.

Interdependence Theory payo� matrices are meant to show how the

choice of each member performing one of two possible actions a�ects the

outcome of a particular team member. It illustrates the extent to which a

team member's outcomes are dependent on their own actions as well as the

actions of the team-mate. This can be expressed in three types of control

that exist in an outcome matrix:

Actor Control (AC) the control that an individual A has over his or her

own outcomes independent of the actions of the partner, B.

Partner Control (PC) the control that the partner B has over the out-

comes of individual A, independent of the actions of A.

Joint Control (JC) the control that the actions of A and B together

have on A's outcomes.

The Index of Dependence (ID) for A can thus be calculated from the

AC, PC and JC values, using the formula in 5.1:

ID =
JC2 + PC2

JC2 + PC2 + AC2

Figure 5.1: Formula for Index of Dependence

The ID values range from 0 (completely independent) to 1 (completely

dependent), and any value that is within that range indicates that there is

some degree of interdependence of outcome between team members.

The game Capture the Gunner (CTG) [13] will be used as an example

to illustrate the outcome matrix and calculation of the Index of Depen-

dence. CTG is a real-time cooperative game that can be played between

two members on the same team. It involves the two team members (black

and grey circles) having to both successfully touch the gunner (yellow cir-

cle) consecutively at speci�c points, in order to succeed and progress to the

next level.

While attempting to do this, they need to avoid bullets that the gunner

�res, because if either team member is hit by a bullet, the team will lose
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Figure 5.2: Capture the Gunner (CTG)

and the game will end. In order for a player to make it easier for their team

member to successfully touch the gunner, the player can hit a button on

the keyboard to signal to the gunner, drawing its attention towards itself

(and away from the team-mate). This increases the chance of the gunner

targeting the player by 50%. Thus a player who signals the gunner this way

creates extra risk for himself, since the majority of the gunner's attention

will be focused on him. The relationship between the two team members

in CTG can be represented in the outcome matrix in Table 5.1:

Table 5.1: 2x2 Matrix for CTG

Based on Table 5.1, the team will score 1 point if: (1) the player has

already made his touch; (2) was helping the team-mate draw the gunner's

attention while evading the gunner's bullets (3) and the team-mate man-

aged to touch the gunner without getting hit. If either team member gets

hit by a bullet, then they score 0 points (because the game ends). Based

on this, the AC, PC and JC values for the player can be calculated.

Actor Control (AC) depends only on the actions of the player, and this

value is derived by comparing the average degree to which the outcomes as a

result of the player evading the gunner's bullets is greater than the outcomes
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as a result of the player getting hit by the gunner's bullets. Comparing the

column for �Participant manages to evade gunner's bullets� (1 + 0) against

the column for �Participant gets hit by gunner's bullets� (0 + 0), the average

of these two is 0.5, and is the value of AC.

Partner Control (PC) depends only on the actions of the team-mate,

and this value is derived by comparing the average degree to which out-

comes as a result of the team-mate touching the gunner without getting

hit is greater than the outcomes as a result of the team-mate getting hit

by the gunner's bullets. Comparing the row for �Team-mate touches gun-

ner without getting hit� (1 + 0) against �Team-mate gets hit by gunner's

bullets� (0 + 0), the average for these two is 0.5, and this is the value of

PC.

Joint Control (JC) depends on the actions of the player and the team-

mate, and this value is derived by comparing the average degree to which

the outcomes as a result of both team members evading the bullets or both

getting hit is greater than if either team member had gotten hit. Comparing

the cells where the player and team-mate both successfully evade or both

are hit (1 + 0) against when only the player or the team-mate gets hit ( 0

+ 0), the average for these two is 0.5, and this is the value of JC.

The Index of Dependence (ID) for player A in this scenario is shown in

Table 5.3:

ID =
0.52 + 0.52

0.52 + 0.52 + 0.52
= 0.67

Figure 5.3: Formula for Index of Dependence

An ID value of 0.67 suggests that to a certain extent, player A's out-

comes depend on the actions of his team-mate. This indicates that there

is some interdependence between both team members.

5.3 Trade-o�s and Emotional Di�culty

Findings from decision-making research have demonstrated that maximiz-

ing utility for oneself is not the only attribute that in�uences people's

decisions. In fact, there are multiple attributes, each with their own level

of importance(weightage) that in�uence a decision. When these attributes

are in con�ict, they create situations where each option in a choice has a

trade-o� between the gains and losses in each of these attributes.
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These trade-o�s can be represented in a format suggested by Chatter-

jee & Heath [3], which can be then used to determine how di�cult it is

to choose between the options available. This provides an indication of

a person's emotional di�culty [12] in choosing between the two options,

and is demonstrated with an example using the game Capture the Gunner

(CTG).

When examining behavior and emotional di�culty involved in making

decisions, it is necessary to have some means of quantifying and calculating

what is gained from choosing a particular option. Using the example of

CTG, the utility gained from choosing a particular option is calculated

to help explain behavior and the di�culty in choosing between options is

calculated to help explain emotional di�culty.

Research into the process of decision-making has identi�ed that some

decisions are di�cult to make while others are easy. Multi-Attribute Utility

Theory (MAUT) [7] recognizes that there are di�erent motivations people

have for picking one option over another when faced with a decision, and

has attempted to decompose these choices into component attributes that

factor into a decision. An example of multiple attributes considered in a

decision could include the desire to maximise a player's self-interest and

the desire to be a good team-mate.

When di�erent motivations that a player has (e.g. maximizing self-

interest and being a good team-mate) are in direct con�ict, a trade-o�

situation is the result. In such instances, a player must make choices that

help ful�ll one motivation and the expense of the other. Depending on

what each motivation is and how much a player prioritizes each of them,

the decision between the options to ful�ll the con�icting motivations can

be more emotionally di�cult or less emotionally di�cult.

In the case of CTG, after player A has successfully touched the gunner,

he can decide to take risks to help the team-mate (by signaling) or avoid

the gunner to ensure his survival. The places him a situation where he has

two interests that are in con�ict: increase the risk to himself (to help the

team-mate), versus minimize risk to himself (and make it harder for the

team-mate to complete the level). This is in addition to the other interest

of wanting the team to perform well. Using hypothetical values, assuming

player A has been asked to rate the following questions on a 5-point Likert

scale, the values for these two attributes are shown in Table 5.2.

From the Table, it is clear that player A values his own survival more

than helping his team-mate, and thus this information can be used to assign

weightages to the di�erent attributes used in decision-making. Therefore,
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Table 5.2: Ratings of Attributes in CTG

assuming that three attributes that player A cared about when playing

CTG were the team's performance, his own survival and helping his team-

mate, the weightages could be distributed in a manner shown in Table

5.3.

Table 5.3: Weightages of Attributes in CTG

Thus, using these assigned weights for the attributes of team perfor-

mance, concerns about player A's own survival and concerns about helping

the team-mate, player A has two possible options to choose between � help-

ing the team-mate make a successful touch (by taking a risk) or not helping

the team-mate. Since signaling the gunner increases the risk of being tar-

geted by 50%, it will be assumed that this reduces player A's chances of

survival by 50%, while simultaneously giving the team-mate a 50% higher

chance of successfully making a touch on the gunner. In both cases whether

or not player A helps the team-mate, the assumption is that the team will

still just gain one point.

The gains and losses from these two choices can be represented in Table

5.4, in a manner similar to that found in Chatterjee & Heath [3]. In their

calculations, they used the average attribute levels as a common reference

point for any losses and gains in an attribute when choosing one option

over another. This was used to then determine how much was gained or

lost (relative to the average value) by choosing an option. The use of pro-

portions (percentages) to represent the gains and losses for each attribute

was to provide a common metric for measurement since di�erent attributes

may have di�erent types of measurements.

The utility gains or losses calculated using MAUT can be used to help

explain why there is a tendency to choose a particular option. The weigh-

tages for attributes can be represented by Wt1, the percentage gains (when

x is more than zero) are represented by XG and the percentage losses (when

x is less than zero) are represented by XL.
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Table 5.4: Gains and Losses in CTG

Thus, utility gained from choosing engage in a particular behavior

(choosing one option over the other) with two weighted attributes that are

considered in decision-making can be expressed in the formula shown in

Figure 5.4, assuming there is a gain for Attribute 1 and a loss for Attribute

2.

Utility = Wt1 ∗XG +Wt2 ∗XL

Figure 5.4: Formula for Utility of choosing option

In order to examine how much utility player A believes they will get

from helping the team-mate, it can be calculated using the formula in

Figure 5.4, and this calculation is shown below in Figure 5.5, using the

percentage gains and losses from choosing to help the team-mate.

UtilityofHelping = 0.5 ∗ 0.0% + 0.3 ∗ −100.0% + 0.2 ∗ 100% = −10.0

Figure 5.5: Formula for Utility of choosing option

According to the calculations, the overall utility gained from choosing

to help the team-mate is -10, which suggests that it is not in player A's

interest to help the team-mate by taking a risk and drawing the gunner's

�re.

To see how close the two options are in terms of utility (and how dif-

�cult it would be to choose between them), this di�culty of choice can

be calculated using the formula listed in Figure 5.6. In this formula, The

rationale for the formula used by Chatterjee & Heath (based on Tversky &

Kahneman [27]) is as explained below:

. . . can then be subjected to a standard value curve assess-

ment where losses are assumed to carry about 2.5 times more
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value than gains, and where diminishing marginal sensitivity

is represented by taking the proportions to the power of 0.88

(Tversky and Kahneman, 1992).

Using the values from Table 5.4, the degree to which the two options

(help or don't help) are close in terms of utility gained or lost is shown in

Figure 5.7.

Gain(X) = (Wt1) ∗ (XG)
0.88

Loss(X) = −2.5 ∗ (Wt1) ∗ (XL)
0.88

f(X) = Gain(X)− Loss(x)

Figure 5.6: Formula for Size of Trade-o�s

Gain(Help) = 0.2 ∗ 100.00%0.88 = 0.2

Loss(Help) = 2.5 ∗ 0.3 ∗ 100.00%0.88 = −0.75

f(Help) = Gain(Help) + Loss(Help) = −0.55

Gain(NoHelp) = 0.3 ∗ 100.00%0.88 = 0.3

Loss(NoHelp) = 2.5 ∗ 0.2 ∗ 100.00%0.88 = −0.5

f(NoHelp) = Gain(NoHelp) + Loss(NoHelp) = −0.2

Difficulty = f(Help)− f(NoHelp) = −0.35

Figure 5.7: Calculating Size of Trade-o�s in CTG

As seen from Figure 5.7, the di�erence between the overall utility of

player A helping the team-mate versus not helping the team-mate is a

negative value, suggesting that the decision is inclined towards not helping

24



the team-mate. The closer the value is to 0, the more di�cult it is to make

the decision.

5.4 Rationale for calculating the Index of De-

pendence and Trade-o�s

Calculating the values of trade-o�s and the values of the Index of Depen-

dence is relevant to this thesis because it provides an empirical means of

validating the e�ect of the manipulations carried out in the two studies.

The research problem of this thesis is concerned with examining how

the di�erence in responses towards human and AI team-mates in real-time

cooperative games can be moderated. The �ndings of Ong & McGee [21]

suggest three things in relation to this:

1. People care about their team-mate's experience when faced with

trade-o�s, and thus they will be willing to choose the non-optimal

option that will allow their team-mate to have a better experience.

2. Since people respond towards human and AI team-mates di�erently,

as seen in the work by Merritt et al [17, 16, 14, 15], they would be

less likely to make these non-optimal choices with an AI team-mate

compared to a human team-mate.

3. If the interdependence between team members is one characteristic

that determines the presence of a trade-o� situation, then it would be

necessary to see how the manipulations in the two studies in�uence

both trade-o�s and interdependence in their attempt to reduce the

di�erence in how people respond towards human and AI team-mates.

5.5 Summary

This chapter has done the following:

� Provided the theoretical framework as the basis to analyse the results

of the two studies. This framework highlighted how trade-o�s lead to

people making non-optimal decisions out of concern for their team-

mate's experience of the game and how interdependence could help

remove the presence of these trade-o�s.

� Highlighted Interdependence Theory as a means of representing the

relationship between team members, and the calculation of the Index

of Dependence using the game Capture the Gunner with hypothetical

values to determine how much one team member depends on the other
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for their outcomes.

� Highlighted Multi-attribute Utility Theory (MAUT) and how choices

and trade-o�s are represented in decision-making research. Using the

game Capture the Gunner with hypothetical values, demonstrated

how the utility of choosing a particular option could be calculated,

as well as demonstrating how the di�culty of choosing between two

options could be calculated.

� Justi�ed why it was necessary within the scope of this thesis to calcu-

late the Index of Dependence, Utility of choosing a particular option,

and the di�culty in choosing between two options.

26



Chapter 6

Study 01: Changes to Score

Display

This chapter provides details about a study to determine

whether changes to the display of game scores would moder-

ate the di�erence in team-mate behavior and experience. The

results of the study � the manipulation of the visibility of scor-

ing information moderated di�erences in behavior but not emo-

tional di�culty � are presented and analysed, using calculated

values of the Index of Dependence, utility gained from a choice

and the di�culty of choosing between the two options as further

evidence to support the results.

6.1 Study Details

A 2x2 study was conducted with 73 participants who played two versions

of a real-time cooperative game Defend the Pass (DTP). They played two

rounds of �ve games each � one round with a �presumed human� (PH)

team-mate and the other round with an arti�cial intelligence (AI) team-

mate. One version of the game had scoring and performance information

shown (SCORE), while the other version had this information hidden (NO-

SCORE). Data about the participants' selection of strategy to protect or

sacri�ce the team-mate and responses from a set of questionnaires was

collected.

6.1.1 Participants

There were 73 participants involved in this experiment (16 males, 57 fe-

males). They were undergraduate students between the ages of 20 and
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24 years old, with an average age of 21.1 years. They �lled in a short

questionnaire that gathered demographic information such as age, gender,

experience with computer games, whether they had played cooperative

games with human team-mates, and whether they had played cooperative

games with computer team-mates. This data for the 2 versions is shown in

Table 6.1:

Score No Score

Males 10 6

Females 27 30

Mean Age (years) 21.3 20.9

Experience with computer games:

Very Little 6 11

Little 6 6

Some 11 11

Much 9 9

Coop games (human) 13 14

Coop games (AI) 4 2

Table 6.1: Defend the Pass demographics by condition

6.1.2 Game: Defend the Pass (DTP)

Defend the Pass (DTP) is a real-time cooperative game where the partic-

ipant can play with an AI team-mate or a PH team-mate. The objective

of the game is for both team members to cooperate and kill an army of

30 monsters that is attempting to escape through a path (the �Pass�) in

the middle of the screen (see Figure 6.1). The formation of the 30-monster

army is procedurally generated at the start of each game. The monsters

move downwards from the top of the screen, towards the bottom of the

screen. If they manage to exit from the bottom of the screen, they are

deemed to have escaped.

Each team member controls their own avatars, which are placed near the

bottom of the game area. The participant's avatar (in green) is placed on

the right side of the Pass, while the team-mate's avatar (blue) is placed on

the left side of the Pass. The participant's avatar is labelled �ME�, while the

team-mate's avatar label depends what type of team-mate the participant

is playing with. If the team-mate is AI, then the avatar is labelled �AI�

followed by a number (e.g. AI-04). If the team-mate is PH, then the

avatar is labelled with a name that is similar to that of the participant's
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Figure 6.1: DTP game screen

gender (e.g. �James� or �Jessica�). Each team member has their own health

bars, with a horizontal one above their avatars, and a vertical one on their

respective sides of the Pass.

To stop the monsters from escaping, both team members can shoot

bullets horizontally along the line that they are on. The team-mate shoots

automatically, while the participant can shoot by pressing the up arrow key.

Ammunition for both team members is limited to 100 bullets (represented

by a bar with a gun below it), and it does not re�ll once expended. Monsters

that are in line with the team members' positions when they are shooting

will get hit and take damage. Each monster requires four hits to kill, and

this is represented by a green health bar at the top of every monster. Once

a monster dies, they will disappear from the game space. The game then

ends when no more monsters remain on screen because they have been

killed or managed to escape.

There are two strategies that participants choose between at the start of

each game of DTP, which involves selecting the position of the team-mate

using the mouse before the start of each game. The �Protect� strategy

places the team-mate in Pos 1 (See Figure 6.2), under the black block on

the left side of the Pass. When the team-mate is placed in this position, it

is �protected�, and able to shoot at monsters that are aligned horizontally

with its position. However, placing the team-mate in the protected position

makes it more di�cult to kill the monsters that are moving through the

Pass, resulting in more of them escaping. The �Sacri�ce� strategy places

the team-mate in Pos 2, which is on the Pass, making that section of the

Pass narrower. Placing this team-mate in the �sacri�ced� position makes it

easier to kill more monsters and prevent them from escaping. However, each

monster that touches the team-mate will reduce its health, and eventually
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the team-mate will die. The team-mate dying is a guaranteed consequence

of choosing the �Sacri�ce� strategy because the total number of hits from

monsters required to kill the team-mate is 80% of number of monsters in

the leftmost column of the army, meaning the total number of monsters

that damage the team-mate will always be more than the team-mate's

maximum health.

Figure 6.2: Positioning the team-mate

Figure 6.3: Monsters in the pass

6.1.3 Experimental Manipulation

The two di�erent versions of DTP played by the participants were the

SCORE and No-SCORE versions. The SCORE version (played by 37 par-

ticipants) displayed information related to performance of the team cumu-

latively over the round of �ve games. The information displayed included

the current cumulative running total score achieved by the team, which
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was updated real-time with every monster that was killed or that escaped.

Each successful kill awarded the team 10 points, while each monster that

managed to escape deducted 55 points from the team's score. At the end of

each game in the round, participants were presented the current cumulative

score, as well as information about which strategy was chosen, how many

monsters escaped and how many monsters had been killed. Participants

had to click on a link in the dialogue box in order to progress to the next

game, thus ensuring they had to see this information before proceeding.

To help better inform their decision between sacri�cing and protecting

the team-mate, they had information available about the number of mon-

sters killed, the team's cumulative score and the status of the team-mate

during the game.

The No-SCORE version (played by 36 participants) did not display any

of this information to participants at all. There was no running total score

shown during gameplay, and the dialogue box presented to participants at

the end of each game was blank except for the link they needed to click to

progress.

In this case, the information available to players included the status of

the team-mate of the game, no information about score, and no accurate

information about number of monsters killed � players could still have a

rough gauge, but they would not know for sure.

6.1.4 Study Session Protocol

Participants arrived at private testing room, and did not meet other partic-

ipants. They were assured that their comments would be kept anonymous

and con�dential. At the start of the study, participants �lled out the ques-

tionnaire that gathered the demographic information shown in Table 6.1.

They then proceeded to view a series of slides that explained how the ex-

periment would be run, as well as the game mechanics behind the game,

followed by playing a tutorial round to gain a better understanding of the

game, and clarify any uncertainties that participants had about the game or

the experiment. The tutorial round consisted of four games played with an

AI team-mate called AI-Tutorial, where participants tried the sacri�ce and

protect strategies twice each to get an understanding of the consequences

of each strategy. The version of the game presented to participants in the

slides and tutorial games corresponded with the version they were assigned

to play during the actual experiment.

Once participants acknowledged that they understood the game, the ac-
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tual experiment started. Each participant was assigned to play two rounds

of �ve games each � one round was played with the AI team-mate while

the other was played with the PH team-mate. Counterbalancing via alter-

nating the order of team-mates that participants played with was done to

rule out order e�ects. The researcher informed participants that during the

experiment they were not being assessed on their performance, and that

information about their performance and choices was not being logged.

Also, the researcher was not present in the room while participants were

playing the game. These measures were to ensure that there would be no

pressure to perform well or concerns about the researcher's opinion of the

participants based on their choices having an in�uence on the strategy they

chose.

After each round of �ve games, the researcher re-entered the room, and

got participants to �ll in a questionnaire that sought to gather information

about their experience of the recently completed round of games.

There were no indications during any of the sessions that participants

doubted the identity of the PH team-mate. No additional checks were

conducted about this as pilot studies and previous studies have shown that

participants make it quite clear if they doubt the identity of the team-mate.

6.1.5 Measures

The study gathered demographic data, game log data, and self-reported

quantitative data (5-point and 10-point Likert scales) from participants.

The game logs captured the activity of each participant for every game

played with both types of team-mates. For each game played, the logs de-

tailed which position the team-mate was placed in, the number of monsters

that escaped (separated into instances when protecting and sacri�cing), the

amount of ammunition used by the participant, the amount of ammunition

used by the team-mate, the amount of time taken by participants to choose

their team-mate's position, and the time at which the team-mate died (if

applicable).

After each round of 5 games, participants �lled in a questionnaire, which

had a series of statements to rate on a Likert scale relating to the round of

games they had just completed. These questions included:

� I considered the survival of my team-mate when deciding on my team-

mate's position (5-point Likert scale)

� I considered the goals of the team when deciding on my team-mate's

position (5-point Likert scale)
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After both rounds of games, participants were asked questions in which

they were required to compare their human and computer team-mates.

These questions were only asked at the end of both rounds, to minimize the

possibility of participants' responses from the �rst play session in�uencing

their behavior in the second.

Also, since the questions seek to make a comparison between both types

of teammates, it was necessary for them to play both sessions in order to

make a fair comparison. These questions included:

� How emotionally di�cult was it to decide where to position your

human team-mate? (10-point scale, 1-not di�cult at all to 10-very

di�cult)

� How emotionally di�cult was it to decide where to position your

computer team-mate? (10-point scale, 1-not di�cult at all to 10-very

di�cult)

The questions used in the questionnaire were not based on previously-

used measures (it is not clear that such pre-existing measure exist), but the

questions used were re�ned for validity via feedback received during pilot

testing.

6.2 Results

There are two main results of this study: (1) the manipulation of the visi-

bility of scoring information reduces the di�erence in how often participants

sacri�ce their AI team-mate compared to their PH team-mate; (2) however

this manipulation does not reduce the di�erence in emotional di�culty

participants have in choosing whether to sacri�ce their team-mate when

playing with their AI team-mate compared to their PH team-mate. Other

results include those relating to the performance of the teams in each of

the possible scenarios, as well as results relating to participants' experience

of playing DTP.

6.2.1 Behavioral Results

In the SCORE version, participants sacri�ced their AI team-mate (71.35%

of the time) more often than their PH team-mate (55.14% of the time),

as seen in Figure 6.4. A paired-samples t-test found this di�erence to be

statistically signi�cant (p < 0.01), t(36)=3.60.

In the NO-SCORE, participants sacri�ced their AI team-mate (51.11%

of the time) almost as often as their PH team-mate (44.44% of the time),
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Figure 6.4: Comparison: percentage of games when team-mate is sacri�ced

as seen in Figure 6.4. A paired-samples t-test found the di�erence to be

not statistically signi�cant (p > 0.05), t(35)=1.87.

When playing with the AI team-mate, participants playing the SCORE

version of DTP sacri�ced their team-mate more often (71.35% of the time)

than those who played the NO-SCORE (55.11% of the time) version. An

independent-samples t-test found this di�erence to be statistically signi�-

cant (p < 0.01), t(71)=3.33.

When playing with the PH team-mate, participants playing the SCORE

version sacri�ced their team-mate almost as often (55.14% of the time)

as those who played the NO-SCORE version (44.44% of the time). An

independent-samples t-test found this di�erence to be not statistically sig-

ni�cant (p > 0.05), t(71)=1.55.

6.2.2 Emotional Di�culty Results

In the SCORE version of DTP, participants reported having more emo-

tional di�culty in choosing their position with the PH team-mate (3.81

out of 10) than with the AI team-mate (1.84 out of 10). A paired-samples

t-test found this di�erence to be statistically signi�cant (p < 0.01), t(36)=-

1.973.

In the NO-SCORE version, participants reported having more emo-

tional di�culty in choosing their position with the PH team-mate (4.00

out of 10) than the AI team-mate (1.92 out of 10). A paired-samples t-test

found this di�erence to be statistically signi�cant (p < 0.01), t(35)=-0.286.
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Figure 6.5: Comparison: Emotional Di�culty ratings of players

6.2.3 Performance-related Results

The average number of monsters killed by the team and the average score

received when placing the both types of team-mate in either the sacri�ced

or protected position in each version of the game is shown in Table 6.2.

However, these scores range from negative to positive values and thus need

to be normalized for consistency. This can be done by adding 1650 to all

the scores, since the lowest possible score a player can obtain is -1650 (-55

points for 30 monsters escaping), and this addition would set -1650 to be

the �absolute zero� for the points scored.

Table 6.2: Team performance in DTP

6.2.4 Experience-related Results

Participants were asked a variety of questions in the self-reported question-

naires at the end of each round of games. Two of the questions are related

to the motivations that contribute to the trade-o� in DTP, and their results

are shown in Table 6.3.
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Table 6.3: Self-reported ratings on participants' motivations for choices

The results demonstrate that participants consider the survival of the

PH team-mate more than that of the AI team-mate in both versions of

DTP. It also demonstrates that they consider the goal of the team more

with the AI team-mate than with the PH team-mate in both versions.

6.3 Discussion

This section discusses the results of the study, with the use of the trade-o�

calculations and Index of Dependence to provide support in explaining the

behavior and emotional di�culty results.

The Index of Dependence for both versions of DTP show that the ma-

nipulation has not resulted in a signi�cant change in the interdependence

between team members. The calculations of the trade-o� values show that

the manipulation of scoring information has reduced the di�erence in util-

ity that participants gain when choosing to sacri�ce the team-mate. This

mirrors the behavioral results of the study.

The calculation of the di�culty in choosing between the two options

illustrates that the manipulation of scoring information has not reduced

the di�erence in di�culty of choosing with the AI and PH team-mates in

the NO-SCORE version compared to the SCORE version. This mirrors

the emotional di�culty results of the study.

6.3.1 Calculating the Index of Dependence (ID)

Calculations of the Index of Dependence (ID) for DTP indicate that be-

tween the SCORE and NO-SCORE versions of the game, the values of

the ID are about the same. This suggests that the manipulation of the

visibility of scoring information did not a�ect the level of interdependence

between team members.

Victor & Blackburn [28] used the concepts from Interdependence The-

ory to determine the degree to which one team member depends on another.

Using the information about team performance in DTP (see Table 6.2), it

36



is possible to represent the relationship between team members in a 2x2

matrix, using the team performance as an indicator of their output.

An example of this 2x2 matrix for number of monsters killed is shown

in Table 6.4 for the case of a participant playing the NO-SCORE version

with an AI team-mate, when deciding to protect the team-mate. A full list

of all the matrices can be found in Appendix A.

Table 6.4: Representation of relationship when participant protects AI
team-mate in NO-SCORE version

In Table 6.4,the assumption is that if both team members are able to

perform perfectly, all 30 monsters will be killed, hence that value is assigned

to that particular cell. If both fail to kill any monsters at all, then the value

assigned to the cell would be 0. It is also assumed that if a team performs

imperfectly, the value of those cells would correspond to the average number

of monsters killed in that particular scenario.

The matrices can then be used to calculate the three components that

make up the Index of Dependence � Actor Control (AC), Partner Control

(PC) and Joint Control (JC), using the formula described in the Theoretical

Framework chapter of this thesis. Table 6.5 shows the calculated values of

AC, PC, JC and ID for each of the eight possible scenarios.

Table 6.5: Actor Control, Partner Control, Joint Control and Index of
Dependence for 8 possible scenarios

The spectrum for the Index of Dependence (ID) ranges from 0 (not de-

pendent on team-mate at all) to 1 (completely dependent on team-mate).
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As seen from the table, the participant is somewhat dependent on the

team-mate whether they decide to protect or sacri�ce the team-mate. Fur-

thermore, the dependence on the team-mate is higher when the team-mate

is sacri�ced as opposed to when the team-mate is protected. This is not

surprising because a sacri�ced team-mate not only helps to kill monsters,

but also narrows the path they can move along, making them easier for the

participant to kill.

When comparing the participants' ID in the SCORE and NO-SCORE

versions of DTP, the values are about the same. This suggests that the the

manipulation of the visibility of scoring information does not signi�cantly

a�ect the level of interdependence between team members.

6.3.2 Determining Weightages of Attributes

In DTP, participants are faced with the trade-o� between two attributes

they may deem important � the survival of their team-mate and the per-

formance of the team (represented by the number of monsters that escape

and the score obtained). A calculation of the weightages for these two at-

tributes was done using the experience-related results of the questionnaire.

The three attributes assigned weightages were the the score, the number of

monsters killed and whether the team-mate survived.

As seen from Table 6.3, participants report considering the survival of

the team-mate more in the NO-SCORE version of DTP compared to the

SCORE version, and this suggests that regardless of team-mate identity,

team-mate survival is considered more important when scoring information

is hidden as opposed to when it is shown.

Also, participants report considering the goal of the game when choosing

their team-mates' position in the SCORE version of DTP compared to the

NO-SCORE version. This suggests that regardless of team-mate identity,

the goal of the team is more important when scoring information is shown

as opposed to when it is hidden. Furthermore, when comparing between PH

and AI team-mates, considering the survival of the team-mate was rated

higher for the PH team-mate than the AI team-mate. Also, considering

the goal of the team was rated higher for the AI team-mate than the PH

team-mate for both conditions. These results suggest a few things:

� Participants are concerned more with the survival of the PH team-

mate than the AI team-mate.

� Participants are concerned more with the survival of the team-mate

in the NO-SCORE version of DTP compared to the SCORE version.
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� Participants are concerned less with the goal of the team with the

PH team-mate than the AI team-mate.

� Participants are concerned with the goal of the team less in the NO-

SCORE version of DTP compared to the SCORE version.

Therefore, if we were to assign weights to these two attributes of team-

mate survival and goal of the game, they could be assigned as in Table

6.6 to re�ect the importance that is placed by participants on the di�erent

attributes in the two di�erent versions of DTP.

Table 6.6: Weightages for the two attributes in DTP

6.3.3 Choosing between the two options in DTP

The di�erent options that participants get to choose between can be rep-

resented in the format by [3] for each version of the game played with the

di�erent types of team-mates, including the weightage of each attribute

considered. This is shown in Table 6.7. The percentage gains and losses

for choosing to sacri�ce rather than protect (and vice versa) are included

in parenthesis.

Table 6.7: Gains and Losses for each choice in DTP
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6.3.4 Explaining Behavioral Results

According to the behavioral results, participants playing the SCORE ver-

sion sacri�ced their AI team-mates more frequently than their PH team-

mates. In the NO-SCORE version, the frequency at which participants

sacri�ced their PH and AI team-mates was about the same. This suggests

that the manipulation of the visibility of scoring information was able to

moderate the di�erence in how frequently participants sacri�ced their AI

team-mates compared to their PH team-mates.

The rationale for such behavior can be examined in terms of the gains

or losses that participants feel the decision to sacri�ce brings them. Using

the formula proposed in Multi-Attribute Utility Theory it is possible to

determine the utility a participant feels they will gain or lose by choosing

to sacri�ce their team-mate. The overall gains and losses from sacri�cing

the respective team-mates in both versions of DTP is shown in Table 6.8.

Table 6.8: Gains and Losses for each choice in DTP

In the SCORE version, data from the table shows that participants

felt they would gain much more utility from choosing to sacri�ce an AI

team-mate compared to a PH team-mate. The large di�erence in utility

gained mirrors the signi�cant di�erence in frequency of sacri�cing the AI

team-mate compared to the PH team-mate in this version of DTP. This is

logical because if participants feel they gain more from sacri�cing the AI

team-mate compared to the PH team-mate, this would be re�ected in their

actual behavior when making decisions.

In the NO-SCORE version, data from the table shows that participants

felt they would gain about the same amount of utility from choosing to sac-

ri�ce an AI team-mate as they would for sacri�cing a PH team-mate. This

small di�erence mirrors participants' frequency of sacri�cing their team-

mates in the NO-SCORE version � the frequency of sacri�cing both types

of team-mates was about the same. This is logical because if participants

feel that they gain around the same amount of utility when playing with

AI and PH team-mates, it would be unlikely that they choose to sacri�ce

one team-mate more frequently than the other.
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6.3.5 Explaining Emotional Di�culty Results

According to the Emotional Di�culty results, participants playing the

SCORE version had signi�cantly more Emotional Di�culty in choosing

their position with the PH team-mate compared to the AI team-mate.

In the NO-SCORE version, participants also reported having signi�cantly

more Emotional Di�culty in choosing their team-mate's position when

playing with the PH team-mate compared to the AI team-mate. These re-

sults suggest that the manipulation of the visibility of scoring information

was not able to moderate the di�erence in how much Emotional Di�culty

participants had in choosing their position when playing with a PH team-

mate compared to an AI team-mate.

The rationale for these Emotional Di�culty results can be examined in

terms of how close the two options were to each other in terms of overall

gains and losses in utility. This can be done using the formula proposed

by Chatterjee and Heath [3], as detailed in the Theoretical Framework

chapter of this thesis. The data illustrating this for both versions of DTP

with the respective team-mates is shown in Table 6.9. A positive value for

di�culty of choice indicates that the choice was tending towards protecting

the team-mate.

Table 6.9: Di�culty in choosing between options in DTP

Based on the data in Table 6.9, it suggests that in the SCORE version it

was harder for participants to choose between the two options when playing

with the PH team-mate than the AI team-mate. The di�erence between the

di�culty in choosing between options with the AI team-mate compared to

the PH team-mate mirrors the signi�cant di�erence in Emotional Di�culty

results in this version of the game.

Data from the table shows that in terms of the di�erence in di�culty for

choosing the position with the PH and AI team-mates, this di�erence was

about the same in the SCORE and NO-SCORE conditions, which mirrors

41



the signi�cant di�erence in Emotional Di�culty results in this version of

the game.

This shows that between the two versions, the di�erence when playing

with AI team-mates compared to PH team-mates is not reduced. This

suggests that the manipulation of the visibility of scoring information did

not moderate this di�erence.

6.4 Summary

This chapter did the following:

� Provided a detailed description of the study design regarding the

participants, study protocol and data measured

� Described the game used for the study (Defend the Pass) and the

experimental manipulations used to examine the research question

� Presented and analysed the behavioral results: the removal of scoring

information reduced the di�erence in how often participants chose to

sacri�ce their AI team-mate compared to their PH team-mate when

comparing the SCORE and NO-SCORE versions.

� Presented and analysed the emotional di�culty results: the removal

of scoring information did not reduce the di�erence in emotional di�-

culty that participants felt in choosing to sacri�ce their PH team-mate

compared to their AI team-mate when comparing the SCORE and

NO-SCORE versions.
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Chapter 7

Study 02: Changes to

Interdependence

This chapter provides details about a study to determine

whether changes to interdependency would moderate the dif-

ference in team-mate behavior and experience. The results of

the study � the manipulation of the interdependence between

team members moderated di�erences in behavior and emotional

di�culty � are presented and analysed, using calculated values

of the Index of Dependence, utility gained from a choice and

the di�culty of choosing between the two options as further

evidence to support the results.

7.1 Study Details

A 2x2 study was conducted with 61 participants who played two versions

of a real-time cooperative game Return the Ball (RTB). They played two

rounds of seven games each � one round with a �presumed human� (PH)

team-mate and the other round with an arti�cial intelligence (AI) team-

mate. In one version of the game, participants were told that there was

no impact of the actions of the back paddle on the front paddle's actions

(INDEPENDENT), while in the other version the actions of the back pad-

dle determined where the ball would next come down for the front to hit

(INTERDEPENDENT). Data about the participants' selection of strat-

egy to play using the front or back paddles, and responses from a set of

questionnaires was collected.
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7.1.1 Participants

There were 61 participants involved in this experiment (17 males, 44 fe-

males). They were undergraduate students between the ages of 19 and

27 years old, with an average age of 20.9 years. They �lled in a short

questionnaire that gathered demographic information such as age, gender,

how often they played computer games what genre of games they played,

whether they had played cooperative games with human team-mates, and

whether they had played cooperative games with computer team-mates.

This data for the two versions is shown in the table below:

Independent Interdependent

Males 7 10

Females 24 20

Mean Age (years) 20.6 21.3

Play computer games:

Very Rarely 6 11

Rarely 6 6

Sometimes 9 9

Often 6 2

Very Often 4 2

Coop games (human) 23 21

Coop games (AI) 19 18

Table 7.1: Demographics by condition

7.1.2 Game: Return the Ball (RTB)

Return the Ball (RTB) is a real-time cooperative game where the partic-

ipant can play with an AI team-mate or a PH team-mate. The objective

of the game is to prevent the ball dropping from the top of the screen to

exit through the bottom. Each team member controls one paddle, either

the one in the front (closer to the top of the screen) or the one in the back

(closer to the bottom of the screen). This depends on which paddle the

participant decides to pick for themselves, which is done before the start

of each game, using the mouse (see Figure 7.1).

A participant picking the front paddle automatically assigns the team-

mate the back paddle, and vice versa. The participants' paddle (green) is

labelled �Myself�, while the team-mate's avatar (blue) label depends what

type of team-mate the participant is playing with. If the team-mate is AI,
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Figure 7.1: Choice between front and back paddles

then the avatar is labelled �Team-mate (COM)�. If the team-mate is PH,

then the avatar is labelled �Team-mate (P2)�.

Figure 7.2: Return the Ball gameplay screen

The front and back paddles are of similar size and shape, but di�er in

the following way: the front paddle is more opaque while the back paddle

is more transparent (see Figure 7.2), and this corresponds to the ability of

the paddles to return the ball successfully. A ball falling from the top of the

screen will bounce o� the front paddle back towards the top. Whenever the

ball has bounced o� the front paddle, the front paddle will become trans-

45



parent and unable to move, until the ball has spawned in the new position

and proceeded to start falling again. With every ball that is successfully

returned by the front paddle, one point was added to the team's cumulative

total score that was shown to them at the end of each game played. Also,

each successful return of the ball increases the speed of the ball as it drops

after spawning to be 10% faster than the previous falling speed.

The back paddle is more transparent than the front, and is able to move

all the time. However, it is unable to prevent the ball from passing through

towards the bottom even though the player controlling the back paddle

tries to position it below the falling ball. While it may appear that the

transparency of the back paddle would make it unable to contribute towards

ful�lling the objective of the game, in actual fact it is able to determine

where the ball will fall from next. This is because the spawn position for

where the ball will next drop from is determined by the following conditions

� if the di�erence in horizontal distance between the front and back paddles

is more than 100 pixels, then the ball will spawn and drop in the midpoint

of the x-coordinates of the front and back paddles. Otherwise, the ball

will spawn 150 pixels to either the left or the right of the front paddle's

x-coordinate (at the time of spawning).

In order to move the paddles, participants can use the left and right

arrow keys to move their own paddles horizontally along the lines they

have been placed. The team-mate's paddle moves automatically, based on

the following situations:

� Team-mate controlling front paddle: The team-mate will move

towards the ball in order to return it, with a random time delay before

it starts moving.

� Team-mate controlling back paddle (Random movement):

The team-mate will randomly choose between 3 courses of action �

move towards x-coordinate 200, x-coordinate 400 or remain station-

ary.

� Team-mate controlling back paddle (Setting up spawn): The

team-mate will move to 150 pixels to either the right or left of the

participant-controlled front paddle.

7.1.3 Experimental Manipulation

The two di�erent versions of RTB played by the participants were the

INDEPENDENT and INTERDEPENDENT versions. In the INDEPEN-

DENT version (played by 31 participants), participants were not told that
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the back paddle's position relative to the front paddle could determine

where the ball would spawn next. This was to give them a particular un-

derstanding of RTB's mechanics � that there was no relationship between

the actions of the front and back paddles, i.e. they were independent of

one another. The algorithm for the team-mate controlling the back paddle

was �Random movement�, to ensure the team-mate would behave in a way

that was consistent with the participants' understanding of this version of

RTB.

To help inform their decision about whether to place themselves or

their team-mate in the front paddle, participants had information about

the performance of the team member in the front paddle (in the form of the

score) and an idea of who has been sidelined by being placed in the back

paddle (from the belief that only the front paddle is able to contribute).

In the Interdependent version (played by 30 participants), they were

told about how the position of the back paddle relative to the front paddle

could determine where the ball would spawn next, though they were not

given the speci�c details of the spawning position, instead being told that

the following: that the ball would fall somewhere between the front and

back paddles if they were not too close. If not, the ball would fall from

a random position. The algorithm for the team-mate controlling the back

paddle was �Setting up spawn�, to ensure the team-mate would behave in a

way that was consistent with the participants' understanding of this version

of RTB.

In this case, participants had information about the performance of the

front paddle and also who has been been placed in the back paddle. The

main di�erence between the INDEPENDENT and INTERDEPENDENT

versions is that the interdependence between team members means the

team member using the back paddle is no longer sidelined since they are

able to contribute.

7.1.4 Study Session Protocol

Participants arrived at private testing room, and did not meet other partic-

ipants. They were assured that their comments would be kept anonymous

and con�dential. At the start of the study, participants �lled out the ques-

tionnaire that gathered the demographic information shown in Table 7.1.

The researcher then proceeded to explain to them how the experiment

would be run, as well as the game mechanics behind the game according

to the respective versions they were assigned to play.
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This was followed by playing a tutorial round to gain a better under-

standing of the game, and clarify any uncertainties that participants had

about the game or the experiment. The tutorial round consisted of four

games played with an AI team-mate called �Team-mate (AI)�, which par-

ticipants were told was the same AI team-mate as the one they would be

playing with during the actual experiment. In these four games, partici-

pants played two of them using the front paddle and the other two using

the back paddle, to get an understanding of what it was like to play in both

positions.

In order for participants in the INTERDEPENDENT version to better

understand the relationship between the front and back paddles, the tuto-

rial for the INTERDEPENDENT version had a colored rectangle overlaid

for the region that was between the two paddles (see Figure 7.3). This

colored region grew and shrank in size according to the distance between

the two paddles, and changed from yellow to red if the minimum distance

between paddles had been violated (resulting in the random spawn loca-

tion of the ball). This colored rectangle was not shown during the actual

version of RTB that participants played, in order to to give them an unfair

advantage over those in the INDEPENDENT condition.

Figure 7.3: Tutorial for Interdependent condition

Once participants acknowledged that they understood the game, the ac-

tual experiment started. Each participant was assigned to play two rounds

of seven games each � one round was played with the AI team-mate while

the other was played with the PH team-mate. Counterbalancing via alter-

48



nating the order of team-mates that participants played with was done to

rule out order e�ects. The researcher informed participants that during the

experiment they were not being assessed on their performance, and that

information about their performance and choices was not being logged.

These measures were to ensure that there would be no pressure to perform

well would not in�uence which positions they decided to place themselves.

After each round of seven games, the researcher got participants to �ll

in a questionnaire that sought to gather information about their experience

of the recently completed round of games.

There were no indications during any of the sessions that participants

doubted the identity of the PH team-mate. No additional checks were

conducted about this as pilot studies and previous studies have shown that

participants make it quite clear if they doubt the identity of the team-mate.

7.1.5 Measures

The study gathered demographic data, game log data, self-reported quan-

titative data (5-point Likert scales and ranking questions)

The game logs captured the activity of each participant for every game

played with both types of team-mates. For each game played, the logs

detailed which team member was in the front position, the number of

hits that each team member was able to make, and total amount of time a

team member had spent in the front position up till that point.

After each round of seven games, participants �lled in a questionnaire

about the round of games they had just completed.

In order to highlight any possible di�erences in perception of interde-

pendence, participants were asked the following Likert-scale questions:

� I consider both of us as members of the same team

� I watched what the other player was doing when I was in the back

position

� I watched what the other player was doing when I was in the front

position

� What I do in the back position depends on what the other player

does in the front position

� What I do in the front position depends on what the other player

does in the back position

In order to gain better insight to any possible di�erences in position-

choice, participants were asked them to pick the top 5 reasons (and rank

them from 1 to 5) for how they chose their position in the 7 games with
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the other player. The reasons included:

� My ability to return the ball

� The other player's ability to return the ball

� My desire to try out both positions

� The position I feel I'm better at

� The position I feel the other player is better at

� Whatever helps the team do better

� No particular reason

� My desire to make sure both players get to play

� The position I prefer to play

� My desire to make sure I have fun

� My desire to make sure the other player has fun

� Randomly chose

In order to make a comparison between both types of team-mates, after

completing both rounds of games, participants were asked to compare their

PH and AI team-mates. To minimize the possibility of responses from

the �rst round in�uencing their game-play choices in the second round,

these questions were only asked at the end of both rounds, These questions

included:

� How emotionally di�cult was it for you to choose your position when

playing with the human player?

� How emotionally di�cult was it to choose your position when playing

with the computer player?

The questions used in the questionnaire were not based on previously-

used measures (it is not clear that such pre-existing measures exist), but

the questions were re�ned for validity via feedback received during pilot

testing.

7.2 Results

There are two main results of this study: (1) the manipulation of inter-

dependence between team members reduces the di�erence in how often

participants choose to use the front paddle with their PH compared to

with their AI team-mate; (2) this manipulation also reduces the di�erence

in emotional di�culty participants have in choosing whether to use the

front paddle when playing with their PH team-mate compared to their AI

team-mate.
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7.2.1 Behavioral Results

Figure 7.4: Comparison: percentage of games when team-mate is sidelined

In the INDEPENDENT version, participants chose to sideline (by

choosing the front paddle) their AI team-mate (65.90% of the time) more

often than their PH team-mate (54.84% of the time), as seen in Figure 7.4.

A paired-samples t-test found this di�erence to be statistically signi�cant

(p < 0.01), t(29)=4.08.

In the INTERDEPENDENT version, participants sidelined their AI

team-mate (49.52% of the time) almost as often as their PH team-mate

(46.67% of the time), as seen in Figure 7.4. A paired-samples t-test found

the di�erence to be not statistically signi�cant (p > 0.05), t(29)=0.95.

When playing with the AI team-mate, participants playing the INDE-

PENDENT version of RTB sidelined their team-mate more often (65.90%

of the time) than those who played the INTERDEPENDENT (49.52% of

the time) version. An independent-samples t-test found this di�erence to

be statistically signi�cant (p < 0.01), t(29)=3.62.

When playing with the PH team-mate, participants playing the IN-

DEPENDENT version sidelined their team-mate more often (54.84% of

the time) as those who played the INTERDEPENDENT version (46.67%

of the time). An independent-samples t-test found this di�erence to be

statistically signi�cant (p < 0.05), t(39)=2.18.

7.2.2 Emotional Di�culty Results

In the INDEPENDENT version of RTB, participants reported having more

emotional di�culty in choosing their position with the PH team-mate (3.74
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Figure 7.5: Comparison: Emotional Di�culty ratings of players

out of 10) than with the AI team-mate (1.77 out of 10). A paired-samples

t-test found this di�erence to be statistically signi�cant (p < 0.01), t(30)=-

3.93.

In the INTERDEPENDENT version, participants reported having more

emotional di�culty in choosing their position with the PH team-mate (2.23

out of 10) than the AI team-mate (1.83 out of 10). A paired-samples t-test

found this di�erence to be not statistically signi�cant (p > 0.05), t(29)=-

1.84.

7.2.3 Performance-related results

The average number of balls returned by the team at the end of each

game in when the participant either sidelines the team-mate (by choosing

the front paddle) or not sidelining the team-mate (by choosing the back

paddle) in each version of the game is shown in Table 7.2.

Table 7.2: Team performance in RTB

7.2.4 Experience-related Results

Participants were asked a variety of questions in the self-reported question-

naires at the end of each round of games relating to their experience while

playing each round of games.
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Participants were asked a variety of questions in the self-reported ques-

tionnaires at the end of each round of games relating to their experience

while playing each round of games.

To investigate whether participants were paying attention to the team-

mate and what they were doing while using the back paddle, they were

asked to (1) rate on a Likert scale to what extent they were watching

their AI and PH team-mates while playing; (2) pick three statements that

represented what they were doing while playing using the back paddle.

Results of these two questions are are shown in Table 7.3.

Table 7.3: What participants were paying attention to while playing RTB

Participants in the INTERDEPENDENT condition reported that they

paid more attention to what both types of team-mates were doing than

those in the INDEPENDENT condition.

When they were playing using the back paddle, the four most frequently

chosen reasons participants cited to describe what they were doing were

observing the spawn position of the ball, observing what the other player

was doing, observing how well the other player managed to return the ball,

and observing where the other player was. This was true for games played

with PH and AI team-mates in both versions of RTB.

7.2.5 Choice Rationale Results

In order to understand how participants made their choices, they were

asked to select �ve reasons that they used to make their decisions out of

a list of 13. Table 7.4 shows the frequency and percentage of how often a

reason was chosen out of the total possible times that it could be picked
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(155 in the INDEPENDENT version and 150 in the INTERDEPENDENT

version).

Table 7.4: Reasons for choosing to play using front paddle

The most frequently chosen reasons are those related to performance

of the team. These type of reasons are chosen more frequently in the IN-

TERDEPENDENT version of the game compared to the INDEPENDENT

version, with a di�erence in frequency of about 20% for both the PH and

AI team-mates.

Miscellaneous reasons, which include experimenting with both positions

(�My desire to try out both positions�) and picking without any intention

or purpose (e.g. randomly or with no particular reason) are the next most

common type of reasons chosen. These type of reasons are chosen less

frequently in the INTERDEPENDENT version of RTB compared to the

INDEPENDENT version, and this is true with both PH and AI team-

mates.

The third-most frequently chosen reasons are those that pertain to the

participants' own interests such as preferred positions and making sure

they get to play. These reasons are chosen almost as frequently in the

INDEPENDENT and INTERDEPENDENT versions of the game.

The least frequently chosen reasons are those pertaining to the team-

mates' interests. The frequency of choosing these reasons is lower in the

INTERDEPENDENT version compared to the INDEPENDENT version.

Furthermore the decrease in frequency of choosing these reasons is larger in
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games played with the PH team-mate (11 % decrease) than the AI team-

mate (5 % decrease).

7.2.6 Perception-related Results

Participants were asked to answer a series of questions in the questionnaire

that pertained to their understanding of RTB as a game, and their percep-

tions of how the game worked. The results for these questions are shown

in Table 7.5.

Table 7.5: Participants' perceptions of the relationship between paddles in
RTB

As seen from Table 7.5, the extent to which participants agree with the

statement suggesting that their actions while using the back paddle depend

on those of the front paddle are higher in the INTERDEPENDENT version

than the INDEPENDENT version of RTB.

In terms of the ability of the di�erent paddles to in�uence the outcome

of the game, all participants playing the INDEPENDENT version reported

that the front paddle is more important. The majority of the participants

also reported that the front paddle is much more important in determining

the outcome of the game than the back paddle.

In the INTERDEPENDENT version, the majority of participants re-

ported that both front and back paddles are able to in�uence the outcome

of the game. The majority of participants playing the INTERDEPEN-

DENT version also reported that both paddles were equally important in

determining the outcome of the game.

Table 7.6 indicates participants' idea of whether the respective versions

of RTB are considered team-mate games, and which type of game partici-
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pants think they resemble.

Table 7.6: Participants' impressions of RTB as a team-based game

In both the INDEPENDENT and INTERDEPENDENT versions, par-

ticipants reported that they considered themselves and the other player

(their team-mate) to be members of the same team. Participants consid-

ered themselves and the other player to be more of a team in the INTER-

DEPENDENT version than the INDEPENDENT version.

In the INDEPENDENT version of RTB, the most frequently-chosen

scenario that RTB is similar to is the football scenario, followed by the

tennis doubles scenario. In the INTERDEPENDENT version, the most

frequently-chosen scenario that RTB is similar to is the tennis scenario,

followed by the volleyball scenario.

7.3 Discussion

This section discusses the results of the study, with the use of the trade-o�

calculations and Index of Dependence to provide support in explaining the

behavior and emotional di�culty results.

The Index of Dependence for both versions of RTB show that the ma-

nipulation has not resulted in a signi�cant change in the interdependence

between team members. However, participants do feel that the team mem-

bers are more interdependent with one another, and this is also demon-

strated in how there is increased Joint Control in determining the game's
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outcome in the INTERDEPENDENT version of RTB compared to the

INDEPENDENT version.

The calculations of the trade-o� values show that the manipulation of

scoring information has reduced the di�erence in utility that participants

gain when choosing to sacri�ce the team-mate. This mirrors the behavioral

results of the study.

The calculation of the di�culty in choosing between the two options

illustrates that the manipulation of interdependence between team mem-

bers has reduced the di�erence in di�culty of choosing with the AI and PH

team-mates, and has also eliminated the presence of a trade-o� situation

since the option to play using the back paddle brings much more bene-

�ts to the participant. This result helps to explain why participants have

more similar levels of emotional di�culty in choosing the position in the

INTERDEPENDENT version of RTB compared to the INDEPENDENT

version.

7.3.1 Perceptions of RTB as a team-mate game

The INDEPENDENT and INTERDEPENDENT versions of RTB may

seem drastically di�erent as computer games, since participants have very

di�erent understandings of how each version of the game works. In fact, it

could even be argued that the INDEPENDENT version of RTB (because

of the lack of involvement of the player using the back paddle) cannot be

considered to be a team-mate game at all, since only team member can

play at any point of time. While this may appear to be the case if one con-

siders only each standalone game of RTB in the INDEPENDENT version,

it should be noted that participants are told that a complete round of RTB

consists of a series of 7 games played consecutively with one team-mate.

This is very much similar to decision-making research involving iterated

Prisoners' Dilemma games where each participant plays multiple games

with the same player consecutively.

Also, the results in Table 7.6 suggest that participants do actually con-

sider the INDEPENDENT version of RTB to be a team-mate game, pro-

viding a rating of 3.37 out of 5 for the Likert scale statement I consider

myself and the other player members of the same team. Furthermore, to

further validate their idea of RTB as a team-mate game, the results of

the question asking them which type of team sports scenario that the IN-

DEPENDENT version of RTB resembles, participants indicated that the

football, tennis, bowling and baseball / cricket examples were most repre-
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sentative. From this, it can be inferred that to a degree, participants do

consider the INDEPENDENT version of RTB to be a team-mate game.

7.3.2 Calculating the Index of Dependence (ID)

Calculations of the Index of Dependence (ID) for DTP indicate that be-

tween the INDEPENDENT and INTERDEPENDENT versions of the

game, the values of the ID are about the same. While this suggests that

the level of interdependence between team members was not a�ected by

the manipulation, perception-based results and the values of Joint Control

suggest that in fact that the manipulation a�ected the interdependence

between team members in the INTERDEPENDENT version of RTB com-

pared to the INDEPENDENT version.

Using the 2x2 outcome matrix in Interdependence Theory, it is possible

to represent the relationship between team members in RTB. The num-

ber of balls returned successfully by the team at the end of each game is

used to represent the outcomes as a result of the team members playing

together. Since the study involving RTB intends to manipulate the level

of Interdependence between team members, the outcome matrices for one

example for each version of the game will be shown. A full list of all the

matrices can be found in Appendix B.

For the INDEPENDENT version where the participant plays using the

front paddle with an AI team-mate, the relationship between team members

can represented as shown in Table 7.7.

Table 7.7: Representation of relationship when participant uses front pad-
dle with AI team-mate in INDEPENDENT version)

Since participants are led to believe that the back paddle does not have

any impact on the outcome of the game, then whether or not the team-mate

is successful or unsuccessful in coordinating with the participant, the score

will be dependent solely on whether the participant successfully returns

the ball. If the participant does, then the output will be 3.5, and if the

participant fails, the output will be 0.
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In the case of the INTERDEPENDENT version, the 2x2 matrix is

slightly di�erent. Assuming the same situation of the participant playing

using the front paddle with the AI team-mate, the relationship between

the participant and team-mate can be represented as shown in Table 7.8.

Table 7.8: Representation of relationship when participant uses front pad-
dle with AI team-mate in INTERDEPENDENT version)

In the INTERDEPENDENT version, since participants are made aware

that the back paddle is able to in�uence the position of the ball's spawning,

it would be more e�ective if participants and their team-mates cooperate

to ensure the best possible outcome. Therefore if the team-mate (back)

is successful in coordinating with the participant (front), who manages to

successfully return the ball, then the team will have an outcome of 3.9.

However, if the team-mate (back) is unsuccessful in coordinating with

the participant (front), the team will have an outcome of 3.5, similar to

that of the INDEPENDENT version. The reason for this is that failure

to coordinate in the INTERDEPENDENT version of RTB is similar to

playing the INDEPENDENT version of RTB (where participants do not

believe there is a need for them to coordinate anyway).

Although the front and back paddles need to coordinate with one an-

other in in�uencing the spawn location of the ball, it is still up the front

paddle to hit the ball to continue the game. This is why regardless of

whether the team-mate coordinates successfully with the participant, as

long as the participant fails to successfully return the ball, the team's out-

come will be 0.

With this data, the Actor Control (AC), Partner Control (PC), Joint

Control (JC) and resultant Index of Dependence (ID) can be calculated for

all 8 scenarios for RTB, as seen in Table 7.9.

As seen from Table 7.9, comparing the IDs in the INDEPENDENT and

INTERDEPENDENT versions suggest that any di�erences in the IDs as a

result of the manipulations are not signi�cant. At �rst glance, this would

suggest that the manipulation did not a�ect the level of interdependence
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Table 7.9: Actor Control, Partner Control, Joint Control and Index of
Dependence for 8 possible scenarios in RTB

between team members. In both versions of the game, the ID values for the

participant using the front paddle suggest that the outcome is dependent

largely (if not entirely) on the participant, since the value is 0 or close to

0.

Similarly, the ID values for the participant using the back paddle suggest

that the outcome is dependent largely (if not entirely) on the team-mate

(who is controlling the front paddle). These results are logical because in

both versions of the game, the design is such that only the front paddle

can return the ball, and hence the team's outcomes depend primarily on

the front paddle's ability to return the ball successfully.

Upon closer examination however, examining the values for Joint Con-

trol suggest that there has been some e�ect of the manipulation on interde-

pendence. As Joint Control (JC) represents how the actions of both team

members a�ect the outcome, the JC values illustrate that in the INDE-

PENDENT version, there is no JC between team members, while in the

INTERDEPENDENT version, there is some degree of Joint Control. This

is seen in the situation with both AI and PH team-mates, and also when

participants are playing using either the front or back paddle.

Additionally, when looking at the Actor Control (AC) values when par-

ticipants play using the back paddle, in the INDEPENDENT version of

the game, the AC values for participants is 0. In the INTERDEPEN-

DENT version however, it is clear that participants playing using the back

paddle have some degree of AC though it is small.

Though the ID values for the INTERDEPENDENT version of RTB do

not suggest that the manipulation has actually managed to modify the level

of interdependence between team-mates for each option, results in Table

7.5 suggest otherwise.

The results in Table 7.5 give an indication of how participants perceive
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the relationship between the two paddles in the respective versions of RTB.

As seen from the table, when asked about whether what they do when

playing in the back position depends on what is done in the front position,

participants reported that they agreed more with this statement in the

INTERDEPENDENT version than the INDEPENDENT version.

Also, when asked about their perceptions of about the importance of

both positions and the in�uence of each position on the game, it is clear

that in the INDEPENDENT version, participants feel that it is the front

paddle is clearly more important and able to in�uence the outcome more

than the back paddle. However in the INTERDEPENDENT version, the

majority of the participants believe that both positions are equally impor-

tant and have equal in�uence in determining the outcome of the game,

contrary to what is suggested by the IDs for each paddle that the partic-

ipant uses in the INTERDEPENDENT version. These ID values are still

valid because ultimately according to the design of RTB, it is the front

paddle that determines whether the game continues or ends.

One possible reason why the IDs do not accurately re�ect the change

in the level of interdependence between team members between the two

versions of RTB is what these IDs measure with regards to the design of

RTB as a game. It is clear in RTB that only the front paddle is able

to return the ball, and so in terms of output for the team in terms of

points scored a participant will depend almost entirely on whoever is using

the front paddle. However, as raised earlier, while the overall IDs remain

similar between both versions, the Joint Control di�ers.

This is consistent with the overall idea in RTB's game design � though

both team members are able to contribute towards achieving the goal of

the team, only the front paddle is able to keep the game going by suc-

cessfully returning the ball. This is possibly why some participants in the

INTERDEPENDENT condition still consider the front paddle to be more

important, since failure of the front paddle to return the ball means the

end of the game.

7.3.3 Weightages of Attributes

In RTB, participants are faced with a trade-o� between attributes they may

deem important � team performance and the sidelining of a team member.

As seen from Table 7.4 when ignoring miscellaneous reasons for choosing

a particular position in RTB, the most commonly-chosen reasons are those

relating to performance, followed by those relating to participant's own
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interests, and �nally those relating to the team-mate's interests. These

results suggest the following:

� Participants' consider the team's performance to be the most impor-

tant category of reasons when choosing which position to assign.

� Participants' consider their own interests more important than their

team-mate's interests when choosing which position to assign.

Therefore, the weightages for the di�erent attributes related to the

trade-o� could be assigned in a manner shown in Table 7.10, to re�ect

the importance placed on the di�erent attributes.

Table 7.10: Weightages for RTB

7.3.4 Choosing between options in RTB

The di�erent options that participants get to choose between in each version

of RTB with the respective team-mate (see Table 7.11) can represented in

the format [3], with the assigned weightages for each attribute involved.

The percentages gains and losses in each attribute as a result of choosing

one option over the other are included in parenthesis.

Table 7.11: Gains and Losses for each choice in RTB
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7.3.5 Explaining Behavioral Results

According to the behavioral results, participants playing in the INDEPEN-

DENT version of RTB played using the front paddle more frequently with

their AI team-mates than their PH team-mates. In the INTERDEPEN-

DENT version, the frequency at which they played using the front paddle

with their AI and PH team-mates was about the same. This suggests that

the manipulation of the level of interdependence between team-mates was

able to moderate the di�erence in how frequently participants chose the

front paddle with their AI team-mates compared to with their PH team-

mates.

The rationale for such behavior can be examined in terms of gains or

losses participants feel that the decision of choosing the front or back paddle

will bring them. Using the formula proposed in MAUT, the percentage

gains / losses in participants' utility from choosing to either play using the

front paddle is shown in Table 7.12.

Table 7.12: Gains and Losses for choosing to play in front in RTB

In the INDEPENDENT version of RTB, Table 7.12 shows that par-

ticipants felt that they would gain much more utility from playing using

the front paddle with the AI team-mate compared to the PH team-mate.

The large di�erence in utility gained for using the front paddle with the

AI team-mate compared to the PH team-mate mirrors the signi�cant dif-

ference in frequency of choosing the front paddle in the INDEPENDENT

version of RTB. This helps explain the behavioral results because logically,

if a participant feels they are likely to have larger gains when playing with

an AI team-mate than a PH team-mate, then they would most probably

opt to play using the front paddle more with the AI team-mate than the

PH team-mate.

In the INTERDEPENDENT version of RTB, the table shows that par-

ticipants felt they would gain only slightly more utility when playing with

the AI team-mate than the PH team-mate if they chose to play using the

front paddle. Surprisingly, participants felt that they would actually lose
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utility if they were to play using the front paddle instead of playing using

the back paddle.

These results � the small di�erence in utility lost when choosing to play

using the front paddle and the overall losses when choosing to play using

the front paddle � mirror those of the behavioral results in the game logs.

Firstly, how often participants opt to play using the front paddle with AI

team-mates and PH team-mates is about the same. Secondly, the game

logs show that overall, participants chose to play using the front paddle

less than half the time (49.52% of the time with AI and 46.67% of the

time with PH, as seen in Table 7.4). Considering that participants feel

that overall they lose when using the front paddle in the INDEPENDENT

version, it would thus be logical that they opted to play using the front

paddle less frequently.

7.3.6 Explaining Emotional Di�culty Results

The Emotional Di�culty results in this study show that participants play-

ing the INDEPENDENT version had reported having signi�cantly more

Emotional Di�culty in choosing their position with their PH team-mate

compared to when playing with their AI team-mate. In the INTERDE-

PENDENT condition however, this di�erence was not signi�cant � partic-

ipants reported having about the same amount of Emotional Di�culty in

choosing their position with both types of team-mate. These results suggest

that the manipulation of level of interdependence between team members

was able to moderate the di�erence in Emotional di�culty participants had

in choosing their position with PH and AI team-mates.

The Emotional Di�culty results can be analysed in the context of the

overall gains and losses in utility participants would have in choosing each

option, and how close the two options were in terms of utility � which

determines how di�cult it is to choose between them. The calculations of

the gains and losses in utility, using Chatterjee and Heath's formula [3] is

shown in Table 7.13. A positive value for the di�culty of choice indicates

that the choice was tending towards playing using the front paddle.

Based on the data in Table 7.13, it suggests that the di�erence in di�-

culty of the choice participants had to make with AI and PH team-mates

was larger in the INDEPENDENT version than the INTERDEPENDENT

version. This mirrors the results of the di�erence in Emotional Di�culty

ratings for this version of the game. This suggests that the manipulation of

interdependence between team members was able to moderate this di�er-
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Table 7.13: Di�culty in choosing between options in RTB

ence in Emotional Di�culty participants had when choosing their positions

with AI and PH team-mates.

7.3.7 Elimination of Trade-o�s

The results in Table 7.13 also highlight something else about the e�ect

of increasing the level of interdependence between team members � the

trade-o� in choosing between the two positions has been eliminated. When

looking at the gains and losses for choosing the front and back paddles in

the INTERDEPENDENT version of RTB, it is clear that opting to use the

front paddle gives participants only losses in utility (but no gains). Opting

to use the back paddle in this version of RTB gives participants only gains

in utility (but no losses).

As such, there does not seem to be a trade-o� between attributes that

exists in the choices available to participants in the INTERDEPENDENT

version of RTB � it makes more sense to opt to play using the back paddle

more than it does to use the front, because if a participant is thinking in

terms of utility gained, using the front paddle is disadvantageous.

It can thus be inferred that in this case, the manipulation of the level of

interdependence between team members in RTB has been able to eliminate

the trade-o� that exists between the attributes of team performance and

sidelining a team member. This is because the increased level of interde-

pendence between team members has managed to remove the losses that

would arise from sidelining a team member.

7.4 Summary

This chapter did the following:

� Provided a detailed description of the study design regarding the

participants, study protocol and data measured
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� Described the game used for the study (Return the Ball) and the

experimental manipulations used to examine the research question

� Presented and analysed the behavioral results: the increase in in-

terdependence between team members reduced the di�erence in how

often participants chose to play using the front paddle with their AI

team-mate compared to their PH team-mate when comparing the

INDEPENDENT and INTERDEPENDENT versions.

� Presented and analysed the emotional di�culty results: the increase

in interdependence between team members reduced the di�erence in

emotional di�culty that participants felt in choosing to play using

the front paddle compared to their AI team-mate when comparing

the INDEPENDENT and INTERDEPENDENT versions.
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Chapter 8

Comparative Analysis

This chapter analyses the results of both studies, comparing

the behavioral and emotional di�culty results of Study 01 (De-

fend the Pass) against that of Study 02 (Return the Ball). It

explains why the manipulation in Defend the Pass only moder-

ates the behavioral di�erences while the manipulation in Return

the Ball moderates behavioral and emotional di�culty di�er-

ences. This is because the manipulation in Return the Ball

eliminates the trade-o� situation but the manipulation in De-

fend the Pass does not. The analysis provides designers with

three insights that can help in the design of cooperative games�

designers should (1) Address both behavioral and emotional

di�culty di�erences; (2) Address the trade-o� situation and

(3) Exercise caution when manipulating interdependence. This

chapter also addresses any potential objections that could be

raised regarding the studies conducted for this thesis.

8.1 Analysis of Games � DTP vs RTB

This section examines the behavioral and emotional di�culty results of

the two studies and compares them with one another. The e�ect of the

manipulations on behavioral results of each study are because they have

an impact on information that participants use in their decision-making

process.

The manipulation in RTB is able to reduce the di�erence in emotional

di�culty because it changes the nature of the choice that needs to be made,

by eliminating an attribute (sidelining the team-mate) that contributes to

the trade-o� being present. The manipulation in DTP does not reduce

67



the di�erence in emotional di�culty because it does not a�ect an attribute

that determines the nature of the choice made � participants playing the

SCORE and NO-SCORE versions are reminded of their decision to sacri�ce

their team-mate.

8.1.1 Behavioral Responses

In the two studies, the respective manipulations were able to moderate

participants' behavior. In Study 01, the manipulation of the visibility of

scoring information in DTP reduced the behavioral di�erence in how often

the team-mate was sacri�ced when comparing rounds played with the PH

and AI team-mates (see Figure 8.1). In Study 02, the manipulation of

the interdependence between team-mates in RTB reduced the behavioral

di�erence in how often the participant chose to play using the front paddle

when comparing rounds played with the PH and AI team-mates (see Figure

8.2).

Figure 8.1: Behavioral responses in Score and No-Score versions of DTP

In both studies, it is also clear that the manipulations only have an ef-

fect on the behavioral responses towards the AI team-mate, which was con-

�rmed by conducting Independent samples t-tests. These tests showed that

there were statistically signi�cant di�erences in how participants responded

towards the AI team-mate in the DTP's SCORE vs NO-SCORE and RTB's

INDEPENDENT vs INTERDEPENDENT versions of the games. Such

di�erences were not observed with the PH team-mate in both studies.
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Figure 8.2: Behavioral responses in Independent and Interdependent ver-
sions of RTB

8.1.2 Emotional Di�culty

In the two studies, only the manipulation of interdependence between team-

mates in RTB reduced the emotional di�culty di�erence when comparing

rounds played with the PH and AI team-mates (see Figure 8.4). The

manipulation of visibility of scoring information in DTP was not able to

reduce the emotional di�culty di�erence when comparing rounds played

with the PH and AI team-mates (see Figure 8.3).

Figure 8.3: Emotional Di�culty in Score and No-Score versions of DTP

In RTB, it is clear that the manipulation of interdependence between

team-mates only has an e�ect on the emotional di�culty when playing

with the PH team-mate, which was con�rmed with the by conducting an

Interdependent Samples t-test. This test showed that there was a statis-

tically signi�cant di�erence in participants' emotional di�culty with the
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Figure 8.4: Emotional Di�culty in Independent and Interdependent ver-
sions of RTB

PH team-mate in the INDEPENDENT vs INTERDEPENDENT versions

of the games.

8.1.3 DTP: Explaining the Results

The manipulation of the visibility of scoring information is able to moderate

the di�erence in behavior with PH and AI team-mates in the NO-SCORE

version compared to the SCORE version because participants have one less

attribute that they can consider in the decision-making process. The ma-

nipulation is unable to moderate the di�erences in emotional di�culty in

the NO-SCORE version compared to the SCORE version because partici-

pants are reminded about whether the team-mate will survive or be killed

regardless of whether scoring information is visible or not.

In DTP's SCORE version, the two factors that in�uence participants'

decisions about whether to sacri�ce their team-mate are succeeding at the

game and the survival of the team-mate. These factors are in con�ict with

one another, and in each option, a participant can choose between (sacri�ce

or protect), with a trade-o� between these two factors. In order to choose

between sacri�cing and protecting the team-mate, they use some available

information � performance information (in terms of score and estimation

of monsters killed) and status of the team-mate (sacri�ced or protected).

In the NO-SCORE version, the removal of scoring information reduces

the behavioral di�erences when comparing between PH and AI team-mates.

This is because by removing the score, participants only have the estimation

of the number of monsters killed to give an indication of team performance.

This reduction in visual information impacts their ability gauge the conse-
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(a) Sacri�cing (Score) (b) Sacri�cing (No-Score)

(c) Protecting (Score) (d) Protecting (No-Score)

Figure 8.5: Comparison of decisions in SCORE and NO-SCORE version of
DTP

quences of their choices on performance, and would a�ect how often they

decided to sacri�ce their team-mate.

The manipulation of visibility of scoring information does not reduce

emotional di�culty di�erences when comparing between PH and AI team-

mates in the NO-SCORE version of DTP. This is because even though the

information about the score has been removed, participants still have a

clear reminder about the status of the team-mate as a consequence of their

choice. As a result, the trade-o� present in the SCORE version of DTP is

also present in the NO-SCORE version, explaining why the di�erence in

emotional di�culty is not reduced.

8.1.4 RTB: Explaining the Results

The manipulation of the level of interdependence between team members

is able to moderate the di�erence in behavior with PH and AI team-mates

in the INTERDEPENDENT version compared to the INDEPENDENT

version because the understanding about the roles of both paddles changes

� both paddles can now contribute to the team's success rather than having

to only depend on the front paddle. The manipulation is able to moderate

the emotional di�culty di�erences in the INTERDEPENDENT version

of RTB because by increasing the level of interdependence between team

members, it eliminates the possibility of a team member getting sidelined

when they are assigned to then back paddle. This removes the trade-o�
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situation, and no longer makes it more emotionally di�cult to choose which

paddle to use when playing with the PH team-mate compared to the AI

team-mate in the INTERDEPENDENT version.

In RTB's INDEPENDENT version, the two factors that in�uence par-

ticipants' decision about whether they put themselves or their team-mate

in front paddle are succeeding at the game and whether a team member

is being sidelined. These two factors are in con�ict with one another, and

each option a participant can choose between (own use of front paddle

or team-mate use of front paddle), there is a trade-o� between these two

factors. In order to choose between taking the front paddle themselves

or letting the team-mate take the front paddle, they use some available

information � performance information (in terms of number of balls suc-

cessfully returned) and which team member is being sidelined by using the

back paddle.

(a) PlayerFront (Independent) (b) Player Back (Independent)

(c) Player Front (Interdepen-

dent) (d) Player(Interdependent)

Figure 8.6: Comparison of decisions in INDEPENDENT and INTERDE-
PENDENT version of RTB

In the INTERDEPENDENT version of RTB, the interdependence be-

tween team members reduces behavioral di�erences when comparing be-

tween rounds played with PH and AI team-mates. This is because by

making the team members interdependent, it suggests although only the

front paddle is able to hit the ball, the back paddle is able to make the front

paddle's task easier. This suggests to players that the paddles embody dif-

ferent roles that both contribute towards overall collective performance.

The change in their understanding of the nature of the two paddles would
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then a�ect how often they chose to use the front paddle.

The manipulation of interdependence between team members in the

INTERDEPENDENT version of RTB reduces the di�erence in emotional

di�culty when comparing rounds played with PH and AI team-mates. This

is because by making team members interdependent, both paddles are now

able to contribute towards overall collective performance, without either of

the team members getting sidelined. The information available to partici-

pants about performance and the team member in the back paddle remains

the same in both versions of RTB. However, the information about which

team member is being sidelined by using the back paddle is removed � mak-

ing the two paddles interdependent results in neither team member being

sidelined. Furthermore, since the back paddle is able to make it easier for

the front paddle to return the ball successfully, the likelihood of succeeding

in the game is higher. As a result, the trade-o� between succeeding at the

game and a team member being sidelined is eliminated, explaining why the

di�erence in emotional di�culty is reduced.

8.2 3 Insights for Designing Real-time Coop-

erative Games

The �ndings and analyses of the study results found that in order for game

designers to reduce the di�erence in how players respond towards human

and AI team-mates, they need to consider both the behavioral and emo-

tional di�culty aspects of decisions they present players with.

The analyses also show that addressing the trade-o� situation is neces-

sary if a designer wants to moderate this di�erence in responses. Lastly,

while moderating the level of interdependence between team members is a

good means of removing trade-o� situations, designers must be aware that

even seemingly simple changes to the interdependence between team mem-

bers can change the nature of the relationship between them in a variety

of ways.

8.2.1 Address Behavioral and Emotional Di�culty

Di�erences

Designs that seek to ensure that the di�erence in players' experiences of

a game with human and AI team-mates must not only address behavioral

di�erences but emotional di�culty di�erences as well. This is because in
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situations where players have to make decisions involving their team-mates,

it is necessary to examine not only what choice was made, but also how

di�cult it was to make the choice (i.e. the emotional di�culty involved in

decision-making).

The research does not suggest that designers should not include choices

that give players emotional di�culty, but instead suggest that the emo-

tional di�culty experienced when playing with with human team-mates

compared to when playing with AI team-mates should be more similar rel-

ative to each other. This means that designers can use this information

and present players with choices that are emotionally di�cult, but are as

emotionally di�cult with an AI team-mate as they would be with a human

team-mate.

8.2.2 Address the Trade-o� situation

When designers want to ensure that player's have similar types of experi-

ences with AI and human team-mates in terms of behavior and emotional

di�culty involved in the choices, they must examine the attributes that

contribute towards the decision-making process for these choices. In other

words, they must address the trade-o� situation.

As established by Ong & McGee [21], a general trade-o� situation stems

from players wanting the team to perform well vs wanting to be a �good

team-mate�. The manipulation in DTP (removing scoring information)

only makes it less accurate for a player to determine performance, but does

not a�ect the desire to be a �good team-mate� because choosing to sacri�ce

their team-mate has a negative impact on the team-mate's experience of

the game (i.e. the team-mate will die).

The manipulation in RTB (increasing the interdependence between

team members) changes the relationship between the player and the team-

mate � both are now able to contribute towards team performance and

neither will be left out as a result of the decision. This manipulation a�ects

the desire to be a �good team-mate� because choosing to let the team-mate

use the back paddle no longer has a negative impact on the team-mate's

experience of the game (i.e. the team-mate will be able to contribute and

not be side-lined).

The research does not suggest that games should not have trade-o�

situations at all, since giving players hard choices can help add to the

richness of the experience. What it does suggest is that if the trade-o�

involves an attribute that is linked to the player's desire to be a �good
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team-mate�, then the emotional di�culty involved in the decision-making

is likely to be signi�cantly higher with the human team-mate than the AI

team-mate.

8.2.3 Be Cautious When Manipulating Interdepen-

dence

In this thesis, manipulating the interdependence between team members

is shown to be a good way to help reduce the di�erence in behavior and

emotional di�culty players have when making decisions. However, as high-

lighted by Wageman [30], interdependence is a complex concept with many

di�erent interpretations and de�nitions.

It has been suggested that the Index of Dependence (ID) can serve as

an empirical means of calculating the dependence of one team member

on another. Though it can serve as an indicator of whether team mem-

bers are really more dependent on one another as a result of a particular

manipulation, it only measures this in terms of the team's outcomes.

As seen from the study involving RTB, the Index of Dependence values

for INTERDEPENDENT version of RTB do not seem signi�cantly di�er-

ent from those of the INDEPENDENT version. This is a result of the

unique nature of Return the Ball, where only the front paddle is able to

return the ball.Despite this, participants still report that there is a di�er-

ence in how much the team members depend on one another, based on the

perception-related results of the study. On closer examination of the re-

lationship between team members in the INTERDEPENDENT condition,

team members depend on each other in a variety of ways, with examples

of sports providing an analogy of the circumstances of each.

Both team members depend on one another because the performance

of the team is dependent on the number of balls returned by the team

member controlling the front paddle during each of the seven games, since

only the front paddle can return the ball. However, the results show that

on average, each team member does get to spend some time using the

front paddle, and thus the participant needs to depend on the team-mate's

performance to a certain extent. An example from sports that has a similar

type of situation is team bowling, where each member of the bowling team

adds to the combined score of each bowler, though only one member can

bowl at any point of time.

Also, team members are dependent on each other not only do they

need to pay attention to the ball, but also to the position of their team-
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mate in order to succeed. This is because the spawn position of the ball

is determined by the positions of the front and back paddles relative to

each other. This is similar to the situation in doubles tennis � both players

on the court have to pay attention to each other's position (to make sure

maximum coverage of the court), as well as where the ball is coming from.

Though only one team member is able to hit the ball, both must adjust their

positions in relation to each other to maximize the chance of successfully

returning the ball.

Finally, team members depend on one another because of the nature

of the roles and abilities of each paddle. The front paddle is the one that

is able to return the ball, and helps ensure the success of the team in the

process. The back paddle, though unable to return the ball, is able to make

it easier for the front paddle to return the ball by in�uencing the spawn

position of the ball such that it is closer to the front paddle. This is similar

to the situation in volleyball, where one team member can help the other

�set up� the ball for a return.

As can be seen from these three examples, the simple manipulation

of interdependence between team members (by revealing the relationship

between the front and back paddles) has resulted in quite a few changes in

terms of how team members depend on one another. Also, while there has

been no change in the fact that only the front paddle is able to return the

ball, but it is clear that the team members are more interdependent.

8.3 Possible Objections

This section highlights and addresses possible objections to di�erent aspects

of the research described in this thesis. Possible objections raised about the

experimental design employed include the use of these real-time cooperative

games instead of typical prisoners' dilemma games, the duration of each

game played within a round, the use of a between-subjects design and the

slight deception of using an AI team-mate to play as the PH team-mate.

Possible objections raised about the measurement and analysis of data

include the measurement of the concept of Emotional Di�culty, and the

choice of statistical analyses used to interpret the results.

8.3.1 Experimental Design

There may be some readers who feel that the nature of the research prob-

lem being examined does not warrant an experimental design that varies
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from conventional game theory experimental setups, since the researcher is

investigating manipulations a�ecting choices made by participants.

While the use of typical Game Theory experimental setups can also

measure the emotional di�culty and behavioral di�erences in the decision-

making process with human and AI team-mates, their nature of just making

a decision without the additional feature of playing the game with the

consequences of the earlier decision can be considered to be somewhat

simplistic. Through the inclusion of the gameplay phase where there is

real-time coordination and interaction with the team-mate, this is more

representative of the actual context of computer games.

8.3.2 Game Duration

Another possible objection is that the duration of the game sessions were

relatively short and that the overall behavior or self-reported experience

of participants may have been di�erent if they had a longer period of ex-

posure to their teammates. However, the amount of exposure participants

had is similar to the duration in other games studies [11] and there was no

indication that playing longer would have made a di�erence. In fact, pro-

longing the game sessions by adding more games to a round may result in

the unintentionally in�uencing participants' decisions due fatigue or bore-

dom. Participants in the DTP study played 14 games (four tutorial, four

AI team-mate, four PH team-mate) while those in the RTB study played

18 games (four tutorial, seven AI team-mate, seven PH team-mate).

8.3.3 Between-Subjects Design

Counterbalancing was done in both experiments to ensure that order ef-

fects were ruled out, but there might still be objections about the use of

a between-subjects design in the studies. The use of the between-subjects

design in this 2x2 experiment meant that participants in the respective

experiments were exposed to only one version of the cooperative game,

rather than being shown both versions. The objection that could be raised

is that there might be signi�cant variability between the two groups � or

signi�cant observer (researcher) expectancy bias.

As noted earlier regarding both studies, the two groups were equivalent

in terms of age and gender distribution. Statistical analyses found that

across the other demographic data categories collected such as experience

playing games, cooperative games, or cooperative games with AI team-

mates etc, any di�erences were not statistically signi�cant.
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In terms of expectancy bias, the study was not designed or conducted

with the goal of con�rming a particular outcome. Rather, it was designed to

see whether there was a particular correlation. Beyond that, although the

same researcher conducted the sessions and ran the quantitative analysis on

the results, the substantive results were quantitative (game-play logs and

Likert-like responses) and thus did not involve coding or interpretation.

It is therefore unlikely that the substantive results of the paper were the

result of group variance or research expectancy bias.

8.3.4 Human confederate as team-mate

Another potential objection to be raised is that having an actual human

team-mate playing with the participants (rather than an AI team-mate)

may have led to di�erent results from those obtained. The studies were

structured such that when playing with the PH team-mate, participants

were told they were playing with a remotely-located team-mate, who joined

the game via the network. Thus, even if the team-mate was an actual hu-

man confederate instead of the PH team-mate, the structure of the sessions

would remain as originally designed � participants would not see or interact

directly with their team-mate outside of the game.

In addition, both games are simple enough to leave little or no room

in terms of variation in playing style (as evidenced by the number of par-

ticipants who used similar strategies in the game). It is therefore unlikely

that the use of an actual human team-mate rather than an AI would have

made a noticeable di�erence to the participants in terms of gameplay.

8.3.5 Measurement of Emotional Di�culty

One issue that may be considered problematic when examining the results

of this thesis is the measurement of emotional di�culty involved in the

decision-making process in each study. As seen from the questionnaire,

participants are asked about how di�cult it is to choose their position

when playing with the di�erent team-mates. It could be argued that this

question does not directly address the con�ict between the two attributes

they use in the decision-making process (e.g. protecting the team-mate vs

team performance in DTP).

Though the questionnaire does not directly address the con�ict during

decision-making in the two studies, it still requires participants to gauge

how di�cult it was to make the choice of position. Since the results show

there is higher emotional di�culty in the decision-making with the PH
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team-mate than the AI team-mate in some versions of the respective games,

it indicates that participants do feel that some degree of con�ict in the

decision-making process exists for them.

Another objection that could follow-on from this is the fact that the

types of emotional di�culty experienced by participants in each of the

studies may not necessarily be the same, which would make it di�cult to

generalize the results. In other words, the emotional di�culty participants

experienced in DTP could be very di�erent from that in RTB, due to the

nature of the respective games and the trade-o�s involved in each. While

this concern is valid, it should be noted that what this thesis aimed to

do was examine how the di�erence in emotional di�culty in choices made

with human and AI team-mates could be moderated, and does not include

the types or categories of emotional di�culty as part of its scope.

8.3.6 Choice of Statistical Analyses

The 2x2 nature of the experimental design used in both studies would lead

some to suggest that it would be more appropriate to use an ANOVA rather

than independent-samples and paired-samples t-tests when analyzing the

results.

The aim of these studies are not to determine if there is any interaction

that occurs involving the between-subjects and within-subjects factors. In-

stead the studies focus on how the respective manipulations moderate the

comparative di�erence in how participants respond to PH and AI team-

mates. An ANOVA would be more appropriate in an experimental set up

where there is a comparison being made between multiple pairs. This would

help reduce type-I bias that can occur when there are three or more within-

subjects conditions being compared. Since the between-subjects conditions

have only one pair each for this study, the use of t-tests would be su�cient.

8.4 Summary

This chapter did the following:

� Compared the behavior and emotional di�culty results of the studies

using Defend the Pass (DTP) and Return the Ball (RTB)

� Explained the results for the study using DTP: The manipulation of

visibility of scoring information does not reduce emotional di�culty

di�erences because participants still have a clear reminder about the

status of the team-mate as a consequence of their choice.
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� Explained the results of the study using RTB: The manipulation of

interdependence between team members reduces the emotional di�-

culty di�erences because by making team members interdependent,

both paddles are now able to contribute towards overall collective

performance, without either of the team members getting sidelined.

� Provided three insights for designers who want to ensure players re-

spond similarly towards human and AI team-mates. Designers should

(1) Address both behavioral and emotional di�culty di�erences; (2)

Address the trade-o� situation and (3) Exercise caution when manip-

ulating interdependence.

� Addressed potential objections towards the setup up of the experi-

ment, the methodology of data collection, and the statistical analyses

employed to interpret the data.
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Chapter 9

Conclusion

This chapter provides a summary and recap of this thesis, giv-

ing an overview of the results and �ndings of the two studies

conducted. It also lists the contributions of this thesis to exist-

ing body of knowledge, and sets the direction for future work

that can be done to extend this research.

This thesis examined the results of two studies that found that in or-

der to moderate the di�erence in responses towards human and AI team-

mates, the manipulations must address and eliminate the trade-o� that ex-

ists between the attributes involved in the decision-making process. This

contributes to existing knowledge by showing that the di�erence in re-

sponses towards human and AI team-mates can be moderated such they

are treated more similarly. However, both behavioral and emotional dif-

�culty di�erences must be addressed. The thesis also suggests that while

interdependence between team members is a good means to use to moder-

ate this di�erence, interdependence itself is a complex concept, and even

small changes can a�ect the relationship between team members in various

ways. This chapter also suggests future work that can be done to follow

up on this thesis, such as examining the e�ect of di�erent types of interde-

pendence on moderating the di�erence towards human and AI team-mates,

or to examine the di�erent types of emotional di�culty players may have

when making decisions.

9.1 Contributions

Two studies were carried out to determine what manipulations could mod-

erate the di�erence in responses towards human and AI team-mates in

real-time cooperative games. The �rst involved the game Defend the Pass
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(DTP), where participants chose between sacri�cing and protecting their

team-mate. In this study, the visibility of scoring information was manipu-

lated, and results showed that while di�erences in behavior were moderated,

di�erences in emotional di�culty were not. The second involved a game

Return the Ball (RTB), where participants chose between controlling the

front paddle or back paddle. In that study, the interdependence between

team members was manipulated, and results showed that di�erences in

behavior and emotional di�culty were moderated.

The results also demonstrated that manipulating the interdependence

between team members was able to eliminate the trade-o� between at-

tributes used by participants in the decision-making process. However,

manipulation of the visibility of scoring information did not eliminate the

trade-o� between attributes used by participants in the decision-making

process.

These results suggest two things about the approach that game design-

ers of cooperative games should bear in mind when wanting to ensure that

players' experiences with a computer team-mate are similar to those with

a human team-mate. Firstly, it is necessary to address both the behavior

and emotional di�culty involved in the decision-making process in order

to truly moderate the di�erence in responses. This can be achieved by

eliminating the existing trade-o� between the attributes that exist in the

decision-making process.

Secondly, while interdependence is a good means of moderating these

behavioral and emotional di�culty di�erences, even a simple manipulation

of the relationship between team members (by making them more inter-

dependent) can result in a change in the ways that they depend on each

other.

9.2 Future Work

The work of this thesis opens up directions for future work in this area.

One such direction would be to examine how di�erent types of interde-

pendence (rather than just level of interdependence) is able to moderate

the di�erence in how people respond towards human and AI team-mates.

Findings relating to this would be useful because they could provide game

designers more speci�c and helpful information about how to incorporate

di�erent types of interdependent relationships between team members into

the design of games that require cooperation.

Another possible direction for research would be to examine the types
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of emotional di�culty experienced by players when faced with trade-o�s,

and what kind of design decisions could be taken to target these speci�c

types of emotional di�culty if the designers had an intention of ensuring

that responses towards human and AI team-mates were more similar.
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Appendix A

Interdependence Theory

Matrices for Defend the Pass

Table A.1: Representation of relationship when participant protects AI
team-mate in NO-SCORE version

Table A.2: Representation of relationship when participant sacri�ces AI
team-mate in NO-SCORE version

Table A.3: Representation of relationship when participant protects PH
team-mate in NO-SCORE version
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Table A.4: Representation of relationship when participant sacri�ces PH
team-mate in NO-SCORE version

Table A.5: Representation of relationship when participant protects AI
team-mate in SCORE version

Table A.6: Representation of relationship when participant sacri�ces AI
team-mate in SCORE version

Table A.7: Representation of relationship when participant protects PH
team-mate in SCORE version

Table A.8: Representation of relationship when participant sacri�ces PH
team-mate in SCORE version
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Appendix B

Interdependence Theory

Matrices for Return the Ball

Table B.1: Representation of relationship when participant uses Front pad-
dle with AI team-mate in INDEPENDENT version)

Table B.2: Representation of relationship when participant uses Back pad-
dle with AI team-mate in INDEPENDENT version)
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Table B.3: Representation of relationship when participant uses Front pad-
dle with PH team-mate in INDEPENDENT version)

Table B.4: Representation of relationship when participant uses Back pad-
dle with AI team-mate in INDEPENDENT version)

Table B.5: Representation of relationship when participant uses Front pad-
dle with AI team-mate in INTERDEPENDENT version)

Table B.6: Representation of relationship when participant uses Back pad-
dle with AI team-mate in INTERDEPENDENT version)
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Table B.7: Representation of relationship when participant uses Front pad-
dle with PH team-mate in INTERDEPENDENT version)

Table B.8: Representation of relationship when participant uses Back pad-
dle with AI team-mate in INTERDEPENDENT version)
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