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Abstract

This thesis covers research into the use of everyday objects as props in first-person aug-

mented reality action games. The thesis aims to answer three research questions:

• RQ: Do more commonly chosen everyday objects provide a more immersive experi-

ence when used as props in a first-person augmented reality action game?

– SQ1: Can a consensus be reached for what types of everyday objects are used

as props in a first-person augmented reality action game?

– SQ2: How can everyday objects be used as props in a first-person augmented

reality action game?

An elicitation study was performed to investigate these research questions. Participants

in the study were offered a range of everyday objects that they could select as a prop to

control a virtual sword, shield and then crossbow. Each participant completed a short

game task with each virtual object, using their selection, filled in a questionnaire to

measure their immersion and completed a short interview after all tasks were completed.

Results from the study indicate that no, more commonly chosen everyday objects do

not necessarily provide a more immersive experience when used as props in a first-person

augmented reality action game - due to no significant differences found between immersion

scores for the consensus and remaining objects. Yes, a consensus can be reached for what

types of everyday objects are used as props in a first-person augmented reality action

game but not necessarily for all virtual objects - the sword was found to have medium

agreement with a shoehorn as the most popular choice, the shield was found to have high

agreement with a pot-lid as the most popular choice and no consensus was found for the

crossbow object. The qualitative results indicated that everyday objects can be used as

props in a first-person augmented reality action game by providing intuitive ways to use

the everyday objects that mimic how players would expect the virtual objects to be used

and activated.
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0.1 List of Abbreviations

• AR - Augmented Reality

• ARI Questionnaire - Augmented Reality Immersion Questionnaire

• FoV - Field of View

• GUI - Graphical User Interface

• HMD - Head Mounted Display

• TUI - Tangible User Interface

• VR - Virtual Reality

0.2 Glossary of Terms

• Agreement Rate - A measure used to describe how much a population agrees on

the consensus set in an elicitation study. Further information and formulae found

in Section 5.1.

• Consensus set - The group of the most commonly chosen proposals for the set of

referents.

• Discarded set - All proposals elicited that aren’t included in the consensus set.

• Elicitation study - A participatory design method where participants describe

their preference on how to initiate a particular response by a system. For example

a participant might define a pinch gesture to resize a 3D object.

• Field of View - The extent to which visual content can be observed when presented

in a head mounted display.

• Immersion - The sense of virtual content in an AR experience being real or belong-

ing in the real world. In this thesis wherever immersion is referred to as a measurable

quantity it is referring to measurement using the ARI questionnaire (Georgiou &

Kyza, 2017).

• Proposal

– The interaction method chosen by a participant for a given referent during an

elicitation study.
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– For the study described, this is specifically the everyday object chosen by a

participant.

• Referent

– The functionality within a system that a participant will propose an interaction

for during an elicitation study.

– For the study described, this is specifically the virtual object the participant

is choosing an everyday object to represent.
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Chapter 1

Introduction

This thesis is an exploration into how people can utilise everyday objects as props for

augmented reality experiences. In order to give readers necessary background information

this chapter will cover some important definitions and concepts beginning with defining

mixed reality (both virtual and augmented reality). Virtual reality is technology that fully

immerses the user in a virtual environment, most commonly this is achieved through the

use of a head mounted display which presents appropriate stereoscopic visual information

(Shibata, 2002). Augmented reality is a little more broad in its definition, but can be

summarised according to R. T. Azuma (1997) as requiring three features: it must combine

real and virtual content, the virtual content must be able to be interacted with in real

time, and the virtual content must be registered in three dimensions - that is to say it

must appear to be placed in the real world. Some AR implementations include: AR

on mobile phones which overlays virtual content over images of the real world using the

phone camera, head mounted displays which display virtual content between the users

eyes and the real world environment, and projected AR which uses projectors to display

virtual content on real world objects (R. Azuma, 2004).

Despite the increasing prevalence of experiences built on immersive technologies such

as Augmented Reality and Virtual Reality, designing effective methods of supporting

interaction with virtual content still remains a challenge. Often these experiences lack

any physical representation of virtual objects, requiring users to resort to non-tangible

interaction methods, such as speech or gestures (Billinghurst et al., 2015).

When people encounter a real object, they can often intuitively understand how they

can interact with it through its “affordances”. Norman (2013) defines affordances as “a

relationship between the properties of an object and the capabilities of the agent that de-
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termine just how the object could possibly be used”. Figure 1.1 shows some affordances

of everyday objects. By combining real and virtual elements, Augmented Reality experi-

ences can be designed to use the affordances of the real objects for interaction with the

virtual objects, through tracking both the user and real world objects (Poupyrev et al.,

2002), an interaction technique typically referred to as “Tangible User Interfaces” (TUIs).

However, in existing applications which use physical objects to interact with virtual con-

tent, the interactions supported are typically designed and dictated by the experience

designer, often without much consideration for the user or affordances of the physical

object. In the absence of these affordances it becomes much less intuitive for an individ-

ual to interact with the system, a burden is placed on the user to learn the methods to

interact with the system, such as memorising certain gestures or spoken commands. By

exploiting physical affordances TUIs can offer users ways to interact in an AR system

that can be more accurate (Datcu et al., 2015) and faster (Henderson & Feiner, 2008)

than other methods like non-tangible gestural control.

(a) The handle on a mug affords gripping. (b) The dial on a stereo affords turning.

Figure 1.1: Two simple affordances on everyday objects.

Tangible user interfaces also provide the user with haptic feedback - or a sense of

touch. Haptic feedback broadly falls into one of two categories, passive or active. Active

haptic feedback involves applying some form of powered stimulus, such as a vibration,

while passive haptic feedback simply relies on the properties of static objects to provide

the feedback, such as the weight or physical shape of an object. Haptic feedback can
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increase realism when interacting with Tangible User Interfaces, for example providing

someone with a better sense that they are holding a virtual Lightsaber by giving them a

torch to hold (Simeone et al., 2015).

Outside of practical applications, such as improving a user’s performance in complet-

ing tasks while using AR, tangible user interfaces and passive haptics have applications

in entertainment, particularly video games (Thomas, 2012). From a commercial perspec-

tive, tangible interfaces and haptic feedback have primarily been provided through novel

controllers or controller peripherals. These devices often have motion sensing hardware

integrated, with examples including the Nintendo Wii remote or PlayStation Move and

PlayStation camera (LaViola & Marks, 2010). These additional controllers and peripher-

als can provide the player with a better sense of being immersed in the game world, for

example a user might feel more like they are wielding a gun in a VR game if they using

Sony’s PS VR aim controller (Byford, 2021) (shown in Figure 1.2) instead of a normal

PlayStation controller. All of these controllers and peripherals come with the drawback

that they cost money and often will only be usable with a more narrow selection of games

than a more generic controller.

Figure 1.2: Sony’s PlayStation VR Aim Controller (Sony, n.d.)

Augmented reality using a head mounted display offers a good medium to explore

the use of TUIs in a first person perspective game environment, as the player is placed

directly in the virtual environment rather than adjacent to it, as in typically the case

in mobile or projected AR. AR also allows a player to have the freedom to easily move

about their space due to being able to see their real world surroundings. Mixing virtual
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and real environments in AR also naturally lends itself to transforming real world objects

into parts of a virtual game. Given that head mounted AR displays are not readily

affordable to the public, AR gaming using head mounted displays has not been widely

explored commercially. That said, the potential for entertainment experiences is there

for gaming using AR head mounted displays (HMDs) due to the novelty it can offer by

transforming the world and objects around the player. Once AR HMDs become more

affordable to consumers it will be useful to know how to design TUIs for them to provide

more immersion than purely audio-visual experiences can.

The research in this thesis aims to explore the use of tangible user interfaces and

passive haptics in first-person perspective, AR action game experiences. The goal is to

help understand how users might want to interact with virtual content using physical

props1 in AR environments without the restrictions of expensive peripherals or custom

controllers. This research builds upon prior work on TUIs, passive haptics and the use of

everyday objects in AR, and applies these to first-person perspective, AR action games.

The thesis aims to answer the following primary research question: Do more commonly

chosen everyday objects provide a more immersive experience when used as props in a

first-person augmented reality action game?

There are several reasons why we believe the use of everyday objects as AR controllers

is worth exploring. First, it removes the need for players to buy additional peripherals.

Second, it provides tactile feedback when interacting with virtual objects, and thus pro-

vides a more immersive and entertaining experience. Finally, the ability to turn everyday

objects into virtual objects provides a novel experience and would allow players to bring

their own personal touch to the game through the objects they choose to utilise.

One of the aims of this research is to develop a reference for designers creating TUIs

for AR games using HMDs. With this, designers will be better informed about which

everyday objects they should aim to recognise with their systems, and how consumers

might want to utilise these objects to interact with the game they are designing. For

example, if it was shown by the study that users preferred to use a hand-grip sized cylin-

drical objects as guns and yell ‘bang’ to fire it, the designers of future games would know

to recognise these objects in the environment and that they would need to recognise when

a user shouted ‘bang’. The research could also help to define interactions for toolkits

like the Microsoft Mixed Reality Toolkit (MRTK), an open source development kit de-

signed for mixed reality applications (Microsoft, 2019). MRTK provides a cross-platform

1Physical props being real world objects that are used to control a virtual object as well as provide a

tangible representation of it.
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input system that primarily focuses on inputs using gestures but, with the right body of

knowledge on TUIs, it could be extended to encompass these input methods as well. This

research might also be generalisable to other game genres and, even if not, could motivate

further research to explore how TUIs could be used for those genres.
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Chapter 2

Background

This chapter will cover some key findings of prior work in fields related to the thesis.

Four main topics will be covered: tangible user interfaces, passive haptic feedback, using

everyday objects in mixed reality and gaming in augmented reality. The fields of tangible

user interfaces and passive haptic feedback are both concerned with the physical touch

property of user interfaces, since this thesis aims to explore how everyday objects can

bring these tactile elements to AR games it is important to understand both fields. In

dealing with everyday objects in an AR environment it is important to understand what

prior work has been done using everyday objects in mixed reality experiences so key

findings can be built upon. Finally, the context for the use of everyday objects that this

thesis will explore is games in AR, therefore, it is important to understand prior work in

this field as well.

2.1 Tangible User Interfaces

Affordances are the “relationship between the properties of an object and the capabilities

of the agent that determine just how the object could possibly be used” (Norman, 2013) -

a button, for example, affords pushing while a handle of a mug affords grasping. Defining

affordances becomes more challenging in the domain of graphical user interfaces (GUI),

as GUI elements often don’t have affordances that map to their functions. Often a single

affordance, for example pressing the button on a mouse, will be mapped to many different

functions within the system depending on the context. Take a touch screen phone as an

example, the screen on the phone affords the action of touch but the individual virtual

buttons simply indicate to the user where they should touch the screen to activate specific
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features (Norman, 2013), there is no tangible difference between buttons, the information

they provide is purely visual. A touch on the screen might also cause different actions

given the context - in a game it could cause a character to jump, in a messaging app it

could prompt you to enter text, or it could simply indicate that the user wishes to open

an app; all functions that the user needs to learn.

Tangible user interfaces aim to leverage the intuitive nature of object affordances to

provide more satisfying and natural interactions with virtual objects than can be provided

with graphical user interfaces (GUIs). The domain of augmented reality (AR) is one

where TUIs can be employed to great effect, real world objects can be tracked so that

their affordances can be used as a basis for interactions with virtual content, which in

turn can be designed in a way to make the function of the real world object clear to the

user.

One of the earliest works in AR TUIs was a system called “Tiles”, which provided

an experience where users could manipulate physical tiles to interact with overlaid vir-

tual content. Manipulating the physical tiles allowed users to alter the virtual content

displayed, performing actions like deleting virtual content, copying virtual content from

a reference book and performing a help action (Poupyrev et al., 2002).

There have been many studies into how TUIs can be designed and used (Becker et al.,

2019; Datcu et al., 2015; Henderson & Feiner, 2008; Li, 2017; Varga et al., 2021). Some

papers focus on the technologies that can be used to enable TUIs, such as radio-frequency

identification (RFID) tags, conductive ink for interactions with the ”Internet of Things”

(Li, 2017), or body channel communication1 for AR applications (Varga et al., 2021).

Other studies have explored which interaction modalities provide the best experience for

interaction in AR. For example, one study compared free hand interactions to the use of

a physical object, and one-handed versus two-handed interactions, with results indicating

that tangible interaction and two-handed interactions might be more effective and that

users performed better using the TUI (Datcu et al., 2015). Supporting this idea of TUIs

being an effective means of interaction was a study that explored the use of pre-existing

affordance in the environment as TUIs, which found faster completion times using these

tangible controls over controls on a flat surface (Henderson & Feiner, 2008). A different

study, however, found that slide and pinch gestures were preferred, and more effective,

compared to full arm gestures or the use of a mug as a TUI (Becker et al., 2019).

In summary, the literature suggests that tangible user interfaces can be an effective

1A form of communication using the human body, for example using the body’s electrical field to

identify when an instrumented object is picked up.
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means of interaction, but the degree of effectiveness will depend on the task being per-

formed, and how the TUI is implemented. This indicates further research into how TUIs

should be designed is important.

2.2 Passive Haptic Feedback

Virtual and augmented reality applications often focus on providing users with a rich

visual and audio experience, as these are two of the most developed forms of feedback in

computing and humans also tend to rely strongly on visual cues (Colavita, 1974). Another

method of providing rich and immersive experiences is through haptic feedback, which

addresses the user’s sense of touch. There are two forms of haptic feedback - passive

haptic feedback is the touch feedback that occurs when touching a static object due to its

intrinsic physical properties, while active haptic feedback requires the object to provide an

active haptic sensation, such as vibration. In this thesis we focus on the use of everyday

objects, which commonly only provide passive haptic feedback, and so this will be the

focus of this section.

Several studies of passive haptic feedback have explored the extent of mismatch be-

tween a physical object (the passive haptic prop), and the virtual object it represents

(Kwon et al., 2009; McClelland et al., 2017; Simeone et al., 2015), before the sense of

immersion is broken. One such study explored physical props - three cuboids with a cross

section of 6cm x 6cm and heights of 0.5cm, 6cm and 12cm - and virtual representations

in AR. They found that the props provided the most immersive experience when they

closely matched in size and shape to the virtual object (Kwon et al., 2009).

A second study looked at what the researchers termed ’substitutional reality’, that

is how the virtual environment could be constructed to match the real environment, to

provide passive haptic feedback. The study explored how changing the aesthetic, size,

function and shape2 of a virtual mug affected the participants’ suspension of disbelief as

they interacted with a real mug. The researchers found the conditions which caused the

most disruption to a user’s suspension of disbelief were when the real and virtual mugs

had different shapes or apparent temperatures (Simeone et al., 2015). As an addition, the

paper explored which everyday object prop - a torch, an umbrella or a replica lightsaber

- would provide the most convincing VR experience for swinging a virtual lightsaber.

2In the paper this is referred to as “category” and for this condition the researchers replaced the

mug with a different object entirely, it would retain a similar overall size but would no longer share any

affordance with the original mug.
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Despite there being a replica lightsaber, the researchers found that the torch was preferred

by users, as it required less exertion (Simeone et al., 2015).

Some studies looked at solutions for flexible or re-configurable passive props that could

serve as multiple different virtual objects depending on configuration (L.-P. Cheng et al.,

2018; McClelland et al., 2017). The ‘haptobend’ is a reconfigurable passive haptic prop

that was designed and tested by McClelland et al. (2017), it consists of four panels at-

tached together that can be folded into a number of different shapes. In their study, users

were allowed to configure the haptobend how they saw fit, finding that most participants

chose configurations similar in shape to the virtual objects. The researchers reported

high scores for “quality of mapping” and ease of use across most virtual objects for the

haptobend in their study. A study by L.-P. Cheng et al. (2018) explored the use of a

swinging ball and a prop made of rectangular panels connected by a hinge to represent

different objects in a dynamic virtual environment. For example, in one scene the swing-

ing ball was a hanging light with a snapped cable that needed to be reconnected, while

in another it was a floating plasma ball that needed to be hit towards a reactor. In com-

parison to performing the tasks with and without the haptic props, participants enjoyed

receiving haptic feedback more than receiving no haptic feedback, and some participants

commented that they could not tell that different virtual objects used the same prop in

the experience.

To summarise, the literature highlights the value of including passive haptic props

for mixed reality experiences, and shows that props with configurable shapes can be

used to represent different types of virtual objects. In cases where configurable shape,

passive haptic props aren’t possible, this flexibility can also be achieved through the use

of multiple everyday objects.

2.3 Using Everyday Objects in Mixed Reality

One relevant area of research to this thesis is in the use of everyday objects as passive

haptic interaction objects for TUIs. Everyday objects are useful as interaction objects

as they provide pre-existing affordances which are familiar to users and already exist in

the users environment. The use of everyday objects for TUIs provides better affordability

and convenience for consumers as it doesn’t require the purchase of additional peripherals

such as controllers or expensive tracking systems.

Many studies aimed to explore systems which would allow users to define everyday
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objects as controllers and map them to specific functions determined by the user. Early

work explored this through opportunistic use of features in the user’s environment as a

form of tactile feedback for a TUI (Henderson & Feiner, 2008). Following this, researchers

developed a system called ’iCon’, which tracked objects via an attached marker and the

standard computer webcam (K.-Y. Cheng et al., 2010). Later work removed the need for

markers, tracking objects using computer vision instead, however a user study evaluating

this system didn’t indicate a clear preference for using everyday objects over other methods

tested (Corsten et al., 2013). Some papers have explored using everyday objects with

projected AR, allowing the objects to be augmented virtually with information about

their assigned function. Although it was proposed that this might lead to more effective

use of the system, neither of the papers evaluated this (Funk et al., 2014; Walsh et al.,

2014).

Other studies have explored novel ways to track everyday objects in the real world.

One such example is a system called ‘Annexing Reality’, which allowed designers of virtual

objects to assign shape primitives and dimensions to virtual objects, which then was used

to calculate the closest fitting object in the real world (Hettiarachchi & Wigdor, 2016).

Although the authors did not explicitly explore utilising these physical objects for TUIs,

it is a logical next step, as the calculated mapping would suggest objects with a similar

tactile shape to the virtual object, which could lead to more effective control and presence

when used in a TUI.

Recently, a system called ’Gripmarks’ was developed, which aims to integrate everyday

objects as TUIs through detecting the size and shape of the object given on the grip of

the user (Zhou et al., 2020). Another system for enabling everyday object interaction uses

markers on a flexible strap, which can be attached to an everyday object, worn, or held

in the hand. Although this system requires an additional peripheral (the flexible strap),

it does offer some flexibility in how the peripheral is used (Drogemuller et al., 2021).

Some works highlighted the need to distinguish between how real objects work in the

virtual environment and how they work in the real world. As an example, it would be

undesirable for a pen being used as a TUI to affect the system if the user is writing

something down. While this issue was only raised by some of the reviewed papers (K.-Y.

Cheng et al., 2010; Funk et al., 2014), others aimed to address it, for example by having

an object only operate when placed onto the table of the work-space (Funk et al., 2014).

The literature reviewed in this section identifies some important considerations for

using everyday objects in mixed reality experiences. There seems to be a desire to pro-

vide flexible user-defined solutions in terms of what everyday objects are used and what
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function they provide. Tracking of everyday objects is also a challenge with some systems

opting for unassisted computer vision solutions, while others use markers and one example

tracking objects by analysing the user’s grip. Finally the literature highlights the need to

keep the real world function of the object distinct from its virtual function so normal use

of the object doesn’t trigger unwanted responses by the system.

2.4 Gaming in Augmented Reality

A survey of virtual, mixed and augmented reality gaming was completed by Thomas,

2012. They categorised the games reviewed based into five form factors: indoor/HMD,

indoor/handheld, indoor/projector, outdoor/HMD and outdoor/handheld. Games in the

indoor/HMD category, specifically those described as “mobile immersive games”, covered

a wide range of genres, from a virtual laser-tag experience titled “MIND-WARPING”, to

a game focused on acting out a scene in a movie, with several games exploring multiplayer

interactions and interactions with real-world objects. Most of these games relied on some

combination of gestural input, custom tracked controller input and tracking of objects in

the environment.

An early example of a mixed AR/VR game called “Touch-Space” utilised the real-

world environment as an important game element, providing both human-to-human and

human-to-physical world interactions. A study of the system showed users rated the

experience positively with regards to physical interaction, social interaction and the use

of a head mounted display (Cheok et al., 2002). A different study looked at enhancing

the game of ping-pong in AR, using vibro-tactile feedback on the paddles so that players

could feel when the virtual ball was struck. Unfortunately, the study was focused on the

technical aspects of the design rather than the experience of users, so the effect of the

active haptic feedback on user experience is unknown (Knoerlein et al., 2007).

A relatively new area of research using AR to enhance gaming, and game-like activ-

ities, is superhuman sports (Lukosch & Kunze, 2018). Superhuman sports focuses on

enhancing human activities with technology to promote physical fitness, develop skills,

and create fun experiences. This can include augmenting existing sports and training

routines, or designing entirely new sporting activities. In the proceedings of the first

superhuman sports design challenge (Lukosch & Kunze, 2018), three papers used AR

enabling technology: two using a HoloLens (Microsoft, 2021) HMD (Buckers et al., 2018;

Kegeleers et al., 2018), and one using AR on mobile phones (Vermeer et al., 2018).
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One of the HoloLens HMD experiences, ‘VRabl’, was a multiplayer game between two

users based on dodgeball (Buckers et al., 2018). Each player wore an HMD to view the

virtual content, and had to throw a set of virtual balls at the opponent’s virtual targets.

Players could catch the virtual balls and collect power-ups on the playing field. The

researchers received positive feedback from players during evaluations of the system. The

second HMD based game, called “STAR: Superhuman Training in Augmented Reality”,

was a two player first person perspective shooter and adventure game where players

must cooperate to win (Kegeleers et al., 2018). The players interacted with the virtual

environment by shooting with a tap hand gesture, could scan for items hidden below

the floor using voice commands to ‘activate’ and ‘stop’ a scanning function, could collect

these items by physically moving to their location, and dodge enemy attacks by physically

moving out of the way. Play testing showed positive responses from most participants,

who said they considered the game immersive, with eight of the ten participants saying

they would recommend the game to a friend.

The papers reviewed in this section demonstrate the potential for entertaining and

immersive experiences for AR games, especially those using HMDs. Most papers report a

positive response from study participants indicating good potential for similar experiences.

Some of these studies have also placed importance in the user being active, especially

games under the umbrella of superhuman sports. Although this isn’t the focus of this

thesis, using everyday objects as props in AR games would increase exertion compared

to just gestural input, so could be a promising avenue for further work in superhuman

sports.

2.5 Summary

The prior work outlined in the preceding sections show the value of TUIs: how they

can enhance user experience, and provide for more effective interfaces for certain systems.

These works have also shown that incorporating everyday objects into AR experiences can

provide novel interaction methods, while also removing the need for expensive peripherals.

An area that has been less well explored is how users would most like to involve everyday

objects into gameplay experiences in AR, which is the motivation behind the research

questions that are the focus of this thesis.
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Chapter 3

Research Questions

The first requirement for posing the research questions was to choose a scope for the

game experience. Two primary factors needed to be present: that it would require the

use of AR using a head mounted display, and that it would require users to select and use

everyday objects to perform interactions.

As the focus was AR using a HMD, it was decided that the game experience should use

a first-person perspective for two main reasons. Firstly, a HMD naturally puts the user

in a first-person perspective relative to the real world. Secondly, first-person perspective

could provide an immersive experience, particularly when utilising everyday objects -

in first-person perspective, everyday objects remain to scale with the first-person game

world, making a more convincing transformation of the everyday object into its virtual

counterpart.

The next requirement for the research questions was to define a genre for the game

which could include a small series of virtual objects and tasks, and be explored within

the time frame of a user study. It was decided to choose the action genre, as a first-

person perspective action game would ensure that the user’s focus was on the relationship

between the everyday objects and the virtual objects due to the direct, one to one mapping

between the physical object and the virtual object it represents.

With these requirements in mind, the following primary research question and two

sub-questions were posed that this thesis will aim to answer:

• RQ: Do more commonly chosen everyday objects provide a more immersive experi-

ence when used as props in a first-person augmented reality action game?
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– SQ1: Can a consensus be reached for what types of everyday objects are used

as props in a first-person augmented reality action game?

– SQ2: How can everyday objects be used as props in a first-person augmented

reality action game?

These are valid questions in relation to the state of the art as covered in the background

chapter. At the time of writing no studies have been performed to identify what types

of everyday objects users would prefer to use in AR game experiences. There has been

very little research into how everyday objects can be used as props in AR games. The

literature also demonstrates the value of TUIs and passive haptic feedback which tends to

improve game experiences for users. In addition to this, much of the research performed

that utilises the affordances of everyday objects for TUIs requires the user to map the

everyday object to the function it will perform. This mapping is an additional step in

the process that could hinder the flow of the play experience when considering everyday

object use in AR games. By gaining some understanding about whether players do have

a preference in everyday objects used we can identify a set of objects to be focused on,

or, if there is little consensus or no advantage regarding immersion, further support the

common model of users assigning the function of the everyday object in the virtual system.

By answering these research questions, this thesis will provide a foundation for design-

ers of AR game experiences using everyday objects. It will provide a better understanding

of what players want out of these experiences, and what designers need to do to make

their games more immersive. This can contribute to a future for AR games using everyday

objects as props where players could pick up any everyday object in their environment

and have it come to life as part of play.
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Chapter 4

System Design

This chapter will cover the key steps that were taken to create the AR game experience

used for the study. It will detail how the main virtual objects were chosen to ensure that

the study findings would be applicable to a wide selection of action games. The chapter

also discusses the solution used to track the everyday objects to ensure accurate tracking

that would be responsive enough to be functional in an action game setting. Finally the

chapter will discuss the main features and architecture of the AR game prototype that

was used for the study.

4.1 Game Concept

To inform the design of the game concept, a short review of VR first person action games

was performed to identify what types of interactions would be most suitable for the game.

It was decided to review VR games instead of AR games as there was a much larger range

of commercially available VR games compared to AR games. The search took place on

the Steam store (Valve, 2021), filtering for titles that had the following tags: “Virtual

Reality”, “Action”, “First-Person”, “VR Only” and “Tracked Motion Controllers”. Video

trailers of the the most relevant titles were reviewed to identify what interactions would

be available, and what virtual objects were to be used to facilitate these interactions.

Three main ways of interacting were identified which were appropriate for this re-

search: close range melee interactions, defensive or reactionary interactions, and long

range combat interactions such as aiming and firing a weapon. Figure 4.1 shows the vir-

tual objects that were chosen to represent these interactions: The sword represents close
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Figure 4.1: The virtual objects that were selected for the study, a sword (left), a shield

(middle) and a crossbow (right).

range melee interaction, the shield represents defending against incoming virtual threats,

and the crossbow represents long range combat interaction with aiming and firing. These

objects were chosen as their purpose in the context of the game is easy to understand

for the participants. In addition, although not important to answering the research ques-

tions, the three objects belong to the same medieval theme, allowing for some cohesion

and providing a more immersive experience than if each object belonged to a different

theme.

For the user study, simple tasks were developed for each of the virtual objects1. It

was important to immerse the participants in a game-like AR experience during the

user study so that their immersion while using their selected everyday object could be

measured. After performing each task, participants would be asked questions to determine

their level of immersion. This measurement could determine the difference in immersion

between the most popular choice of object and any remaining objects - the findings of

which help to answer the primary research question. The tasks were designed to be very

simple and easy for players to understand and carry out, so that participants would feel

satisfied with their performance in the time frame of the user study. The tasks also had

to be representative of the sort of interactions players might be expected to perform with

1These tasks are discussed in detail in section 4.3.
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these virtual objects in the context of a first person perspective action game.

In order to make the tasks simple, it was decided that all of the virtual objects placed

in the scene should remain in a fixed location (with the exception of some animations

and the projectiles in the shield task). By keeping the targets stationary, players could

focus on using the everyday object to complete the task, rather than trying to track the

location of the targets in the environment. Moving targets might also cause frustration

due to the limited Field of View (FoV) of the HMD, as they would be difficult to track

with the limited peripheral vision. The size of the physical space used for the study was

also quite small - 3m by 3m of floor space - and keeping the targets stationary meant

participants would be less likely to hit any objects outside of the space.

The decisions described above formed the main requirements for the AR experience,

the virtual objects and the corresponding tasks that participants would have to perform.

4.2 Tracking the Everyday Objects

The first technical requirement for the system was a method of tracking the everyday ob-

jects that would be used in the study. Three options were considered: using the Microsoft

HoloLens’s in built computer vision sensors, using a motion tracked game controller, or

using OptiTrack motion cameras with a passive rigid body attached to the everyday

objects.

At the time of this research, computer vision object tracking methods that would

operate using only the HoloLens sensors would not be able to track the everyday objects

to the level needed. Given the context of an action game, players would likely be moving

the everyday objects at higher speeds than what is capable for the HoloLens to track2.

Relying only on the cameras on board the HoloLens could also lead to tracking issues,

for example when objects moved outside of the field of view of the stereo and peripheral

cameras.

The alternative of using motion tracked game controllers was dismissed due to how

it would change the overall shape, size and weight distribution of the everyday objects.

To ensure that it was the everyday object choice that was affecting player experience, it

2Soares et al. (2021) estimates the HoloLens 2 accuracy for hand tracking to be 2cm and estimated

a delay of 65ms in their velocity experiments. We assume worse tracking performance for objects, due

to challenges like occlusion by the players hand, and conclude that this is not performant enough for an

action game context.
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Figure 4.2: Image of the motion capture cage setup.

was paramount that the tracking method was as noninvasive as possible. This left the

OptiTrack motion capture system as the best option for the study. This system allowed

for accurate tracking of lightweight markers that could be placed on the everyday objects,

with low enough latency and a wide enough field of view that it could be used for the

proposed game experience.

The OptiTrack motion capture setup used consisted of 16 PrimeX 22 cameras mounted

around a cage made of aluminium extrusions surrounding the 3m by 3m floor area. Six

cameras are placed around waist height, evenly spaced around the cage, eight cameras

placed just above head height and two more cameras mounted on top of the cage looking

down, this arrangement can be seen above in Figure 4.2 and below in Figure 4.3. Dark

curtains were mounted around most of the cage to prevent interference from external light

sources.

The OptiTrack system comes with software called Motive, which is able to record and

stream marker and rigid body information, and supports plugins to communicate with

other software like Unity. Unfortunately, at the time of this research the Unity plugin

is not compatible with the ARM64 architecture of the HoloLens. To work around this

issue, a separate program was developed which receives the streamed marker and rigid
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Figure 4.3: Camera arrangement displayed in Motive, the software used to capture and

process the OptiTrack camera information.

body information from the Motive software, and then repackages information and sends

it to the HoloLens using a UDP-based network protocol. Figure 4.4 illustrates the flow

of information through this system.

With this software architecture, it was possible to stream the location of a marker set

to the HoloLens system. The location was based in the coordinate system defined within

Motive, which had been calibrated to be relative to the centre of the physical game space.

The final step required to ensure accurate tracking, was to align the coordinate systems of

the HoloLens device with the coordinate system of the motion capture system. The first

iteration of this alignment step relied on the user aligning a virtual marker displayed on the

HoloLens with the real OptiTrack marker. This alignment method worked well when the

markers were within a small distance (i.e. approximately a metre) of where the alignment

took place, but as the markers moved further from this point small misalignments were

amplified and the virtual markers were increasingly misaligned to the real markers.

The second iteration of the alignment step required the user place and align a marker

at the centre of the motion capture cage, where the origin point of the OptiTrack’s co-

ordinate system was. This method appeared to more closely align the virtual and real

markers, but there was still noticeable misalignment when moving further from the origin.

After these experiments, it became clear that any system that relied on the user to align

the coordinate systems would be unreliable, since any small human errors would cause
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Figure 4.4: Diagram showing the flow of information through the motion capture system.

noticeable misalignment in tracking the further the markers were from the calibration

space.

The final iteration of the alignment step used a QR code mounted to the motion

capture cage wall, as shown in figure 4.5. In this system, the user only had to look at the

QR code once and the system would automatically align the HoloLens coordinate system

to the OptiTrack coordinate system. This process is illustrated in figure 4.6. To calculate

the alignment of the QR code relative to the OptiTrack coordinate system, the position

of the QR code was measured relative to the OptiTrack coordinate system origin. The

origin of the coordinate system was determined using the OptiTrack calibration square,

and a laser level and tape measure were used to find the x,y,z position of the QR code

relative to this origin. Due to small errors between the real world measurements and

the measurements defined within Unity, these x,y,z values were adjusted by placing the

calibration square on the OptiTrack origin and adjusting the displacement in Unity until

the virtual origin point was aligned with the calibration square. Although this method

could still be subject to a small amount of parallax error due to human input, it kept

the virtual and real markers well aligned within the experiment space, and provided a

consistent alignment for all participants.
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Figure 4.5: QR code used to align the OptiTrack and HoloLens coordinate systems (left)

and a visual indicator for the coordinate system shown on the HoloLens (right).

4.3 Prototyping AR Game Experience

With the game concept designed and a tracking solution developed, all that remained

was to develop the AR experience. As discussed in Section 4.1, the virtual objects chosen

for the study were a sword, a shield, and a crossbow (as shown in Figure 4.1), and game

ready assets that were of an appropriate quality for the HoloLens were found on the

Unity Asset Store in an asset pack called “Low Poly Weapons”(SICS Games, 2016). To

give participants the motivation and context to use the objects, for each object a task was

designed, considering the restrictions outlined in Section 4.1 - namely that tasks had to be

simple enough for users to easily understand what was required of them and how to carry

out those actions, and that the tasks had to be representative of the sort of interactions

players might expect to perform with the virtual objects in the context of a first person

perspective game.

As two of the virtual objects were combat weapons, it made sense that those tasks

would involve attacking something. Because using something that represented a living

object might make user study participants uncomfortable, it was decided that the targets

of the attack should be inanimate objects and, given the medieval style of the virtual ob-

jects, a combat training dummy seemed appropriate. A training dummy asset was found

on the Unity Asset Store in an asset pack called “Lowpoly training dummy” (ILTAEN,

2021) which fit the aesthetic style of the virtual objects. The two combat tasks involved
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Figure 4.6: Interaction diagram showing the process for coordinate alignment that oc-

curred at the start of each user study.

attacking these dummies, either in melee combat with the sword, or at a distance with

the crossbow, and for the remaining shield defensive task, copies of the crossbow object

were placed in the environment, and the participant had to block arrows fired from these

crossbows with their shield.

With the tasks designed and appropriate assets obtained, the next step was to develop

the experiences to work appropriately within the game. The sword virtual object was

programmed to “cause damage” when passing through the training dummy virtual object.

The shield virtual object was programmed to stop any arrows that came into contact with

it. The crossbow virtual object was programmed to spawn (i.e. create an arrow at the

position and orientation of the crossbow) and fire an arrow (i.e. add an impulse force to

the arrow to cause it to move forwards off the crossbow) when the player said “shoot”. If

the arrow collided with the training dummy, it would also “cause damage” to the training

dummy. In the event of the sword or arrow causing damage to a dummy, or the shield

successfully blocking an arrows, the player’s score would be incremented and displayed in

the scene, as well as how many training dummies were remaining, or how many arrows

had been blocked, depending on the task. The training dummies were programmed to

animate when a sword or arrow collided with them. Initially the training dummies would

immediately be destroyed when they were damaged, but through play testing this was

found to be an unsatisfying experience for the sword and crossbow tasks. To remedy this,
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each training dummy was allocated three “hit points”, indicated by virtual orbs floating

above their head, and would play a stagger animation on the first two hits before collapsing

on the third collision, indicating the training dummy had been destroyed. Figure 4.7

illustrates how components of the system interacted during the crossbow task. The sword

and the shield tasks both had similar interaction structures, but with collision of the

sword and training dummies, or shield and enemy arrows, updating the players score

respectively, and no voice command required to activate the virtual object.

Figure 4.7: Interaction sequence diagram illustrating the crossbow task of the AR expe-

rience, arrows in parentheses indicate a voice command.

For the sword task, four training dummies were placed in the corners of the game space

as shown in Figure 4.8. Players were required to destroy all four dummies by striking

each three times. The crossbow task was very similar in that it required the player to

shoot at and destroy four training dummies, as shown in Figure 4.10. In the shield task,

three crossbows were placed in the play area, and these crossbows were programmed to

fire at the player at regular intervals, as shown in Figure 4.9. The crossbows fired one at a

time, the order was semi-random, but no crossbow could fire twice in a row. During play

testing, it was found that, due to the limited FoV on the HoloLens 2, the next crossbow

to fire was often out of player’s line of sight, so red arrows were added that acted as a

visual aid to help the player identify which crossbow would fire next, as shown in Figure
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4.9. At the same time these red arrows appeared, a sound would play to let players know

they needed to look for an incoming arrow.

Once the tasks had been developed, the entire experience was organised in a way that

individual tasks could be enabled and disabled, and all the components of that task would

also be enabled and disabled. This made it simple to control each participants’ progress

through the study.

Figure 4.8: Sword task prototype in Unity

Before starting each task, the participant was required to choose the everyday object

they wanted to use to control the corresponding virtual object for that task. The virtual

object would appear in the middle of the play space, and the participant had the oppor-

tunity to look at the virtual object before choosing which everyday object they would like

to use. Once the participant chose an everyday object, they had to attach an OptiTrack

rigid body marker tree to the everyday object, and align the everyday object with the

virtual object and say “set”. This voice command would align and link the virtual object

in its current pose to the marker tree rigid body in its current pose, such that moving
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Figure 4.9: Shield task prototype in Unity

the marker tree (and by extension, the everyday object) would cause the virtual object

to move in the same way. It was decided that linking the everyday object to the virtual

button would be done through the use of a voice command rather than a virtual button

or gesture so that the player could focus their attention on getting the ideal alignment of

virtual and everyday objects.

Graphical user interface elements were included to help guide the player through the

experience. A virtual sign appeared on one side of the play space with short written

instructions for each task, and during the tasks this sign doubled as the score and progress

board. A floating window appeared at the end of each task to indicate to the player that

the task was complete, and also included instructions helping to guide participants on

what to do next. A floating window interface which used touch gesture buttons was

also implemented and included basic functionality like linking the everyday object to the

virtual object, or moving to the next task. This floating window was hidden by default

to not distract participants, but could be revealed by saying ‘show’ if the HoloLens was
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Figure 4.10: Crossbow task prototype in Unity

not able to recognise the participants voice commands accurately.

4.4 Summary

This chapter describes the development of a first person perspective, Augmented Reality

action game prototype, which utilises everyday objects as a Tangible User Interface to

control virtual objects. The final prototype had the capacity to accurately track everyday

objects, allow players to choose and link everyday objects to corresponding virtual ones,

and had unique tasks that players needed to complete for each of the three virtual objects

(sword, shield, crossbow). This prototype had all the required elements to conduct a

user study to answer the research questions presented in the previous chapter. The

methodology of this user study is presented in the following chapter.
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Chapter 5

Study Methodology

This chapter will cover the key considerations that went into designing the user study

that was carried out to answer the research questions posed in this thesis. The first

section covers some background information on elicitation studies, the style of study that

was used, and why this method of study was suitable for this research. The second

section covers the design of the user study in terms of how the elicitation study process

was applied and what quantitative and qualitative measures were taken to answer the

research questions.

5.1 Elicitation Studies

In order to directly answer sub-question one and to provide an environment where the

primary research could be answered an elicitation study was selected. Elicitation studies

are a form of participatory design, where participants help define the interactions that a

system should support. The goal of an elicitation study is to find a set of interactions

that are commonly proposed by participants, as these interactions are likely intuitive for

wider populations. This type of study is commonly used to define sets of gestures for

interaction, for example on surfaces, in the air, and in Augmented Reality (Piumsomboon

et al., 2013; Wobbrock et al., 2005), as there an infinite number of possible gestures and

thus it is impossible to support them all. Elicitation studies can help determine which

gestures to support based on which gestures are popular amongst the study participants.

Elicitation studies are comprised of several key elements: a series of referents, a series

of proposals, the consensus set of proposals, and the discarded set of proposals. The
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referent is a function or object in the system for which the designer wishes to define a

method of invoking or interacting with. Examples of referents could include “closing an

application” or “resizing a 3D object”. A proposal is the method defined by a participant

to invoke or interact with the referent. Examples of proposals that could be elicited for

the prior referent examples include: clapping hands to close an application, or pinching

and dragging parts of a 3D object to resize it. The consensus set is the set of proposals,

where each proposal was the most commonly elicited one for that referent. The discarded

set represents all remaining proposals that are not part of the consensus set.

In a typical elicitation study, participants are first shown, and given an explanation

of, all the referents. Participants then have the opportunity to define a proposal for each

referent - typically participants are asked to define a proposal for each referent before

confirming their choices, so as to ensure their final proposals are the best match for

each referent. In some elicitation studies, participants are then able to use their defined

proposals to interact with the system, so that information can be gathered about the

suitability of the proposals, for example through filling out a usability questionnaire.

Once proposals have been gathered from all participants, the researcher categorises all

the proposals. Proposals that are similar, but not a perfect match, may be defined by

the researcher as being in the same proposal category. Once all proposals have been

categorised, these categories are used to determine the consensus set and discarded set.

The consensus set for the study in this thesis provides an answer to SQ1: Can a consensus

be reached for what types of everyday objects are used as props in a first-person augmented

reality action game?

Once the consensus set has been determined, researchers can assess its strength. The

strength of a consensus set is measured by the agreement rate (AR(r)), a measure defined

by Vatavu and Wobbrock (2015) based on an earlier measure also called agreement rate

(A(r)) proposed by Wobbrock et al. (2005). In elicitation studies the term agreement

refers to two participants offering the same proposal for a given referent. Agreement rate

can be thought of as the number of pairs of participants in agreement out of all possible

pairs that could be in agreement. If all possible pairs of participants agree the agreement

rate would be 1, conversely if no pairs of participants agree then the agreement rate

would be 0. The formula for agreement rate is shown in Equation 5.1, where AR(r) is the

agreement rate, P is “the set of all proposals”, |P | represents “the size of the set” and

|P i| represents “subsets of identical proposals from P”(Vatavu & Wobbrock, 2015).

AR(r) =
|P |
|P | − 1

∑
P i⊆P

(
|P |
|P i|

)2

− 1

|P i| − 1
(5.1)
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For elicitation studies where participants are able to test their defined proposals with

the system, the effectiveness of the consensus set can be measured as well. This is typically

done by having all participants complete an effectiveness questionnaire after testing their

proposals, and then comparing the consensus set to the discarded set using the responses

to the questionnaire. In this way, not only can the effectiveness of the consensus set

be measured compared to the discarded set, but also the statistical significance of any

difference can be determined. This capacity to compare the consensus and discarded set

will be key to answering RQ: “Do more commonly chosen everyday objects provide a

more immersive experience when used as props in a first-person augmented reality action

game?”.

5.2 Study Design

To answer our research questions, we conducted an elicitation study. This study provides

a determination of consensus amongst the everyday objects selected so that SQ1 can be

answered and by measuring immersion, as discussed later in the section, the primary

research question is also addressed. The referents in this study are the virtual objects

described in the previous chapter, which represent classes of weapons in a first person AR

action game. The proposals elicited from participants will be from a selection of everyday

objects, with each proposal being an everyday object that the participant wants to use

to control a virtual object. This study can offer insight into whether there is a popular

consensus set of everyday objects for each of the virtual objects in the experiment.

To begin this study design, a collection of everyday objects that participants would

be able to choose from had to be determined. While prior elicitation studies allowed

participants to choose from an infinite number of gestures, at the time of designing the

study to our knowledge no elicitation studies had been conducted where the proposals

were chosen from everyday objects1. It is not possible to offer participants an infinitely

large selection of everyday objects, so instead the focus was to provide a wide range of

shapes and sizes of everyday objects, particularly focusing on a collection that would be

representative of commonly encountered everyday objects.

As a starting point for this collection, a website containing aggregate lists of common

1One paper was identified that describes a similar elicitation study using physical props (Moran-

Ledesma et al., 2021), this paper was published after the user study was complete so didn’t influence the

study design but is discussed in Section 7.3.2 for comparison.
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household objects2 was found, and these lists were refined to determine the final collection.

This refinement process began by taking the top 500 most popular objects on the site,

based on the volume of monthly searches on Google USA for each object. The first stage of

refinement was to remove any objects deemed to be unsuitable for the study, for example

any objects too large to be practically used to control a virtual object, such as a mattress,

too small to be effectively tracked, such as a key, or objects that might be dangerous,

such as a kitchen knife. After this refinement, 154 objects remained, which were then

grouped based on similar size, shape, and function - for example spoon, knife and fork

were grouped together as “cutlery”. This was done to ensure the wide range of shapes

and sizes needed, by grouping objects in this way a single candidate from the group could

be provided in the final selection therefore avoiding providing objects with a similar size

and shape. After this categorisation 100 objects, or classes of objects, remained. The 26

most popular of these objects were sourced for the study, and these are shown in Figure

5.1. More objects would have been desirable but it was important to begin the study on

schedule to meet the thesis deadline, this prevented more objects being sourced, but 26

seemed like an adequate selection.

Figure 5.1: The full selection of everyday objects provided to participants as proposals.

The OptiTrack marker tree rigid body that was used is shown in the bottom right.

Each of the 26 everyday objects which were used in the study had a Velcro dot attached

to them to allow the OptiTrack marker tree rigid body to be attached. Figure 5.2 shows an

2https://adsy.me/household items/
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Figure 5.2: Image showing a plastic spoon with attached infrared markers being used as

the selection for the sword object.

everyday object (a plastic spoon) with the OptiTrack marker tree rigid body attached, and

the corresponding virtual object referent (the sword) aligned and rendered over top. Some

of the everyday objects had multiple Velcro dots attached such that OptiTrack marker

tree rigidbody could be attached in a position that wouldn’t affect the participants use of

the everyday object. Spare Velcro dots were also available during the experiment, should

an alternative marker tree placement be required. Using Velcro dots to attach the marker

tree gave more flexibility to how participants could use the everyday objects.

To answer the primary research question: “Do more commonly chosen everyday ob-

jects provide a more immersive experience when used as props in a first person perspective

augmented reality action game?”, a way to measure immersiveness of experience with the

consensus and discarded sets was required. For this purpose, participants were required

to fill out the Augmented Reality Immersion (ARI) questionnaire after completing the

task for each proposal. The ARI questionnaire measures immersiveness in three main

factors, Engagement, Engrossment, and Total Immersion, with two sub-factors each, as

shown in Table 5.1 (Georgiou & Kyza, 2017). Determining whether consensus objects

provide more immersive experiences will help to inform the design of AR games in the

future. If particular everyday objects do provide more immersive experiences then these

objects can be designed around. However, if these consensus objects don’t provide a more

immersive experience, then allowing the user to select everyday objects for themselves

might provide individual users with more immersive experiences.
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Table 5.1: Factors of the Augmented Reality Immersion questionnaire.

Engagement Engrossment Total immersion

Interest Emotional attachment Presence

Usability Focus of attention Flow

To gather information to answer SQ2: ”How can everyday objects be used as props

in a first-person augmented reality action game?”, participants were video recorded while

in the experiment, and asked to talk aloud about their thought processes while choosing

everyday objects. At the end of the experiment, a short semi-structured interview was

conducted, asking participants about the experience.

The interview consisted of the following questions:

1. What was your reason for selecting your everyday object for each virtual object?

2. Would you change any of your selections for the virtual objects, and if so which

ones?

3. Were there any everyday objects that were missing from the available options that

you would have liked as options?

4. If you were to play an augmented reality game similar to this in the future what

virtual objects would you like to see represented?

In general these questions aimed to qualify any differences found between the consensus

and discarded sets, to gain insight into how participants would use everyday objects in first

person perspective AR action games, why they selected the everyday objects that they

did, and any considerations when designing first person perspective AR games. Question

1 was posed to gain insight into what reasons participants had for picking each of the

everyday objects they did. Having insight into the selection process can identify what is

important about each everyday object to the participant which could help generalise the

consensus information. For example if a spatula was the consensus object for the sword,

but many participants mentioned they chose it specifically for the grip, then perhaps

designers should look to identify the grip area on everyday objects rather than finding a

best fit for the whole object. Question 2 was posed to provide some validation for any

consensus findings, if the majority of participants indicate that they would keep their

selection then there’s more confidence that a consensus reached is the correct consensus.

Question 3 was posed to validate the range of everyday objects that participants could
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choose from and to identify any repeated suggestions for everyday objects that participants

would like to use but weren’t offered in the study. Finally, question 4 was posed to identify

what participants would want from AR games utilising everyday objects as props so that

future research into this subject would have some guidance regarding what might be worth

studying from the users point of view.

Figure 5.3: In game capture of AR experience: sword presented to participant (top left),

sword task (top right), shield task (bottom left) and crossbow task (bottom right)

With the study design completed, ethics permission was obtained from the Univer-

sity’s Human Research Ethics Committee (HREC). The application included details on

how participants would be recruited, what information would be gathered, and how par-

ticipants would be informed about what they would be required to do during the study.

The full HREC application can be found in Appendix A.1, the advertisement for the

study can be found in Appendix A.2, the full questionnaire for the study is in Appendix

A.3, the information sheet is in Appendix A.4, and the consent form is in Appendix A.5.

Participants self selected for the study by responding advertised on social media: the

HIT Lab NZ Facebook page and UCSA Noticeboard Facebook page specifically. When a

participant booked a time to attend the study, a copy of the consent form and information

sheet for the study was emailed to them.

When the participant arrived for the study, the experimental procedure was as follows:

1. The participant meets the researcher at the HIT Lab NZ at their selected time and

is shown to the experiment room.
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2. Each participant is given time to review the information sheet, receives a briefing

from the researcher, and is able to ask any questions they have about the experiment.

When they are ready to proceed, they are asked to sign a consent form.

3. The participant sits at a computer and completes a short demographic survey, while

the researcher launches the application and confirms the coordinate system align-

ment.

4. When the participant has completed the demographic survey, the researcher cleans

the headset with a sanitising wipe and passes it to the participant.

5. Once the participant is wearing the HMD, they see the sword placed in the centre

of the room. The participant has the chance to look over the sword before stepping

out of the experiment space to select which everyday object they would like to use

as the sword.

6. The participant then aligns their everyday object with the virtual object (e.g. the

sword) and says “Set”. The virtual object would then stay aligned to the position

of the everyday object, even when it is moved.

• The participant can also say “reset” to decouple the virtual object from the

everday object. The virtual object would return the middle of the room, and

the participant could try aligning it again.

• When the participant is satisfied with the alignment, they say “Next task” to

proceed with the study.

7. The participant then completes the task associated with the current virtual object,

before returning to the PC to complete the ARI questionnaire for that task.

8. Steps 5-7 are repeated for the shield and the crossbow virtual objects.

9. Once all tasks and questionnaires are completed, the participant returns to a seat

near the researcher to receive the short interview.

10. Finally the participant receives a gift-voucher for their time and leaves the lab. The

researcher wipes down all surfaces that were touched and resets the space for the

next participant.

The study methodology presented in this chapter was designed to help answer the

research questions posed by the thesis. The choice of elicitation study with its aim to es-

tablish a consensus set of proposals directly addresses SQ1: “Can a consensus be reached
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for what types of everyday objects are used as props in a first-person augmented re-

ality action game?”. By measuring immersion of participants directly after each task

and comparing ARI scores between the consensus and discarded objects, the primary

research question can be addressed: “Do more commonly chosen everyday objects pro-

vide a more immersive experience when used as props in a first-person augmented reality

action game?”. Finally, by gathering qualitative information via talk aloud, the semi-

structured interview and recordings, findings for the primary research question and SQ1

can be qualified and information on SQ2: “How can everyday objects be used as props

in an augmented reality first person action game?” can be gathered. The findings of this

study process will be reported in the following results chapter.
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Chapter 6

Results

This chapter presents the results of the user study discussed in the previous chapter,

including demographic information about the participants recruited. The quantitative re-

sults are presented showing which everyday objects were consensus for each virtual object

as well as an analysis of the ARI questionnaire responses. The chapter concludes with

analysis of the qualitative measures taken including codifying the interview transcripts

and some supporting observations.

6.1 Participants

A total of 24 participants were recruited for the user study. At the start of the study

participants were asked to complete a short demographic survey, to find out age, gender,

and level of experience with VR and AR systems. Half of all participants (12) were 18-24,

7 were 25-29, 4 were 30-34 and 1 35-40 years old. Eleven participants identified as being

male, 10 as female, 2 as non-binary and 1 as gender-fluid. All but one of the participants

(23) indicated that they had used a VR HMD before, around half (13) reported using an

AR HMD, and 9 indicated having played games using an AR HMD before.

The demographics of our experiment participants skewed slightly young, and had a

greater than average level of experience with VR and AR systems. One market report

estimated that in 2021 there would be 58.9 million people in the US that would use VR

at least once per month and 93.3 million that would use AR at least once per month1,

this accounts for about 18% and 28% of the US population respectively. These reported

1https://www.emarketer.com/content/us-virtual-augmented-reality-users-2021#page-report
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estimates also account for all AR systems and not just AR HMDs. Both estimates sup-

port the assertion that the study sample has above average experience with VR and AR

systems. Despite this bias in the sample towards prior experience with mixed reality

compared to the general population, it is likely that this would be more representative of

the target population of people who would be playing AR games.

6.2 Consensus Analysis

Figure 6.1 shows the everyday objects that were chosen for each of the virtual objects.

For the sword, the shoehorn was clearly the most popular everyday object, and for the

shield the pot lid was slightly more popular than the fry pan, with those two everyday

objects being clearly more popular than other everyday objects. The crossbow resulted

in a four way tie between everyday objects - the Tongs, Spray Bottle, Tea pot and Torch.

Calculating the agreement rates using Equation 5.1 for each object gives the following

results:

• The sword had an AR(r) of 0.156

• The shield had an AR(r) of 0.330

• The crossbow had an AR(r) of 0.050.

Vatavu and Wobbrock Vatavu and Wobbrock, 2015 provided a method of interpre-

tation for the AR(r) based on probability distributions, and this is shown in Table 6.1.

This indicates medium agreement for the sword, high agreement for the shield, and low

agreement for the crossbow.

Table 6.1: Margins for interpreting the magnitude of agreement.

AR(r) Interval Interpretation

≤ 0.100 low agreement

0.100 - 0.300 medium agreement

0.300 - 0.500 high agreement

> 0.500 very high agreement

For the next stage of analysis, the consensus set of proposals (i.e. everyday objects)

was compared to the discarded set. There are two important exclusions to note at this
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Figure 6.1: Charts displaying the number of times a particular everyday object was

selected for each virtual object.
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point. Firstly, one participant had tracking difficulties during the shield that caused poor

alignment of the virtual shield to the everyday object. As this was likely to have impacted

the participants immersion, their response for the shield task has been excluded from

further analysis. Secondly, since there was such low agreement for the crossbow virtual

object and no one everyday object was favoured over the others, no further analysis was

conducted for the crossbow.

With those exclusions made, a comparative analysis was made using the following

hypotheses:

• H0: There will be no significant difference in the factors of the ARI Questionnaire for

the everyday objects that form the consensus set compared to the everyday objects

that form the discarded set.

• H1: There will be greater scores in the factors of the ARI Questionnaire for the

everyday objects that form the consensus set compared to the everyday objects

that form the discarded set.

These hypotheses were designed to answer the primary research question: “How can

everyday objects be used as props in an augmented reality first person action game?”.

Finding statistical evidence to reject the null hypothesis H0 would suggest that there is a

difference in immersion for more commonly chosen objects. Finding statistical evidence

to support H1 would then suggest that yes, more commonly chosen everyday objects do

provide a more immersive experience when used as props in a first-person augmented

reality action game.

Figure 6.2 shows the results of the ARI questionnaires, comparing the consensus and

discarded sets for the sword (Top), and the shield (Bottom). These plots appear to show

some small differences in most of the ARI factors between the consensus and discarded

sets for both the sword and shield, though there is no clear trend for one set having

higher scores than the other. The mean and standard deviation of the ARI questionnaire

results are shown in Tables 6.2 and 6.3, along with t-test results for the comparison of

ARI questionnaire results for the consensus and discarded. The t-tests all returned p-

values greater than 0.05, therefore there is no statistically significant difference between

the consensus and discarded sets for the sword and the shield, and the null hypothesis H0

cannot be rejected. What this means is that the most popularly chosen everyday objects:

the shoehorn for the sword and the pot lid for the shield, did not necessarily provide a

more immersive experience than alternative everyday objects, based on the results of the

ARI questionnaire.
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Figure 6.2: Boxplots comparing the ARI questionnaire results for the consensus and

discarded sets for the sword (Top) and shield (Bottom).
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Table 6.2: Table showing ARI questionnaire results for the sword and t-test comparison

between the consensus and discarded sets.

Consensus Set Discarded Set t-test

ARI Factor Mean ± SD Mean ± SD t d.f. p-value

Interest 5.68 ± 0.399 5.31 ± 0.864 1.405 22.0 0.174

Usability 4.84 ± 1.30 5.73 ± 0.878 -1.75 10.3 0.109

Emotional Attachment 5.96 ± 0.881 5.19 ± 1.42 1.63 20.7 0.118

Focus 5.88 ± 0.796 5.19 ± 1.25 1.63 20.4 0.118

Presence 4.56 ± 1.09 3.78 ± 1.21 1.59 15.6 0.132

Flow 4.83 ± 1.11 4.73 ± 1.41 0.197 17.5 0.846

Table 6.3: Table showing ARI questionnaire results for the shield and t-test comparison

between the consensus and discarded sets.

Consensus Set Discarded Set t-test

ARI Factor Mean ± SD Mean ± SD t d.f. p-value

Interest 5.85 ± 1.26 5.65 ± 1.08 0.414 17.8 0.684

Usability 5.73 ± 0.939 4.90 ± 1.39 1.69 20.7 0.107

Emotional Attachment 5.40 ± 1.39 5.64 ± 0.907 -0.477 14.7 0.641

Focus 5.43 ± 1.64 5.56 ± 1.21 -0.212 16.0 0.835

Presence 3.80 ± 1.78 4.37 ± 1.36 -0.835 16.4 0.416

Flow 4.73 ± 1.77 5.62 ± 1.33 -1.32 16.2 0.207
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6.3 Qualitative Analysis

Qualitative analysis was performed on the interviews conducted with participants after

they had finished all tasks for the user study. Each of the interviews was transcribed

and coded according to the method described by Auerbach and Silverstein (2003). The

transcripts were analysed for all information that was relevant to the research questions.

Repeated ideas from each piece of relevant information were identified, and these were

categorised into common themes. Auerbach and Silverstein’s method also defines steps

to form theoretical constructs and a theoretical narrative based on interview transcripts,

however sufficient detail was obtained through the initial steps and these further steps

were deemed unnecessary.

Tables 6.4 and 6.5 show the common themes identified, the repeating ideas that be-

longed to each theme, and an example quote from a transcript that related to these

themes and ideas. Four main themes were identified: object selection factors, experience

satisfaction, experience challenges and new game ideas.

The theme of object selection factors was based on five repeating ideas: grip feel,

weight distribution, shape and size, fun and novelty, and personal connection. These

repeating ideas were primarily answers to the question of why participants chose the

everyday objects they did for each of the virtual objects. Many participants expressed

that matching the grip of the object was important to them, with some participants

making comments about matching the hilt of the sword with the everyday object, many

participants mentioning trying to match the straps of the virtual shield with the everyday

object, and several participants mentioning that finding a trigger or some analogue on the

everyday object for the crossbow virtual object was important. Some participants focused

on the weight distribution of the everyday object matching the virtual object, particularly

for the sword, with one participant saying that they wanted “a comparable weight ’cause

[they] wanted it to feel like [they were] swinging a sword”. Another repeated idea was

matching the size and shape of the everyday object to the virtual object. A repeated

idea from some participants was the reason they picked an object was for fun and novelty,

and several participants expressed that if they did the task again they would like to

change the object to experience something new. Finally, there were a few participants

that mentioned a personal reason for their selection, for example one participant chose

the rolling pin everyday object to represent the shield virtual object because of their

experience with baking.

The theme of experience satisfaction was primarily based on answers to the questions
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Table 6.4: Key themes and repeating ideas identified in interview transcripts. (Part one)

Theme Repeated Idea Example Quote

Object Selection Factors Grip Feel

“The object being comfortable to hold

is also important, and it doesn’t

really matter what the real life object

looks like ’cause you were seeing

the virtual one”

Weight Distribution
“comparable weight ’cause I wanted

it to feel like I was swinging a sword”

Shape and Size
“I wanted an object that was a similar

shape to the virtual object”

Fun and Novelty

“[I would] definitely change

[the object I chose] or do like

silly objects just for the fun of it”

Personal Connection

“I watched Tangled as a kid and

Rapunzel was a huge influence on

wanting to fight fake enemies with

a frying pan”

Experience Satisfaction Object Selection
“I would still pick each of

the selections I picked the first time”

Everyday objects

“I think everything set out is

probably ideal. You’ve got a range

of shield objects, sword objects,

and crossbow objects”
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Table 6.5: Key themes and repeating ideas identified in interview transcripts. (Part two)

Theme Repeated Idea Example Quote

Experience Challenges
Alternative

Everyday Objects

“I was trying to think about

the crossbow and I was thinking

about like a handheld vacuum

cleaner. Because that would

have a trigger”

Alternative use

of Everyday Objects

“I would tape like,

one of those books on

my arm. Just to make

it feel more authentic”

Less Crossbow Options
“wish there’s more

variety for crossbow”

Desire to Change

to Pot Lid

“would swap out the pan

for the lid for the shield”

New Game Ideas New Objects

“things you can swing around

like nunchucks ... kind of

dynamic objects could be fun”

New Mechanics

“Being able to use two

of them together. So like

sword and shield”
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of whether participants would keep their selections, and whether they could think of

any other everyday object missing. These questions aimed to validate the participant’s

everyday object choices and whether the range of everyday objects available was suitable

for the study. Many participants expressed that they were happy with their selection,

and happy with the range of everyday objects available.

The questions of whether participants would keep their selections, and whether they

could think of any other everyday object missing, also lead to some repeated ideas around

pain points that the participants had with the study, and these were grouped under the

theme experience challenges. Some participants suggested alternative everyday objects,

and a few participants suggested alternative ways to use the objects that they felt would

have improved the experience. One of the most common challenges identified was the

use of voice controls to fire the crossbow felt unnatural, and a “pulling back an arrow” or

“pulling a trigger” gesture would be better. This particular idea was observed in the video

recordings, as shown in Figure 6.3, where participants are shown performing a “pull back”

gesture as if to load a bolt into the crossbow, and Figure 6.4, where participants are shown

performing a “pull trigger” gesture. A number of participants also noted that they felt

there wasn’t a clear choice for the crossbow, one saying that they “couldn’t find a direct

analogue” to the crossbow. Several participants repeated the idea that, upon reflection,

they would have preferred using the pot lid for the shield rather than the object they did

choose, suggesting the consensus for that virtual object could have been greater than was

found in this experiment.

The final question asked participants what they would want from similar AR game

experiences in the future, and the answers to this question lead to the fourth and final

theme of new game ideas. The first repeated idea of this theme was a number of sugges-

tions for other virtual objects. Many of these suggestions were for other melee weapons,

like axes or hammers, while some participants suggested objects with dynamic elements,

such as a flail or nunchucks, and a few participants expressed that a bow and arrow that

required two everyday objects could be fun. The second repeated idea for this theme was

new game mechanics - some participants suggested creative elements like using everyday

objects to paint and one participant suggested that mixing potions could be fun. Several

participants mentioned targets and enemies that can move and respond to the player

would be fun. One participant mentioned that “being able to use two [everyday objects]

together” such as the sword and the shield or two swords would be a cool experience.

These interviews provided useful insight into what was important to participants when

selecting objects, what they enjoyed about the experience and what improvements could
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Figure 6.3: Excerpts from video recordings showing participants gesturing to pull back

the arrow while firing the crossbow.

be made in future work. Three primary selection factors were identified: grip feel, weight

distribution as well as size and shape; along with two less common factors in personal

connection and fun and novelty. A number of suggestions for improvements were also

generated through these interviews. These selection factors and feedback about the ex-

perience will be discussed in the following Discussion chapter.
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Figure 6.4: Excerpts from video recordings showing participants performing a trigger

gesture while firing the crossbow.
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Chapter 7

Discussion

This chapter will discuss the findings of the user study in relation to the three research

questions posed in this thesis:

• RQ: Do more commonly chosen everyday objects provide a more immersive experi-

ence when used as props in a first-person augmented reality action game?

– SQ1: Can a consensus be reached for what types of everyday objects are used

as props in a first-person augmented reality action game?

– SQ2: How can everyday objects be used as props in a first-person augmented

reality action game?

The chapter will discuss whether these questions have been adequately answered, what

the answer to each question might be and some recommendations based on this. The

chapter will also cover some opportunities for improvements to AR game experiences

using everyday objects, based on feedback from study participants. Finally the chapter

will discuss what limitations the study had and how some of these could be addressed in

the future.

7.1 Interpretation of Results

The results showed medium agreement for the sword AR(r) = 0.156, and high agreement

for the shield AR(r) = 0.330, with some comments from the interviews suggesting that the

consensus for the shield could be even higher as, on reflection, some participants mentioned
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they would have preferred to use the pot lid everyday object (which was the most popular

choice) instead of their actual choice. These findings would suggest that a consensus choice

can be reached for what types of everyday objects are used as props but not necessarily

for all virtual objects. Despite this consensus, the different priorities of participants in

choosing which everyday object to use (as discussed in the Object Selection theme in the

previous chapter) indicate that overall consensus may not be useful for designing these

types of experiences.

Analysis of the interviews showed that there were three main factors for participants’

decision making process when choosing an everyday object: grip feel, weight distribution,

and size and shape. In the interviews, participants gave these factors different priorities,

which influenced their choices. Some participants even made comments downplaying the

importance of some factors, for example one participant said “it doesn’t matter what the

real life object looks like ’cause you were seeing the virtual one”. There were also two

less frequently mentioned factors when choosing an everyday object: fun and novelty, and

personal connection. With such a diverse range of factors and agreement scores which

were on the lower end of the scale), it would seem that consensus by elicitation study may

not be a suitable method for this type of experience.

The lack of suitability of consensus through elicitation study in these experiences is

further supported by statistical analysis of the ARI questionnaire results between the

consensus and discarded sets. No significant difference was found between the two sets,

and thus neither set can be considered as providing a more immersive experience. This

result directly addresses the primary research question and indicates that more commonly

chosen everyday objects don’t necessarily provide a more immersive experience when used

as props in a first-person augmented reality action game. This answer might mean that

the best experience would come from allowing participants to select the object that they

want according to their own personal preferences.

These results are particularly relevant for the crossbow virtual object, which had a four

way tie for consensus object - showing little consensus for that particular virtual object.

This could be explained by one repeated idea from the interview analysis, that there was

a lack of clear analogues to the crossbow amongst the everyday objects available. We

consider this a limitation of the study, and discuss it further in Section 7.3. In situations

like these, it is important to allow participants to choose their own everyday objects to

define the experience - with no clear consensus the best experience for players is likely to

be the one where they can make their own choice for which object to use.

It was also clear from the interviews that the use of voice commands to fire the crossbow
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was not a natural, immersive interaction. Participants mentioned wanting to pull on a

trigger or pull back on the crossbow string in order to fire it. Some participants were even

observed performing these sorts of gestures, as shown in Figures 6.3 and 6.4, even though

this had no effect. This would indicate that a key aspect of how everyday objects can be

used as props in a first-person augmented reality action game is by providing users with

natural ways to use those everyday objects as props, ways that imitate how players would

expect to use the virtual objects that are being represented. We, therefore, suggest it

is important for designers of AR games utilising everyday objects to find intuitive ways

of activating objects, ideally mimicking the actual activation interaction of the virtual

objects.

To summarise our findings:

• RQ: No, more commonly chosen everyday objects do not necessarily provide a more

immersive experience when used as props in a first-person augmented reality action

game.

– SQ1: Yes, a consensus can be reached for what types of everyday objects

are used as props in a first-person augmented reality action game but not

necessarily for all virtual objects.

– SQ2: Everyday objects can be used as props in a first-person augmented reality

action game by providing intuitive ways to use the everyday objects that mimic

how players would expect the virtual objects to be used and activated.

With these answers in mind there are three key points to consider when designing first

person perspective AR action game experiences : different players will have different

priorities when choosing everyday objects, that consensus set everyday objects do not

necessarily provide a better experience than discarded set everyday objects, and there

may be no consensus for some types of virtual objects. Given this, our recommendation

is that AR games that utilise everyday objects should be designed so that players can

choose which everyday objects they want to use. This flexibility allows players to satisfy

their own selection priorities to maximise their experience, and covers the case where

there is no clear consensus of which everyday object matches a virtual object. Finally

interactions should be designed so that the everyday objects can be used in a way which

mimics activation of the virtual object to provide a natural and immersive interaction for

the player.
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7.2 Experience Improvements

The results of the qualitative analysis highlighted some interesting avenues for further

research, such as how the AR experience could be improved to provide a more fun and

immersive experience. In particular, we have identified four possible research avenues

to improve the AR experience: adding active haptic feedback to the everyday objects,

improving the cohesion between the everyday and virtual objects, adding visual impact

of virtual objects to real world objects and providing more natural activation methods.

Two of the key factors which influence how participants select everyday objects were

the weight distribution and grip feel. We suggest that this indicates the passive haptic

feedback provided by the everyday objects is important to participants. This passive

feedback can provide the sensation of holding and moving the virtual object, however it

can not emulate things like the impact of the sword hitting a target, an arrow hitting the

shield or the recoil when firing the crossbow. Exploring ways to introduce active haptic

feedback through things like vibration could improve immersion for players.

Some participants commented that grip feel was the most important factor for their

choice selection and observed that, because the virtual object visually replaced the every-

day object, only the grip mattered. We suggest an interesting avenue for research could be

looking at how everyday and virtual objects could be visually combined. For example, if

a player chose a small everyday object for the sword virtual object because they believed

the grip feel was most like a sword handle, then the virtual object could be rendered in a

way that incorporates the everyday object, for example just the sword blade is rendered

emerging from the everyday object. Enhancing the visual cohesion of the real and virtual

objects could provide a novel and more immersive experience.

Beyond the interactions between the everyday object and virtual objects, we propose

that a way of increasing immersion is to consider how virtual objects impact the real

world. In this study, visual and audio effects indicated when the virtual weapons were

impacting the targets and the virtual arrows were deflected by the virtual shield. We

propose utilising AR to extend these effects beyond just the virtual objects, such that the

virtual objects appear to impact the real world, for example having cracks appear on real

world surfaces where the sword has been swung, or arrows sticking into real surfaces they

have collided with.

Finally, many participants commented that it felt unnatural to fire the virtual crossbow

using a voice command, and that a string pull or trigger gesture would be more natural
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way to fire it. We recommend further work to design interaction methods that can provide

these intuitive activations. This could be achieved using hand tracking, such as is available

on the HoloLens 2, however consideration must be given to how to deal with tracking the

hand in challenging orientations, and occlusion of the hands by the everyday objects.

An alternative to hand tracking is designing interactions to exploit affordances on the

everyday objects, for example the trigger on a spray bottle. Tracking the location of a

moving part on the everyday object could provide the information needed for activation.

7.3 Limitations

7.3.1 Technical Limitations

There were a number of technical limitations present with the hardware that was used

for the user study. The limited FoV of the HoloLens 2 headset was mentioned by several

participants, with some asking the researcher whether it was normal to only see parts of

the virtual objects at a time. This likely had a negative impact on the feeling of immersion

for these participants. There was some latency between the movement of the real everyday

objects and the virtual objects which may have affected user experience, however none

of the participants commented on this. It should be noticed that these limitations were

consistent for all participants, so should not have biased the results .

With time the FoV of AR headsets will likely improve and, in the meantime, we rec-

ommend using a video see VR HMD, as these are likely to have a wider FoV. Reduction

in the latency between the real everyday objects and virtual objects is possible through

optimisations of the networking code and infrastructure. The latency could also be im-

proved by using a device which natively supports the OptiTrack Unity plugin, rather than

requiring an additional intermediary network data translation step.

For some participants, the voice recognition system was inaccurate, and they had

difficulty with using the voice controls to advance through the experience. As a work

around, a floating menu could be activated that participants could interact with using

touch gestures. Most of the voice controls were used to perform functions outside of

the tasks, and as such it is assumed that this had minimal impact on the participants’

experience during the task. However, in order to fire the crossbow, participants had to

use the “shoot” voice command, and the system had difficulty recognising this for some

participants, which may have impacted their immersion during the task.
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Some users encountered some minor tracking issues of their chosen everyday objects.

As mentioned in Section 6.2, one participant’s shield task experience was affected enough

that their ARI results for that task were excluded from further analysis. In the previous

sword task, the participant had swung the sword object so fast that the OptiTrack marker

tree rigid body came off and broke. Another marker tree rigid body was used for the shield

task, however the tracking performance with this marker tree was not as good. Examina-

tion of the everyday object chosen for the shield task (the pot lid) in the Motive software

after this task showed a number of erroneous marker detections. A different marker tree

rigid body was found to have a clear enough recognition that these erroneous detections

did not affect tracking. Beyond this, a few participants noticed slight discrepancies in the

alignment of the virtual object relative to the everyday object. These discrepancies were

described by participants as minor, but it is possible that their immersion scores may still

have been affected. In future more testing should be done with the everyday objects to

ensure they track well using the tracking system used.

7.3.2 Study Design limitations

At the time of designing the study for this thesis no prior work using elicitation studies

for this type of research had been identified. There were two key differences in how we

performed our elicitation study compared to prior research, that was identified at the

time of designing the study, which may have impacted on the effectiveness of the study:

the pool of available proposals, and the types of referents.

Most elicitation studies have been used to elicit gestures, which leads to a near infinite

number of proposals. In this study, only a limited selection of everyday objects were

available as proposals. Although care was taken to select a diverse range of objects,

this still may limit how generalisable the results are to all everyday objects. For this

experiment the everyday object pool was generated by limiting options from a large

aggregate list in an attempt to provide a range of common objects with unique size, shape

and affordance. One other paper was identified that documents a similar elicitation study

to the one conducted in this thesis, though the paper was published after our study was

conducted. This study was looking at the use of physical props to perform gestures to

control “CAD-like and open-world like referents” using virtual reality (Moran-Ledesma

et al., 2021). This study offered participants 96 different physical props to choose from in

comparison to our study which only offered 26. Their study was not specifically looking at

everyday objects but simply physical props in general and they based their pool of props

on sandtray therapy (Gallo-Lopez & Rubin, 2012; Hancock et al., 2010) which is used as
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a tool for free association (Kuška et al., 2016). Given the much smaller pool of available

proposals as compared to the work of Moran-Ledesma et al. (2021) it seems that a larger

pool of objects should have been made available which limits the study in this thesis

in some capacity. While the objectives of generating the pool of proposals was slightly

different between the two studies, the use of free association tools like sandtray therapy

does offer an interesting option for generating pools of proposals for similar studies in the

future.

We also aimed to validate the pool of available proposals during the interview portion

by asking whether participants felt any everyday objects were missing. Most participants

indicated that they were satisfied with the selection of everyday objects, however, some

participants did mention that they would have liked more options appropriate for the

crossbow virtual object, and this could have contributed to the lack of consensus for the

crossbow virtual object. From the original list of everyday objects, we feel there is a lack

of suitable analogues for a crossbow due to its unique shape. A possible resolution to this

is to allow participants to combine everyday objects to represent a single virtual object.

The other main difference between our elicitation study and previous elicitation studies

is the function of the referents. In prior studies, referents reference a specific function

that users need to perform. In the case of our study, participants were presented with the

virtual object and a description of the task they would perform with it, which potentially

requires more thought when deciding on the proposal. It is unclear exactly how this might

impact the study, but is worth further exploration.

7.3.3 Questionnaire Limitations

The ARI questionnaire is a validated questionnaire that was shown to have satisfactory

reliability and validity (Georgiou & Kyza, 2017), however there are still some possible

limitations with this approach. Georgiou and Kyza (2017) expressed concerns in their

paper about the sample size required for validation - they followed “widely accepted

norms about questionnaire development and validation”, however there are conflicting

recommendations about sample size, with some studies suggesting n>200 participants

are required while other studies suggesting smaller sample sizes are still valid. Ultimately,

Georgiou and Kyza decided the sample size that they used was sufficient, and this was

supported by goodness of fit analysis comparing the model to the data.

The original questionnaire was designed for the evaluation of location-aware AR ap-

plications. In this study, we applied it for evaluating a 3-D object augmentation and
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manipulation AR application. Despite this difference, all the questions posed in the ques-

tionnaire were applicable to the experience being studied, and for this reason we argue

the questionnaire is still appropriate for this study.

As with many questionnaires, the ARI questionnaire is subject to the limitations as-

sociated with being a post-intervention and self-reporting measure. These types of ques-

tionnaires may fail to capture the moment to moment immersion of the player, and can

capture an altered experience of immersion due to inaccurate recall (Chung & Gardner,

2012; Ijsselsteijn et al., 2000). To mitigate the effect of inaccurate recall, in this study

participants completed the questionnaire immediately after each task. In addition, it has

been shown that measurement of immersion during an experience can disrupt immersion

(M. Cheng et al., 2015) , and as such post-intervention measures are still the preferred

way to measure immersion.
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Chapter 8

Conclusions and Future Work

8.1 Recommendations from Study

The research described in this thesis has laid the groundwork for the design of AR games

utilising everyday objects as props. Key factors impacting player selection of everyday

objects were identified, and recommendations for how to best design these experiences,

both from the researchers as well as participants, have been discussed.

The thesis posed three research questions:

• RQ: Do more commonly chosen everyday objects provide a more immersive experi-

ence when used as props in a first-person augmented reality action game?

– SQ1: Can a consensus be reached for what types of everyday objects are used

as props in a first-person augmented reality action game?

– SQ2: How can everyday objects be used as props in a first-person augmented

reality action game?

The study identified some consensus amongst the choices of everyday objects for the

sword (AR(r) = 0.156, medium agreement) and shield (AR(r) = 0.330, high agreement)

virtual objects. Demonstrating that yes, a consensus can be reached for what types of

everyday objects are used as props in a first-person augmented reality action game but not

necessarily for all virtual objects. Despite this consensus no significant difference in ARI

immersion scores was found between the consensus and discarded set. Suggesting that

no, more commonly chosen everyday objects do not necessarily provide a more immersive
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experience when used as props in a first-person augmented reality action game. The

additional qualitative measures provided insight into SQ2 with participants expressing

desire to have more natural ways to fire the crossbow, rather than voice control, some

participants even performing gestures to do so despite there being no in-game effect to

doing so. These qualitative findings indicate that everyday objects can be used as props

in a first-person augmented reality action game by providing intuitive ways to use the

everyday objects that mimic how players would expect the virtual objects to be used and

activated.

Three key factors were identified that players consider when choosing a real world

everyday object to control a virtual object in an AR game: grip feel, weight distribution,

and size and shape. Additionally, two less common factors were also observed: fun and

novelty, and personal connection. Participant feedback also provided several avenues for

improvements regarding how everyday objects can be used and what other objects and

mechanics may be good to include in AR games using everyday objects in the future.

One of the biggest elements that participants felt could be improved was finding an more

intuitive way to fire the crossbow, such as using a trigger or pulling back on a virtual

bow string. Many participants expressed ideas for other virtual objects they could use,

some were alternative melee weapons similar to the sword, a few suggested using more

dynamic objects that might require flexible everyday objects or multiple everyday objects

and some suggested entirely different objects like paintbrushes or sports equipment. Some

ideas for interesting new mechanics were also generated like more mobile and responsive

opponents to fight, the use of multiple virtual objects at once, for example using the

sword and shield simultaneously, and other ideas like using everyday objects to paint or

mix potions.

We suggest that it is best to design AR game experiences with flexibility and player

choice in mind. Intuitive ways to use the everyday objects that mimics the virtual object

for activation purposes should be employed. Designing full AR game experiences using

everyday objects as props should also consider some of the additional virtual objects

and mechanics suggested by participants in this study. Allowing players to choose their

own everyday objects, providing natural mappings for interactions with these objects and

adding new dynamic virtual objects and mechanics will provide maximum satisfaction

and provide players with a more immersive experience.
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8.2 Future Work

During this work, some limitations were identified that could affect player experience for

first-person perspective AR action games. As discussed in the previous chapter, most of

these limitations are assumed to have had minimal impact on the results of the study,

but do suggest opportunities for improvement in future work.

One limitation often mentioned by participants was the small Field of View of the

HoloLens 2 HMD. It is likely that future AR HMDs will offer a much larger FoV than the

HoloLens 2. Until then, we recommend using video see through VR HMDs for a wider

field of view AR experience.

To work around the lack of an Optitrack Unity plugin which supported the Hololens

2, an intermediate networking translator/repeater was developed. This may have caused

some latency between the everyday object moving, and the system recognising this move-

ment. Further work should be done to optimise, or try and remove the need for, this

repeater in order to reduce latency.

The everyday object tracking used in this research utilised an OptiTrack tracking

system, with marker tree rigidbodies attached to the everyday objects with Velcro. This

approach provided flexibility for participants to easily select and track objects, but they

also introduced some error in object tracking since the marker attachment was non-rigid.

Future work could explore how to rigidly attach markers to the everyday objects, while

retaining flexibility.

Additional work should be done on improving the alignment between the everyday ob-

ject and virtual object. The method used in this research can result in slightly offset pivot

points for the real object and the marker tree rigidbody, which can cause misalignment

between the virtual object and everyday object when the everyday object is rotated.

Lastly, several avenues for potential improvements to the AR game experience were

discussed in Section 7.2: adding active haptic feedback to the everyday objects, improving

the cohesion between the everyday and virtual objects, adding visual impact of virtual

objects to real world objects and providing more natural activation methods. By con-

ducting further research exploring these ideas and by addressing some of the limitations

present in the current experience, we hope that one day it will be possible to realise the

childhood experience of picking up any object and having it come to life as a part of play.
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Te Komiti Matatika Rangahau | Human Research Ethics Committee   

Te Tononga Rangahau Hōu | Application for a new research project  

 

 
 
 
 
 
 

This document is to be completed by any UC Staff member or UC Student seeking Human Research Ethics 
Committee (HREC) approval to conduct research involving human participants. Please complete this 
application after reading the Human Ethics Policy available at https://www.canterbury.ac.nz/study/ethics/ . 
 

Student applications must be reviewed and signed off by the student’s supervisor.   
 
Please remember that your audience for this application form will include community members and 
scholars from outside your discipline. All documentation must therefore be written in everyday 
language.  
 

1. He Whakamahuki | General Information -  
1.1. Project Title: User-defined interaction using everyday objects for augmented reality first 
person games 
 

1.2. Primary Applicant Details (staff member or student, adjunct, etc.). 
Name: Mac Greenslade 
University School/Department: The HIT Lab NZ 
Email address: mackenzie.greenslade@pg.canterbury.ac.nz   
Student ID number (if applicable): 21620046 
 

1.3. Additional research team members, or Supervisors (for student projects) 
University School/ Department: The HIT Lab NZ 

Name: Prof. Dr. Stephan Lukosch  Email address: stephan.lukosch@canterbury.ac.nz 

 

University School/ Department: School of Product Design 

Name: Dr. Adrian Clark  Email address: adrian.clark@canterbury.ac.nz 

 

1.4. Does this research involve a clinical trial? 
 

☒       No. 

☐ Yes. Please contact the University’s Financial Controller and inform them about the study for 

insurance purposes https://www.canterbury.ac.nz/about/finance/people/ 
 

1.5. Is this application for a project that has already received research ethics approval from an 
external ethics committee (e.g., Health and Disability Ethics Committee or another university’s 
ethics committee) or organisation? 

 

☒ No. Please complete this application. 

☐ Yes. Please provide details and forward copies of the approved application documentation and 

approval confirmation. Do not complete the rest of this application unless advised. 
 

***For Office Use Only***     HREC Reference: 
 
Date Received:      Reviewers:  
 
Date Approved:     Approved:            (HREC Chair)
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1.6. What is the academic purpose of the research project? 

Please select one option. 

 

☐ Staff research  ☐Doctoral research (e.g., PhD, EdD)  ☒Master’s research 
   

☐ Honours research   ☐Other (please specify e.g., final year project) Click or tap here to enter 

text. 

 

2. Te Tirohanga Whānui | Project Aims and Overview -  
2.1. Please provide a brief easy-to-read summary of the project (up to approx. 300 words e.g., 

background and purpose of the project). 
 

  Despite the increasing prevalence of immersive technologies such as Augmented Reality 
(AR), the question of how to best support interaction with virtual content still remains 
unanswered. Many AR experiences lack any physical representation of virtual objects, 
requiring users to resort to interaction methods such as speech or gestures (Billinghurst et al., 
2015). By supporting real world interactions with virtual content in AR experiences can be 
made more immersive and interfaces more accurate and faster to use (Datcu et al., 2015, 
Henderson & Feiner, 2008).  
 
One type of interface which allows for real world interaction with virtual content are tangible 
user interfaces (TUIs), where interaction with a physical object is used to manipulate a linked 
virtual object. While these TUIs can provide intuitive affordances using physical objects, TUI 
interactions are often defined by the experience designer without much consideration of the 
end user or the physical object’s affordances. In this research, we focus on a specific subtopic 
of TUIs, the use of everyday objects for TUIs, which provides the benefits of a TUI without 
requiring specialised equipment. One example of this would be a first-person AR game where 
players can pick up everyday objects and use them to control virtual objects in the game. This 
study will explore the use of everyday objects in TUIs, beginning with an elicitation study 
where participants will select everyday real objects to represent a set of virtual objects and 
associated tasks so that a consensus can be built on the use of everyday objects in first-person 
AR games. This could provide a resource for designers making such experiences in the future. 
 

2.2. What are the research objectives (questions or hypotheses) of this project?  

• Can a consensus be reached for what types of everyday objects people will want to use as 
props in an augmented reality first person game? 

• Can a consensus be reached for how everyday objects would be used as props in an 
augmented reality first person game? 

• Will the consensus set of everyday objects provide a more immersive game experience 
than the discarded set? 

 

2.3. Which research methodology/ies will be used to collect data? 
Please select all that apply. 

 

☒ Survey/ Questionnaire  ☒ Interview  ☐ Kaupapa Māori    
  

☒Experiment   ☒Observational ☐ Focus group     
    

☐ Other (please specify) Click or tap here to enter text. 
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2.4. Does the research involve multiple phases (e.g., survey and focus groups, or multiple 
surveys, or a pilot study followed by a main study)? 
 

☐ No.  

☒ Yes. Please briefly describe each phase (i.e., description, purpose, research methods etc.)  
 
A short pilot study with 3-5 participants from the HIT Lab will be performed to ensure that the 

study is appropriately designed and can be performed in a timely manner i.e. within an hour 
period 

 
The main study sessions will be no longer than one hour single sessions containing the following: 

1. A short demographic survey 
2. A period where participants will select and use an everyday object for a series of virtual 

objects and tasks, followed each time with a questionnaire on their experience 
3. A short interview to end the study session 

 

3. Ngā Tūraru me ngā Matatika | Risks and Ethical Issues 
 

3.1.  Please indicate each of the following criteria that apply to this research (either for the 
participant or the researcher) 

 
   YES   NO 

☒ ☐ Physical risks (e.g., Invasive physical procedures or potential for physical harm) 

☐ ☒ Psychological risks (e.g., tasks that might cause emotional stress) 

☐ ☒ Social risks (e.g., peer group involvement, participants are known to the researcher) 

☐ ☒ Employment/professional/service user risks (e.g., if an employer can identify who did/did         

   not participate in a study) 

☐ ☒ Personal or sensitive issues (e.g., that people don’t typically discuss with unfamiliar people) 

☐ ☒ Cross-cultural issues (e.g., topics focussed on aspects of different cultures or countries) 

☐ ☒ Moral or religious issues (e.g., participant demographics and/ or topics involved) 

☐ ☒ Investigation of illegal behaviour(s) 

☐ ☒ Invasion of privacy 

☐ ☒ Collection or use of information that might be disadvantageous to participants 

☐ ☒ Use of information already collected for which agreement of use/confidentiality was  
not agreed upon at the time data was collected 

 

☐ ☒ Conflict of interest (e.g., the researcher is also the lecturer, teacher, treatment provider,  
colleague or employer of the research participants, or there is any other power relationship  
between the researcher and the research participants 

☐ ☒ Participants who are unable to give informed consent (e.g., children under 16 years) 

☐ ☒ Audio or visual recording without participants’ consent 

☐ ☒ Withholding benefits from “control” groups  

☐ ☒ Inducement over a nominal amount to recompense costs, e.g. a $20 petrol voucher 
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If “YES” was selected for any of the above, please describe the potential risk in detail, and explain how 

this will be mitigated. Please also explain each risk and the steps taken to mitigate these in the 

Participant Information Sheet. 

Physical – Participants will be utilising everyday objects as proxies for virtual objects and using them to 

complete tasks in Augmented reality, there is a small chance that the objects could be dropped or 

accidentally thrown which could cause minor physical harm to the participant or researcher. In order to 

mitigate this risk two steps will be taken: 

1) Everyday objects with sharp edges and objects that weigh more than 500g will be excluded from 

use. 

2) Participants will be asked to maintain a firm grip on each everyday object and to not throw or drop 

the object. 

 

4. Ngā Kaiwhakauru | Research Participants  
 
4.1. Who are the participants and why have they been chosen? 
  Participants will be individuals 18 years or older responding to the recruiting advertisements 
outlined below. It is anticipated that these participants will primarily be staff or students at the 
University of Canterbury and acquaintances that see advertisements for the study. 
 
4.2. What selection criteria and/ or exclusion criteria will be used (e.g., randomly, by age, 

gender, ethnic origin, other)? 
 The selection criteria for participants is sufficient physical and mental condition and normal or 
corrected to normal vision. The criteria for participation will be described in the consent form, 
participants will self-identify any reasons why they don’t meet the criteria before they decide to 
participate. Each participant’s written consent will confirm their eligibility to participate. 
 
4.3. How many participants will be recruited? 
 

Minimum number: 20  Maximum number: 30 

 
4.4. Will the research involve children or youth aged 17 or younger? 
 

☒ No. (go to 4.5)  

☐ Yes. Please provide details. Click or tap here to enter text. 
 

 4.4.1 Will researchers be interacting in-person with children or youth aged 17 or younger? 
 

☐ No. (go to 4.5) 

☐ Yes. Please confirm that each researcher working with children or youth has a current relevant 
professional registration (e.g., NZ Teaching Council) or a current children’s worker safety 
check. Click or tap here to enter text. 

 

4.5.  Will the research involve adults with diminished capacity to provide informed consent (e.g., 
people with cognitive impairment)?  
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☒ No.  

☐ Yes. Please provide details. Click or tap here to enter text. 
 

4.6. Please describe how potential participants will be identified. 
  Participants will self-identify by responding to advertisements for the study. Advertisements for the 

study will be posted on Facebook pages for University of Canterbury students, such as the UCSA 
noticeboard, and the HIT Lab NZ Facebook page. Paper copies of advertisements will be posted on 
noticeboards around the University of Canterbury campus. 

 
4.7. Please describe how potential participants will be recruited – i.e., by whom, when, and how 

will information will be given to potential participants? 
 Participants will book a session for the study by following a link on the advertisements posted to social 

media or by scanning a QR code on the physical advertisements. When a participant books the 
researcher will be notified of the time, name and email address of the participant. Each participant will 
be emailed a copy of the information sheet and consent form in advance of the study taking place. 
 

4.8. Will the recruitment process involve the use of emails, advertisements, phone calls or 
other forms of contact with potential participants? 

 

 ☐ No. 

 ☒ Yes. Click or tap here to enter text. 
 
4.9. Will each participant receive written project information? 

 

☒ Yes. Please attach a copy of each version of the Information Sheet as an appendix. 

 The information sheet and consent form information will be available on the booking site. 
Participants will also be sent a copy of the information sheet and consent form via email once they 
have booked. 

☐ No. Please provide supporting rationale. Click or tap here to enter text. 

   
4.10. Please describe the procedures to be followed if more people express interest in 

participating than can be accommodated, or the planned recruitment is not successful in 
recruiting the target number of participants. 

 Online bookings will be required for participants involvement in the study and booking slots 
will be limited to the maximum number of participants, meaning interested people beyond 
the maximum number will not be able to book a time. Once all booking slots are filled the 
social media advertisements will be updated and the physical advertisements around campus 
will be removed. Advertisements for the study will remain until the booking limit is reached to 
ensure that the minimum number of participants is recruited. 

 

4.11. How much time will participation involve for an individual participant?  
 Approximately 40 to 60 minutes 

 
4.12. What are the anticipated benefits to participants? 
 A potential benefit is that participants will develop further understanding of augmented 
reality. 
 
4.13. Will some form of inducement be used to support recruitment (e.g., vouchers, koha, food, 

contribution to course assessment, reimbursement of a direct cost)? 
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 ☐ No. 

 ☒ Yes.  

They will receive a Westfield gift voucher with a value of $20 as inducement. This cost will be 
covered by the HIT Lab NZ  

 
  

 

4.14. Will information about participants be obtained from any source other than the 
participant? 

 
 ☒ No. Go to section 5. 

 ☐ Yes.  
 

5. Te Whakaae a ngā Kaiwhakauru | Consent by participants 
 

5.1.  Is each participant capable of providing informed consent to participate? 
 

☒ Yes. 

☐ No.  
 

5.2.  How will consent be obtained from each participant? 
 

☒ A signed consent form. Please attach a copy as an appendix. Click or tap here to enter text.  

☐ Online survey/questionnaire consent statement.  

☐ Other. Please provide details.Click or tap here to enter text. 
   

 

5.3.  Will the research involve any of the following activities? 

 
☒ Audio or video recording. 

☐ Publication of identifying information (e.g., names, organisations etc). 

☐ Retention of data for future use by other researchers. 

☐ Future use of participants’ contact information. 

☐ Parental or caregiver consent for child participants/those unable to provide consent. 

☐ None of the above. 
 

If applicable, please ensure participants are clearly informed about these aspects of the research and provide 

specific consent for each one.  

6. Te Hanga Ngātahi me te iwi Māori | Engagement and Co-design with 
Māori  
This information informs the committee about aspects of the research that may have implications for Māori and the 
need for Māori engagement and co-design considerations. 
 

Will the research involve -  

 
YES NO 
 
☐ ☒        Intentional recruitment of Māori participants? 

☐ ☒        Recording of ethnicity for reporting of Māori participants’ data? 

☐ ☒        Implications for iwi Māori stemming from the design, implementation or outcomes? 
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☐ ☒        Significant Māori content, use of culturally sensitive material or knowledge? 

☐ ☒        Access to Māori sites, or sampling of flora/fauna? 

 
7. Ētahi atu Hunga |  Other Organisations, Community groups or 
Interested Parties 
 

7.1. Will the research require permission from, or consultation with, another organisation (e.g., 
 school, government agency, business, community group etc.) to recruit participants or 

access information? 
 

☒ No.  

☐ Yes. Please provide details. Click or tap here to enter text. 
 

7.2. Is the research funded by, or carried out on behalf of, another organisation? 
 

☒ No.   

☐ Yes. Please provide details. Click or tap here to enter text. 

 
7.3. Is an Intellectual Property (IP) or Data Sharing agreement with an external organisation in 
place for this research?  
 

☒ No.  

☐ Yes. Please attach a copy of any such agreements. Click or tap here to enter text. 
 

7.4. Is it possible that an organisation (e.g., school, business, employer) will be named or be able 
to be identified in any publication or presentation resulting from the research?  
 

☒ No.   

☐ Yes. Please explain if you intend to seek organisational approval for this, or why you have 
decided not to seek this approval. Click or tap here to enter text. 

 

7.5. Is there any conflict of interest (potential, perceived, or actual) for the researcher(s) and/or 
organisation(s) involved? 

 

☒ No.   

☐ Yes. Please describe and note how this is to be managed. Click or tap here to enter text. 
 
The UC Conflict of Interest Policy can be found here 
https://www.canterbury.ac.nz/about/governance/ucpolicy/general/conflict-of-interest-policy-principles-and-
guidelines/  

 
8. Ētahi atu Hunga | Location of Research  
8.1. Where will the research take place?    
The HIT Lab NZ, level 2 of the John Britten building, University of Canterbury 
 

8.2. Will any participants be located outside Aotearoa New Zealand? 
 

☒ No.   

☐ Yes. Please provide details.Click or tap here to enter text. 
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8.3. Will the researcher(s) be based outside Aotearoa New Zealand? 
 

☒ No.  

 ☐ Yes. Please provide details. Click or tap here to enter text. 

 
8.4. Will any research documents require translation into another language? 
 

☒ No.  

☐ Yes. Please provide details (i.e., which documents, what languages, who will provide the 
translation). Copies of translated material should be provided with the application. Click or tap here 

to enter text. 

 
9. Ngā Tirohanga me ngā Rārangi Uiui | Surveys or Questionnaires  
 

9.1. Will a survey or questionnaire be used to collect data? 
 

☐ No. Go to section 10.  

☒ Yes. Please provide a copy of the survey or questionnaire as an appendix. Click or tap here to 

enter text. 
 

9.2. How will the survey or questionnaire be distributed and responses collected? 
 

☒ Online via Qualtrics.   

☐ Other. Please describe procedures. Click or tap here to enter text. 
 

9.3. Will the survey or questionnaire responses be anonymous, confidential, or neither? 
 

☒ Anonymous (i.e., no personal or identifying information is captured that can be linked with 
participant responses) 

 
 

☐ Confidential (i.e., personal or identifying information is captured and will be stored securely, not 
disclosed, reported or published). 
 

 

☐ Neither anonymous nor confidential. Please provide rationale Click or tap here to enter text. 
  

9.4. If the research involves an online survey/questionnaire presented to UC students please confirm 
that the UC Student Evaluation and Insights team https://www.canterbury.ac.nz/about/ako/evaluation-

and-student-insights/ has been consulted and provided approval. 
 

☒ Not applicable. 

☐ Student Evaluation and Insights team has been consulted and provided approval. 
 

10. Ngā Uiuinga | Interviews  
 

10.1. Will interviews be used to collect data? 
 

☐ No. Go to section 11. 
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☒ Yes. Please describe the interview procedures (e.g., welcome/ introduction/ refreshments) and 
provide a list of the planned questions (for structured/ semi-structured interviews) or discussion 
topics (for unstructured interviews).  
 
A short semi-structured interview will be conducted at the end of the study session, containing the 
following questions: 

• What was your reason for selecting your everyday object for each virtual object? 

• Would you change any of your selections for the virtual objects and if so which ones? 

• Were there any everyday objects that were missing from the available options that you 
would have liked as options? 

• If you were to play an augmented reality game similar to this in the future what virtual 
objects would you like to see represented? 

 

10.2. Will interviews be recorded? 
 

☐ No.  

☒ Yes. Please indicate the type (i.e., audio, video) and purpose of the recording. 

 The Interview will be audio recorded so that the participants’ responses to the interview questions 
can be transcribed and analysed. 
 

10.3. Will participants be offered a copy of the interview transcript to review/ confirm? 

 

☒ No. 

☐ Please describe the process and timeline (e.g., when and how will participants be provided with 
the transcript? How long will they have to review and advise of any amendments, etc.?) Click or 

tap here to enter text. 
 

10.4. Will a person outside the research team be used to transcribe interviews? 
 

☒ No. 

☐ Yes. Please attach a copy of the confidentiality agreement as an appendix. 

 Click or tap here to enter text. 

 
11. Ngā Rōpū Arotahinga | Focus Groups, Hui, Wānanga, Talanoa  
 
11.1. Will focus groups, Hui, Wānanga, or Talanoa be used to collect data? 
 

☒ No. Go to section 12. 

☐ Yes. Please describe the process (e.g., the number of people in each group, 
welcome/introduction, refreshments) and provide a list of the planned questions/discussion topics. 
 
Please include a copy of the confidentiality statements that all participants will sign OR explain how 
the confidentiality of participants will be protected. Click or tap here to enter text. 

 

11.2. Will the focus group, Hui, Wānanga or Talanoa be recorded? 
 

☐ No. 

☐ Yes. Please indicate the type of recording to be used.  
 

☐ Audio  ☐ Video  ☐ Field notes  ☐ Photos 

 
11.3. Will a person outside of the research team be used to transcribe these discussions? 
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☐ No. 

☐ Yes. Please attach a copy of the confidentiality agreement as an appendix. 

 Click or tap here to enter text. 

 
11.4. Will participants be asked to review a transcript of the discussion? 
 

☐ No. 

☐ Yes. Please describe the process and timeline (e.g., when and how will participants be provided 
with the transcript, how long will they have to review and advise of any amendments etc.). Please 
also describe how confidentiality/privacy issues will be addressed. Click or tap here to enter text. 

 
12.   Ngā Whakamātau, ngā Whakatātare | Experimental* or 
observational studies *Experimental studies include intervention research involving measurement 

of any individual or group changes in response to teaching or learning activities. 

 
12.1. Will the research involve an experiment, or observation of participants? 
 

☐ No. Go to section 13. 

☒ Yes. Please briefly describe the experiment or observations. 
 

1.  The researcher will provide a short briefing about what the participant will be required to 
do for the study. After this briefing the researcher will go through a copy of the information 
sheet and consent form and will answer any questions the participant has. If the participant 
is comfortable to proceed they’ll sign the consent form and the study will begin. 

2. The participants will be asked to answer a short demographic survey to determine their 
prior experience with augmented reality systems. 

3. Once they complete the demographic survey they will be asked to don a Microsoft 
Hololens 2 HMD and will then be shown a virtual object and a short demonstration of the 
task that they’ll use the virtual object to perform. 

4. When the participant is satisfied that they understand the task they will be asked to select 
an everyday object as a physical proxy for the virtual object. The participant will also be 
asked to think aloud during this process before placing the everyday object they select in 
the space of the virtual object. Once this selection is made the participant will be able to 
manipulate the virtual object using the selected proxy and will perform the task they were 
shown. 

5. After the task is performed the participant will be asked to remove the headset and answer 
a short questionnaire regarding their experience. 

6. The participant will be allowed a short break and then they’ll be asked to repeat steps 3-5 
for any remaining objects and tasks. *The number of virtual objects to be used in the study 
will depend on how long pilot tests indicate the study might take in an attempt to ensure 
that participants spend no more than one hour on the study. 

7. Once all tasks involving virtual objects have been completed the participant will be asked a 
short series of interview questions about their experience. 

 

12.2. Will the experiment or observations involve audio, video or photographs of participants? 
 

☐ No. Go to Section 13.   

☒ Yes. Please indicate: 
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☒ Audio 

 ☒ Video 

☐ Photographs. 
 

Please specify below how you will avoid capturing those who are not participants in your research. 
 
The study will be performed in a controlled lab room and the camera focussed only on the participant as 
they complete the study. Any parts of the camera frame that capture windows or look out into the HITLab 
NZ shared office space will be covered. 

 
13. Te Nukarau | Deception  

 

13.1. Will the research involve any deception (e.g., some study objectives are withheld from 
participants until after they have completed tasks)? 
 

☒ No. Go to section 14. 

 ☐ Yes. Please describe the deception, the rationale for the deception, and the debriefing process. 

  
 

☐ A copy of the debriefing sheet is attached (this should typically include reasons for the 
deception, further relevant study details and information advising participants that they can 

withdraw from the study once they are made aware of the deception). Click or tap here to enter 

text. 
 

14.  Ngā Raraunga: te kohi, te pātengi, te whakamahi | Data collection, 
storage and use 
 

14.1. Does the research involve the collection and storage of electronic data?  

 
☐ No. 

☒ Yes. Please describe the secure storage procedures. 
All electronic data will be stored on a HIT Lab NZ server only accessible by the researchers and the 
university, the data will be stored password protected machines within the HIT Lab NZ space which has 
controlled access.  
 

14.2.  Does the research involve collection and storage of physical data (e.g., paper documents)?  
 

☐ No. 

☒ Yes. Please describe the secure storage procedures. 
 Physical copies of the consent forms will be stored within a cabinet at the HIT Lab NZ which will be 

accessible only by the research team with a physical key. 

 
14.3.  Are any comments or quotes from participants to be used in any publication or 

presentation? 
 

☐ No. 

☒ Yes. Please ensure participants are clearly informed in the information sheet, and consent to this 
in their consent form. 

 
14.4. Are there plans to make these data available to researchers outside the research team? 
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☒ No. 

☐ Yes. Please provide details. Click or tap here to enter text. 
 

14.5.  Please confirm when the data will be securely destroyed  
 
  ☐ 10 years after completion of the research project (Staff/PhD research). 

   ☒ 5 years after completion of the research project (Master’s research). 

  ☐ On completion of the research project (Honours or undergraduate project research). 

  ☐ Other. Please provide details. Click or tap here to enter text. 
 

14.6.  Please indicate where data may be published or used (select all that apply). 
 
  ☒ Academic or professional journal article(s). 

  ☒ Academic or professional conference, seminar or workshop. 

  ☒ Thesis (e.g., PhD or Masters) available in the UC Library. 

  ☐ Dissertation or project report (e.g., Honours) NOT available in the UC library. 

  ☐ Organisations (e.g., Government agencies, schools). 

  ☐ Other. Please provide details.Click or tap here to enter text. 
 

14.7.  Will participants be offered a summary of the results? 
 

☒ Yes. 

☐ No. Please provide the rationale. Click or tap here to enter text. 
 

15.  Ngā Tauākī me te Tukunga |  
Applicant declaration, signatures and submission 

 

15.1. Researcher’s Declaration 

☒ I am applying for Ethical Approval for the research project as outlined above. 

☒ The project has been accurately described in this application and I have included all the 
necessary documents and information to support this application. 

☒ I will conduct this research within the bounds of any approval given by the Human Research 
Ethics Committee of the University of Canterbury. 

☒ I will inform the Committee in writing should circumstances relevant to this application 
change, and if necessary obtain approval for an amendment.  

 

Principal Researcher’s Name: Mac Greenslade 

Signed (type or e-signature):   Click or tap here to enter text. 

Date: 03/09/2021 

Note: The principal researcher is the student or staff member leading the research. 

 

15.2 For Academic Supervisors of Student projects only (tick/check all that apply) 



  

 

 

 

13 

Please note that applications for ethical approval are not usually considered if the student has not 
submitted their research proposal for registration. 

 

☐ This is a student project that does not require a research proposal OR  

☒ The student has submitted or registered their research proposal for consideration.  

☒ I have read the student’s application for ethical approval including any appendices such as 
Information Sheets and Consent Forms as required. 

☒ I undertake to work with the student on any revisions required by the University’s Human 
Research Ethics Committee before these revisions are returned.  

 

Academic Supervisor’s Name: Stephan Lukosch   
 

Signed (type or e-signature):  Click or tap here to enter text.   
 
Date: 03 September 2021 
 

15.3 Submission Instructions 
Please email ONE electronic file (.pdf or Word format only) containing this completed application and ALL 
relevant documents clearly identified (e.g., study advertisement, Information sheet, Consent form etc.) 
to 
human-ethics@canterbury.ac.nz  

 
Please include a list of references for any citations used in the 
Application Form below: 
 
Billinghurst, M., Clark, A., & Lee, G. (2015). A survey of augmented reality. Foundations 
and Trends® in Human-Computer Interaction, 8 (2-3), 73-272. https://doi.org/10.1561/1100000049  
 
Datcu, D., Lukosch, S., & Brazier, F. (2015). On the usability and effectiveness of different 
interaction types in augmented reality. International Journal of Human-Computer 
Interaction, 31, 150114134809006. https://doi.org/10.1080/10447318.2014.994193  
 
Henderson, S. J., & Feiner, S. (2008). Opportunistic controls: Leveraging natural affordances 
as tangible user interfaces for augmented reality. Proceedings of the 2008 
ACM Symposium on Virtual Reality Software and Technology, 211-218. https://doi.org/10.1145/1450579.1450625  
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Participants needed for a user study around 
using everyday objects for Augmented Reality 

games 

We are looking for volunteers to participate in a study to explore how 
people will use everyday objects as controllers in augmented reality 

games. 
You will be asked to: 

• Wear an augmented reality headset (Microsoft Hololens 2) in order to select and use 

everyday objects as physical controllers of virtual objects for a series of tasks in 

augmented reality 

• Answer a series of anonymous questionnaires and provide verbal feedback related 

to the experiment 

• This study will take place in the HIT Lab NZ, located on the top floor of the John 

Britten building, 69 Creyke Road 

The expected duration of the study is approximately 40-60 minutes in total. 

• A $20 voucher will be given for participation in the study 

• The study has been reviewed and approved by the UC Human Research Ethics 

Committee 

For more details, or to participate in the study, please book from the following link:
 Placeholderlink 
Contact: Mac Greenslade, mackenzie.greenslade@pg.canterbury.ac.nz 
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ARI questionnaire: 

 

Each of the following items will be rated on a seven point Likert scale ranging from 1 which 

represents totally disagree to 7 which represents totally agree. 

 

Factor Item 

Interest • I liked the activity because it was novel 

• I liked the type of activity 

• I wanted to spend the time to complete the activity 

successfully 

• I wanted to spend time to participate in the activity 

Usability • It was easy for me to use the AR application 

• I found the AR application confusing 

• The AR application was unnecessarily complex 

• I did not have difficulties in controlling the AR application 

Emotional 

attachment 
• I was curious about how the activity would progress 

• I was often excited since I felt as being part of the activity 

• I often felt suspense by the activity 

Focus of attention • If interrupted, I looked forward to returning to the activity 

• Everyday thoughts and concerns faded out during the 

activity 

• I was more focused on the activity rather on any external 

distraction 

Presence • The activity felt so authentic that it made me think that the 

virtual characters/objects existed for real 

• I felt that what I was experiencing was something real, 

instead of a fictional activity 

• I was so involved int the activity, that in some cases I 

wanted to interact with the virtual characters/objects 

directly 

• I was so involved, that I felt that my actions could affect the 

activity 

Flow • I didn’t have any irrelevant thoughts or external distractions 

during the activity 

• The activity became the unique and only thought occupying 

my mind 

• I lost track of time, as if everything just stopped, and the 

only thing that I could think about was the activity 
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The HITlab NZ 
Phone: +64 3 369-0219 
Email: mackenzie.greenslade@pg.canterbury.ac.nz  
11/08/21 
HREC Ref: [Provided by HREC when study approved] 

 
User-defined interaction using everyday objects for augmented reality first-person games 

Information Sheet for participants 
Kia ora 
 
You are invited to participate in a research study on using everyday objects as controllers in augmented 
reality games. This study is being conducted by Mac Greenslade from the University of Canterbury  ׀ Te 
Whare Wānanga o Waitaha (UC). Other research team members include senior supervisor Prof. Dr. Stephan 
Lukosch and co-supervisor Dr. Adrian Clark. The study is being carried out as a requirement for the Master 
of Human Interface Technology. 
 
What is the purpose of this research? 
This research aims to determine how people will choose to use everyday objects as controllers for first-
person augmented reality games. I am interested in finding out about the use of everyday objects in games 
and whether the most popular everyday objects provide a more immersive experience for people. The 
information from this study will help to inform designers of first-person augmented reality games in the 
future so they can build experiences that best satisfy user needs. 
 
Why have you received this invitation? 
You are invited to participate in this research because you have responded to a request for participants. 
 
Your participation is voluntary (your choice). If you decide not to participate, there are no consequences. 
Your decision will not affect your relationship with me, the University of Canterbury or any member of the 
research team. 
 
What is involved in participating? 
If you choose to take part in this research, you will be asked to: 
 

1. Meet the researcher at the HITLab NZ at the time you’ve chosen on the booking system. 
2. Receive a short briefing by the researcher about what you’ll be required to do for the study. 

The researcher will also go through the information sheet and consent form with you and 
answer any questions you have. If you’re comfortable to proceed you’ll sign the consent form 
and the study will begin. 

3. Answer a short demographic survey to determine you prior experience with augmented reality 
systems. 

4. Once you’ve completed the demographic survey you will be asked to wear a Microsoft Hololens 
2 head mounted display and you will then be shown a virtual object and a short demonstration 
of the task that you’ll use the virtual object to perform. 

5. When you’re satisfied that you understand the task you will be asked to select an everyday 
object as a physical controller for the virtual object. You will also be asked to talk through your 
thought process as you select your everyday object. Once you have selected your everyday 
object you will place it within the virtual object so that the position of the everyday and virtual 
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object can be linked. Once your selection is made you will be able to control the virtual object 
using the selected physical object and will be asked to perform the task you were shown 
earlier. This portion will be video recorded so I can review the footage and better understand 
how you chose to use the everyday object. 

6. After the task is performed you will be asked to remove the headset and answer a short 
questionnaire regarding your experience. 

7. You will be allowed a short break and then you will be asked to repeat steps 4-6 for any 
remaining objects and tasks. 

8. Once tasks have been performed for all virtual objects, you will be asked a series of interview 
questions about your experience. This portion will be audio recorded so the responses can be 
transcribed for analysis. 
 

We estimate that your participation will take around 40 to 60 minutes  
 
Are there any potential benefits from taking part in this research? 
A potential benefit is that you will develop further understanding of augmented reality. 
 
At the conclusion of the study I will provide you with a Westfield gift voucher with a value of $20. You will 
get this inducement even if you withdraw from the study. 
 
Are there any potential risks involved in this research? 
 
You will be utilising everyday objects as proxies for virtual objects and using them to complete tasks in 
augmented reality, there is a small chance that the objects could be dropped or accidentally thrown which 
could cause minor physical harm to yourself. In order to mitigate this risk two steps have been taken: 
 

1) Everyday objects with sharp edges and objects that weigh more than 500g have been excluded 
from use. 

2) We ask that you maintain a firm grip on each everyday object you select and to not throw or 
drop the object. 

 
There is a small chance of transmission of infectants such as Covid-19 between you and other participants 
or you and the researcher. In order to mitigate this risk, the following steps have been taken: 
 

1) Study sessions will only proceed if you and the researcher are feeling well and clear of 
symptoms. If the researcher isn’t feeling well, they will contact you to organise rebooking or 
cancelling your study session. If you are not feeling well prior to your booking, please contact 
the researcher about rebooking or cancelling your session by sending an email to 
mackenzie.greenslade@pg.canterbury.ac.nz 

2) Surfaces will be sanitised between study sessions using disinfectant wipes, this includes the 
head mounted display, any everyday objects you use in the study and any other surfaces you 
touch during the study session. 

 
What if you change your mind during or after the study? 
You are free to withdraw at any time. To do this, please let me know either during the study or after you 
have finished. I will remove any information you have provided up to that point from the data set if it is still 
possible this may be difficult or impossible after 17/12/21 when data is combined and analysed. 
 
What will happen to the information you provide?  
 
Your identity will be known to the researcher, however, all data collected will be de-identified. Video data 
will be stored in password protected files. 
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I will store all study data in password-protected files on the University of Canterbury computer network or 
in lockable cabinets in lockable offices.  
 
All data will be destroyed five years after completion of the study/publication of study findings. I will be 
responsible for making sure that only members of the research team use your data for the purposes 
mentioned in this information sheet. 
 
Will the results of the study be published? 
The results of this research will be published in a Master’s thesis. This thesis will be available to the general 
public through the UC library. Results may be published in peer-reviewed, academic journals. Results will 
also be presented during conferences or seminars to wider professional and academic. You will not be 
identifiable in any publication. A summary of results will be sent to all participants who request a copy of 
these. 
 
Who can you contact if you have any questions or concerns? 
If you have any questions about the research, please contact: 
Mac Greenslade: mackenzie.greenslade@pg.canterbury.ac.nz; 
Prof. Dr. Stephan Lukosch: stephan.lukosch@canterbury.ac.nz or  
Dr Adrian Clark: adrian.clark@canterbury.ac.nz 
 
Questions should go to the researcher (Mac Greenslade) and concerns to one of the supervisors (Prof. Dr. 
Stephan Lukosch or Dr. Adrian Clark). 
 
This study has been reviewed and approved by the University of Canterbury Human Research Ethics 
Committee (HREC). If you have concerns or complaints about this research, please contact the Chair of the 
HREC at human-ethics@canterbury.ac.nz). 
 
What happens next? 
Please review the consent form. If you would like to participate, please sign, and return the consent form to 
the researcher. 
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The HIT Lab NZ 
Phone: +64 3 369-0219 
Email: mackenzie.greenslade@pg.canterbury.ac.nz  
11/08/21 
HREC Ref: [Provided by HREC when study approved] 
 

User-defined interaction using everyday objects for augmented reality first-person games 
Consent Form for Participants 

 

□ I have been given a full explanation of this project and have had the opportunity to ask questions. 

□ I understand what is required of me if I agree to take part in the research. 

□ I understand that participation is voluntary and I may withdraw at any time without 
consequences. Withdrawal of participation will also include the withdrawal of any 
information I have provided should this remain possible. 

□ I understand that any information or opinions I provide will be kept confidential to the researcher. 
I understand that any published or reported results will not identify me. 

□ I understand that a thesis is a public document and will be available through the UC Library. 

□ I understand that all data collected for the study will be kept in locked and secure facilities and  in 
password protected electronic form. I understand the data will be destroyed after five years. 

□ I understand the risks associated with taking part and how they will be managed. 

□ I agree to being video recorded during the main experiment. I understand how this recording will 
be stored and used. 

□ I agree to being audio recorded during the interview period. I understand how this recording will 
be stored and used. 

□ I understand that I can contact the researcher Mac Greenslade, email: 
mackenzie.greenslade@pg.canterbury.ac.nz or supervisor Prof. Dr. Stephan Lukosch, email: 
stephan.lukosch@canterbury.ac.nz for further information. If I have any complaints, I can contact 
the Chair of the University of Canterbury Human Research Ethics Committee, Private Bag 4800, 
Christchurch,  (email: human-ethics@canterbury.ac.nz). 

□ I would like a summary of the results of the project. 

□ By signing below, I agree to participate in this research project. 

 
Name: Signed: Date:   
 

Email address (for report of findings, if applicable): 
  

 

Please return this form to the researcher.  
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