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Abstract 

 

This project analyzes the current state of low-fidelity augmented reality prototyping.  The 

project examines recent works in low-fidelity prototyping for augmented reality, as well 

as conducting a cognitive walkthrough for a higher fidelity, yet no-coding-required 

augmented reality authoring tool. LensStudio is a popular digital augmented reality 

prototyping tool. All recent low-fidelity augmented reality prototyping studies were 

examined to compare methods and materials. This study compares the use of a custom 

prototype kit to another popular low-fidelity prototyping method, sketching, to see if one 

method produced more positive results for novice augmented reality users. These results 

are then compared with a group of more experienced users performing the same task. 

Results showed that though some materials in the proposed kit provided inspiration to 

novices, the materials also constrained them. This study proposes a workflow that 

involves novice AR users being presented with some overview information to properly 

ground themselves in what AR can do, and then to use their scenario to inform what 

materials should be part of their kit.  
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Chapter  1: Introduction 

A key metric when gauging a new technology’s success is whether or not it is 

adapted by mainstream society. However, to be adopted by mainstream society that 

technology must be both accessible and able to be comprehended by the general public, 

regardless of their technical skills. One such example is the iPad1. Anecdotally, this 

researcher suspects that when young adults in the 1950s or 1960s pictured their futures in 

their 70s and 80s, they may not have envisioned themselves using a portable screen with 

which to access information all over the world. But even though the iPad can be 

considered highly technically advanced, it is also incredibly easy to use when compared 

to other digital activities such as learning to program or learning to use a new design 

application. This audience inclusivity has enabled the iPad to break into demographics 

that may not always be targeted by digital companies and has also inspired millions of 

“non-technical” folk to get online and explore.  

One thing mobile devices have helped usher in is the popularity of augmented 

reality, or AR. Generally considered to have been developed by Sutherland in the 1960s 

with his head-mounted display (1968), augmented reality has been around in technology 

circles for decades. For reality to be considered ‘augmented’, there are three key 

requirements:   

• It combines real and virtual content 

• It is interactive in real time 

• It is registered as three-dimensional (Azuma, 1997) 

 

1 https://www.apple.com/ca/ipad/ 
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Whereas augmented reality used to exist primarily in technical circles, requiring 

specialized equipment and technical skills, the adoption of mobile devices has put 

augmented reality capabilities in the hands of everyday smartphone and tablet users 

(Billinghurst, Clark and Lee, 2014). This means that augmented reality is reaching a new 

audience that may not have any background regarding how it works or what it is best 

used for. When designing augmented reality applications, several challenges are 

presented; for example: what device will be used? How should users interact with an 

object in augmented reality? Can users see everything they are supposed to see in 

augmented reality? And finally what is possible in augmented reality? There is general 

acceptance of visual and auditory stimuli being present in AR apps, but much is unknown 

about how well olfactory or haptic feedback can be incorporated.  

 Augmented reality is largely in the technical domain. Specialized developers and 

designers at companies willing to experiment, like Google or Microsoft, tend to be the 

leaders in AR development. This leaves a large part of the population unable to truly 

access or interact with AR creation and experimentation. However, many technologies 

start out as being available to the few and in time available and accessible by many (the 

personal computer, for example). So, what is the most effective way to introduce new 

technology to a novice audience? This project explores that question using two well-

accepted low-fidelity prototyping methods.  

1.1 Research Objectives 

In examining the appropriate ways to introduce augmented reality to novice users, 

two popular low-fidelity prototyping methods were reviewed: a) using household 

materials to build a prototype, and b) using a paper and pencil/pen to sketch a prototype 
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design. The literature review in Chapter 2 focuses on several low-fidelity prototyping 

examples from recent augmented reality work. From this review, the most popular items 

used in the various studies were gathered and served as a basis for proposed AR 

Prototyping Kit. Low-fidelity prototyping has become commonplace for two-dimensional 

user interface (or website) design, it is hoped augmented reality can benefit from either of 

these low-cost, easily accessible design methods, as well.  

1. Do participants using the proposed prototype kit have develop more 

detailed or advanced prototypes than participants using the sketching method? A 

detailed or advanced prototype would be a design that includes a main idea, an 

example of user interaction, and a consideration of what their user should be 

doing.  

2. For the participants in the prototype kit group, does the transparent item 

(shower curtain liner) provide the opportunity to layer augmented reality objects 

on actual objects, and if so, should be considered a necessary part of any low-

fidelity AR prototype procedure?  

3. Is there a difference in how those considered ‘novice’ and those 

considered ‘expert’ approach their design activity? Can these differences help 

inform certain steps that should be taken when introducing novices to augmented 

reality design? 
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1.2 Thesis Outline 

This document is presented as follows:  

1.2.1 Chapter 1: Introduction 

This section outlines provides some background about augmented reality, as well 

as a summary of the thesis and research objectives. 

1.2.2 Chapter 2: Literature Review 

This chapter outlines the industry-accepted definition of augmented reality (AR) 

and summarizes the major advances in AR. It also examines the attitudes that novice 

users have towards augmented reality. With the intent of discovering how to best 

introduce novice users to new technologies, this chapter also explains the importance of a 

mental model, something that may be a factor in limiting what novice participants are 

able to do with their prototype. It analyzes low-fidelity prototyping augmented reality 

studies (or ongoing works), which inform the materials of the AR prototype kit proposed 

in this thesis. 

1.2.3 Chapter 3: Cognitive Walkthrough of Existing AR Authoring Tool 

In researching how to best introduce novices to AR, it became apparent that much 

work in this area is being done. Some researchers have attempted to create a mix of high 

and low-fidelity tools to help users more accurately prototype their vision. This chapter 

examines one such tool that has become popular in augmented reality development: 

LensStudio. To see the merits of using such a tool for a novice user, the researcher 

conducts a cognitive walkthrough to identify the strengths and weaknesses of these types 

of AR authoring tools. Though LensStudio not included in the experiment itself, this 
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chapter’s purpose is to determine whether or not one of these “mixed fidelity” tools may 

be an appropriate starting point for users of various abilities. 

1.2.4 Chapter 4: Methodology 

This chapter outlines a between-subjects study comparing the use of two accepted 

low-fidelity prototyping methods. Participants were asked to use one of two methods to 

design an augmented reality application for a book or printed item. They were 

specifically asked to consider what types of interactions their users could do, what objects 

would be augmented and why, and what the environment in the app would look like. The 

first aspect to this study is the medium used. Half of the participants use a sketching 

method, while the other half were given a custom kit. The Sketch group uses a 

pencil/paper to create simple designs; the Kit group uses a basic prototyping kit created 

by analyzing previous works and determining which items worked well for augmented 

reality prototyping. Of special interest is the use of a transparency. This item featured 

prominently in some of the works studied in the literature review and helped formulate 

one of the research questions for this study.  

The second aspect to the study concerns the presence (or lack of) a mental model. 

Within the Sketch and Kit groups, participants are further divided into groups based on 

their experience with augmented reality. Discussed further in Chapter 4, participants were 

divided into “Novices” and “Experts” based on whether they had used an augmented 

reality application, whether they were familiar with software development in general, and 

whether or not they held an interest in augmented reality in general.  

All participants completed a pre-task survey, which collected information 

regarding their experience with and impressions of augmented reality. Then participants 
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were assigned a group. Firstly, they were entered into either the Novice or Expert group 

based on their survey responses; and second, participants were randomly assigned (in 

equal numbers of novice to expert) to complete the activity using the Sketch method or 

the Kit method. Once complete, the researcher conducted a virtual interview with each 

participant one-on-one to discuss the prototype idea, dig into the participants’ thinking 

and design processes, and determine whether or not one method was more successful 

than the other in terms of the final prototypes produced and the participants’ impressions. 

1.2.5 Chapter 5: Results and Discussion 

This chapter describes the results of each portion of the study: the Pre-Task Survey, 

the prototypes created, and the interview data. Though the research questions were used a 

basis for analyzing the data, upon reviewing all interviews some additional 

commonalities and categories revealed themselves. All interview responses were coded 

according to these categories and are presented in Chapter 5 according to thematic 

analysis theory (Nowell et al., 2017). Key themes discussed are: 

• Materials used and rejected, as well outlining any materials participants wished 

they could have used. 

• Idea development process 

• User interaction techniques included in the prototype 

• Sensory stimuli included in the prototype 

• Challenges faced by participants 
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1.2.6 Chapter 6: Conclusions and Future Work 

This chapter summarizes the findings of the study, outlines the limitations faced, 

and provides suggestions for future work in this area. 

1.3 Related Publications 

A portion of this research was presented as a poster at the 2019 Graphical Interface 

Conference in Kingston, Canada, May 28-31. 
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Chapter  2: Literature Review 

This chapter outlines the industry-accepted definition of augmented reality (AR) and 

summarizes the major advances in technology that have brought us to where we are 

today. We also examine the attitudes that novice users have towards augmented reality 

and whether their lack of a mental model might impact their ability to engage with 

augmented reality applications. Finally, we provide a comprehensive analysis of all low-

fidelity prototyping augmented reality studies (or ongoing works), which inform the 

materials of the AR prototype kit proposed in this thesis. 

2.1 Augmented Reality: A Brief History  

Before looking at where augmented reality is heading, we must look at where it has 

come from, and what researchers have found before us. One of the most accepted 

definitions of augmented reality comes from Azuma (1997), who defines augmented 

reality as having three key requirements: 

• It combines real and virtual content 

• It is interactive in real time 

• It is registered as three-dimensional. 

An overarching goal of computer technology is to make the computer interface 

invisible and to make interacting with the computer as natural as interacting with real 

world objects. Augmented reality is one of the first technologies that makes this possible 

(Billinghurst et al. 2014). Applications in fields such as medicine, education, engineering, 

in addition to entertainment, are currently available. 

The first augmented reality experiences can be traced back to Sutherland in 1968 

(1968). Although primitive, his system could create three-dimensional graphics that 
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appeared to be overlaid on the real world. Secondly, Morton Heilig is often credited with 

creating the first experience that augmented reality by including both visuals and auditory 

effects. A cinematographer who wanted to create a full-view experience for spectators, 

Heilig stated “Why stop at a picture that fills only 18 percent of the spectator's visual 

field, and a two-dimensional picture at that? Why not make it a three-dimensional image 

that fills 100 percent of the spectator's visual field, accompanied by stereophonic sound? 

If we're going to step through the window into another world, why not go the whole 

way?” (Hamit, 1993). These sentiments correlate with the general goals of augmented 

reality in practice today.  

The ARToolkit2, released in 2001 as open-source software, provided real-time 

computer vision tracking and became one of the most widely used AR tracking libraries – 

improving conditions for researchers and developers to build their own AR applications 

(Kato et al., 1999). In the late 1990s to early 2000s, public use for augmented reality 

existed mostly in the realm of museums (Monaghan et al., 2011), (Bimber et al., 2002), 

or theme parks (Huang et al., 2009). 

The rise of the smart phone also initiated renewed interest in augmented reality and 

offered the non-technical public a more accessible way to interact with it. The first 

Android phone in October 2008 offered a platform for outdoor AR (Billinghurst et al., 

2014).  

A key shift in augmented reality has occurred due to its increased accessibility to non-

technical users. As mentioned earlier, anyone with a (supported) smartphone can access 

apps that feature augmented reality in various forms. A quick google search reveals that 

 

2 http://www.artoolkitx.org/ 
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many of the most popular AR mobile apps are in the commercial or instructional space 

(Janson & Beaton, 2021). However, researchers (and industries) are realizing augmented 

reality’s potential in other spaces. In 2012, researchers found that using augmented reality 

to increase the perceived size of food increased levels of satiety in participants, meaning 

augmented reality may be a viable method for weight control (Narumi et al., 2012).  

Though much of the research into using augmented reality in industry has focused on 

the shopping or commercial space, some interesting findings have resulted regarding self-

expression and how one wishes to present themselves to the online world. Using 

augmented reality while shopping for clothes online was favorably received by users with 

poor body self-image – using the AR features impacted them in a more positive way than 

simply using a 2D website (Yim et al., 2019). In her book, Augmented Human: How 

Technology Is Shaping the New Reality, Papagiannis posits that “AR will not supplant or 

be a substitute for the human imagination. Rather, it will extend it in new ways to further 

things like learning, design, and empathy, and will even place a new value on creativity.” 

(Papagiannis, 2017). Such musings take the idea of augmented reality further than having 

a pragmatic, tangible purpose, and expose augmented reality’s relevance to a more 

general population. 

2.2 General User Adoption of Augmented Reality Applications 

User adoption is not guaranteed regardless of how innovative a new technology 

seems. Davis posited that there are two key factors that determine whether a new 

technology will be accepted by a particular user: perceived usefulness, and perceived 

ease of use (1989), defined as follows:  
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• Perceived usefulness: the degree to which a person believes that using a 

particular system would enhance his/her job performance. 

• Perceived ease of use: the degree to which a person believes that using a 

particular system would be free of effort. 

The ease-of-use factor proves itself to be important in the adoption of innovations, as 

well. Tornatzky and Klein found that compatibility, relative advantage, and complexity 

have the most consistent relationships across innovation types (1982).  

Marketing has in many ways been a leader in adopting AR. In a study about using AR 

to increase customer engagement, Scholz et. al. examined fifty ad campaigns that used 

AR (2016) and in doing so identified common issues marketers face when designing AR-

infused ad campaigns. Like any designer, AR designers need to understand the building 

blocks and design principals of AR. How can one craft a compelling AR experience that 

satisfies both brand and customer needs? One thing that simplifies the design process for 

marketing campaigns is that the goals are typically clear: companies wish to sell more 

products and/or increase brand awareness. Less clear are the goals for AR designers in 

the non-commercial arena. Why should a museum, or school, or city council implement 

AR? Does it add to users’ experience? Does including AR mean learning is better 

retained? Is this something that can be replicated, remembered, and offer enhancements 

to the user experience? Designing a large-scale AR exhibit that does not actually produce 

the desired results can be a costly and time-consuming mistake.  

A study conducted by marketing firm Gut Check in 2018 sums up some key findings 

regarding how novices should be best introduced to AR (2018): 
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• It is more important to describe how AR works in relation to a specific objective 

or process as opposed to showing what AR is. If respondents understand the 

process of what AR is trying to do, they are likely to find it more relevant.  

• Brands outside of gaming, technology, retail, and home improvement may have to 

work harder to exhibit a pragmatic use for AR. 

• Consumers have privacy/security concerns about AR. Addressing concerns for 

data security, personal well-being, and cost, helps prevent negative perceptions 

and help increase usage and adoption.  

In general, people are more likely to approve of (and see themselves making use of) 

AR that helps them with everyday tasks: easier information retrieval, making tasks 

quicker to perform, saving time and effort (Olsson et al., 2012). This may indicate that 

the idea of designing an AR app purely for enjoyment or entertainment purposes may not 

be as easy for the public. 

2.3 Mental Models 

Norman noted “In interacting with the environment, with others, and with the artifacts 

of technology, people form internal, mental models of themselves and of the things with 

which they are interacting” (1983). Since then, much importance has been placed on the 

concept of mental models and how they impact user interaction with new technology. 

The Neilson Norman group defines a mental model as “based on belief, not facts: that is, 

it's a model of what users know (or think they know) about a system such as your 

website…It's a prime goal for designers to make the user interface communicate the 

system's basic nature well enough that users form reasonably accurate (and thus useful) 

mental models” (Nielsen, 2010). Several studies have delved into the importance of 
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mental models for when users are grasping new concepts in computing. Du Boulay et. al. 

described the importance of the “notional machine,” an “idealized, conceptual computer 

whose properties are implied by the constructs in the programming language employed” 

(1999). The human-computer interaction field has also worked to emphasize the 

importance of mental modelling in grasping HCI concepts (Helander, 2014). A recent 

study using this framework was conducted by Soni, who compared the mental models of 

children and adults when using spherical displays (2020). Mental modelling remains a 

top method when it comes to teaching computing concepts, as well (Jih et al., 1992), 

(Rokhmawati 2019), (Seifi et al., 2020). 

It is especially important to understand how novice AR users think about AR because 

users of emerging technologies often find it difficult to express their needs due to their 

lack of knowledge on the technology’s potential (Olsson, 2013). The DART (Designer’s 

Augmented Reality Toolkit) creators (discussed further in section 2.4) found that those 

for whom DART matched an already existing mental model of how AR should work 

generally had a better experience adapting to the DART workflow (Gandy, 2014). 

Another study introducing an AR authoring tool to beginner AR users incorporated 

familiar 2D gestures such as drag-and-drop to their interface, which resulted in their users 

learning how to manipulate objects quickly (Ha et al., 2010). Coming up in Chapter 3, 

the researcher conducts a cognitive walkthrough of one popular and easily accessible 

current augmented reality authoring tool: LensStudio, which is a way for Snapchat users 

to make AR filters for the app. Further in Chapter 3, one finding is that the graphical user 

interface for LensStudio is similar to the layout of popular design tools such as Adobe 

Illustrator, meaning the learning curve for users familiar with those types of tools may 
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mean a quicker adoption of a tool like LensStudio. These users already have a functional 

mental model. But what about someone who does not have experience with those design 

tools attempting to use LensStudio? Norman notes, “I conclude that most people’s 

understanding of the devices they interact with is surprisingly meagre, imprecisely 

specified, and full of inconsistencies (1983). This does not prevent users from 

experimenting with new tools, but it may signify that those of us responsible for teaching 

new and complicated topics must begin to work from the simple, “sloppy, incomplete, 

and indistinct structures that people actually have” (Norman, 1983).  

Comparing results of novice and expert users has been a popular method to test new 

technologies (Shah, 2002), (Fix et al., 1993). Less research focuses on mental models that 

exist for novice and expert augmented reality users (or designers). Augmented reality 

applications have shown promise in their ability to help novices learn a new task or 

ability. For instance, Belluci found when novice users were exposed to AR instructions 

when building an electronic circuit, the number of errors was reduced, as was users’ 

mental workload (2018). Similar results have been found with studies that used AR to 

help novices learn techniques for driving (Rane et al., 2016) and object assembly (De 

Felice, 2014), (Boud et al., 1999).  

Researchers have also found benefits in comparing the mental models of expert 

programmers to novice programmers to better teach novice programmers. Fix identified 

five characteristics in experts’ mental models that were largely missing (or did not show 

up to the same degree) from the mental models of novices (1993). The mental models of 

experts tend to be: 

• Hierarchical and multi-layered 
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• Explicit mappings between the layers 

• Founded on the recognition of basic patterns 

• Well-connected internally 

• Well-grounded in the program text  

Such concepts may largely be missing from novice augmented reality users, who may 

not have a basis of computer programming to fall back on.  

2.4 Low-fidelity Prototyping 

Low-fidelity prototyping has existed for decades. In the 1990s, Rettig listed several 

every-day items that he thought would make useful prototyping materials (1994). 

Another notable contribution is Snyder’s Paper Prototyping: The Fast and Easy Way to 

Design and Refine User Interfaces (2003). The value of using paper prototypes became 

evident early on (Grady, 2000), (Mackenzie et al., 2007). Even as researchers found 

evidence to conclude users might prefer more advanced prototyping, paper prototyping is 

still seen as a valuable addition to any design activity (Sefelin et al., 2003). Paper 

prototyping is also highly accessible. No prior computer knowledge is necessary so it can 

bring together participants of various skills and backgrounds. Some researchers have 

even found it beneficial in helping design interfaces for the blind (Miao et al., 2009). As 

augmented reality technology becomes more accessible to mainstream industries such as 

education, tourism, or medicine, not to mention the abilities the average smartphone 

owner has at their fingertips3, more non-technical individuals are realizing the potential 

for augmented reality. 

 

3 https://www.popsci.com/best-uses-for-augmented-reality-on-phone/ 
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Researchers recognize the need for an AR authoring tool not dependent on coding 

skills and several teams have had success. DART, the Designer’s Augmented Reality 

Toolkit, was an authoring tool created on top of Macromedia Director (Gandy et al., 

2014). DART is important because it ushered in one of the first non-developer tools for 

AR creation. The creators specifically built-in elements, such as live video and sensor-

based tracking, to make designing AR apps easier. Since DART, more digital AR 

authoring tools have been developed and tested:  

• ProtoAR is a tool that provided three working layers to users: a 2D layer for 

user interface widgets; a 3D layer for virtual objects; and a 360-degree layer 

for 3D objects. Content could be inserted into the main AR view using 

familiar gestures such as drag-and-drop (Nebeling et al., 2018).  

• 360Proto used paper prototyping techniques specially altered to fit with AR 

prototyping requirements. A very simple description for this powerful tool is 

that the application consisted of a camera that could take a photo of a paper 

prototype with a smartphone and produce a 360-degree panoramic preview. 

Then, users could use the 360Proto app to run and test their prototypes 

(Nebeling et al., 2019).  

A weakness with such applications tends to be the lack of design freedom. Designers 

are limited to a set of predefined tasks; and further, the software is not compatible with 

other platforms, frameworks, or hardware (Ashtari et al., 2020). In DART’s case, the 

creators revisited their application 10 years later. Many of the original participants had 

continued using DART in conjunction with other tools, but reported that some of 

DART’s specialized tools were “under-used because they were too novel and not well 
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documented” (Gandy et al., 2014). After interviewing some of their original participants, 

the researchers concluded that an effective way to introduce new technologies to users is 

to integrate them into trusted existing tools instead of introducing a new paradigm.  

Paper prototyping is a relatively well-known method of designing websites, so 

integrating this well-known method into a perhaps unfamiliar AR realm might soften the 

learning curve for novice users. Low-fidelity prototyping has shown to have 

psychological benefits to its users, such as reframing failure in a positive way; supporting 

a sense of forward progress; and strengthening beliefs about creative ability (Gerber et 

al., 2012).  

Some researchers have tried to incorporate low-fidelity prototyping techniques with 

more complicated and powerful digital tools. This provides a bridge between low and 

high fidelity prototyping for non-technical users (the aforementioned 360 Proto, for 

instance). Microsoft has also developed its own app, Sketch 360, that enables designers to 

easily incorporate their sketches into a virtual reality prototype (Huston, 2018). 

A challenge to designing for augmented reality in general is the sheer number of 

possibilities in terms of the user interface. As opposed to virtual reality, where the user’s 

entire field of view is virtual, augmented reality is often relegated to mobile phones. 

However, it can be used with head-mounted displays as well as large, wall-sized screens. 

This means AR designers must consider which field of view their users will be using and 

ensure their design works. For example, the mobile augmented reality game Pokemon 

GO increased awareness for AR technologies, but users tended to opt for the static 

interface while they were using it (Paavilainen et al., 2017). This makes one wonder, was 

that because the AR features were unfamiliar or difficult? 
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2.4.1 A Survey of Augmented Reality Low-fidelity Prototyping 

In examining recent examples of low-fidelity AR prototypes, several similarities and 

difficulties appear regardless of the task. The goal in comparing these studies (see Table 

1: Survey of Low-Fidelity Prototypes for Augmented Reality Applications) is to see if 

they can provide insight into how to design an augmented reality prototyping kit that 

helps augmented reality novices not only imagine how they want objects to appear and 

behave, but a kit that also helps them decide whether this technology, and what they 

propose to do with it, enhances user experience.  

For each paper included in the survey, the following topics were examined:  

• Materials used 

• Purpose of prototype (was a scenario given or were participants free to 

come up with their own designs) 

• Success of prototype in terms of user engagement, impressions, 

immersion.  

For papers that included several prototype iterations, the results of the low-fidelity 

prototype studies were included. 
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Table 1: Survey of Low-Fidelity Prototypes for Augmented Reality Applications 

Note: Paper titles have been shortened due to space constraints. 
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In addition to analyzing the materials used, the context (or example scenarios) 

participants were provided with as they experimented with these low-fidelity prototypes 

were also examined. These are described below.  

Table 2: Low-fidelity Prototype Scenarios 

Note: Paper titles have been shortened due to space constraints. 

 

As displayed in Table 2, almost all researchers used pre-determined scenarios for the 

participants to work with as they built/experimented with simple prototypes. However, 

there was a mix of devices used; sometimes participants were working with a smaller 

screen on a smartphone, whereas other prototypes provided a much larger field of vision 

with HUDs and HMDs.  

 Scenario 

Provided? 
Device Scenario Description 

Rapid Digital Prototyping 

(Börsting and Gruhn, 2018) 

No No  N/A 

Mobile Augmented Reality 

(De Sa and Churchill, 2012) 
Yes 

Phone/tablet 

Friend Radar: an AR mobile phone app 

enabling users to easily see where their 
friends/contacts are. 

Interaction Design Students 

(Hunsucker et al., 2017) 

Yes Stylus/no other 

equipment 

Use a stylus to interact with a museum 

artifact, Crouching Aphrodite (3D 

plastic statue, in this case). 

PapAR (Lauber, Böttcher 

and Butz, 2014) 
Yes 

HMD 
Design a car’s info-tainment center’s 
interface for a head-mounted display.  

360Proto (Nebeling and 

Madier, 2019) 

Design 1:  Yes 

Design 2: No 

Phone, HUD, 

HMD 

Design 1: Pokemon Go 

Design 2: Open design, but participants 

were provided with a list of nine 
common application domains. 

Taking the A out of AR 

(Thompson and Potter, 

2018) 

Yes 
Phone 

Game, “Flick to Kick”; participants 

attempted to ‘flick’ a virtual football as 

a prototype for an online AR game. 

Paperbox (Wiethoff et al., 

2013) 

Yes 
Digital 

surfaces/tablet

ops 

Creating an AR application to browse 
or edit photos. 

Tangible Interfaces (Zheng, 

et. al., 2020) 

Yes 
Tablet or 

interactive 

digital display 

MIDI Controller that includes push 
buttons, sliders, and knobs on the 

prototype. 
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Finally, the “success” of each prototype was analyzed. The requirements in this study 

differ from the goals of many of the papers analyzed in this section, so for this study’s 

purposes, success meant the participants reacted positively to using the low-fidelity 

prototype and that they generally grasped what they were supposed to do. A key reason 

paper prototyping is used in the design phase is its ease of use. There is very little 

learning curve for most participants, unlike when using a software application. Paper 

prototyping also enables participants to easily modify their design on the fly. However, 

several papers included here described negative reactions from participants using low-

fidelity prototypes. Participants reported that using low-fidelity prototypes made them 

more aware that they were part of an experiment (De Sa and Churchill, 2012), 

(Thompson and Potter, 2018). Similarly, participants reported that the low-fidelity 

prototypes made it difficult to picture how the app would look fully realized. For 

instance, in the Proto360 study, participants found the paper prototypes easier to use, but 

felt using the Proto360 software helped them better understand the 3D aspects of the app 

(Nebeling and Madier, 2019). Most Proto360 participants reported a strong learning 

curve with the software. 

A strong prototype principle came from the PapAR design by Lauber, et.al. (2014) 

They were one of the only groups to introduce the concept of layers in their prototype 

using a mix of opaque paper and transparencies. This technique made the participants 

aware of several field of vision issues that would not have been noticed so early in the 

design phase, were it not for the transparency layer representing a user’s field of view. 

This solidified the decision to include transparencies (in this case, a shower curtain liner) 

in the proposed AR Prototyping kit in this study. 
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2.4.2 Low-fidelity Prototyping Challenges in Augmented Reality 

Challenges in prototyping for augmented reality applications in the papers surveyed 

tended to involve participants not fully understanding what they were supposed to be 

designing. Results in two studies found that higher-fidelity prototypes produced more 

positive results (De Sa and Churchill, 2012), (Nebeling et al., 2018). Additionally, some 

researchers found that context mattered greatly. In one situation where researchers were 

testing a new way to interact with historical artifacts (represented by augmented objects), 

their museum-employed participants were not willing to mark up even an object 

representing a historical artifact (Hunsucker et al., 2017).  

Another challenge to AR prototyping is the various ways augmented reality can 

manifest. Some studies focused on an AR experience provided by an HMD (Lauber et. 

al,  2014), (Nebeling and Madier, 2019); others focused on smartphones, (De Sa and 

Churchill, 2012), (Thompson and Potter, 2018), while other groups left it a little more 

open and simply focused on an interactive digital display of no set dimensions (Börsting 

and Gruhn, 2018), (Hunsucker et al., 2017), (Wiethoff et al., 2013), (Zheng et. al., 2020). 
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Chapter  3: Cognitive Walkthrough of Existing AR Authoring Tool 

As discussed in the literature review, much research has focused on creating 

authoring tools specifically for the design and development of augmented reality 

applications. Some research has focused on code-dependent products, such as Unity4 or 

Unreal5, while other researchers are working to develop authoring tools that could be 

used by anyone, no coding skills necessary. As demonstrated from the DART experience 

(Gandy et al., 2014), this is possible but difficult. The DART team ran into several 

obstacles as their users were introduced to DART. However, as evidenced by their revisit 

to original participants 10 years later, the DART researchers learned that several 

participants had kept using DART even after the experiment ended. This means that even 

with its higher learning curve, DART still proved beneficial to several AR designers.  

This thesis project is motivated by the importance of democratizing augmented reality 

design. In doing so, the industry must find various novice-friendly tools with which to 

help novice users gain a foothold. Looking to recent literature in the HCI community 

(Billinghurst, 2021), one such platform, LensStudio,6 was identified. This tool is a free 

GUI-based application that users of mixed abilities can use to create their own ‘lenses’ 

(augmented reality filters) that can later be ported to the social media app Snapchat. 

According to Statista, Snapchat has a daily user base of approximately 306 million as of 

the third quarter of 20217. Some of Snapchat’s main draws are the simple-to-use content 

creation tools and tricks it offers its users: studies have found that a key motivation 

 

4 https://unity.com/ 
5 https://www.unrealengine.com/en-US/ 
6 https://lensstudio.snapchat.com/ 
7 https://www.statista.com/statistics/545967/snapchat-app-dau/ 



 24 

behind sending ‘snaps’ is the desire to share funny, personal, or emotional content (Piwek 

et al., 2016), and that users want their content to be interesting to others (Dodoo et al., 

2021). The AR capabilities in Snapchat can certainly be a means to these ends. 

LensStudio can implement a variety of AR techniques, including face tracking, marker 

tracking, and world tracking. 

However, how easy is LensStudio to use? Obviously, many users around the world 

have figured it out; Snapchat estimates they have tens of thousands of lens creators and 

had over a million snap lenses created in 2020 alone8. But what about a novice AR user 

that wants to create some cool, original AR content in their snaps? The methods 

discussed in this study, sketching and using a low-fidelity prototyping kit, are thought to 

be good starting points for novices. Would a tool like LensStudio be a welcome addition 

to that low-fidelity toolkit? 

To gain more insight this researcher conducted a cognitive walkthrough of 

LensStudio from the point of view of a novice AR user. According to its creators, a 

cognitive walkthrough “evaluates the ease with which a typical user can successfully 

perform a task using a given interface design.” (Polson et al., 1992). Further adapted in 

2002, the cognitive walkthrough was adjusted to be better suited for web applications in 

terms of how users should navigate and find information (Blackmon et al., 2002). A 

cognitive walkthrough consists of a set of tasks for a user to perform (i.e., logging in, 

opening a new document, editing a document), and a set of questions that are asked as the 

user completes each task:  

• Will the correct action be made sufficiently evident to the user?  

 

8 https://techcrunch.com/2020/12/08/snap-announces-3-5m-fund-directed-toward-ar-lens-creation/ 
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• Will the user connect the correct action’s description with what he or she is trying 

to do? (This question includes two sub questions depending on your context: Will 

the user connect the correct subregion of the page with the goal using heading 

information and her understanding of the sites page layout conventions? 

Will the user connect the goal with the correct widget in the attended to subregion 

of the page using link labels and other kinds of descriptive information?) 

• Will the user interpret the system’s response to the chosen action correctly? 

Cognitive walkthroughs can be performed by anyone: the designer of a webpage, a 

user of that webpage, or anyone else with an interest into how well an application is 

performing in terms of user experience.  

3.1 LensStudio Cognitive Walkthrough 

LensStudio is frequently referenced by AR veteran Billinghurst as a good introduction to 

working with AR in apps for users without a coding background. His Rapid Prototyping 

for XR workshop is described as “suitable for people with no particular programming or 

design experience” (2021). One of the simpler activities to perform in LensStudio is 

marker tracking. A marker serves as a point or object in an image over which an AR 

component will appear. As defined in LensStudio documentation: a marker “tracks 

content to a unique physical image. Marker Tracking is ideal for Lenses which are meant 

to be used in the presence of a custom image. For example, you can create a Lens that 

places an animated 3D character overlaid on a poster or mural of your own design.”9 It is 

an essential part of designing AR yet is something the novice user most likely does not 

 

9 https://lensstudio.snapchat.com/guides/general/tracking/marker-tracking/ 
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know much about. As evidenced in our study (specifically section 5.3: Interview), no 

participants in the Novice group mentioned markers in any way; however, they did allude 

to the capability in some cases, explaining that “when the user points their screen here, 

[an object will appear]”. 

The process to create a marker in LensStudio is as follows:  

1. Create a New Project 

2. Add Image Tracking 

3. Orient the Marker Tracking Object 

4. Place Content 

To conduct the cognitive walkthrough, we performed each task above, while asking the 

three main cognitive walkthrough questions at each phase.  

3.1.1 Step 1: Create a New Project 

The first step to creating anything in LensStudio is to start a new project. Upon opening 

LensStudio, the New Project button is highlighted and visible (see Figure 3-1) making it 

obvious to most users that this is the place to start. 

• Will the correct action be made sufficiently evident to the user?  

o Yes 

• Will the user connect the correct action’s description with what he or she is trying 

to do?  

o Yes. “+ New Project” label is clear and would generally have just one 

interpretation. 

• Will the user interpret the system’s response to the chosen action correctly? 
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o Yes. Upon clicking the button, a note is displayed on screen “Loading 

Project”. An interface is then loaded. 

 

Figure 3-1: Left image is landing page of LensStudio. After clicking New Project, the editor loads 

(right). 

3.1.2 Step 2: Add Image Tracking 

The goal of this step is to import the image that will be used as the marker. This is where 

vocabulary plays a large role: many users might think of this activity as it is performed in 

editing tools such as Adobe Phototshop10 or Microsoft Word11: where users know to 

Open, Insert or Import an image. LensStudio may have already confused users with its 

term, as it does suggest the act of “tracking an image” as opposed to adding the image 

that will be tracked by a device.  

• Will the correct action be made sufficiently evident to the user?  

o No. The first step to adding image tracking is going to the Object panel 

and clicking the Add icon to select the type of marker you wish to add 

 

10 https://www.adobe.com/ca/products/photoshop.html 
11 https://www.microsoft.com/en-us/microsoft-365/word 
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(see Figure 3-2). Most users might intuit that the first step should be to 

import the image you want to work with (as is customary with typical 

design programs like Adobe InDesign or Photoshop). However, for a 

user with little experience with those types of applications, this may 

not be an issue. There is nothing on the screen to tell us to click the 

Object panels Add button, except for its location at the top right of the 

screen, so it is likely one of the first places a user will look.  

• Will the user connect the correct action’s description with what he or she is 

trying to do?  

o If the user knows the term to search for/find, they will connect the 

name of Image Tracker to what they are trying to do.  

• Will the user interpret the system’s response to the chosen action correctly? 

o Yes. Once selected, the application displays a window for users to 

navigate to the image they want to use in their lens. Once the image is 

selected, it will display in the LensStudio editor. 
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Figure 3-2: On the Left is the Add Object functionality; middle is the location to search for the 

correct action; Right is the file explorer to select the proper image. 

3.1.3 Step 3: Orient the Marker Tracking Object 

This step involves moving/adjusting your image marker (imported in Step 2) so that it is 

facing the correct direction. Users must work with the Tracking Marker panel, but there is 

seemingly no way for the user to intuitively know this or know where to find it. It has 

loaded in the lower right portion of the screen, whereas the Image Tracker panel, which 

we were working with in Step 2, is in the top right (see Figure 3-3). Additionally, the 

marker is loaded into the editor as a small and flat image; if the user wants this marker to 

reflect, say, a physical marker on the wall, it will need to be adjusted to be vertical as 

opposed to horizontal, something a novice may not take into consideration. 

• Will the correct action be made sufficiently evident to the user? 

o No, not without consulting documentation. 
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• Will the user connect the correct action’s description with what he or she is trying 

to do?  

o Maybe. When the image in the editor is selected, the Tracking Marker 

panel loads. Users can toggle between the Tracking Marker and the 

Marker Inspector. If users look beyond the Marker Inspector label and see 

the various fields with names like “position” “rotation” and “scale”, they 

should know that this refers to the positioning of the marker.  

• Will the user interpret the system’s response to the chosen action correctly? 

o Regarding the Marker Inspector, yes: when any values in the Marker 

Inspector are changed, the image in the editor reflects the change 

immediately. For the Tracking Marker, it is unclear. I did not notice it at 

first until I began modifying elements in the Marker Inspector and clicking 

in and out of the editor. Upon exploration like that, users will probably 

figure out what each panel does, but it is not intuitive or immediately 

obvious. 
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Figure 3-3: Tracking Marker panel (right) and Marker Inspector panel (left). 

3.1.4 Step 4: Place Content 

This step is where the user adds the AR filter/object that will overlay the marker image 

when a device is pointed at it. According to LensStudio’s documentation, the content 

should already be imported into your project and ready to use by this point (or you can 

use one of LensStudio’s ready-made templates). During this walkthrough, I did not 

remember to create a scene object first, so used one of LensStudio’s existing objects. To 

a newcomer, there is no way to know this unless they consulted the documentation 

beforehand.  

• Will the correct action be made sufficiently evident to the user?  

o No. If users have some background into how AR works, they may 

have known that this content should be created and ready to use when 

the project begins in LensStudio. 

• Will the user connect the correct action’s description with what he or she is 

trying to do?  

o No. There is nothing on screen to tell users that their scene object must 

be drag-and-dropped to right under the Image Tracker in the right 

panel.  

• Will the user interpret the system’s response to the chosen action correctly? 

o Yes, the scene object appears in your editor along with all the 

size/scale specifications. Any adjustments are immediately reflected in 

the editor/preview screen. 
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Figure 3-4: Full screen image of AR content placed in editor. Measurement/adjustment options 

visible. 

 

3.1.5 Summary of Findings 

The cognitive walkthrough was performed to explore an example of a tool often 

recommended for novice AR users, but that also provides a higher fidelity outcome than 

the low-fidelity methods such as the sketching, and prototype kits discussed in this study. 

As mentioned in the literature review, some participants in low-fidelity augmented reality 

studies felt the nature of low-fidelity prototyping reminded them they were taking part in 

an experiment (De Sa and Churchill, 2012), (Thompson and Potter, 2018). For a novice 

that considers themselves somewhat more advanced technically, a tool like LensStudio 

may be an attractive option. 

 The LensStudio walkthrough revealed some interesting findings. Firstly, this is a 

very designer-focused tool. A user with prior experience in graphic design tools such as 
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Adobe Photoshop or Illustrator12 will most likely have a shorter and less steep learning 

curve when using LensStudio for the first time. The panel layout and measurement 

options are very similar to those applications. However, for novice users unfamiliar with 

those types of applications, the user interface and vocabulary may prove a barrier. 

Unfamiliarity with measurement units (scale, position, rotation), or with how a typical 

augmented reality application overlays virtual objects on top of physical ones will most 

likely cause novice users to redo several steps in trial and error. That being said, the 

LensStudio documentation is highly detailed and for users willing to spend some upfront 

time reading up on the basics, LensStudio is an excellent bridge between low-fidelity and 

high-fidelity prototyping.  

  

 

12 https://www.adobe.com/ca/products/illustrator.html 
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Chapter  4: Methodology 

This chapter outlines a between-subjects study comparing the use of two accepted 

low-fidelity prototyping methods. Participants were asked to use one of two methods to 

design an augmented reality application for a book or printed item. They were 

specifically asked to consider what types of interactions their users could do, what objects 

would be augmented and why, and what the environment in the app would look like. The 

first aspect to this study is the medium used. Half of the participants used the sketching 

method, while the other half were given a custom kit. The Sketch group used a 

pencil/paper to create simple designs; the Kit group used a basic prototyping kit created 

by analyzing previous works and determining which items worked well for augmented 

reality prototyping. Of special interest is the use of a transparency. This item featured 

prominently in some of the works studied in the literature review and helped formulate 

one of the research questions for this study.  

The second aspect to the study concerns the presence (or lack of) a mental model. 

Within the Sketch and Kit groups, participants are further divided into groups based on 

their experience with augmented reality. Participants were divided into “Novices” and 

“Experts” based on whether they had used an augmented reality application, whether they 

were familiar with software development, and whether or not they held an interest in 

augmented reality in general.  

4.1 Recruitment 

Recruitment took place between March 2021 and October 2021 and was performed 

entirely remotely due to COVID-19 restrictions in place at the time. Participants were 

recruited through Carleton’s Facebook Recruitment page as well as personal and 
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professional contacts of the researcher. The inclusion criteria for the Novice group were 

that participants be over 18 and able to speak English well enough to participate in the 

post-task interview. Participants were not to have much experience using AR apps (using 

one or less AR apps) and were not to have any experience designing or developing AR 

apps. Novice participants were generally unfamiliar with software development in 

general. 

To be placed in the Expert group, participants also had to be over 18 and speak 

English; however, additional requirements included having experience with at least two 

augmented reality apps, which could include AR authoring or creation apps, as well as 

being familiar with software development processes in general and having a hobbyist 

interest in augmented reality. All participants were offered a $10 Amazon Gift Card for 

completing the study.  

4.2 Participants 

Both the Novice and Expert groups consisted of eight participants. The Novice group was 

entirely female with ages ranging from 25 to 50. The group was highly educated, with six 

participants having completed Masters’ degrees, two with Bachelor’s degrees, and one 

with a college diploma. The Advanced group consisted of three males and five females; 

ages ranged from 18 to 45. Two participants were completing their undergrad degree, 

three had completed a Bachelor’s degree, two had completed a Master’s degree, and one 

was a PhD student. 

 It is recognized and acknowledged that the sample size for this study is rather 

small; this was partly due to circumstances such as COVID-19, which meant there was 

not a typical opportunity to recruit Carleton students who might be able to complete the 
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study while on campus between class time. Another reason was that though there was 

much interest in the study at first, several participants dropped out when they learned 

they would have to design and show a sketch or prototype to the researcher. With the 

time constraints of trying to complete this thesis in 2021, it was not possible prolong the 

recruitment period. 

4.3 Apparatus 

Each group of Novice and Expert participants was divided in half and each participant 

was in two groups: the AR Prototype Kit group, or the Sketching group. In the Kit group, 

each participant was provided a Prototype Kit courtesy of the researcher. Each kit was 

delivered via porch drop-off, which meant those in the Prototype Group had to live in and 

around the researcher’s location.  

4.3.1 Prototype Kit Materials 

Prototype kits (see Figure 4-1) were created based on the findings from the literature 

review (section 2.4 Low-fidelity Prototyping). The items that were included in the kit 

were due to two factors, 1) were they easily accessible (i.e., on a quick run to a craft or 

dollar store)? and b) did they include affordances that would aid in an augmented reality 

design?   

First, the most common items in the AR prototyping literature review were analyzed: 

• Cardboard: An easily obtainable material that most people would have around the 

house; also good for basic construction. 

• Paper: Also, an easily obtainable material that most people would have around the 

house; versatile. 



 37 

• Phone replica: Common in the papers reviewed as they mostly focused on mobile 

augmented reality. It was not included in the final kit as the researcher did not 

want to limit participants to thinking they had to design for a mobile app. 

• Pen: Like the paper and cardboard items, a pen is easily accessible, and most 

people have access to one. Also, a good crafting material for making notes, 

adjusting paper appearance, etc.  

• Transparencies: A clear piece of plastic, or a transparent paper protector, proved 

to be common and useful in some of the papers examined. In one study, a plastic 

transparency enabled the participants to both layer objects to mimic augmented 

reality layers, as well as provide a great way to analyze field of vision issues 

(Lauber, et al., 2014). This led the researcher to search for a pliable (easy to fold 

or cut) and inexpensive piece of plastic to include in the kit. A clear shower 

curtain liner was divided into sections and a large piece was included in each kit.  

The next step in creating the kit was to determine a) What items from the literature 

review should not be included? and b) Can participants actually use these materials to 

build anything? The following items were excluded due to being very scenario-specific, 

and/or being difficult to access: 

• Acrylic Plate 

• Box (researcher determined participants could make a box using cardboard, if 

necessary) 

• Cellophane paper 

• Clay 

Finally, the remaining materials were examined: 
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• Scissors 

• Scotch tape 

• Sticky notes 

• Wood 

These items, though not used in every paper analyzed, are common crafting items and 

necessary for manipulating and connecting the other materials. Each of these materials 

was included in the kit, as well as magnets and felt, which were included due to being 

recommended by Rettig in Prototyping for Tiny Fingers (1994) to offer a larger variety of 

textures.  

Final kit materials for each participant included:  

• 1 pair of scissors 

• 2 Post-it Note pads (different colors and sizes) 

• Scotch tape 

• 10 popsicle sticks (wood) 

• 10 4x6 white cardboard cards (unlined) 

• 1 sharpie marker 

• 1 ballpoint pen 

• 6 small circular magnets 

• 1 5x8 piece of felt 

• 1 25x21 piece of shower curtain liner (transparent) 

Kits were delivered in a reusable box.  
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Figure 4-1: AR Prototype Kit Materials 

4.3.2 Sketching Group Materials 

Participants in the sketching group were instructed to use their own paper and pens. 

One Sketch participant asked if they could include images they found online, while 

another just went ahead and included online images, assuming it was acceptable. After 

some thought, the researcher decided it was okay to accept “sketches” with images 

downloaded online; the point of this exercise was to see if using tangible materials 

performed better in terms of helping participants realize their augmented reality app 

ideas. Using already-created images is still considered a 2-D design. Sketching 

participants used their own paper (or digital document – Word, for example), and 

outlined their app design. 
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4.4 Procedure 

Once the consent form was signed (see appendix B.1), participants were sent a link to 

complete the pre-task questionnaire (see appendix A.1). The pre-task questionnaire was 

created and distributed using Google Forms13. Each participant was assigned a unique 

alphanumeric identifier by the researcher, which they had to enter at the top of the 

questionnaire. This ensured the appropriate questionnaire could be associated with the 

appropriate interviewee. The intent behind the questionnaire was to gather the following 

information:  

• Demographics: age, sex, education-level, occupation  

• Augmented reality experience 

• Attitudes towards augmented reality in general 

• Attitudes and perceptions regarding creativity and artistic hobbies 

When completing the pre-task questionnaire, participants did not yet know which group 

they were in (prototype kit or sketch). 

After completing the survey, participants were sent instructions for Part 2: Designing 

the Prototype (see appendix A.2), which was the design portion of the study. Participants 

were instructed to select a book, story, magazine (anything in print) and design how they 

might augment that content if it were an augmented reality app. Participants were told to 

be as creative as they like; they did not have to worry about whether something was 

possible technically. In order to keep the influence minimal before starting the task the 

only ‘prompts’ participants were given were: 

• What elements/characters/scenes would benefit from augmentation? Why? 

 

13 https://www.google.ca/forms/about/ 
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• Do you want your users to interact with augmented objects? If so, how will you 

include that in the design? 

The researcher provided two links to examples of augmented reality apps for further 

inspiration. Participants could spend as little or as much time on their prototype as they 

wanted. Once participants had completed their prototype, they were asked to book a time 

through the Calendly14 app with the researcher for a short, semi-scripted interview 

regarding their prototype and experience. All interviews were conducted using Carleton’s 

Microsoft Teams15. 

Each interview (see appendix A.3 for list of questions) began with the participant 

providing an overview of their design, as well as the inspiration for the topic they chose. 

The researcher asked mostly the same questions regardless of which group the 

participants were in; however, those in the prototype kit group were asked specifically 

about the materials in their kit, and whether they found them useful, inspiring, or felt that 

they were missing certain materials. Interviews were recorded and participants sent 

pictures of their prototypes to the researcher. Kits were not picked up after completion 

due to COVID-19 concerns. 

4.5 Design 

This is a between-subjects study comparing the use of two accepted low-fidelity 

prototyping methods. Participants were asked to use one of two methods to design an 

augmented reality application for a book or printed item. They were specifically asked to 

consider what types of interactions their users could do, what objects would be 

 

14 https://calendly.com/ 
15 https://www.microsoft.com/en-ca/microsoft-teams/group-chat-software 
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augmented and why, and what the environment in the app would look like. The first 

aspect to this study is the medium used. Half of the participants use a sketching method, 

while the other half were given a custom kit. The Sketch group uses a pencil/paper to 

create simple designs; the Kit group uses a basic prototyping kit created by analyzing 

previous works and determining which items worked well for augmented reality 

prototyping. The research questions are:  

1. Do participants using the proposed prototype kit have develop more 

detailed or advanced prototypes than participants using the sketching method? A 

detailed or advanced prototype would be a design that includes a main idea, an 

example of user interaction, and a consideration of what their user should be 

doing.  

2. For the participants in the prototype kit group, does the transparent item 

(shower curtain liner) provide the opportunity to layer augmented reality objects 

on actual objects, and if so, should be considered a necessary part of any low-

fidelity AR prototype procedure?  

3. Is there a difference in how those considered ‘novice’ and those 

considered ‘expert’ approach their design activity? Can these differences help 

inform certain steps that should be taken when introducing novices to augmented 

reality design?  

Given the way participants are divided up in this study, the data can be analyzed in 

several ways: 
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Figure 4-2: Matrix displaying each participant group and the number of participants in each. 

First, all participants complete the Pre-Task survey. This survey asks questions 

about the participants’ augmented reality experiences, impressions, as well as some 

questions regarding creative activities. This data is used to capture whether pre-

disposition to enjoying artistic activities may make this study’s activity easier or more 

enjoyable for certain participants. The Pre-task Survey data is also used to analyze 

whether prior augmented reality experience affects idea development and/or the features 

participants choose to include in their sketches or prototypes.  

Next, participants build/sketched their prototypes. The researcher categorized 

what items were used most and least, as well as whether participants used the 

transparency for anything in their prototype. Any differences between the ways experts 

and novices use the sketching materials and the prototype materials is of interest and will 

be discussed.  



 44 

Lastly, all participants participated in a virtual one-on-one interview with the 

researcher where they were given the opportunity to present their sketch or prototype, and 

where the researcher had the opportunity to ask about their design process, why certain 

materials were used and others rejected, as well as participants’ overall thoughts and 

impressions after completing the activity. All interviews were transcribed and, though 

high-level categories existed based on the research questions, upon reviewing all 

interviews some additional commonalities and categories revealed themselves. All 

interview responses were coded according to these categories and are presented in the 

next chapter according to thematic analysis theory (Nowell et al., 2017).  
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Chapter  5: Results and Discussion 

This chapter describes the results of each portion of the study:  

• Pre-Task Survey 

• Prototypes 

• Interview/Participant Reflections 

This chapter also discusses the implications of our findings. 

5.1 Pre-Task Survey 

All participants completed the pre-task survey (see appendix A.1 for questions), but 

four dropped out before completing the rest of the study (participants with identifiers P3, 

P5, P17, and P18), so their data has been excluded from the survey results. That leaves 

sixteen participants: eight considered Expert and eight considered Novice. 

5.1.1 AR Experience 

All participants were asked about their previous experience with augmented reality 

applications. For an overall impression of responses, we entered all responses into NVivo 

1216 to create two word clouds, one representing Novice responses and the other 

representing Expert responses (see Figure 5-1). Some significant differences appear when 

viewed side by side. The color and size of the words are reflective of how frequently 

 

16 https://www.qsrinternational.com/nvivo-qualitative-data-analysis-software/home/ 
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those words appeared:  

 

Figure 5-1: Novice word cloud is on the left; Expert word cloud on the right. 

As the word clouds demonstrate, both groups listed the Snapchat17 app frequently, a 

social media app whose AR filters have become quite popular in content creation. The 

Novice word cloud had less responses overall, as only six of the eight participants listed 

any apps. A variety of different apps were named as examples, but the majority tended to 

focus on beauty apps or furniture apps, which aligns with research indicating that these 

tend to be the most well-known AR usages among the general public18. 

All participants in the Expert group reported using AR in apps. Unlike in the 

Novice group, where participants reported using zero to two AR apps, all participants in 

the Expert group had experience using at least two (and usually more) apps that featured 

AR. Some participants had also used AR creation apps to create their own content, such 

as Augment19 and Merge Cube20, though no participants listed LensStudio, which served 

as the subject of the cognitive walkthrough in Chapter 3. It is worth noting that the Expert 

users were generally able to list the app’s full name, whereas Novice users could not 

 

17 https://www.snapchat.com/ 
18 https://resource.gutcheckit.com/consumer-perception-ar-report 
19 https://apps.apple.com/us/app/augment-3d-augmented-reality/id506463171 
20 https://mergeedu.com/cube 



 47 

always remember the name of the apps they used, and tended to use more descriptive 

terms, for example: “I've used online AR tools from furniture companies,” but did not 

actually name the app.  

The survey also asked about augmented reality experiences such as museum exhibits, 

theme parks, or any other type of AR experience in a public space. In the Novice group, 

five of the eight participants had never seen any AR demonstrated in a public space. Of 

the three who did, responses were quite varied. One respondent cited “The Louvre, I 

think”, but did not offer any description of what the AR was. Two other exhibits were 

described as follows: a) a Toyota Car Showroom, demonstrating the AR involved in 

creating the Toyota Hybrid, and b) a proposed idea in an airport, where seat numbers 

were displayed in AR as passengers boarded flights.  

In the Expert group, three participants reported never having seen a public exhibition 

featuring AR, while the other five reported various experiences: two participants had seen 

AR exhibits at museums; one participant had attended the Beyond van Gogh experience 

that toured Canada in Summer 2021; one participant described an exhibit at a mall, where 

people could pose with each other in ever-changing backgrounds, then print out the 

photos. And finally, one participant described an exhibit at a university, where an AR 

overlay appeared over a piece of art. 

Participants were also asked how augmented reality can be used in society. Responses 

were entered into NVivo 12 to create word clouds (see Figure 5-2) to see if there were 

any interesting differences:  
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Figure 5-2: Novice word cloud is on the left; Expert word cloud on the right 

Answers varied, but some common themes became evident in responses. Novice 

participants tended to focus on ways in which augmented reality could help in existing 

situations (aversion therapy, learning to drive, viewing a haircut before it happens, trying 

on clothes). Several participants also mentioned entertainment uses such as interactive 

gaming or museum applications. Top uses in the expert group included education, 

healthcare, exposure for people who may not be able to afford visiting a place, an aid to 

experience something, and gaming. It is worth noting when examining the word clouds 

that responses from the novices tended present AR in an overall positive light; however, 

among the experts a few instances of the words “niche,” “novelty,” and “unnecessary” 

were used.  

Participants were also asked to rate how much they agreed or disagreed with two 

statements about the future of augmented reality. We asked these questions to gauge 

whether participants viewed AR as a technology that is here to stay or more of a novelty. 

Overall, responses from the Novice group contained more variance than the answers from 

the Experts, who were more uniform (see Figure 5-3 and Figure 5-4). 
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Question 1: How do you feel about the following statement: In 5-10 years, I think 

augmented reality will be a major part of our everyday lives. Standard deviation for 

Experts was 0.89, while Novices had a result of 1.81. 

 

Figure 5-3: Stacked bar displaying Question 1 results. 

Question 2: How do you feel about the following statement: In 5-10 years, augmented 

reality will be used in the same ways as it is now. Standard deviation for Experts was 

0.99, while Novices had a result of 1.6. This could possibly mean that since the Experts 

have more knowledge of AR on the whole, they see more possibilities for its future than 

the Novices, who may be unfamiliar with what is out there today, much less in the future. 

 

Figure 5-4: Stacked bar displaying Question 2 results. 
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5.1.2 Self-Reporting Creativity Impressions 

This study provided the opportunity to be creative; participants were given few 

limitations regarding what their AR prototype design could do. This means that for 

participants who consider themselves creative, and who perhaps engage in typical 

creative hobbies, may have found the experiment less intimidating than participants who 

do not consider themselves creative people. To gauge each participants’ self-impressions, 

we asked three questions regarding creativity and creative activities. The questions were:  

Question 1: On a scale of 1 to 7, with 1 being "not at all" and 7 being "very much", do 

you consider yourself to be a creative person? 

Question 2: On a scale of 1 to 7, with 1 being “not at all” and 7 being “very much”, do 

you enjoy constructing things, such as putting together furniture, or taking things apart to 

see how they fit together? 

Question 3: On a scale of 1 to 7, with 1 being "not at all" and 7 being "very much", do 

you enjoy drawing or sketching in your spare time? 

 

Figure 5-5: Stacked bar displaying creativity questions results. 
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As we can see from the spread, more participants agreed with the sentiments 

expressed in the questions, leading us to conclude that the participants are for the most 

part comfortable performing creative activities. Question 1’s standard deviation for 

Experts was 1.25, and 1.04 for Novices. Similarly, Question 2’s standard deviation for 

Experts was 1.72 and 1.50 for Novices. The only outlier result appeared with Question 3 

– Do you enjoy drawing or sketching in your spare time? In the Expert group, the 

majority of participants were neutral to disagree and there was wider variance. Experts 

were 2.05 and Novices were 2.56. Initially, the researcher was not going to ask the 

Sketch participants whether they felt they were missing any materials in the interview 

portion of the study; however, upon seeing that more participants expressed a dislike for 

sketching than for building, a question was added for the Sketch participants to address 

what medium/tools they would prefer to use to complete this activity, if they had a 

choice. 

The last question in the pre-task survey asked participants how they felt about 

designing their own augmented reality app. The results between the Expert and Novice 

groups did not differ greatly, though the Experts tended to write more descriptive 

responses. All responses were entered into Nvivo12 and are displayed in Figure 5-6. 
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Figure 5-6: Novice world cloud on left; experts on right. 

Both groups contained participants that used “excited,” as well as concerns such as 

being “unqualified,”, or feeling that the prospect of designing an app was “daunting.” Out 

of the 16 participants, ten described feeling excited or that the idea sounded “fun”. Four 

reported being nervous, one reported feeling “unqualified,” and one reported feeling 

“ambivalent.” One expert worried about the fidelity of the prototype.  

 

5.2 Creating an Augmented Reality Prototype 

Eight participants received the prototype kit and eight used their own materials to create a 

sketch. Four in each group were novices, while the other four were expert. This section 

outlines the specific materials each group used.  
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5.2.1 Kit Materials Used 

A breakdown of the materials used is displayed in the table below: 

Table 3: Materials Use by Participants 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

There are some key differences in how the Novice and Expert groups used their 

materials. The top three materials for the novice group were: cardboard, popsicle sticks, 

post-notes, scissors, and tape. The table demonstrates that novices tended to make use of 

a wider variety of materials. The Experts, however, stuck to three or four key materials: 

the pen, popsicle sticks, tape, scissors, and shower curtain liner.  

5.2.2 Sketching Materials Used 

The sketching participants were told in the instructions to “Use your own 

paper/pen/pencils to create your sketches,” (see appendix A.2 for design instructions). 
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Novice Group 

P1 x x  x x x x x x  

P2 x    x  x    

P4 x x x  x x x x x  

P8 x   x    x x x 

Totals 4 2 1 2 3 2 3 3 3 1 

Expert Group 

P13    x x x x  x x 

P15 x  x  x x  x x x 

P16  x   x x  x x  

P19     x x x x x x 

Totals 1 1 1 1 4 4 2 3 4 3 
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However, some participants took that to be more general than intended. For instance, one 

participant in the Novice Sketch group used pictures downloaded from the internet to 

create their prototype design, while another used a digital sketch program to create the 

designs. In the expert group, all but one sketching participant used paper/pens/pencils. 

One expert participant created a very detailed prototype using a digital program, as well.  

5.3 Interview     

The interview took place virtually using Microsoft Teams after the participant had 

completed their prototype. Interviews were recorded and transcribed, the results of which 

are discussed in the following sections.  

Each interview was semi-scripted (see appendix A.3 for list of questions). The 

researcher had a list of questions to ask each participant. Based on the type of prototype 

the participant made, and how they described it, often other questions were asked to gain 

a better idea of the participants’ attitudes and design process during the activity. The 

questions and their research purpose were divided into themes for coding (see Table 4). 
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Table 4: Interview Questions and Coding Themes 

Question Research Purpose Theme 

• How confident 

were you working 

with these 

materials? 

• Did you feel that 

any materials 

were missing as 

you worked? 

• Did any of the 

materials in the 

kit inspire your 

design? 

Did participants feel certain 

materials gave them a better 

understanding of how their app 

could work? Were certain materials 

used more commonly than others? 

Such information will inform the 

final recommendation for materials 

in the kit. 

 

 

Materials 

used/rejected 

• How did you 

choose an idea?  

• Did you have a 

design in mind 

before you started 

working on your 

prototype? 

• Did your idea 

change as you 

built/drew your 

prototype?  

One way this project veered from 

the papers surveyed in the literature 

review (Table 2) was that 

participants were not given a 

specific scenario to work with. 

They had freedom to decide what to 

work on, which could have been a 

benefit or a hindrance. Did past 

experience affect their final idea? 

 

 

Idea development 

Can users interact 

in your prototype?  

Was there a difference in how 

participants in the sketch group vs. 

the kit group enabled user 

interaction techniques?  

 

User interaction 

techniques 

What sensory 

stimuli did you 

include? 

Did the materials in the kit offer 

more opportunity/inspiration for 

including stimuli other than visual? 

 

Sensory stimuli 

Was anything 

challenging about 

this activity?  

Were there differences in how 

novices and experts perceived the 

difficulty of this task? Were there 

differences in how the sketch 

participants and kit participants 

answered? If so, what can be done 

to minimize challenges in the 

future? 

 

Challenges 
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The interview data is presented in the following manner: 

1. Prototypes: The prototypes each participant made are discussed first so that 

readers know what each participant created. This way, context for the interview data is 

available. 

2. Themes: The key themes derived from the interview data are discussed. 

5.3.1 Prototypes 

Each prototype is described in this section, separated according to group and apparatus 

type (sketch or kit).  

5.3.1.1 Novice: Prototype Kit 

Two Novice participants followed the instructions as they chose their topic: one chose a 

magazine article, while another chose a fictional story. One veered from the instructions 

and decided to do a therapy app, and another decided to focus on a topic she was working 

on in her professional life.  

In the Novice prototype kit group, all participants thought about app ideas prior to 

looking in the kit, and then it was a matter of examining the materials in the kit to ensure 

their idea would work:  
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P1: “I looked at materials to ensure it was possible; I also chose [this scene] because 

I knew I could put it together using the materials.” 

 

Figure 5-7: Photograph of P1 (Novice, Kit) protype. 

P2: "Once I started working with the materials, I was pretty confident because I sort 

of gave myself permission to just make it basic and simple.” 

 

Figure 5-8: Photograph of P2 (Novice, Kit) Prototype 
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P4: “I’d had a few ideas already…I had no idea [if my idea was] going to work.” 

 

Figure 5-9: Photograph of P4 (Novice, Kit) Prototype 

P8: “I…looked in the box and I was like okay well how can I put together some sort of a 

prototype that would sort of put forward this idea visually?” 

 

Figure 5-10: Photograph of P8 (Novice, Kit) Prototype 
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One research question in this study asked if the materials in the kit might help the 

participants better understand their app design and add clarity to the objects they think 

should be augmented. After asking the Novice participants whether any materials 

inspired them as they worked, some commonalities appeared. Texture seemed to provide 

inspiration for objects.  

• P1: "I think the felt actually probably inspired me to do the whole scene because I 

thought: oh, it's like the curtains.” 

• P4: “The felt made me think of water; the popsicle sticks …. the firmest thing I 

could use to give the aircraft some height.”  

• P8: “Having the shower curtain was actually quite handy because it was like, oh 

yeah this could be a stand-in for a screen.” 

5.3.1.2 Expert: Prototype Kit 

Like the Novice participants, most Expert participants thought about their idea 

prior to looking in the kit. One significant difference in the Expert group is that some of 

the participants had experience with this type of activity before P16 (Expert, Kit), stated 

“Seems like a fun activity, somewhat similar to the types of things I do at work.” P21 

(Expert, Sketch), stated “we did a lot of paper prototyping and stuff, so I think I have a 

little bit of an advantage in [the] sense that I’ve already done something like this maybe 

10 times over my four-year undergrad.” Indeed, there were less clarification questions 

asked by the Expert group as compared to the Novice group, most of whom asked a few 

questions prior to getting started. Another difference was that the Expert participants did 

not feel the need to look at the examples of AR provided in the instructions. As P19 

(Expert, Kit) said, “My opinion on AR was kind of already predefined in my mind,” and 
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P21 (Expert, Sketch), stated “I don’t think that they were needed, but I did look at the 

first one. I don’t think I even looked at the second one.” P13 did look at the examples but 

did not find them helpful in coming up with an idea: “I initially thought about choosing a 

story but felt that idea has been overdone.”  

Examples from each Expert in the Prototype group are described below:  

P13: Designed an app that would augment news articles. Their specific example 

displays a volcanic eruption: one screen would display the landscape prior to the 

eruption, and the next screen would show the destruction (post-it notes with X designate 

ruined properties).  

 

Figure 5-11: Photograph of P13 (Expert, Kit) Prototype 
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P15: Designed a plant cell structure that would display the cell parts in AR. 

 

Figure 5-12: Photograph of P15 (Expert, Kit) Prototype 

P16: Designed a scene from The Secret Garden, where a robin would lead the users 

around the scene. 

 

Figure 5-13: Photograph of P16 (Expert, Kit) Prototype 
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P19: Designed an imagined scene that might occur when a group is sitting around a 

campfire telling stories.  

 

Figure 5-14: Photograph of P19 (Expert, Kit) Prototype 

Like the Novices, the Experts were asked about the materials in the kit: did any materials 

inspire them as they designed?  

• P13: Started by taking out the plastic sheet and realizing it could be a screen. 

“This all started with me taking out the plastic sheet and thinking okay, I'm going 

to start with the screen part of it and then I’ll add everything on later…I started 

looking at articles on Google like, what would be good to represent with a 

screen?" 

• P15: The magnets – immediately realized these could help a structure stand. P15 

also added their own material (playdough), “because it can take lots of shapes.” 
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• P16: Specified that they were not necessarily “inspired” by any materials but 

noted that the fact that the felt was green matched with the garden idea. “I kind of 

just like looked at what tools I had and maybe adjusted what I built based off of 

what was what was there for me." 

• P19: Specified that they were not necessarily “inspired” by any materials, but did 

say, “The minute I saw the shower curtain was like, you know, it's a lens you're 

looking through, you're looking through either a phone or your glasses.” 

A difference between the Novice and Expert kit groups was that the Novices tended 

to focus more on the materials in the box, and, as demonstrated in Table 3, used a wider 

variety of materials than the Experts. The Experts were also concerned with their overall 

idea. For instance, two Experts in the kit group said their biggest challenge was deciding 

on an idea that would work in AR. P13 (Expert, Kit) stated the biggest challenge was 

finding a suitable article that would benefit from AR: “People don't read, they just see 

headlines…maybe a picture would help people understand the news better.” P16 (Expert, 

Kit) stated, “Just thinking about what type of story I wanted to reflect was probably like 

the thing that's prevented me from doing immediately; it was like I should think about like 

what's a good experience that would be fun in in AR.” 

5.3.1.3 Novice: Prototype Sketch 

Like the kit group, most participants in the sketching group had ideas prior to starting 

their sketches, and their previous experience with AR was a factor in deciding what to do:  
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P6: A detective novel, where users could interactively solve a mystery. 

 

Figure 5-15: Photograph of P6 (Novice, Sketch) Prototype 
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P7: “I generally don’t read books so I [used] a digital magazine.” This idea was 

pandemic-inspired. People could not go in person to view houses in real life, so an 

AR app might help people safely view potential new houses.  

 

Figure 5-16: Photograph of P7 (Novice, Sketch) Prototype 
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P10: “The idea that I had is a little cliché because I feel like people have already like 

come up with this idea, but like children's or like youth encyclopedia for biology or 

science and stuff.” 

 

Figure 5-17: Photograph of P10 (Novice, Sketch) Prototype 
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P22: “The storybook I decided not to choose because I was like, oh it was already 

kind of done, … I was also thinking okay what kind of like new stuff [can I do?]” 

 

Figure 5-18: Photograph of P22 (Novice, Sketch) Prototype 

The sketching participants did not have to look at materials to see if their designs 

were possible and did not have the added perceived stress of “constructing” something. 

Unlike the Novices in the kit group who each listed one material as a source of 

inspiration for their design, the novices in the sketch group tended to have an idea that 

further developed as they sketched. 

• P6: “When I was designing the first page, I was thinking the idea in different 

way… and then [on] the second page I thought that this is the way you can upload 

your favorite detective books… [and then] I just getting [more] confident that 

okay this is possible.” 

• P7: “As I spent more time, I had more confidence on the kind of information I was 

adding …I just started off with like just one single idea…and then I start to think 
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of what are all the information that one would need going through the process 

and I started building on that.” 

• P10: “Even though I was in the sketching group I thought it actually might be 

easier to just find pictures of what I wanted and explain them instead of drawing 

it out.” This participant also said that as she looked at various pictures, she began 

thinking of more ways AR could be used in her educational textbook app.  

• P22: “When I drew the opening of the magazine cover, I was like okay I’ll draw 

like the packs and like put that video on, and then I was like oh but there's space 

here and then [ideas] started to come.” 

Though none of the sketching participants realized it, the sketching group seemed to 

have more freedom in how they constructed their designs. For Novices in the kit 

group, the materials did pose a constraint that was not present in the Novice sketch 

group.  

• P1: “I certainly adjusted [my ideas] depending on the materials.”  

• P2: Felt better using the materials once she realized she didn’t “have the 

pressure of having to use everything that was given to me.” P2 also felt that 

having more materials would have been extra pressure.  

• P4: “I don't even know if I could have done it with paper but like I may have 

attempted to, you know, make a better boat.” 

• P8: “I knew I was in the prototype kit group, so I sort of felt an obligation to 

build something that was somewhat 3D because I knew I wasn't in the 

sketching group.” P8 would have preferred to sketch out a design in 2D on 
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paper first, and then start building with the materials, saying “I think it is a 

little harder to jump straight into a prototype.”  

The participants in the sketch group did not have as many materials to work with, but 

they were still asked if there was anything they wish they had, or whether there was a 

different method they would prefer to use to create their designs. Only one participant felt 

the sketches fell short of what was needed, saying “I was missing a way to validate the 

actions on screen,” (P6, Novice, Sketch). 

5.3.1.4 Expert: Prototype Sketch 

In the Expert Sketch group, only one participant had an idea of what they wanted to 

do before they started; P20 was also the only participant who did not stick to a 

storytelling app, as the instructions specified. A summary of the participants’ sketches 

follows:  

P12: Designed a book app where users could select various scenes with an AR element 

and interact with them. 

 

Figure 5-19: Photograph of P12 (Expert, Sketch) Prototype 
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P14: Designed an app to explain a book about an ancient Chinese myth.  

 

Figure 5-20: Photograph of P14 (Expert, Sketch) Prototype 

P20: Designed an app based on their professional experience, an AR app for trying on 

clothes or makeup. 

 

Figure 5-21: Photograph of P20 (Expert, Sketch) Prototype 
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P21: Designed an app that would accompany a Dungeons & Dragons textbook (which 

they were reading at the time of the study). This AR app helps players better visualize 

their character. Instead of describing what their character is doing, users would input 

their characteristics and the character would appear in AR. 

 

Figure 5-22: Photograph of P22 (Expert, Sketch) Prototype 

Like the Novice sketch group, some Expert sketch participants tended to have an idea 

that morphed and further developed as they sketched. P21 stated “I had new ideas as I 

was going, like I kind of had a general like concept of like oh I would love to augment the 

DnD book, and then as I was going through pages I was like, oh this would be cool, and 

this would be cool.” P14 initially had a very different idea starting out: “At first I pictured 

this working as a cartoon, where the user just watches, and the story is told. Then I 

thought that might lose some interaction between the readers and text, so maybe I can 

break them up to design individual AR models.” The other two participants in this group 

had selected their ideas in advance and did not find they changed much as the sketch 

went on. In fact, P12 specifically did not want to start sketching until the idea was fully 

formed: “I only felt comfortable to start sketching once I had most ideas sorted out. I 

didn't want to start sketching something while being unsure and end up having to redo 
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the sketches.” Similarly, P20’s idea did not change as they specifically based their idea on 

what they think AR is good for in society. 

 Those in the Sketch group were not asked specifically about materials, but they 

were asked if there was another type of material or something missing that they wish they 

could have used during the activity. While in the Novice group only one participant listed 

an item (P6 would have liked a way to validate actions on screen), in the Expert group 

three sketch participants felt some materials were missing:  

• P12: “I think having access to a tablet and an already existing augmented reality 

app to test would help give me better perspective on how exactly features in my 

augmented story app should be.” 

• P14: “I would have preferred to use something like Live2D, where you can draw a 

2D character and make it move.” 

• P21: “Sometimes I wish I had more stuff… [such as] different colored 

markers…or popsicle sticks…not necessary but sometimes helpful.” 

Like the Experts in the kit group, the experts in the Sketch group were concerned with 

both the originality and the feasibility of their designs. When asked if anything was 

challenging about this activity, P14 said it was difficult to make their idea original "this 

doesn't have any new ideas, it looks like the AR books we have now.” P12 stated “The 

biggest challenge was getting past the feeling that I wouldn't come up with a good unique 

design.” P20 said wondered “whether this kind of technology and AR application would 

be something that's feasible or not, like that would be something that's going to be 

popular here in Canada.” P21’s challenges did not come from the marketability of the 

app, but rather how to best leverage AR in a book with such dense text: “With this book 
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it's hard because there's so much text and it's so small that I was just thinking about how 

would it be able to recognize [AR content] ...you'd have to change the layout of the 

book.” One Novice participant (P1, Novice, Kit), had also selected a book with dense text 

(a novel), but did not give any attention to whether that text would work in an AR setting, 

or how it might affect the scene displayed.  

5.3.2 Theme 1: Prototype Materials Discussion 

Two research questions in this study focused on the materials: 

• Do participants using the proposed prototype kit have develop more detailed 

or advanced prototypes than participants using the sketching method? A 

detailed or advanced prototype would be a design that includes a main idea, an 

example of user interaction, and a consideration of what their user should be 

doing.  

• For the participants in the prototype kit group, does the transparent item 

(shower curtain liner) provide the opportunity to layer augmented reality 

objects on actual objects, and if so, should be considered a necessary part of 

any low-fidelity AR prototype procedure? 

 As mentioned in Table 3, Expert kit participants used a smaller variety of the 

materials in the kit, but more made use of the plastic liner than in the Novice group. The 

only material all Novice kit participants used was cardboard; while the Experts in the kit 

group used the pen, popsicle sticks (wood), and the tape. Of special note is the felt. Three 

participants used it and reported it was one of the materials that inspired the scenes they 

chose to do. However, this had more to do with the color and texture of the felt as 

opposed to the material itself. This reveals the importance of including materials of 
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various textures to work with, as paper or cardboard, though simple, may not lend 

themselves to the type of movement necessary for some AR objects, such as water (P4, 

Novice, Kit), grass (P16, Expert, Kit), or curtains (P1, Novice, Kit).  

Similarly, the kit materials did invoke stress to participants in both groups, in that 

they worried about constructing something that not only met expectations, but that was 

also doable given the materials in the kit. Results showed that many participants found 

the materials limiting. All participants in the Novice kit group felt their design was in 

some way impacted by the materials in the kit (both positively and negatively). But at the 

same time, three of the four Novice kit participants (P1, P4, and P8) listed a specific 

material as something that inspired them as they worked (felt, felt, and plastic, 

respectively).  

5.3.3 Theme 2: Idea Development 

This theme relates to research question 3 - Is there a difference in how those 

considered ‘novice’ and those considered ‘expert’ approach their design activity?  In the 

Novice group, participants relied on the examples and the instructions to guide them. For 

instance, P1 stated “there was something in the instructions that you sent that made me 

think….it could have non-gaming applications.” Some participants wanted to ensure their 

idea was original. The proposed example topic was for all participants to take an article 

or story and design an augmented reality app around a scene. However, some participants 

had strong ideas about what augmented reality is and is not appropriate for, so they went 

their own way. For example, P8 (Novice, Kit) stated “can this be harnessed to do 

something positive and a benefit, instead of just being yet another diversion like Pokemon 

Go?”, while P13 (Expert, Sketch) stated “I initially thought about choosing a story but 
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felt that that idea is overdone.” In contrast, once novice participant (P22, Novice, Sketch) 

who was unfamiliar with augmented reality applications appreciated the augmented story 

idea, saying “I was really impressed by the example you shared…because I’m like wow, 

this is possible with storybooks?” 

There was not a significant difference between the way Novices in the sketch group 

and Novices in the kit group developed their ideas. Most Novice participants relied on the 

instructions and looked at the examples provided to help determine what they would 

work on. The Experts, on the other hand, spent very little time looking at the examples, 

leading us to conclude that since most were familiar with not only AR apps, but also low-

fidelity prototyping activities such as the one in this study, they were comfortable 

performing the activity. 

5.3.4 Themes 3 and 4: Interaction and Stimuli 

This section outlines the various sources and examples of user interaction participants 

included, as well as which sensory stimuli (if any) they included in their app design. This 

data relates to two of the research questions 1) Is there a difference in how those 

considered ‘novice’ and those considered ‘expert’ approach their design activity? And 2) 

Did participants using the proposed prototype kit have develop more detailed or advanced 

prototypes than participants using the sketching method? 

5.3.4.1 Novice: AR Interaction and Stimuli 

All participants were asked about the stimuli they chose to include (visual, haptic, 

auditory, etc.). All novice participants included visual stimuli in their designs. A few 

included sounds unprompted; for instance, P2 (Novice, Kit) included the sound of a door 

opening and animal sounds in the design. P6 (Novice, Sketch), also envisioned music and 
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sounds that would go along with the detective story featured in the design. P4 (Novice, 

Kit), also wanted to include auditory and olfactory feedback, though they did not know if 

it was technically possible: “I think that's sort of the other thing that lacks in the museum 

context is that a lot of these machines, where their magic really lies in their mobility and 

their sounds and smells, and like all of those things that are very much not present in the 

museum context.” Similarly, P7 (Novice, Sketch) stated “I actually thought about 

[including smell] but I didn't know how to incorporate it into the digital artifact.” Other 

participants in the Novice group did not consider including other senses until they were 

asked by the researcher in the interview. P10 (Novice, Sketch) stated “I guess not until 

you just mentioned it…I’d be open to incorporating it,” but did not offer any examples of 

which objects might benefit from additional sensory feedback. P22 (Novice, Sketch) also 

did not consider any type of feedback besides visual, but once asked about it realized that 

their idea could benefit from haptic feedback: “for like a piece of clothing I did want them 

to touch it and then see if it like fits, so I guess that counts as touch." No Novice 

participants included user interaction with other users; when asked about it, some 

participants agreed that it might be a good feature to add to their app, but none provided 

examples of where or how this might work. 

5.3.4.2 Expert: AR Interaction and Stimuli 

Including interaction between users was mixed among the Expert group. One 

participant, P15 (Expert, Kit), did not think about interaction possibilities until asked by 

the researcher, but upon reflection said that yes, interaction would be useful (a teacher 

could project on a smartboard, while multiple students interacted with the cell figure). 

P19 (Expert, Kit) admitted that they did not think about interaction while designing but 
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stated that they did not think it would be valuable based on their app design: “When I 

think of listening to these stories, you know, I’m not interacting, I’m more watching, 

listening.” P12 (Expert, Sketch) stated “I did not consider more than one person; 

however, that sounds like a cool idea.”  

A few Expert participants did explicitly build interaction into their designs: P21 

(Expert, Sketch) designed an app that is part of a game, so without interaction between 

users it would not work. Similarly, P20 stated their design would include a ‘Share’ 

button, so that users could send items they had “tried on” to their friends (though this was 

not visible in the sketch itself). P13 (Expert, Kit) was the only Expert participant who 

consciously designed their app to not have interaction: “People would look and switch 

back and forth between views. I don't think there would be any element of interaction 

between users.” 

In terms of including stimuli other than visual, the results in the Expert group were 

mixed. It was hypothesized that the Novice group may not include stimuli for any of the 

other senses because they might not realize it was technically possible. However, Expert 

participants had a more informed picture of what was possible in AR apps, and some did 

include other senses, though visual stimuli were by far the most common. Three 

participants did not consider any senses other than visual until the researcher asked the 

question. All three stated that additional sensory feedback would help their designs.  

• P12 (Expert, Sketch) “I did not think about including other stimuli…now that it's 

mentioned though, that would make the possibilities for the app design quite 

interesting!” 
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• P13 (Expert, Kit): “Now that you mention it, sound would be good…maybe a bit 

of haptic feedback when the eruption starts." 

• P21 (Expert, Sketch): “I didn't [consider other senses] but that would be cool like 

sound or something...haptics would be cool, too, given you're holding a phone .” 

Two Experts did include stimuli other than visual: 

• P16 (Expert, Kit): “One thing I’ve noticed with a lot of AR/VR apps is you don't 

always know where to focus your attention because you can look everywhere… if 

you're supposed to kind of follow this robin…then like the singing of the robin 

would be kind of cool as an indicator of where to look.” 

• P14 (Expert, Sketch): Included sound, as the creatures in the story would be 

making noise. Did consider adding smell, but knowing how technically difficult 

this is, decided it was not worth it in this particular design. 

The three remaining participants did not include other stimuli and did not think it 

would be particularly useful in their designs. P15 (Expert, Kit), stated: “[I did not include 

other senses because] a cell does not have smell or sounds. Maybe if I picked a different 

topic, I would have included it.” Similarly, P19 (Expert, Kit) stated that perhaps sound 

might add some ambience to the app experience, but “With spoken word stories it's all 

about the person who's telling that story…so I wouldn't want to detract from that.” P19 

disagreed with the premise of augmenting a book in the first place, seeing augmented 

reality as quite a niche thing: “I think physical books shouldn’t be augmented…if you 

want to watch something don't read a book, watch TV.” P20 (Expert, Sketch) stated that 

incorporating sound or smell was not a high priority, though music “might add something 

to the experience.” 
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5.3.5 Theme 5: Challenges 

Participants were asked whether they found anything challenging about this activity. 

The intent behind this question was related to the second part of research question 3: Can 

differences between novices and experts help inform certain steps that should be taken 

when introducing novices to augmented reality design? However, results showed that 

there were challenges to both the experts and novices. For some novice participants, the 

project itself was intimidating. P2 (Novice, Kit) stated the hardest part was “being 

unfamiliar with AR,” while P4 (Novice, Kit) said “Probably just meeting the expectations 

of the project. I don’t know if I’m doing this right.” Similar attitudes were evident in the 

Novice Sketch group, as well, as P10 (Novice, Sketch) stated “the biggest challenge was 

getting the task [right]. It was difficult to understand how [AR could be] implemented. I 

only really understood once I saw the examples. P22 (Novice, Sketch) said, the biggest 

challenge was “Getting around the idea of like…what was possible or what [AR] meant. 

It wasn't until you explained it and shared example that I felt more comfortable.” 

In the Expert group, no participants had concerns about what AR was. Like the 

Novice group, some Expert participants had challenges with the construction of their 

prototype: P15 (Expert, Kit) said “How will you stick it together to stay tight, how to 

make it obvious to a viewer what’s going on.” Similarly, P19 (Expert, Kit) was nervous 

about the construction and appearance of their prototype. P14 (Expert, Sketch), found the 

sketching medium difficult: “working with 2D elements, planning interactions [was 

difficult]. I'm doing it on my computer so I can only add things like tapping or clicking .” 

Unlike the Novice group, the Expert participants did put some thought into whether their 

app idea would be marketable. P20 (Expert, Sketch), whose sketch depicted an AR app 
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for trying on shoes and makeup, stated “I’m not seeing a lot of AR application in these 

industries here in Canada.” Similarly, P13 (Expert, Kit) would not want to put any 

additional effort into this app idea unless they knew it would be welcomed/used by 

audiences. P16 (Expert, Kit) was also concerned with the user experience, stating 

“thinking about what type of story I wanted to reflect was probably like the thing that 

prevented me from doing [the project] immediately… [I was thinking about] what's a 

good experience that would be fun in in AR?”  Similarly, P12 (Expert, Sketch), stated the 

biggest challenge was ensuring their idea would be “a good and unique design”.  

Despite the challenges faced, several participants did finish their task with more 

knowledge about either augmented reality or low-fidelity prototyping in general. P15 

(Expert, Kit) stated “even though I don't like crafts or drawing, I found that after I 

finished this it looks nice and it would be helpful for those who look at it…[this type of 

activity is useful] because you can visualize it before you start building in code." 

Similarly, P12 (Expert, Sketch) revealed that though they were nervous at first, once they 

thought of an idea “I felt quite confident. This is because I realized that it wasn't so hard 

after all.” 

Some Novice participants felt the study taught them more about augmented reality in 

general. P1 (Novice, Kit) stated that the study opened their eyes to the types of uses AR 

could have, like “surgeries, or exploring the Eiffel tower with a headset.” Similarly, P22 

(Novice, Sketch) stated “There's so much use and so much potential to it, I’m just so 

excited to know that augmented reality exists.” P10 had actually used some AR apps, but 

did not realize it at the time, saying “I always forget that they're called augmented reality 

apps. I guess ‘AR’ probably would click in my brain faster… I didn't realize it was kind of 
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all under the same umbrella.” These types of sentiments are particularly rewarding; 

though several participants described being nervous or anxious prior to the activity (see 

Figure 5-6), in the end it was not only a positive experience for most, but also a 

worthwhile learning experience.  

5.4 Design Process for Low-fidelity AR Prototyping 

Perhaps surprisingly, the medium participants used to make their prototype impacted 

their design process more than whether they were considered Expert or Novice in AR. As 

seen in Figure 5-23, the prototype kit design process for experts and novices is relatively 

similar, as is the sketching design process for experts and novices. However, there is a 

significant difference in the design process between the Kit group and the Sketch group 

of both levels. After examining the interview transcripts, reflections of each group were 

condensed into a standard chart depicting the typical process participants went through in 

designing their prototype. Since the processes of both the participants in the Expert kit 

and Novice kit group were very similar except for the first step, it can be concluded that 

the kit materials play an important role in design ideation for all users, even those with a 

stable mental model. Both experts and novices spent time adjusting their ideas/visions to 

fit with the materials present in the kit, though no participants reported major changes in 

their idea, rather, looking in the kit helped solidify that they could indeed execute their 

idea. 
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Figure 5-23: Participant Design Process 

The main difference between the novice and expert groups arose in the “preparation” 

phase, before participants had started their designs. The novice group spent some time 

reviewing the examples provided in the instructions (see appendix A.2) and in one case 

(P2, Novice, Kit) researching augmented reality online. From the analysis of results, there 

is not reason to believe these examples influenced participants in any way other than 

helping them realize what could be possible with augmented reality. Novice participants 
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tended to pull from the examples and their experience for topic inspiration. Experts, on 

the other hand, already had a decent understanding of what AR apps could do and what 

AR in general is capable of. This previous knowledge meant that instead of looking at the 

examples provided or researching AR, they focused on true user experience issues such 

as whether their app idea was marketable, or did their app idea benefit from augmented 

reality.  

The materials in the kit played a large role in the idea development of both novice and 

expert participants. Participants in the kit group (both novice and expert) had to think 

about whether the materials in the kit could properly execute their design, and if so, how 

could they construct it to stay together? This could mean that the development of a kit for 

novice AR users may depend on the scenario they wish to create more than on the 

materials themselves.  

As demonstrated, novice participants in the Sketch group did seem to experience 

more freedom in their design iterations. No participants had any materials to constrain 

them (except for the medium), and most claimed their idea changed as they sketched – 

that more ideas came through the longer they thought about their app idea.  

Experts in the sketch group reported similar experiences, except for P12 (Expert, 

Sketch), who revealed that they did not start sketching until they had a fully formed idea. 

  



 84 

Chapter  6: Conclusions and Future Work 

This chapter outlines the conclusions of this study, the limitations, and where future work 

might focus to further develop effective low-fidelity prototyping techniques for novices. 

6.1 Conclusions 

To review our conclusions, we will revisit the three research questions that formed this 

study:  

Do participants using the proposed prototype kit have develop more detailed or 

advanced prototypes than participants using the sketching method? A detailed or 

advanced prototype would be a design that includes a main idea, an example of user 

interaction, and a consideration of what their user should be doing.  

The novices in the kit group generally constructed prototypes with more detail than their 

sketching counterparts; however, they did not necessarily have a better understanding of 

why they would want to augment certain objects over others. The materials in the kit 

served as both a help and a hindrance: for some participants, certain materials served as 

inspiration for their augmented scene, but for others, the materials in the kit added a 

source of stress to the activity: not only did they have to build an app for a technology 

they are not quite sure of, but they also had to construct it using materials they did not 

themselves choose to use. In fact, as mentioned in section 5.3.1.1, one novice participant 

(P8, Novice, Kit) revealed in the interview that they would have preferred to sketch out 

their design first, and then start building the prototype in the kit. While providing novices 

with a prototyping kit is useful, more thought must be given to the type of materials they 

are provided with based on the type of application they would like to design, as well as 

based on their desired method for creative expression.  
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For the participants in the prototype kit group, does the transparent item (shower 

curtain liner) provide the opportunity to layer augmented reality objects on actual 

objects, and if so, should be considered a necessary part of any low-fidelity AR 

prototype procedure?  

The plastic lining was used by most participants in the Expert group, but only one 

participant in the Novice group used it. This led the researcher to conclude that for the 

plastic liner to benefit any sort of design, participants require a mental model that 

includes the screen and the device used. Unlike the hypothesis derived from the literature 

review, that the plastic liner may help in layering augmented and real objects, none of the 

participants used the liner in that way. They used it as a stand-in for a screen, or as a 

mechanism to stick objects on. 

Is there a difference in how those considered ‘novice’ and those considered ‘expert’ 

approach their design activity? Can these differences help inform certain steps that 

should be taken when introducing novices to augmented reality design? 

For this third research question, the prototypes (both kit and sketch) created by novice 

and expert participants were compared, specifically looking at stimuli included, user 

interaction, and idea development. Though Novice participants were slower to get started 

due to having limited knowledge of the AR space, after asking clarification questions 

they were all able to complete their task successfully, meaning, they formed an app idea 

and were able to express what it could do with their prototype. There are some 

differences in how the experts and novices designed their apps. For instance, experts 

thought more about what their audience would think of the app, and whether their app 

would be something new and exciting in the AR world. Additionally, most experts gave 
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some thought to what types of interaction their users could engage in with their design. 

Regardless of what low-fidelity prototyping method novices may use, they would benefit 

from a tutorial or demonstration of AR that could open their eyes to common design 

patterns and practices AR apps tend to include. Participants in both the Novice and 

Expert groups found value in the activity; novice participants finished with a better 

understanding of augmented reality in general, and some Expert participants gained an 

appreciation for how low-fidelity prototyping may be applied, even if you do have coding 

abilities. 

6.2 Limitations 

An unfortunate but unavoidable limitation to this study was the fact that it occurred 

during the COVID-19 pandemic. For the entire recruitment period, Carleton’s campus 

was closed, and the researcher’s city was on lockdown orders. This meant recruitment 

was limited to participants who lived in the Ottawa area (for kit drop off), and that all 

communication had to be performed remotely. It was difficult recruiting, as several 

possible participants dropped out when they realized they would have to design a 

prototype/app. Perhaps higher compensation or being able to complete this study in a 

group might have mitigated that challenge. Participants were largely on their own for 

completing the study. If research had been allowed on campus, it would have been 

preferable to conduct an in-person group setting, where participants could share ideas and 

the researcher could observe them as they worked. As it was, the researcher was limited 

to the participants’ recollections of their experience, as opposed to conducting any 

firsthand observations.  
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Another limitation was the vague nature of the instructions: though the expert 

participants had very little issue completing the tasks, the novice participants had 

questions regarding what counted as augmented reality, or what kind of book they should 

choose. This made the researcher think that giving each participant a specific scene in a 

story might have been beneficial, as opposed to allowing them to select their own topics.  

Finally, one participant included their own materials in the kit (playdough). 

Researchers conducting a similar study in the future might consider clearly laying out the 

fact that participants cannot add additional materials to their kits, regardless of their 

ideas.  

6.3 Future Work  

This area of study would benefit from further work on educating novice augmented 

reality users on typical AR uses and existing applications prior to asking them to build 

their own. A barrier for several participants (including Experts) was not knowing what 

was technically possible in terms of sensory stimuli. Perhaps outlining a set of 

vocabulary, typical sensory stimuli, and providing clear examples related to the app idea 

proposed would alleviate some of the challenges participants had during this study. 

Additionally, as evidenced in this study, some participants familiar with design processes 

already had preferred methods of creating designs (Word, Adobe XD), and it can 

sometimes be difficult for users who like one tool or design method to fully embrace 

another. Perhaps further work could be done to see if one of these existing methods/tools 

can be beneficial in conjunction with low-fidelity prototyping.  
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Appendices 

Appendix A  Study Materials  

A.1 Pre-Task Questionnaire 

Creating an accessible and sustainable prototyping technique for non-technical 

augmented reality users 

 

This survey is for everyone participating in the study. It should take you approximately 

10-15 minutes to complete. 

 

What identifier did the researcher give you?  ___________ 

 

Demographics 

 

1. What age range are you in?  

a. Age 18-24 

b. Age 25-30 

c. Age 31-35 

d. Age 36-40 

e. Age 41-45 

f. Age 46-50 

g. Age 51 + 

h. Prefer not to say. 

 

2. What gender do you identify as? 

a. Female 

b. Male 

c. Other 

d. Prefer not to say. 

 

3. What is your occupation? ______________ 

 

4. What is the highest degree or level of education you have completed? 

a. High school 

b. Bachelors degree 

c. College degree or diploma 

d. Masters degree 

e. PhD 

f. Apprenticeship 

g. Prefer not to say. 
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Augmented Reality Experience 

1. Have you ever used a mobile app with augmented reality features? Some 

examples include: IKEA mobile app, L'Oreal Makeup app, Pokemon Go app, 

Snapchat's augmented reality filters, etc. 

a. Yes 

b. No 

c. I don’t know. 

 

2. If you have used mobile apps or any type of device with augmented reality 

features, please list/describe the apps below. If you haven't, just write N/A. 

 

3. Have you ever seen an augmented reality exhibit in a public space, such as a 

museum or public display? If so, please describe what you saw and what your 

impressions were. 

 

4. When you think about augmented reality, what do you think it can be used for in 

society? 

 

5. How do you feel about the following statement: In 5-10 years, I think augmented 

reality will be a major part of our everyday lives. (Likert Scale 1-7, 1 = Strongly 

disagree, 7 = Strongly agree) 

 

6. How do you feel about the following statement: In 5-10 years, augmented reality 

will be used in the same ways as it is now. (Likert Scale 1-7, 1 = Strongly 

disagree, 7 = Strongly agree) 

 

Creative Activities 

1. On a scale of 1 to 7, with 1 being "not at all" and 7 being "very much", do you 

consider yourself to be a creative person? (Likert Scale 1-7, 1 = Strongly disagree, 

7 = Strongly agree) 

 

2. On a scale of 1 to 7, with 1 being "not at all" and 7 being "very much", do you 

enjoy constructing things, such as putting together furniture, or taking things apart 

to see how they fit together? (Likert Scale 1-7, 1 = Strongly disagree, 7 = Strongly 

agree) 

 

3. On a scale of 1 to 7, with 1 being "not at all" and 7 being "very much", do you 

enjoy drawing or sketching in your spare time? ? (Likert Scale 1-7, 1 = Strongly 

disagree, 7 = Strongly agree) 

 

4. In this study you will be designing your own augmented reality app. How does 

this make you feel? 
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A.2 Design Instructions 
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A.3 Interview Questions 

1. Please explain your prototype.  

2. Did you find it easy to choose a topic?  

3. When you began did you have a design in mind about what you were going to do? 

4. Did the prototype method (sketching or kit) inspire you in any way as you thought 

about what to do? 

5. Did that idea change as you worked?  

6. How confident were you as you worked with these materials?  

7. Did any materials help your understanding of how the app would/could look in 

reality? 

8. Were there any materials you wished you had?  

9. Can users interact in this app? 

10. Did you think about including anything other than visual stimuli ? If so, 

what/why? 

11. If you were to explain this to a technologist to build, what approach would you 

take? How would you do that? 

12. As you completed the task, was there anything you felt was missing? Information, 

materials, etc? Please explain. 

13. What was the biggest challenge? 
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Appendix B   Ethics Clearance 

B.1 Informed Consent Form 
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B.2 Ethics Clearance 
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