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Abstract 

Thanks to technological advancements, whole-body natural  user  interfaces  are 

becoming increasingly common in modern homes and public spaces.  However, 

because whole-body natural user interfaces lack obvious affordances, users  can  be 

unsure how  to control the interface. In this thesis, I report the findings of a study of 

novice and expert users mock controlling a balance-based whole-body natural user 

interface during a Think Aloud task.  I  compare  the  strategies  demonstrated  by 

participants while controlling the whole-body natural user interfaces and match them with 

known categories of  interaction  mappings  (metaphoric,  isomorphic,  and  conventional). 

My findings indicate that designing whole-body natural user interfaces  around 

conventions is useful for novice users, while expert users are more likely to expect 

metaphors. 

Keywords:  Whole body systems, interaction design, natural user interfaces, 

think aloud, mixed methods experiment, intuitive interaction, image 

schema, conceptual metaphor theory, interaction mappings. 
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Glossary 

Concept Mental structure that shapes how we think about and act within 
the world (Lakoff & Johnson, 1980). 

Conceptual 
Metaphor Theory 

A theory that states that people make sense of abstract concepts 
by metaphorically mapping them to image schemas (Lakoff & 
Johnson, 2003). 

Conventional 
Mapping 

Mappings adapted from previous practice and commonly found in 
product interfaces 

Image Schemas Mental structures formed from recurrent sensory-motor 
experiences (Hurtienne, Stöβel, & Weber, 2009). 

Intuitive Interaction Interaction with an unfamiliar system in which a user knows how 
to act quickly and automatically, using unconscious effort and 
attention (Macaranas, Antle, & Riecke, 2012a). 

Intuitive Thinking Thinking that is fast, unconscious and often automatic 
(Kahneman, 2011). 

Isomorphic Mapping One-to-one literal spatial relations between the input actions and 
resulting system effects. 

Metaphor A mechanism for understanding and experiencing one kind of 
thing or experience in terms of another (Lakoff & Johnson, 1980, 
2003). 

Metaphoric Mapping Mappings that structure input actions based on image schemas 
and system effects based on related conceptual metaphors. 

Natural User 
Interface 

A series of interfaces that use gestures or body movement as a 
source of input for system controls (O’Hara, Harper, Mentis, 
Sellen, & Taylor, 2012). 

Usability The effectiveness, efficiency, and satisfaction with which 
specified users achieve specified goals in particular 
environments (ISO 9241). 
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Chapter 1. 

Introduction 

In this chapter, I introduce the key concepts, existing work, and study design for 

my research. 

1.1. Natural User Interfaces 

Natural User Interfaces (NUI) are interfaces that utilize physical gestures or body 

movement as input for system controls (O’Hara et al., 2012). These interfaces have 

become prevalent in our daily lives with the success of consumer electronics such as the 

Microsoft Kinect1, Apple iPhone2, and Leap Motion3. These devices have been adapted 

to practically every modern industry, including medicine, education, and entertainment. 

However, several factors make NUIs difficult to learn for novice users. First, conventions 

for designing NUI controls are still in the process of being standardized. There is no 

agreed-upon way to design relationships between actions and related controls that is 

applicable to multiple NUI devices from different categories or manufacturers (Norman & 

Nielsen, 2010). Because of this, it is difficult for users to apply knowledge acquired from 

using one NUI device to understand others. Second, NUIs, by design, have very few 

affordances to suggest methods of control to the user. This is because the user interface 

is transparent, as opposed to a combination of physical components. The range of 

actions available to the human body is far greater than the set of gestures or movements 

supported by the system, and users don’t often know where the overlap will occur 

(Hornecker, 2012). For example, we can move an iPhone in an infinite number of ways 

1 http://www.microsoft.com/en-us/kinectforwindows/ 
2 http://www.apple.com/iphone 
3 https://www.leapmotion.com 
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using just our shoulder, but essentially zero of those movements do anything to send an 

email. Finally, supported actions for NUI controls may draw from common image 

schematic patterns repeatedly experienced in everyday (metaphoric), conventions from 

previous analog devices (conventional), share a structure with linear increase or 

decrease (isomorphic), or nothing at all (Buxton, 2010a, 2010b). For example, many 

home or car stereos increase volume through the convention of turning a physical dial 

clockwise. So, a NUI may be designed so that a finger or arm rotated clockwise 

increases the volume. However, other audio equipment uses sliding levers, with an 

increase of vertical position corresponding to an increase of volume. Following this 

convention, a NUI may be designed so that a finger or arm raised up increases the 

volume. When approaching a new NUI, do users rely on controls from known, older 

systems? Or, do they mimic their experience with the physical world? Dilemmas of this 

sort occur frequently in both the design and use of new interfaces (Bakker, Antle, & van 

den Hoven 2012; Radu, Xu, & MacIntyre, 2013). But aren’t NUIs supposed to be intuitive 

(Malizia & Bellucci, 2012)?  

1.2. The Research Problem 

In most cases, there are few empirically validated guidelines for NUI action-

control mappings being designed in a particular way (Norman & Nielsen, 2010). 

Certainly, designers work out the advantages and limitations of their strategies as 

technologies mature. Years of research and use have given older digital input devices 

such as the mouse, keyboard, and stylus established conventions. However, these 

objects can all provide a level of input verification that NUIs don’t support. If you strike a 

keyboard key, you know that you did- if not the right thing- something. In contrast, 

iPhones are constantly being touched and held and moved, but are only sometimes able 

to accept those movements as input (i.e. when the screen is unlocked and an application 

that supports the action is loaded). The opaqueness of input to interface control is why it 

is important that NUIs are able to be usable immediately for both experienced and 

inexperienced operators. By learning from older devices’ development, designers can 

hasten the establishment of design guidelines that match NUI users’ expectations. The 
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concept that the function of an interface can be known (consciously or unconsciously) 

while starting to use it is known as intuitive interaction.  

1.3. Research Questions 

My research questions are positioned to discover how novice and expert users 

interact with a whole body natural user interface research instrument, whether their 

interactions change over time, how their interactions can be categorized, and whether 

there are differences between the two groups. The complete version of my research 

questions is below. 

R1. What types of control mappings do users of a whole body natural user interface 
system enact? 

R2. Are users consistent with their enactment of control mappings over time?  
R3. Do users’ enacted mappings conform to isomorphic, metaphoric, or conventional 

control mapping strategies?
R4. How do novice and expert users differ in their enacted control mappings? 
R5. How do novice and expert users’ enacted mappings differ in their conformation to 

isomorphic, metaphoric, or conventional mapping strategies? 

1.4. Thesis Overview 

In this thesis, I present a summary of theories that define and explore “intuitive 

interaction” and the strategies designers and researchers have used to facilitate it. I 

summarize three common strategies for mapping input action to controls. I describe a 

balance-based whole-body NUI system that has been used to implement these 

strategies in prior research (Macaranas, 2013; Antle, Corness, & Bevans, 2011, 2013). I 

undertake a bottom-up approach that complements previous top-down work using the 

NUI system (Macaranas, 2013). A bottom-up approach allows users the freedom to 

perform the actions they feel are appropriate. This is in contrast to a top-down approach, 

in which the researcher and/or developer prescribes the interaction control mapping. 

Where previous top-down research with the balance-based whole-body NUI system 

evaluates users’ performance in terms of conformity to pre-developed controls, my 

bottom-up approach allows the user to enact as they see fit in order to explore the 

natural prevalence of action types. I describe a qualitative study design and the activities 
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used for eliciting intuitive interactions for NUIs from both expert and novice users. Expert 

and novice users were included to determine if experts’ familiarity with whole-body NUIs 

predicated certain action types. I review the qualitative methods taken to collect and 

analyze the data, and the analysis results. From these results, I share implications on 

designing action-control mappings for NUIs. Action-control mappings are the relationship 

between a user’s input action and the system’s change in response to the input. The 

work described in this thesis contributes to the development of NUI design guidelines in 

several ways. First, this work utilizes data collected from both novice and expert NUI 

users for comparative purposes. Second, this work groups elicited interactions into 

possible mapping strategies, thereby validating existing categories and contributing 

alternate data to previous study results. Finally, the results from the study provide 

implications for the effectiveness of those mapping strategies and how they may be 

integrated into future, more intuitive whole-body NUI designs. 
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Chapter 2.  
 
Related Work 

In this chapter, I summarize related research from Human Computer Interaction 

(HCI), Interface Design, Psychology, and Cognitive Science on embodiment, intuitive 

thinking and interaction in design. I introduce Conceptual Metaphor Theory (CMT) to 

describe intuition’s role in design. I examine how intuition has been defined, studied, and 

implemented in HCI. I review control mapping design strategies for NUIs. I end this 

chapter by framing the thesis study as a way to fill the gaps in existing research and 

presenting the specific research questions of the thesis.  

2.1. Embodiment  

An understanding of the relationship between the mind and body is needed for 

effective interaction design (Macaranas, 2013). In cognitive science, Cartesian Dualism 

was a prevalent framework for understanding people for many years (Johnson, 1987; 

Lakoff, 1987; Rohrer, 2007). Cartesian Dualists distinguish between the mind and the 

body by claiming that reality exists objectively. They believe that the subjective 

experiences of our bodies mean nothing for nature’s absolute truth (Johnson, 1987; 

Lakoff, 1987). Cartesian Dualists rely upon empirical data collected from rigorous 

scientific experiments. Their findings are presented as facts and laws, such as gravity or 

chemical properties. This separation of the mind and body led to the information-

processing model of human computer interaction (HCI). In practice, this manifests as 

controlled experiments (Carroll, 2003). However, Cartesian Dualists do not consider a 

subjective bodily experience to be proof of objective truths. For this reason, they would 

dismiss the apple falling on Sir Isaac Newton as proof of gravity. Subjective 

understandings may significantly influence whole-body NUI user interface controls, and 

therefore accommodating them is of great importance when striving for intuitive 
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interactions. A user interaction control is the mapping of a user’s physical action to a 

system function. For example, on an iPhone home screen, the user action of swiping the 

screen from right to left with one finger produces the system function of moving to the 

next page of applications. Thus, the changing of a page is mapped to the swiping action 

Recently, there has been a trend of some researchers in fields outside the 

physical sciences (such as cognitive science, psychology, and HCI) emphasizing the 

subjective and embodied aspects of cognition. These researchers rely upon embodied 

cognition and phenomenology theories espoused by Immanuel Kant and Maurice 

Merleau-Ponty, and are known as phenomenologists (Johnson, 1987; Lakoff, 1987; 

Rohrer, 2007). Phenomenologists view personal experience as an important piece in 

shaping our understanding of the world (Lakoff & Johnson, 2003; Rohrer, 2007). Where 

a Cartesian Dualist sees gravity as an absolute truth grounded in empirical data, a 

phenomenologist would interpret Newton’s apple experience as an illustrative instance 

of gravity. Newton felt the apple strike his head, continue to the ground, and come to a 

stop, and this observation influenced his subjective understanding of gravity. Embodied 

cognition theories state that low-level cognitive processes -the periphery of our attention- 

are important for interpretation. A subjective understanding of a phenomenon or 

relationship may be the sole justification for a user’s attempted whole-body NUI control 

motion, so accounting for embodied cognition is essential if we strive for intuitive 

interaction. Interfaces should be designed to support embodied interaction because it 

will make them more intuitive to use and allow them to offload mental work onto physical 

motions (Bakker et al., 2012). 

User Interfaces (UIs) that are limited to keyboard and mouse inputs are born of 

Cartesian dualism and use a dialogue model of interaction grounded in information 

processing. A keyboard holds a finite number of keys and each has a unique function, 

requiring explicit attention. However, tangible, gestural, and whole-body NUIs use the 

body’s movement in cognition (Dourish, 2001). The body movement is used as the input 

and can enable embodied interaction, as opposed to just being the means to strike a key 

or click a mouse button. Because of this, designers must understand how bodily 

experiences can be reflected in NUI system design. NUIs provide an opportunity to 

leverage our body for the tasks of thinking, feeling, and communicative via movement. 
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However, whole-body NUIs offer very few affordances because the user’s body replaces 

a controller’s buttons and knobs. Our bodies move freely in numerous ways that won’t 

be supported by any system. Users should consciously or unconsciously understand 

how their actions correspond to system controls so that they can improve learning and 

teaching of the system, and designers should anticipate these expectations when 

creating the system. 

Because my research adopts a bottom-up approach with participants enacting 

their own control mappings, a phenomenological lens and an understanding of 

embodied cognition are necessary. It is very likely that participants’ actions will be based 

on a subjective understanding of a concept enacted or experienced through their body. 

2.2. Intuitive Thinking 

To better understand how experience assists interpretation of new scenarios, we 

must understand the two types of thinking: intuitive and rational. Nobel Prize winner 

Daniel Kahneman describes intuitive thinking as fast and frequently automatic 

(Kahneman, 2011). Rational thinking, on the other hand, is slow and deliberate 

(Kahneman, 2011). Rational thinking is the application of formal logic (Johnson, 1987). 

However, the majority of our thinking is intuitive, not rational (Myers, 2002). Intuitive 

thinking uses information gathered by the senses for insight, recognition and judgment 

(Bastick, 1982). 

Intuitiveness is an important concept for NUI design because it describes how a 

user will perform with a system immediately after beginning to work with it (Blackler & 

Hurtienne, 2007). This is critical for WB NUIs because they are often deployed in 

situations (public art installations, museums, casual games, etc.) where a learning curve 

longer than a few seconds is prohibitive to user interaction. This is in contrast to 

enterprise software applications or big-budget video games, where the goal of mastery 

over a complex system is expected to take dozens, if not hundreds, of hours (Squire, 

2005). However, even dense UIs benefit from increased intuition. Imagine an emergency 

situation where you needed directions to the nearest hospital as quickly as possible. 

How quickly could you perform the task with your phone? How long would it take if your 
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only tool were the navigation system in an unfamiliar car? Though they both utilize 

touchscreen NUIs, vehicle navigation systems are notorious for being unnecessarily 

obtuse compared to smart phone navigation applications. This is an example of how 

users being able to ‘walk up and use’ an interface is a valuable goal. 

Work in HCI that makes claims about the “intuitiveness” of a system should 

provide operational definitions or data (Antle, Corness, & Droumeva, 2009a; Blackler, 

Popovic, & Mahar, 2002). Unfortunately, the popularization of touch-screen phones and 

tablets such as the Apple iPhone has led to an increase in unsubstantiated claims of 

intuitiveness (Norman & Nielsen, 2010). Substituting older controller-mediated 

interaction for these devices’ direct touch interaction does not make them inherently 

natural or intuitive (Norman & Nielsen, 2010). Multiple developers creating their own 

conventions leads to a lack of consistency across smartphone and tablet platforms, and 

often makes the devices frustratingly unintuitive to use (Norman & Nielsen, 2010). 

Additionally not all gestures are intuitive to their function. For example, the convention of 

multi-finger track pad swipes serving a different function than single-finger swipes 

doesn’t have a real-world equivalent. Input actions should reflect prior experience or 

user knowledge to be seen as intuitive (Norman & Nielsen, 2010). 

Blackler, Hurtienne, and others from Queensland University of Technology began 

exploring making systems easier for users to learn and use through intuitive interaction. 

One series of studies had users describe the features and functions that felt intuitive 

after performing tasks on similar systems (Blackler & Hurtienne, 2007). They derived a 

definition of intuitive use as interaction that is fast, often non-conscious and utilizes prior 

knowledge (Blackler & Hurtienne, 2007; Blackler et al., 2002). The Intuitive Use of User 

Interfaces (IUUI) research group at Technische Universitat Berlin built on this work by 

designing systems that were based on intuitive interaction (Blackler & Hurtienne, 2007). 

These systems leveraged knowledge from everyday experiences to improve usability. 

IUUI defined intuitive interaction as instances when the unconscious application of pre-

existing knowledge leads to successful system effects (Blackler & Hurtienne, 2007; 

Hurtienne & Israel, 2007. Separate from these efforts, Spool considered intuitive 

interaction to be either when users have the knowledge needed to successfully use the 
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system or when the system’s features ‘naturally’ give users the information needed to 

successfully use the system (Spool, 2005). 

O’Brien et al. provided a framework for Intuitive HCI so researchers could 

understand and apply the concept. (O’Brien, Rogers, & Fisk, 2008). O’Brien et al. define 

intuitive interaction as using a combination of feed forward methods and prior knowledge 

to accomplish specific tasks or goals (O’Brien et al., 2008). Antle et al. expand on this 

definition to be when users perform proper inputs unconsciously or automatically (Antle 

et al., 2009a). Macaranas et al. adapted Kahneman’s intuitive thinking definition to 

consider intuitive interaction where the user knows how to act quickly and automatically 

with unconscious effort while using an unfamiliar system (Macaranas et al., 2012a; 

Macaranas, Antle, & Riecke, 2012b).  

The analysis of several intuitive interaction definitions reveals three primary 

similarities. First, prior knowledge is necessary for intuitive interaction (Blackler et al., 

2002; Hurtienne & Israel, 2007; Macaranas et al., 2012a; O’Brien et al., 2008; Spool, 

2005). Second, unconscious thought is used to shape actions during intuitive interaction 

(Antle et al., 2009a; Blackler et al., 2002; Hurtienne & Israel, 2007; Macaranas et al., 

2012a; O’Brien et al., 2008; Spool, 2005). Finally, there is a correlation between system 

usability and intuitive interaction (Hurtienne & Israel, 2007; Spool, 2005; O’Brien et al., 

2008; Antle et al., 2009a). In fact, the IUUI researchers connect many characteristics of 

intuitive interaction to ISO 9241’s usability measures (Blackler & Hurtienne, 2007). 

Intuitive interaction is important because it can reduce the cognitive resources 

needed to use an interface, make it easier to ‘walk up and play’ an unfamiliar interface, 

make the performance of repetitive daily tasks easier, and make it easier to overcome 

incorrect assumptions about the interface (O’Brien et al., 2008; Hornecker, 2012). 

System designers should strive for intuitive interaction because as the intuitiveness of an 

interface increases, the percentage of the user’s cognitive resources that must be 

directed at controlling or learning the interface decreases (O’Brien et al., 2008). 

Essentially, the user can work harder on completing the task and spend less effort 

working the controls. NUIs such as interactive art installations, museum exhibitions, or 

game demos often consist of open areas with few affordances. When approaching such 
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an interface, users are left to rely on previous knowledge of the physical world and prior 

similar NUI interactions to understand how the system will work. However, Hornecker 

illustrates how NUIs’ open nature can cause problems (Hornecker, 2012). A user’s 

experiences in the physical world often create expectations for input controls. If the 

system designer does not anticipate these expectations and address the intersection of 

physical and digital spaces, they will create interaction mappings that are not intuitive 

(Hornecker, 2012). 

That said, intuitive interaction might not be beneficial if reflection or conscious 

control are the goals of the system. Automatic interaction does not always encourage 

learning and reflection, which may be the purpose of some systems (Hornecker, 2012). 

For example, simulation surgery applications aim to teach novices the functions and 

techniques of each tool, information that should be explicitly learned so that surgeons 

can reflect on their skills. However, even when reflection is a goal, unintuitive controls 

can be a hindrance. For example, if a system’s controls match the concepts being 

portrayed to the user, richer reflections may occur because bodily experiences is 

partially assisting the absorption of knowledge. 

Although my research doesn’t specifically quantify or measure intuitiveness, the 

participants’ enacted control mappings will be inherently intuitive for themselves. The 

bottom-up approach requires participants to perform the action they think feels most 

natural (read: intuitive) to complete the task. Multiple participants generating the same or 

similar control mappings indicates that a given interaction is intuitive. Future research 

could apply popular control mappings and verify their intuitiveness to others. 

2.3. Conceptual Metaphor Theory 

Conceptual Metaphor Theory (CMT) was born out of philosophy and cognitive 

linguistics to explain how humans understand abstract concepts. A metaphor is the 

process of “understanding and experiencing one kind of thing or experience in terms of 

another” (Lakoff & Johnson, 2003). Metaphors are based on image schemas, which are 

mental structures created through repetitive sensory-motor experiences. Metaphors 

shape how we think, act and talk about many of life’s topics (Lakoff & Johnson, 1980, 
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2003). For example, when we argue with another person, we see them as an opponent. 

Arguments are won or lost, and we attack their points while defending our own. The 

words we use to describe and think about arguments (“You shot down my supporting 

points” or “I’ve never won an argument against her”) reflect the metaphor ARGUMENT 

IS WAR. This metaphor also informs the way we approach arguments. We can feel 

offense from a rebuttal or accomplished after mounting a successful counter-argument. 

The metaphor also shapes how we conduct or coach argumentation. Strength, 

aggression, succinctness, and volume are all important factors. Metaphors like 

ARGUMENT IS WAR are foundational in that they are often not overlooked as 

metaphors at all (Lakoff & Johnson, 1980, 2003). However, we also think of arguments 

in other terms, too. For example, “Here are my points, step-by-step points”, ““This is just 

going in circles”, and ”Where are you going with that?” reflect the metaphor ARGUMENT 

IS TRAVEL. 

Concepts are mental structures that inform how we interact with and understand 

the world (Lakoff & Johnson, 1980). The collection of concepts reflecting our experience 

is called a conceptual system. Conceptual systems exist at a subconscious level that is 

enacted practically instantaneously (Lakoff & Johnson, 1980, 2003). Metaphors form the 

background of our conceptual system and assist us in analyzing new experiences by 

comparing or relating them to that which we are familiar with (Lakoff & Johnson, 1980, 

2003). CMT states that we process new and abstract experiences by relying on mental 

structures established through recurring experiences (Lakoff & Johnson, 2003). These 

mental structures are called image schemas. They provide the basis for metaphors we 

rely on to make sense of abstract concepts (Hurtienne et al., 2009). For example, we 

have a life-long experience with physical orientation and activity that causes us to frame 

health and emotion in terms of verticality. Because we jump when we are happy or lie 

down when we need rest, we have mapped the image schema of UP to the concept of 

HEALTHY and have created the metaphor UP IS HEALTHY. This is shown in the way 

we speak about sickness (“I think I’m coming down with a cold”) and fitness (“She’s 

really in top shape”), among other topics. 

Because they help us understand unfamiliar experiences, image schemas are 

essential to CMT. Image schemas are dynamic patterns that structure events, 
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experiences, and perception (Johnson, 1987). Image schemas are generalizations or 

abstractions, not specific rich images (Johnson, 1987). For example, individuals’ mental 

images of a triangle will all share key features (three connected sides), but the side 

length and angle degree will likely differ (Johnson, 1987; Lakoff, 1987). The image 

schema of out utilizes similar abstraction. We know something is moving away from 

something else, but the specifics are ambiguous or unimportant (Johnson, 1987). For 

example, the image schema could be enacted physically (“He went out of the building”) 

or in an abstract sense (“She emptied her heart out”). These and other variations of out 

are based on everyday experiences of observing objects transitioning in and out of 

landmark spaces (Johnson, 1987). Existing research has identified several image 

schema lists, but there is no master set (Hampe, 2005; Johnson, 1987; Lakoff & 

Johnson, 2003). Most published literature from various researchers contains 

approximately 40 common image schemas (Hurtienne & Israel, 2007). Hurtienne and 

Israel (2007), Evans and Green (2006), and Macaranas et al. (2012a) have presented 

consolidated lists of common image schemas. 
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system. An example of metaphors being utilized in classic digital systems is that of the 

original desktop. Trash bins, file folders, and other objects found in a typical office were 

adopted to help users understand the controls and functions of computer operating 

systems, such as deleting items and file architecture. 

A paper on metaphor use in HCI throughout the 1980’s and 1990’s defined 

metaphors as either concrete or abstract (Neale & Carroll, 1997). The metaphor 

DELETE FUNCTION IS TRASH BIN is concrete because the source domain (delete 

function) has the same functionality as the target domain (trash bin). The metaphor NEW 

FUNCTION IS BLANK PAGE is abstract because the target domain (blank page) is only 

a representation of the source domain (new function). The new object can be anything, 

not just a blank page. Neale & Carroll (1997) found that for complex software UI, 

experienced users more easily understand abstract metaphors than novice users. 

Experienced users were able to connect the abstract metaphor to experiences with other 

systems- experiences that the novice users lacked. However, if abstractions were based 

on everyday, non-system experiences, the metaphor may be more novice-friendly.  

In a similar paper analyzing longitudinal HCI metaphor use, two popular but 

contradicting views of the metaphor are identified. Some designers see metaphors as a 

tool that allows for multiple interpretations and freedom of thought, an opinion closely 

related to the Phenomenological view of embodiment (Blackwell, 2006). Other designers 

find the metaphor is used to project their mental model to the user, similar to a Cartesian 

Dualist’s view of embodiment (Blackwell, 2006). For Cartesian Dualists, metaphors have 

a single proper interpretation, and deviations from the designer’s intended evocation are 

incorrect. To avoid these deviations, Cartesian Dualists believe designers should use 

strict representations of the target domain in the source domain (Blackwell, 2006). On 

the other hand, the Phenomenological approach states absolute mental models fail 

when users don’t understand or key on the intended target domain (Blackwell, 2006). 

For example, a system that uses basketball as a target domain for a metaphor will not 

be accessible to users who don’t understand the sport. System feedback can assist 

users when disconnects occur between the designer and the user, but feedback is best 

used as confirmation, not instruction (Hespanhol & Tomitsch, 2015). These graphical or 
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visual metaphors (such as the desktop) are complex and apply to visual design, but 

metaphors for interaction design are often simpler. 

The Phenomenological view of metaphor has become dominant in the past 

decade. Blackwell (2006) calls Lakoff and Johnson’s work on CMT (Lakoff & Johnson, 

2003) the most substantial theoretical support for HCI metaphor use. Blackwell argues 

that because humans use embodied metaphorical images to make sense of 

abstractions, and because users and designers are both human, systems designed 

using embodied metaphorical images should be highly accessible (Blackwell, 2006). 

Metaphors being open to multiple interpretations should result in user experiences that 

utilize imagination and individualized thought  (Blackwell, 2006; Johnson, 1987). Both 

Blackwell (2006) and Svanaes and Verplank (2000) identify abstract representations 

being made accessible for novices by shifting toward metaphors rooted in everyday 

experiences. CMT becomes a mechanism for mapping metaphors from everyday 

experience onto system controls. 

2.5. Strategies for Designing User Interaction Controls 

In the following subsections, I examine the application of isomorphs, 

conventions, and metaphors to the design of user interaction controls. These 

subsections will conclude with an explanation of the need for a bottom-up study 

addressing the current knowledge gap. 

2.5.1. User Interaction Design Using Isomorphs 

In the first years of a new type of interface, many designers rely on literalism to 

make it easy for new users to learn and understand the system (Smith, 1987). When a 

user spends less effort learning the interface, they have more attention to spend on 

completing their goals for the system. Smith (1987) describes literalism as instances 

when the designer’s mental model is explicitly copied for the interface feature. For 

example, Smith describes an Alternate Reality Kit (ARK) feature where the mouse’s 

movements have a 1:1 relationship with the on-screen representation of a hand (Smith, 

1987). Because graphical, tangible and natural interfaces have both physical and digital 
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Blackler et al. (2005) also distinguish between expert and novice system users. 

They propose a continuum of five strategies for supporting intuitive interaction, with 

some strategies better suited to users with in-depth knowledge of the domain or related 

technology (Blackler & Hurtienne, 2007 - Figure 2.1). Designers must consider the users’ 

familiarity with technology when creating their systems (Blackler & Hurtienne, 2007). 

General technology familiarity, not specific expertise, seems to be what affects a user’s 

ability to intuitively operate a new interface (Blackler et al., 2002, 2005). Older users 

often exhibit less intuitive interaction simply because their technology familiarity is based 

on systems which are too obsolete to lend their conventions to modern interfaces 

(Blackler et al., 2005). Additionally, some cultures or usage contexts may necessitate 

avoiding certain conventions. For example, due to differences in American and 

European mailbox designs, the icon many email systems use is inappropriate for 

European users (Blackler et al., 2005).  

Figure 2.1 Continuum of Strategies for Designing Intuitive Interaction. Taken 
from Blackler & Hurtienne (2007) 

 
Strategies on the left rely on more common knowledge, while stragetgies on the right are more 
advanced. 

Combining Blackler et al.’s principles and strategies leads to several conclusions. 

Designers should implement users’ experience with previous systems. Designers should 

include affordances that match our bodies’ movements. If a convention exists and is 

easy to enact, designers should mimic it whenever possible. This enables users to 

benefit from their knowledge of previous systems (Blackler et al., 2005). If no easily 

enacted convention exists, designers should investigate more complex methods such as 

leveraging other domains or metaphors (Blackler & Hurtienne, 2007). 

Because whole body systems are such a young form of interface with limited 

(compared to touchscreen) cultural penetration, very few conventions exist. It is 

important to use empirically validated research to set design standards that influence 
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these conventions, rather than letting them randomly emerge based on popular usage or 

designers’ experience. 

2.5.3. User Interaction Design Using Metaphors 

CMT’s application in tangible and whole-body system design has been 

extensively explored by Antle and other researchers (Antle et al., 2011; Antle, Corness, 

Droumeva, van den Hoven, & Bevans, 2009; Antle et al., 2009a, 2009b; Bakker, Antle, & 

van den Hoven, 2009; Bakker, van den Hoven, & Antle, 2011). Antle et al. (2009, 2009a, 

2009b) focus on using CMT in UIs that use manipulation of the system to represent 

concepts. This form of CMT implementation aids novices in understanding concepts by 

allowing them to experience the concepts by using the system. This is distinct from using 

CMT to help users learn how to use a system (such as in having a ‘trash bin’ on a 

computer desktop). With Sound Maker (Figure 2.2a), Antle et al. (2009b) explored how 

adults and children (almost) unconsciously enact movements that correspond to 

changes in sound with a whole body system. These movements often took the form of 

conceptual metaphors. One of their findings was that interface designs implementing 

conceptual metaphors produced more accurate actions and corresponding explanations 

(Antle et al., 2009b). However, the mappings need to be discoverable for the users 

before they can even be understood (Antle et al., 2009a, 2009b). Discoverable 

mappings are those that are easily enacted in a given context and are rewarded with 

salient feedback as confirmation. This feedback makes them more consciously 

accessible. Another of their findings was that the results were different for the children 

and adult participants, which indicates that it is important to distinguish between novice 

and expert users. Continuing with the music education theme, MoSo Tangibles (Figure 

2.2b), compared an object with many conceptual metaphor-based mappings to an object 

with a single conceptual metaphor-based mapping (Bakker et al., 2011). MoSo 

Tangibles was a Tangible User Interface (TUI) experiment, not WB NUI. The 

researchers found that objects with multiple metaphor-based mappings did not confuse 

the children, though there was often not a single privileged metaphor (Bakker et al., 

2011). This indicates that a system can have multiple entry points for successful use and 

still be easily understood.  
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Figure 2.2 Sound Maker (a), MoSo Tangibles (b), and Springboard (c). Taken 
from Macaranas (2013) 

a)  

b)  

c)   

Springboard (Figure 2.2c) used the user’s spatial or physical balance to depict 

different states of social justice balance (Antle et al., 2011). The balance enacted by the 

user’s body was mapped metaphorically to the conceptual balance displayed through a 

pair of images projected on the wall. The Twin Pan Balance image schema and CMT 

connected body balance to meaning balance. The Twin Pan Balance schema is the 

same as that of a scale or teeter-totter, with a fulcrum in the center and pressure on 

either side raising the other. When equal force is enacted on both sides, there is balance 

(Johnson, 1987). Antle et al. compared how adults used balance to understand both the 

interface and the displayed social justice context (Antle et al., 2011). During post-task 

interviews, many users who performed successfully during the experiment had difficulty 
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articulating the system controls (Antle et al., 2011). This suggests a tacit, intuitive 

understanding of the interface. Antle et al. discovered that, when making sense of a new 

interface, users consider several conceptual metaphors at once. They also found that 

users more easily related the balance of their body’s position in space, as opposed to 

the balance of their body’s weight distribution, to conceptual balance (Antle et al., 2009). 

This finding led to future studies with the Springboard system. 

Hurtienne et al. also use CMT to inform interface control design (Hurtienne, 

Stößel, Sturm, Maus, Rötting, Langdon, & Clarkson, 2010).  Hurtienne and Israel (2007) 

described how CMT could be used to create a taxonomy of interactions available within 

a tangible user interface (TUI). Hurtienne and Israel (2007) also showed how conceptual 

metaphors could be leveraged to detail tangible interaction and support abstract data 

manipulation. Hurtienne, Weber and Blessing expand on this work by exploring CMT in 

user-centered design (Hurtienne, Weber, & Blessing, 2008). Hurtienne, Weber and 

Blessing (2008) describe intuitive use as subconscious use of prior knowledge leading to 

successful interaction. They also propose that conceptual metaphors be implemented for 

intuitive use (Hurtienne et al., 2008). A comparison of an invoice messaging system to a 

CMT-focused redesign revealed that most users scored the redesign better for both 

preference and usability (Hurtienne et al., 2008). This work led to the creation of an 

online database of image schemas and their use in existing interfaces (“ISCAT | Image 

Schema Database,” 2008). Following this work, Hurtienne, Stößel and Weber (2009) 

empirically evaluated tangible objects with various image schema-based metaphors. 

Participants were given two sets of objects representing an image schema pair (HOT – 

COLD) but only containing one conceptual metaphor (HOT IS ANGRY) The participants 

correctly selected 66% of the metaphors (Hurtienne et al., 2009). This study showcases 

expressing abstract meaning through CMT, which is different than using CMT to design 

system controls. This study is similar to Antle et al.’s Springboard studies in that it 

focuses on the creation of action-meaning mappings.  

Results from CMT interface design studies show that designers can effectively 

create mappings based on sensory-motor experiences (Holland, 2010). These mappings 

can enable users to unconsciously apply everyday patterns and relationships to 

unfamiliar NUI controls (Holland, 2010). Additionally, systems built for “learning through 
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doing” can benefit from CMT (Holland, 2010). Novice users find CMT-based mappings 

that tie abstract concepts like social justice to actions accessible (Antle et al., 2011). 

Simply using the designed system controls can lead users to learn the concepts 

(Hurtienne et al., 2009). Finally, CMT is a tool that designers can use to create mappings 

between inputs and controls (action-control) and mappings between inputs and meaning 

(action-meaning) (Hurtienne et al., 2008). 

2.6. Summary 

What is needed to fill in the gaps of the current body of knowledge is a study of 

WB NUI use following a bottom-up approach. A bottom-up approach allows participants 

to create their own mapping in an ad hoc manner. This is contrasted with the typical top-

down approach, where participants are tasked with executing tasks within the confines 

of the researcher-designed control mappings. Top-down research is well suited for 

comparing mapping strategies and refining designs, but has trouble adapting to and 

encouraging interaction possibilities the study designer did not anticipate. With a bottom-

up approach, my study design can encourage a wider range of body exploration in order 

to determine which types of control mappings are natural for users to enact. 
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Chapter 3.  
 
Research Instrument 

In this chapter, I describe the research instrument that was developed to answer 

my research questions. It begins with the instrument’s design requirements, describes 

the instrument’s prior iterations, and concludes with the most recent version’s features. 

3.1. Basic Design Requirements 

To answer the research questions, I had the following initial requirements of the 

research instrument: 

• Low-affordance environment. A low-affordance environment was required to 

avoid leading users to conclusions about how they were ‘supposed’ to use the 

system. Affordances are qualities that suggest the action to be performed. I 

wanted to elicit actions that were intuitive for the user, not what they thought I 

wanted them to do. There were to be no physical controls. 

• Displayed content. Visible content was required to provide the user with visual 

cues. Content should be salient with clear representation that enables users to 

interpret how they should interact with it. This was particularly important because 

of the lack of affordances and control devices. 

• Changeable content. Content needed to be changeable to provide feedback for 

enacted control mappings and a variety of task possibilities. Users could interpret 

changes in displayed content as a successful system control. 
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• Researcher-accessible controls. System controls needed to be available to the 

researcher to select, display, and change content. 

It was determined that re-designing an existing system would meet these 

requirements and reduce system development efforts. The Springboard system from 

past Antle et al. (2011, 2013) and Macaranas et al. (2012a, 2012b) work was selected 

for re-design. This enabled me to compare results to previous findings and using a 

previously validated research instrument limited usability concerns. 

3.2. Springboard 

Springboard is a whole body system where the user’s physical (Figure 3.1a) or 

spatial (Figure 3.1b) balance controls a pair of images projected in front of the user 

(Antle et al., 2011). The displayed images represent two factors that can be in or out of 

balance in one of three domains related to social justice issues: food, security, and 

housing (Antle et al., 2011). The factors being balanced are environmental preservation 

vs. food production for the food domain, community safety vs. policing and surveillance 

for the security domain, and housing quality vs. housing quantity for the housing domain. 

The paired images display one of five states of balance or imbalance between the 

opposing factors. The distinct states of balance make it easy to design tasks whose 

completion can be objectively determined. Five states offer enough ‘positions’ to be 

representative of a spectrum of values while being easily distinguishable and 

uncomplicated for the user. Each state for each factor and domain has several images, 

and the system selects randomly among them for display. Springboard’s simple controls 

allowed users to concentrate on their tasks without thinking consciously about their 

movement. The image pairs depicting social justice states of balance have been 

validated through previous study design processes and results (Antle et al., 2011). 
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Figure 3.1 The Springboard system allowing body balance (a) or spatial 
balance (b). Adapted from Macaranas (2013) 

a)  b)  
The user in (a) is shifting their physical weight to manipulate their body balance. The user in (b) is 
changing thir spatial position to create spatial (im)balance within the rectangular space. Both are 
using body and spatial balance to see a state of meaning balance from the images. 

3.2.1. Antle, et al. Springboard Designs 

Initial Springboard designs used the input forms of a sprung platform (Figure 

3.2a), sliders (Figure 3.2b – bottom), and dials (Figure 3.2b - top) (Antle et al., 2011). 

The studies compared body and spatial balance controls to more traditional devices 

(such as the dials and sliders). Users were assigned an input form and navigated 

different states of balanced image pairs. Because a prior study showed users interpreted 

the system using spatial balance more readily than body balance, this version of 

Springboard used spatial position in the three interfaces (Antle et al., 2011). This 

limitation eliminated a possible confound of different input styles that could have resulted 

in errant claims. These initial Springboard designs did use audio feedback to 

communicate state changes. The sounds were abstract tones with unique sequences for 

each balance state. The sounds helped communicate that changes had been made and 

that the user’s input had been read by the system.  



25 

Figure 3.2 Input controllers for the original Springboard system: spring- 
enabled platform (a) and controller (b) 

a)  b)  
Rotating dials are located at the top of the controller while sliders are located at the bottom. 

3.2.2. Macaranas Springboard Design 

Macaranas et al. (2012a, 2012b) redesigned Springboard to address research 

questions focused on intuitiveness and learnability of body-based control mappings. 

Macaranas’ Springboard design maintained the projected pair of images, balance states, 

and sounds from the initial (Macaranas, 2013). However, based on the results of the 

earlier study, focused on spatial balance as a control mechanism. Macaranas’ (2013) 

redesign abandoned the platform and controller for three floor markers and associated 

input control mappings. This change meant doing away with inputs reliant on shifting 

body weight, moving levers, and turning dials. Instead, it used camera vision technology 

to detect the user’s spatial position as meaningful input. The floor markers were used to 

visually indicate the function of the isomorphic, conventional, and metaphoric UI designs. 

Though the floor markers were affordances for the intended control mapping, they were 

not firm restrictions. Nevertheless, Macaranas (2013) identified that future work may 

remove the floor markers in order to see how users interpret the interface without the 

affordance. Figure 3.3 shows Macaranas’ Springboard design in action. 
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Figure 3.3 The Springboard redesign: implementation (a) and in use (b). Taken 
from Macaranas (2013) 

a)  b)  

Because the image sets from the previous designs had already demonstrated 

their validity to portray distinct social justice states, they were recycled. However, only 

the food domain was used in Macaranas’ Springboard version in order to avoid content 

as a possible confound in the experiment design. The food domain refers to the balance 

between food production and environmental preservation. If the food production image 

displays a high value (images of excess food waste), the corresponding environmental 

preservation image displays a low value (images of industrial farming). The balance 

between the amount of food being produced and the conservation of the natural 

environment is the issue portrayed in the images. The five states form a spectrum from 

extreme emphasis on food production to extreme emphasis on environmental 

preservation. The ‘middle’ state is one of equal balance between the two factors. Table 

3.1 illustrates the food domain balance states with representative images. 
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3.2.3. New Springboard Design 

For the purposes of this thesis study, Springboard required some modifications. 

The primary visual component of two projected images stayed the same, as did the five 

balance states per content set. However, the sounds, shaped floor markers, and control 

mapping aspects were removed. These features were removed because the goal of the 

prototype is to elicit actions from users that they believe to be intuitive. Interactive 

aspects (for the user) are not necessary for (and, in fact, may impede) this goal. The 

shaped floor marker affordances of Macaranas’ (2013) version were removed, but a 

large, taped-off square on the floor signifying the suggested bounds of the interaction 

space was retained. This was done to remove any cues the user could interpret as a 

suggestion or guideline for their interactions. The camera vision component and 

associated control mappings were removed to gain more flexibility in system and 

researcher response to user actions. It also ensured that the system wouldn’t errantly 

respond to participants’ movements during the experiment session. The sounds were 

removed to focus on and isolate user interactions with visuals. This reduced factors and 

improved the strength of claims about enacted actions. 

After evaluating the existing content sets, it was determined that using more than 

one content set during the experiment would be preferable. The concern with using a 

single content set, such as food, is that users may demonstrate actions that are specific 

to that domain. For example, they may make a tree-planting motion when they wish to 

increase the environmental preservation. Although these actions are interesting and may 

be appropriate for that domain, my hope is that the actions would be appropriate for 

controlling any twin-pan image schema, regardless of content set. For this reason, the 

food and security content sets were implemented into the redesign. The reliability of 

enactments across content sets is important in my study. 

3.3. Implementation 

Springboard’s redesign was created in Cycling 74’s Max/MSP version 5.1 (Max 

MSP, 2011) on an Apple Mac Pro. The bulk of the programming is unchanged from 

Macaranas’ version, but some modifications were necessary. Shortcuts were added to 
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enable quick, remote state and content set switching and the programming for the 

camera vision technology was removed. Springboard’s main controls are displayed on a 

computer monitor facing the study facilitator. The paired images are projected onto a 

screen in front of the participant using a ceiling-mounted projector. The room lights were 

dimmed during the experiments to improve image visibility. 

Each of the five balance states within a content set has multiple images the 

system can retrieve. For example, the food production factor’s first state has three 

possible images, and the community safety factor’s second state has four possible 

images. When a state change is requested, the Springboard system randomly selects an 

image from the appropriate content set / factor / state bucket of images and displays it. If 

the ‘slideshow’ feature is enabled, the system selects and displays new images from the 

appropriate pool at set intervals. The slideshow feature was not used for this thesis’ 

research, but it may be worth considering in the future. The randomly chosen images 

adds complexity to the design and requires participants to contemplate the balancing 

state the images are representative of, rather than rote memorization of specific image 

sequences. Image changes are accompanied by a fade effect, rather than being 

instantaneous transitions. This fade nicely complemented the gradual nature of the 

body’s movements as it attempts to make state changes. For example, people don’t just 

teleport from one spot to another, they must move a couple steps to enact the state 

change. 

3.4. Design Requirement Fulfillment 

• Low-affordance environment. My Springboard design had minimal 

affordances, and was composed of only a taped-off square on the floor and a 

screen onto which images were projected. 

• Displayed content. My Springboard design had two images projected side-by-

side to display the states of the content sets. These images were linked in such a 

way that a maximum value depicted in one image corresponded to the minimum 

value depicted in the other image. This linking formed a Twin Pan Balance 

schema (two downward force vectors and a fulcrum point directly midpoint of the 
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vectors). Cohesive design for the user interface maintained emphasis on the 

content displayed in the images 

• Changeable content. My Springboard design had content that could be 

changed among five balance states for each of two content sets. The middle 

state was one of perfect balance and the first and last states were the most 

unbalanced. Distinct states within the content set eliminated the ambiguity of 

user input and system output. This also allowed a spectrum of values to be 

displayed through the distinct states. Cohesive design across multiple content 

sets made up of several images was required maintained the same overall visual 

presentation 

• Researcher-accessible controls. My Springboard design had Bi-directional 

controls that allowed the researcher to change states in both directions (increase 

and decrease states). This enabled progression from one extreme of the content, 

to the other extreme, and back to the start. Switching content sets during the 

experiment session served as a reliability check on user action consistency over 

time. 
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Chapter 4.  
 
Study Methodology 

In this thesis study, I conducted a between-subjects comparative quasi-

experiment. The two independent variables were the mapping strategy and the 

participants’ experience with whole body natural user interfaces (categorized as expert 

and novice users). Novice users were those who reported zero experience with whole 

body natural user interfaces. Expert users were those who reported experience with four 

or more whole body natural user interface applications or systems. The study was 

conducted at Simon Fraser University’s Shared Virtual Environments (SVE) Lab, a 

research lab for whole body interfaces and virtual environments. The SVE Lab is an 

isolated, single-purpose space with a large staging area and projector with screen, 

making it an ideal environment for the study. A comparative, between-subjects 

experiment was the best fit because it represented real-world design challenges where 

users of a public interface will have an array of experience levels and it enabled me to 

compare control mapping strategies while ruling out other factors- thus allowing me to 

answer my research questions. 

R1. What types of control mappings do users of a whole body natural user interface 
system enact?  

R2. Are users consistent with their enactment of control mappings over time?  
R3. Do users’ enacted mappings conform to isomorphic, metaphoric, or conventional 

control mapping strategies? 
R4. How do novice and expert users differ in their enacted control mappings? 
R5. How do novice and expert users’ enacted mappings differ in their conformation to 

isomorphic, metaphoric, or conventional mapping strategies? 

4.1. Pilot Study 

A pilot study was conducted to help test the study process and tasks. The pilot 

study involved five undergraduate and graduate students from Simon Fraser University. 
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As the pilot study progressed, changes were made to the pre-screening questions, 

script, pre-task questionnaire, and observational note sheet. These changes aided 

increased clarity of instruction, streamlined feedback, and eliminated unnecessary 

dialogue. 

4.2. Participants 

Although experience with whole body interfaces was the primary participant 

characteristic for this study, other qualities impact the validity and generalizability of 

results. Gender diversity was significantly important for generalizability and optional data 

analysis methods. I did not require examination of results through the lens of gender (no 

research questions relate to gender), but having the option was valuable for discussing 

the data. Gender diversity was strictly controlled for. Ethnicity and occupation were 

moderately important for generalizability, but were not strictly controlled for. Age was 

minimally important for generalizability, and was not controlled for (other than verifying 

that participants were of legal age to participate in the study). 

Participants were recruited from the faculty, staff, undergraduate, and graduate 

student populations at Simon Fraser University. Fifty-four individuals inquired about the 

study. Interested individuals were asked about their age (to verify 19 years or older), 

gender (for male/female grouping), ethnicity (to avoid overloading a group in case 

cultural upbringing impacts enacted movements), occupation, quantity of whole body 

interfaces experienced, the names of some whole body interfaces experienced, comfort 

level with physical activity (to verify they are okay with body movement), and comfort 

level with verbalizing thoughts in English (to verify they are okay with speaking out loud). 

After pre- and post-task screening, twenty (10 male, 10 female) individuals were used in 

the study. This number gave an even split between male/female and novice/expert, with 

five participants in each category. 10 participants in each split was large enough to be a 

meaningful sample size for this qualitative study. Their age ranged from 18 to 33 years 

old (M=23.6 SD=4.1). Females (M=23 SD=3.5) were slightly younger than the male 

participants (M=24.1 SD=4.6). 40% (8) of the participants self-identified as ‘Caucasian’ 

or ‘White’, another 40% (8) self-identified as ‘Asian’ or ‘Chinese’, and the remainder 

either listed ‘Indian’ (10%, 2), ‘Persian’ (5%, 1), or ‘Mixed’ (5%, 1). The Caucasian/White 
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group was heavily represented in the male participants (60%, 6). All of the participants 

self-identified as students, with 15% (3) specifying they were graduate students and 

another 15% (3) listing a second occupation.  

Participants were divided into two groups based on their whole-body natural user 

interface experience. Their experience level was ascertained through screening 

questions administered during recruitment. One question was, “A whole body interface is 

a system you control by moving your body, like the Xbox Kinect. A whole-body 

application is an individual program for a whole-body interface, like Star Wars Kinect or a 

science museum exhibit. How many whole-body applications have you used?” The 

second question was, “Can you name or identify some of the whole-body applications 

you have used?” The second question served as a validity check and allowed me to see 

what applications prospective participants counted as whole-body. If an applicant 

claiming experience listed non-whole-body applications, they were contacted with the 

correction and asked for additional examples.  

‘Novice’ users were those who reported zero experience with whole-body NUIs. 

‘Expert’ users were those who reported experience with four or more whole-body NUI 

applications. I considered a whole-body NUI application to be anything that used the 

body as a controller. This included Xbox Kinect games and applications, Nintendo Wii 

games that use bodily movement, some interactive art installations, and some museum 

exhibits, to name a few. Potential participants who reported experience with between 

one and three whole-body NUI applications were eliminated during the pre- and post-

screening processes. The concern is that these users would have replicated actions 

from their limited experience with whole-body NUIs. My aim was to compare users who 

have no experience and a relatively ‘clean slate’ with users who have sampled enough 

control mapping designs to select the best aspects of each. 

4.3. Procedure 

Participants completed a pre-experiment questionnaire and performed four 

activities. The pre-task questionnaire verified the participant’s year of birth, education 

level, and whole-body NUI experience. The study had an estimated duration of 45 
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minutes but most participants finished within 30 minutes. Participants were filmed with a 

front-facing camera during the activities and interview. Prior to the activities, participants 

were introduced to the system through a short explanation and demonstration of the 

images changing in pairs, the images’ connection to the social justice states, and the 

states’ balanced quality. After completion, participants chose between a $10 gift card to 

a local chain of coffee shops or course credit (if applicable) as compensation. 

4.4. Activities 

These activities were brainstormed over several months with the supervisory 

committee. Simple tasks were required so users could easily grasp what was being 

asked of them. Complex tasks might have confused participants and affected results. 

The tasks were designed to scaffold on one another so that the participant could build 

their skills over the course of the experiment. Tasks were based on previous work from 

Antle et al. (2011) and Macaranas (2013) for ease of comparison and validation. 

4.4.1. A1: Think Aloud Activity 

A1 allowed the participant to ‘use’ the system at a slow pace while being asked 

to reflect critically on their actions. This was designed to increase their comfort with the 

system and the facilitator. A1’s slow pace and frequent discussion also provided 

participants the opportunity to change their mind about how their control mappings 

should play out. 

The Think Aloud Activity was the first opportunity for the participants to ‘use’ the 

system. As such, the Think Aloud Activity needed to have a slow pace, plenty of time for 

questions and discussion with the participant, and a progression through all the states of 

the content set. The Think Aloud Activity utilized the food content set. Participants were 

shown State 1 images (minimum environmental preservation and maximum food 

production) (Figure 4.1) and instructed to move within the interaction space’s taped-off 

square  (Figure 4.2). The exact script given to participants was, “What I would like you to 

do is imagine that your body motions will control these images. I am going to ask you to 

practice changing the images during a Think Aloud task. A Think Aloud means that I 
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want you to talk about what you are thinking and doing as you perform the actions. The 

more you talk about what you are doing, the more I can learn about how to design the 

motions that will control this kind of system. As you are acting and talking, I will ask you 

questions to help the process. The images will not respond to your movements during 

this task, but I can change them manually if you would like to see that happen. Please 

stay within the taped-off square. Do you have any questions? Ok, please approach the 

screen and show me how you would control the images. I will give you some sample 

tasks to help you out. The images are currently displaying a minimum amount of 

environmental preservation on the left and a maximum amount of food production on the 

right.” 

Figure 4.1 State 1 images displaying minimum environmental preservation (a) 
and maximum food production (b) 

a)  b)  

Figure 4.2 Springboard interaction area with taped-off square on the floor and 
projector screen 
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Participants were asked to perform five tasks. Each task was given singularly, 

with time following for the experiment facilitator to ask probing questions and receive 

answers. I wanted to keep tasks similar to previous studies from Macaranas and Antle et 

al., including finding a specific or relative state. Keeping tasks similar enabled more valid 

comparison of results for this study and in the future. Macaranas’ (2013) study involved 

tasks for exploration, achieving perfect balance, achieving specific imbalanced states, 

relative state changes, and sequential state changes. Antle, Corness, & Bevans’ (2011) 

study involved tasks for exploration and achieving perfect balance. Antle, Corness, & 

Droumeva’s (2009b) study involved tasks for exploration and sequential state changes. 

The five tasks were:  

1 Display the next images (State 1 -> State 2). Script- “Please move to the next pair 

of images.” 

2 Display maximum environmental preservation and minimum food production 

(State 2 ->State 5). Script- “Please show a maximum amount of environmental 

preservation on the left and a minimal amount of food production on the right.” 

3 Display equal environmental preservation and food production (State 5 -> State 3). 

Script- “Please have the images show an equal amount of environmental 

preservation and food production.” 

4 Display the middle ground between the last two states (State 3 -> State 4). Script- 

“Please have the images show the middle ground between your last two states, 

which was a equal amounts of environmental preservation and food production and 

then maximum environmental preservation on the left and minimum food production 

on the right.” 

5 Display minimum environmental preservation and maximum food production) 

(State 4 -> State 1). Script- “Please show a minimum amount of environmental 

preservation on the left and a maximum amount of food production on the right.” 

To complete each task, the participant moved their body in a way they believed 

would affect the appropriate change. After each control movement, the experiment 
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facilitator asked probing questions to ensure that they were correctly interpreting the 

participants’ actions. Sample questions include “Can you tell me why you did that?” and 

“What were you hoping that action would do?” Additionally, participants were asked if 

their actions were sourced from experiences with whole-body interfaces, non-whole 

body interfaces, or everyday life. Participants were able to ask questions or seek 

clarification at any time.  

The facilitator then changed the system state to reflect the participant’s updated 

position in the spectrum. For example, after seeing and discussing the user’s action for 

task 1 the facilitator changed the system state from 1 to 2. If the interface were ‘live’ (i.e. 

responding to user commands), this state change from 1 to 2 would have happened 

when the user performed the action. For this activity, the state change occurs after the 

user performed the action, but before being prompted for the next action.  

The A1 activity applied to all research questions because participants 

demonstrated interactions and described their demonstrations. A1 allowed the 

participant to ‘use’ the system at a slow pace and was asked to reflect critically on their 

actions. This was designed to increase their comfort with the system and the facilitator. 

A1’s slow pace and frequent discussion also provided participants the opportunity to 

change their mind about how their control mappings should play out. 

4.4.2. A2: Confirmatory Activity 

A2 is representative of more realistic system use, where the user’s actions are 

immediately met with system response. Control mappings performed by participants in 

this activity are intended to be mostly stable, though changes can still be made. A2 

seems to be when the system ‘clicks’ for the participant. 

The Confirmatory Activity was modified version of the Think Aloud Activity. It 

used the same tasks and content participants experienced in the Think Aloud Activity. 

The Confirmatory Activity is needed to let the participant experience their control 

mappings in ‘real time’ and make corrections if needed. The significant change is that 

the facilitator cycled states while the participant performed the corresponding actions, 

rather than afterwards. For example, during task 1, as the participant demonstrated the 
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action to change from state 1 to state 2, the facilitator changed the system state from 

state 1 to state 2. This resulted in a ‘Wizard of Oz’-type effect, where the user could see 

the images changing as if the system was sensing their motions. In reality, it was just the 

researcher timing a keyboard press to correspond with the motion being enacted.  

This activity served as an opportunity to ensure that the facilitator understood 

how the participants’ actions were intended to control the system, as well as a check for 

the participant to make sure they were comfortable in their actions. If participants 

demonstrated actions they did not use during the Think Aloud Activity, they were not 

corrected. This was done to encourage adaptation and refinement of user actions. 

However, they were asked probing questions about the action demonstrated. As before, 

the participant was encouraged to ask questions and voice thoughts. This activity 

applied to all research questions because participants demonstrated interactions and 

described their demonstrations. A2 is representative of more realistic system use, where 

the user’s actions are immediately met with system response. Control mappings 

performed by participants in this activity are intended to be mostly stable, though 

changes can still be made. A2 seems to be when the system ‘clicks’ for the participant. 

4.4.3. A3: Second Confirmatory Activity 

A3 also replicates real-world system use, though with a different content set. A3 

provides participants an opportunity to eliminate any control mappings that might be 

domain-specific to the food domain. A3 also serves as a final check for the facilitator that 

they understand how the participant’s control mappings are intended to work with the 

interface. 

The Second Confirmatory Activity was a modified version of the Confirmatory 

Activity. The Second Confirmatory Activity was needed to be a final check on the control 

mappings and to determine their usefulness outside of the food/environment context. It 

used the same tasks and state change timing. The significant change was that the 

security domain replaces the food domain. This shift is done to avoid control mappings 

that are specific to the food domain, and encourage mappings that are more broadly 

applicable. It also increases the reliability of the results because it evaluates the 
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transferability of the enacted mappings. A3 also replicates real-world system use, though 

with a different content set. A3 provides participants an opportunity to eliminate any 

control mappings that might be domain-specific to food. A3 also serves as a final check 

for the facilitator that they understand how the participant’s control mappings are 

intended to work with the interface. 

4.4.4. A4: Design Suggestions 

A4 is an opportunity for participants to reflect on how the system’s presentation 

could be modified to provide affordances for their control mappings.  

The final activity was an open-ended interview question that asked the participant 

for suggestions on how to design the system for future users. The Design Suggestions 

activity was needed to give the participant the opportunity to talk about the system 

outside of the context of specific tasks. A sample script of this question is, “If you were in 

charge of implementing this interface in a museum or gallery, what features would you 

like to see included, removed, or changed to make it easier for people to use 

immediately? If it helps, you can think of it in terms of on-screen items and in-the-

physical-space items.” Participants were encouraged to discuss both on-screen features 

such as image transitions, as well as physical affordances such as interaction space size 

and shape. A4 is an opportunity for participants to reflect on how the system’s 

presentation could be modified to provide affordances for their control mappings.  

4.5. Data Collection 

This section presents operationalized definitions for three research constructs: 

Action Type, Action Consistency, and Verbalization Accuracy. Collection methods were 

observational note sheets and video recordings with audio. Analysis methods were 

descriptive statistics and researcher review and analysis of recordings. 
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by consulting recorded video for verification of users’ actions, combined with recorded 

audio for description of users’ actions. After review, the actions are assigned to the 

isomorphic, metaphoric, or conventional categories based on their traits. Actions that are 

obvious depictions of (or described as) being taken from existing interfaces are assigned 

to the conventional category. Actions that are based on physical metaphors are 

assigned to the metaphoric category. Actions that are based on one-to-one relationships 

are assigned to the isomorphic category. 

4.6. Data Analysis 

I collected both qualitative and quantitative data during the study. Data analysis 

was largely composed of thematic analysis of user actions and descriptions through 

facilitator observations and recorded video with audio. A more detailed explanation 

behind the analysis method for each variable follows. 

4.6.1. Action Type 

Action Type looked at the frequency of similar actions within the novice and 

expert user groups. Action Type Distribution was a structured observation with numeric 

counts and descriptions of the participant’s enacted controlling mappings during 

Activities 1, 2, and 3. I was particularly interested in whether certain action types (such 

as swipes) were more dominant in either the novice or expert groups. Action Type 

analysis featured multiple passes- the initial record on the observational note sheet of 

the Action Type during the experiment, a secondary pass to verify the observational note 

sheet matched the video recording of actions, and a third pass to finalize groupings. A 

table of Action Type distribution is included in Chapter 5. 

4.6.2. Action Consistency 

Action Consistency looked at the extent to which novice and expert users 

maintained the same actions through and across activities. Action Consistency was a 

qualitative interpretation and evaluation of the users’ actions, mostly during Activities 2 

and 3. I was particularly interested in whether novices were more or less consistent with 



 

43 

their actions. Action Consistency results fell into groups of completely accurate, nearly 

completely accurate, and not accurate. Action Consistency analysis featured multiple 

passes- an evaluation of the actions recorded on the Observational Note Sheet and a 

secondary pass while reviewing video to verify. 

4.6.3. Action Type Alignment  

Action Type Alignment looked at the extent of user actions conforming to the 

metaphoric, isomorphic, and conventional design strategies discussed in Chapter 2. This 

alignment is considered for both novice and expert user groups. Action Type Alignment 

was a qualitative interpretation of the Action Types and design strategies based on a 

review of the study footage and available literature. Action Type Alignment analysis 

featured multiple passes- an evaluation of the actions recorded on the Observational 

Note Sheet and a secondary pas while reviewing video and audio to verify. These 

qualitative interpretations were then counted for basic descriptive statistics. 

4.7. Summary 

The thesis study involved twenty participants, with even numbers of both males 

and females and novices and experts. The study had four activities- Think Aloud, 

Confirmatory, Second Confirmatory, and Design Suggestions. The first three activities 

used the same set of five tasks. The content set is the same for the first and second 

activities, but switches for the third. The main measures were Action Type, Action 

Consistency, and Action Type Alignment. 
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Chapter 5.  
 
Results  

In this chapter, I present the results from the study. Results are organized by 

measure (and roughly apply to the order of research questions). Quantitative and 

qualitative findings are followed by observations. The research questions are copied 

below. 

R1. What types of control mappings do users of a whole body natural user interface 
system enact?  

R2. Are users consistent with their enactment of control mappings over time?  
R3. Do users’ enacted mappings conform to isomorphic, metaphoric, or conventional 

control mapping strategies? 
R4. How do novice and expert users differ in their enacted control mappings? 
R5. How do novice and expert users’ enacted mappings differ in their conformation to 

isomorphic, metaphoric, or conventional mapping strategies? 

5.1. Action Type 

Action Type is a description of the participants’ enacted actions during the 

experiment that they expected to result in certain system responses (i.e. controlling the 

system). Action Type results address R1 and R4. Action Types are exclusive for each 

participant. Results are grouped by emergent categories based on observed control 

mappings. Results are presented in order of prevalence. A table of the results is 

presented at the end of 5.1. 

5.1.1. Axis-Based Body Movement 

Axis-based body movement is the control mapping of moving the user’s body 

along a one- or two-dimensional axis in order to change the images. In all instances of 

axis-based body movement, moving further to the side of the interaction space increases 
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the value or amount of the content shown in that side’s image. For example, if 

environmental preservation is represented in the left-side image, moving further to the 

left will increase the environmental preservation being displayed (and consequently 

decrease the food production being displayed in the right-side image. 

Figure 5.1 Axis-based body movement depiction 

a) b) c)

The user in (a) is standing on the far left side of the interaction space to display a maximum 
amount in the left image. The user in (b) is standing in the middle of the interaction space to 
display balanced amounts in the left and right images. The user in (c) is standing on the far right 
side of the interaction space to display a maximum amount in the right image. 

Most axis-based body movement occurred on the horizontal axis. This movement 

mimicked a teeter-totter, where moving further to the extreme greatly imbalanced the 

displayed content. However, one participant decided on a diagonal axis, where their path 

travel carried from the front-right of the interaction space through the middle to the back-

left. This had the same intended functionality as the horizontal axis-based movements, 

as all the travel occurred along a single line. However, this diagonal approach makes the 

system adaptive to the possibility of changing the images individually. In essence, it 

maps one set of images to a vertical axis and the second set of images to the horizontal 

axis. Because the image sets were paired to one another, the effective result is a 

graphing of the function y=x (hence, the diagonal axis). If the participant had been asked 

to change one side of the images without affecting the other, they could have moved 

horizontally (or vertically), and maintained one value while affecting the other. One other 

participant started to use this diagonal axis approach, but abandoned it when they 

realized the images weren’t ever going to become uncoupled. 
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The axis-based body movement control mapping was created by five of the 20 

participants. Three of the participants were in the novice group (30% of that population), 

and the other two were in the expert group (20% of that population). The diagonal axis 

participant was in the novice group. The participant who started to use a diagonal axis 

was in the expert group. The novice participants using the axis-based body movement 

control mappings were all male, but the expert participants using it were split on gender 

(one male, one female).  

5.1.2. Horizontal Swipes 

Horizontal swipes is the control mapping of moving the user’s arms from side-to-

side in order to change the images. In all instances of horizontal swipes, participants 

settled on a convention of moving the content, rather than the frame of view. For 

example, if the images on screen displayed the ‘first’ pair, swiping from right-to-left would 

display the ‘second’ pair. Apple describes this as ‘natural scrolling,’ and it is the default 

setting on Apple products with touchscreens or trackpads. From there, swiping from left-

to right would display the ‘first’ pair again. This convention often took a bit of time for the 

participants to figure out, and was occasionally performed erroneously because users 

forgot which way they intended to be moving through the images. For example, they 

may start an activity by swiping right to left to increase the right side value, but after 

being instructed to change directions in later tasks, they may accidentally swipe left to 

right to increase the right side value. 
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Figure 5.2 Horizontal swipes depiction 

a) b)  

The user in (a) is holding their right arm to the right. In (b), the same user is swiping their right 
arm to the left. This swipe enacts system change so that the ‘next’ set of images is displayed. 

Participants using the horizontal swipes control mapping often added shortcuts to 

their interactions. One such type of shortcut is a way to quickly move to the first or last 

images. This was usually done with a two-arm swiping motion, as apposed to the single-

arm motion that would move a single step. Another shortcut type was to the middle 

balanced state. One user used a two-arm vertical swipe, another spread their arms wide 

and brought them together in front of their body, like a large clap w/o the impact. 

According to users, all of these shortcuts were used to either make navigating the 

images quicker or less mentally strenuous. Knowing that you have a shortcut to the ‘end’ 

of the images gives you a reference point to navigating within them. This isn’t likely a 

problem for our small set of five image pairs, but a larger set would be easier to get lost 

in. 

The horizontal swipes control mapping was created by four of the 20 participants. 

Two of the participants were in the novice group (20% of that population), and the other 

two were in the expert group (20% of that population). Those using the horizontal swipes 

control mapping were split on gender (one male, one female in both novice and expert 

groups).  
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5.1.3. Hand Scales 

Hand scales is the control mapping of moving the user’s arms up and down in a 

counter-balanced fashion in order to change the images. In all instances of hand scales, 

participants settled on a convention of a raised hand on the side of the image increasing 

the value displayed in that image. For example, if the right-hand images display food 

production, a raised right hand would provide a maximum amount of food production. At 

the same time, the left hand would drop, indicating a minimum amount of environmental 

preservation. The hands would remain counter-balanced in this way throughout their 

range of motion, becoming equal heights for the evenly balanced state. Participants 

using this convention evoked a scale in their descriptions. 

Figure 5.3 Hand scales depiction 

a) b)  

Two participants using the hand scales control mapping modified it slightly by 

requiring a ‘confirmation’ action to occur before the images would change. For example, 

one of them used a fist-clenching motion to indicate to the system that the current hand 

position should be accepted as an input. The other used hand stability as a signal to 

accept the input. The user stated that this is a convention gathered from the Microsoft 

Kinect, where hovering a virtual hand over a button causes a ring to fill. After a couple 

seconds, the ring fills completely and the system executes the function of the button 

being hovered over. Interestingly, both participants using hand scales also incorporated 
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shortcuts of some sort. One of them, in the novice group, created a shortcut to the 

evenly balanced state by holding hands out in front palms down and waving them back 

and forth in sync. The other participant from the expert group used an extension of the 

arm out from the body as a signal to jump to the maximum amount of the value 

displayed on that side’s image. For example, to maximize the food production shown in 

the right-hand image, they would extend their right arm out to the right. 

The hand scales control mapping was created by four of the 20 participants. Two 

of the participants were in the novice group (20% of that population), and the other two 

were in the expert group (20% of that population). One participant from each group 

augmented the hand scales control mapping with shortcuts. Those from the expert group 

using the hand scales control mapping were both male. Those from the novice group 

were split on gender (one male, one female).  

5.1.4. Vertical Swipes 

Another popular control mapping was vertical swipes. Vertical swipes involves 

moving one or both hands up or down to control the image pairs. In all instances of 

vertical swipes, participants settled on a convention of an upward motion on the side of 

the image increasing the value displayed in that image. For example, if the right-hand 

images display food production, a rising right hand would provide increase food 

production.  
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Figure 5.4 Vertical swipes depiction 

a) b)  

Most of the participants using vertical swipes used both arms moving in opposite 

direction. In this way, the motions were counterbalanced, similar to the hand scales 

control mapping. For example, as the right hand is rising to increase food production, the 

left hand is dropping to decrease environmental preservation. This two-hand offset 

approach would theoretically allow the participants to control the images independent of 

one another, were such a thing allowed. 

One of the participants using the two-hand approach to vertical swipes also 

introduced a scale component to allow them to distinguish among the amount of change 

they affected. For example, a full-arm vertical swipe upward acted as a shortcut to go to 

the maximum amount of that value. However, swiping with just the fingers would only 

change the state by one spot. This is in contrast to the other participants who created a 

vertical swipe control mapping, where each swipe was of a similar size and affected a 

state change of one spot. 

The vertical swipes control mapping was created by 15% (three) of the 

participants. Two of the participants were in the expert group (20% of that population), 

and the other was in the novice group (10% of that population). Both participants using 

the two-hand offset approach were those in the expert group. All participants using the 

two-hand offset approach in both groups were female.  
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5.1.5. Zooming Motions 

Zooming motions is the control mapping where participants mimicked a zooming 

function to control the image pairs. Participants who used this control mapping had very 

distinct approaches.  

Figure 5.5 Zooming depiction 

a) b)

One approach to the zooming motion was done through contracting and 

expanding the fingers. These motions mimicked the pinch and stretch conventions from 

touchscreen and touchpad devices. The pinch action decreased the amount to the thing 

being displayed in the image, and the stretch action increased it. Each hand made its 

own motion for the image displayed on its respective side. For instance, when the 

participant wanted to increase environmental preservation (on the left side of the screen) 

and decrease food production (on the right side of the screen, they would raise both 

arms, make a stretch motion with the fingers on the left hand, and make a pinch motion 

with the fingers on the right hand. Because the actions counterbalanced one another, 

this control mapping has similar traits to the hand scales and two-hand offset vertical 

swipes. 

The other approach to the zooming motion control mapping was to use the arms 

as a scale that was mapped to a single variable. For both the food and security domains, 
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the scale was keyed to the left-side images. The distance the hands were apart signified 

the amount of the value in the left side images. So, spreading arms to the full wingspan 

attained a maximum value in the left side image, and bringing the hands together in front 

of the participant attained a minimum value in the left side image. Hands shoulder width 

apart signified the equally balanced state. 

10% of participants (two) used the zooming control mapping. One of each of 

those participants was in the novice and expert groups (10% of each group). The creator 

of the arm zooming was a male expert. The creator of the finger zooming was a female 

novice. 

5.1.6. Proximity 

Proximity is the control mapping where reducing the distance to one side of the 

images and performing a confirmation motion changes the images. The participant 

started at the back center of the interaction space. To perform a task, the participant 

moved one step forward and one step to the side of the image presenting the value to 

increase. To confirm the change, the participant moved their arms in three rapid, 

successive circles (e.g. “wax on, wax off”). The size of the arm circles designated the 

amount of change to occur. For example, in order to slightly increase the environmental 

preservation (images displayed on the left side of the screen), the participant would step 

forward and to the left, and they make three small arm circles. The participant using this 

control mapping was often inconsistent with body position in the interaction space. 

Figure 5.6 Proximity depiction 

a) b) c)
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5.2. Action Consistency 

Action Consistency is a measure of the consistency of participant actions 

throughout the activities. Action Consistency results address R2. Results are discussed 

by activity (Think Aloud Activity, Confirmatory Activity, Second Confirmatory Activity) and 

conclude with an evaluation of Longitudinal Consistency. 

5.2.1. Think Aloud Activity 

The Think Aloud Activity had the lowest consistency, which is understandable 

given that it was the users’ first activity with the Springboard system. Many users ended 

up switching action styles partway through the Think Aloud Activity, particularly if they 

were given a task that couldn’t be supported by their initial control mapping. For 

example, when users were asked to ‘change direction’ for Task 2 (switch from increasing 

the right-side value to decreasing it), some needed to adjust their mapping strategy to 

allow for bi-directional control 

Three of the 20 participants were consistent in the Think Aloud Activity. All three 

were from the Expert group (two male, one female). Four of the 20 participants were 

consistent after the first task. Three of these were from the Expert group (two female, 

one male) and one from the Novice group (male). Five of the 20 participants were 

consistent with the exception of a single mix up during the activity. Three were from the 

Novice group (two male, one female) and two were from the Expert group (one female, 

one male). The remaining eight participants were not consistent in their actions during 

the first activity. Six of those were from the novice group (four female, two male) and two 

were from the Expert group (one female, one male). 

5.2.2. Confirmatory Activity 

The Confirmatory Activity is where I expected to see increased consistency, 

though some participants were still working the kinks out of their emergent interaction 

models.  
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14 of the 20 participants were consistent in the Confirmatory Activity. Eight of 

those were from the Expert group (four female, four male) and six were from the Novice 

group (four male, two female). Three of the 20 participants were consistent with the 

exception of a single mistake during the activity. Two were from the Novice group (both 

female) and one was from the Expert group (male). The remaining three participants 

were not consistent in the actions during the second activity. Two of those were from the 

Novice group (one male, one female) and one was from the Expert group (female). 

5.2.3. Second Confirmatory Activity 

During the Second Confirmatory Activity, we expect that all participants should 

be consistent in their actions. Increased inconsistency here may be caused by the 

change of content (or a users’ actions being content-specific). 

The Secondary Confirmatory Activity results are nearly the same as those from 

Confirmatory Activity. The only change is that the participant from the Expert group 

(female) who made a single mistake performed consistently, making nine of 10 Expert 

users consistent, and 15 consistent users overall. There was no change for the Novice 

users. 

5.2.4. Longitudinal Consistency 

Longitudinal consistency is an examination of how users’ actions remained 

consistent across all three tasks. 10 of the 20 participants were consistent in their 

actions across all three tasks. Six of those were from the Expert group (five male, one 

female) and four were from the Novice group (three male, one female). Seven of the 20 

participants were consistent in their actions with the exception of one portion. This often 

came in the form of reversing direction for one of the activities or changing mapping after 

the first activity. Four of those were from the Novice group (three female, one male) and 

three were from the Expert group (three female). The remaining three participants were 

not consistent in their actions across the tasks. Two of these were from the Novice group 

(one female, one male) and one was from the Expert group (female). 





 

57 

hands always move opposite one another, it demonstrates the equilibrium of the 

balanced states. 

Metaphoric mappings were created by 30% of participants (six). Four participants 

from the expert group (40%) and two participants from the novice group (20%) used the 

action types associated with metaphoric mappings. 

5.3.2. Isomorphic  

Isomorphic mappings are one-to-one relationships between input actions and 

system changes. For example, consider a vehicle steering wheel. Moving the wheel left 

moves the going left. It can also be thought of as the amount of wheel turning is 

equivalent to the amount of car turning.  

I classified the axis-based body movement, zooming with arms, proximity, and 

material movement control mappings as falling under the isomorphic mapping strategy. 

Axis-based body movement is based on increasing the value of the concept as you 

increase your movement toward its ‘side’. Zooming with arms is based on recording the 

size of the amount of the concept with the distance between your hands. Proximity is 

based on selecting the concept to increase by stepping in its direction. Material 

movement is based on representative motions to transfer objects from one side of 

images to the other. 

Isomorphic mappings were created by 40% of participants (eight). Four 

participants from each of the novice and expert groups (40%) used the action types 

associated with isomorphic mappings. 

5.3.3. Conventional 

Conventional mappings are adapted from previous interfaces. Conventional 

mappings are learned and only become established over time and frequent 

implementation. Conventional mappings can be intuitive because they are based on our 

experiences, but the structures of these mappings may be arbitrary (like the QWERTY 

keyboard).  
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I classified horizontal swipes, zooming with fingers, and one-handed vertical 

swipes control mappings as falling under the conventional mapping strategy. Horizontal 

swipes is based on touchscreen conventions (such as Apple’s iPad and iPhone), which 

themselves are based on the turning of pages in a book. Zooming with fingers is based 

on the pinch and expand conventions from touchscreens and touch pads (such as 

Apple’s iPad and Magic Trackpad). One-handed vertical swipes is based on touchscreen 

conventions (such as Apple’s iPad and iPhone). 

Conventional mappings were created by 30% of participants (six). Two 

participants from the expert group (20%) and four participants from the novice group 

(40%) used the action types associated with conventional mappings. 

5.4. Summary 

The results presented in this chapter addressed the five research questions. 

Axis-based body movements, horizontal swipes, and hand scales are the most popular 

Action Types. Half the participants were consistent in their actions across the three main 

activities. All three of the Action Type mapping strategies (metaphoric, isomorphic, and 

conventional) had similar numbers of participants using their related Action Types. 

Vertical Swipes, Proximity, and Material Movement were the only Action Types that had 

differences in Expert/Novice usage. Expert participants were more likely to use Action 

Types in the metaphoric mapping strategy, and Novice participants were more likely to 

use Action Types in the conventional mapping strategy. 
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Chapter 6. 

Discussion 

In this chapter, I discuss the implications of the results presented in the previous 

chapter. Discussion is organized by themes that emerged across multiple research 

questions. The chapter ends with study limitations and an initial set of design 

implications based on the research. 

6.1. Expert Performance 

I anticipated that members of the expert group would differ from the novice 

group, but I wasn’t sure in what way. The results show that experts achieved higher 

consistency in their initial actions, achieved higher consistency in their final actions, had 

a higher instance of longitudinal action consistency, and were more likely to enact 

metaphor-based control mappings.  

Six of 10 experts had consistent actions after Task 1 in Activity 1, compared to 

just one of 10 novices. That represents a considerable difference! It means that out of 

the entire group of novices, only one participant didn’t need to engineer significant 

changes to their control mappings on the fly. The gap largely evaporated in Activity 2. 

Nine of 10 experts had either consistent or nearly consistent actions, compared to eight 

of 10 novices. However, the novice group showed no improvement in Activity 3. Experts 

finished Activity 3 with nine of 10 having perfect consistency. Novices finished with six 

consistent, two nearly consistent, and two not consistent. The novice participants were 

unchanged in terms of consistency from Activity 2 to Activity 3. The absence of 

improvement may be attributable to the group’s lack of experience affecting the ability to 

refine out the last few inconsistencies in enacting a schema. 
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Experts outperformed novices at longitudinal consistency, too, where six of 10 

experts achieved longitudinal consistency compared to four of 10 novices. However, 

including nearly consistent results decreases the gap to nine experts compared to eight 

novices. These results suggest that, on average, experts were quicker at generating a 

comprehensive scheme to control Springboard. Additionally, expert performance in 

Activity 3 suggests that a) experts were better at refining their actions for consistency by 

the end of the study, b) experts were less impacted by the change in content that 

occurred between Activity 2 and Activity 3, and/or c) the metaphor-based actions 

performed more frequently by expert users were enacted at the level below conscious 

awareness, leading to more consistent actions. This second scenario could either be 

because their control mappings were more easily adapted to new content or their 

experience with whole body interfaces prepared them to better accommodate new 

stimuli. 

Of course, this analysis is based on a couple of key assumptions with regards to 

consistency. One is that consistency is a good thing. It is possible to be consistent at an 

awkward or poorly generalizable control mapping. If this were removed from the context 

of interface interactions, ‘bad’ consistency may indicate less of a virtue and more of a 

stubbornness or lack of adaptability. The second assumption is that consistency isn’t a 

product of luck. It is possible that expert users more often ‘lucked into’ into selecting 

control mappings that were easily replicable and adaptable to the upcoming activities 

and their tasks. However, I think that this is more easily explained by their knowledge of 

such interfaces enabling more informed decisions at the outset. 

Finally, experts (four of 10) were twice as likely to enact metaphor-based control 

mappings as novices (two of 10). Interestingly, this gap is mirrored in the convention-

based control mappings, where novices outnumber experts four to two. Conventional 

actions performed by novices included horizontal swipes vertical swipes, and finger 

zooms. It appears that more novices relied heavily on their experience with other, non-

whole body technology (iPhones, iPads, track pads) to generate control mappings. 

Conversely, more experts picked up on the similarity between the Springboard system 

and the body’s sense of balance to generate control mappings. This result suggests that 

expert users of whole body natural user interfaces may be more comfortable using their 
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body’s interactions with the natural world to inform their inputs than novice users are, 

who more frequently resorted to inputs borrowed from known devices. 

6.2. Scale of Actions 

One of the reasons behind having a large, open interaction space free of markers 

was to encourage the widest possible range of participant actions.  As expected, the 

participants’ action type diversity was very high. However, something interesting is the 

way that the size of actions varied. For example, the zooming action type came in both 

big (full wingspan) and small (pinching with fingers) varieties. Only one participant used 

each size (novice female for small, expert male for large). The same idea is behind both 

actions- map the scale of a value to the proximity of body parts- but they play out very 

differently. In fact, they look different, both to casual observation and for a computer 

vision system.  

Another example of the scale of actions being significant is seen in the actions of 

Participant 08 (novice female). Participant 08’s control scheme was based on stepping 

to the side of the screen whose image’s value needed to be increased and making three 

circles with their hands as confirmation. Where scale comes in is in the size of the 

circles. Small circles (~1’ diameter) signified a change of one ‘step’ (e.g. from average to 

above average). Large circles (~3’ diameter) signified a complete change  (e.g. from 

maximum to minimum). This example shows how a participant’s identical action shapes 

with different scales can serve different functions within a control scheme. 

6.3. Overall Parity 

Although there were considerable differences between the expert and novice 

groups in places, it is important to acknowledge that, generally speaking, the two groups 

were quite similar. Both groups used a blend of isomorphic, conventional, and 

metaphoric mapping strategies, and the number of participants in each group using 

isomorphic strategies was identical. The Action Types of x-axis body movement, 

horizontal swipes, scales, some version of zooming, and some version of vertical swipes 
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were represented in both groups. Action Consistency was reasonably close, particularly 

in the middle of the study (Activity 2).  

It isn’t immediately clear what the reason for these similarities is. It could be 

because of the relatively small sample size. It may be because the two groups were so 

demographically similar (identical gender distribution, nearly identical average age, very 

similar reported occupations, very similar reported movement comfort). It may be 

because Springboard is unique and unlike any whole body system participants likely 

would have interacted with. Twin-pan balance schema whole body natural user 

interfaces with images representing social justice factors aren’t exactly bundled with the 

Microsoft Kinect. Or, it may be because this study is an accurate representation of the 

two groups’ performance, and the similarities should be planned for in future research 

and design. 

6.4. Gender Difference 

Comparing male/female performance wasn’t part of my research questions, but 

differences were noticeable during data analysis. Analysis methods were similar to that 

of novice/expert. For action consistency, males regularly had more individuals with 

perfect consistency and less individuals or no or partial consistency. Males had more 

individuals who used isomorph-based interaction mappings, and females had more 

individuals who used convention-based interaction mappings. Interestingly, male 

mappings were more tightly clustered with fewer Action Types- three Action Types 

accounted for eight of the 10 participants. Females had more variability in their 

enactment, with not more than two individuals using any one Action Type. Due to the 

small sample size of participants, it is impossible to draw any definitive conclusions. 

However, the data does point to these males being better able to generate more 

consistent action mappings more quickly and with less reliance on conventions from 

other types of devices. 
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6.5. Limitations 

This thesis makes claims cautiously due to low sample size. Some of the 

variables were difficult to measure simply because they required subjective 

interpretation. Identifying and categorizing action control mapping models can only be 

done through inferences based on observations from actions and verbal responses. This 

may impact internal validity. 

I performed the data review alone due to limited time and resources. It is possible 

that there may be an unintentional bias in the results. For example, I may categorize 

certain Action Types with claims to multiple mapping strategies in a way that others 

would disagree with. In future work, researchers working independently of one another 

should code video and audio data. This may impact internal validity. 

Although participant experience with natural user interfaces was collected during 

screening and verified prior to starting activities, no questions were asked about general 

technology familiarity. This may impact external validity. 

All 20 of the participants self-reported as students or graduate students 

(occasionally in conjunction with another profession). This limits the generalizability of 

the findings from this study, because students (or those in an academic context) may be 

more or less likely to adopt specific control mapping strategies. Given the education 

environment, they may also be more adept at learning and controlling the system. This 

may impact external and ecological validity. 

In order to generalize the findings from this experiment to other whole body 

systems, I suggest performing more studies to elicit mappings for different contexts, 

systems, with a greater sample size, and in a public space to see if the findings from this 

study are ecologically valid. 
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6.6. Design Implications 

The relative prevalence of metaphoric mappings in the Expert group, combined 

with that group’s high action consistency (both per activity and longitudinally), suggest 

that whole body natural user interfaces could benefit from metaphoric mappings. If 

adopted and well designed, metaphoric mappings could lead to more intuitive and high-

performing interaction, particularly among users with whole body natural user interface 

experience. This result is consistent with the findings that metaphoric mappings were 

associated with high performance in Macaranas’ (2013) and Antle et al.’s (2009b) 

comparative studies, where adults assigned to the metaphoric condition had better 

accuracy and completion times then the adult participants in the non-metaphoric 

condition. 

However, because novice users showed such a strong preference for 

conventional mapping strategies based on touch screen devices, designers should 

carefully consider the expected makeup of their audience. If the target users will have 

little or no experience with whole body natural user interfaces but significant experience 

with touch screen devices, drawing upon those conventions may make for the most 

easily comprehensible controls when explicit instructions are limited or unavailable. 

Because users created their own interaction model during the study, they 

understood it quite well. This enabled users to create advanced functions (such as 

shortcuts to the evenly balanced state) to help them navigate the system. To ensure a 

satisfying user experience in situations where users aren’t creating their own mappings, 

designers should consider enabling such shortcut maneuvers for curious or advanced 

users to discover. 

To summarize, designers of whole body natural user interfaces should implement 

metaphoric mappings (especially if experienced users are expected), draw upon touch 

screen conventions, create discoverable advanced commands, and use salient feedback 

whenever possible. 
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Chapter 7. 

Conclusion 

7.1. Summary 

This thesis describes a mixed-methods experiment that explored intuitive, 

enacted control mappings by novice and expert users of a whole body natural user 

interface. Below, I present a summary of results in the form of an answer for each 

research question. 

7.1.1. What types of control mappings do users of a whole body 
natural user interface system enact? 

Springboard users enacted a number of control mappings, including horizontal 

swipes, vertical swipes, hand scales, body-based positioning, and zooming at both small 

and large scales. The range of actions was expected, as was the prevalence of some 

more-common actions.  

7.1.2. Are users consistent with their enactment of control 
mappings over time? 

Most Springboard users were consistent with their control mappings throughout 

the study, and consistency generally increased for each successive activity. It was 

expected that consistency would increase throughout the study, but the relatively low 

number of participants lacking consistency was a surprise. 
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7.1.3. Do users’ enacted mappings conform to isomorphic, 
metaphoric, or conventional control mappings strategies? 

Springboard users enacted a mix of isomorphic, metaphoric, and conventional 

mapping strategies. Controls associated with the isomorphic strategy were the most 

popular. Macaranas observed that isomorphic mappings were well suited for simple 

controls and ‘walk-up-and-play’ scenarios, so this was not a surprise (Macaranas, 2013) 

7.1.4. How do novice and expert users differ in their enacted 
control mappings? 

Overall, enacted control mappings were very similar between novice and expert 

Springboard user groups. Both groups enacted the most popular control mappings in 

equal numbers. This was unexpected; I anticipated there would be more differentiation.  

7.1.5. How do novice and expert users’ enacted mappings differ in 
their conformation to isomorphic, metaphoric, or 
conventional mappings strategies? 

Novice and expert Springboard users enacted isomorphic mapping strategies in 

equal numbers. However, twice as many experts used metaphoric strategies as used 

conventional strategies, and vice versa for the novices. Novice users were more likely to 

draw upon conventions for their control mappings, particularly those from touchscreen 

devices. I expected that these mapping prevalences would be swapped, with expert 

users drawing on conventions from previous whole body interfaces they had used and 

novices basing control mappings on body based metaphors. 

It wasn’t a research question, but there were differences in expert and novice 

consistency. Expert users were more consistent in their actions. One possible 

explanation for this is that their comparatively high distribution of metaphoric control 

mappings lent themselves to actions that existed below the level of subconscious 

thought, a key trait of intuitive interaction (Macaranas et al., 2012b). Novices were less 

consistent, thought that is partially explained by the relative ease with which you can 

forget which way to scroll (especially without immediate system feedback). 
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7.2. Future Work 

One approach to extend my research is to continue developing the Springboard 

system to incorporate some of the more prevalent control mappings generated during 

my study. A good starting point would be to build interactivity around the most frequently 

used Action Types from each mapping strategy. This would mean developing x-axis-

based body movement for isomorphic, horizontal swipes for conventional, and hand 

scales for metaphoric. These control mappings could then be tested independently and 

comparatively for usability, intuitive interaction, awareness, and/or impact. These results 

could then be compared to Macaranas et al.’s isomorphic, conventional, and metaphoric 

control mappings to contrast performance between interaction models developed from 

bottom-up- and top-down approaches. 

A second approach would be to extend the study outside the confines of the 

academic lab environment. A public implementation of the Springboard system would 

yield fresh results that may be more generalizable. A public deployment could be done in 

a structured (e.g. contained exhibit or art piece) or unstructured (e.g. large-scale public 

art) manner. I emphasize capturing as diverse an audience as possible, and preferably 

one that is demographically distinct from the university students and employees that 

largely made up Springboard participants so far. Macaranas (2013) also recommended 

a public implementation of Springboard. 

A third approach would be to address the design suggestion activity data that 

was collected during my study. This information wasn’t necessary to answer my 

research questions, but there are some interesting ideas on how Springboard should be 

configured for a ‘real world’ deployment. I believe analyzing, categorizing, and/or 

implementing these suggestions would be fruitful and shed light on what users believe 

can help facilitate intuitive interactions for a low-affordance (or affordance-free) system. 

Any of these approaches could be combined or performed in series for a more 

ambitious and informative project. 
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7.3. Contribution 

This thesis contributes to research on whole body systems, natural user 

interfaces, and intuitive interaction. I expanded on previous tangibles and embodied 

interaction work in the HCI domain. The thesis findings extend research from Hornecker 

(2012), Antle et al. (2009, 2009a, 2009b, 2011, 2013), Holland (2010), Blackler et al. 

(2002, 2005, 2007), and others. This thesis is an extension of the work performed by 

Macaranas et al. (2012a, 2012b, 2013). This thesis deviated from the prior work by 

removing physical interfaces, reducing research instrument affordances, and adopting a 

bottom-up approach that encouraged users to generate their own control mappings.  

Prior HCI work has included (and even been focused on) components present in 

this research. For example, Radu, Xu, & MacIntyre (2013) describe a bottom-up 

research approach, Bakker et al. (2012) identify metaphors, and Macaranas (2013) 

works with mapping strategies. However, this research’s blending of the components is 

unique. This thesis provides new knowledge by categorizing whole body natural user 

interface user actions generated from a bottom-up study design, determining their fit with 

isomorphic, conventional, or metaphoric mapping strategies, assessing action 

consistency, and comparing results on the basis of natural user interface experience. 

The findings indicate that though expert and novice users deploy isomorphic strategies 

at equal rates, they differ in that experts used more metaphoric strategies and novices 

used more conventional strategies. The study design and participant pool places 

limitations on this kernel of knowledge, but it is worth investigating further to determine 

its veracity. 
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