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Abstract 

Despite the proliferation of Public Large Interactive Surfaces (PLISs), and their potential to provide a 

more engaging and interactive user experience, these surfaces often go unnoticed by passersby, or not 

immediately comprehensible in terms of usage. Current research in addressing this problem involves 

modeling the user-surface interaction through observational studies, and deriving recommendations 

for interface design to facilitate the interaction. This approach is often context-specific, requires 

elaborate setup, and lacks experimental control. To mitigate this problem, an interaction model, 

named DISCOVER, was developed by drawing ideas from classic usability research and focusing on 

the discoverability aspect of the interaction. This approach allows the model to serve as a lens for 

understanding and synthesizing existing work on PLISs, and to be used as an evaluation framework to 

assess effectiveness of potential designs. To accompany this evaluation capability, a laboratory-based 

evaluation methodology was developed to allow researchers to quickly implement and evaluate 

potential designs, particularly for the early stages of interaction that precede the more commonly 

studied explicit and direct interaction (e.g., touches, mid-air gestures). 

Using the model and the evaluation methodology, a proximity-based interaction mechanism using 

animated content and shadow visualizations was designed and evaluated as an effective technique in 

drawing attention from unknowing study participants. A follow-up, more conventional in-the-wild 

study also verified this finding, and further demonstrated the usefulness of shadow visualizations in 

drawing attention from passersby, retaining them, and enticing playful interaction. 

The goal of this thesis is to better equip researchers and practitioners of PLISs with tools that allow 

them to evaluate and improve existing interfaces, and to provide them with insights into designing 

future ones employing better and more engaging technologies. 
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Chapter 1 

Introduction 

Throughout history human-kind has been using surfaces for numerous intellectual activities such as 

portraying visions, recording incidents, organizing concepts, and sharing ideas. These surfaces can be 

as crude as cave walls and clipboards, or as sophisticated as networked digitalized boards. They can 

have various physical configurations (vertical, horizontal, portable or stationary), and various sizes 

(tens of centimeters to a few metres). Surfaces of larger size and scale have long been used in public 

settings, and for a variety of purposes from museum exhibits to notice boards and scrolling billboards. 

Yet, the analog and static nature of these types of surfaces limits them to traditional ñview-onlyò 

displays such as ñsignsò or ñboardsò. With advancement in technology, these once-static canvases 

now have the capability of being responsive to our actions, and can actively communicate with us 

through an interactive interface. One emerging implementation of such responsive technology is the 

Public Large Interactive Surface (PLIS), which is characterized by three main attributes: 1) located at 

an open setting accessible by the general public, 2) large in size so it is visible to people who are in 

various proximities, and can be accessed by multiple parties, and 3) responds to usersô inputs, both 

explicitly (e.g., waving at the surface) and implicitly (e.g. walking towards or away from the surface). 

  

Figure 1-1. A large multi-touch interactive surface installed in two different places Left: at an 

open house event showcasing themed mini-games; Right: at an airport providing information. 

 

PLISs have become an increasingly popular choice for content presentation in public spaces due to 

their ability to show content in dynamic and versatile ways (Figure 1-1). They can now be seen in 

various public venues, such as transportation hubs, museums, information centres and storefronts, 

where they are typically used to provide up-to-date content relevant to the particular location or to 

engage the public in a novel manner (e.g., hand gestures (Ackad et al., 2015), body movements 

(Müller et al., 2012)). Their interactive capability enables these public surfaces to expand their 
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services from unidirectional (e.g., information broadcast) to bidirectional (e.g., interactive inquiry), 

and allows for a wider range of content format and purpose (e.g., mini-games for entertainment or 

learning). Together with advances in user interaction sensing technologies such as multi-touch 

overlays and depth cameras, PLISs provide novel and responsive user engagement that is not possible 

with their traditional static counterparts. 

Yet, the deployment of such technology in a public setting poses unique design challenges that are 

atypical of personal computing or entertainment environment. Given the popularity of personal multi-

touch surfaces (e.g., smartphones, tablets) and interactive home entertainment systems (e.g., big 

screen TV with Microsoft Xbox Kinect, Nintendo Wii U), interactive surfaces are ubiquitous 

commodities to many people in todayôs society. Thus, when first introduced in public spaces, PLISs 

were expected to be quickly adopted and immediately understood by the general public ï their 

familiar form factor like advertising banners or notice boards, and similar interactivity as personal 

devices and home entertainment systems, should allow people to understand and feel comfortable to 

use. However, both short- and long-term studies in various contexts have found PLISs had a low 

utilization rate (Brignull & Rogers, 2003; Hinrichs et al., 2008; Ojala et al., 2012). These studies have 

revealed several contributing factors to this under-utilization; including people simply not noticing 

the PLIS (poor attraction power of the surface), lack of understanding of how to use the PLIS (the 

interface is hard to comprehend), and social inhibition to interact (people not wanting to embarrass 

themselves by making mistakes with the system in public). In contrast to the personal computing 

paradigm, where the system is assumed to have its userôs attention, a PLIS may simply blend into the 

environment and be considered a non-interactive decorative object. Even when noticed, it is difficult 

to engage someone who has no knowledge of how to interact, and thus reluctant to make mistakes 

using such ñnewò system in front of others (Huang et al., 2007). These study findings highlight the 

challenges of designing for interactive surfaces in public settings: the need to capture passersbyôs 

attention, and to provide an engaging and non-socially-inhibiting  interaction experience. 

This thesis aims to address the above challenges, and is summarized in the thesis statement below: 

To provide a systematic approach to model, evaluate, and design interactions 

for Public Large Interactive Surfaces with a focus on drawing attention and 

engaging interaction, thereby better informing the development of their 

interfaces, and ultimately improving their utilization. 
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With the proliferation of PLISs in various venues and contexts, due to their versatility and maturing 

technologies, it is important to make sure they are being used as intended: to reach a large audience 

and engage them in an enjoyable and effective user experience. This outcome is both economically 

desirable (return of money spent on developing and implementing the technologies and their 

anticipated reach for a broader audience), and socially beneficial (people taking part in a more 

engaging experience, individually and collaboratively). In this regard, the findings in this thesis are 

both timely and impactful. 

1.1 Research Problems 

The steps to address the design challenges highlighted by prior research are not trivial, as they involve 

not only the hardware and software design of PLISs, but also the context in which they are deployed. 

This thesis approaches these challenges by first identifying three research problems, which are then 

addressed by their corresponding objectives. 

Research Problem 1: Lack of transferrable recommendations across usage scenarios for PLISs 

To understand the challenges, and subsequently devise interaction techniques to facilitate the 

interaction process unique to PLISs, various models describing stages of interaction have been 

developed, mostly based on field observations (Alt et al., 2012). While relevant to the context in 

which the surface was deployed, the derived design recommendations are often not transferrable to 

other scenarios. For example, having a human assistant drawing attendeesô attention would be helpful 

in a conference setting, but would not be viable for a round-the-clock display in a transportation hub. 

Research Problem 2: Need for efficient and focused evaluation methodologies for PLISs 

When an interaction technique is devised, it is often not trivial to evaluate its effectiveness. This is 

because a technique is often focused on addressing one design challenge, and hence a particular part 

of the interaction process. However, the conventional methodology of evaluation, in-the-wild field 

study or field experiment, requires a fully functional system deployed in the target environment, 

which takes time and effort to set up, and lacks experimental precision (McGrath, 1984). 

Furthermore, deployments in a public place are typically subject to safety and sometimes branding 

considerations, which have to be dealt with before deployment can happen, and therefore require 

expertise and investments beyond interaction and interface design. 
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Research Problem 3: Little work in drawing attention towards and engaging interaction with PLISs  

There has been a large body of work in addressing the challenge of providing an engaging and non-

socially-inhibiting interaction process, for example, catering different forms of engagement (Jacucci 

et al., 2010), increasing cognitive effects (Alt et al., 2013), and incorporating interactive components 

(Hornecker & Stifter, 2006). Yet, there is little work addressing the challenge of capturing unknowing 

passersbyôs attention, and a lack of connection between this and the later stages of the interaction 

process. More specifically, the stage transitioning a passerby from beginning to realize the existence 

of the surface (and the content it is offering) to actively exploring its user interface, is often omitted. 

Such discrepancy leads to a low coherence in user experience (the passerbyôs perception of the 

surface and its content carries through the interaction process), and more importantly, renders much 

of the existing work focused on surface interaction irrelevant, as passersby need to first notice and be 

enticed to interact with the PLISs. 

1.1.1 Research Objectives 

The above research problems are addressed in this thesis through the following objectives: 

¶ To establish a user-centric interaction model describing the interaction process with PLISs. 

The model should be complementary to existing models, and provide additional insights for 

evaluating and designing interfaces for PLISs. This was achieved by combining concepts 

from classic usability research, existing work on PLISs, and from my own observations and 

experiences designing for novel surface interactions. 

¶ To develop a laboratory-based study methodology that complements the conventional in-the-

wild study methodology. It should allow evaluation of interaction and interface designs for 

PLISs, and provide better experimental control while requiring less time and effort to setup. 

This research aimed to validate this methodology by demonstrating that it produced results 

consistent with the conventional methodology (in existing work, and in the follow-up field 

experiment also included in this thesis), as well as insights for further investigation. 

¶ To explore potential overarching interaction techniques that can be used to bridge drawing 

attention and engaging interaction for PLISs. Their effectiveness in drawing attention and 

enticing interaction was evaluated using both the developed interaction model and study 

methodology developed in this thesis. Their connection to the remainder stages of interaction 

to provide a coherent user experience is discussed following the evaluation. 
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1.2 Research Methodology 

This section describes the methodology used in this thesis. First, the informing research fields and 

their relationship with research in PLISs are introduced. Then, the steps taken to address the research 

objectives are overviewed, followed by a brief discussion on how they were achieved. 

1.2.1 Informing Research Fields 

The research in this thesis is informed by three main research fields: classic usability research, 

traditional human-computer interaction, and social science theories, which have recently been applied 

to public interactive systems from different perspectives. The intersection of these three fields 

constitutes the basis of this research in the particular form of large surfaces, as shown in Figure 1-2. 

 

Figure 1-2. Three fields of research informing this research: Classic usability, human-computer 

interaction, and social science theories, under the context of public interactive systems. Each 

field provides a different perspective applicable to any systems including large interactive 

surfaces. Intersection of fields indicate work that draws concepts from the respective discipline. 

 

Classic usability research mostly focuses on attributes of a system1, for example, learnability, 

efficiency, memorability, and rate of error (Nielsen, 1993). Yet, many of them were originally used to 

gauge how effective the system is to improve work efficiency and accuracy. Under the context of 

public interactive systems these attributes have different purposes and priorities depending on the 

stage of interaction, and typically have a higher demand for them being immediately usable (Kules et 

al., 2004), that is, users will not have time to learn and be familiar with the system. These 

characteristics have greatly influenced the development of the interaction model in this thesis. 

                                                      
1 A system is not limited to a computer system, as explained by Norman (2013). For example, light switches. 
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Traditional human-computer interaction (HCI) research mostly focuses on techniques that bridge 

the ñgulf of executionò and ñgulf of evaluationò (Hutchins et al., 1985) particularly for computer 

systems. These techniques have been specialized and evaluated in the context of public interactive 

surfaces from form factors (Inkpen et al., 2005) to input/output mechanisms (Vogel & Balakrishnan, 

2004). On the other hand, a large body of work has explored how interactive systems, as a tool, 

support collaborative activities such as media sharing (Izadi et al., 2003), remote asynchronous 

iterative design (Lucero et al., 2009), and informal and non-urgent communication (Huang et al., 

2006). The lessons learned on user behaviours towards such ñnovelò systems have informed the 

design of interface in other existing work as well as this thesis. In addition, the study methodologies 

designed and/or used in this thesis, followed closely to the standard procedures of HCI research, from 

study setup to data analyses. 

Social science theories in the public interactive systems context refer to the behaviour of a person 

(or a group) under various social circumstances; for example, by oneself, amongst strangers, or in an 

unfamiliar environment, with the systems deployed. This line of research describes the interaction as 

a form of social behaviour (Reeves et al., 2005), and uses the cultural norms as design guidelines for 

interactions (Marquardt & Greenberg, 2012). The understanding of such behaviour helps the design 

of publicly available systems such as PLISs to be more approachable and usable, and has inspired the 

use of proxemics (a social theory) as a design concept in this thesis. 

1.2.2 Steps Taken in Addressing the Research Objectives 

Figure 1-3 shows the steps taken in addressing the research objectives in this thesis. Each step is 

informed by findings from the previous step, as well as related work. 
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Figure 1-3. Various steps taken to address the research objectives in this thesis. Steps are 

grouped and ordered to highlight their relevance and implication to each other. 

 

1.2.2.1 Step 1: Interaction Model Establishment 

The interaction model in this thesis was established with two criteria: 1) be complementary to existing 

models to make the literature more comprehensive, and 2) to provide additional insights for 

evaluating and designing for PLIS systems. 

Criterion 1 was achieved by extensive research in classic usability and review of prior work in 

interaction and interface designs for large interactive surfaces. I examined two complementing 

directions of HCI research (low-level interaction techniques and technologies, high-level use cases 

analyses) to gain a comprehensive understanding in different levels of system implementation. I also 

specifically looked into the theories in social science to understand how interaction was carried out in 

a public environment, and combined this understanding with my own observations and experiences in 

designing PLIS systems. 
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Criterion 2 was achieved by reviewing existing models and frameworks established by other 

researchers in the context of large interactive surfaces. These models and frameworks primarily 

focused on user behaviour within a very specific usage context. Thus, this prior work has limited 

transferability due to the application context being studied, or the specific technologies being used. 

My research, on the other hand, attempts to synthesize the knowledge gained from this prior work, 

representative of a number of contexts and technologies, as well as to incorporate internal cognitive 

states from classic usability literature as the underlying structure; thus enabling the development of a 

user-centric model that provided a more detailed view on the interaction process, particularly at the 

early stages such as notifying and intriguing passersby. 

1.2.2.2 Step 2: Laboratory-based Study Methodology Development 

A commonly used study methodology in the HCI field for PLISs is the in-the-wild field study, which 

typically involves deploying an large interactive surface in its target environment, with researchers 

taking the role of silent observers studying passersbyôs behaviour and reactions to the surface and its 

interface, and documenting the interaction process using computer log and video/audio recording for 

further analyses. While high in realism, this methodology inevitably has low generalizability and 

lacks precision (McGrath, 1984), due to the need for an undisturbed and naturalistic environment.  

In this thesis I developed a laboratory-based study methodology focusing on evaluating a PLIS 

interfaceôs effectiveness in drawing attention and engaging interaction. This methodology addressed 

the shortcomings of in-the-wild field studies by incorporating standard procedures of a laboratory 

study, including between- and within-participant conditions and in-depth questionnaires. 

This way of evaluating the attraction power of the interface design (how effective did the interface 

draw an unknowing personôs attention) had led to an interesting complication: the recruited 

participants could not be informed about the surface, as by doing so would bias their responses. To 

address this complication, I used experimental deception to conceal the real purpose of the study. This 

was achieved by providing a deception task to the recruited participants and omitted any mentioning 

of the surface being evaluated in the beginning of the study. The task was carefully designed to be 

interesting, believable, yet still allowed the researcher to study the attraction power of the interface 

design, and ask in-depth questions to further elicit participantsô feedback. 
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1.2.2.3 Step 3: Studying Promising Design Concepts 

To facilitate the development and validation of the interaction model and laboratory-based study 

methodology, I implemented several visual concepts (adaptive speed/trajectory, and shadow 

visualization) as experimental factors based on literature in cognitive science (low- and high-level 

visual stimuli) and social studies (proxemics theory), and applied them to the studies in this thesis. 

Through the studies I found the shadow visualization (showing of the silhouette of a passerby while 

varying its contrast based on distance) to be effective in facilitating the early stages of interaction. 

This had led me to further explore its use through the entire interaction process, particularly to 

provide a cohesive user experience by building on peopleôs familiarity and expectation of shadows. 

1.3 Research Results 

The established interaction model, DISCOVER, was instrumental in a number of ways. By presenting 

it as a state diagram, and annotating the transitions and states with clearly-defined system-actions and 

user-cognition states, it succinctly identified two application categories of PLISs: opportunistic and 

task-oriented. It was also applied as a lens for understanding and synthesizing existing work on public 

interactive surfaces, as a tool for performing gap analyses to identify discoverability aspects that need 

further study, and as an evaluation framework to assess the effectiveness of potential system designs. 

This model also guided the development of the laboratory-based study methodology using 

deception, which helped minimize the time and effort needed for implementation and evaluation of 

potential PLIS interface designs, especially those targeting the early interaction stages. Using this 

methodology, a pilot and an improved study were conducted to evaluate the use of three visual 

techniques: adaptive speed, adaptive trajectory, and shadow visualization. The results revealed that 

combining shadow visualization with either adaptive speed or trajectory was effective to draw 

unknowing participantsô attention, yet simply mirroring participantsô movements did not 

communicate interactivity (what they could do with the surface) well. These results were consistent 

with existing field study findings, hence validating the methodology. Moreover, through the use of 

questionnaires, the study also provided further insights into participantsô perception of the techniques. 

A follow-up, more conventional in-the-wild field experiment was then conducted, which further 

verified the results. Shadow visualizations were again shown to be effective in drawing attention from 

passersby. Moreover, they were observed to be more effective in inviting interaction (e.g., mid-air 

playful gestures) with the surface. 
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More details of these results are provided in their corresponding chapters later in this thesis. 

1.4 Thesis Contributions and Research Application 

The research results contribute to the research in PLISs in the following aspects: 

¶ Integrating three research fields, namely, classic usability research, traditional human-

computer interaction, and social science theories into a systematic approach to model and 

analyze existing and future interaction and interface designs for PLISs. 

¶ Providing tools, namely, an interaction model, and a laboratory-based study methodology 

to evaluate existing and future interaction and interface designs for PLISs, particularly in 

capturing passerbyôs attention and communicating interactivity. 

¶ Reporting and analyzing experimental results of some of the prominent interaction 

techniques (particularly the application of proxemics, a societal phenomenon describing 

how distance between people impacted their behaviour (Hall, 1966), in designing the visual 

content of the interface), and discussing design implications and recommendations. 

The immediate application of this research is timely and interactive content consumption in a 

public space, for example, surfaces showcasing upcoming events or points of interest in a university 

campus, and approach-and-use surfaces with mini-games for entertainment in lobbies. However, 

research has shown that these systems also offer promises in many other areas. For example, they 

could enhance collaboration and task execution in a working environment (Scott et al., 2003), and 

could facilitate formal uses in areas such as emergency response (Cheung & Scott, 2011; Jiang et al., 

2004) and business meetings (Haller et al., 2010). They also could provide value in areas of education 

(Higgins et al., 2011) and entertainment (Cao et al., 2008). Though the sense of a public setting might 

be less in these areas, the facilitation of interaction with large interactive surfaces would also be 

applicable, especially in the aspect of notifying users and discovering the proper use of the surfaces. 

Such introduction of interactive surfaces for intellectual activities into our working and living 

environments would enable the type of natural interaction we used to have over our history of using 

more traditional, non-digital surfaces, with enhanced effectiveness and efficiency due to their 

interactive capability and computational power, provided that the interfaces are designed properly. 

It is hoped that this research improves the effectiveness of deployed PLISs, as well as enable early 

assessment of PLIS design concepts to aid the overall user-centred design development process. 
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1.5  Thesis Structure 

In the remainder of this thesis, a general background of PLISs is first provided, followed by 

corresponding chapters providing an in-depth discussion for each of the research objectives. Finally, 

important lessons learned across the objectives, and potential future work, are discussed, along with a 

conclusion of this research work. The content in each chapter is as follows: 

Chapter 2 ï Background ï outlines relevant research on large interactive surfaces primarily in 

public settings, including characteristic usecase scenarios, current hardware/software technologies, 

and challenges in the deployment of PLISs. Relevant work in attention, and background for the 

following chapters are also presented. 

Chapter 3 ï The DISCOVER Interaction Model ï presents motivation and details of the 

interaction model established in this thesis, including comparison with existing work and application 

of the model to research and design of interfaces. Part of the model has been published in a peer-

reviewed conference paper titled: 

Cheung, V. 2014. Improving Interaction Discoverability in Large Public Interactive Displays. In 

Proceedings of the Ninth ACM International Conference on Interactive Tabletops and Surfaces (ITS 

'14). ACM, New York, NY, USA, 467-472. 

Chapter 4 ï A Laboratory -based Study Methodology to Investigate Attraction Power of Public 

Large Interactive Surfaces ï presents motivation and details of the methodology design. The 

outcome of this chapter forms the foundation in conducting the studies detailed in Chapters 5 and 6. 

This work has been published in a peer-reviewed conference paper titled: 

Cheung, V. and Scott, S. D. 2015. A Laboratory-based Study Methodology to Investigate Attraction 

Power of Large Public Interactive Displays. In Proceedings of the 2015 ACM International Joint 

Conference on Pervasive and Ubiquitous Computing (UbiComp '15). ACM, New York, NY, USA, 

1239-1250. 

Chapter 5 ï Pilot Study of Animated Content ï describes the experimental setup and procedures 

for the pilot study that employed the methodology presented in Chapter 4, and discusses results from 

the study. This study focused on measuring the effectiveness in drawing unknowing participantsô 

attention to a large wall-mounted surface while carrying out a deception task, by animating the 

displayed content based on user-surface proximity. The outcome of this chapter informed the design 

of the improved study presented in Chapter 6. 
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Chapter 6 ï Improved Study of Animated Content and Shadow Visualizations ï describes the 

experimental setup and procedures for the improved study based on the pilot study, and discusses 

results from the study. This study had a similar focus as the pilot study, but also added the use of 

shadow visualizations based on existing research. A comparison of the results between this study and 

that from existing ones was made to demonstrate the usefulness of the methodology. The outcome of 

this chapter informed the design of the field experiment presented in Chapter 7. This work has been 

published in a peer-reviewed conference paper titled: 

Cheung, V. and Scott S. D. 2015. Studying Attraction Power in Proxemics-Based Visual Concepts for 

Large Public Interactive Displays. In Proceedings of the 2015 International Conference on 

Interactive Tabletops & Surfaces (ITS '15). ACM, New York, NY, USA, 93-102. 

Chapter 7 ï Field Experiment of Animated Content and User Shadow ï explores the use of 

content movements and shadow visualizations as inspired by the findings in the improved study, and 

describes the experimental setup and procedures for the field experiment used to further validate the 

study results in the improved study. A discussion of the results is provided to motivate further 

investigation in using shadow visualizations as an assistive tool in PLISs. 

Chapter 8 ï Discussion ï summarizes lessons learned and findings from the studies described in 

Chapters 5, 6 and 7, and discusses the limitations of the approach taken in this thesis, in terms of the 

methodology itself, as well as the technological shortcomings. A set of design implications and 

recommendations is also provided for reference when designing interaction and interfaces for PLISs. 

Chapter 9 ï Conclusions and Future Work  ï revisits the contributions of this thesis in order to 

confirm each objective stated in Section 1.1.1 was addressed. This chapter concludes the thesis and 

discusses promising avenues for future research. 
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Chapter 2 

Background 

In this chapter, a background on the general usage of Public Large Interactive Surfaces (PLISs) is first 

provided, followed by a brief overview of the current technologies and their impact on the interaction 

mechanisms of PLISs. The consequent design considerations for PLISs are then discussed to motivate 

the subsequent chapters. Specific related work to each of these chapters is also presented. 

This research also draws inspiration from a variety of practices in attention drawing and interaction 

design, from studies in human vision to applications including digital signage and gameplay. A brief 

discussion is included to provide breadth in the subject matter. 

2.1 Large Interactive Surfaces in Public Settings 

Early in the deployment of PLISs, researchers discovered that the nature of their usage is very 

different from the prevalent personal computing paradigm. For instance, there exists various social 

configurations (e.g., individuals, groups, strangers, and acquaintances) in system usage (Peltonen et 

al., 2008), user expectations and ways of interaction are diverse (Hornecker, 2008), and peopleôs 

attention has to be drawn (Müller et al., 2010). This difference leads to new requirements when 

designing interfaces and interaction mechanisms for PLISs. 

2.1.1 Variations in Social Configurations and the Honey-pot Effect 

Being larger in size and publicly available, various types of user configurations are possible with 

PLISs, including individual as well as group configurations (see Figure 2-1). Marshall et al. (2011) 

observed how a multi-touch tabletop was used as a tour planner by visitors in a tourist centre, and 

identified several group configurations (i.e., individuals, couples, families, and strangers), leading to 

different group dynamics and usage patterns. For example, within a group there could be a ñstaggered 

arrivalò with one person starting to use the tabletop, and between groups there could be tension 

between strangers when using the application simultaneously for different plans. Similar variety of 

configurations were also observed in other deployments of PLISs, such as a photo collage at a 

storefront (Peltonen et al., 2008), an installation in a museum (Hinrichs et al., 2008), and a ñfun-factò 

information display downtown (Memarovic et al., 2012), fostering different forms of interaction. 
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(a) An individual interacting with a tabletop. 

Typically the individual will be at the side 

where the text/image is properly oriented. 

Some interfaces faciliate all four sides by 

providing four sets of text/image properly 

oriented to each side. 

(b) A group of two interacting with a 

tabletop. The individuals can be at 

opposite sides, adjacent sides, or same 

side. This depends on the size of the 

tabletop, as well as the relationship 

between them (e.g., strangers, friends). 

  
(c) Two individuals in front of a wall display. 

One interacting while the other observing. 

The observer can be a stranger watching, or 

an acquaintance being shown what can be 

done with the display. 

(d) A group of two interacting with a wall 

display. The two individuals can either 

be acquaintances or strangers, working 

together as a team. It is also possible to 

have multiple groups working on 

different regions of the display. 

Figure 2-1. Various examples of social configurations in using horizontal PLISs (tabletop) and 

vertical PLISs (wall display). A tabletop affords interaction from all four sides, whereas a wall 

display only affords one side for interaction. Individuals can be actively interacting or observing 

others in doing so. Groups can be comprised of acquaintances (e.g., family members, friends) or 

strangers, and with a size between 2 and 5 for PLISs with a typical diagonal of 2 metres. 

 

A frequently observed phenomenon, regardless of the social configurations and within- and 

between-group dynamics, is the ñhoney-pot effectò, where the number of people in the vicinity of the 

system progressively increases (Brignull & Rogers, 2003). This phenomenon is based on basic human 

curiosity and has two main implications to the design of PLISs: 

1. The sight of the ñhoney-potò signifies the social affordance that people can stay and engage 

in something interesting, which is important from the physical design perspective to allow 

this configuration to take place (e.g., provide enough space for people to gather, install the 

surface high enough so people further away can see). 



 

 31 

2. The arrangement of the ñhoney-potò distinguishes involved users into active users and 

bystanders/observers based on their level of engagement (Brignull & Rogers, 2003; 

Peltonen et al., 2008). This distinction can be used to guide the interface design to facilitate 

different stages of interaction and the transition between them (Cheung et al., 2014). 

Such variation of social configurations sets PLISs apart from the conventional personal computer 

interaction paradigm (typically assumes a fixed configuration ï single user actively engaged in the 

interaction with the system), and fosters unique uses of public and personal space (Azad et al., 2012). 

Interfaces for PLISs have to take into consideration on what type of social configuration they may 

have to support, given the deployment context and tasks people may be performing. 

2.1.2 Diversity of User Expectations and Methods of Interaction 

In addition to variations of social configurations, there may also be variations in user demographics 

and any corresponding variation in expectations towards the system. As mentioned in Chapter 1, the 

form factor of PLISs is not unfamiliar in a public setting. It is therefore common for users to perceive 

the surfaces as something that they have already encountered before (i.e. exhibits, notice- and 

billboards). Müller et al. (2010) identified four mental models a user is likely to apply their perception 

on a PLIS (i.e., poster, window, mirror, and overlay) depending on the content and environment. Each 

mental model may lead to different expectations towards the surface. For example, with the poster 

mental model, a user sees the surface as an electronic version of a printed poster being vertically 

attached to a surface (e.g., photo collage (Peltonen et al., 2008)) showing text and graphics content 

typically featured in an analog poster, and might not expect to actively engage with the content 

directly; with the window mental model, a user sees the surface as a portal to a remote, often virtual 

location, inviting them to ñlook insideò through the surface, thus might expect a more involved 

interaction with the other location (e.g., remotely shared media spaces (Müller et al., 2014)). Any 

discrepancy between the interaction modalities and the userôs perception of the surface will result in 

confusion, frustration, and hence resistance to system usage. 

The public nature of PLISs also impacts the way people approach and interact with the system. 

Many people are reluctant to interact with a PLIS because they think they might break it, compromise 

its operation, or upset others in the vicinity (Ojala et al., 2012). Further, they may not want to 

embarrass themselves by acting foolish with others present (Brignull & Rogers, 2003; Reeves et al., 

2005). Such reluctance prevents people from becoming active users, or worse, scares them away.  
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Meanwhile, advances in PLISs input/output mechanisms, such as multi-touch, body movement, 

and gestures have the potential to be fun and enhance the user experience (Reeves et al., 2005). Yet, 

these interaction mechanisms may be unfamiliar to some users, introducing additional barriers of use. 

Previous studies of PLISs have revealed that some people did not interact with the system simply 

because they did not know they could, a phenomenon described as ñinteraction blindnessò (Ojala et 

al., 2012), or because they got confused when the system responded in an unexpected and conflicting 

way (Hornecker, 2008). 

The diversity of user expectations and ways of interaction requires PLISs to be able to elicit the 

desired perception from their users, along with appropriate input/output mechanisms, and within a 

short time (typically a few seconds). This requirement is described as ñimmediate apprehendabilityò 

in exhibit designs (Allen, 2004) and PLISs deployments (Hornecker, 2008; Seto et al., 2012). 

2.1.3 The Need to Draw Peopleôs Attention 

Another often cited observation of PLIS deployments is the lack of attention being paid towards 

them. Despite their large size and typically animated content (e.g., moving images), many passersby 

tend to ignore them. For example, Peltonen et al. (2008) installed a 2.5-metre-wide wall-mounted 

interactive surface at a city centre showing photos related to the city, and reported occasions of people 

not paying attention to the surface (with their back facing it), even when the surface was in close 

proximity. Researchers have attributed this to ñdisplay blindnessò (Müller, Wilmsmann, et al., 2009), 

which has also been reported in subsequent field studies (Müller et al., 2012; Ojala et al., 2012). 

Huang et al. (2008) investigated how the public looked at public surfaces (both interactive and non-

interactive), and identified a number of internal (e.g. content format) and external (e.g. surfaceôs 

position) factors affecting the likelihood for a surface to draw peopleôs attention. They also noted the 

brevity when a passerby looked at a surface (a glance of 1-2 seconds), posing further challenges in 

drawing peopleôs attention long enough to promote further interaction. 

Dalton et al. (2015) took an empirical approach to investigate where people looked in a retail 

context using eye trackers. They argued that the term ñdisplay blindnessò might exaggerate peopleôs 

lack of engagement with the surfaces, and reported ñall but one of the displays [surfaces] were looked 

at by a sizable proportion of the participantsò (p. 3896). Building on this result, they recommended 

simple representations that can be apprehended and understood very quickly (even from a distance), 

which prompt for a ñlook backò, or a possibly longer and more engaged ñsecond glanceò. 
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Catching someoneôs eyes is an important step in attention drawing, but ideally it should be 

prolonged to lead to subsequent interest in engagement. However, facilitating such engagement is 

highly dependent on the context and the environment. For example, an information display in a train 

station can draw attention more easily by simply showing relevant information about trains and 

schedules in a concise manner; whereas an advertising display needs to be more visually appealing to 

capture attention and interest in a more serendipitous nature. These differing motivations have led to 

different strategies in drawing peopleôs attention, as discussed in Chapter 3, and the designs for the 

laboratory studies and field experiment in this thesis, as discussed in Chapters 5, 6, and 7. 

2.1.4 Other Issues in Interacting with PLISs 

Upon examining the underlying technologies (discussed in detail in the next section) and physical 

configurations of PLISs, researchers have discovered several interaction issues with such systems, 

including occlusion (userôs finger covers the target on a touchscreen device) and selection error 

(reduction of contact area to a touch point causes missing of the target), collectively known as ñfat 

fingerò problem (Potter et al., 1988; Wigdor et al., 2009), reachability issues (screen size is too big to 

reach) (Shoemaker et al., 2007), ñgorilla armsò problem (arm fatigue due to prolonged mid-air 

gestures) (Hincapié-Ramos et al., 2014), and territoriality issues (spatial ownership of simultaneous 

users) (Azad et al., 2012; Scott et al., 2004). Much of the active research on PLISs (or large 

interactive surfaces in general) focuses on developing techniques to address some if not all of these 

issues, which only occur when there is a physical interaction with the PLIS. 

This thesis, however, focuses on the early stages of interaction, specifically in drawing passersbyôs 

attention and enticing them to interact. These interaction stages occur before the physical interaction 

takes place, and thus may require other techniques to facilitate. 
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2.2 Current Technologies: A Technical Survey 

Though only recently being deployed in public settings, interactive surfaces of a considerable size 

was first conceptualized in the early 1990s, as an electronic desk for work (Wellner, 1991). Albeit 

originally designed for a single user in a work environment, this concept introduced one important 

notion: direct interaction2 with virtual objects of unscaled sizes through physical actions. Such style 

of interaction has strongly influenced the way PLISs are currently designed. 

A core concept of direct interaction is the ability to manipulate virtual objects physically (e.g., 

using oneôs hands, body), which is realized by a number of sensing technologies, such as electronic 

circuitries and optical devices, in combination with an output screen where content is displayed. This 

section overviews some of these technologies, and discusses their implications on interaction design. 

2.2.1 Multi-touch Surfaces 

A multi-touch surface is a display screen capable of sensing and locating multiple touch points 

simultaneously. To date there are over 10 categories and over 30 variations of technologies achieving 

this capability (e.g. projected capacitive, analog resistive, surface capacitive, surface acoustic wave, 

etc.) (Walker, 2012). While the underlying mechanisms for each of the technologies are beyond the 

scope of this thesis, two of the more commonly used technologies will be highlighted to put the 

research presented here in context. 

2.2.1.1 Vision-Based Sensing 

Vision-based multi-touch sensing is a technology where touch points are being sensed via an optical 

device (e.g., camera, photodetectors). Instead of tracking the touches directly, the optical device looks 

for lights being blocked or reflected by the touches. To prevent interference from the content being 

displayed, Infra-Red (IR) light is used instead of visible light. 

                                                      
2 A similar term, ñDirect Manipulationò was first introduced by Shneiderman (1983) and later refined by 

Hutchins et al. (1985). The definition however only refers to a user action directly mapped to a system action 

(e.g. moving a mouse is mapped to moving a virtual document), rather than having both actions physically close 

to each other (e.g. moving a virtual document by moving oneôs hand via touch). 
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a) General setup of a multi-touch surface using 

Frustrated Total Internal Reflection (FTIR). 

b) General setup of a multi-touch surface using 

Diffused Illumination (DI). 

Figure 2-2. Simplified redraw of the general setup of multi-touch surfaces using various sensing 

technologies, based on the technical report by (Schöning et al., 2008). 

 

The typical setup of a vision-based multi-touch surface includes an IR light source, a transparent 

surface panel for touches and screen projection, and an optical device for tracking (with some 

computer algorithms to filter out noise and distill touch incidents into programmable touch events). 

The advantage of such a setup is that the components are commercially available at a relatively low 

cost (within a few hundred dollars). Han (2005) proposed a low-cost hardware setup that could be 

built using acrylic plastic, IR strips, and a digital video camera with a matching band-pass filter that 

fi ltered out any non-IR lights (Figure 2-2a). An earlier, but similar setup placing the IR light source 

behind the projection surface was also proposed to not only sense touches, but also entities such as 

hands, bodies, and objects (Matsushita & Rekimoto, 1997) (Figure 2-2b). Due to the setupôs 

approachable nature, an online community3 was formed to facilitate enthusiasts and researchers to 

discuss and share their work, and has been active over the past ten years. 

                                                      
3 Natural Interface Group, global research community focused on open discovery of natural user interface 

(http://nuigroup.com/). Last accessed, 30 December, 2015. 

http://nuigroup.com/
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(a) A do-it-yourself multi-touch tabletop 

interactive surface (built to emulate a 

coffee table). Because of the lower height 

the projector had to be fitted at one side of 

the table, leaving only three free sides for 

interaction and without any legroom. 

(b) The multi-touch coffee-tabletop surface in 

action. The IR camera was located at the 

bottom of the tabletop near the base of the 

mirror. Lights had to be dimmed to reduce 

ambient light, and for the projected screen 

to show. 

Figure 2-3. A multi -touch tabletop interactive surface (coffee table) I helped build using the 

setup proposed in (Han, 2005). At that time a projector with normal throw -distance was used, 

hence the mirror at the bottom to increase the projection distance. The bottom of the tabletop 

was completely blocked for the projected screen and IR camera to work properly. 

 

However, such setup requires the sensing optical device (and the projector for a back-projection 

configuration) to be positioned far enough from the back of the surface panel without any objects in-

between for a complete and non-obstructed view. This requirement leads to a horizontal surface 

without any legroom underneath (see Figure 2-3), or a vertical surface requiring extra space into the 

wall. Moreover, it is also susceptible to ambient light sources that also emit IR light (e.g. sunlight), 

interfering with the sensing of the IR light representing touches, resulting in noise and false-positives. 

More recently, interactive surfaces have begun using another technology that places arrays of IR 

light-emitting diodes (LEDs) and photodetectors on the inner sides of a frame, which is typically at 

about one centimeter in thickness and is mounted immediately above a surface (e.g., a projected 

surface or large LCD/LED screen). The IR LEDs emit a specific pattern of flashes which are captured 

by the photodetectors, and the shadows made by the touches are used to deduce where the touch 

points are. Figure 2-4 illustrates one possible configuration of the IR LEDs and photodetectors. 

Variations of this configuration are possible by different placements of the components (e.g., 

interlacing the LEDs and photodetectors). 
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Figure 2-4. Simplified working principle of the vision-based multi-touch sensing technology 

using arrays of IR LEDs and photodetectors. Touches are detected when they create shadows 

on the photodetectors. Drawing is based on the technical review by Walker (2012). 

 

The main advantage of this technology is its ease of installation. Since all the components are fitted 

inside a frame, it is available as an overlay, which can be placed on top of any display screen and 

transforms it into a multi-touch surface. Based on my own experience, the entire installation process 

can take less than an hour (which includes assembling the frame and attaching it to a display screen). 

In comparison to the above technology, this overlay removes the need for space for an IR camera, and 

is more customizable in terms of size and shape of the surfaces it supports through properly arranging 

the IR LEDs and photodetectors. The way the photodetectors are embedded within the overlay also 

allows the technology to be used in the presence of ample ambient light. 

However, this technology relies on the accuracy and resolution of the shadows cast on multiple 

photodetectors, and therefore has limited resolution, speed, recognizable touch object size, and touch 

points (typically up to 20-40). It is also prone to false-positives caused by sleeves, or any object that 

hovers above the surface but is close enough to cast shadows on the photodetectors. PLISs using this 

technology should consider such limitations and be more forgiving with the touch accuracy, and 

robust to unintentional activations. 
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2.2.1.2 Electronic-Based Sensing 

Electronic-based multi-touch sensing is a technology where touch points are being sensed via 

detecting changes in an electric field spread across the interactive surface. The underlying principle is 

when a conductive object (e.g., a human finger) is near an electrode (or a pair of electrodes), the 

capacitance of the prior changes the capacitance of the latter4 (Figure 2-5). By measuring such change 

in capacitance in a grid of electrodes, the positions of touches can be calculated. Touchscreens using 

this technology are therefore generally called ñcapacitive touchscreensò. 

  

a) In self-capacitance technique, a finger 

touch increases the electrodeôs capacitance 

by drawing more current to an extra path. 

b) In mutual-capacitance technique, a finger 

touch decreases the electrodeôs capacitance 

by coupling some of the mutual capacitance. 

Figure 2-5. Simplified working principle of the electronic-based multi-touch sensing technology 

using capacitance. Touches are detected when changes in capacitance at the electrodes are 

detected. Drawings are based on the technical review by Walker (2012). 

 

The main advantage of this technology is its ability to be fully integrated into the interactive 

surface without adding any discernable thickness and weight. Along with a smooth tactile feel 

provided by attaching the electronics behind a cover glass, it is the most-used technology in the 

consumer market (e.g., touchscreen monitors, touchscreen mobile devices). It also has a higher 

resolution and sensing rate than vision-based sensing (though in the order of millimetres and tens of 

milliseconds, and the gap is closing), and is not prone to interference from any light source. 

                                                      
4 An early alternative is to detect completion of a circuit created when a user touches the interactive surface 

(Dietz & Leigh, 2001). The setup can identify which user is issuing the touch with a more elaborate setup 

involving conductive chairs and floor. 
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However, electronic-based sensing relies on the precise layering of the electronics across the entire 

surface, and therefore is not as scalable as the vision-based sensing. To date the largest consumer 

capacitive touchscreen available is less than 75 centimetres diagonally, and is mainly designed for 

personal computing. Also, capacitive touchscreens can only detect touches from conductive objects, 

and thus are limited in modes of interaction (e.g., they cannot natively support tangible interactions). 

 

In summary, multi-touch surfaces are the most-used technology in PLISs because of their availability 

and familiarity in interaction. The variety of technologies and their respective advantages allow them 

to be used in many situations, for example, big and small screen sizes, vertical, tilted, and horizontal 

orientations, indoor and outdoor. Additional input parameters such as pressure (Rendl et al., 2014) 

and angles (Schwarz et al., 2015) have also been explored starting with smaller screens. Yet, in all 

cases, interaction can only occur at a very close distance to the surface, and suffers from problems 

such as ñfat fingerò (finger obscures the content, imprecision in touch detection) (Potter et al., 1988; 

Wigdor et al., 2009) and ñreachabilityò (some areas are out-of-reach) (Shoemaker et al., 2007), thus 

limiting the type of interaction PLISs can support with these technologies. 

2.2.2 Gestural Surfaces 

Gestural surfaces refer to those that recognize a more free-style input beyond mere touches, such as 

hand movements and body positions. Kurtenbach and Hulteen (1990) described this form of input as 

ña motion of the body that contains informationò. As an example, the authors explain that a goodbye-

wave was a gesture, whereas a keyboard-press was not because the motion involved was irrelevant. 

Technologies achieving gestural recognition typically involve using one or more cameras capturing 

the userôs movements and relaying this information to the interactive system. In most cases the spatial 

location of the user is also included via depth-sensing cameras (e.g., Microsoft Kinect5) or motion-

capturing systems (e.g., Optitrack cameras6). 

2.2.2.1 Distance-Sensing Surfaces 

Distance-sensing surfaces use the distance between a user and the surface as one of the parameters in 

interaction. The sensing is typically carried out by a depth-camera analyzing pattern reflected by the 

                                                      
5 https://dev.windows.com/en-us/kinect. Developerôs webpage of Kinect. Last accessed 14 January, 2016. 
6 http://www.optitrack.com/. Product webpage of the Optitrack system. Last accessed 14 January, 2016. 

https://dev.windows.com/en-us/kinect
http://www.optitrack.com/
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sensed space into which a known IR pattern is projected (Freedman et al., 2010). Since the pattern is 

predefined, and the objects in the sensed space distort the reflected pattern, it is possible to 

reconstruct the scene within the range of the camera (e.g., about 4.5m for Microsoft Kinect V2). 

 

Figure 2-6. A setup for a PLIS using a depth-camera (black device on top of the screen 

supported by a tripod). The faint white shadow was a rendering of the tracked body directly 

extracted from the tracking parameters. In this interface design the distance was used to 

determine the contrast (transparency) of the shadow. 

 

Figure 2-6 shows the setup used for the field experiment detailed in Chapter 7. The main advantage 

of this setup is that the depth-camera (Microsoft Kinect V2) mounted to the top of the screen is self-

contained (no extra software setup is required beyond installing a driver to the computer) and comes 

with a software-development kit (SDK) provided by the manufacturer. The SDK provides access to 

various useful tracking parameters such as skeletal information (e.g. joint locations, up to 6 

individuals) and distance from the camera (in the resolution of millimetres, up to 4.5m for reliable 

tracking). Because of this advantage this setup has also been used by many PLIS researchers and 

practitioners (e.g., Grace et al., 2013; Müller et al., 2012; Vermeulen et al., 2015). 
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The disadvantage of this technology is that a clear line-of-sight is required for the distance 

measurements. In a crowded public space this could be an issue as the system might need to be able 

to distinguish and switch between multiple tracked people. Also, distance alone may not be an 

accurate indicator of intention to interact, hence should not be used as the only mode of interaction. 

2.2.2.2 Motion-Sensing Surfaces 

Motion-sensing surfaces make use of a richer set of input parameters besides the distance between a 

user and the surface. These input parameters include orientation, movement, identity, and location 

(Greenberg et al., 2011), which can be used to create a more customized user experience. 

 

Figure 2-7. Illustrative setup of a motion-sensing surface. A rich set of input parameters, such 

as orientation and movement can be provided using the motion-capturing system. Using 

current technologies the user has to wear a number of IR beacons for tracking purposes. 

Redrawn from the ambient display system by Vogel & Balakrishnan (2004). 

 

However, because of these additional input parameters, a more elaborate setup is required. This 

typically involves multiple cameras positioned for clear views at all angles, and a number of tracked 

beacons worn by the user, due to current limitations in tracking technologies (Figure 2-7). As a result, 

motion-sensing surfaces still remain as a proof of concept and are not functionally deployable in 
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public settings. Nevertheless, studies have demonstrated their potential in providing better contextual 

sensing, including the ñinterruptibilityò (openness of a person to receiving information) (Fogarty et 

al., 2005; Vogel & Balakrishnan, 2004), and level of interest (Wang et al., 2012). 

 

In summary, gestures can be used to address some of the problems of multi-touch surfaces (e.g., 

reaching all areas (Shoemaker et al., 2007)), and provide new forms of interaction (e.g., interacting 

through spatial movements (Müller et al., 2012)). Moreover, in contrast to touches where the user 

explicitly performs an action towards the surface, gestures can be considered as an implicit form of 

interaction (Ju et al., 2008). For example, the gesture of the user walking towards the surface could be 

sensed by a gestural surface and interpreted as potential interest. Such inclusion of implicit interaction 

is particularly useful for interaction with PLISs, as will be elaborated in Chapter 3. Nevertheless, 

gestures are limited by their ability to provide affordance and feedback, and have the risk of being 

unnatural to their users (D. A. Norman, 2010). Care has to be taken when designing which gestures to 

use and how they may be perceived by their users. 

2.2.3 Cross-Device Surfaces 

Cross-device surfaces refer to a collection of inter-connected (ideally wirelessly) interactive surfaces, 

where some or all of them support multi-touch and/or gestural inputs. Such technology takes 

advantage of the surfaces by assigning different interaction modes to their respective form factors. 

For example, one or more large surfaces may be used for overview and multiple small surfaces for 

details-view (e.g., comparing map data (Spindler et al., 2010)), or multiple large surfaces for public 

information and multiple small surfaces for personal information (e.g., sharing and exchanging media 

content (Izadi et al., 2003)). 

Cross-device surfaces were often explored as a means to better support collaborative work 

(Wallace et al., 2011), with a focus on collaborative sense making (Wallace et al., 2013), data 

visualization and exploration (Spindler et al., 2009), and information transfer (Marquardt et al., 2012). 

With the proliferation of mobile personal devices, researchers have begun investigating the 

combination of such devices and PLISs (e.g., browsing shops in a mall (Masuko et al., 2015)). 

While similar to systems supporting collaborative work in terms of device composition (large 

surfaces and small personal devices) and modes of interaction within each individual devices (e.g., 

touch, movement), the overall interaction in the context of PLISs may be very different: personal 
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devices as representations of individuals directly interacting with the PLIS but not with each other 

(c.f. all individual devices connected to each other (Hamilton & Wigdor, 2014), and a yard-scale one-

few ecosystem where both the surface and personal devices are managed by users (Terrenghi et al., 

2009)). Because of this difference, the typical inter-connection model is a client (personal devices)-to-

server (the large surface) (Kaviani et al., 2009) instead of a peer-to-peer model, and the personal 

devices being used as ñpersonal remote controlsò (Figure 2-8). To further understand the implication 

of this model, I developed a taxonomy of interaction mechanisms for cross-device surfaces in the 

PLIS context (Cheung et al., 2014), summarized in Table 2-1. 

Table 2-1. A taxonomy of cross-device surfaces interaction mechanisms in the PLIS context. 

Both the large surface (LS) and the person device (PD) can be used as input only (I), output 

only (O), or as both input and output (I/O). Direct interaction refers to both the physical and 

system actions take place at the same surface, indirect interaction refers to physical actions and 

system actions taking place at different surfaces. 

*A detailed version with illustrative examples can be found in (Cheung et al., 2014). 

 Large Surface (LS) 

I/O I  O 

P
e

rs
o

n
a
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D

e
v
ic

e
 (

P
D

) 

I/O 

Both LS and PD act as control 

and display, and provide 

in/direct interaction 

Indirect control of PD, which 

still allows direct interaction 

Indirect control of LS, with 

feedback and/or indirect 

interaction on PD 

I  
Indirect control of LS, which 

still allows direct interaction 
No output 

Indirect control of LS, neither 

allow direct interaction 

O 
Direct interaction on LS, PD 

controlled indirectly 

Indirect control of PD, no 

direct interaction 
No input 

 

The most commonly used category within this taxonomy is the combination between a large 

surface being used as an output channel, and personal devices being used as both input and output 

channels (top-right in Table 2-1). This category closely mimics the ñpersonal remote controlò usage 

and is typically achieved by the personal devices sending interaction data (e.g., touch events, 

orientation angles) via an internet connection to a computer, which interprets the data and applies 

them as input to the content displayed at the large surface (Brignull & Rogers, 2003; Cao et al., 2008; 

Carter et al., 2004; Dearman & Truong, 2009; Izadi et al., 2003; Kaviani et al., 2009). In some cases 

the content would also be transferred back to the personal devices using the same connection 

(Dearman & Truong, 2009; Kaviani et al., 2009; Müller et al., 2008). 
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Figure 2-8. Typical client (personal device)-to-server (large surface) inter-connection model in 

the context of PLISs. Interaction data (e.g., touch events, orientation angles) are sent from each 

personal device to the computer acting as a server via the Internet (e.g., 3G, WiFi), and are 

interpreted and applied as input to the content displayed at the large surface. Personal devices 

are not connected to each other in this model. 

 

In summary, cross-device surfaces provide a more personal experience in interacting with PLISs, as 

achieved by appropriately disseminating information to respective devices. They also allow a greater 

variety of interaction by appropriating interaction modes to the devicesô sensing capabilities (e.g., 

content selection in the PLISs by tilting a personal mobile device (Pietroszek et al., 2014)). However, 

this technology relies on the availability of personal devices for a complete experience, and in most 

cases, a wireless connection (e.g., WiFi, mobile data), which might not be available at the deployed 

location. Also, additional application installation may be required on the personal device for more 

sophisticated interactions, which might deter usage given the serendipitous nature of many PLISs. 

 

Understanding the advantages and disadvantages of the technologies available for the implementation 

of PLISs is crucial to their successful utilization. In this thesis, such understanding was used to inform 

the development of a PLIS system combining multi-touch and gestural surfaces. Specifically, visual 

elements were appropriated according to the capabilities of the multi-touch and depth-sensing 

hardware (detailed in Section 7.2.3). The design implications, as well as future research direction 

related to the use of and capabilities of these technologies, will be discussed in Chapters 7, 8, and 9. 






































































































































































































