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Abstract 

Interactive displays are increasingly deployed in various locations, such as 
shopping malls, train stations, and universities. However, the complex 
and unpredictable nature of public and semi-public spaces introduces 
many challenges and limitations for the use and evaluation of interactive 
displays. Interactive displays are at the mercy of a range of external forces, 
such as the weather, people, and other technology that can interfere with 
the displays in different ways. Moreover, the evaluation of interactive 
displays is difficult and time-consuming, which calls for the investigation 
of new, streamlined evaluation methods. 

At the same time, mid-air gestures have recently surfaced as a new 
interaction modality, but they have not been widely used, for instance, to 
interact with information displays. Even more so, the unique advantage of 
gestures—being able to interact from a distance—has not been fully 
utilized. This ubiquity of gestures enables scenarios that are not possible 
or require considerably more effort using other interaction modalities. An 
ideal use case for this is the transferring of content from a display to a 
personal mobile device using gestures, as users do not need to walk up to 
the display. 

The overall aim of this dissertation is to help design meaningful and 
streamlined gestural interactions and to assist with the deployment and 
evaluation of interactive systems. Because this objective revolves around 
several areas within the field of human-computer interaction (HCI), I have 
divided this work into three themes, each with a distinct research question. 
First, I study issues regarding the deployment and evaluation of 
interactive displays. Although this theme is not limited to any particular 
modality, the results are especially useful for gesture-controlled systems. 
Second, I focus on the design and usability of gesture-controlled interfaces. 
Finally, I study the design and user experience of mid-air gestures for 
cross-device interactions, in particular, for content transfer between 
displays and personal mobile devices. Hence, the research questions are as 
follows: 

 RQ1: What external factors affect interactive displays, and how can long-
term evaluations of interactive displays be streamlined without 
considerable use of resources? 

 RQ2: What techniques and design principles should be used for gesture-
controlled information displays to provide an efficient and usable 
experience? 
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 RQ3: Can mid-air gestures be employed to enable seamless, low-effort 
exchanging of information between displays and mobile devices, and what 
is the user experience of such interactions? 

I developed four interactive display applications to carry out the studies 
presented in this thesis. The first two were utilized to address RQ1 and 
RQ2, and were deployed in both laboratory and public settings. The 
remaining two applications primarily contributed to RQ3 by allowing the 
transfer of content from the display to a mobile device using mid-air 
gestures.  

In addressing RQ1, I first investigated what kinds of external factors affect 
public display deployments. I discovered six types of external factors and 
found that their effects are most often negative. Furthermore, I produced 
guidelines to help other researchers recognize and deal with external 
factors in their public deployments. Second, I investigated whether 
evaluations of large-scale public deployments could be automated, to 
some extent. Through an analysis of extensive interaction and skeletal 
data collected during a public display deployment containing the data of 
more than 100,000 passersby, I showed that meaningful findings can be 
reached by programmatically analyzing logged data. This process is useful 
especially for evaluating the long-term usage of public displays utilizing 
gestural or proxemic interactions. 

To address RQ2, I conducted two studies. First, I investigated techniques 
to improve target selection in freehand pointing interfaces. Through a 
rigorous review of existing work, I designed and evaluated a technique 
called the magnetic cursor. The magnetic cursor significantly improves 
pointing speed and accuracy, and it alleviates physical fatigue during 
target selection. Second, I evaluated the use of a gesture-controlled 
application in both laboratory and public settings, and provided 
guidelines for designing similar applications. 

Finally, three primary findings provide answers to RQ3. First, I propose a 
novel location-based solution to automatically recognize which mobile 
devices in the space belong to each person. Consequently, users do not 
need to set up a connection or even interact with the mobile device to 
transfer content to it from the large display. Such novel pairing methods 
are a fundamental part of enabling seamless and natural cross-device 
interactions. Second, I show that using mid-air gestures in combination 
with the pairing method for content transfer scenarios provides an 
impressive and promising user experience. Third, I successfully combine 
different gestural interaction techniques within the same system, which 
suggests that mid-air gestures can be used for more advanced interactions 
than what existing research has suggested. 
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1 Introduction 

Interactive displays are increasingly deployed in various locations, such as 
shopping malls, train stations, and conference rooms. Interactive displays 
provide information, services, and entertainment, and enable users to 
complete a variety of tasks. 

However, it is difficult to successfully deploy and research interactive 
displays in real-world settings. In particular, two problem areas can be 
identified that require more attention from the research community. First, 
various properties of and phenomena in public and semi-public spaces 
often introduce many surprising issues. For instance, deleterious weather 
may destroy hardware, and events held at the location may result in 
stands and crowds that hinder the visibility of, or block access to, the 
display. It remains unclear exactly what kinds of external forces there are, 
what the extent of their effects is, and how they could be effectively 
mitigated. Second, it is demanding to evaluate interactive displays in the 
wild. Common evaluation methods, such as on-site observations, 
interviews, and video logs, are time-consuming and often unrealistic for 
long-term evaluations. This limitation calls for more advanced and less 
resource-intensive evaluation methods. 

Meanwhile, mid-air gestures have surfaced as a new interaction modality. 
However, mid-air gestures have largely remained a platform for games 
and playful applications, and have not been widely used in more serious 
contexts, for instance, to interact with information displays. Therefore, it 
remains unclear how such interactions are experienced and perceived, and 
how gesture-controlled interfaces should be designed for serious and 
immediate use. 
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Mid-air gestures allow interaction to begin seamlessly without the need 
for approaching the display, which enables scenarios that are not possible, 
or require considerably more effort, when using other interaction 
modalities. One such case is the transferring of content from an interactive 
display to a personal mobile device. Imagine, for instance, walking past a 
display some distance away that presents interesting content. Without 
ever even stopping, with a simple hand gesture, that content would be 
transferred to your personal device for later consumption. As such, this 
dissertation is partly built around the vision of truly ubiquitous spaces, 
where devices, such as displays, can be interacted with at will from 
anywhere in the space to enable seamless, efficient (cross-device) 
interactions with technology. However, as pointed out earlier, it remains 
unclear how mid-air gestures perform and how they should be designed 
in serious contexts. With these advanced and seamless use cases in mind, 
it further remains unclear how mid-air gestures actually perform in such 
scenarios and how users perceive such interactions. Another notable point 
here is that enabling such seamless scenarios also requires innovative 
solutions on a system level, which I will delve into towards the end of this 
thesis. 

In this dissertation, I provide an understanding of and solutions to the 
research problems described above. Understanding the effects of the 
deployment space on newly deployed technology, for example, interactive 
displays, and providing tools for evaluating such displays on a large scale 
are crucial to creating interactive systems that consistently find their users 
and remain accessible and usable throughout their life cycle. Moreover, 
understanding how people perceive and engage with gesture-controlled 
systems and researching various gestural interaction techniques provide 
more opportunities for seamless interactions with technology. 

1.1 OBJECTIVE 
The overall aim of this dissertation is to help design meaningful and 
streamlined gestural interactions and to assist with the deployment and 
evaluation of interactive systems. This goal encompasses several research 
problems revolving around interactive displays, mid-air gestures, and 
cross-device interaction. Therefore, I have divided this work into three 
distinct themes, which I will present next. 

Theme 1: Deployment and Evaluation of Interactive Displays 

The research community has actively studied interactive displays. One of 
the main focus points for current research has been how users (passersby) 
behave around and engage with interactive displays. However, given the 
sheer complexity of this field regarding, for example, the deployment of 
interactive displays, usage patterns, and evaluation methods, much 
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remains to be researched. I have identified two distinct gaps in the current 
research, which I aim to address through this theme. 

First, it is unclear how different properties and phenomena within and 
around the deployment space affect the display and its use. This gap was 
identified through several public display deployments, all of which 
suffered from a range of surprising issues that were caused by external 
factors. For instance, motion tracking sensors that enable interaction with 
the display can be blocked by other objects, and crowds can prevent access 
to the display. While some existing research deals with challenges in 
deploying interactive displays in the field (Harris et al., 2004; Storz et al., 
2006; Dalsgaard & Halskov, 2010), none focuses on the  source of the issues, 
which calls for a systematic investigation of external factors. 

Another gap can be found in research methods that are prominently used 
to evaluate interactive displays. A common approach is to deploy 
researchers in the field, who then observe the usage of, and behavior 
around, the display. While this method can provide deep insight into the 
usage of the display, it is limited by human capabilities and is time-
consuming, making it particularly unsuitable for studying the long-term 
usage of a display. At the same time, some display installations utilize 
interaction logs; however, the logs are mainly used to complement other 
research methods and are often manually analyzed (e.g., Schmidt et al., 
2013; Müller et al., 2014a; Walter et al., 2014; Ackad et al., 2015). It is 
worthwhile, then, to investigate whether such logged data could be 
extended and used more systematically to alleviate the need to deploy 
researchers in the field. 

Gathering these two gaps in this widely researched area, then, leaves the 
following research question unanswered: 

RQ1: What external factors affect interactive displays, and how can long-term 
evaluations of interactive displays be streamlined without considerable use of 
resources? 

Theme 2: Interaction with Mid-Air Gestures 

Interacting with mid-air gestures has long belonged to the realm of sci-fi 
movies. For some time, such gestures materialized in crude, equipment-
intensive prototypes. However, the rise of inexpensive motion recognition 
hardware, primarily the Microsoft Kinect, made way for gestural 
interaction in gaming and other experiential contexts wherein the human 
body and its movements serve as input with no external controllers. 

Mid-air gestures have not been extensively studied in terms of usability, 
user experience (UX), and design. In particular, mid-air gestures have 
been largely overlooked in non-playful contexts, such as interaction with 
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public information displays. Therefore, within this theme, I aim to answer 
the following research question: 

RQ2: What techniques and design principles should be used for gesture-
controlled information displays to provide an efficient and usable experience? 

The goal is to provide usable gestural interactions to non-expert users. 
Immediate usability and learnability are key factors in this area, as people 
in public and semi-public spaces tend to interact with displays for only a 
short while. 

Theme 3: Content Transfer between Interactive Displays and Mobile Devices 
Using Mid-air Gestures 

Different methods for transferring content between devices, namely, 
between public displays and personal mobile devices, have been actively 
evaluated and proposed. However, to the best of my knowledge, mid-air 
gestures have not been previously utilized for content transfer. Rather, 
current methods employ touch interactions, and some setups exhibit gaze, 
for example, although these proposed methods are experimental in nature 
and require additional hardware. 

Content transfer can greatly benefit from mid-air gestures, as they allow 
interaction from a distance, with no need to approach the display from 
which the content is being taken. Ultimately, I envision ubiquitous spaces 
wherein people can transfer information at will from far away, without 
needing to deviate from their path at all, or even without the need to stop 
walking. 

In investigating the previous theme (and addressing RQ2), I received a 
fundamental understanding of how interaction with mid-air gestures 
should be designed. Nevertheless, it is largely unclear how mid-air 
gestures perform in content transfer scenarios, and even more importantly, 
what the user experience and acceptance of such interactions are. 
Furthermore, it is unclear whether these unique use cases affect gestures 
and their design, as well as what kinds of new challenges may arise. 
Therefore, in this theme, I aim to answer the following research question: 

RQ3: Can mid-air gestures be employed to enable seamless, low-effort exchanging 
of information between displays and mobile devices, and what is the user 
experience of such interactions? 

1.2 CONTEXT OF RESEARCH 
The work presented in this thesis lies in the field of human-computer 
interaction (HCI). The main focus of this research is the design, 
performance, and user experience of the gesture-controlled systems 
developed and their inherent interaction techniques. 
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Much of the research presented in this thesis is conducted in public or semi-
public spaces. Public spaces generally refer to high-traffic locations that 
people can enter and exit freely, such as city centers and shopping malls. 
Semi-public spaces generally refer to locations with a more focused 
demographic, such as universities. However, it is notable that such 
locations rarely conduct any explicit control over who spends time in that 
space. In this regard, in the context of this dissertation, there is little 
difference between public and semi-public spaces. I use these terms rather 
vaguely, mainly to separate such locations from controlled research 
settings like laboratories, as well as from those where only select 
individuals are allowed entry, such as certain work environments. 

Interaction technique refers to a specific design and implementation of a 
mechanism that can be used to interact with a system to carry out a 
specific task. In research, for instance, we might design and implement 
several interaction techniques that all achieve the same result. This gives 
us the opportunity to evaluate and compare the techniques to assess the 
strengths and weaknesses of each. 

Mid-air gestures (or in-air gestures) generally refer to the use of physical 
movement as input. In this thesis, I limit this term to cover vision-based, 
at-a-distance interaction without external hardware, such as handheld 
controllers. For instance, from a distance, a user can point with her hand, 
in mid-air, at elements on a display to select an element or trigger an 
element-specific action. Note that gestures exist in other modalities as well; 
however, they are outside the scope of this dissertation. Therefore, in this 
thesis, I use gestures and mid-air gestures as synonyms, and I employ the 
term gesture-controlled interfaces to refer to interfaces with mid-air gestures 
as input. I present an overview of gesture interface types in Chapter 3.1, 
wherein I discuss this topic in more detail. 

User experience (UX), generally, refers to a user’s subjective experience 
with and feelings about a system, product, or interaction. I use this high-
level definition to encompass most existing definitions within it (see, e.g., 
All about UX, 2018). I approach the measurement of user experience from 
assorted perspectives based on the system and interaction being studied 
as well as the research questions I aim to answer.  

1.3 METHODOLOGY 
This work consists of six studies, employing a variety of research methods 
and approaches.  

In Publication I (Mäkelä et al., 2017a), we conducted an extensive 
literature review of 71 papers to collect issues with public display 
deployments. We then used affinity diagramming to categorize and 



…
…

…
…

…
 

 6 

further analyze the collected issues. In Publication II (Mäkelä et al., 2017c), 
we investigated the benefits and limitations of a research method that 
involves the automated analysis of logged interaction, skeletal, and 
location data of passersby during a long-term public display deployment. 
We deployed a gesture-controlled display at a university campus for one 
year, during which time logged data was collected. We then applied our 
proposed evaluation process to this data to assess whether valid findings 
could be reached. 

For the four remaining publications, the main contribution was a user 
study and a system prototype. We first designed and developed a 
functional large display application prototype, the design of which was 
based on existing research, whenever possible. Subsequently, the 
prototype was set up either in a public or a laboratory setting (or both), 
depending on the aim of the study. In the studies, participants carried out 
specific tasks representing realistic use cases with the developed prototype. 

In the user studies, mixed-method approaches were used to gather a set of 
both qualitative and quantitative data. These consisted of, for example, 
interaction logs, video and audio recordings, questionnaires, and 
interviews. The key factor was to overlap these methods somewhat for 
them to support each other’s findings and to gain further insight on the 
researched phenomena. For instance, interaction logs and questionnaires 
could provide information on the user’s performance and experience with 
certain interaction techniques, and interviews could further explain why 
the user performed and felt like he or she did. 

The research methods employed will be presented in more detail in 
Chapter 6, when I discuss the six studies that form this dissertation. 

1.4 RESULTS 
Regarding the first theme and research question, I first set forth a 
taxonomy of external factors (Mäkelä et al., 2017a) that affect interactive 
systems: weather, events, surroundings, space, inhabitants, and vandalism. 
Furthermore, I present examples of each external factor and considerations 
to prepare for and adapt to these factors. Second, I propose and examine a 
semi-automated process (Mäkelä et al., 2017c) to evaluate interactive 
displays and their usage. 

For the second theme, wherein I move towards gestural interaction, I first 
propose and evaluate a technique that aims to address some of the 
problems with physical freehand pointing interfaces by making the 
acquisition of, and interaction with, interactive onscreen elements easier 
(Mäkelä et al., 2014a). Second, I evaluate the usability and user experience 
of a gesture-controlled information display (Mäkelä et al., 2014b), through 
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which I present recommendations to guide the future designs of gesture-
controlled interfaces. 

In the third theme, I utilize mid-air gestures specifically for transferring 
content from situated displays to personal mobile devices. Mid-air 
gestures have not been previously used for such a purpose. Hence, it is 
unclear how mid-air gestures in such scenarios should be designed, what 
the user experience and efficiency of such interactions are, and what 
challenges arise from the use of both public and personal devices during 
gestural interaction. 

First, I investigate how interaction with a mobile device and a proxemic 
device (an NFC reader) affects gestural interaction when integrated into 
the same infrastructure (Mäkelä et al., 2016). Our results show that such 
integrations are problematic, especially since interacting with a mobile 
device easily interferes with gestures. We solve this and several problems 
with the SimSense system, with which users can transfer content to their 
mobile device using mid-air gestures while keeping the mobile device in 
their pockets (Mäkelä et al., 2017b). In this final study, we show that mid-
air gestures are well suited for seamless content transfer interactions and 
can offer an impressive user experience. 

The results are useful to researchers, practitioners, and designers in many 
ways. First, the results assist with the successful deployment of interactive 
systems in the wild and help evaluate their usage. While these results are 
not limited to specific ways of interaction, the results are particularly 
practical for interactive displays with motion-tracking capabilities and, 
therefore, displays that utilize mid-air gestures as input. Second, the 
results give insight into how people engage and perceive gesture-
controlled systems, and help with the design of usable gesture-controlled 
systems. Third, the results show the promise and positive experience of 
mid-air gestures for advanced content transfer scenarios, which in turn 
offer a way forward for new research in this domain. 

1.5 STRUCTURE 
This dissertation is a compound thesis consisting of six original 
publications and their summary. In the next three chapters, I present the 
backgrounds of the three themes and research questions presented above. 
Chapter 2 deals with the deployment and evaluation of interactive 
displays, as well as the user behavior and phenomena around interactive 
displays. Chapter 3 discusses existing work concerning interactions with 
mid-air gestures. Chapter 4 presents existing methods for cross-device 
interaction, primarily, content transfer between public and personal 
devices. In Chapter 5, I present the four interactive display applications 
that were created to carry out this work. In Chapter 6, I introduce and 



…
…

…
…

…
 

 8 

summarize the six publications contributing to this thesis. Finally, I 
discuss the results in Chapter 7. 

Note that the three themes are not a chronological representation of the 
work done in this thesis. Work on the themes was partly done in parallel, 
and the first theme in particular (the deployment and evaluation of 
interactive displays) slowly materialized during my work on themes 2 and 
3 as I gained more experience with interactive displays. Therefore, I have 
organized this categorization for the sake of clarity, to help focus on one 
aspect of this research at a time. Another way to perceive this 
categorization is that I employ a top-down approach, wherein I first 
research interactive displays on a higher level, then move down to the 
more focused topic of interaction with mid-air gestures, and then further 
down into seamless cross-device interaction. 
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2 Deployment and Evaluation 
of Interactive Displays 

Interactive displays have surfaced in various environments in recent years. 
For instance, shopping malls deploy interactive displays near entrances 
through which visitors can access relevant information in the form of 
maps, opening hours, and discounts. As another example, train and bus 
stations commonly offer interactive displays for purchasing tickets. 

The research community has been increasingly interested in interactive 
displays, namely, interactions with and behavior around such displays. 
Hence, a substantial number of interactive display prototypes with a large 
degree of variance in design, purpose, and research goals have been 
deployed and studied in different settings. A highly successful example of 
such research-driven deployments is the UBI-hotspot project (Ojala et al., 
2010). UBI-hotspots are interactive touchscreens installed in diverse 
indoor and outdoor locations around the city of Oulu, Finland (Figure 1). 
Another good example of large, long-term deployments is the e-Campus 
system, a network of interactive screens at Lancaster University (e.g., 
Davies et al., 2009, 2014). 

Despite the research community’s interest and work concerning 
interactive displays, I have identified two prominent gaps in the current 
research. As such, this section shows the research gaps that led to the first 
research question of this dissertation, the answers to which I provide in 
Publications I and II: 

RQ1: What external factors affect interactive displays, and how can long-term 
evaluations of interactive displays be streamlined without considerable use of 
resources? 
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This dissertation concerns interactive displays generally and is not limited 
to specific types of settings. However, in this section, and when I address 
RQ1, I primarily investigate interactive displays in public spaces. This 
makes sense because public spaces are rarely controlled by those 
conducting research and deploying interactive displays, which may bring 
forth many challenges and aspects that would not exist in other settings. 
In addition, public spaces are inhabited by a great many non-expert users, 
offering a chance to collect more data from authentic users. Therefore, I 
argue that addressing RQ1 in the public context leads to more 
comprehensive results. 

 

Figure 1. UBI-hotspot, an interactive public display, in downtown Oulu, Finland (Ojala et 
al., 2010, Figure 1, © 2010 IEEE). 

The remainder of this chapter is divided into three subsections. Section 2.1 
presents an overview of how people act around and interact with 
interactive displays. The literature presented in this section partly drives 
the design of the systems developed to carry out this research; the designs 
of the studies, including the methodologies used; and the low-level 
research questions. 

Section 2.2 discusses the complexity and challenges of public spaces and 
the deployment of interactive displays, and shows there is room in current 
research for a systematic investigation of external factors within public 
spaces. This gap is closed with Publication I (Mäkelä et al., 2017a), which 
is presented later in Chapter 6. 
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Section 2.3 presents the prevailing research methods in public display 
research, and shows that the methods used especially within in-the-wild 
studies, while usually resulting in valid findings, are often resource-
intensive and time-consuming. As a solution, I present a semi-automated 
evaluation process in Publication II (Mäkelä et al., 2017c), which I argue is 
especially useful for long-term deployments. 

2.1 USAGE PATTERNS WITH AND BEHAVIOR AROUND INTERACTIVE 

DISPLAYS 
The behavior of passersby—and potential users—around interactive 
displays is a largely researched, yet complicated topic. Interactive public 
displays must overcome a wide variety of challenges. For example, they 
must attract the attention of passersby, motivate them to interact with the 
display, offer interesting and meaningful content, utilize usable and 
intuitive interaction mechanics, and offer new and exciting experiences. A 
multitude of frameworks and guidelines have been proposed aimed at 
assisting the design and deployment of public interactive displays. 
Moreover, a wide range of different behavioral phenomena around public 
displays have been identified. 

Michelis and Müller (2011) present the Audience Funnel framework that 
depicts six phases of public display interaction: passing by, viewing and 
reacting, subtle interaction, direct interaction, multiple interactions, and 
follow-up actions (Figure 2). The final stage, follow-up actions, refers to 
any activity related to the display that takes place after the interaction, for 
instance, taking a picture of the installation. One of the important 
realizations in the Audience Funnel framework is that, unlike many other 
computing technologies, such as desktop computers, interaction with 
public displays begins before the user has decided to interact with the 
display or before the user is even aware of the display. As such, the 
display needs to first draw the attention of passersby and then motivate 
them to interact (Müller et al., 2010).  

 

Figure 2. The Audience Funnel (Michelis & Müller, 2011, Figure 6, © 2011 Taylor & 
Francis Group, LLC). 
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Vogel and Balakrishnan (2004) presented four phases of interaction with 
public displays: ambient display, implicit interaction, subtle interaction, 
and personal interaction. Although they constructed these phases for 
particular types of displays, that is, displays that change to show more 
personal content when the user nears and begins to directly interact, some 
key similarities with the Audience Funnel can be recognized. First, both 
frameworks agree that displays should acknowledge and react to 
passersby to communicate their interactivity and to entice interaction. 
Second, for new users, interaction comes in different phases when they 
first, for example, try to wave their hand to see what happens before fully 
engaging with the display. Similarly, interactive displays should respond 
to this behavior to provide cues about how the interaction works. 

Parra et al. (2014) complement the process of drawing attention and 
motivating users by adding that some installations may also contain an 
additional step, the “final goal,” after the interaction. In their awareness 
campaign, the goal was to entice a public display’s users to visit a website 
after the interaction; however, only a very small fragment of users (0.10%) 
did so. 

As pointed out by the frameworks above, it is crucial to attract the 
attention of passersby and motivate them to interact. However, achieving 
these objectives may be surprisingly difficult, as many factors and 
phenomena are involved. People do not typically go out and look for a 
public display. Rather, they stumble upon it, which highlights the need for 
adequate motivation (Müller et al., 2010). Additionally, the nature of the 
location also plays a role, as people in relaxed settings like swimming halls, 
tend to be more inclined to interact with a display than people in busier, 
more hectic locations (Ojala et al., 2012). Ojala et al. (2012) further note that 
people are hesitant to use technology in public. People are afraid that they 
might break something, disrupt the installation, or bother other people in 
the space. Moreover, not wanting to interact in public may also be due to 
the fear of embarrassment (Deterding et al., 2015). Especially for shy 
people, it might be embarrassing to gain the attention of others while 
interacting with displays, that is, possibly acting in unexpected ways. On a 
related note, recent work by Gentile et al. (2017) reports that the presence 
of unrelated people (a “passive audience”) is connected not only to users’ 
willingness to interact, but also to how much distance users prefer to keep 
from the display. For instance, if there are people sitting close to the 
display, users prefer to interact from further away. 

The above-mentioned issues all point to the fact that there is often a high 
initial threshold for interacting with displays. However, when this initial 
barrier is overcome, people tend to be more willing to interact. This is due 
to the honeypot effect (Brignull & Rogers, 2003), which refers to increased 
attention through existing users: passersby pay more attention to a display 
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and are more willing to interact with it if they see other people using it. 
Afterwards, the honeypot effect has been observed in many studies (e.g., 
Hardy et al., 2011; Müller et al., 2012). People interacting in groups also 
tend to interact longer, as witnessed by Perry et al. (2010). This can be due 
to many reasons. For instance, group members may instruct and 
encourage each other to interact. Alternatively, they may take turns or 
discuss the system. 

However, group dynamics are complex, and while they generally lead to 
positive effects regarding public displays, they can also lead to a form of 
social pressure. For instance, Hardy et al. (2011) noticed that if one 
member of a group was interacting, others in the group had a tendency to 
lose interest more quickly, which resulted in them leaving and forcing the 
one interacting to halt the interaction and rejoin the group.  

Ten Koppel et al. (2012) studied the effect of different form factors for 
several adjacent public displays and found that juxtaposing screens in a 
line led to the strongest honeypot effect. Müller et al. (2014a) further 
quantified the honeypot effect in a study in which several interconnected 
interactive displays were deployed around a university campus. They not 
only observed an increase in users and interaction times through the 
honeypot effect, but they also discovered a remote honeypot effect. That is, 
seeing the representations of users interacting in a different location on the 
screen made passersby more likely to start interacting. 

A frequently observed issue with public displays is known as display 
blindness (Müller et al., 2009): passersby generally only glance at or 
completely ignore public displays, assuming that displays’ content is 
neither useful nor interesting. Huang et al. (2008) noticed that other 
attributes, such as the display’s elevation, have an effect, suggesting that 
displays at eye level receive the most attention. However, more recent 
research by Dalton et al. (2015), wherein they used mobile eye tracking to 
measure attention to displays, suggested that people may look at displays 
more than previously assumed. This is likely because they also measured 
glances from faraway passersby, which earlier observational studies have 
likely overlooked. However, it remains unclear how distant glances affect 
the use of interactive displays and to what extent such passersby process 
the information in the displays. In general, comprehensively measuring 
and evaluating phenomena such as display blindness is difficult, as 
studies tend to be conducted in different settings with different factors, 
using different study methods (Memarovic et al., 2015). 

Beyond display blindness, there are also other phenomena that occur 
between noticing a display and beginning to interact with it. Ojala et al. 
(2012) identified an issue called interaction blindness: even when passersby 
pay attention to a display, they do not necessarily realize that it is 
interactive. To combat interaction blindness, Ojala et al. suggested 
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proxemic interactions, wherein the interface would react to, for example, 
the user’s body position to better communicate its interactivity. 
Interestingly, Müller et al. (2012) conducted a study that fulfills this 
suggestion, and they observed a phenomenon called the landing effect. In 
their field study, their interactive display reacted to the movement of 
passersby. Visualizing people with mirrored silhouettes, they found that 
people would often notice the display’s interactivity after they had already 
passed by it. Therefore, passersby interested in the display had to turn and 
walk back to it. 

In summary, interactive displays need to overcome a variety of challenges 
to achieve success. Fortunately, these challenges can be in large parts 
overcome with good design and creative solutions. For instance, displays 
with motion-tracking capabilities can exhibit visual and auditory cues to 
draw the attention of passersby as well as to communicate that the display 
is interactive (Hardy et al., 2011). I will return to this discussion in Chapter 
5, wherein I present the four gesture-controlled systems developed to 
carry out this research and discuss how the designs of these systems aim 
to address some of the issues presented in this section. 

2.2 CHALLENGES IN PUBLIC DISPLAY DEPLOYMENTS 
Deploying interactive displays in public spaces may be a seemingly simple 
task. However, a multitude of challenges are present, and the whole 
process, from an idea to a fully working—and successful—public display 
application and its deployment can be long and complicated. 

While the design and development of an interactive display is already 
challenging, it is, in fact, the deployment space and all its functions that 
bring forth many unique opportunities and challenges. In short, public 
spaces and the people within them are messy and complicated. It is 
difficult to predict how an interactive display will affect the space and 
how the display will be perceived and used—if it will be used at all. 

The process of designing and deploying an interactive display often 
involves a multitude of people and stakeholders. While stakeholders are 
out of the scope of the research problem presented here—and are often 
considered an internal part of a public display’s deployment—it is 
important to acknowledge their existence and effect on the deployments. 
Stakeholders differ between projects, but may include parties such as 
location owners, display owners, administrators, researchers, users, and 
content providers (Valkama & Ojala, 2011; Clinch et al., 2012; Hosio et al., 
2014; Elhart et al., 2016). Generally, stakeholders come with individual 
needs, expectations, and requirements, and a successful deployment 
should provide sufficient value regarding its cost for each stakeholder. For 
instance, researchers conducting the deployment are often different from 
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those who own and manage the deployment space. Consequently, the 
location’s managers must also see value in the deployment to go through 
the trouble of maintaining it (Hosio et al., 2014). Similarly, Elhart et al. 
(2016) discuss their experiences from deploying an interactive system at a 
university campus, in which they had to convince the university 
administration of the deployment’s benefits as well as provide satisfactory 
tools for the administration to manage and control the system. 

After conducting several display deployments in the field, my colleagues 
and I came to realize that our deployments often suffered from a variety of 
surprising issues that were not necessarily due to the characteristics of the 
deployment itself, but the various functions and phenomena in and 
around the deployment space. We call these external factors—properties 
and phenomena that are unrelated to the deployment, which still affect 
the deployment one way or another. For instance, rain can destroy 
hardware, and sunlight can hinder the visibility of the display’s content or 
affect the performance of motion-tracking sensors—even indoors. As 
another example, people working at the location, such as janitors, may 
unintentionally impact the deployment by, for instance, leaving their 
equipment in the way or moving parts of the system. Such issues have not 
received much attention in the past, as current research largely focuses on 
users, for example, how people interact with the display, and how the 
barriers preventing casual passersby from becoming users can be 
overcome – as shown in the previous section. 

Some existing work has presented challenges and lessons learned from 
public display deployments based on their own experiences (Harris et al., 
2004; Storz et al., 2006; Dalsgaard & Halskov, 2010). Harris et al. (2004) 
discuss their experiences from two public deployments. One deployment 
was based indoors, and one, outdoors in a forest-like environment. Of 
particular interest in the work by Harris et al. (2004) is that they discuss 
the key differences between two very dissimilar deployment 
environments and further elaborate on how they needed to adapt to 
environmental changes in their outdoor deployments. Factors often taken 
for granted may not work as well when deploying technology outdoors. 
For instance, the ground in outdoor settings may be unstable and change 
from hard to soft, requiring base plates and other workarounds to offer 
stable attachment points for technology. 

Storz et al. (2006) present 13 lessons they learned after facing issues while 
deploying interactive displays in different environments. They cover a 
variety of topics related to, for example, technology, monitoring, content 
creation, and user expectations. For instance, they discuss environmental 
effects on their deployments: in one of their deployment spaces, fire 
alarms were tested weekly, during which time power was completely cut 
off. Another deployment was set up in a tunnel under a heavily trafficked 
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road: diesel fumes from the traffic clogged the projector, despite custom-
built protective cases.  

Dalsgaard and Halskov (2010) draw on their experiences from five 
different deployments, identifying and discussing eight challenges in the 
context of deploying urban media façades. Although media façades are 
often unique, many of the presented challenges are applicable to 
interactive displays in general. After all, media façades are public displays, 
albeit they can greatly vary in function, size, and shape. As an example, 
one of the challenges they discuss are the demands for robustness and 
stability. For instance, in one of their installations, reflections from 
puddles on the ground interfered with the sensors, and other installations 
were subjected to vandalism. 

While the advice and guidelines presented above (Harris et al., 2004; Storz 
et al., 2006; Dalsgaard & Halskov, 2010) are certainly useful, two 
limitations can be recognized in the existing research. First, the existing 
research does not explicitly target or investigate the source of the 
encountered issues, that is, the external factors. Second, the existing 
research presents only the authors’ own experiences.  

Therefore, the research community is missing work that a) focuses on 
external factors and b) draws its results from the whole research 
community. I believe that systematic investigation into external factors 
will illuminate what kinds of external factors exist, to what extent they 
affect public displays, and how their effects can be tackled. I close this gap 
with the work presented in Publication I (Mäkelä et al., 2017a), presented 
later in Chapter 6. 

2.3 EVALUATING PUBLIC DISPLAYS 
Most public display research is conducted in the field, in a realistic setting. 
This is often mandatory to gain a deeper understanding of the display’s 
usage. Public display research is rarely primarily concerned with the 
display’s objective performance, but rather, with how the display is 
perceived and used in the real world, which is often impossible in a 
laboratory environment (Alt et al., 2012). For instance, Marshall et al. (2011) 
found that their collaborative tabletop display was used very differently 
during a public deployment than what was suggested by lab studies. 

Alt et al. (2012) present an overview of study types and methods for the 
evaluation of public displays based on a literature survey. One of the 
several important points they make is that public displays have differing 
purposes, goals, and research questions. They recognize seven general 
areas of interest in which researchers often invest: audience behavior, user 
experience, user acceptance, user performance, display effectiveness, 
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privacy, and social impact. Alt et al. (2012) further divide public display 
studies into three types: descriptive studies, relational studies, and 
experimental studies. Of these, however, descriptive field studies are the 
most common (Müller et al., 2014b), wherein a prototype is deployed in 
the wild without variations. 

Alt et al. (2012) point out five primary data collection methods: interviews, 
questionnaires, focus groups, observations, and logging. Public display 
research in the wild often combines several of these. Observation is often 
the primary research method, which usually involves deploying one or 
more researchers in the field, who then observe passersby and users of the 
display while taking notes or using other means of recording. 
Observations are often supplemented by, for example, interaction logs as 
well as interviews conducted when the opportunity arises. 

However, while the approach described above can reach high ecological 
validity, the obvious downside is that conducting research by deploying 
personnel in the field is time-consuming and resource-intensive. 
Especially when studying a public display’s long-term usage on a large 
scale, observations are unrealistic. 

Simultaneously, logged data can be easily gathered during a public 
deployment. However, in the past, logged data has been mainly used to 
support findings from observations, and logged data has been analyzed 
manually (e.g., Schmidt et al., 2013; Müller et al., 2014a; Walter et al., 2014; 
Ackad et al., 2015). Ackad et al. (2015) supported their findings by 
manually analyzing the depth data collected by a motion tracking sensor 
to deduce basic usage information such as session duration and the 
number of people in front of the display. Similarly, Müller et al. (2014a) 
collected depth data from six deployed public screens and manually 
analyzed the data to classify passersby into categories. Walter et al. (2014) 
also supplemented their observations by manually analyzing the recorded 
depth data from their deployment, as did Schmidt et al. (2013) with their 
Screenfinity system. 

The important questions here, then, are a) whether logged data could be 
used more extensively and not just as supporting data for other research 
methods, and b) whether results from logged data could be extracted in a 
less resource-intensive manner, that is, whether the process could be 
automated partially or completely.  

Some lightweight automation of data analysis was conducted by Müller et 
al. (2012), who wrote software to search for sessions from their data in 
which a user was detected for more than four seconds. However, the 
sessions were then reviewed and annotated manually. Therefore, 
automation was primarily used for filtering the data, rather than analysis 
itself. 
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Prior work has presented tools for tracking and analyzing audience 
behavior (Williamson & Williamson, 2014; Elhart et al., 2017). Williamson 
and Williamson (2014) presented the Pedestrian Tracker tool, which 
collects location data of people through a sensor with a bird’s-eye view of 
the space and automatically generates movement paths from the data 
(Figure 3). Hence, the tool enables an analysis of how passersby approach 
or avoid public displays, and as such, how technology can change traffic 
in a space. The strengths of the tool are that it scales well and works 
independently of the deployment itself. 

 

Figure 3. Visualization of pedestrian traffic using the Pedestrian Tool (Williamson & 
Williamson, 2014, Figure 1, © 2014 ACM). 

Elhart et al. (2017) recently presented the Audience Monitor tool, which is 
relatively similar to the Pedestrian Tracker. The Audience Monitor, 
however, includes a rich set of analytics and visualizations, enabling 
researchers to track audience behavior in front of the display regarding, 
for example, walking speed and distance, and the number of passersby at 
certain times of day. 

The Pedestrian Tracker and the Audience Monitor present similar 
limitations. The tools primarily focus on the presence and movement of 
people in the tracked space. They do not directly connect this data with 
display interactions; nor do they present ways to identify whether a user’s 
actions relate to the display. Therefore, there is room for investigating 
methods that collect both the skeletal (movement) data of passersby as 
well as interaction data, allowing a more in-depth analysis of, for example, 
groups where some members interact with the display, while others 
remain passive observers. I aim to close this gap with Publication II 
(Mäkelä et al., 2017c), presented later in Chapter 6.  
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Mikusz et al. (2017) discuss the potential benefits and challenges of 
“analytics synthesis”: the combination of analytics data from multiple 
stakeholders to reach new insights on, for example, how displays are used 
and how passersby move around the space. For instance, adjacent shops at 
a shopping mall might each have their own digital signage outside the 
stores. Combining their analytics data might lead to further insights and 
mutual benefit. While combining data from multiple stakeholders is out of 
the scope of the research problem being addressed here, the underlying 
concept is somewhat similar, that is, the combination of data from 
divergent sources and viewpoints to reach new insights. Nonetheless, the 
discussion provided by Mikusz et al. (2017) in part underscores the 
importance of, and possible future advancements in, this field. 

As a final remark for this chapter, it is worthwhile to clarify that not all 
studies need to be conducted in the field. Even though this thesis revolves 
around public spaces and the usage of public displays, this thesis also 
concerns, for example, different low-level design decisions and interaction 
techniques for such displays. The most notable example of this is 
Publication III (Mäkelä et al., 2014a), wherein I do not investigate the use 
of a public display but, rather, the efficiency of techniques aimed at 
improving interactions with a display. Therefore, in some publications I 
will present a lab study instead of an in-the-wild deployment. 
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3 Interaction with Mid-Air 
Gestures 

Mid-air gestures are a relatively new way of interaction that exhibit a 
variety of unique characteristics. Two of the most obvious benefits of 
gestures are that interaction can happen from a distance, and interaction 
can be device-free, that is, users do not need to hold or touch external 
hardware. These two characteristics alone bring forth new possibilities 
and advantages. Consider, for instance, the possibility of interacting with 
a faraway device without the need to walk up to it and touch it, making 
the information—and technology in general—around us more readily 
available. 

The widely adopted use of mid-air gestures, however, has long been a 
possibility only envisioned in sci-fi movies. Even though gestural interface 
prototypes were already present nearly four decades ago (Bolt, 1980), it 
was not until the release of the Microsoft Kinect sensor in 2010 that 
gestural interactions were really introduced to the public. However, for 
most consumers, mid-air gestures were mainly a new way to engage with 
playful, lightweight games at home. Accordingly, it remained unclear how 
gestural interaction would perform and how it would be experienced in 
other contexts. 

In research, some gesture-controlled installations have also surfaced. For 
instance, Müller et al. (2012) deployed a physics-based game that users 
would control with their bodies to study how well passersby notice the 
interactivity of a public display (Figure 4). As a more serious example, the 
Media Ribbon (Tomitsch et al., 2014) is an interactive information display 
providing relevant information to users at a university campus. The Media 
Ribbon is controlled by swiping or pointing the hands in different 
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directions (Figure 5). These two examples provide a good overview of the 
versatility of gestural interfaces that caters to a variety of use cases. In this 
dissertation, however, I will focus more on serious interfaces, much like 
the Media Ribbon mentioned above. 

 

Figure 4. An interactive display on a shop window with which users can interact using 
body movements. Users are visualized on the screen as silhouettes (Müller et al., 2012, 

Figure 1, © 2012 ACM). 

 

Figure 5. The Media Ribbon. Top: The system is installed on the wall of a university 
building. Bottom: the application screen displays university-related information, a skeletal 

representation of the user, as well as instructions for interaction (Tomitsch et al., 2014, 
Figure 1, © 2014 ACM). 

Despite researchers’ interest in gestural interactions, much remains to be 
researched. As evidenced by the two examples above, gestural interfaces 
can vary significantly respecting, for example, the style of interaction, 
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design, and purpose, and therefore will need to incorporate a range of 
guidelines and principles. Meanwhile, it is unclear what kind of user 
experience gestural interfaces offer and how such interactions are 
perceived in a serious context. With these gaps in mind, I formulate the 
second research question that I address in Publications III and IV: 

RQ2: What techniques and design principles should be used for gesture-
controlled information displays to provide an efficient and usable experience? 

In the remainder of this chapter, I provide an overview of the 
characteristics, challenges, and existing design principles of interaction 
with mid-air gestures. 

3.1 TYPES OF GESTURAL INTERFACES 
As already outlined in the beginning of this chapter, there is considerable 
variation in the types of gestural interfaces and how they are interacted 
with. I roughly categorize gestural interfaces into three types: 

 Freehand pointing interfaces. The primary way of interacting with 
freehand pointing interfaces is to face the display and point towards it 
with either hand. The pointing hand is often visualized as an onscreen 
cursor. As such, freehand pointing does not necessarily contain distinct 
“gestures,” but rather, it is the pointing itself that conveys meaning. 
Note, however, that pointing can be combined with other gestures. For 
instance, when the user is pointing at an element, the interface can do 
different things when the user forms a fist (that is, “grabs” the element) 
and when the user makes a pushing motion. 

 Gesture set interfaces. These interfaces are interacted with through a 
group of predefined gestures or poses. For instance, swiping to the side 
with either hand might change to the next and previous content item, 
and raising a hand might display more information about the current 
item, as demonstrated by the Media Ribbon in Figure 5 (Tomitsch et al., 
2014). 

 Full-body interfaces. In full-body interfaces, users interact with their 
body without predefined gestures or poses. A good example is the 
interactive shop window in Figure 4 (Müller et al., 2012), in which 
users can use their onscreen silhouettes to interact with objects falling 
from the top edge of the screen in the way they best see fit. For instance, 
users can hit or kick the objects and watch them fly around the screen. 
Note, however, that simply displaying a silhouette or some other 
representation of the user does not necessarily mean that the interface 
can be called full-body. In fact, such representations are often used to 
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provide feedback to the user and to communicate that the display is 
interactive (e.g., Ackad et al., 2016). 

Note that this separation into three types is not exhaustive; nor is this 
categorization commonly presented in the literature. I have created such a 
categorization for the sake of clarity regarding the remainder of this thesis. 
I argue that it is clearer to divide gestural interfaces into three generic 
types to avoid having to delve into the nuances and distinctions of 
different gestures, such as symbolic, deictic, and iconic gestures (Karam & 
schraefel, 2005). 

Regarding the interface types above, in this dissertation I will mainly 
focus on the first two types, that is, freehand pointing and gesture set 
interfaces. The main reasons for this focus are the social implications of 
gestures (Perry et al., 2010) and fear of embarrassment (Deterding et al., 
2015) during public interaction, which were discussed in the previous 
sections. This thesis revolves around serious information displays, and 
therefore I focus more on pointing and gesturing with the hands, rather 
than full-body gestures that often draw attention and are mainly used for 
playful interactions. 

3.2 CHALLENGES OF MID-AIR GESTURES 
Despite offering many unique benefits and opportunities, mid-air gestures 
also present a great diversity of challenges. Many can be tackled or 
alleviated with good design; however, some remain unsolved. 

Mid-air gestures suffer from an issue commonly known as the Midas touch 
(Kjeldsen & Hartman, 2001). The Midas touch, at its core, refers to 
unintentional interaction with a system. This is because gestures are 
continuous in their input in that the user is constantly tracked by a 
motion-tracking sensor and it is the system’s responsibility to deduce 
meaningful information from the tracking data. Thus, a system may 
erroneously interpret the user’s movement as an intent to interact. With 
mid-air gestures, this can easily happen when, for example, users are 
talking to another person and (subconsciously) moving their hands, or 
when the same interaction space is used to carry out other, unrelated tasks 
that require physical movement (Walter et al., 2014). The same issue is 
prominent in other modalities that are likewise based on continuous 
tracking, such as eye gaze (Vrzakova & Bednarik, 2013). 

The Midas touch issue can be combated with so-called clutch actions, 
wherein users perform an action to communicate to the system that they 
want to interact. For instance, Walter et al. (2013) used a “teapot” body 
pose, that is, users put their hands on their hips, to activate interaction 
with a display. Schwarz et al. (2014), conversely, analyzed the user’s body, 
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gaze, and gestures to predict whether they wanted to engage the system. 
Freeman et al. (2016) approached this from another perspective, for 
example, using light and audio to communicate the interaction area of 
different devices, preventing users from accidentally interacting with the 
wrong device. 

Partly linked to the Midas touch, another challenge with mid-air gestures 
is the lack of tactile feedback. In traditional input methods, there is a clear 
start and end for an interaction, for instance, when pressing a button or 
touching a screen. Moreover, when interacting with physical input devices, 
their form factors force the user to interact correctly. For example, a knob 
can only be turned in two meaningful directions, and a button can only be 
pressed down or released (Nancel et al., 2011). In freehand gesturing, this 
feedback does not exist. Therefore, other types of feedback (namely, visual 
and auditory) are emphasized even further. 

Another issue with gestural interaction is known as the Gorilla arm, which 
refers to physical fatigue due to prolonged gesturing and body 
movements. While the term was originally introduced in the context of 
vertical touchscreens, it is even more prominent in gesturing. Researchers 
have proposed models to evaluate fatigue levels (Hincapié-Ramos et al., 
2014; Jang et al., 2017) to help with the design and evaluation of cost-
effective gestural interactions. 

In addition, Perry et al. (2010) point out that gestures contain a highly 
performative social aspect. They note that expressive gestures can help 
raise interest in the system and foster learning and collaborative tasks. 
However, they admit that gestures may simultaneously discourage use 
due to their expressiveness and visibility. As noted in the previous chapter, 
people fearing embarrassment may hesitate to interact with a display 
around other people (Deterding et al., 2015). Mid-air gestures might be 
particularly susceptible to this problem, but the extent of this challenge 
remains unclear. 

In summary, interaction with mid-air gestures presents many unique, 
interesting challenges. While some stem from the limitations of current 
technology, many issues can also be addressed from the design 
perspective. I will discuss this further in Chapter 5, in which I present the 
four gesture-controlled applications developed to conduct this research. 
Of the challenges presented here, I particularly focus on the Gorilla arm 
issue by proposing a technique to alleviate the physical demands required 
to point to and interact with onscreen elements in gestural interfaces 
(Mäkelä et al., 2014a). 
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3.3 DESIGNING MID-AIR GESTURES AND INTERFACES 
Various techniques for selecting items on a large screen using mid-air 
gestures have been proposed and studied. Hespanhol et al. (2012) assessed 
the intuitiveness of several mid-air gestures for said purpose (Figure 6). In 
their studies, the dwelling technique (also called point-and-dwell) was found 
to be the most intuitive. Dwelling refers to selections that trigger over time: 
users point at a desired item on the screen and keep their hand still until 
the item is selected. Usually, when an item is being pointed at, an 
animation is shown atop the corresponding item to visualize that it is 
about to be selected. Support for dwelling as an intuitive selection 
technique was also presented by Walter et al. (2014), as they found that 
people would commonly point and dwell at interactive elements if no 
explicit onscreen instructions were provided. 

 

Figure 6. Gestures for selecting targets in mid-air: (a) pushing, (b) dwelling, (c) lassoing, 
(d) grabbing, and (e) enclosing (Hespanhol et al., 2012, Figure 1, © 2012 ACM). 

Yoo et al. (2015) found somewhat contradictory results, as in their study, 
participants preferred the push gesture over dwelling for selecting items. 
Yoo et al. (2015) explain this by the perceived delay that occurs during the 
dwell time. It should be noted, however, that Yoo et al. (2015) used a 
relatively long dwell time of two seconds as opposed to just the one 
second employed by Hespanhol et al. (2012). A relevant implication here 
is that the preferred dwell time can vary significantly among users, 
namely, based on the amount of experience with the interface. For instance, 
in the study by Yoo et al. (2015), some participants complained that the 
dwell time was too fast; others reported it to be too slow. 

Moreover, gestural interfaces should support one-handed interactions, as 
people (especially in public spaces) often carry items, such as bags and 
coffee cups (Hardy et al., 2011; Walter et al., 2014; Ackad et al., 2015). 
Walter et al. (2014) further found that, even if both hands are free, people 
still tend to use only one hand for interaction. 

Ackad et al. (2015) supply guidelines for designing usable, easy-to-learn 
gesture set interfaces. They recommend that gesture sets be kept small, 
and one practical way to do so is to overload gestures; that is, the same 
gesture can have multiple functions depending on the current state of the 
interface. Second, they recommend designing symmetric gestures, such as 
similar swipe gestures in both directions (left, right) and similar pointing 
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gestures (up, down). They then recommend visual feedback in the forms 
of (1) always visible dynamic instructions for the core gestures and (2) 
visualization of the user in some form, such as a skeleton, as it attracts 
attention and helps the user understand the interaction. 

Ackad et al. (2016) further investigated the effect of two different onscreen 
user representations on how well the display draws interest and how it is 
interacted with. They found that a silhouette draws more users and 
facilitates serious interaction with the display. The representation of a 
skeleton facilitated more playful interaction, which was primarily 
described as a kind of puppeteering, in attempts to manipulate the 
skeleton in ways that appear funny. The skeleton was also found to result 
in longer interaction sessions, as opposed to the silhouette. 

In summary, current researchers have done a significant amount of work 
in evaluating techniques and designs to support gestural interaction. As 
outlined earlier, however, gestural interfaces can vary greatly not only in 
design, but also in what kinds of gestures they incorporate and how 
exactly they are used. Therefore, the existing guidelines and findings are 
far from exhaustive, although they do provide valuable guidance that can 
be applied in future interfaces.  

Putting together the findings from current studies as well as the identified 
challenges regarding gestural interaction, two main implications can be 
drawn. First, the consensus seems to be that gestural interactions should 
be simple, for instance, by utilizing gesture sets that employ symmetric 
and consistent gestures, and by designing for one-handed interaction. 
Second, especially considering the lack of tactile feedback as well as the 
fact that gestures are a novel modality to many, there should be special 
emphasis on clear, dynamic visual feedback. For instance, users and 
passersby should be visualized in some form (e.g., skeletal/silhouette 
representation), and instructions should be provided based on the state of 
the system. 
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4 Content Transfer between 
Displays and Mobile Devices 

In many public and semi-public spaces, there are situations wherein the 
user wants to transfer content between devices, especially from a public 
display onto a personal mobile device. Imagine, for instance, a person 
hurrying from an office to catch a bus who would like to transfer news 
articles from a display to their smartphone to read later on the bus. 
Especially now that such spaces are increasingly being inhabited by 
interactive displays and other technology, more and more opportunities 
are arising wherein it is useful to transfer content between devices. 

In this section, I present an overview of existing methods for transferring 
content between public and mobile devices, and show the limitations in 
current work that led to the third research question of this dissertation, 
addressed in Publications V and VI: 

RQ3: Can mid-air gestures be employed to enable seamless, low-effort exchanging 
of information between displays and mobile devices, and what is the user 
experience of such interactions? 

Current research has been actively exploring new and creative ways to 
transfer content between devices. Current solutions utilize a variety of 
technology and methods, for example, quick response (QR) codes, near-
field communication (NFC) technology, radio frequency identifier (RFID) 
tags, Bluetooth pairing, and Wi-Fi connections. In this section, I will 
present some of these solutions, focusing on content transfer and other 
interactions especially between situated displays and personal mobile 
devices, such as smartphones. 
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Many solutions utilize spatial interactions, for example, touching the 
display or some attached device with the mobile device to transfer content. 
One such approach is to use near-field communication (NFC), wherein an 
NFC-enabled device, such as a smartphone, can be situated next to an 
NFC reader or a tag to transfer information between the two. Hardy and 
Rukzio (2008) assembled a mesh of NFC tags on a wall, on top of which a 
display was projected. Each NFC tag would then represent an action or an 
element on the screen. Therefore, users could, for example, transfer 
pictures from the display to their mobile devices by simply touching the 
corresponding picture (i.e., the NFC tag behind it) with the mobile device. 
In their studies, Hardy and Rukzio found that their technique was 
comparable to conventional cross-device methods in terms of speed, but 
was seen as more intuitive and enjoyable as well as easier to use. 

Broll et al. (2011) utilized a similar mesh of NFC tags for a variety of 
interactions. Besides moving content from a screen to a mobile device, 
users could, for example, upload content from the mobile onto the screen 
and preview tooltips of onscreen items on their mobile device. 
Seewoonauth et al. (2009) used a similar NFC approach, focusing on 
content transfer between a mobile device and a laptop, allowing for quick 
transferring of files between the devices. 

Spatial interactions have also been utilized in tabletop installations. 
PhoneTouch takes a different approach to manipulate content in which 
users touch the display’s surface (Schmidt et al., 2010). Users could pair 
their devices with the horizontal public display by tapping it three times. 
These touch events are matched with the touch events recognized by the 
display to establish a connection. Through this pairing method, users can, 
for example, display photos from their smartphones on the screen or 
transfer objects to their mobile device (Figure 7). Wilson and Sarin (2007) 
utilized a combination of Bluetooth and computer vision, allowing users 
to pair their mobile devices with a tabletop display simply by placing the 
device on the table’s surface. While this enabled content transfer between 
the two devices, it also allowed more advanced scenarios, such as 
interaction between two mobile devices placed on the table surface. Bazo 
and Echtler (2014) implemented a similar method wherein devices can be 
placed on the table’s surface to enable content exchange using a 
combination of NFC tags and optical markers. 
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Figure 7. PhoneTouch: (a) Users can share photos from their smartphone on the display’s 
surface. (b) Users can manipulate the photos on the display’s surface. (c) Other users can 

transfer the photos to their smartphones (Schmidt et al., 2010, Figure 2, © 2010 ACM). 

QR codes have been utilized in the real world somewhat actively. QR 
codes are visual markers that can be scanned with a mobile device’s 
camera using a QR-enabled application. QR codes can contain a range of 
content, such as a URL or identification-related information. For instance, 
a movie poster at a bus stop might contain a QR code that a person can 
scan to access the movie’s website for more information, or a conductor 
might scan a train ticket via the QR code on the ticket. In research, 
Karaman et al. (2016) utilized QR codes in a museum to offer visitors more 
information about the artwork in the museum through their personal 
mobile devices. 

Alt et al. (2013) studied many techniques for exchanging content between 
a public display and a mobile device (Figure 8). Among the techniques 
were QR codes, an NFC-based approach similar to that of Schmidt et al. 
(2010) presented earlier, as well as more traditional approaches such as 
sending content by email and printing the content on paper. An 
interesting result by Alt et al. (2013) is that there was no single best 
technique for exchanging content. Rather, the preference and efficiency of 
the techniques is dependent on, say, the user and the current situation.  

 

Figure 8. Interaction techniques for taking away content from a public display. a) 
Touching the display with the smartphone. b) Scanning a QR code. c) Entering an 

alphanumeric code. d) Sending the content to an email address. e) Paper printout (Alt et 
al., 2013, Figure 4, © 2013 ACM). 

A survey of device pairing methods between smart devices and pervasive 
screens was presented by Ng et al. (2017). While device pairing can be 
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utilized for many tasks and scenarios, the transfer of content between 
public and private devices is nonetheless one of the popular areas in this 
domain. Ng et al. (2017) also discuss the prominence of radio-based 
pairing methods, such as NFC tags, and vision-based pairing methods like 
QR codes. 

Turner et al. supply an assortment of interesting techniques for 
transferring content between a display and a mobile device wherein they 
combine gaze and touch interactions (2013a, 2013b, 2014). In their Eye Pull, 
Eye Push concept (Turner et al., 2013a), users can look at content on a 
public display and swipe down on the touchscreen of their mobile device 
to transfer the content to the mobile device. With their Eye Drop concept 
(Turner et al., 2013b, 2014), content can be transferred with a similar 
method; however, the exact location of where the content will be 
positioned on the mobile device can be decided by dragging the finger 
across the screen before releasing it. 

Some solutions expand the interaction space by allowing the transfer of 
content without being in the immediate proximity of the display. Boring et 
al. (2007) used a dedicated mobile application with which users could take 
a picture of part of the display. A remote server would then match the 
picture with the display’s content and provide the recognized screen 
elements in a more accessible form. Baldauf et al. (2012) employed a 
mobile application and the device’s camera: users could point at the screen 
with the device’s camera and interact with the remote screen’s elements 
on the mobile screen, for example, by dragging elements into their own 
local gallery to transfer them.  

She et al. (2013) showcased a system wherein users can point at one of 
multiple screens with a smartphone and perform a dragging gesture, that 
is, lift the smartphone towards their face. Content from the screen pointed 
at before the gesture is then transferred to the smartphone. The focus in 
their study was to differentiate between multiple screens—multiple items 
on the same screen are not differentiated (in their study, they used one 
full-screen picture per screen). 

Langner et al. (2016) provide many techniques for transferring content 
from a large display to a mobile device. For instance, single content items 
can be transferred by pointing at an item with the mobile device and 
swiping down on the mobile’s touchscreen. In their solutions, Langner et 
al. (2016) attached external sensors to the mobile device to deduce the 
pointing direction. 

In this section, the most important takeaway is that current solutions for 
content transfer between interactive displays and mobile devices require 
users to hold and manipulate the mobile device to transfer content. 
Therefore, users must undergo the effort of locating their mobile device, 
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for example, in a pocket or bag before interaction can begin. This can be 
slow and tedious, especially for quick, one-way content transfers. 

In addition, most current solutions require users to approach the display 
and touch it with their hand or with the mobile device. This limits the 
interaction space and imposes restrictions on where the display can be 
positioned and how large it can be. Some solutions do allow interaction 
from a distance (e.g., Boring et al., 2007; Baldauf et al., 2012; She et al., 2013; 
Langner et al., 2016), although it remains unclear exactly how far away 
users can interact from and how much of an effect distance has on 
performance. Furthermore, only Boring et al. (2007) report the speed of 
their technique, which was almost ten seconds for a single transfer.  

To the best of my knowledge, mid-air gestures have not been used in 
content transfer before. This thesis largely centers on the concept of 
utilizing mid-air gestures for content transfer interactions, not only 
solving some of the issues inherent in current content transfer solutions, 
but also offering a way forward towards more advanced and seamless 
cross-device interactions. I envision ubiquitous spaces wherein people can 
interact with distant devices at will from anywhere in space and transfer 
information between devices, both public and personal. 

It should be noted that, in many existing solutions, the manipulation of 
the mobile device makes some interactions possible which mid-air 
gestures necessarily do not. For instance, some solutions presented above 
enable the exchange of content between not only a display and a mobile 
device, but also between multiple mobile devices connected to the display 
(Wilson & Sarin, 2007; Schmidt et al., 2010; Bazo & Echtler, 2014). 
Therefore, I do not claim that the methods I propose in this dissertation 
are comprehensively better. Rather, the methods I propose focus on quick, 
one-way content transfer scenarios (from a display to a mobile device) and 
on scenarios that are not possible or require considerable effort using other 
modalities. One such scenario is enabling the transferring of content from 
a distance while on the move. 
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5 Gesture-Controlled Large 
Display Applications 

In this chapter, I present four gesture-controlled large display applications  
built to carry out the research presented in this thesis: Information Wall 1, 
Information Wall 2, NFC Information Wall, and SimSense. The first two 
applications, Information Wall 1 and 2, primarily explore gestural 
interaction in the context of large information displays. 

The NFC Information Wall extends the previous systems by allowing 
users to transfer content from the display to their mobile devices by using 
an NFC reader. Moreover, users can upload their own content on the 
screen by creating notes using a mobile application and finalizing the 
upload using the NFC reader. 

Finally, SimSense takes content transfer between large displays and 
mobile devices in a more sophisticated and streamlined direction by 
automatically recognizing the owners of mobile devices in the space. 
Therefore, users can transfer content to their mobile devices directly using 
only mid-air gestures, with no need to manipulate the mobile device. 

5.1 INFORMATION WALL 1 
Information Wall 1 is a gesture-controlled large information display 
application that allows users to access location-relevant content from a 
distance. 

Passersby are visualized on the screen as rectangular shapes that follow 
the movements of the corresponding passersby and change their size 
based on how far away they are (Figure 9A). At the same time, a dialog is 
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displayed encouraging passersby to interact. The visualization is primarily 
meant to draw the attention of passersby as well as to communicate the 
interactivity of the system. This relates to existing interaction models 
(Vogel & Balakrishnan, 2004; Michelis & Müller, 2011) as well as to issues 
such as display blindness (Müller et al., 2009) and interaction blindness 
(Ojala et al., 2012), as discussed in Chapter 2. 

When passersby step close enough to the display, a three-dimensional 
information cube is opened for them to interact with (Figure 9B). The 
system supports two simultaneous users, in which case the user interface 
is scaled and another information cube is opened for the new user (Figure 
9C.) Supporting multiple users was one of the early key design decisions 
for many reasons. First, enabling multiple simultaneous users maximizes 
the honeypot effect (Brignull & Rogers, 2003). Second, users interacting in 
groups tend to interact longer (Perry et al. 2010). Third, the lack of multi-
user support may end some users’ interaction prematurely, as single users 
who are part of a group may halt the interaction due to a social pressure 
from other party members (Hardy et al., 2011). 

 

Figure 9. Information Wall 1. A) A user is tracked with a rectangular shape on the screen. 
An instruction dialog is displayed. B) A user interacts with an information cube. C) Two 
users interact with the wall simultaneously (Mäkelä et al., 2014b, Figure 1, © 2014 ACM). 

Content is laid out on the sides of the cube, and the cube can be rotated in 
four directions to navigate the content. Rotating the cube up and down 
moves between sections, and rotating left and right cycles between pages 
within a particular section. Elements on the active page can be opened for 
more information. There are four content sections: daily menus for a 
nearby student cafeteria, public events from the university’s public 
calendar, the latest news from a news portal, and a section providing more 
information on the university premises. 

The user’s hands are represented on the screen as hand-shaped cursors 
that move according to where the user is pointing. Interactive elements are 
triggered by moving the cursor atop the desired element and keeping the 
cursor steady for a short time. This interaction method is called dwelling 
(or point-and-dwell). During dwelling, a circular animation is overlaid on 
the active target to illustrate that it is being triggered. 

Dwelling was chosen as the target selection method due to its 
intuitiveness and ease of use (Hespanhol et al., 2012; Walter et al., 2014), 
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which we considered especially important in the serious, public context 
the Information Wall was designed for, as most users would be first-
timers and are likely to have little knowledge of gestural interaction. 
Moreover, we hypothesized that a cursor-based design would be easier to 
understand due to its familiarity and would contribute to communicating 
the system’s interactivity (Ojala et al., 2012). All interactions are designed 
to be performed with one hand, which follows the recommendations by 
Hardy et al. (2011), Walter et al. (2014), and Ackad et al. (2015). However, 
to enable flexible interactions, both hands can be used if the user so 
chooses, in which case both hands are depicted on the screen.  

The information cube can be rotated by first triggering an element on the 
edge of the cube using dwelling, after which the cube can be rotated by 
swiping to the opposite direction. During rotation, the cube rotates in real 
time according to the user’s swiping speed and position. Rotation can be 
canceled by swiping back to the starting point. 

Technical Details 

Information Wall 1 is developed on .NET Framework 4.0 using the 
Windows Presentation Foundation (WPF) library and the 3DTools plugin. 
The system utilizes the Microsoft Kinect for Windows sensor for tracking 
users’ location and hand coordinates. For the data exchange between the 
Kinect and the Information Wall application, a dedicated socket-based 
middleware component called SkeletonServer was built.  

The majority of the Information Wall’s content is fetched from external 
sources using public APIs and RSS feeds, although some content is parsed 
from external websites. 

Deployments 

Information Wall 1 was publicly deployed for one year from April 2013 to 
April 2014 in the main building of the University of Tampere. The 
deployment space was chosen as it was a large, open space with two 
major landmarks, a cafeteria and a large auditorium (Figure 10). The 
cafeteria functioned as a popular meeting area and workspace for students, 
staff, and visitors. The auditorium was frequently used for lectures and 
exams. Both landmarks ensured a stable flow of foot traffic within the 
deployment space. 
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Figure 10. The deployment space of Information Wall 1 at a university campus from the 
deployment’s perspective (Mäkelä et al., 2017c, Figure 4, © 2017 Taylor & Francis Group, 

LLC). 

During the public deployment, we conducted occasional observations and 
gathered skeletal and interaction data of all passersby, which resulted in a 
data set of more than 100,000 passersby. This data was utilized in our 
semi-automated analysis, in which we studied how extensive data sets 
could be analyzed programmatically to evaluate the usage of the display 
without the prohibitive use of resources (Mäkelä et al., 2017c). 

5.2 INFORMATION WALL 2 
Based on lessons learned with Information Wall 1, we developed a new 
system, Information Wall 2, from scratch that utilized different design 
approaches. Content on the display is laid out in horizontally separated 
sections. Users activate sections of the wall by positioning themselves in 
front of an interesting section, and then use mid-air gestures to interact 
with the content (Figure 11). 

 

Figure 11. Information Wall 2. 

When users have positioned themselves before the desired section, they 
interact with the content with a simple vertical elevation of the hand and 
sideways swipes. For example, to open up a news article, the user raises a 
hand to match the vertical positioning of the corresponding article and 
swipes to the right. The opened article can be closed by swiping back to 
the left. 

The motivation for this design was to make interaction more efficient and 
to maximize the use of the available screen space. In the first Information 
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Wall, content was laid out on the sides of a 3D cube, meaning most of the 
content was hidden during interaction and hidden completely when no 
one was using the system. In the Information Wall 2’s design, content is 
much more visible, therefore being potentially useful also to passersby 
who do not interact but glance at the screen as they walk past. This design 
also better communicates a summary of the available content. Moreover, 
with the position-based activation of content sections, we hypothesized 
that this would make interaction more effortless, as users do not have to 
navigate to the desired content onscreen, but simply stop at the 
corresponding location. 

The content consists of context-relevant and timely information like the 
latest news, the lunch menus of nearby cafeterias, and real-time bus 
schedules. Like the previous Information Wall, the system supports 
multiple simultaneous users, though the Information Wall 2 supports 
running multiple instances with multiple Kinect sensors. One of the 
deployed versions of the system was run on two large parallel screens, 
allowing four simultaneous users. 

Technical Details 

The Information Wall 2 is a web application that runs on all modern 
browsers and is built using HTML, CSS, and Javascript (and the jQuery 
library). 

Since the Information Wall 2 is a web application, we extended the 
existing SkeletonServer (used for the Information Wall 1) to support HTTP 
calls that would return responses in JSON format. Therefore, Kinect data 
could be fetched from the browser using HTTP calls and parsing the 
returned JSON data. This same approach was also used for the following 
two systems, the NFC Information Wall and SimSense. 

Deployments 

The Information Wall 2 was deployed in two spaces. First, it was deployed 
in the same space as the original Information Wall for three months and 
run with the same technical setup. 

In addition, we ran the Information Wall 2 in SimSpace, which is a relaxed 
workspace and breakroom within the premises of the School of 
Information Sciences at the University of Tampere (Figure 12). It was run 
on two parallel screens using two Kinect sensors, therefore supporting 
four simultaneous users (Figure 11). The deployment in SimSpace was not 
officially regulated, as the space was actively used for myriad purposes, 
including lectures, during which the large screens were needed for other 
reasons. However, whenever the screens were free, Information Wall 2 
was started. 
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Figure 12. The Information Wall 2 running on two large screens deployed in SimSpace, 
an open office workspace. 

5.3 NFC INFORMATION WALL 
With NFC Information Wall, we extended the existing Information Wall 2 
architecture and created a mobile application to allow users to transfer 
content between the large display and personal mobile devices.  

 

Figure 13. NFC Information Wall. Left: The user is selecting an item on the large display. 
Middle: The user is transferring the selected item to his mobile device via the NFC reader. 

Right: The transferred content is ready to be explored on the mobile device (adapted 
from Mäkelä et al., 2016, Figure 1, © 2016 ACM). 

Users can select items on the screen using point-and-dwell, and they can 
transfer the selected item to their mobile device by tapping the nearby 
NFC reader (Figure 13). Content items are laid out horizontally, four being 
visible at once. Users can cycle through content pages using the previous 
and next buttons located on the bottom corners of the screen with point-
and-dwell. Content items are shown differently based on their nature; say, 
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items that showcase an event with a date and time are depicted as 
calendar markings. 

The mobile application is only mandatory if the user wants to create and 
upload items on the screen. The application presents a simple form 
through which users can add basic information, such as a title and a 
description, and optional information such as a date or a picture. When an 
item has been created, users can tap the NFC reader to upload it to the 
screen, which immediately updates to show the newly uploaded item. 

Content transferred from the screen to the mobile device is presented 
differently based on whether the mobile application is installed. If the 
application is not installed, a link is sent to the mobile device that 
immediately opens on the mobile’s default browser. If the app is installed, 
the content is opened inside the app in a scrollable list. 

Technical Details 

The software consists of the large display client, a web service, an Android 
client, the SkeletonServer, and another middleware component to handle 
data between the NFC reader and the web service. The NFC reader used 
with the system is an ACS ACR122 reader. 

The large display client is a web-based application and runs on top of the 
Information Wall 2 architecture. A web service stores and provides the 
large display content. Another middleware component handles messages 
between the NFC reader and the web service. The large display client 
fetches the content directly from the web service, and the web service 
allows content moderation via a separate admin component. 

Deployments 

The NFC Information Wall was briefly deployed in the same two locations 
as the Information Wall 2. In the main building of the university campus, 
the NFC Information Wall was run for one week, during which time a 
researcher was present to demo the system and to gather initial feedback 
regarding the system and the concept. 

The NFC Information Wall was deployed in SimSpace for a user study, in 
which we further investigated the user experience and interaction of 
content transfer using mid-air gestures and a physical transfer device 
(Mäkelä et al., 2016). This study is described in detail in Chapter 6. 

5.4 SIMSENSE 
SimSense is the final, most advanced prototype that was built to carry out 
the research presented in this thesis. SimSense is a smart space system that 
automatically pairs mobile devices in the space with their owners based 
on location data and enables seamless transfer of content from a large 
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display to a mobile device using mid-air gestures (Figure 14).1 Thanks to 
automatic pairing, the mobile device can remain in one’s pocket or bag 
throughout the interaction process, and no connection to the display needs 
to be established. 

The system consists of a large display application, a mobile application, a 
Microsoft Kinect sensor, and five Kontakt.io Bluetooth beacons attached to 
the ceiling of the installation space. The Kinect sensor tracks people in 
space, whereas mobile devices are tracked using Bluetooth low energy 
(BLE) via the five Bluetooth beacons. The mobile device measures the 
strength of the Bluetooth signals received from these beacons with a 
dedicated Android application. The signals are called RSSI (Received 
Signal Strength Indicator) and are measured in dBm. The mobile 
application then sends this information to a location estimation server, 
which then estimates the location of the mobile device in the space. We 
base our work on the assumption that a mobile device belongs to a person 
whose location matches the mobile device’s. Therefore, when a user 
transfers content from the large display, SimSense knows which device to 
send the content to. 

The large display application functions as a gesture-controlled 
information display. Like Information Wall 1, hand cursors are displayed 
onscreen to visualize where the user is pointing. Content items can be 
opened for closer examination with the point-and-dwell method, that is, 
by pointing at an element for a short time. A progress bar is displayed 
during dwelling to visualize the selection process. Content feeds can be 
cycled through via two buttons at the bottom of the screen, similarly 
triggered using point-and-dwell. The contents consist mainly of news 
articles from numerous popular news portals (Figure 15). 

To transfer content to their mobile device, users first point at an item (that 
is, hover over it with the hand cursor), and then form a fist with the 
pointing hand to “grab” the item, and pull it towards themselves (Figure 
16A). When the hand is pulled back, the transfer of content is triggered, 
and the content is immediately sent to the recipient device. This gesture, 
which we call grab-and-pull, was chosen based on the results of a user 
study, in which we compared it to another gesture, grab-and-drop (Figure 
16B), for content retrieval and measured the overall user experience of the 
system (Mäkelä et al., 2017). The user study will be presented in more 
detail in Chapter 6. 

                                                 
1 https://www.youtube.com/watch?v=RkpjCsNBu3U 
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Figure 14. The SimSense system. A) A user enters the space, and the system immediately 
pairs the user with his mobile device based on location data. The system notifies the user 
that they have been paired. B) The user can then interact with the large display via mid-

air gestures and transfer content to his mobile device. Here, the user has grabbed an 
interesting news article and is pulling it towards himself to trigger the transfer. C) The 

user can explore the transferred content on his mobile device. 
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Figure 15. The SimSense screen elements overview (Mäkelä et al., 2017b, Figure 1B, © 
2017 IEEE). 

 

Figure 16. Two different gestures for content transfer were developed and evaluated. A) 
Grab-and-pull: the user points at a content item, grabs the item, and pulls the hand 

towards his or her body. B) Grab-and-drop: the user points at a content item, grabs the 
item, and drags it to the drop area (Mäkelä et al., 2017b, Figure 2AB, © 2017 IEEE). 

One area of focus with SimSense was providing extensive feedback to the 
user. During each phase of the grab-and-pull gesture, small hand 
animations are shown to visualize the next step. Furthermore, while 
pulling, the grabbed element gets larger the further it is pulled to create a 
sense of the content being pulled out of the screen. 

A skeletal representation mimicking the user’s movement is displayed on 
the top right of the screen (Figure 15). On the bottom edge of the screen, 
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an avatar representing the user is displayed that moves horizontally 
according to the position of the user and acts as an instructional agent. The 
avatar displays a “You are now connected!” notification when a user has 
entered the space and has been successfully paired with his or her mobile 
device. Likewise, a notification is displayed when content is transferred to 
the mobile device. All interactions are accompanied with sound effects. 

On the mobile application, when content is received, the device vibrates 
and plays an audio tone, and an Android notification is created. Pressing 
the notification opens the SimSense mobile app, which shows the content. 
The mobile application displays all transferred content in a scrollable list 
(Figure 14C). Users can log in to the application with an existing Gmail 
account.  

Technical Details 

The SimSense large display web application is built using the AngularJS 
framework. The gesture recognition uses the same technology as the 
Information Wall 2. Otherwise, the SimSense client is developed from 
scratch. 

For user–mobile pairing, a location prediction server was written using 
Node.js. Five Kontakt.io Bluetooth beacons are attached to the ceiling of 
the space to enable the location estimation of mobile devices. A kNN 
machine learning library (k = 3) is used to estimate the location of mobile 
devices. 

Deployments 

Since finishing the first version of SimSense, it has been semi-permanently 
deployed in SimSpace, much like Information Wall 2 was earlier. 
SimSense would run in the space most of the time outside official events, 
during which the large screen was needed for other purposes. In the same 
space, a user study was run regarding interaction with SimSense (Mäkelä 
et al., 2017b), which will be presented in the next chapter.  
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6 Introduction to the 
Publications 

Three prominent themes arise through this research, the backgrounds for 
which were discussed in chapters 2, 3, and 4. Each of the six publications 
contribute to one of the themes. I will next present an overview of the 
themes and the research contributing to them, after which I will describe 
each publication in detail. 

Theme 1: Deployment and Evaluation of Interactive Displays. In this 
theme, I focus on challenges and shortcomings regarding the deployment 
and evaluation of interactive displays. Publications I and II contribute to 
this theme. In Publication I (Mäkelä et al., 2017a), I investigate external 
factors around and within public spaces that affect interactive display 
deployments. I recognize six types of external factors and find that their 
effect on deployments is often surprising and negative. In Publication II 
(Mäkelä et al., 2017c), I study the usage of a semi-automated process to 
evaluate the usage of and behavior around public displays. This study 
stems from the fact that interactive display research in the field often 
requires considerable resources, for example, one or more researchers 
must be deployed in the field to observe the display’s usage. In the study, 
I show that the semi-automated process can reach viable results while 
saving resources, especially in long-term deployments. 

Theme 2: Interaction with Mid-air Gestures. After studying the 
deployment and evaluation of interactive displays, I move to study the 
interaction with large displays using mid-air gestures. Publications III and 
IV contribute to this theme. In Publication III (Mäkelä et al., 2014a), I 
propose and evaluate a target-acquisition technique called the magnetic 
cursor. The technique was designed to alleviate the physical stress and 
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imprecision inherent in freehand pointing interfaces, wherein users 
interact with elements on the screen by controlling a cursor. The magnetic 
cursor sticks to interactive elements from further away, making it easier to 
acquire the desired target. In Publication IV (Mäkelä et al., 2014b), I 
presented and evaluated the Information Wall. We conducted a lab study 
wherein users tried out the system, and we additionally deployed the 
system in demo sessions and events for visitors to try out freely. Based on 
the study results as well as our observations, we provided guidelines for 
designing gesture-controlled systems. 

Theme 3: Content Transfer between Interactive Displays and Mobile 
Devices Using Mid-air Gestures. After more general-purpose research of 
mid-air gestures in theme 2, I move on to my final research area, which 
centers on the transfer of content between public and personal devices 
using mid-air gestures. Publications V and VI contribute to this theme. 
The key difference from theme 2 is the advancement of gestures beyond 
single-screen interactions. In Publication V, I present and evaluate the 
NFC Information Wall, which combines mid-air gestures and a physical 
NFC reader to enable the transfer of content between the display and a 
personal mobile device. The findings from this study partially guided the 
design of the next and final system, SimSense. In Publication VI, we utilize 
the SimSense system to evaluate the transfer of content from a large 
display to a personal device using mid-air gestures. SimSense materializes 
a more advanced vision wherein users do not need to interact with their 
mobile device at all to transfer content to it. In this final study, we show 
that mid-air gestures for this purpose are efficient and offer an impressive 
user experience. 

6.1 PUBLICATION I: CHALLENGES IN PUBLIC DISPLAY DEPLOYMENTS: A 

TAXONOMY OF EXTERNAL FACTORS 

Reference 

Mäkelä, V., Sharma, S., Hakulinen, J., Heimonen, T., & Turunen, M. 
(2017a). Challenges in Public Display Deployments: A Taxonomy of 
External Factors. In Proceedings of the SIGCHI Conference on Human Factors 
in Computing Systems (CHI ’17), 3426–3475. New York, NY, USA: ACM. 
doi:10.1145/3025453.3025798 

Objective and Methods 

Deploying interactive displays in the wild is often more difficult than one 
might expect. After conducting several public display deployments, we 
came to the realization that various external factors—properties and 
phenomena unrelated to the deployment—often affect the deployment in 
a surprising way. For example, people in the space might interfere with 
the display, or weather issues like rain might destroy a piece of hardware. 
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To investigate external factors on a large scale, we conducted a literature 
review to search for issues caused by external factors and looked into our 
own deployment experiences to seek similar problems. Then, we 
combined the issues from the two sources and used affinity diagramming 
to categorize them. Our aim was to address the following questions: (1) 
Which types of external factors affect public deployments? And (2) How 
do researchers react to the effects of external factors? 

For the literature review, we first used snowball sampling to gather an 
extensive set of papers. We started with a set of papers from well-known 
authors with whom we were already familiar due to our own work in the 
field. Subsequently, we checked the references of these publications to 
find additionally relevant papers. The relevance of the papers was decided 
based on their title or what was said about them in the citing paper. Then, 
we used Google Scholar to locate new publications that cited the papers in 
the collection. From the search results, we added papers based on their 
title or their abstract. After this process, our collection included 132 
publications. We then narrowed down the collection by including papers 
that either presented a) an in-the-wild public display deployment or b) 
challenges or lessons learned regarding public deployments. After 
filtering, our final collection consisted of 71 publications. 

Two researchers then reviewed all 71 publications and noted every issue, 
challenge, or observation from which an external factor could be identified. 
We did not include issues that were internal to the deployment due to, for 
example, bad design or poorly performing technology. From the 71 
publications, 22 contained one or more issues due to external factors, 
combining into 51 issues. We then identified 10 issues from our own 
deployments and added them to the issues from the literature, forming the 
final data set of 61 issues. 

We employed affinity diagramming to categorize the issues. Three 
researchers took part in this process: the two who conducted the original 
literature review and an additional researcher. Issues from both sources 
were treated equally, with no special emphasis on our own experiences. 
We considered the categorization complete when all three researchers 
agreed with the result. 

Results and Discussion (Publication I) 

Using the procedure described above, we identified six categories of 
external factors: weather, events, surroundings, space, inhabitants, and 
vandalism. 

Weather refers to effects caused by multitudinous climate-related factors, 
such as sunlight, cold, wind, rain, ice, and humidity. For instance, sunlight 
can interfere with various sensors, rain can destroy hardware, and cold 
weather may make users unwilling to interact with an outdoor display. 
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Events refers to gatherings such as festivals that temporarily affect the 
deployment space or surrounding areas. For instance, events can bring 
unusually large numbers of people to the area, which may overcrowd the 
system or the interaction space. However, this may also lead to positive 
effects, such as more interest in the deployment and more users. 

Surroundings refers to the areas around the deployment space, such as 
nearby buildings and their functions. For instance, a theater beside the 
deployment space may affect the general demographics, how much of a 
hurry the passersby are in, and when they are interested in the display.  

Space refers to the physical properties and functions within the immediate 
deployment area. For instance, the layout of the area and the positioning 
and angle of the display may affect its visibility.  

Inhabitants encapsulates the daily roles and routines of people frequenting 
the deployment space, such as guards, janitors, and students. For instance, 
in our deployments, janitors occasionally left their carts in such a way that 
they blocked part of the screen. 

Vandalism refers to intentional interference with the deployment and 
destruction of hardware. For instance, a vandal may break the 
deployment’s display, which leads not only to significant expenses, but 
also to downtime for the system while the display is being fixed. 

We also assessed how current research reacts to, or deals with, the 
observed issues and identified four levels of reactions. Of the 61 issues, 
39% were ignored. Another 39% were adapted to, and 13% were solved. The 
remaining 8% were embraced. Ignoring means taking no action against the 
issue. Adapting means taking some action against the issue while 
introducing a tradeoff. For example, if dealing with an issue requires 
continuous use of resources, it would count as adapting. Solving refers to a 
permanent solution, after which the issue no longer exists. Embracing 
means taking advantage of the observed effect or simply seeing the effect 
as positive. 

Our results are useful to researchers and practitioners in various ways. 
First, we show that the effects from external factors are almost always 
negative, highlighting the need to identify potential threats to the 
deployment in advance and being prepared for surprising effects. Second, 
our taxonomy of external factors helps in the identification of potential 
threats in a step-by-step manner by providing six distinct categories from 
which these threats can arise. We furthermore provide an extensive set of 
exemplar issues within each category. This knowledge is also helpful in 
the pre-deployment phase, as practitioners can now more easily identify 
the most optimal locations for their deployments. We present detailed 



…
…

…
…

…
 

  51 

recommendations for preparing for and dealing with the effects from 
external factors in Mäkelä et al. (2017a). 

6.2 PUBLICATION II: SEMI-AUTOMATED, LARGE-SCALE EVALUATION OF 

PUBLIC DISPLAYS  

Reference 

Mäkelä, V., Heimonen, T., & Turunen, M. (2017c). Semi-Automated, 
Large-Scale Evaluation of Public Displays. International Journal of Human–
Computer Interaction. doi:10.1080/10447318.2017.1367905 

Objective and Methods 

Public interactive displays have been widely researched in a plethora of 
contexts. As such displays have become increasingly common, public 
display research has moved from the lab into the wild where, for example, 
the display’s usage and the behavior of passersby can be studied in a 
realistic environment. 

Research in the field has commonly utilized a mix of different methods, 
most notably observations, interviews, and interaction logs. The primary 
method in past research has been observations. While observing users and 
passersby presents a multitude of advantages and is a straightforward 
study method, it often consumes a considerable amount of resources. 
Especially when studying the long-term usage of a display, deploying one 
or more researchers in the field for such an extended period is not 
desirable—and often impossible. At the same time, interaction logs and 
depth sensor data have been mostly used as supporting data for 
observations and interviews. Moreover, logged data has been analyzed 
manually in many cases. This practice is similarly time-consuming, and 
we assume it overlooks much of what could be potentially learned from 
the data. 

Therefore, we set out to investigate whether we could utilize logged 
interaction and skeletal data more extensively to reach meaningful 
evaluation results, without having to be present to observe the users. 

We deployed one of the gesture-controlled information displays presented 
earlier in this thesis, the Information Wall, in a large open space in the 
main building of a university campus for one year. The system collected 
all interactions as well as anonymized skeletal data of all passersby in 
separate log files. By skeletal data, we mean a collection of 3D points of 
every passersby’s upper body joints, which were collected every 60 
milliseconds. 

Our one-year deployment resulted in a data set containing data of 106 637 
passersby. We then wrote a collection of scripts to clean up, combine, and 
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finally, transform the log files into CSV form with dozens of variables on 
which statistical analyses could be conducted. 

Results and Discussion (Publication II) 

The main result of our work is the semi-automated process that can be 
used to gather, transform, and analyze data from a public display’s 
deployment. We recognized four distinct phases to the process: (1) data 
collection, (2) preparation, (3) feature extraction, and (4) analysis. By data 
collection, we refer to the automatic gathering of interaction and skeletal 
information during the deployment. Preparation refers to the process of 
combining and cleaning up the extensive amount of data, to get the data 
ready for the next phase. Feature extraction is the most crucial and unique 
phase to this process. The ultimate result from feature extraction is data 
that is transformed into such a form (e.g., a CSV file) on which statistical 
analysis can be performed in the Analysis phase to answer deployment-
specific research questions. 

For the feature extraction phase, we wrote scripts to transform the data 
into a large CSV file containing dozens of variables for each passerby, 
which were ultimately used to reach meaningful findings regarding our 
public display deployment. To produce the required variables, one needs 
to carefully consider the characteristics of the installation, how it is 
interacted with, and how the space around it might affect its use. A more 
detailed discussion of this process is presented in Mäkelä et al. (2017c).  

We applied the semi-automated process to our Information Wall 
deployment. Although the main result of this work is the process itself, I 
briefly present some of the results from applying this process to 
demonstrate the findings that can be reached. 

We were able to categorize passersby into direct, subtle, and passive users. 
We somewhat followed the Audience Funnel framework, wherein user 
engagement is classified into six different categories (Michelis & Müller, 
2011). Although not all of these categories could be recognized through 
logged data alone, we were nonetheless interested in whether we could 
classify passersby based on whether they interacted with the display, and 
if so, how much and for how long they interacted. Out of all passersby, we 
recognized 1,489 as direct users (1.4%) and 6,241 as subtle users (5.9%), 
leaving the remaining 98,907 passersby as passive users (92.8%). 

In analyzing individual and group behavior, we found that 45.8% of direct 
users interacted without anyone else in the scene. Of the direct users, 
18.5% were accompanied by one or more passive users, that is, people 
who did not interact at all. In addition, 35.7% were accompanied by subtle 
or other direct users, or a combination of all three user types. 
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Direct users who were alone interacted for an average of 55 seconds and 
triggered 5.8 elements on the screen. Direct users who had company 
interacted much longer, with an average of 103 seconds and 7.8 element 
triggers. The highest increase in interaction time was observed in larger 
groups that mixed all three user types, with an average duration of 153 
seconds and 12.4 element triggers. 

As presented earlier in this thesis, the Information Wall exhibits a two-
level reaction to passersby. Distant passersby are depicted as transparent 
rectangles on the screen, whereas people stepping closer to the screen get 
assigned their personal information cube with which they can interact. 
The rectangles are meant to catch their attention; the rectangles are not 
shown if someone is already interacting with an information cube so the 
rectangles do not distract direct users. Our analysis showed that, of those 
passive users who were accompanying direct users, the clear majority 
(81.7%) stood far from the screen, so an information cube was not opened 
to them. This could suggest a phenomenon we call multi-user interaction 
blindness, wherein the people observing a direct user do not interact 
themselves simply because they are not aware the system supports 
multiple simultaneous users. 

Finally, we analyzed how the number of subtle and direct users develops 
over time. As expected, the amount of users dropped significantly during 
the first few months. We were nonetheless surprised by the very high 
percentage of users in the first month, wherein 25.7% of all passersby were 
subtle users, and 4% were direct users. In the second month, the figures 
were 14.5% and 3.1% respectively, and in the third month, 13.4% and 3.4%, 
which we also consider high numbers. However, in the following months, 
subtle users dropped to around 3–4%, and direct users dropped below 1%. 

While our analysis results indicate many things, two main implications 
can be deduced. First, considering long interaction times as well as the 
significant decline in usage rates over time, it seems that most users of the 
system were first-time users. In other words, not many returned to the 
system, which could suggest that the Information Wall suffered from 
usability issues or that people simply did not want to interact with 
gestures after the initial experience. Second, we found that direct users 
were often accompanied by passive users who stood further away and did 
not interact at all. This could suggest that passersby were simply not 
aware the system supports multiple simultaneous users. A concrete 
implication from this is that multi-user systems should still, in some way, 
react to passive users even when someone is already using the system. 

Through this work, we proposed and demonstrated a semi-automated 
process to evaluate public displays. Our main goal with this process is to 
offer an alternative to existing research methods, namely, to conduct long-
term evaluations without having to send researchers into the field. This 
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process is not entirely self-sufficient and requires a mix of other research 
methods, such as observations, to be efficient. Nevertheless, the process 
can still save a considerable amount of resources. In addition, as the 
process is applied to more and more deployments, the process also 
becomes increasingly straightforward and automated, as many high-level 
aspects of the process can be directly applied to any deployment, 
requiring only minor changes in between. 

6.3 PUBLICATION III: MAGNETIC CURSOR: IMPROVING TARGET SELECTION 

IN FREEHAND POINTING INTERFACES  

Reference 

Mäkelä, V., Heimonen, T., & Turunen, M. (2014a). Magnetic Cursor: 
Improving Target Selection in Freehand Pointing Interfaces. In Proceedings 
of the International Symposium on Pervasive Displays (PerDis '14), 112–117. 
New York, NY, USA: ACM. doi:10.1145/2611009.2611025 

Objective and Methods 

Freehand pointing interfaces, wherein users point from a distance at 
interactive targets on the screen, can be tiring and slow. Keeping the arm 
extended and steady in mid-air may result in fatigue, especially in 
prolonged interactions (Hincapié-Ramos et al., 2014; Jang et al., 2017). 
Because the hand must remain steady also while interacting with the 
target, focus and steadiness are required beyond merely the initial 
acquisition of the target. 

To alleviate this problem, we investigated assisting techniques that make 
target acquisition easier. While past research has evaluated and proposed 
many such techniques, they have been evaluated in different contexts, 
using modalities other than mid-air gestures.  

Based on existing research as well as our experiences with freehand 
pointing interfaces, we recognized three properties that should be 
considered when designing target acquisition techniques for freehand 
pointing. First, it may not be desirable to use techniques that significantly 
alter the visual space of the interface by, for example, manipulating the 
size of targets close to the cursor. Doing so imposes limitations on the 
interface and may appear odd, especially to first-time users in public 
spaces. Second, because the location of the onscreen cursor is directly 
mapped to the location of the pointing hand in 3D space, the cursor’s 
location cannot be dramatically manipulated (slight changes, however, 
may increase performance). Third, gesturing requires constant effort, 
meaning pointing at the screen, unlike, say, mouse or touch interaction, 
where staying on target requires little to no effort. Therefore, the assisting 
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technique should not only make acquiring targets easier, but also make it 
easier to stay on target. 

Per these definitions, we produced the concept of a magnetic cursor, which 
combines characteristics from several existing techniques. Most notably, it 
a) jumps to the closest target when a certain threshold is crossed, and b) it 
moves slower while on target, but does not remain entirely stationary, 
thereby giving the user hint regarding the actual pointing location of their 
hand. In short, the magnetic cursor increases the size of interactive targets 
in motor space, while aiming to affect the visual space only slightly.  

We conducted a 19-participant lab user study following a within-subjects 
design. Participants first used a cursor with no assisting techniques 
enabled to serve as a practice session. Subsequently, participants used and 
evaluated two different versions of the magnetic cursor (referred to as 
MC1 and MC2) as well as the snap-to-target method proposed by existing 
research (Parker et al., 2005). The two magnetic cursors utilized different 
thresholds, that is, how strong the magnetic effect is, with the strength of 
100 and 200 pixels. 

Employing all the described techniques, the participants’ task was to select 
a target element on the screen using point-and-dwell, with a dwell time of 
1.2 seconds. The target was always surrounded by distractor elements that 
were visually dissimilar from the target. Independent variables were (1) 
the techniques, (2) the distance to the target from the previous target, (3) 
the distance between the target and the distractors, and (4) the size of the 
target and the distractors. 

We measured the objective performance of each technique, including, for 
example, time to acquire the target, time to select the target, number of 
reacquisitions, and error rate. Additionally, participants filled out a 
subjective questionnaire regarding their experience with each technique. 

Results and Discussion (Publication III) 

Our results showed that all assisting techniques, unsurprisingly, 
significantly outperformed the normal cursor. MC1 was the fastest in 
terms of selection time (1.6 s), followed by MC2 (1.7 s) and snap-to-target 
(1.8 s). MC1 also had the fewest errors (2.4%), followed by snap-to-target 
(3.2%) and MC2 (8.6%). As an error, we counted the selection of a 
distractor element instead of the target. 

Of subjective measures, the three assisting techniques were mostly 
evaluated as equal with no significant differences. However, MC2 was 
found to be more mentally demanding and present less control than MC1. 
MC1 and snap-to-target were also perceived as faster than MC2. Nine out 
of 19 participants chose MC1 as the most pleasant technique, and another 
nine preferred snap-to-target, while MC2 was preferred by only one 
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participant. Conversely, eight participants named MC2 as their least 
favorite technique, and another eight preferred the normal cursor the least. 
Snap-to-target received three votes, while nobody preferred MC1 the least. 

Our results are useful in the design of freehand pointing interfaces. We 
proposed the Magnetic Cursor, which was found to be an effective 
assisting technique for freehand pointing, making target selection faster 
and less cumbersome. However, we also discovered that, if the effect of 
the magnetic cursor is too strong, it can become frustrating and result in 
more errors. Thus, the strength should be relative to the screen size and 
resolution. In our study, with a full HD display, the magnetic cursor with 
an effect of 100 pixels was the most efficient, and was also preferred by 
users. The effect of 200 pixels was more error-prone, and users liked it 
significantly less. In objective measures, the snap-to-target performed 
almost as well as MC1, but was still slightly slower and slightly more 
error-prone. Similarly, MC1 received slightly higher user experience and 
preference scores than snap-to-target. 

6.4 PUBLICATION IV: INFORMATION WALL: EVALUATION OF A GESTURE-
CONTROLLED PUBLIC DISPLAY  

Reference 

Mäkelä, V., Heimonen, T., Luhtala, M., & Turunen, M. (2014b). 
Information Wall: Evaluation of a Gesture-Controlled Public Display. In 
Proceedings of the 13th International Conference on Mobile and Ubiquitous 
Multimedia (MUM '14, Melbourne, Australia), 228–231. New York, NY, USA: 
ACM. doi:10.1145/2677972.2677998 

Objective and Methods 

Interactive displays are regularly interacted with through touch input. 
Interaction through mid-air gestures, however, has been very rare. While 
mid-air gestures present many challenges, they also present a number of 
advantages over touch input and other modalities. Hence, they provide 
interesting opportunities for research in the public space. 

It is still relatively unclear how gestural interactions should be designed, 
especially for public spaces, and how people in such spaces react to and 
interact with gesture-controlled displays. 

To investigate these aspects in more detail, we conducted a 19-participant 
lab user study, wherein participants used and evaluated the Information 
Wall system presented earlier in this thesis. Moreover, we deployed the 
Information Wall in many public events in which we had the opportunity 
to observe first-time users of the system in a free-form manner. 
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In the user study, participants were given simple tasks without further 
instructions, that is, they discovered the system’s range of functionalities 
on their own. For instance, the Information Wall contained a public 
university calendar with information on public lectures. One of the 
participants’ tasks was to seek a specific lecture and check the location of 
its lecture hall. We used the SUXES method (Turunen et al., 2009) to 
measure the users’ expectations and experiences with the Information 
Wall, as well as the AttrakDiff (2018) questionnaire. AttrakDiff measures a 
system’s appeal in two primary categories: pragmatic quality (PQ) and 
hedonic quality (HQ). PQ mainly measures the system’s usability, while 
HQ measures properties such as novelty and how users generally 
experience the system. 

Results and Discussion (Publication IV) 

Based on the SUXES results, the participants’ expectations of the system 
were mostly met. While this is a promising result, it is interesting to note 
that their expectations were rather low to start. This might be due to a 
certain level of skepticism towards mid-air gestures and the related 
technology. The AttrakDiff results show that the Information Wall 
received an average score in PQ and a slightly above-average score in HQ. 
This primarily suggests that there is room for improvement, especially 
concerning the system’s usability. However, the positive result is that 
users seemed to value the novelty and new experiences provided by the 
Information Wall. 

Connecting our findings from the user study as well as the observations, 
we produced five guidelines to help with the design of gesture-controlled 
information displays. A more detailed discussion and arguments for the 
guidelines are presented in the paper (Mäkelä et al., 2014b), though two 
guidelines warrant explicit discussion here because they relate strongly to 
existing research: 

First, we recommended that gesture-controlled information displays 
should support simultaneous interaction. During the public events, we 
observed that users preferred interacting with a known associate. 
Moreover, visitors were much more likely to interact with the system after 
the first few had the courage to try interacting with the display. While this 
recommendation is not new per se and follows the honeypot effect 
(Brignull & Rogers, 2003; Hardy et al., 2011; Müller et al., 2012), our 
observations suggest that this effect is enhanced by gestural interaction. 
Because users interact with the system from a distance, bystanders can 
easily observe how the system works. Moreover, even during interaction, 
users can observe how the other person (perhaps a more experienced user) 
is interacting. 

Second, we recommended that only one hand cursor per user should be 
depicted at a time. Other research has pointed out that one-handed 
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interaction should be supported (Hardy et al., 2011; Walter et al., 2014; 
Ackad et al., 2015). We also made the same observation and completely 
supported one-handed interactions. However, we introduced a flexible 
solution to allow users to utilize both hands if they wanted, or change the 
interacting hand on the fly. Therefore, both hands would be portrayed 
onscreen if they were lifted. This feature seemed to work against itself for 
two reasons. First, users had surprising trouble recognizing which hand 
cursor was mapped to which hand, even though the cursors had a slightly 
different visual appearance. Second, first-time users especially often 
unknowingly interacted with the “other” hand, leading to confusing 
situations. Most users did not realize this until it was pointed out to them. 
These observations suggest that stronger visual feedback should be used, 
for example, in the form of skeletal representations, as we did with the 
gesture-controlled systems that followed the original Information Wall. 

6.5 PUBLICATION V: INVESTIGATING MID-AIR GESTURES AND HANDHELDS 

IN MOTION TRACKED ENVIRONMENTS 

Reference 

Mäkelä, V., Korhonen, H., Ojala, J., Järvi, A., Väänänen, K., Raisamo, R., & 
Turunen, M. (2016). Investigating Mid-Air Gestures and Handhelds in 
Motion Tracked Environments. In Proceedings of the 5th ACM International 
Symposium on Pervasive Displays (PerDis '16), 45–51. New York, NY, USA: 
ACM. doi:10.1145/2914920.2915015 

Objective and Methods 

Researchers have proposed and studied numerous ways of moving 
content between personal mobile devices and public devices like 
interactive displays. However, these methods generally employ touch as 
the interaction modality, either through touching the public device (i.e., a 
screen), the recipient mobile device, or both. To our knowledge, no such 
work has been done with mid-air gestures, wherein users could, for 
example, select items they want to transfer to their mobile device by using 
gestures from a distance. In such scenarios, the relationships between 
different devices and mid-air gestures are unclear, for example, whether a 
mobile device affects how users interact with gestures. 

Consequently, we conducted a 13-participant user study, wherein 
participants used and evaluated the NFC Information Wall presented 
earlier in this thesis. Our primary research questions were: (1) How does a 
mobile device affect mid-air gestures? (2) How is the mobile device held 
during gesturing and when the user does not intend to interact with any 
device? (3) How is a gesture-controlled large display affected by the 
presence of another interactive device in the same space? 
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Participants carried out six tasks using the NFC Information Wall smart 
space system. In three tasks, participants sought a specific item on the 
screen and transferred it to their mobile device to investigate the content. 
In the remaining three tasks, participants created different kinds of 
content items on their smartphones and uploaded them onto the public 
screen. 

Results and Discussion (Publication V) 

When interacting with the display, we observed that most participants 
preferred to gesture with one hand and hold the mobile device in the 
other (8 out of 13 participants). Two participants left the phone on a table 
for the duration of the interaction and picked it up again when they 
needed it. Two participants used the hand holding the mobile device to 
gesture, and one participant frequently switched between the 
aforementioned methods. 

A surprising observation during interactions with the display was that 
participants were holding the mobile device relatively high, at chest or 
shoulder height. This occasionally made it very difficult for the system to 
figure which hand should be tracked for interaction, resulting in, for 
example, errors and accidental interactions. However, in their feedback, 
participants did not think that holding the mobile device disturbed their 
gestures, suggesting they did not realize that the mobile device actually 
had an impact. 

Another interesting observation was what we call the freezing effect. Six out 
of 13 participants frequently “froze” when they wanted to pause 
interaction to observe the newly displayed content on the screen, for 
example. Users would first point at a screen to trigger whichever 
functionality they wanted, but when they wanted to stop, they would still 
continue pointing, triggering further (unwanted) interactions. 

Similar issues continued when users were interacting with the mobile 
device, that is, either observing received content or creating new items for 
the screen. Users were holding the mobile device relatively high, close to 
their face, which often triggered accidental interactions on the display. The 
freezing effect was similarly apparent in these cases. When interacting 
with the handheld device, users would lift their heads when they realized 
that the screen was reacting to them, but chose to remain still as if 
assuming the display would eventually understand that the user is not 
interacting. Intuitively, no users tried to do anything else to stop 
unwanted interaction, such as lower their hands or turn away from the 
screen. 

Many of our observations are closely tied to the Midas touch issue 
(Kjeldsen & Hartman, 2001). The Midas touch issue refers to the challenge 
of recognizing whether the user wants to interact with the system. This 
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issue is prominent in modalities that exhibit an always-on nature, such as 
mid-air gestures, speech, and eye gaze, wherein any kind of movement (or 
speech) can be falsely interpreted as input by the system.  

The Midas touch issue is well-known from existing research. We also 
encountered this issue in our previous studies, such as during the public 
deployments of the Information Wall (Mäkelä et al., 2014b). However, in 
this study, the issue occurred significantly more frequently and rather 
dramatically affected how easily participants could complete their tasks. 
This result shows that cross-device interaction in motion-tracked smart 
spaces, wherein users may handle multiple devices, is problematic and not 
only presents unique challenges, but also reinforces existing challenges. 

The main implication from this study is that holding the mobile device 
affects users’ stance and pose, and it may interfere with gestural 
interaction in such a way that users themselves do not realize it. This 
presents a particular challenge for content transfer between public and 
personal devices when mid-air gestures are involved. This problem can be 
solved with a more advanced and innovative solution in which users can 
keep their mobile device in their pocket or bag throughout the interaction 
process, as presented next in the final publication of this thesis. 

6.6 PUBLICATION VI: “IT’S NATURAL TO GRAB AND PULL”: RETRIEVING 

CONTENT FROM LARGE DISPLAYS USING MID-AIR GESTURES  

Reference 

Mäkelä, V., James, J., Keskinen, T., Hakulinen, J., & Turunen, M. (2017b). 
“It’s Natural to Grab and Pull”: Retrieving Content from Large Displays 
Using Mid-Air Gestures. Pervasive Computing, 16(3), 70–77. 
doi:10.1109/MPRV.2017.2940966 

Objective and Methods 

In the final publication of my thesis, I move towards my vision of utilizing 
mid-air gestures for seamless cross-device interaction, in particular, for 
transferring content from public interactive displays to personal mobile 
devices. 

In the previous study, we used an NFC reader to transfer content between 
the screen and the mobile device, and we found the combination of mid-
air gestures, mobile device interaction, and NFC interaction problematic. 
For this study, we built the SimSense system, presented earlier in this 
thesis, which allows users to keep the mobile device in their pocket 
throughout the interaction process by automatically pairing users with 
their mobile devices based on location data. 
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Despite some existing research regarding gestural interaction and 
interface design, we are not aware of any other existing work that utilized 
mid-air gestures for seamless content transfer. It is unclear how users 
experience mid-air gestures for this purpose, and how such interactions 
should be designed. 

Therefore, we conducted a 12-participant user study. Subjects used the 
SimSense system to carry out content retrieval tasks using two gestures, 
grab-and-pull and grab-and-drop. With both gestures (in a counterbalanced 
order), the participants’ task was to repeatedly transfer a highlighted 
content item from the screen to the mobile device that was placed in their 
pocket. The highlighted item was chosen randomly and was visualized 
with thick, red borders. All participants performed 20 content retrieval 
tasks with both gestures. 

We measured the objective performance of both gestures via interaction 
logs, namely, their speed and error rate. In addition, participants filled out 
their expectations and experiences regarding both techniques using a 
modified version of the SUXES method (Turunen et al., 2009), which was 
tailored to suit mid-air gestures in particular. Prior to the tasks, we 
showed very short video clips to participants demonstrating both gestures, 
based on which they filled out the forms describing their expectations. 
After the tasks, participants filled out the SUXES experience questionnaire 
as well as a questionnaire comparing the techniques. Subjects also 
answered questions in an interview. 

Results and Discussion (Publication VI) 

Based on the SUXES results, expectations were very high for both gestures. 
We hypothesized that this would be the case, given the rather novel and, 
in a sense, futuristic context in which we utilized mid-air gestures. We also 
assumed that various sci-fi movies and other entertainment, which 
occasionally exhibit futuristic gesture-controlled interfaces, may play a 
role in people’s elevated expectations. This is especially evident when 
comparing the expectations of one of our earlier prototypes, the 
Information Wall (Mäkelä et al., 2014b), the expectations of which were 
very low. 

Regardless of high expectations, a very promising result is that we could 
primarily meet and, in some cases, even exceed them. In comparing the 
two gestures directly, grab-and-pull received higher median scores in 10 
out of 14 statements included in the SUXES questionnaire, whereas grab-
and-drop scored higher in the remaining four statements. 

The grab-and-pull also performed significantly faster, only taking an 
average 0.65 seconds to complete from when the gesture was started. 
Grab-and-drop took an average of 1.99 seconds to complete. This was 
unsurprising, as grab-and-pull only exhibits a one-dimensional pull after 



…
…

…
…

…
 

 62 

the target element has been grabbed, whereas with grab-and-drop, the 
grabbed element needs to be dragged and dropped onto a specified area 
on the screen. 

Users made almost no errors at all. With grab-and-pull, only one user 
transferred the wrong content item once, and with grab-and-drop, this 
happened only eight times in total. When measuring the number of 
unfinished gestures (i.e., when a gesture was started but not correctly 
finished), a relatively comparable amount was found with both techniques. 
There was an average of 3.0 unfinished gestures with grab-and-pull and 
2.75 unfinished gestures with grab-and-drop throughout the whole study 
session. This measurement seemed to be more related to the performance 
and accuracy of the Kinect sensor, though, as it occasionally did not 
correctly track the status of the active hand, sometimes requiring 
participants to start over. 

Grab-and-pull was preferred over grab-and-drop for transferring content 
from a distance, as 10 out of 12 participants preferred grab-and-pull. 
However, despite this clear preference, it is notable that grab-and-drop still 
received highly positive feedback. Moreover, in addition to the two 
content transfer gestures, we utilized the point-and-dwell method for 
other, more conventional interactions with the screen, such as for moving 
from one content feed to another. We did not observe a single instance in 
which these mechanics interfered with each other. This is a promising 
result, as it suggests that gestural interfaces could be employed for more 
advanced and multifaceted interactions than previously thought. Grab-
and-drop could be simply used for another purpose, such as transferring 
content from one display to another, while using grab-and-pull for personal 
content transfer and point-and-dwell for, say, navigational interactions.  

Both gestures and the SimSense system in general received highly positive 
and seemingly enthusiastic feedback. Both techniques scored a median 
value between 6 and 7 in all SUXES statements (1 being the lowest value 
and 7 the highest). In addition, participants gave positive comments in the 
interview, for instance, making remarks about how the interaction felt as if 
they were in a sci-fi movie. 

Our results show promise for mid-air gestures in ubiquitous computing 
and cross-device interactions through three main findings. (1) We show 
that mid-air gestures are well suited for content transfer scenarios and 
provide a highly positive user experience. (2) Distinct gestures, such as 
grab-and-pull and grab-and-drop, can be successfully mixed with point-and-
dwell interactions, making way for advanced, versatile gesture interfaces. 
(3) Grab-and-pull was found to be an ideal gesture for transferring content 
to a personal device, whereas grab-and-drop could be utilized for another 
purpose, such as transferring from one display to another. 
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7 Discussion 

In this thesis, I investigated three themes revolving around interactive 
displays, mid-air gestures, and seamless content transfer. In this section, I 
discuss the results from each theme and tie together the three themes. 

Deployment and Evaluation of Interactive Displays 

RQ1: What external factors affect interactive displays, and how can long-term 
evaluations of interactive displays be streamlined without considerable use of 
resources? 

I provided answers to this research question through Publications I and II 
(Mäkelä et al., 2017a; Mäkelä et al., 2017c). 

In Publication I, I investigated external factors that have an effect on a 
public display deployment, either directly or indirectly. This was carried 
out as an extensive literature survey, complemented by our own 
experiences from several public deployments. Through this work, I 
identified six categories of external factors: weather, events, surroundings, 
space, inhabitants, and vandalism. I found that the effects from all these 
factors on the deployment are almost always negative and frequently 
surprising. I furthermore provided examples of the issues experienced in 
each category and provided guidelines to help recognize and deal with 
potential issues. 

The work in Publication I is valuable for designers and practitioners 
conducting public display deployments. I raise awareness of external 
factors and show their (negative) effects on public display deployments, 
which should motivate others to aim for the pre-emptive recognition of 
potential threats to their deployments and to reserve resources for dealing 
with them. The examples and guidelines provided in this work offer 
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concrete ways of recognizing and dealing with potential issues in a step-
by-step manner. 

In Publication II, I proposed and evaluated a semi-automated process to 
evaluate the usage of public interactive displays by utilizing logged 
movement and interaction data of passersby. Past research has mainly 
utilized on-site observations and lightweight log data analysis to evaluate 
public displays, which is time-consuming and not always possible, 
especially for long-term deployments. 

The proposed process identifies four phases: data collection, preparation, 
feature extraction, and analysis. I applied this process to the logged data 
collected during a one-year deployment of the Information Wall, 
containing the data of more than 100,000 passersby, to evaluate the 
feasibility of the proposed process in practice. Accoredingly, I was able to 
extract valuable information about the Information Wall’s usage as well as 
passerby behavior. Of particular interest was that many users were 
accompanied by people who stood back to observe the interaction, but did 
not interact themselves. This finding would not have been achieved 
through traditional interaction logs. Moreover, how the usage of the 
display develops over time was easy to analyze from the logs. During the 
first three months, the usage rates were very high. Only from the fourth 
month onwards did they remain somewhat stable—and much lower than 
in the first months.  

Through the proposed semi-automated evaluation process I, in a sense, 
extend the research space of public displays, providing more options for 
researchers when they decide which research methods to utilize in their 
deployments. Based on the results, it seems that the semi-automated 
evaluation process can indeed streamline the evaluation of public displays 
and is helpful especially in a large-scale evaluation of a display’s long-
term usage. Our results further show that it took more than three months 
for the display’s usage to stabilize, highlighting the fact that short-term 
evaluations are unlikely to paint a realistic picture of the usage of a 
display. This factor should motivate researchers to conduct more long-
term evaluations.  

Publications I and II contribute to the overall domain of interactive 
displays especially in public spaces, assisting researchers and practitioners 
in conducting successful deployments as well as providing tools for the 
evaluation of interactive displays. The external factors I systematically 
investigated in Publication I have not received much attention in the past. 
Prior research has reported experiences and lessons regarding problems 
with public deployments (Harris et al., 2004; Storz et al., 2006; Dalsgaard 
& Halskov, 2010), but none of them has focused on the source of these 
issues. Similarly, to the best of my knowledge, this work is the first to 
delve into how researchers reacted to the issues they encountered. 
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Publication II offers a new method for evaluating interactive displays. 
Earlier, Williamson and Williamson (2014) and Elhart et al. (2017) 
presented tools for pedestrian and passerby analytics. I, on the other hand, 
synthesize a combination of passerby movement as well as interaction 
with the display, resulting in more opportunities for an in-depth 
evaluation of the display. 

It should be noted that I do not limit myself to public spaces when 
researching gestural interaction and content transfer in the next two 
themes. Nonetheless, in researching the deployment and evaluation of 
interactive displays in this theme, it made sense to do it in the public 
context. I argue that the findings in this theme apply to other, more closed 
environments as well: the challenges in more controlled environments are 
simply perhaps less prominent. However, in contrast, if the work in this 
theme was done in a non-public context, many aspects that are potentially 
involved in both the deployment and evaluation of interactive displays 
would have been overlooked. 

Additionally, I argue that the work done in this theme is especially useful 
for systems using motion tracking. First, regarding external factors, a 
considerable number of issues had to do with the performance of sensors, 
on which gestures are particularly dependent. Moreover, I also observed 
that the novelty of gestures resulted in various surprising issues, more so 
than more traditional modalities. Therefore, the taxonomy of external 
factors and their implications should be particularly valuable to those who 
plan to deploy gesture-controlled systems in the wild. 

The presented semi-automated process is also especially well-suited for 
motion tracking systems, as the movement and positioning of passersby 
may also convey meaning. As such, this creates the opportunity to 
evaluate, for instance, how (well) users react to certain position-triggered 
visual cues. Therefore, this process can provide much richer insight into 
how users perceived and used a gesture-controlled system. Moreover, 
there is the matter of convenience. The necessary hardware and much of 
the programming logic concerning the tracking of users and passersby are 
already in the system due to the chosen method of interaction. Simply 
storing this (anonymous) data for later analysis is trivial. 

Finally, understanding and researching the public space was crucial in 
understanding interactive systems as a whole. It helped to identify what 
kinds of spaces such interactions might fit in and what kinds of challenges 
one might expect to encounter. Currently, people can be hesitant to 
interact with technology in public (Ojala et al., 2012; Deterding et al., 2015). 
As we found in Publications II and IV, this may be especially true for 
gestural interaction. In a way, regarding gestural interaction and cross-
device communication, I see public spaces as the final step in a long 
process that is still ahead of us, wherein public spaces are made truly 
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ubiquitous, with interactive devices and their information readily 
accessible from anywhere in the space.  

Interaction with Mid-Air Gestures 

RQ2: What techniques and design principles should be used for gesture-
controlled information displays to provide an efficient and usable experience? 

I provided answers to this research question through Publications III and 
IV (Mäkelä et al., 2014a; Mäkelä et al., 2014b). 

In Publication III, I evaluated the performance of a custom-made 
technique, the magnetic cursor, designed specifically to improve target 
acquisition in freehand pointing interfaces. Pointing in such a manner can 
be demanding, requiring mental and physical focus. Moreover, the 
physical demand can easily lead to the Gorilla arm syndrome (Hincapié-
Ramos et al., 2014; Jang et al., 2017). 

Based on the results, the magnetic cursor makes interaction faster and 
easier, reducing the mental load and physical precision required for 
successful interaction. Moreover, the magnetic cursor was favored over an 
unassisted cursor as well as a competitive assisting technique, snap-to-
target (Parker et al., 2005). While the error rates were slightly higher with 
both assisting techniques than with an unassisted cursor, the error rates 
were nonetheless low across the board. In summary, target acquisition 
techniques should be used in freehand pointing interfaces, as they result 
in a variety of positive effects, with little to no drawbacks. 

In Publication IV, I presented an evaluation of the Information Wall. This 
work was carried out as a combination of a 19-participant lab study, in 
which subjective feedback was gathered, and demo sessions, in which 
groups of people with various backgrounds could engage the system with 
little to no prior knowledge, offering us the opportunity to observe first-
time users in a realistic setting. 

Based on the results, I derived five guidelines to help with the design of 
gesture-controlled, cursor-based information displays. In addition, I found 
that the system and gestural interaction in general gathered substantial 
interest from the people to whom it was introduced. I also observed 
uncertainty, as people were somewhat hesitant to test the system, 
especially when others were watching. The same finding was later 
presented by Gentile et al. (2017). Fortunately, I believe that supporting 
two simultaneous users played a crucial part in overcoming the initial 
barrier for interaction, as interacting with a known associate seemed to 
greatly reduce the threshold. After this initial barrier was broken, the 
honeypot effect (Brignull & Rogers, 2003) took effect, motivating 
increasingly more people to interact. 
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Both of these publications contribute to the overall design space of 
gesture-controlled systems, more precisely in systems that incorporate 
freehand pointing and illustrate it via an onscreen cursor. Publication III 
evaluated and proposed a suitable targeting assistance technique. To my 
knowledge, it is the first to conduct such a study in the context of device-
free freehand pointing interfaces. This is important, as freehand pointing 
differs, for instance, in terms of accuracy, hand jitter, and fatigue, from the 
contexts wherein such techniques have been previously evaluated (e.g., 
Parker et al., 2005; Grossman & Balakrishnan, 2005; Ahlström et al., 2006; 
Bateman et al., 2013). Publication IV presented guidelines for designing 
gesture-controlled interfaces. Other research has also provided guidelines 
in a similar context (Walter et al., 2014; Ackad et al., 2015; Ackad et al., 
2016). This is only a positive, as the guideline sets do not contradict, but 
complement each other, focusing on different aspects of and approaches to 
gestural interaction and system design. N.b. that the guidelines provided 
by other researchers appeared in the same year or later as Publication IV. 

Towards Cross-Device Interaction Using Mid-Air Gestures 

RQ3: Can mid-air gestures be employed to enable seamless, low-effort exchanging 
of information between displays and mobile devices, and what is the user 
experience of such interactions? 

I provided answers to this research question through Publications V and 
VI (Mäkelä et al., 2016; Mäkelä et al., 2017b). 

In Publication V, I investigated a combination of mid-air gestures and a 
proxemic device (NFC reader) for two-way content transfer between a 
public display and a mobile device. With this approach, I identified many 
challenges. The Midas touch issue (Kjeldsen & Hartman, 2001), which is 
common in gestural interaction, was particularly problematic when 
interaction with a mobile device as well as a proxemic device was brought 
into the mix. Nonetheless, despite the shortcomings of the system, the 
general concept and gestural interaction received positive feedback and 
was seen as having much potential. 

In Publication VI, the challenges identified in the previous study were 
largely overcome, even though we only focused on one-way content 
transfer from the display to the mobile device. This was partly thanks to 
our innovative user-mobile pairing, wherein we used location data to 
automatically recognize which mobile device belonged to which person. 
Consequently, users could pull content from a distance to their mobile 
devices, without any kind of setup phase, while keeping the mobile device 
in their pocket. I am not aware of any other work that enables similarly 
seamless content transfer scenarios. 

With this approach, the main finding was that mid-air gestures are well 
suited for seamless content transfer, and offer an impressive and efficient 
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user experience. Another positive finding was that SimSense also allowed 
the exploration of content on the display using mid-air gestures, and we 
successfully mixed interaction mechanics for both exploration and content 
transfer. That is, we used point-and-dwell and separate content transfer 
gestures in the same interface with no issues. This is encouraging and 
suggests that mid-air gestures have the potential for more advanced and 
intuitive interactions than what has been currently proposed. 

I believe the highly positive user experience of using mid-air gestures for 
content transfer can and will apply on a higher level, hopefully making 
way for even more advanced interaction scenarios in which users can 
freely interact with and transfer content between a multitude of devices in 
the space. As motion recognition and other technology advance, 
increasingly more opportunities for utilizing such interactions will become 
available. 

One realization during my work on this research question was that 
seamless cross-device content transfer using gestures is not only about 
gestures, but also about creating innovative solutions to inherent 
challenges and obstacles. In this case, with the SimSense prototype, such a 
solution was the automatic pairing approach, wherein we used Bluetooth 
and skeletal data to automatically recognize which mobile device 
belonged to which person. It was thanks to this innovation that the vision 
of transferring content seamlessly with mid-air gestures was possible in 
the first place. In essence, ubiquitous computing is not just about 
designing novel interactions; it is about designing whole platforms in 
which these interactions can be carried out, bringing forth an array of 
entirely new possibilities. While other technical solutions have been 
presented to identify the owners of mobile devices (Rofouei et al., 2012; 
Wilson & Benko, 2014), they have not been used for such purposes.  

Future Work 

While the three themes I researched in this dissertation are closely related, 
their relationship still leaves room for future work. To my knowledge, I 
am the first to present seamless content transfer methods that allow 
content to be transferred with mid-air gestures while the recipient device 
remains in a pocket or bag. Simultaneously, mid-air gestures as an 
interaction modality are still not widely adopted. Therefore, it would be 
worthwhile to investigate how such interactions perform and how they 
are perceived in different settings—public, semi-public, and others. Of 
particular interest should be the acceptance of such interactions and the 
related technology, accompanied with any related concerns, such as 
privacy issues. 

The design of seamless cross-device interactions as well as the spaces in 
which they are performed will likely become more complicated as more 
opportunities are taken advantage of, that is, when more and more 
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devices are brought into the mix. This is when solutions will become even 
more important such as that by Schwarz et al. (2014), wherein they 
utilized a combination of body pose, gaze, and gestures to ascertain 
whether the user intends to interact with a system. With a multitude of 
devices available for interaction, however, the problem will extend 
beyond the intent to interact, as we must also effectively ascertain which 
device the user aims to address. Solutions could be provided by extending 
current solutions, such as that by Schwarz et al. (2014), or by investigating 
effortless ways for the user to communicate which device they want to 
interact with. 

I conclude the discussion with a positive outlook on future advancements. 
Many of this work’s aspects were affected by the state of current 
technology, which still introduces a number of limitations affecting, for 
example, what kinds of gestural interactions are possible and how stable 
their performance is. The primary limitations stem from sensing 
technologies, particularly motion-tracking sensors, which a) require a 
direct line of sight to the user, b) do not always track users accurately, and 
c) have a limited field of view. However, my point here is not to bash 
current technology—quite the contrary. Even with these limitations, I 
achieved promising results regarding the use of mid-air gestures in 
ubiquitous computing, especially with respect to seamless cross-device 
interaction. Imagine, then, what could be achieved with more advanced 
technology. Even now, practical improvements are available. For instance, 
current off-the-shelf smart watches can be used to track hand movements, 
removing the need for external sensors (Katsuragawa et al., 2016; 
Pietroszek et al., 2017; Siddhpuria et al., 2017). Such advancements bring 
forth further possibilities, allowing the integration of gestural interaction 
into a variety of environments. Another direction that can be taken is to 
investigate different modalities for similarly seamless interactions, as we 
have already done in a follow-up study (Mäkelä et al., 2018), in which we 
use the SimSense technology to develop and evaluate seamless content 
transfer techniques using not only mid-air gestures, but also touch, eye 
gaze, and a multimodal combination of eye gaze and mid-air gestures. 
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8 Conclusion 

In this dissertation, I investigated (1) the deployment and evaluation of 
interactive displays, (2) the interaction with, and the design of, mid-air 
gestures, and (3) the seamless transferring of content from interactive 
displays to personal mobile devices using mid-air gestures. To carry out 
this research, I developed four gesture-controlled applications and 
deployed them in various locations to study their usage as well as people’s 
perception of and experience with them. 

This research consisted of six original publications. The conclusions from 
each are as follows: 

 Many external factors exist that predominantly have a negative effect 
on interactive displays. These factors can be placed into six categories: 
weather, events, surroundings, space, inhabitants, and vandalism. 
Gesture-controlled applications are particularly susceptible to external 
factors, as they rely on sensors and direct line of sight. With the help of 
this categorization and the accompanying guidelines and real-world 
examples, researchers and practitioners can more easily identify 
external factors and either deal with them prematurely or devise a plan 
about how to adapt to the possible effect(s), should issues arise. 

 Evaluation of interactive displays largely relies on field observations. 
While observations can provide deep insights into the usage of the 
display, they are time-consuming and often unrealistic for long-term 
evaluations. However, the evaluation process can be, to an extent, 
automated by utilizing log data gathered during the deployment, 
consisting of interaction data as well as movement data of users and 
passersby. This data can be analyzed to reach valid findings and is 
especially useful for studying long-term usage, as well as phenomena 
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that rarely occur (e.g., studying how specific types of groups use the 
system). 

 In freehand pointing interfaces, the interaction with onscreen elements 
can be difficult and tiring, as users need to point at the desired target 
accurately and keep their pointing hand stable. This problem can be 
alleviated with a targeting assistance technique called the magnetic 
cursor, which makes interaction faster, improves the user experience, 
and reduces physical fatigue. 

 Users in public spaces tend to be first-time users and may be unsure 
about interacting with novel interaction modalities. Simultaneous 
interactions should be supported, as users are often more comfortable 
interacting together. One-handed interactions should be supported. 
Due to a lack of tactile feedback and known conventions, special 
emphasis should be placed on clear, dynamic visual feedback. 

 Using mid-air gestures for conventional means of content transfer 
between public and personal devices is problematic. Combining mid-
air gestures with mobile interactions as well as proxemic devices, such 
as NFC readers, results in an emphasized Midas touch issue. This 
suggests that mid-air gestures are better suited for quick, one-way 
transfers, and that innovative solutions should be sought wherein 
users would not have to manipulate a proxemic device or the recipient 
device to transfer content.  

 Mid-air gestures can be leveraged to allow efficient one-way content 
transfer from public to personal devices, resulting in an impressive 
user experience. This is primarily due to being able to seamlessly pull 
content from a public device from a distance. Such interactions are 
dependent on innovative solutions, such as those that automatically 
recognize the mobile device of the user, allowing the user to keep the 
mobile device in a pocket or bag during the interaction. 

The findings have three primary implications. First, the work on external 
factors as well as the semi-automated evaluation process of interactive 
displays contribute to the success of future interactive display 
deployments, especially gesture-controlled systems, offering researchers 
and practitioners tools to avoid problems with their deployments as well 
as more options to evaluate their usage. Second, the guidelines and 
techniques presented in this work help in the design of usable gesture-
controlled interfaces. Third, this work motivates researchers and 
practitioners to utilize the strengths of mid-air gestures in a variety of new 
contexts, especially for cross-device scenarios such as content transfer. 
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Abstract: We present a scalable, semi-automated process for studying the usage 
of public displays. The process consists of gathering anonymous interaction and 
skeletal data of passersby during public display deployment and programmatically 
analyzing the data. We demonstrate the use of the process with the analysis of the 
Information Wall, a gesture-controlled public information display. Information 
Wall was deployed in a university campus for one year and collected an extensive 
data set of more than 100 000 passersby. The main benefits of the process include 
(1) gathering of large data sets without considerable use of resources, (2) fast, semi-
automated data analysis, and (3) applicability to studying the effects of long-term 
public display deployments. In analyzing the usage and passersby data of the 
Information Wall in our validation study, the main findings uncovered using the 
method were (i) most users were first-time users exploring the system, and not 
many returned to use the system again, and (ii) many users were accompanied by 
passive users who observed interaction from further away, which could suggest a 
case of multi-user interaction blindness. In the past, logged data has mainly been 
used as a supporting method for in situ observations and interviews, and its use has 
required a considerable amount of manual work. In this article, we argue that 
logged data analysis can be automated to complement other methods, particularly 
in the evaluation of long-term deployments. 

 
Keywords: Public displays, evaluation, logged data, observation, pervasive 
displays, long-term studies, deployment-based research. 

INTRODUCTION 

Evaluating public displays and their users in a real-world setting is challenging. Evaluations 
often rely in mixed-method approaches, combining observations, interviews, and interaction 
logs [3]. This requires significant resources in time and personnel, which calls for the 
development of analysis methods that can automate some or all of the manual steps. 
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As is noted in past research, interaction with public displays is a multi-faceted process and 
can be considered to have begun even before the user directly interacts with the display [12]. 
This is especially true in the case of gesture-controlled interfaces, where detection of a passerby 
can be utilized to trigger visual interaction cues to entice use. Hence, being able to analyze not 
only users but also other passersby can give important insights into the design of public display 
applications, and cannot be achieved by traditional interaction logs. Field observations, on the 
other hand, while usually effective and often the preferred method in in-the-wild studies, are 
time-consuming and limited by human capabilities in terms of how much, and what kind of, 
data can be meaningfully gathered. 

To supplement the currently prevailing research methods, we present a semi-automated 
process for evaluating public displays both extensively and without significant use of resources. 
Our method consists of automated gathering of a large set of interaction and skeletal data of 
passersby during the deployment of a public display and the subsequent computational analysis 
of the data. In this article, we investigate the benefits and limitations of the proposed approach. 
Our starting point was to investigate whether we could programmatically analyze the collected 
data to reach findings that we would have likely identified if we had been on-site observing 
users the whole time. At the same time, we envisioned that the semi-automatic analysis can 
help capture results not achievable with human observers alone, when cognitive limitations and 
time constraints are eliminated. 

Logged skeletal motion data has been collected for analysis purposes in past research 
[1;16;28], however it has not been used to its full extent. Primarily, such data has acted as 
supporting evidence for other methods such as observations and interviews, and has involved 
a considerable amount of work in the form of manually going through the recorded depth sensor 
data. For clarification, in this article, skeletal data refers to simple, anonymous location data 
of skeletal joints tracked in 3D space, e.g., shoulders, elbows, and hands of passersby. 

To investigate the semi-automated approach, we used it to analyze the long-term 
deployment of a gesture-controlled public display application, the Information Wall [11] 
(Figure 1). We deployed the Information Wall in a large indoor space at a university campus 
for one year, during which we recorded all interaction data from the system as well as skeletal 
data from the Microsoft Kinect sensor used to control the display. The resulting large data set 
contained traces of more than 100,000 passersby. Using the semi-automated process, we were 
able to produce many meaningful results. For instance, we found that many users interacting 
with the system were accompanied by non-interacting people. With this large data set, we also 
show that the process scales well with large-scale public deployments. 
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Figure 1. Two users interacting with the Information Wall at the public deployment 

setting. 
 
In this article, we discuss the possibilities, benefits and challenges of utilizing interaction 

and skeletal data in semi-automated usage analysis. The proposed approach has several benefits 
to other data collection approaches, and can be considered an ecologically valid method for 
evaluating public displays. We also discuss the relationship between our approach and 
conducting field observations, and how the two evaluation methods can support each other. We 
demonstrate the semi-automated process in practice with the Information Wall deployment.  

The remainder of this paper is organized as follows: first, we present related work in which 
we focus on how past research has gathered data and evaluated public displays. Then, we 
present the Information Wall prototype in detail as well as the long-term deployment setting. 
Next, we present the four phases of the semi-automated process and discuss each of them: data 
collection, preparation, feature extraction, and analysis. Following, we present the results of 
applying the semi-automated process to the Information Wall deployment data to provide an 
example of the type of insights that can be acquired. Finally, we discuss the characteristics, 
benefits, and challenges of the semi-automated approach, and conclude with a discussion of 
future work. 

RELATED WORK 

In this section, we present existing work relevant to this study. First, we show the need for 
improved and less time-consuming research methods for large display evaluations. Then, we 
discuss frameworks and different phases of interaction with large displays that we utilize when 
analyzing the data from our long-term large display deployment.  
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Approaches to Evaluating Users and Public Displays 

Müller et al. [15] note that the majority of public display evaluations are descriptive field 
studies, and recognize five categories of metrics that are commonly used in quantitative 
evaluations of public displays: (1) absolute number of users is used e.g. to determine the 
number of interactions or views towards a display; (2) percentage of users out of the total 
number of users showing a certain behavior; (3) absolute number of interactions e.g. to 
determine how often an application was started; (4) duration of interactions to determine how 
long the interaction in general or a specific type of interaction lasted; (5) number of 
simultaneous users is used to round up the description of usage. 

Williamson and Williamson presented the open source Pedestrian Tracker tool [29], which 
utilizes a camera to track passersby using motion detection and background subtraction. The 
tool can be used, e.g., to recognize directions from which pedestrians approach the display the 
most and how passersby adjust their route when a public display is installed in a space. The 
tool’s strength is that it is separate from the public display installation and can thus be deployed 
in spaces from which a large area can be seen and analyzed, e.g. high above the public display. 
However, passerby movement is only one of the features we aim to include in our approach, 
and recognizing features such as gestures of a particular user with the same tool is difficult or 
even impossible by utilizing a camera that is set in a location with a good view of a large area. 

Some past studies have gathered extensive log data via a motion detection sensor in 
gestural or proxemic interfaces. Most studies have combined the approach with methods such 
as observations and interviews, and only performed lightweight, manual analysis of the motion 
data. Ackad et al. [1] presented the Media Ribbon, a gesture-controlled public information 
display relatively similar to the Information Wall. They included a lightweight analysis of the 
data provided by the installation’s motion detection sensor, such as session duration, performed 
gestures, and the number of people in front of the display. In addition, they manually analyzed 
the depth data to evaluate how users interacted with the system. Similarly, Müller et al. [16] 
recorded depth data from six different locations and converted it into simple behavioral 
variables such as time of entry and exit. However, classifying passersby into categories was 
done manually. Walter et al. [28] captured raw depth video to support their on-site 
observations. However, they too reviewed the video data manually. Similar analysis was 
conducted by Schmidt et al. for their Screenfinity display [24]. 

Based on prior work, it seems that not many public display deployments utilize 
automatically gathered interaction and skeletal data. The few studies that do mostly utilize the 
data to support existing findings and/or invest a considerable amount of manual work, such as 
manually reviewing video logs of the installation.  

The absence of large-scale data collection in public deployments is likely explained by 
their research-focused nature. The deployments tend to be relatively short, and focus on 
investigating specific phenomena. With such installations more frequently becoming a part of 
the urban environment, the need for automated evaluation methods is emphasized to provide a 
cost-effective assessment method. Therefore, we investigated if (a) interaction and skeletal data 
can be semi-automatically analyzed and (b) whether said data could lead to actionable findings, 
and consequently act as the primary research method in the quantitative assessment of public 
displays. 
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User Behavior with Public Displays 

People tend to notice public displays more easily and be more interested in them when there 
are already people using the display. This effect is known as the honeypot effect [4]. 
Furthermore, Müller et al. [16] conducted a study on public displays in six different locations 
and not only found a significant rise in users through the honeypot effect, but also found an 
increase in the duration of interaction. 

Walter et al. note that a public setting results in most users being first time users, and 
people are prepared to invest only a short period of time to investigate a display [27]. In their 
following work, Walter et al. [28] further argue that immediate usability and clear interactions 
are key concepts for a public display. In addition, Marshall et al. [9] noticed that people trying 
out public displays tend to be impatient: interaction usually ends if users do not succeed with 
what they are trying to achieve. 

One of the most influential frameworks describing public display interaction, the Audience 
Funnel, was presented by Michelis and Müller [12]. The framework divides public display 
interaction into six phases: 
1. Passing by. The user is in the same space with the display with no intention of interacting 

with it. 
2. Viewing and reacting. The user glances at or reacts to the display. 
3. Subtle interaction. The user commits an action, e.g. waves his hand, to see what effect it 

causes on the display. 
4. Direct interaction. The user begins interacting with the display in more depth. 
5. Multiple interaction. The user leaves and comes back after a while, or switches to another 

display if multiple displays are available. 
6. Follow-up actions. The user e.g. takes pictures of the display or himself interacting with 

it. 
Mostly based on the Audience Funnel framework, Müller et al. [14] present three issues 

that public displays specifically need to address. First, the audience is not necessarily even 
aware of the public display in the first place (display blindness), or they might not be aware 
that the display can be interacted with (interaction blindness). It is thus important that the 
display aims to catch the attention of passersby in some way. Second, users need to be 
motivated to start interacting with the display. It should be noted that users typically are not 
specifically looking for a public display but rather stumble upon it. Therefore, displays should 
offer ways to pass time or contain information that is relevant to the user. Third, the fact that 
interaction with the display happens in public should be accounted for. For example, people 
may avoid interaction completely or partially because of their role (such as police officer or 
custodial services), physical limitations (for example, an elderly person not being able to 
commit certain gestures), or other traits (being afraid of public embarrassment). 

Parra et al. [21] add a fourth issue that public displays should address: users should reach 
a goal or “final stage” of interaction with the system. In many cases, the goal may be 
straightforward, for example to provide the user with information (s)he is looking for, or as is 
the case with playful installations, to make the user have a good time. As a more complex 
example, Parra et al. [21] presented an interactive display developed as part of an awareness 
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campaign. Users were provided with a web address after they had successfully interacted with 
the display, with the aim of having the users visit the website. In this case, the success of the 
installation was partly measured by how many users actually visited the site. 

Akpan et al. [2] conducted a large-scale study on the effects of space and place on social 
behavior around public displays. Their findings suggest that an optimal social context can 
encourage interaction and help overcome several issues related to public displays, even if the 
display is deployed in a poor physical space. For example, entertainment-oriented 
environments can encourage people to engage in playful behavior and to try out new systems. 

We will utilize the related work presented here when evaluating and discussing our public 
display deployment later in this article. Most notably, we will aim to classify passersby based 
on the Audience Funnel framework [12], and evaluate the use of our public display with respect 
to phenomena such as the honeypot effect [4] as well as display blindness and interaction 
blindness [14]. 

INFORMATION WALL 

Information Wall1 is a gesture-controlled public information display [11] that contains 
information relevant to the deployment location, such as the lunch menus of nearby restaurants 
as well as events taking place around the campus and the city. In the following, we describe 
the interaction design of the application, discuss the rationale behind the design choices, and 
present the system’s one-year deployment and setup. 

Reacting to Users 

We wanted to investigate different ways to react to passersby in an effort to attract people to 
explore the display. Thus, when no users are present, the wall displays a static background 
image and a dialog encouraging users to try out the system (Figure 2A).  When a user passes 
by or approaches the display, a subtle reaction is activated: a rectangular shape appears on the 
screen and reacts to the user’s movement (Figure 2A). The shape moves horizontally along 
with the user, and grows as the user gets closer and shrinks as the user gets further away. 
Whenever the user gets close enough to the display (less than 2.8 meters away), a three-
dimensional information cube is opened on the screen (direct reaction) (Figure 2B). 

The system supports two simultaneous users. In the case of one user, the single information 
cube is placed in the middle of the screen. When another user steps in, the first cube scales 
down to make room for another information cube, which appears from the side corresponding 
to the new user’s location (Figure 2C). A cube is closed whenever the corresponding user leaves 
the scene, and the leftover cube readjusts itself to make use of the whole screen. 

                                                 
1 https://youtu.be/YPhIqw5Vrz8 
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Figure 2. A) A user is tracked with a rectangular shape on the screen. An instruction 
dialog is displayed. B) A user interacts with an information cube. C) Two users 

simultaneously interacting with the wall. (Adapted from Mäkelä et al. [11]) 
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Gesture Control 

Users mainly interact with the display via an on-screen cursor that moves according to where 
the user is pointing with their hand. Pointing uses the physical interaction zone algorithm 
provided by the Kinect SDK2. All gesture interactions are one-handed interactions, however 
both hands are tracked and two cursors are displayed on the screen if the user is pointing with 
both hands. Either hand can be used to interact and the active hand can be changed on the fly. 

The content of the display is navigated by rotating the information cube in desired 
directions. Rotation involves a point-and-dwell [8] selection followed by a swipe gesture. This 
simulates the rotation of a real-world physical object. The user first triggers a button at the edge 
of the cube by pointing towards it for a short period of time, after which the users swipes 
towards the opposite edge of the cube to rotate it. Users can cancel the rotation by swiping back 
towards the edge that they started from, i.e. away from the cube. 

When a rotation button is triggered, an arrow animation is played to point to the direction 
of the rotation. Rotating to the right and left will change to the next and previous view inside 
the current section. For example, one can switch from today’s lunch menu to tomorrow’s lunch 
menu. Rotating up and down will change the section, for example from the lunch menu to the 
latest news. 

Other functions on the display and launched by utilizing the same point-and-dwell method, 
but without the additional swipe gesture. During dwelling a circular animation is displayed on 
the particular button to indicate that it is being triggered. 

In addition to rotating the cube, users can use shortcut buttons on top of the cube to quickly 
access desired sections. Moreover, detailed information, such as the ingredients of a dish or the 
full story of a news headline, is accessed by triggering the corresponding entry from the face 
of the cube, which will open a separate popup dialog. The dialog also contains a voting system 
in the form of two buttons, through which users can give a thumbs up or a thumbs down for a 
dish or an event. Cast votes are then displayed on the corresponding entry. The dialog is closed 
by triggering a close button in the bottom corner. 

Design Rationale 

We aimed to follow the Audience Funnel framework [12] in the interaction design. The 
rectangles following the passersby were meant to catch the initial attention. During the subtle 
interaction phase, the user would a) see the information cube appear and b) see the cursor move 
around the screen when the user tried out something simple, like waving his/her hand. 

Despite a growing number of public displays being deployed, few of them utilize mid-air 
gestures. Considering the novelty of the interaction modality, we decided to work with a cursor-
based application. We hypothesized that a cursor would appear as something familiar from 
other environments, as well as Kinect-based games, and not put off users so easily. 

We chose dwelling as the target selection technique as it does not require specific gestures 
and it has been found to be intuitive [28]. We used a dwell time of 1.5 seconds for all targets 
expect for the section shortcuts, which were reduced to 1.2 seconds. This was because section 
shortcuts were on the upper edge of the screen and thus users were less likely to accidentally 
hover over them or pass through them. In addition, to make target selection with the cursor 

                                                 
2 https://developer.microsoft.com/en-us/windows/kinect 
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easier, we utilized the magnetic cursor technique [10], which automatically snaps to a target 
that is close enough and moves slower while on a target to make accurate pointing easier. 

We aimed to fill the system with information that would be either beneficial or interesting 
to people spending time in or moving through the space. In the context of a university campus, 
we displayed daily lunch menus for a student cafeteria in the same building as well as 
information about public events such as talks from guest lecturers. In the third section, we 
displayed information about the different schools at the university. The purpose of this section 
was mainly to demonstrate the capabilities of the system, displaying large images along with 
paragraphs of text. Later during the deployment, we introduced a fourth section in which recent 
news from a popular Finnish news portal were displayed. 

Prior studies have found that users often interact in groups [1] and are more likely to be 
interested in a public display if there are already people interacting with it (honeypot effect) 
[4]. To support this, we designed the system to support two simultaneous users. However, due 
to the novelty of gesture-control, we included user-specific information cubes, with the 
rationale that the cubes would clearly visualize which part of the display a user is controlling. 

Implementation and User Tracking 

The system is developed on .NET Framework 4.0 using the Windows Presentation Foundation 
(WPF) library and the 3DTools plugin3. The system utilizes the Microsoft Kinect for Windows 
sensor for tracking users’ location and hand coordinates. 

Data exchange between the Kinect sensor and the Information Wall application is handled 
by a dedicated socket-based middleware component that utilizes the Kinect SDK. The data 
used for tracking users is anonymous, in that we only track the position of the users’ upper 
body joints in 3D space as well as the pointing direction of their hands relative to the screen. 
This same skeletal data is used for logging and the analysis presented in this article. The format 
of the data is described in more detail in the next chapter. 

The majority of the Information Wall’s content is fetched from external sources using 
public APIs and RSS feeds, although some content is parsed from external websites. 

Deployment 

We set up the Information Wall in a semi-public location at the university campus to run a 
longitudinal, in-situ study focused on investigating naturalistic usage. The installation location 
is a large open space on the lower floor of the main building of a local university. 

The layout of the deployment space is presented in Figure 3, and a panorama of the space 
from the perspective of the installation is presented in Figure 4. The space contains a cafeteria 
where students and staff have lunch and take breaks between classes. In addition, the space is 
adjacent to a large auditorium in which lectures and exams are held regularly. Consequently, 
students often wait around the space for entry into the auditorium. During semesters, areas 
surrounding the display are accessed by hundreds of students and staff daily. 
 

                                                 
3 https://3dtools.codeplex.com/ 
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Figure 3. Floor plan of the deployment space. 

 

 
Figure 4. Panorama of the space from the installation’s perspective. 

The Information Wall was projected on a wall surface with a ceiling mounted projector with a 
resolution of 1920 x 1080 pixels, which provided approximately 2.5 meters wide display area 
(see Figure 1). Interface sounds and audio landscape were provided by two active loudspeakers 
mounted to the sides of the display at ceiling height. The Kinect sensor was positioned at the 
horizontal midpoint under the projection display, providing a fixed point of reference for the 
collected data (all coordinates are relative to this point). 

The public deployment data set was captured between April 2013 and April 2014. In total, 
it includes user and interaction traces collected from 210 distinct days, with a total number of 
passersby being 106,637. The installation was running on most weekdays, but was turned off 
during weekends, holidays, and occasional maintenance breaks. 
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SEMI-AUTOMATED, LARGE SCALE EVALUATION PROCESS 

In this section, we present the semi-automated evaluation process, which we used to evaluate 
the Information Wall system. The process is visualized in Figure 5, and consists of four phases: 
data collection, preparation, feature extraction, and analysis. In the following, we will describe 
the four phases in detail. 

 

 
Figure 5. The semi-automated process consists of four primary phases: data collection, 

preparation, feature extraction, and analysis. 
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Phase I: Data Collection 

The data collection phase should be implemented as a part of the deployed application. In our 
case, the Information Wall system was set to automatically collect data during the deployment. 
The data can be roughly separated into two categories: skeletal and interaction data (Figure 5). 
In our case, skeletal data includes the passerby’s general location as well as the location of each 
upper-body joint in 3D space. We did not track nor record the lower body as it was not needed 
for interaction or the analysis. Interaction-related data consists of the passerby’s hand-pointing 
coordinates relative to the screen, as well as interaction events in the application, including 
information cube activations, target hovers and triggers, etc. All log entries were saved with 
both client-side and server-side time stamps. 

We aimed to capture data of all passersby within the limitations of the Kinect sensor. The 
Kinect allowed simultaneous tracking of a maximum of six people. It is possible that some 
passersby could not be recorded by the sensor if more than six people appeared at the scene, 
although this was presumably very rare. The two closest passersby were treated as potential 
users and were tracked in full detail as described above, while for the remaining four passersby 
only a general location was recorded.  

An example log entry of a single skeleton is shown in Figure 6. Different information is 
separated using a pipe character. Each log entry is started with client side and server side 
timestamps. The “_U_” communicates the beginning of user information, followed by the user 
ID and the x, y and z position (“42929;-156;-279;3223”), followed by the pointing coordinates 
for both hands (“-3,612464;1,684637;6,115403;3,989488”), followed by upper body joint IDs 
and x, y, z coordinates. The positions are reported in millimeters from the sensor’s location, x 
being the horizontal axis, y the vertical axis, and z being the distance from the sensor. 

 

During data collection, data was stored in separate files by date, and we further stored 
skeletal data and system event logs in separate files. This resulted in a collection of hundreds 
of large log files. This was done for ease of backup and to avoid data loss due to possible 
system crashes. We note here that the amount of automatically collected data - primarily 
skeletal data - may be surprising during public deployments. Gathering skeletal data several 
times per second (every 60 milliseconds in this case) for every person in the scene quickly 
results in heaps of data, even from a short interaction session. 

Phase II: Preparation 

In the preparation phase (Figure 5), the logged data is processed into a format that can be more 
easily handled. In our analysis, we wrote C# scripts to transform the large set of collected data 
files. First, we combined all skeletal data into a single file, which had to be done in several 
parts due to our machines running out of memory. Similarly, all interaction data was combined 

Figure 6. A log entry for a single user. 

2014-03-24 12:48:4.123|2014-03-24 12:48:04.127|_U_|42929;-156;-279;3223|-
3,612464;1,684637;6,115403;3,989488|6;-133,7465;175,0641;3285,178|7;-130,5533;-
2,498331;3175,068|9;-93,2767;-345,8763;3177,252|!12;56,86545;-18,49249;3427,463|13;-
207,9531;-4,714899;3464,396|15;90,94656;17,26251;3419,62 
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into one file. Next, we filtered and cleaned up the skeletal data, as the original data set contained 
raw skeletal data collected of all detected people at 60 milliseconds interval. To significantly 
reduce the number of data points for follow-up processing, we converted all skeletal entries 
into one entry from the period when a passerby or a user was standing still without interacting. 
Finally, we combined the skeletal and interaction data into one file, connected interactions to 
specific tracked users (skeletons), and ordered the entries based on their timestamps. 

It is worthwhile to note that since the skeletal data is rather generic in nature, the tools 
created for preparation and analysis should require little to no modification between studies. 
Interaction data, on the other hand, is likely to be more application-specific. With our 
deployment, interaction data consisted of the users’ pointing coordinates as well as event 
triggers in the application. In other applications, pointing data could be replaced or 
accompanied by gesture data. 

Phase III: Feature Extraction 

The feature extraction phase (Figure 5) is most crucial and characteristic part of the proposed 
process. By feature extraction, we mean the identification and calculation of relevant variables 
from the data, on which statistical analyses can be performed. To produce meaningful insights 
from the data, researchers must at this point know what they are looking for, and convert the 
data into a form that supports relevant analysis procedures. 

It is generally good scientific practice to be aware of what is being researched from the 
very beginning of a study. We agree with this; therefore, we emphasize that in the feature 
extraction phase, we refer to the definition of low-level variables and parameters, not the 
formulation of actual research questions. Thus, feature extraction deals with the very specifics 
of how to meaningfully answer the research questions. However, we also note that in some 
cases the different phases of the analysis process may not be carried out by the same party. For 
instance, data collected during a public deployment could be published for other researchers to 
utilize. In such a case, the research questions would not exist during data collection, but would 
instead have to be formulated during the preparation and feature extraction phases. 

The feature extraction phase begins by defining the variables needed to answer research 
questions. Then, one must decide how exactly the variables should be produced or calculated 
using the data available. We refer to this as parameterization: the definition of a set of rules by 
which a variable is computed. 

We provide two examples to better demonstrate variables and parameterization. As the 
first example, we wanted to see how many people approached the Information Wall from each 
direction. Consequently, this required that a variable, direction of entry, needed to be calculated 
for all users by utilizing skeletal data in the data set. For defining the direction of entry, then, 
we needed to decide how to operationalize the calculation in terms of the available logged data. 

We first calculated the angle of movement during the first 0.5 seconds for when the 
passerby was visible. If the passerby was visible for less than 0.5 seconds, or if the passerby 
moved less than 10 centimeters during that period, the angle of movement was left undefined. 
We then distributed passersby to three categories (left, right, and front) based on their angle of 
movement, each direction forming a 90-degree sector. 

For the parameterization of the direction of entry, we had to account for several factors 
specific to the deployment. Firstly, the Kinect sensor was occasionally slow to recognize 
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passersby who moved sideways. For instance, a passerby entering from the right could be 
recognized when they were already close to exiting from the left edge. Therefore, the exact 
location of the passersby could not be a parameter in calculating the direction of entry. Second, 
given that nothing else that would make passersby stop or change direction was located within 
the Kinect sensor’s field of view, we decided that a simple calculation of the movement angle 
would be sufficient for our purposes. Moreover, given the small field of view of the sensor 
relative to the size of the whole space, we deemed it unlikely that the movement patterns of 
passersby in front of the display would be complicated, unless affected by the display itself. 

The second example demonstrates a variable that could not be successfully parameterized. 
We were interested to see if our data could be used to identify passersby who looked at or 
reacted to the display, but did not stop or interact with it (i.e., the “viewing and reacting” phase 
in the Audience Funnel framework [12]). However, during the deployment, we had come to 
observe that passersby looking at the display would simply turn their head towards the display 
while walking past it, and the rest of the body remained relatively unaffected by this action. 
Considering that we only recorded the position of body parts/joints in 3D space (and not their 
rotation), we concluded that we could not parameterize whether passersby looked at the 
display. Therefore, we focused on the following phases of the Audience Funnel framework – 
subtle and direct interaction. This classification will be discussed in the following chapter, 
where we also show application-specific parameters for the classification. 

As an important takeaway from our examples, we note that manual observations play a 
role in successful parameterization, particularly in identifying factors to account for when 
calculating variables. This requires observing not only the people directly, but also the physical 
space, and identifying factors that might affect the variables. For instance, a pillar right next to 
the display blocking a walking path might affect how a direction of entry should be calculated. 
It is likely that researchers spend time on-site in the beginning of the deployment when setting 
up the system and making sure no technical faults are taking place. This phase of the 
deployment can be utilized for parameterization, and therefore, the features that researchers 
want to extract should be kept in mind in the early phases of the deployment.  

For the feature extraction phase, we wrote another script to analyze the combined log file 
produced in the preparation phase and extract all the information we wanted into a comma 
separated (CSV) file. We stored each passerby in separate rows with relevant variables. A 
subset of the resulting variables is presented in Figure 7. 

As we pointed out in the preparation phase, the collected data is partly generic and partly 
application-specific. During feature extraction phase, additional characteristics, such as those 
pertaining to the properties of the deployment space, need to be considered. We provided an 
example of defining a direction of entry for passersby – the exact same parameters could work 
for some deployments, but not necessarily for others. 
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Figure 7. Some of the variables produced during feature extraction. 

Phase IV: Analysis 

Finally, using our CSV file (Figure 7) we were able to run statistical analyses (Figure 5) using 
software such as Microsoft Excel or SPSS. At this point, running any kind of analysis based 
on the variables defined and generated in the previous phase was relatively straightforward. 
We expect that this phase of the process will be specific to each particular deployment. 
Additional data processing may be necessary to accommodate different statistical methods 
(e.g., switching between wide and long data formats). 

Summary 

The semi-automated evaluation method consists of four primary phases: data collection, 
preparation, feature extraction, and analysis. Data collection is carried out automatically by the 
system during the public deployment. The key notions here are that a) skeletal data is collected, 
i.e., we go beyond simply logging interactions with the display, and b) the amount of data is 
likely extensive and consequently non-trivial to handle as-is. 

The preparation phase largely acts as a bridge between data collection and the remaining 
phases, and is meant to ease the next steps of the process by a) combining the large set of data 
files into one, and b) filtering out and aggregating the data. 

The feature extraction phase is the crucial phase in which the potential to answer research 
questions is defined. Researchers must decide which characteristics of the data they are 
interested in, define the variables needed, and define the logic by which these variables are 
produced (i.e., parameterization). We find that such parameters can often be unique to the 
deployment – researchers must be familiar with the system being evaluated as well as the space 
in which it is deployed, and decide what makes sense for that particular installation. A valuable 
insight here is that quick observations play a role in parameterization, in identifying factors to 
account for when calculating variables.  

The analysis phase refers to statistical analyses run using the resulting data from the feature 
extraction phase. We converted the data into a single CSV file, after which running the analyses 
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was relatively trivial. The analysis phase is not unique to this process, but is nonetheless 
necessary.  

In summary, despite the semi-automated nature of our method, it does not automatically 
provide researchers with answers to their research questions. The first two phases of the 
process, data collection and preparation, are relatively straightforward. They can be automated 
to a high degree, and potentially require only little adaptation between studies. The feature 
extraction phase is where most of the work goes, and which is strongly dependent on the 
characteristics of the public display deployment as well as the research being conducted. The 
last phase, analysis, involves statistical analysis like with any quantitative data, and is therefore 
not unique to this process. 

INFORMATION WALL ANALYSIS RESULTS 

In this section, we present the results of applying our analysis approach to the Information Wall 
data. First, we divide passersby into three user types, after which we analyze movement and 
reactions of the passersby. Finally, we present differences in the behavior of individual users 
and users belonging to a group. 

User Classification 

Based on the Audience Funnel [12], we aimed to recognize subtle users and direct users within 
the passersby. The classification parameters are presented in Table 1. We categorized passersby 
as direct users if they triggered at least one target, as triggering a target required stable pointing 
towards the screen and was unlikely to happen without deliberate interaction with the display. 
Subtle users were those who did not trigger any actions, but hovered over (pointed at a target, 
but not long enough for a trigger) a minimum of two targets. We required more than one hover 
as we observed that occasionally a person walking past the system would result in the bottom-
most element being hovered over briefly, and we wanted to exclude these situations from the 
analysis. This requirement is relatively strict; as an alternative, we could have filtered out very 
short single-hovers and still classify the remaining single-hover users as subtle users. This 
would have likely increased the number of subtle users in our data set. However, we aimed to 
keep the analysis simple for this case study, while more advanced analyses are certainly 
possible. Finally, to further ensure that no passersby were accidentally classified as users, we 
required that both subtle and direct users spent a minimum of two seconds in front of the screen. 

All other passersby were defined as passive users. As discussed in the previous section, 
we excluded the “viewing and reacting” [12] category from our analysis due to some technical 
limitations as well as limitations in our data set. We discuss overcoming these limitations 
towards the end of this article. 
 

Table 1. Parameters for user classifications. 

 Time in the area Hovers Triggers 
Direct >= 2 s >= 1 >= 1 
Subtle >= 2 s >= 2 0 
Passive >= 0 s <= 1 0 
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Based on this classification scheme, we identified a total of 98907 passive users (92.8% of all 
passersby), 6241 subtle users (5.9%) and 1489 direct users (1.4%). 

In total, users hovered over targets on the screen 68707 times, and triggered 10399 targets. 
Direct users triggered an average of 6.8 targets (SD = 8.6). Passive users were visible for an 
average of 2.2 seconds (SD = 9.0), subtle users for 8.0 seconds (SD = 26.6), and direct users 
for 70.9 seconds (SD = 80.9). 

The average amount of target triggers as well as the average duration is surprisingly high. 
We hypothesized that many direct users would come to check out the next day’s lunch menu 
and then leave the scene, and thus we expected to see most direct users trigger only one or two 
targets and spend only a short period of time in the area. Of the 1489 direct users, a relatively 
substantial amount (556 users, 37.3%) did indeed trigger only one or two targets; however, the 
amount is not as significant as we expected and said users still spent an average of 46 seconds 
in the area. 

The difference between target hovers (68707) and target triggers (10399) is explained by 
the point-and-dwell mechanism and the placement of targets on the screen. Whenever the user 
begins pointing at a screen, they are likely to first hover over the button on the bottom edge of 
the information cube (close to the bottom of the screen). Similarly, users are likely to hover 
through multiple targets on their way to the final target, especially when moving to targets 
positioned close to the top edge. Moreover, some playful interaction has likely taken place, 
wherein users play with the cursors by moving them around the screen without triggering any 
targets. 

With many deployments, it could also be beneficial to reflect upon what actions 
specifically should be considered interaction. For instance, one simple use case for the 
Information Wall is that a user on his/her way to lunch would stop by at the installation to 
check the day’s menu as a form of final confirmation on whether or not (s)he wants to go to 
that particular restaurant. Since the current day’s menu is shown to users by default when they 
activate the information cube by walking close enough to the display, no gestural interaction is 
required. Therefore, spatial interaction (walking into the scene to activate the cube) is enough 
to carry out the desired task. While we did not focus on such interaction scenarios in this article, 
it could certainly warrant further studies. 

Movement and User Reactions 

We defined passersby’s entry and exit directions by calculating the angle of movement during 
the first and last 0.5 seconds that they were visible. Angles were divided into 90-degree cones, 
and hence we categorized users’ entry and exit direction as left, right, front, or unknown (Figure 
8). The direction was defined as unknown if the user was visible for less than 0.5 seconds, if 
there was backwards movement, or if there was no noticeable movement during that period. 
This happened when e.g. other people were preventing the sensor from seeing a passerby on 
entry, and when the passerby was recognized, (s)he had already stopped moving. 
Consequently, direction of entry could be defined for 63.9% of users; however, exit direction 
was defined for a significantly larger segment of passersby, 81.5%. 
 

121



18 
 

 
Figure 8. Users’ entry directions. 

Rates within which passersby converted into subtle and direct users for each direction are also 
presented in Figure 8. Users entering from the front were significantly more likely to become 
subtle (12.3%) and direct users (7.8%) than passersby entering from the left and right side 
(8.2%, 0.9% and 6.4%, 1.2% respectively). This might be due to the display being more visible 
from the front, and people coming from the corresponding direction could more easily observe 
the display and its possible users already from relatively far away. 

We were interested in investigating the effects of our two-level reaction to passersby. We 
displayed a rectangular shape on the screen following a user when the user was positioned more 
than 2.8 meters away from the sensor (subtle reaction). For users positioned less than 2.8 meters 
away, the information cube was opened (direct reaction). For the analysis, it made sense to 
exclude users coming from the front or unknown direction, as users arriving from the front 
would always first trigger the subtle reaction on the display. Hence, we only included passersby 
who passed by the system sideways. A total of 37952 passersby passed by the system more 
than 2.8 meters away, of which 843 (2.2%) became subtle users and 189 (0.5%) became direct 
users. A total of 23552 passersby entered the area less than 2.8 meters away, of which 3667 
(15.6%) became subtle users and 466 (2.0%) direct users. 

Individual and Group Behavior 

Of all passersby, the clear majority of 91306 (85.6%) people were lone passersby, i.e. no one 
else was seen during their presence. For direct users, 45.8% interacted without anyone else 
present, and 18.5% were accompanied by passive user(s). The remaining 35.7% were 
accompanied by subtle or direct users or a combination of user types (passive, subtle, direct). 
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Lone direct users were present for an average of 55 seconds and triggered an average of 
5.8 targets. Direct users with company, however, were present for an average of 103 seconds 
and triggered 7.8 targets on average. The highest increase in both duration and target triggers 
was observed in large groups consisting of all three user types (153 seconds, 12.4 targets). 

A total of 2552 passive users were present during direct interaction. The majority of these 
passive users, 2227 (81.7%), were standing far away enough so that a personal information 
cube was not opened for them. 

Usage Over Time 

Finally, we looked at how the amount of subtle and direct users develops over time. Figure 9 
shows the percentage of subtle and direct users from the total number of passersby within each 
month. July 2013 (month 4) was left out as the system was not running at the time due to the 
holiday season. 

It is by no means surprising for a public display system that the amount of users drops as 
time passes. In contrast, we were surprised by the very high usage percentage of the first 
months. In the first deployment month, 25.7% of all passersby were subtle users, and 4.0% 
were direct users. For the second month, the figures were 14.5% and 3.1%, and for the third 
month, 13.4% and 3.4%. This indicates that attention-wise our deployment location was 
successful and the system managed to make passersby interested enough to approach the 
display. However, the dramatic drop in usage rates can also suggest that the system failed to 
make a lasting impression, even with automatically updated content (daily lunch menus and 
latest news). 
 

 
Figure 9. Percentages of subtle users (left) and direct users (right) within each month of 

deployment. 

DISCUSSION 

In this section, we first discuss the characteristics of evaluating large displays by semi-
automatically analyzing the interaction and skeletal data gathered during a long-term 
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deployment. Then, we discuss the benefits and challenges of the method as well as the 
interrelated roles of both automated logging and observations. Finally, we discuss our findings 
from applying our method to the Information Wall system. 

Characteristics of Semi-Automated Evaluation 

We identified four primary phases in semi-automated evaluation of public displays: data 
collection, preparation, feature extraction, and analysis. In practice, these phases can overlap 
somewhat. Moreover, it is certainly possible to further automate the process, and extract 
desired variables already during the runtime of the deployment. However, this would require 
that the full process is conducted by the same party from start to finish, which is not always the 
case. 

The most defining phase of the semi-automated method is the feature extraction phase 
(Figure 5), primarily the aspect of variables and parameterization. For instance, in the case of 
the Information Wall, we wanted to classify users based on their level of interaction. For this, 
we needed to define parameters for classification, i.e., how exactly a passerby would be 
classified as a direct, subtle, or passive user. Similarly, we needed to decide how to define entry 
and exit directions, and when to ignore certain calculations if there was too little data on a user. 
The need to define parameters is not a drawback per se, but is simply something that researchers 
and practitioners need to pay attention to. 

We argue that these parameters are system and context specific, and are also dependent on 
what exactly the researchers aim to investigate. It could also be argued that parameterization is 
present in every evaluation method as well, but in most other cases the process is more implicit. 
For instance, a researcher observing an installation on-site and counting how many users enter 
the space from left, right, or front, would similarly use some implicit factors to define the entry 
direction for each user, even though it would be obvious in most cases. The requirement to 
explicate the parameters may be beneficial for researchers to better understand the 
characteristics of the behaviors they are interested in. 

One challenge that is inherent to the use of logged data, and indeed any research that seeks 
to make inferences based on such data, is choosing relevant properties of the phenomenon 
under study. Often it is possible to record much more data than is practical to store or analyze. 
In our case, for example, it would have been impractical to record all possible data properties 
exposed by the depth sensor. This should be considered in the first two phases of the process.  

Benefits of Semi-automated Analysis Utilizing Interaction and Skeletal Data 

The proposed semi-automatic process lends itself well to a number of applications. Based on 
our experiences in applying the method in the Information Wall study, we identified the 
following interrelated situations where it may provide benefits over other methods: 

 When data sets need to be collected with minimal effort over the deployment itself. 
 When large scale quantitative data collection is of interest. 
 When it is needful to study long term usage patterns of the system. 
 When the privacy of the users is of concern. 
 When studying gesture-based interfaces and proxemic interactions. 
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One of the most popular methods for gathering data in field studies have been observations, 
where one or more researchers spend time near the display and observe its use and passerby 
behavior [3;24]. However, gathering extensive amounts of quantitative data via observations 
is both time consuming and limited to what a human observer is able to record at a time. For 
instance, in the case of multiple simultaneous users, multiple observes need to be employed; 
or an observer needs to divide their attention between the users or ignore the other users to 
properly focus on one user. With automatic logging of skeletal data, there are no such 
limitations to how much data can be logged at once, beyond the limitations of the measurement 
technology. 

Our analysis on the collected data in this article was relatively simple, and it could be 
argued that similar findings could be easily reached with short-term observations. While this 
may likely be true in some cases, it is important to note that this may not always be the case 
due to a multitude of factors, such as the nature and purpose of the deployment space. For 
instance, there were an average of two to three groups per day interacting with the display, 
which totaled to around only four minutes of daily group use. On some days, there were no 
group users at all. Therefore, observers wanting to investigate group use could be on-site for 
hours, even days, without observing a single group session – and to make any reliable 
conclusions, a relatively large number of groups would have to be observed. 

Maintaining a public display with automatic logging requires considerably less effort than 
conducting in situ observations, resulting in more quantitative data with less effort. During the 
deployment of the Information Wall, a typical week of running the system only consisted of 
starting up the system Monday morning, and turning it off Friday afternoon. Our analysis 
shows the benefits by collecting traces of more than 100,000 people, and also containing all 
the possible information we could get from both the system itself as well as the Kinect sensor. 
Other studies have also reached high numbers by utilizing a similar approach. For instance, 
Müller et al. [16] used a similar method for analyzing passersby in several different locations 
simultaneously, and received data of more than 30,000 passersby in a relatively short period of 
two weeks. However, in past research it seems that even if extensive depth data is gathered, it 
is not utilized to full extent. In many cases the data is analyzed manually, and is intended to 
support observations and interviews. 

Furthermore, observation-based deployments are usually relatively short, while one of the 
most obvious benefits of logged skeletal data is being able to identify how interaction and 
reactions of passersby develops over time. For instance, our lightweight long-term analysis of 
the Information Wall revealed very high usage rates during the first three months of 
deployment, and a relatively rapid drop in the next months.  

Another benefit is related to privacy. A semi-automated process utilizing skeletal data does 
not require recording of video or any kind of material from which users and passersby could 
be identified. For example, we recorded interactions from the display and anonymous skeletal 
data of passersby, which consisted of location data for the user’s joints only. 

Furthermore, we argue that gathering skeletal data is especially useful for studying gesture-
based interfaces. First, no separate hardware or software is required as gesture-controlled 
systems already include motion detection sensors and the logic to interpret motion as 
interaction or non-interaction. Second, proxemic interactions [6] can be a major part of 
interaction in gestural interfaces. For instance, the Information Wall incorporated several ways 

125



22 
 

of reacting to passersby based only on their location. Capturing detailed orientation information 
inherent to the skeletal motion data lends itself well to analyzing interaction proxemics. 

Effective Collaboration between Semi-Automated Analysis and Observations  

Some benefits of conducting observations are difficult or impossible to match with 
automated logging. However, as observation is primarily a qualitative method, and automated 
logging is quantitative, we argue that they are most effective when used together. In past 
research, logged data has been used in minor roles to support findings from other research 
methods. In this work, we promote more equal use of both, with the emphasis shifting based 
on the context of research. 

A major benefit of conducting observations is their dynamic nature. For instance, 
researchers might observe a surprising incident with the display, and decide on the fly to shift 
their attention towards this phenomenon. Overall, observations are well suited for studying 
more complex behaviors. With automated logging, it is not often practical to capture the 
qualitative aspects of interaction, such as facial expressions or verbal comments, without 
compromising users’ privacy. Moreover, researchers in the field can conduct interviews with 
users as opportunities arise. With automated logging, these benefits are difficult to match. 
However, as we have shown in this work, observations are resource-intensive. A practical and 
directly utilizable model would be to use logged data to gain general insight on the phenomena 
around, and the usage of, the deployed system, and use this information for more effective use 
of observational resources. For instance, logged data could easily show the time of day when 
groups of users are generally present, or when a certain interesting phenomenon usually 
happens. One interesting avenue for future research is to examine the integration of experience 
sampling into the public display to collect subjective feedback from users when in situ 
observation and interviewing is not possible. 

In a similar manner, observations can also support automated logging. As we noted earlier 
in this article, observations played a role in the feature extraction phase of our semi-automated 
process. With observations, parameters for producing desired variables can be identified, e.g., 
to calculate movement patterns and to create rules for classifying passersby. 

Current Limitations and Future Improvements 

We experienced some practical and technical limitations during our year-long deployment that 
can be dealt with in the future, as discussed next. 

One limitation is that there are few reliable ways to recognize returning users from new 
users without relying on techniques that may compromise privacy, such as face recognition. 
Hence, analyzing multiple interactions or follow-up actions [12] of a user is difficult. 
Additionally, users in groups often discuss the display while interacting, and recording audio 
from users in a public setting is both technically challenging as well as problematic in terms of 
privacy. 

Many of the particular challenges in our example deployment were caused by the 
limitations of technology, which necessitates tradeoffs in the overall process. For example, the 
Kinect sensor also had trouble recognizing passersby who quickly moved past the display 
horizontally, i.e. those who were sideways to the display and walked fast. In these cases, we 
often caught just a glimpse of the passerby before they exited the area and we were not able to 
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determine their walking direction in a trustworthy manner. Newer sensors, such as the Kinect 
2, are faster and more reliable, and would likely solve this issue to great extent. 

Another related issue was that we were unable to separate passersby who completely 
ignored the display from passersby who glanced at the display as they walked by. This was in 
part due to us only collecting simple joint and pointing data, but also due to the aforementioned 
technical issue of not recognizing passersby early enough. For this reason, we focused our 
analysis of the Information Wall on subtle and direct users, and passive users who accompanied 
them. However, this issue could be alleviated with a simple hardware upgrade and gathering 
head orientation data. This would allow us to e.g. identify an issue of display blindness [13] or 
interaction blindness [19] with the system. 

Another challenge was that some passersby may stand or walk behind other passersby and 
thus may not be recognized right away or at all. This could be alleviated by setting up the sensor 
above the display instead of below it, giving it a better view of the space and the people. Such 
decisions should be informed by a thorough understanding of the measurement technology in 
use. 

Finally, the space in which the Information Wall was deployed is very large, and the Kinect 
sensor could only cover a small sector of it. Hence, we were not able to analyze movement 
patterns of passersby on a larger scale, particularly the exact location users were typically 
coming from. Our approach would be more beneficial in a slightly more confined space, such 
as a small lobby or a crossroad of two hallways. In our case, relevant pathways such as doors 
outside and to an auditorium as well as a nearby cafeteria were too far from our system, so 
detailed analysis of e.g. movement patterns could not be achieved. Again, this issue could be 
somewhat alleviated with a hardware upgrade, as modern motion detection sensors offer a 
wider field of view, and thus can cover a larger space. Another option would be to utilize 
multiple sensors and combine the data streams during the analysis phase. 

Usage Rates and User Behavior 

The following sections discuss the specific findings of our analysis, with an intent to 
demonstrate the usefulness of the proposed approach in acquiring insights from large scale 
usage data. Overall, our analysis revealed that the usage rates of our installation are in line with 
other studies, although our data set of more than 100,000 passersby is considerably larger than 
data sets in other studies. We identified a substantial number of subtle users (5.9%), while the 
number of direct users was 1489 (1.4%). To compare, Müller et al. had a usage rate of 4% [16], 
however they did not distinguish between subtle and direct use, but counted all interactions 
towards this figure.  

The large-scale and long-term data collection allowed us to identify an interesting 
difference between passersby entering the area from the front and passersby entering from 
either side. Users entering from the front were significantly more likely to become subtle or 
direct users (20.1%) than users entering from left or right (9.1% and 7.6%) (Figure 8). The 
difference is relatively logical in that people passing by the system sideways are more likely to 
be simply going from A to B and the most direct route is through the installation area, especially 
considering that the exit from and entry to the building was directly to the right of the 
installation, and the way to the main lobby directly to the left. On the other hand, people 
entering from the front had fewer reasons to pass by the installation space unless they were 
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interested in the system. However, this finding could also indicate that people prefer to inspect 
a display from further away first before making the decision to interact. After all, the 
Information Wall was highly visible from all angles and from relatively far away. Users coming 
in from the front likely had time to observe it as they approached it, and possibly saw someone 
else interact with the display before. 

We were surprised to see such a high number of targets triggers per user as well as 
relatively long interaction times. However, we were able to confirm that users in groups were 
more active than lone users by spending more time in front of the display and triggering more 
targets on the screen. It also seems that group size reflects the duration and the number of target 
triggers, as the most active users belonged to large groups. Ackad et al. had similar results, as 
around half of their users belonged to a group, and interacted longer and performed more 
gestures [1]. Müller et al. also reported similar results [16]. 

We argue that supporting simultaneous interaction is especially important when utilizing 
novel and expressive interaction methods such as gestures in public displays. Brignull and 
Rogers [4] note that people may choose not to interact with a public display due to fear of 
embarrassment, and we believe interacting with a friend may alleviate this issue. In addition, 
we were able to identify that while a large percentage of direct users interacted in a group, a 
large segment of those companions did not interact with the system at all. One possible 
explanation could be that people were not aware that the system supported simultaneous use. 
Hence, it could be worth considering that the display should attract passersby even if it is 
occupied by another user. 

The relatively long duration of direct users (even those who triggered one or two targets) 
suggests that users were exploring the system for the first time. Thus, it could be that very few 
users returned to use the system. We could investigate this in more detail by e.g. analyzing how 
much time on average it took for users to trigger the first target, i.e. did they know what they 
were doing or were they simply exploring. On the other hand, average durations for passive 
(2.2 seconds) and subtle users (8.0 seconds) are logical, as it takes only a few seconds to walk 
past the system, and stopping for a while to e.g. wave one’s hand should not take much longer 
either. 

Reacting to Passersby in Display Design 

Our large display application introduced a two-level reaction to passersby; a dynamic 
rectangular shape following far-away users (subtle reaction), and a personal information cube 
that was opened for passersby who were closer to the screen (direct reaction). We found that 
passersby to whom an information cube was displayed were significantly more likely to interact 
with the display. This suggests that the subtle reaction was not expressive enough to 
communicate interactivity and encourage exploration of the system; hence stronger reaction to 
passersby would be advised. Ojala et al. [20] call the issue interaction blindness, which refers 
to the passerby’s inability to notice that a display is interactive. Müller et al. [17] studied this 
phenomenon in detail, and found that displaying a users’ mirror image is more effective in 
conveying interactivity than e.g. silhouettes or abstract representations. On the other hand, the 
direct reaction seemed to work relatively well. 

We observed a phenomenon similar to interaction blindness, which could be called multi-
user interaction blindness. We found that passive users who accompanied direct users were 
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mostly (81.7%) positioned further away and hence they did not activate an information cube 
on the screen. This could suggest that people were not aware that the system supported two 
simultaneous users, and simply stood back to observe the other user. Indeed, this feature was 
not explicitly communicated, and when one information cube was open, the system did not 
react to other passersby until they came close enough for another information cube to activate. 
Our finding suggests that displays supporting simultaneous use should react to and entice 
passersby even if another user is currently using the display. 

CONCLUSION 

In this work, we introduced and studied an approach to evaluating public displays by making 
use of automatically collected anonymous interaction and skeletal data, and analyzing the data 
programmatically. We deployed a gesture-controlled public information display in a university 
campus for one year and collected an extensive data set containing traces of more than 100,000 
passersby. The data was analyzed to identify how passersby and users react to and interact with 
the public display. Our starting point was to investigate whether we could programmatically 
analyze the data and reach findings that we would have likely identified if we had been on-site 
observing users. 

The main benefits of the approach include (1) automatic gathering of large data sets 
without considerable use of resources (2) privacy-preserving, semi-automated data analysis (3) 
analyzing the effects of long-term deployment. The approach is not without its limitations: the 
dynamic nature and interviewing opportunities offered by in situ observations are particularly 
difficult to match. However, we believe the benefits of the proposed method outweigh the 
drawbacks when the aim is to analyze public display interactions on a large scale. 

To test our approach in a practical setting, we applied our process to the data captured of 
the Information Wall installation. Our most interesting findings were (1) long duration and 
high amount of target triggers for users, which could indicate that most users were first-time 
users exploring the system, and not many returned to use the system again, and (2) many users 
were accompanied by passive users who observed interaction from further away, which could 
suggest a case of multi-user interaction blindness. 

A defining characteristic of our method is the parameterization of data variables during the 
analysis process, which is a key factor in producing meaningful, deployment-specific results. 
Successful parameterization requires knowledge of the system being evaluated, the space the 
system is deployed in, as well as identification of the factors involved in passerby behavior in 
relation to the display. 

As long-term public display deployments are becoming more frequent, the need for 
improved evaluation methods is also emphasized. In past research, logged skeletal data has 
mainly been utilized to support findings from in situ observations, and has often been manually 
analyzed, resulting in a considerable amount of additional work. As we demonstrated in this 
work, logged data can be utilized more in-depth through a semi-automated process. We argue 
that our proposed process can act in a larger role, particularly for long-term deployments, and 
that observations and automated logging can support each other in a multitude of ways. 
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ABSTRACT 
We present the magnetic cursor, a technique that aims to make 
distant freehand interaction with targets easier in large-screen 
public display applications. The magnetic cursor automatically 
warps to a selectable object that is close by, moves slower while 
on the object, and shows the relative cursor location visually to 
the user. Two designs of the magnetic cursor were compared to 
the snap-to-target technique in a 19 participant user study. Results 
indicate that the magnetic cursor design with weaker magnetism 
effect outperforms the other techniques in terms of target selection 
efficiency. Subjective feedback indicates that snap-to-target and 
the magnetic cursor design with weaker magnetism effect meet 
the participants’ expectations for freehand pointing and are 
preferred to unassisted pointing and the magnetic cursor with 
stronger magnetism. Our findings suggest that the visual feedback 
of cursor location and short, static activation threshold for the 
magnetism effect can help users maintain the cursor within the 
active motor space of a target, especially when several selectable 
targets are situated in close proximity.  

Categories and Subject Descriptors 
H.5.2 [User Interfaces]: Interaction Styles; User-centered 
Design; I.3.6 [Methodology and Techniques]: Interaction 
Techniques 

General Terms 
Design, Experimentation, Human Factors. 

Keywords 
Freehand pointing, public display applications, target selection, 
user experience. 

1. INTRODUCTION 
Despite technological advancements and the unique potential 
benefits that gesture interfaces can offer, it is still uncommon to 
encounter gesture-controlled systems in public spaces, as many 
public display installations are either non-interactive or rely on 
touch or physical keys for interaction. In addition, real world 
studies of gesture-based interaction are still relatively rare in the 
context of public display systems, as many of the in-the-wild 

studies tend to focus on other aspects, such as the use (or non-use) 
of such systems. Also, only relatively few studies (e.g., [2, 7, 13, 
14]) have investigated freehand pointing and the challenges 
associated with selecting on-screen objects. 

The current research on target selection assistance is motivated by 
our initial usability findings of the use of Information Wall, a 
public display application that offers easy access through a 
freehand point-and-gesture interface to simple information like 
the latest news and events in nearby areas at the university 
campus. In freehand pointing systems, a simple pointing task 
requires focused hand-eye coordination and long term pointing 
based interaction is likely to result in physical fatigue faster than 
when using e.g. a mouse or handheld controller. These 
characteristics of freehand pointing, along with jitter and noise 
inherent in sensor-based detection, make it more difficult to hold 
the cursor steady than comparable methods utilizing physical 
input devices. Accurate freehand pointing can be especially 
challenging when multiple targets are in close proximity. Making 
the selection process as easy and intuitive as possible therefore 
aims to help reduce the cognitive and physical load of the users.  

Our approach was to make target selection easier utilizing a novel 
assisting technique that is designed to work together with 
dwelling selection. This paper presents the results of an 
experiment where the two designs of the technique were 
compared to the snap-to-target technique, which has been 
previously proposed as an assisting method for target selection. 

The rest of the paper is organized as follows. We will first 
introduce the context of our research, the Information Wall public 
display application. We then review related work on assisting 
methods for target selection in cursor-based pointing. Next, we 
introduce the Magnetic Cursor technique and describe the 
experiment conducted to study its effectiveness. Following, we 
report the results and discuss their implications for the design of 
targeting assistance techniques for freehand pointing.  

2. INFORMATION WALL 
In order to study gesture-based interaction in a public setting, we 
have developed a public display application called the Information 
Wall. Interaction with the Information Wall takes place via an on-
screen cursor that moves according to where the user is pointing 
on the physical screen (Figure 1). The system utilizes the 
Microsoft Kinect sensor for detecting the users’ hand coordinates, 
and maps these to the onscreen cursor location. Users can 
navigate the content with simple gestures, such as swiping to the 
cardinal directions to rotate the on-screen information cube in 
order to reveal new content. The rotation is triggered by selecting 
an edge of the cube, which involves hovering, or dwelling, the 
cursor over an active interface element for a short period of time. 
The same selection paradigm also applies to other objects, such as 
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buttons and list items. Dwelling was selected as the selection 
method because not only is it easy to provide immediate visual 
feedback but it also does not require any additional gestures, and 
has been found to be more intuitive than other selection methods 
such as grasping or gestures [7].  

 
Figure 1. The Information Wall. 

3. RELATED WORK 
Several different targeting assistance methods have been proposed 
in previous research, although very few of them have been 
developed or evaluated specifically with distant freehand pointing 
in mind. These techniques can be broadly divided into ones that 
reduce the distance from the cursor to the target, either by moving 
the cursor closer to the target or the target closer to the cursor, or 
by increasing the size of the cursor or target [11].  

Kabbash and Buxton [8] presented the area cursor, which is a 
static rectangular area, and to interact with a target the cursor only 
needs to touch it, not completely contain it. The area cursor is 
problematic with small and dense targets, as several targets may 
touch the cursor simultaneously. Worden et al [15] improved the 
area cursor by adding a crosshair to the center of the area. When 
several targets are contained within the cursor, the one closest to 
the center is selected. Grossman and Balakrishnan [6] developed 
the bubble cursor where the ellipse-shaped cursor dynamically 
resizes itself based on surrounding targets. Resizing is made so 
that the cursor always touches the closest target, but – thanks to its 
shape - never touches multiple targets at the same time.  

Several targeting assistance approaches are based on expanding 
the target size in motor space, typically by manipulating the 
control-display (CD) gain. In semantic pointing [4] the CD gain is 
adapted according to cursor distance from nearby objects. Objects 
can have a unique size in motor space as well, and so it would be 
possible to have for example the most commonly used buttons 
larger than others in motor space. König et al [9] presented the 
adaptive pointing technique, which smoothly adjusts the CD gain 
of the cursor based on the speed and direction of movement, so 
that pointing appears more precise while still maintaining the feel 
of absolute pointing, e.g. the cursor appears where the input 
device is pointing, which makes the technique possibly suitable 
for distant freehand pointing, too. Ahlström et al [1] presented the 
force field technique, which works by creating an area around a 
target, inside which the CD gain for the cursor is lowered 
whenever the cursor moves towards the target (force point), 
making the cursor move faster than normal. While moving away 
from the target, the CD gain is increased again until it reaches the 
default value. In essence, the user is supposed to feel that the 
cursor is “attracted” to the target. 

With sticky targets (or sticky icons) [1, 5, 15], the cursor moves 
slower than normal when it is on top of an object. In traditional 

desktop environments sticky targets have been found to be 
efficient in simple pointing tasks, but in real-world situations 
sticky icons might increase acquisition times as users would need 
to pass through several icons that make the cursor slower to get to 
the desired target. Some methods combine both at distance and 
while on the object. For example, Bateman et al [3] proposed a 
technique called target gravity, which makes the cursor attracted 
to objects from a distance and makes the cursor move slower 
while on an object. All gravity-enabled objects affect the cursor’s 
location at the same time. 

Relatively few studies have addressed the effectiveness of 
targeting assistance in non-desktop environments. Bateman et al 
[3] compared several different techniques with the Nintendo 
Wiimote as the input device. The target gravity technique was 
found to be the fastest and most preferred by users. Parker et al 
[12] compared different targeting assistance methods for stylus-
based pointing in tabletop interaction. Their first proposed 
technique was expand-cursor, in which a circular area surrounds 
the cursor whenever a selectable object is close enough. The circle 
grows bigger as it nears an object and shrinks and vanishes when 
it moves away from the object. The object can be selected when 
the circle overlaps it, similar to the area cursor. Expand-target 
works the other way around – the object itself grows bigger when 
the cursor is moving closer, and shrinks back to its original size 
when the cursor moves away. In snap-to-target, the cursor “snaps” 
to the center of an object when it is close by. The cursor moves 
out of the object when the “real” cursor position moves further 
away. Snap-to-target was found to be the most efficient, accurate 
and subjectively preferred. All of the techniques proposed by 
Parker et al activate when the cursor has travelled 90% of the 
distance between the starting point and the target. 

4. MAGNETIC CURSOR 
Based on existing research, we recognized attributes that we 
wanted to have in a technique that assists in selecting targets in 
gesture interfaces. First, gesture-based interaction especially in 
public spaces is a relatively novel domain to most users. For this 
reason, the cursor should appear familiar from other 
environments, and thus its visual attributes should not be 
significantly altered during runtime. Second, distant freehand 
pointing is an absolute pointing technique, which means that 
targeting assistance methods that significantly alter the behavior 
or location of the cursor are not preferable. However, it has been 
found that small position changes may improve targeting time 
without being perceptible to the user [10]. Third, it is important to 
note that in most other types of input devices it is a trivial task to 
keep the cursor stationary. To achieve the same in distant 
freehand pointing, users have to focus to maintain their arm 
stationary. Also, typically interaction with targets happens by 
gesturing with the same hand that is used for pointing, like 
forming a fist or making a pushing motion. While performing the 
gesture, the cursor can easily move around unintentionally. Thus, 
the assisting technique’s task in freehand pointing interfaces is 
twofold: make acquiring the desired target faster and easier, but 
also make staying on the target easier. 

As a solution, we developed the Magnetic Cursor technique, 
which combines the snap-to-target and sticky icons approaches. 
To achieve the basic requirements outline above, the cursor has 
two functions; when it moves close enough to a selectable target, 
it automatically jumps onto that target, and while it is on the 
target, it moves slower than normal, requiring more movement to 
jump out of the target. When the cursor jumps onto an object, its 
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position is calculated relative to the actual point where the user is 
pointing, i.e., pointing at the very edge of the area where 
magnetism is in effect will move the cursor to the corresponding 
edge of the object. The dynamic positioning tells the user whether 
one is actually pointing at the desired target or if one is barely 
inside the effective area. 
The cursor’s position is calculated as 

c ± a * r / m 
where c is the (x,y) center of the target, a is the distance between 
the target center and the point where the user is actually pointing, 
r is the radius of the target, and m is the radius of the area where 
magnetism is in effect, calculated from the center of the target. In 
the case of the cursor being inside several magnetic areas, the 
closest object is always chosen. 

 
Figure 2. The Magnetic Cursor. A: While outside magnetic 

areas, the cursor follows the user’s pointing location.              
B: At the edge of a magnetic area, the cursor warps onto the 
corresponding edge of the target. C: When pointing closer to 
the target, the cursor moves closer to the target relative to the 

radius of the magnetic area and the distance between the 
actual pointing location and the center of the target. 

The magnetic cursor’s behavior is demonstrated in Figure 2. In 
Figure 2C, the actual pointing location has travelled 50% of the 
distance between the edge of the magnetic area and the center of 
the target, and thus the visual cursor is positioned halfway 
between the center and the edge of the target. 

4.1 Pilot study 
A pilot study with seven participants was conducted to study the 
feasibility of the magnetic cursor technique. Our research 
questions were: (1) How does the magnetic cursor compare to the 
normal, unaltered cursor? (2) Does the magnetic cursor increase 
error rate? (3) What is a suitable activation threshold for the 
magnetic cursor? The threshold refers to the distance from which 
the magnetic cursor activates and moves onto a target. Thresholds 
of 100 and 200 pixels were evaluated, while the target radius was 
a static 100 pixels. In the 2D target acquisition experiment, the 
participants’ task was to select the indicated button while 
balancing speed and accuracy. An early version of the Information 
Wall system was used as the interface. 

The results showed that both magnetic cursor designs were almost 
twice as fast as the normal cursor, with the stronger (200-pixel 
threshold) version being the fastest. Subjectively, 5 out of 7 
participants chose the 100-pixel version to be more pleasant to 
use. The error rates were higher with the magnetic cursors 
compared to the normal cursor (0.5%). At 2.4% and 3.3%, 

respectively, they are in line with error rates reported in previous 
research. Given the low absolute level of errors across conditions, 
the magnetic cursor can be considered more efficient than a 
normal cursor in practical terms.  

5. EVALUATION 
The objective of our user study was to examine both the objective 
(pointing performance) and subjective (user experience) 
properties of the proposed Magnetic Cursor technique in 
comparison to another similar technique, snap-to-target [12]. As 
discussed earlier, we wanted a cursor that does not visually alter 
itself or the objects, but instead changes the way it moves based 
on its and the objects’ locations. Also, in the study by Parker et al 
[12], snap-to-target not only emerged as the most efficient and 
also the most preferred technique, but was also evaluated on a 
pen-based distant pointing system with similar characteristics to a 
freehand pointing interface. The target gravity technique 
evaluated by Bateman et al [3] shared many of the features, 
however it was concluded to be too subtle for the experiment as 
the cursor still requires movement towards the target after 
crossing the gravity threshold. In addition, given the inconclusive 
results on the activation threshold in the pilot study, we decided to 
include both versions of the magnetic cursor in the user study. 
Considering the results from previous studies and the pilot, the 
normal cursor was included in the study to serve as an 
introduction to freehand pointing and as a warm-up session.

Given the characteristics of the assisting techniques, our main 
hypothesis was that, owing to its visual feedback of pointing 
location, with magnetic cursor it would be easier for users to 
maintain focus on the selected element because they get visual 
feedback of the relative pointing location compared to techniques 
that do not provide such feedback, such as unassisted pointing or 
snap-to-target. Further, we were interested in examining the 
tradeoffs between ease of selection and susceptibility to erroneous 
selections in the presence of multiple targets. Finally, we were 
interested in investigating whether the differences in the 
techniques would be perceptible enough to users to result in 
differences in subjective feedback. 

5.1 Participants 
A total of 19 participants took part in the study, 3 women and 16 
men. Their age varied from 19 years to 57 years (mean = 24). 
Most participants had some experience with gesture-based 
systems, all from the gaming domain using the Nintendo Wii, 
Microsoft Kinect, or PlayStation Move. Participants were 
recruited from a basic first-year interactive technology course held 
at a local university. Participation in the user study counted 
towards the completion of their course credit. 

5.2 Apparatus 
The study was carried out in a laboratory setting in October 2013. 
The interface was displayed on a 1920 x 1080 full HD projection 
screen. Participants were instructed to stand 2.4 meters away from 
the screen center.  

An experiment application utilizing Microsoft Kinect as the input 
device was implemented specifically for the study. The default 
smoothing algorithm of the Kinect SDK was used to filter out 
minor input jitter. Calculation of the pointing coordinates is based 
on the Physical Interaction Zone data provided by the SDK. 

Snap-to-target was implemented the same way as in the study by 
Parker et al. Thus, with levels of 400 and 800 pixels we used for 
distance, snapping would activate when the cursor was either 40 
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or 80 pixels away from the edge of the target. Similarly to the 
magnetic cursor, if multiple targets were inside the snapping 
threshold, the closest target was chosen. 

5.3 Task 
We used a 2D target acquisition task, where participants pointed 
at and selected targets positioned around the screen. One 
highlighted button would appear at a time, surrounded by four, 
visually different distractors (Figure 3). Distractor targets were 
added around the target button to investigate the performance 
effect of different magnetic cursor thresholds on selection time in 
scenarios where multiple targets appear within the activation 
threshold. Accidentally selecting a distractor was counted as an 
error and task progress required the correct button to be selected. 

 
Figure 3. Screenshot of the application. 

The buttons were selected using dwelling with the same visual 
feedback we used in the Information Wall. Dwell time for 
triggering a selection was set to 1.2 seconds for every condition 
after a dwell time of 1.5 seconds used in the pilot was reported to 
have been too slow by the participants.  

5.4 Design 
The user study was organized as a repeated measures within-
subjects experiment with factors: 

• Technique. Three levels: low-power magnetic cursor (100-
pixel activation threshold, referred to as MC1), high-power 
magnetic cursor (200 pixels, referred to as MC2), and snap-to-
target. 

• Distance. Distance to the target from the previous target with 
two levels: 400 pixels and 800 pixels 

• Target size. Size of the target and distractor buttons with two 
levels: 50-pixel and 100-pixel diameter.  

• Density. Distance between the target and the distractors with 
two levels: 50 and 100 pixels. 

The participants completed six target selections per each factor 
level combination, resulting in 2736 total selections. 
The dependent variable was target selection time, which was 
decomposed in the analysis phase into time to land on target (first 
time the user brought the cursor on top of the correct target) and 
target selection time (including dwelling and possible 
reacquisition of target). In addition, the number of hovers on 
target (i.e., leaving target area and reacquiring it) and error rate 
was calculated for each technique. 

5.5 Procedure 
The participants started by reading a short introduction and by 
filling out a background questionnaire. All participants started 
with the normal cursor to acquaint themselves with the pointing 
system. The order of the three assisting techniques was 
counterbalanced and the participants were randomly assigned to 

one of the counterbalanced orders. Completing each pointing 
technique block was divided into two sessions, between which 
participants were able to rest if they desired. Each session 
contained 25 selections, the first of which always started from the 
center of the screen and was excluded in the analysis of the study. 
Values for distance, target size and density were randomized so 
that all eight possible combinations would appear six times for 
each technique. 

Subjective feedback was collected using 11 questions related to 
the user of the pointing technique (Table 1). Participants answered 
the questions four times, once after each technique. Each question 
was answered on a 7-point bipolar scale. 

Table 1. User experience statements. 

Q1 Gesture control works very roughly/smoothly 

Q2 Pointing requires me to focus too little/much 

Q3 Pointing requires physical effort too little/too much 

Q4 Pointing accurately is easy/difficult 

Q5 Selecting targets by pointing is too fast/too slow 

Q6 My arm gets tired when pointing not at all/a lot 

Q7 Pointing feels very uncomfortable/ comfortable 

Q8 Altogether pointing is very difficult/easy 

Q9 I control pointing very poorly/well 

Q10 The process of selecting the desired target is slow/fast 

Q11 When the cursor is on a target, the target is selected too 
fast/slowly 

Participants were not informed of the actual behavior of the 
techniques or of the differences between them. This is comparable 
to a realistic setting – a first-time user of a freehand pointing 
system will not be aware of the possible assisting techniques. 
When all the selection sets were completed, participants filled out 
the last questionnaire comparing the techniques.  

6. RESULTS 
Outliers were removed before analyzing the results. An entry was 
considered to be an outlier if total selection time (acquisition time 
included) differed more than 1.5 times standard deviation from the 
average selection time. Outliers formed around 9% of the data. 

6.1 Time to land on target 
A significant main effect of pointing technique was not observed 
for target acquisition time whereas significant effects were found 
for pointing distance, target size and target density.  This is 
intuitively clear, given that the assisting techniques operate in 
close proximity to the targets and the bulk of the acquisition time 
is made up by the physical pointing motion from the previous to 
the current target. We did find a three-way interaction pointing 
technique * distance * density and four-way interaction pointing 
technique * distance * target size * density. However, interpreting 
such complex interactions is conceptually challenging within the 
context of this experiment. Given the experimental setup, the high 
effect size for pointing distance (partial η2 = 0.889), and low 
effect size of the interactions  (partial η2 = 0.293 and 0.161, 
respectively), it appears that the main contributor to target 
acquisition time is the distance rather than differences in pointing 
behavior between the techniques.  
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6.2 Target selection time 
Target selection time was calculated from the time when the user 
first acquired the target to the time when the target was selected. 
Repeated measures ANOVA showed a significant main effect of 
pointing technique on target selection time (F2,36 = 11.445, p < 
0.001), with MC1 performing significantly faster (1.6 seconds) 
than MC2 (1.7) and snap-to-target (1.8). Unsurprisingly, also 
target size and density had a significant effect on selection time. 
The selection of larger targets was faster than smaller targets and 
similarly less densely packed targets were faster to select than 
more densely packed targets. 

6.3 Target hovers 
Repeated measures ANOVA showed a significant interaction 
between pointing technique and target density (F2,36 = 3.644, p < 
0.05), as well as significant main effects for pointing technique, 
target size, and target density. As Figure 4 shows, when 
distractors were in close proximity to the target (50 pixels), MC1 
had significantly fewer target hovers on average (1.6) than the 
other techniques (1.8 for MC2 and 1.9 for snap-to-target). At 
higher distance (100 pixels) the difference was not significant. 

 
Figure 4. Average target hovers per selection. 

6.4 Error rate 
According to repeated measures ANOVA, there was also a 
significant effect of pointing technique on error rate (F2,36 = 
14.043, p < 0.001), whereby MC2 had a higher error rate (8.6%) 
than MC1 (2.4%) and snap-to-target (3.2%). Also, an interaction 
between target size and density was found. Selecting tightly 
packed smaller targets was significantly more challenging than 
selecting larger targets, but when target density is lower, the effect 
of target size effectively disappears. Although the normal cursor 
condition was not a part of this comparison, it should be noted 
that similarly to the pilot study, its use was in practice error free. 

6.5 User experience 
The user experience responses did not show many significant 
differences between the pointing techniques (Figure 5) based on 
pairwise comparisons. Normal cursor ratings are shown as a 
reference. MC2 was found to require more mental effort to 
operate (Q2) and less controllable (Q9) than its low-power 
counterpart. Snap-to-target and MC1 were also perceived to be 
faster to use for selecting the desired target (Q10). Our 
participants’ subjective preferences are in line with their 
experience ratings. Out of the 19 participants, nine participants 
chose MC1 as the most pleasant technique, and nine chose the 
snap-to-target technique. Only one participant preferred MC2, 
while the normal cursor was not preferred by anyone. Conversely, 
eight participants chose both the normal cursor and MC2 as the 
least pleasant technique. The snap-to-target was chosen least 
favorite by three participants. MC1 did not receive any votes.  

 
Figure 5. User experience ratings as boxplots (showing median 

and interquartile range) for each pointing technique. 

7. DISCUSSION 
Our research questions were concerned with how well the 
assisting techniques can help users maintain selection on the 
target during dwelling, what the tradeoffs are between activation 
threshold and errors in the presence of multiple targets, and how 
the participants subjectively perceive the different techniques. The 
results show that the low-power magnetic cursor design provided 
the best pointing performance in terms of target selection time. 
This benefit derives primarily from its ability to help the users 
keep the selection on target in densely packed target 
arrangements, where it outperformed the other techniques. This 
can be explained by the visual feedback of relative cursor position 
within the target, which we believe helped correct the pointing 
closer to the center to maintain position on the target. 

The poor performance of high-powered magnetic cursor, both 
objectively and in subjective feedback, can be explained by the 
relationship between the computer cursor location and the strength 
of the magnetism effect. As the actual pointing location is further 
from the computed location, inaccuracies with pointing can result 
in the cursor warping to the wrong target more easily than with 
the low-power cursor. Participants’ difficulties in controlling the 
cursor at high degree of magnetism are especially evident in the 
inflated error rate for high-power magnetic cursor. 

This study evaluated assisting techniques for freehand pointing 
interfaces by investigating the tradeoffs between two design 
variables – visual feedback of cursor location and activation 
threshold of the warping effect. The magnetic cursor designs 
utilized a fixed activation threshold whereas the snap-to-target 
technique was dependent on the pointing distance. Similarly, the 
magnetic cursor designs showed the relative position of the cursor 
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within the target’s expanded motor space whereas snap-to-target 
placed it into the middle of the target irrespective of location in 
motor space. Our results suggest that while the visual feedback 
appears to help the user maintain the cursor on the target, it also 
needs to be coupled with a relatively low, static activation 
threshold. While this makes pointing less effective at a distance, it 
also reduces the chance of sliding off target during dwelling. 

The use of dwelling, while practical for novice users, is fairly 
inefficient. In future studies we are planning to study how 
different simple gestures, just as grab or pinch, could be used to 
speed up target selection in conjunction with cursor warping. 
Increasing the motor space of targets could be beneficial in 
alleviating targeting issues that can arise as a result of hand 
gestures affecting the pointing coordinates. Furthermore, it might 
be beneficial to take the magnetic cursor concept further; instead 
of the cursor having a predefined magnetic area, targets could 
have their own magnetic areas with varying sizes and shapes. 

8. CONCLUSION 
We investigated different means for improving target interaction 
for freehand pointing in large display environments. We proposed 
the magnetic cursor technique, which automatically warps the 
cursor onto a target, makes the cursor move slower on target, and 
visually shows its relative position in the motor space. We 
evaluated the performance and user experience of two versions of 
the magnetic cursor and compared them to the snap-to-target 
technique. The low-power version of the magnetic cursor was 
found to be the fastest of all techniques in target selection; 
however differences between the assisting techniques were mostly 
small in practical terms. In terms of user experience, all 
techniques were mostly equal, although slight preference towards 
the low-power magnetic cursor was found. However, it is clear 
that too aggressive an activation threshold can negatively affect 
error rate and user experience, as was observed with the high-
power magnetic cursor. 
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ABSTRACT 
Public displays that allow users to interact with them through 
mid-air gestures are still relatively rare, as many applications rely 
on touch-based interaction. This paper introduces Information 
Wall, a gesture-controlled public information display that 
provides multi-user access to contextually relevant local 
information using remote pointing and mid-air gestures. The 
application has been studied in two settings: a lab-based user 
study and several short-term deployments. Based on our results, 
we present practical guidelines for gesture-controlled public 
display design. 

Categories and Subject Descriptors 
H.5.2 [Information Interfaces and Presentations]: User 
interfaces – evaluation/methodology, interaction styles, graphical 
user interfaces. 

General Terms 
Design, Experimentation, Human Factors. 

Keywords 
Public displays, gestures, mid-air pointing, pervasive displays, 
user study. 

1. INTRODUCTION 
Interactive public information displays have been deployed in 
malls, train stations and similar spaces over the recent years, and 
regularly rely on touch input. While touch works well for certain 
environments, it may create a situation that counters the display’s 
purpose. Users interacting with these displays in very close 
proximity can block the view from passers-by, which leads to a 
situation where public displays are not all that public anymore. 

Gestures within public information displays (PIDs) remain rare. 
Instead, displays with motion detection capabilities are often 
produced in the form of a playful application, such as a simple 
physics-based game [6]. In this paper we present Information 
Wall, a gesture-controlled public information display that 
provides multi-user access to contextually relevant local 
information. Interaction happens via mid-air pointing and an on- 

screen cursor, through which targets on the screen are triggered. 
In our studies of Information Wall we focused on: a) measuring 
the subjective experience of users and defining the level of quality 
of the system, and b) producing design guidelines for gesture-
controlled public displays. 

Next, will first present related work, and our Information Wall 
prototype. Then, we present the setup and results of the user study 
and public sessions. Finally, we discuss the results and present 
design guidelines and suggestions for future work. 

2. RELATED WORK 
In a public setting most users are likely to be first time users, and 
people tend to interact with the display only briefly [11]. Thus, it 
has been argued that immediate usability is more important for a 
public display than performance [12]. In addition, people trying 
out public displays tend to be impatient: interaction usually ends 
if users do not succeed with what they are trying to achieve [3]. 
Müller et al. [5] present three issues that public displays 
specifically need to address. First, the audience is not necessarily 
even aware of the public display in the first place, or they might 
not be aware that the display can be interacted with. Second, users 
need to be motivated to start interacting with the display. Third, 
the fact that interaction with the display happens in public should 
be accounted for. For instance, people may avoid interaction 
completely or partially because of their role (e.g. police officer) or 
physical limitations (e.g. an elderly person). Parra et al. [7] add a 
fourth issue that public displays should address: users should 
reach a goal or “final stage” of interaction with the system. 
Very few serious public displays use gestures for direct 
interaction. The cardiac arrest awareness campaign [7] introduced 
a system where passersby could touch their heart in front of the 
display, after which a short video was played. The WaveWindow 
[8] enabled users to scroll through a list of items by waving in 
front of the display. Other deployments include a survey tool [12], 
and the Media Ribbon [9]. All these systems share an aspect in 
that they introduce only a limited set of simple gestures – most 
likely a desirable trait when utilizing new ways of interaction such 
as mid-air gestures in public displays. Further, most systems 
display instructions for interaction, usually in plain-text form.  

3. INFORMATION WALL PROTOTYPE 
Information Wall is a public information display that offers its 
users access to simple information like the lunch menus of nearby 
restaurants and events taking place around the campus. The 
Microsoft Kinect sensor is used to detect user movements. 

When no users are present, the wall displays a dialog in which 
users are encouraged to try interacting with the wall by stepping 
closer and moving their hands in mid-air (Figure 1A). The 
Information Wall also attracts passersby by displaying rectangular 
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elements on the display that follow the movements of the 
passersby (Figure 1A). Whenever a user steps into the interaction 
zone of the display (2.8 meters or less away from the Kinect 
sensor), a three-dimensional information cube is opened on the 
screen (Figure 1B). The system supports two simultaneous users, 
in the case of which the interface adjusts to the users’ location and 
opens two information cubes, one for each user (Figure 1C). A 
cube is closed whenever the corresponding user leaves the scene, 
and remaining cubes adjust to make use of the whole screen.  

Interaction happens via an on-screen cursor which moves 
according to where the user is pointing. Pointing uses the physical 
interaction zone algorithm provided by the Kinect SDK. Different 
functions are launched through buttons, which are triggered with 
the dwelling technique [12], in which hovering over a button with 
the cursor for a short period of time triggers the corresponding 
button. During dwelling a circular animation is displayed on the 
target to indicate that it is being triggered. Target selection is 
made easier by utilizing the magnetic cursor technique [4]. 

 
Figure 2. Selectable elements of the information cube. A) 
Shortcuts for switching to another section. B) Arrows to 

trigger the rotation of the cube. C) Entries providing 
information, which can be triggered to open a detailed 

information dialog. 
The content of the display is navigated by rotating the information 
cube in desired directions. Rotation happens by triggering a 
button at the edge of the cube (Figure 2B) and then moving the 
cursor over to the other side, as if a physical object was being 

rotated. When a rotation button is triggered, an arrow animation is 
played to point to the direction of the rotation. Rotating to the 
right and left will change to the next and previous view inside the 
current section, e.g., one can switch from today’s lunch menu to 
tomorrow’s lunch menu. Rotating up and down will change the 
section, e.g., from the lunch menu to the latest news. Sections can 
also be changed via shortcuts (Figure 2A). More detailed 
information, e.g., the ingredients of a dish or the full story of a 
news headline, is provided after triggering the corresponding 
entry from the cube (Figure 2C), which will open a separate 
dialog in front of the cube. The dialog can be dismissed by 
triggering a button in the bottom right corner. 

4. USER STUDY 
We conducted a lab-based user study to evaluate how users 
perceive and interact with the system in a controlled setting, and 
to identify the strong and weak points of the system. We recruited 
19 participants (16 male, 3 female) for the user study, who were 
between 19 and 56 years of age (median = 21). The participants 
were first-year interactive technology students, most with little 
experience of gesture-controlled systems. The participants 
received credit towards the completion of an undergraduate 
course as compensation for their participation. 
The Information Wall interface was displayed on a 1920 x 1080 
full HD projection screen with physical dimensions of roughly 1.8 
(width) by 1.1 (height) meters, and the Kinect sensor was 
positioned at the horizontal midpoint under the screen. 
Participants were instructed to stand roughly 2.4 meters away 
from the screen center. 

4.1 Procedure 
The participants started the experiment by filling out a short 
background questionnaire. Afterwards, an introduction to the 
information wall was presented, however no instructions on how 
to interact with the system were given. Before the task session, 
participants were asked to fill out a questionnaire measuring their 
expectations of the system. The content of the questionnaire 
(Figure 3) was based on the SUXES user experience evaluation 
method [10] and consisted of 9 claims to which participants 
responded on a 7-point scale, where 1 = “strongly disagree”, 4 = 
“neither agree nor disagree” and 7 = “strongly agree”.  
During the experiment, the moderator gave out tasks for the user, 
most of which were about finding information or learning a 
certain interaction. An example of such task would be “There’s a 
seminar this Friday that’s open to the public. Which classroom 
will it be in?” Afterwards, the moderator joined the participant in 
order to demonstrate how the information wall works with two 
simultaneous users. During this period the moderator and the 

Figure 1. A) A user is tracked with a rectangular shape on the screen. An instruction dialog is displayed. B) A user interacts with an 
information cube. C) Two users simultaneously interacting with the wall. 
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participant engaged in a conversation about user experiences and 
opinions of the system. Lastly, participants filled out the second 
part of the SUXES method (experiences) as well as the AttrakDiff 
questionnaire [2]. In addition, we also asked participants what 
kind of content they would like to see in the system in the future. 

4.2 Results 
The participants’ responses to expectations and experiences as 
measured with the SUXES statements are presented in Figure 3 as 
boxplots showing the median and interquartile range. In five out 
of nine claims the experiences meet the users’ expectations, in 
three claims exceed them and in one claim did not meet the 
expectations. A Wilcoxon signed-rank test shows that in two 
claims the experience significantly exceeded the expectation: 
“The system performs correctly” (Z = -2.705, p < 0.01) received a 
median of 5 while the expectation was only rated as 3, and “Using 
the system is easy to learn” (Z = -2.070, p < 0.05) received a 
median of 6 with the expectation receiving a median of 5. No 
other significant differences were found. 

 
Figure 3. Distribution of users' expectations and experiences. 

The clarity, speed and level of effort of use were considered to be 
slightly negative (median = 3), which suggests that the interaction 
and interface design had minor usability issues. The system was 
found fairly pleasant and natural to use (median = 5 for both) and 
was considered useful (median = 5), which is also supported by 
indication that the participants would consider using the system in 
the future (median = 5). 
The main results of AttrakDiff are divided into two categories: 
Pragmatic Quality (PQ), which describes the usability of the 
system and how successful users are in achieving their goals with 
it, and Hedonic Quality (HQ), which is concerned with properties 
such as novelty, how interesting the system appears and what kind 
of experiences it offers. Both PQ and HQ received slightly higher 
than average scores. 
The mean values for all word pairs are presented in Figure 4. 
Highest values are found in the hedonic quality – stimulation 
category (HQ-S), whereas the lowest values are in PQ. This 
suggests that although the participants found the Information Wall 
to be neutral in its usability and practical utility, the key elements 

of experience lie in more hedonic dimensions such as 
inventiveness, creativeness, presentability and novelty. 

 
Figure 4. Mean values for AttrakDiff word pairs. 

Additionally, participants were asked what kind of content they 
would hope to see in public information displays such as the 
Information Wall. 15 out of 19 participants were happy with the 
current content, most of which explicitly mentioned that they 
appreciated the lunch menus and the public events. Eight 
participants hoped to see public events extended to also cover 
recreational activities such as student parties and festivals. Other 
mentions were public transportation timetables, latest news and a 
map of the university campus. We have implemented some of 
these new content types in the next iteration of Information Wall. 

4.3 DEMO SESSIONS 
We conducted several short-term deployments at various events at 
the university campus, involving visitors from information 
technology companies, other universities and student course 
groups. The number of participants has varied between 10 and 
100 per event. The system setup for these sessions was similar to 
the user study. However, due to a large open-ended space, the 
physical size of the screen was larger at around 3 meters in width.  
Visitors were encouraged, but not required, to interact with the 
installation. In all cases, a clear majority of participants interacted 
with the system once the first few users had the courage to try out 
the installation in front of an audience. This observation follows 
the “honeypot” effect [1]. Furthermore, almost all users interacted 
with the system simultaneously with another user, for example 
two students who knew each other would interact with the system 
at the same time. Our observation here is that having another 
person interact with the system increased the users’ confidence 
and lowered the threshold for interaction in public. Due to mid-air 
pointing and cursor-based control, it is easy to interact with the 
system while at the same time observing the other user. 

5. DISCUSSION 
Our research was focused on measuring the user experience of the 
Information Wall and producing design guidelines for gesture-
controlled public displays. While users’ expectations were mostly 
met in the lab-based study test, it should be noted that the 
expectations were somewhat low to begin with. Users not only 
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perceived – but also expected – the  usability of the system to be 
rather low. This might suggest that people do not have high hopes 
for novel ways of interaction. It is worth noting that among the 
highest values for AttrakDiff word pairs were properties such as 
novelty, creativeness, and inventiveness. We see this as intuitive 
and encouraging considering the experimental and playful nature 
of the system, with which we aimed to offer new and exciting 
ways of interaction. However, low scores in pragmatic quality 
along with SUXES results suggest that more attention should be 
paid to practical usability. Users seem to appreciate quick and 
effortless interaction over a playful and exciting first-time 
experience. Based on the user study as well as public session 
observations, we identified guidelines to consider when designing 
gesture-controlled public displays: 

Support simultaneous interaction: Observations show that even 
after the initial honeypot effect users prefer interacting in pairs. 
We encourage systems to support at least two simultaneous users. 
Don’t hold content back: Most study participants were satisfied 
with the system’s content, however several participants mentioned 
issues with the way the content was presented. Indeed, the 
information cubes only display a very limited set of information at 
a time, while most of the screen space has no informational value 
whatsoever. We recommend designers to make use of the screen 
space and display content in a clearly structured manner. Do not 
hold content back to force interaction – if something can be 
shown right away, show it. 
Aim for relevant content: Subjective feedback seems to indicate 
that users like to see local and timely content in information 
displays, e.g., content that is related to nearby areas and relevant 
right away or in the near future. Among the most popular content 
were lunch menus, university events and leisure activities. 

Display one cursor per user: Information Wall displayed cursors 
for both hands if they were high enough to appear on the screen. 
This resulted in two issues. First, while the cursor icons were 
different for each hand, users had trouble recognizing which 
cursor was mapped to which hand. Second, due to the use of 
dwell time for target selection, users often unintentionally selected 
targets with their inactive hand. This was especially evident when 
users had items on one hand, such as a coffee cup. The inactive 
hand was thus high enough for the cursor to accidentally trigger a 
target. We recommend supporting the use of both hands but 
displaying a cursor only for the active hand. Furthermore, users 
had trouble recognizing their own cursors during simultaneous 
interaction. Designers should consider ways to map a user’s 
cursor to his space on the screen with e.g. similar colors or icons. 
Use target selection aids: Freehand pointing quickly results in 
physical fatigue and minor hand movement often makes trivial 
tasks such as selecting targets a nuisance. The effects of this issue 
can be minimized with selection aids such as the magnetic cursor 
[4], which lowers both the required level of motor accuracy and 
mental load to select targets and also makes interaction faster.  

6. CONCLUSIONS 
In this paper we presented the Information Wall, a gesture-
controlled public information display that provides simple and 
relevant local information to users. The application has been 
studied in a lab-based user study as well as observed in several 
demo sessions and semi-public events where first-time users 
explored the system. Based on our findings, we produced several 
guidelines to consider when designing gesture-controlled public 

information displays, and also recognized issues with the current 
version of the Information Wall that will help us improve similar 
systems. We have also conducted a long-term deployment of our 
system, during which extensive log data has been gathered. Our 
future work includes analyzing this data as well as carrying out in-
depth observations of Information Wall in situ. 
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ABSTRACT 
Smart spaces with multiple interactive devices and motion 
tracking capabilities are becoming more common. 
However, there is little research on how interaction with 
one device affects the usage of other devices in the space. 
We investigate the effects of mobile devices and physical 
interactive devices on gestural interaction in motion-tracked 
environments. For our user study, we built a smart space 
consisting of a gesture-controlled large display, an NFC 
reader and a mobile device, to simulate a system in which 
users can transfer information between the space and 
personal devices. The study with 13 participants revealed 
that (1) the mobile device affects gesturing as well as 
passive stance; (2) users may stop moving completely when 
they intend to stop interacting with a display; (3) interactive 
devices with overlapping interaction space make 
unintentional interaction significantly more frequent. Our 
findings give implications for gestural interaction design as 
well as design of motion-tracked smart spaces. 

Author Keywords 
Large displays, mid-air gestures, mobile devices, 
handhelds, smart spaces, motion-tracked environments, 
ubiquitous computing. 

ACM Classification Keywords 
H.5.2. Information interfaces and presentation: User 
Interfaces – Graphical user interfaces, input devices and 
strategies, interaction styles, user-centered design. 

INTRODUCTION 
Interactive smart spaces have gained increasing interest in 
the research community over the years. While smart spaces 
can vary in many aspects such as size, purpose and the 
number of interactive devices, we foresee two logical future 
developments. First, device-free mid-air gestures will be a 

core component of smart space interaction. Gestures 
support the very nature of such spaces, as they enable 
interaction with devices at will from anywhere in the space. 
Second, ad-hoc connections between personal devices and 
devices integrated in the space will become more 
prominent. We argue that this is one of the strong points of 
smart spaces - e.g. allowing users to transfer information 
from the space to their mobile devices for later use. 

Our vision introduces a number of interesting research 
topics. For instance, what effects do mobile devices have on 
mid-air gestures? How are gestures affected by other 
devices in the space that utilize varying modalities? We are 
not aware of existing studies that investigate gestures or 
mobile devices from such perspective. 

For our study, we built a smart space noticeboard system 
(originally presented in [6]) containing a) a large display 
application that allows users to select media content on the 
screen by utilizing mid-air pointing and dwell time, b) a 
mobile phone application that enables receiving and 
sending content items, and c) an NFC reader enabling 
communication between the large display and the mobile 
device. Two key design decisions for this infrastructure 
were to include personal devices, and introduce varying 
interaction modalities across devices integrated in the 
space. 

Utilizing our infrastructure, we explored how people 
behave and gesture in a motion-tracked environment with 
multiple inter-connected devices. In particular, we were 
interested in studying the following: 

 How does a mobile device affect mid-air gestures?  
 How is the mobile device held during gesturing and 

when the user does not intend to interact with any 
device? 

 How is a gesture-controlled large display affected by 
the presence of another interactive device in the same 
space? 

Our findings can be utilized to design gestural interactions 
for ubiquitous smart spaces as well as to shape and design 
the space itself. 
The rest of the paper is organized as follows. First, we 
present related work and the system in detail. Then, we 
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present the study including the setup and procedure. Next, 
we present the results. Finally, we discuss the results and 
end with conclusion and future work. 
RELATED WORK 
Based on our literature review, we can identify a clear 
research gap. Most related work contains only a part of the 
infrastructure we aim to investigate. Many existing works 
deal with mid-air gestures or focus on communication 
between large displays and mobile devices. However, we 
are not aware of any studies that combine both, and more 
specifically, study the effects of gesturing and a mobile 
device on each other. 

Design and Challenges of Gestures 
A substantial amount of research is concerned with the 
design and challenges of mid-air gestures. For instance, 
dwelling is a target selection method for mid-air pointing, 
which involves pointing at a desired element on a screen 
and keeping the pointer steady for a short period of time, 
after which the element is selected. Dwell time has been 
found intuitive and easy to carry out, and has been utilized 
in a number of studies and large display applications [5, 8, 
9, 15]. Mäkelä et al. showed the importance of targeting 
assistance techniques for gestural pointing interfaces [8]. 
Furthermore, Mäkelä et al. [9] and Ackad et al. [1] 
presented relatively coherent guidelines for gestural design. 
For instance, both emphasize simple designs and encourage 
supporting one-handed interactions. 

Of the many challenges present in gestural interfaces, the 
Midas touch issue is one of the most prominent. The Midas 
touch issue describes the challenge of separating intentional 
and unintentional interaction, as any kind of gesturing can 
potentially be understood as input by a system [7]. The 
issue is also prominent in other modalities sharing the same 
always-on nature as gestures, such as speech. 

Mobile Devices in Smart Spaces 
Interactions between displays and handhelds have been 
studied actively. A common theme in this area has been 
taking control of the large display via the mobile device. 
Muta et al. [10] presented the WallSHOP advertisement 
display. Users could connect to the display by accessing a 
web service using their mobile device’s browser. After 
connecting, users could browse items on the large screen by 
using their mobile device as a controller for a cursor 
displayed on the screen. Baldauf et al. [2] presented display 
pointing, where a handheld’s camera is used to scan for a 
display, and after a display is recognized, connection 
between the two is established. Ruan et al. [12] used a 
mobile device’s touch screen to act as a mouse and a 
keyboard for a computer, thus enabling control of a large 
display from a distance. 

The aforementioned research focuses on establishing a 
continuous connection between the two devices and 
controlling a large screen directly via the mobile device. In 
addition, some studies aim to achieve quick and easy 
transferring of content between displays and mobile 

devices. Turner [14] proposes an interesting method where 
users can look at interesting content on the display and 
"pull" the content from the display into the phone by 
swiping down on their mobile touch-screens. However, 
Turner’s approach requires external eye-tracking hardware 
as well as software. 

A common method for establishing data transfer between a 
display and a mobile device has been the use of Near Field 
Communication (NFC) technology. Hardy & Rukzio [4] 
attached a grid of NFC tags on a large screen to allow users 
to move content, e.g. pictures, to a handheld device by 
touching the corresponding content on the screen. They 
found this interaction to be significantly faster and more 
intuitive than e.g. remotely controlling the display with a 
handheld. Broll et al. [3] presented a similar setup, in which 
they compared a set of simple interactions to more complex 
interactions, such as selecting multiple items at once. The 
results indicated that users preferred the simple touch-to-
select interactions. Similarly, Rekimoto’s pick-and-drop 
technique is used to pick up and drop items from and to a 
screen by touching NFC tags [11]. 

In summary, research involving mobile devices in smart 
spaces has largely focused on studying specific interaction 
techniques or solutions for connecting mobile devices and 
public systems such as large displays. We, on the other 
hand, primarily seek to investigate the high-level effects of 
a mobile devices’s presence on interactive devices with 
motion-tracking capabilities. 

INTERACTIVE NOTICEBOARD 
With our smart space system, users can move content from 
the large display to a nearby NFC reader, and pick up the 
selected content to an NFC-enabled mobile device by 
touching the reader (Figure 1).  

 
Figure 1. User has selected an item on the large screen and has 

transferred the content to a mobile phone by touching the 
NFC reader. 

The selected content is then opened on the mobile device’s 
default browser. Similarly, users can create new items for 
the large display by using a mobile application, and then 
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touching the NFC reader to finalize the upload to the 
display. 

Items on the screen are selected by using the point-and-
dwell method, i.e. the user points at a desired item, and after 
an animation representing the selection has finished, the 
item is selected and is automatically moved to the reader. 
Simultaneously, the selected item on the screen is enlarged 
and the item that is currently in the reader is displayed at 
the bottom of the screen. The user then simply touches the 
reader with the mobile device, and the content is opened on 
the mobile device’s default browser right away. 

We designed the selectable items to be relatively large for 
easier target acquisition. Additionally, we used a simple 
targeting assistance method where the nearest target would 
always be active when a user is pointing towards the screen. 
For pointing, we used the Physical Interaction Zone method 
provided by the Kinect SDK. A dwell time of 1.5 seconds 
was used for target selections based on our previous system 
[9]. Furthermore, based on earlier work [1, 9], we designed 
interactions so that they could be carried out with one hand, 
and the interactive hand could be changed at any time. 

The content on the display is shown as separate items which 
resemble post-it notes. Content is divided into pages, each 
page displaying 4 items in a horizontal layout. Additionally, 
two buttons are statically placed on the bottom corners of 
the screen to enable navigation between pages. The buttons 
are triggered with the same point-and-dwell method that is 
used for item selections. When no users are present, the 
page automatically changes every 15 seconds. 

By using the mobile application, users can add their own 
content to the screen. The application is a simple form-
filling application, which allows the user to include basic 
information such as a title and a description. Additionally, 
users can add an image and a date and a time. 

When the user is finished with the form, the item is 
uploaded to the server by touching the NFC reader, and it is 
immediately updated to the large screen. The appearance of 
the notice is affected by its content, e.g. items with dates are 
visually different from others, and items with an image 
attachment are displayed with said image in the 
background. 

Technical Details 
The physical setup consists of a PC, a wall-projected full 
HD display, the Microsoft Kinect® sensor, and an ACS 
ACR122 NFC reader. Moreover, for the purpose of this 
study, participants were provided with an Android phone 
(Nexus 5), however outside test conditions the mobile 
devices would be the users’ personal ones. 

Our software consists of the large display client, a web 
service, an Android client, and two middleware components 
to handle data between hardware. 

The large display client is a web-based application running 
in a browser, built with HTML5 and JavaScript. A separate 

middleware component (previously used in [9]) is used for 
getting the motion data from the Kinect sensor into the 
client. A web service takes care of storing and providing the 
large display content. Another middleware component 
handles messages between the NFC reader and the web 
service. The large display client fetches the content directly 
from the web service. The web service allows moderation 
of content via a separate admin component, and would also 
allow linking several installations together; however in this 
study we focused on one system. 

The Android application is a standard Android activity 
containing a form for the creation of items. The application 
is not mandatory for taking content from the screen. If the 
app is installed, the content will be opened inside the app. 
Otherwise the content will be provided directly by the web 
service and will open in the device’s default web browser. 

STUDY 
We ran a study with 13 participants (7 males, 6 females) 
aged 20 to 38 (mean = 28 years). Participants were 
recruited from around a university campus by promising a 
movie ticket as a reward for participation. The study was 
conducted in a research unit’s semi-public space. The space 
is used for various activities such as lectures and meetings, 
but also serves as an open space for students and staff, and 
it is frequented by e.g. students doing group projects. The 
space is regularly used to run interactive public displays for 
people to use freely. The study was controlled, however the 
space itself represents a typical installation location for such 
infrastructures - a large room where people can come and 
go freely. 

We used a high-definition projector with physical 
dimensions of roughly 1.3 meters in height and 2.2 meters 
in width. The software was run on a high-end Windows PC. 
The Kinect sensor was placed right under the screen at 
horizontal midpoint, and the NFC reader was placed on a 
small table near the middle point of the Kinect’s field of 
vision for easy access. 

We recorded the sessions with a full HD video camera for 
later analysis. The camera was positioned behind the 
primary interaction space so that it had a good view of the 
user as well as the display and the NFC reader, and it could 
also record all dialogue during the session.  

The content on the noticeboard consisted of 15 items of 
different real-world university events, and also coupons for 
recreational activities, casual messages and photographs, 
and promotional material of a fictional graphic artist. 

Procedure 
Participants were first presented with a background 
questionnaire as well as a consent form to allow video 
recording of the session. Then, we handed a mobile phone 
(Nexus 5) with our application installed to the user, but 
gave no further instructions on how to use it or how to hold 
the phone during the tasks.  
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Participants were presented with a total of six tasks based 
on typical usage scenarios. The tasks were divided into 
three information retrieval tasks and three content creation 
tasks. In information retrieval tasks, participants were asked 
to find a specific notice on the board, explore it and move 
the notice to the mobile device for further exploration. For 
instance, participants were asked to retrieve information 
about an upcoming social event and how to sign up for the 
event. In content creation tasks, participants used the 
mobile application to create a notice fit for a given scenario, 
touched the NFC reader to upload it to the screen, and used 
gesture-controls to find the uploaded notice on the screen to 
confirm that it had been correctly uploaded. In these tasks, 
participants e.g. promoted a rally against animal abuse 
(used the board to organize an event), and created another 
notice to promote a new study space for students (used the 
board to provide contextual information). 

Finally, participants were interviewed, after which they 
answered statements on a 7-point Likert scale. The 
statements were primarily about the ease of use of the 
system, naturalness of gestures, and naturalness of 
transferring content from one device to another. Each 
session lasted around 60 minutes in total and participants 
were rewarded with movie tickets (worth 12€).  

RESULTS 
We analyzed users by utilizing recorded video, interviews, 
and questionnaires. The recordings were watched twice by 
a single researcher, during which observations and notes 
were made. In the second round, we focused more heavily 
on behavioral similarities between users. 

Interaction with the system’s components can be divided 
into three categories based on both interaction modality and 
nature of the device: large display interaction (gestures, 
public), handheld interaction (touch, personal device), and 
NFC interaction (proxemics, hub). In the following, we 
present our findings in each category. 

Large Display Phase 
Participants understood the point-and-dwell interaction 
well, and although some took a short while to adjust to the 
sensitivity of pointing, participants were seemingly fluent 
with gesturing in general. Participants reported that mid-air 
gestures were natural (Mdn = 6, mode = 6) and relatively 
easy to carry out (Mdn = 5, mode = 5). 

During interaction with the display, most participants 
preferred to use one hand for gesturing and the other hand 
for holding the mobile phone (8 out of 13). Two 
participants left the phone on a table while they were 
gesturing and only picked it up when they needed to 
interact with the NFC reader or the phone itself. However, 
this may have been due to the study setting, as users would 
possibly not leave their own phones on a table in a public or 
semi-public setting. Finally, only two participants gestured 
with the phone hand, and one user mixed all three 
techniques. 

We expected there to be a clear distinction between the 
active and inactive hand’s positioning. However, 
participants who held the phone in their inactive hand, held 
it very high, usually against their chest or in mid-air at chest 
or even shoulder level (Figure 2). This occasionally resulted 
in gestures not working properly, as the system was not 
able to determine which hand should be defined as active. 
However, most participants disagreed when asked if 
holding the mobile device disturbed gesturing (Mdn = 2, 
mode = 2). This supports our observation of participants not 
understanding that the phone hand’s position was the 
primary cause for the issues with gesturing. When not 
interacting with the display, users still held the phone 
relatively high, which often caused unintentional items 
selections on the screen. 

 
Figure 2. Demonstration of two common poses for holding a 

mobile device during gesturing: against the chest (A), in mid-
air (B). 

We observed an interesting phenomenon during interaction 
with the display. Six out of 13 users intuitively “froze” 
when they wanted to pause interaction and simply observe 
or concentrate on something else for a moment. This 
happened after triggering a function on the display, or while 
transitioning from handheld/NFC interaction to interact 
with the display moment. For instance, a typical scenario 
for users was to change a page on the screen, and then 
pause interaction for a period in order to observe the newly 
displayed items. After they changed the page, they would 
simply continue pointing towards the page change button 
on the screen as they were observing the content. This often 
resulted in a second, unwanted page change or an item 
selection a moment later. Consequently, when asked if they 
had trouble selecting correct items from the noticeboard, 
most participants agreed (Mdn = 6, mode = 7). 

Handheld Phase 
Participants used a mobile phone to view content they had 
taken from the display and to create notices to be uploaded 
to the display. During interaction with the mobile, 
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participants’ behavior was relatively coherent. 11 out of 13 
participants held the phone with two hands, positioning the 
phone close to the body around the upper stomach or chest 
and looking down. Two users held the phone at almost face 
level, having their heads tilted only slightly downwards. 

Users were comfortable interacting with the mobile 
application, as 12 out of 13 participants reported a positive 
experience. Two users reported initial confusion due to the 
unfamiliar Android OS, both being regular iPhone users.  

Users were holding the phone relatively close to the face for 
easier viewing of the screen. This was occasionally 
interpreted as input by the large display, and we observed a 
similar freezing effect as during large display interaction. 
Three users, while interacting with the phone, noticed 
movement on the screen and lifted their heads towards it. 
Participants were standing still and staring at the display as 
if waiting for the display to “understand” that they did not 
want to interact with it. None of the users tried anything 
else to stop the interaction, for instance, no one tried 
lowering their hands or turning away from the screen. 

NFC Phase 
Participants interacted with the NFC reader when they 
wanted to move the selected content from the screen over to 
the mobile, or when they had created a notice on the mobile 
device and wanted to upload it to the display. Participants 
reported that overall interacting with the NFC reader was 
intuitive and straightforward. Data transfer between the 
mobile device and the NFC reader felt natural (Mdn = 6, 
mode = 7). Finally, participants disagreed when asked if 
having to physically touch the NFC reader made content 
transfer cumbersome (Mdn = 2, mode = 1). 

However, reaching towards the NFC reader in front of the 
screen was often interpreted as gesture input by the system. 
At worst, this resulted in another notice being selected 
before the participant could transfer the correct item to the 
phone. In addition, the reader was relatively specific about 
which part of the phone needed to touch the reader. Hence, 
participants had to touch the reader a few times or “rub” the 
phone against it in order to be successful.  

We observed 11 out of 13 participants having issues with 
unintentional gestures during NFC interaction. Participants 
reported the issue in the interview by e.g. stating that the 
system “is hectic”, “feels too responsive” or “does things I 
do not want it to do”. We observed the same phenomenon 
during NFC interaction as with handheld interaction – 
turning away from the display and more towards the table 
the NFC device was located on would have solved the 
issue, but none of the users tried it. 

It is worth noting that participants had a positive experience 
regarding the NFC reader itself, and clearly attributed the 
experienced issues towards the large display (i.e. the motion 
sensor). 10 out of 13 participants were familiar with some 
form of NFC technology, 9 participants being regular users 
of NFC-enabled public transit cards – cards that need to be 

read by a terminal, and also occasionally require rubbing 
for a successful read. 

DISCUSSION 
In our study, we investigated users and their behavior in a 
lightweight smart environment consisting of a gesture-
controlled display, a mobile device, and an NFC reader. We 
were primarily interested in a) how the mobile device 
affects gesturing as well as non-interaction, and b) how 
another, physical device affects the use of a gesture-
controlled display. Based on our literature review, we are 
not aware of other studies with similar goals. As such, only 
a part of our findings have relations to previous work. In the 
following, we discuss our findings: 

Mobile device affects gesturing and passive stance. We 
found that holding a mobile device affects the hand’s 
position, and the majority prefers to use the free hand for 
gesturing. While gesturing, users held the phone 
surprisingly high – often around the chest - which 
occasionally obstructed interaction as the system had 
trouble recognizing which hand was active. Moreover, 
when users did not intend to interact with the display, the 
phone hand – due to its elevation – was often a cause for 
unintentional interaction. 

Users may stop moving when they want to pause 
interaction. We observed a freezing effect during large 
display interaction as well as handheld interaction. We 
recognized a total of 15 instances of the freezing effect 
from seven different users. The average duration for the 
effect was 5.5 seconds (SD = 2.93), the minimum being 2 
seconds and the maximum 12 seconds. The effect was most 
apparent when participants interacting with the screen 
wanted to pause for a moment to observe the contents of the 
screen. Users would then effectively freeze in their current 
stance, leaving one or two hands lifted as they were. We 
believe the effect was due to users intuitively assuming that 
motionlessness, rather than stance, would equal 
passiveness. One participant made a descriptive comment 
while facing the display with both hands lifted up: 

“Why does the display react to me even though I’m not 
doing anything?” 

- Female, 26 

It is possible that some instances of the freezing effect may 
have been due to confusion or uncertainty, i.e. not knowing 
what to do in a certain situation. 

Unintentional interaction is a challenge. We observed 
instances of unintentional interaction during all phases. The 
most prominent phase for unintentional interaction was 
NFC interaction. The large display often interpreted users’ 
movement as input when users were reaching towards the 
NFC reader, as users were still prominently facing the 
screen. While this issue is well known from related work [7, 
9, 15], we observed it in much greater magnitude than 
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before due to the involvement of the NFC reader as well as 
the mobile device. 

Implications for Design 
Based on our observations of the freezing effect as well as 
unintentional interaction during passive phases (when users 
did not move), we propose that interactions in motion-
tracked environments should be designed so that standing 
still should be a call to stop interaction. For instance, dwell 
time may not be an optimal interaction mechanism for 
smart environments as it is ultimately a static pose and is 
prone to cause issues, even if by itself it has been 
considered intuitive [15]. Yoo et al. [16] have also recently 
proposed that other selection methods, such as the “push”, 
may be preferred by users over the popular point-and-dwell 
method. 

Turning away from a screen to pause interaction did not 
seem to be intuitive to users. Furthermore, while observing 
users it became clear that turning away from the screen 
does not fit the workflow of inter-connected device 
interaction. For instance, when transferring content with the 
NFC reader, users were often facing and looking at the 
screen instead, waiting to see confirmation on the content 
transfer. Consequently, this finding does give implications 
to designing layouts of similar spaces. Since users do not 
necessarily face the object with which they are interacting if 
it is otherwise within reach, unrelated devices should be 
positioned so that their interaction space does not overlap 
with others’. However, we still believe that checking a 
user’s general facing direction is useful for high-level target 
filtering, such as ruling out targets behind the user. 

The most serious challenge we identified was unintentional 
interaction in situations where the above mentioned 
solutions do not apply. In our case this was during NFC 
interaction, as reaching towards the reader logically 
included movement (reaching forward with the phone and 
touching the reader) as well as facing the display (inter-
connectedness of the reader and the display). Unintentional 
interaction has been discussed in several studies. Walter et 
al. [15] identified the same issue with their gesture-
controlled display – although not quite to the same extent – 
but they were unable to suggest a solution. 

Schwarz et al. [13] propose an interesting method for 
detecting users’ intention to interact with a system. They 
analyze a combination of gaze and body pose, and finalize 
the intent with a gesture (such as waving or showing an 
open hand to the camera). Their method is promising, 
although the gesture, albeit a simple one, needed to engage 
a system may slightly interfere with the walk-up-and-use 
design paradigm that users often expect from public 
systems especially. We believe the fundamental component 
here is gaze, which could be utilized to differentiate 
between devices with overlapping interaction spaces. For 
example, users interacting with the NFC reader were 
switching between looking at the reader and looking at the 
display, even if their body’s facing remained the same. The 

resulting noise with gaze should be possible to separate 
from stable gaze resulting from the intent to interact with 
the display. 

Finally, we note that some design decisions of our system 
were also factors in the prominence of unintentional 
interaction. To allow for smoother and faster interaction, we 
included a relatively strong targeting assistance technique, 
and also a short dwell time of 1.5 seconds for target 
selections. This combination, however, ended up working 
against the system’s usability, as targets were easily 
triggered when users did not want to interact with the 
display. As we already noted, we suggest considering more 
distinct gestures for interaction than point-and-dwell or - at 
the very least - we suggest longer dwell durations. 

CONCLUSION AND FUTURE WORK 
In this paper, we investigated users and their behavior in a 
motion-tracked environment. The environment consisted of 
a large display application that allows users to select items 
on the screen by utilizing mid-air hand gestures, a mobile 
phone that enables receiving and sending said items, and an 
NFC reader enabling communication between the large 
display and mobile devices. 

Our main findings are (1) the mobile device affects 
gesturing as well as passive stance; (2) users may stop 
moving completely when they intend to stop interacting 
with a display; (3) interactive devices with overlapping 
interaction space make unintentional interaction 
significantly more frequent. Our findings can be utilized in 
gestural interaction design as well as smart space design, 
for instance (A) not moving should not result in interaction, 
(B) distinct gestures, such as ‘grab’ or ‘push’, should be 
considered instead of the point-and-dwell method, and (C) 
smart positioning of interactive devices in a space can 
alleviate issues with gestural interaction.  

We aim to incorporate our findings in future studies, in 
which we further investigate the use of gestural interaction 
for content transfer in motion tracked environments. 
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Abstract—Mid-air gestures have been largely overlooked for 

transferring content between large displays and personal mobile 
devices. To fully utilize the ubiquitous nature of mid-air gestures 
for this purpose, we developed SimSense, a smart space system 
which automatically pairs users with their mobile devices based 
on location data. Users can then interact with a gesture-
controlled large display, and move content onto their handheld 
devices. We investigated two mid-air gestures for content 
transfer, grab-and-pull and grab-and-drop, in a user study. Our 
results show that i) mid-air gestures are well suited for content 
retrieval scenarios and offer an impressive user experience, ii) 
grab-and-pull is preferred for scenarios where content is 
transferred to the user, whereas grab-and-drop is presumably 
ideal when the recipient is another person or a device, and iii) 
distinct gestures can be successfully combined with common 
point-and-dwell mechanics prominent in many gesture-controlled 
applications. 
 

Index Terms—content transfer, large displays, mid-air 
gestures, mobile devices, smart spaces, ubiquitous computing.  
 

I. INTRODUCTION 
XCHANGING information between large displays and 
personal devices is a feature of growing importance in 

smart spaces. Past research has shown great interest in 
studying different interaction mechanics for such tasks.  

Previous research has largely focused on proxemics-based 
devices, such as NFC (Near field communication) readers, to 
enable communication between displays and mobile devices 
[1][2][3]. Some novel solutions have also been proposed, such 
as one utilizing the camera of the mobile device to enable 
drag-and-drop interactions [4]. However, while these solutions 
may work well for a specific purpose, they also require users 
to spend time establishing a connection, or require users to 
specifically walk up to the device to carry out the task. Most 
notably, they require users to interact with their mobile device 
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in order to successfully transfer content, which may, in many 
cases, require too much effort from the user. This drawback 
calls for more advanced and seamless approaches for content 
transfer. 

With this need in mind, we envision ubiquitous spaces 
where a) ad-hoc connections between mobile devices and 
large displays are established automatically, and b) content 
can be moved from one device to another by utilizing mid-air 
gestures. This vision enables users to simply pass by a display 
and “grab” interesting content onto their mobile device with a 
simple gesture and without the need to directly manipulate the 
recipient device. 

In this article, we focus on exploring gestural interaction for 
content transfer. We built a novel smart space system, 
SimSense, capable of automatically pairing users with their 
mobile devices, allowing exchange of content between 
mobiles and the large screen with simple gestures and without 
the need to manually set up a connection. We report the results 
of a user study in which participants experienced two different 
gestures for information retrieval, grab-and-pull and grab-
and-drop. 

II. DESIGNING MID-AIR GESTURES FOR CONTENT TRANSFER 
In our previous work, we investigated transferring content 

between mobile devices and a large display by utilizing mid-
air gestures and an NFC reader [5]. Users could select items 
from the screen with point-and-dwell, after which the selected 
content could be moved to the mobile device by touching the 
nearby NFC device with the mobile. We discovered that the 
point-and-dwell mechanic was suboptimal for content transfer. 
Primarily, when users were doing something other than 
interacting with the screen, the screen would still interpret the 
user’s movement as interaction. Then, due to point-and-dwell, 
actions were occasionally triggered on the screen without the 
user’s intent.  

Our approach in this article is inherently different, as we 
aim for a more novel and seamless solution by completely 
negating the need to interact with the handheld during content 
transfer. Regardless, we utilize our previous findings by 
moving away from point-and-dwell mechanics and instead 
designing distinct gestures for content retrieval. Additionally, 
this allows us to utilize point-and-dwell for other, more 
lightweight interactions, such as navigating the content on the 
large display. 

“It’s Natural to Grab and Pull:” 
Retrieving Content from Large Displays 

Using Mid-Air Gestures 
Ville Mäkelä, Jobin James, Tuuli Keskinen, Jaakko Hakulinen, Markku Turunen 

University of Tampere, Finland 
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Our literature review did not reveal existing works that 
involve mid-air gestures specifically in the context of 
transferring content between devices. However, studies for 
more general-purpose mid-air gestures are numerous, which in 
part affected the design of our content retrieval gestures as 
well as our user study. 

Similar to the findings in our previous work, Yoo and 
colleagues [6] recently found that users preferred gestures 
such as pushing and grabbing-and-pulling over the popular 
point-and-dwell method for interactions with large 
information displays. Other techniques for interacting with on-
screen item from a distance have also been proposed, such as 
AirTap and Thumb Trigger [7], and the Gunslinger [8]. These 
techniques are comparable to usual target selection interaction 
techniques such as the point-and-dwell. With SimSense, we 
extend beyond the selection of on-screen items, and enable 
transferring those items to one’s personal device. We believe 
such interactions would benefit from gestures that suggest a 
link between the large display and the recipient device. 

Several works present guidelines for designing mid-air 
gestures. Nielsen and colleagues [9] provide a set of 
guidelines for user-centered gesture design. They list that 
gestures should be 1) easy to perform and remember, 2) 
intuitive, 3) metaphorically and iconically logical towards 
functionality, and 4) ergonomic. In one of our earlier studies 
[10], we also listed several guidelines for designing mid-air 
gestures, which include e.g. designing for one-handed 
interaction, and allowing changing the gesturing hand on the 
fly. Ackad and colleagues [11] studied the design of learnable 
mid-air gestures, and also presented a set of relevant 
guidelines, which include e.g. that gesture sets should be 
small, and on-screen feedback for gestures is important. In 
their user study, Ackad and colleagues found that an on-screen 
skeleton helps users understand how the system interprets 
their movement. 

III. SIMSENSE 
We developed SimSense1, a smart space system that allows 

seamless transferring of content from a large information 
display to mobile devices by utilizing mid-air gestures and 
automatic connections between the display and mobile devices 
[Fig. 1A]. SimSense consists of a large display application, a 
Kinect sensor, a mobile application, and a set of Bluetooth 
beacons (the system is presented in detail in [12]). 

SimSense is permanently deployed within the premises of 
the School of Information Sciences at the University of 
Tampere. The deployment space is occasionally used for 
lectures and meetings, but is primarily a relaxed, open space 
filled with tools and displays for students and staff to utilize 
freely. 

The large display application of SimSense runs on a full HD 
projector screen with physical dimensions of roughly 3.0 
meters in width and 1.5 meters in height. The Kinect sensor is 
positioned at the horizontal midpoint below the screen. Five 
Bluetooth beacons are positioned on the ceiling of the space 
above this area, one on each of the four corners and one in the 

 
1 https://youtu.be/RkpjCsNBu3U 

center. 
 

 
Fig. 1. A) A user is transferring content from the large information display to 
his mobile device by performing the grab-and-pull gesture. B) An overview of 
the elements in the large display application. C) “New feed(s) available” 
notification on the mobile device about received content. D) The SimSense 
mobile application displaying content that was transferred from the large 
display. 

A. Large Display Interaction 
The SimSense large display application serves as a gesture-

controlled information display. The primary elements of the 
display are presented in [Fig. 1B]. The user’s hand movements 
are visualized with an on-screen hand cursor. Interactive 
elements are triggered with the point-and-dwell mechanic, i.e., 
by pointing at an element and waiting for a short period of 
time. During dwelling, a progress bar is overlaid on the 
element to visualize that the element is being selected. Dwell 
time was set to be relatively long, 2.5 seconds, to prevent 
accidental target selections while performing content retrieval 
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gestures. 
Interactive elements include content elements and 

navigational elements [Fig. 1B]. Triggering a content element 
will display the content of said element in full in a new page. 
The page can be closed via a close button displayed on the 
bottom of the page. Navigational elements can be triggered to 
cycle between different pages of content. 

The user is visualized on the screen in two ways [Fig. 1B]. 
An avatar is displayed on the bottom of the screen to reflect 
the user’s horizontal position relative to the screen. 
Furthermore, the same figure is utilized for feedback. 
Secondly, we visualize the user’s joint movements with an 
animated stick figure on the top-right corner of the screen. 

The large information display can be easily set to present 
any kind of content. For the study, we chose to include news 
from Yle, a Finnish news portal, which are fetched via a 
public API. 

B. Connecting Mobile Devices and Users with a Large 
Display 

When a user enters the space with a mobile device that has 
the SimSense mobile application installed, the device is 
automatically paired with its owner based on location data. In 
order to determine the location of the mobile device, the area 
in front of the large display application is divided into 8 blocks 
of 50cm X 50 cm dimension, and 100 RSSI (Received Signal 
Strength Indicator) values from five Bluetooth beacons 
attached to the ceiling of the space were measured at each of 
these blocks and stored in a database. The location of the 
device is predicted by comparing the RSSI values to these 
previously stored set of values. The location of the user is 
received via a Kinect sensor. If the two locations match, the 
entities are paired. Consequently, all content that the user 
selects on the large screen to be transferred, will be sent to the 
correct device. 

We leave the thorough measurement of the accuracy of the 
pairing process for another paper; however the process has 
proven reliable during our evaluations. It is possible that the 
process fails if two unpaired users enter the space at the same 
time while being very close to each other and without 
separating before starting interaction, which is unlikely. We 
have planned a fallback method for such situations, wherein 
the system would ask users to step away from each other to 
complete the pairing reliably. Interaction-wise, two 
simultaneous users are supported, as the Kinect sensor can 
accurately track two users at the same time. 

C. Content Retrieval 
Based on the findings of our previous work as well as 

existing gesture design guidelines, we designed two content 
retrieval gestures, grab-and-pull and grab-and-drop. 

Grab-and-pull and grab-and-drop gestures are both initiated 
by first pointing at a transferable element on the screen and 
performing a grab gesture (forming a fist with the pointing 
hand). We note that pointing at an element will also begin the 
dwell time based selection on said element. To prevent 
accidental selections, dwell time progression is stopped when 

the element is grabbed, i.e., when a content retrieval gesture is 
started. 

With grab-and-pull, the user then moves the hand back 
while keeping the grab gesture – as if physically pulling an 
object from the screen towards the user. The target element 
gets larger as the pull progresses to visualize that it is being 
pulled from the screen. After pulling a certain distance, the 
grab-and-pull is completed and the content is transferred [Fig. 
2A]. The pull distance was tested via pilot studies and was set 
to 150 mm. 

With grab-and-drop, a drop area is generated on top of the 
user’s avatar when an element is grabbed. The user then drags 
the grabbed element into the drop area and releases the grab, 
after which the content is transferred [Fig. 2B]. 

 

 
Fig. 2. Interaction techniques for content retrieval and examples of contextual 
feedback. A) Grab-and-pull: ‘grab’ and ‘pull’ an element from the screen. B) 
Grab-and-drop: ‘grab’ content and drag and drop it onto a drop area. C) Left: 
an animated icon visualizing a ‘grab’ gesture when a transferable element is 
being hovered. Middle: an animated icon visualizing the ‘pull’ phase of grab-
and-pull after the user has grabbed the corresponding element. Right: with 
grab-and-drop, a drop area is generated on top of the user’s avatar when an 
element has been grabbed and can be moved around the screen. 

Based on the characteristics of both gestures, we produced 
two minor hypotheses. First, we assumed grab-and-pull to be 
faster. This was because grab-and-drop requires users to 
position a dragged element in a specific area, whereas grab-
and-pull only requires a one-dimensional pull. Second, we 
assumed grab-and-drop to appear more familiar and hence 
result in e.g. increased clarity and confidence. This was due to 
grab-and-drop’s similarity to traditional drag-and-drop 
mechanics, common in e.g. mouse and touch based 
interactions. 

With both content retrieval gestures, users need to first 
reach out with their hand (straighten the hand) before elements 
can be grabbed. This is because i) we wanted to avoid 
accidental content transfers and ii) the Kinect sensor 
occasionally triggers false positives and negatives with the 
grab - reaching out with the hand alleviates the issue 
somewhat. However, more trivial interactions with the screen, 
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such as navigating the content and reading news, do not 
require the hand to be reached out. 

D. Mobile Application 
The SimSense mobile app is an Android application that 

needs to be installed on the user’s mobile device to enable 
automatic pairing and content transfer. The application 
triggers a notification on the device whenever new content is 
received [Fig. 1C]. The application displays all received content 
in a scrollable list [Fig. 1D]. With the prototype, we 
concentrated on simple textual and image-based content, such 
as news. There are currently no other functionalities in the 
mobile application, although we will investigate extending it 
in the future. 

E. Feedback 
One of our emphasized themes in the design was multi-

sensory feedback to the user, in a similar manner to what 
Vogel and Balakrishnan [7] utilized in their study of mid-air 
pointing and clicking techniques. First, we included traditional 
visual and auditory feedback on all interactions, such as when 
an element is hovered or grabbed. Second, and more 
importantly, we included contextually changing feedback [Fig. 
2C]. Finally, the avatar on the screen reacts to the location of 
the user by moving horizontally on the bottom of the screen, 
while an animated stick figure reacts to the user’s skeletal 
movements [Fig. 1B]. 

Additionally, feedback is provided on the mobile 
application. Whenever content is received, a simple audio tone 
is played and the mobile vibrates. Moreover, received content 
is immediately available on the mobile device to be explored 
further. 

IV. USER STUDY 
We conducted a 12-participant user study (six males, six 

females) following a within-subjects design. The participants 
were 21–43 years old (M=27, SD=6.4). Most participants 
were students; however their educational background varied 
from, e.g., linguistics to business. Their prior experience with 
mid-air gestures was relatively low: three participants had no 
prior experience, six had used such systems once or twice, and 
three reported using such systems a few times a year. 

We wrote a script for the user study within the SimSense 
system that would randomly highlight one news headline from 
the main page of the application. The participant should then 
select the corresponding headline and transfer it to the mobile 
device by utilizing one of the gestures (only one was available 
at a time). After a successful task, the system would wait for 
three seconds until highlighting the next item. 

In the beginning of each study session, the participant filled 
in a background questionnaire and signed a consent form for 
video recording. Then, participants were introduced to the 
application. Next, a mobile phone with the SimSense 
application was given to the participant, and all participants 
put the phone in their pocket. 

Each participant experienced both techniques (in a counter-
balanced order) according to the following pattern: 

 Watching a 5-second video demonstrating the 
technique once. 

 Filling in an expectations questionnaire about the 
demonstrated technique. 

 Performing 20 content retrieval tasks, with a short 
break after the first 10. 

 Filling in an experiences questionnaire about the 
technique. 

After all tasks, subjects filled in a questionnaire comparing 
the two techniques. Finally, participants were interviewed. 

We used a simplified SUXES method [13] to measure 
participants’ expectations and experiences of both interaction 
techniques. According to the SUXES method [13], 
expectations can show how  significant  the  different  factors  
are  and  by  themselves  already provide insight into how 
people perceive new types  of  interactive  systems, therefore 
providing better understanding of the user experience. 
Moreover, we hypothesized that natural user interfaces seen 
in, e.g., various science fiction films may have resulted in 
raised expectations, which could not necessarily be met in 
reality. 

We also included open-ended questions, and had 
participants choose their preferred technique based on varying 
categories (described in the following chapter). Finally, 
objective measures from the content retrieval tasks were 
logged.  

V. RESULTS  
Participants’ expectations and experiences for both 

techniques are presented in [Fig. 3A]. As we hypothesized, 
expectations were indeed very high in the majority of 
categories; however we were able to answer with an equally 
positive user experience. 

Grab-and-pull exceeded expectations in five out of eight 
categories, and met the expectations in three. Grab-and-drop 
method, on the other hand, failed to meet the expectations for 
three of eight statements, although it also met the expectations 
for four conditions, and exceeded them in one. 

Additionally, we presented three statements that were only 
answered after the experience [Fig. 3B]. Combining statements 
from both Fig. 3A and Fig. 3B, the user experience of grab-and-
pull received higher median scores than grab-and-drop in 10 
out of 14 categories. Grab-and-drop scored higher in one 
category (novelty), and for the remaining three, median scores 
were the same (naturalness, fun element, confidence that 
content retrieval was successful). 
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Fig. 3. Boxplots for expectations and experiences for grab-and-pull and grab-
and-drop. P and D letters represent the median values. 

We assumed that grab-and-pull would be faster than grab-
and-drop. Indeed, in addition to users reporting it to be faster 
[Fig. 3A], a paired samples t test shows that the time to 
complete the grab-and-pull gesture was significantly shorter 
than the time for grab-and-drop; t(11) = -10.002, p < 0.001. 
Grab-and-pull took an average of 0.65 seconds (SD=0.20), 
whereas grab-and-drop took an average of 1.99 (SD=0.48) 
seconds. 

In general, both techniques received high scores in all 
categories, as all median scores landed within the 6-7 
spectrum. Presumably, one factor in high UX scores for both 
techniques was that they worked well and users were able to 
interact with the system successfully. This is supported by the 
fact that with grab-and-pull, there was only a single time when 
incorrect content was moved to the mobile, and with grab-and-
drop, there were only eight such instances (from two different 
users). Moreover, instances where a content retrieval gesture 
was started but not completed were also rare. Users performed 
an average of 3.0 unfinished gestures (SD = 3.1) with grab-
and-pull, and 2.75 unfinished gestures (SD = 2.59) with grab-
and-drop. However, we attribute the majority of these 

occurrences to the Kinect sensor, as the sensor occasionally 
reported both false positives and false negatives regarding 
whether the user’s hand was in the ‘grab’ position. A natural 
open hand stance, with fingers curved slightly inward, seemed 
to be in a relatively grey area which could be interpreted as 
either one by the sensor. Some users reported this by stating 
that sometimes the object they were dragging would 
“disappear” and they would need to start over. Grab-and-drop 
may have suffered more from this issue, as the disappearance 
of an object being dragged is easier to notice than that of an 
object being pulled (wherein it is more difficult to attribute the 
issue to a single factor). 

We were also interested to see how content retrieval 
gestures would work in parallel with standard point-and-dwell 
selections. Positively, we did not encounter a single instance 
wherein a participant would have accidentally triggered an 
element via dwelling while aiming to transfer it to the 
handheld device. Moreover, no participants reported any 
issues in regards to dwell selections. 

Participants named their preferred technique in four 
categories, and also named their overall preferred technique 
for content retrieval (Fig. 4). Nine out of 12 participants 
reported that grab-and-pull was more natural than grab-and-
drop. More balanced results were received when asked which 
technique they were more confident performing (i.e., how sure 
they were that they were committing the gesture correctly), 
however the fun element and pleasantness categories again 
showed preference towards grab-and-pull. Many participants 
added that grab-and-pull felt more pleasant because it was 
slightly easier to perform. Finally, 10 out of 12 participants 
chose grab-and-pull as the overall preferred content retrieval 
method, while grab-and-drop was preferred by two subjects. 
 

 
Fig. 4. Subjects’ preferred techniques based on naturalness, confidence, fun 
element, pleasantness, and overall preference. 

Many participants explained their preferences for naturalness 
based on who or what is receiving the content, e.g.: 
 

If I want something for myself, it’s simply natural to just 
‘grab and take’, and not ‘grab and move somewhere’. 
- Participant 1 

 
Grab-and-pull was more natural and more appropriate for 
this specific purpose. But if I'm thinking multiple devices, 
transferring from one device to another, grab-and-drop 
would be more natural. I could also want to transfer 
content to another person, and again grab-and-drop would 
be a better choice. 
- Participant 3 
 
Interestingly, four participants explicitly reported that they 

initially expected to prefer grab-and-drop, but changed their 
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opinion after experiencing both techniques. Presumably, users 
were initially attracted by the perceived familiarity of grab-
and-drop, but ultimately preferred the speed and ease of use of 
grab-and-pull. 

Participants gave positive remarks of the feedback 
mechanisms. Generally, feedback was reported to be clear and 
helpful, and that the system was successfully guiding 
participants through the interaction process. One participant 
mentioned: 
 

It was good to know that it [content] went to the phone 
immediately. I had a feeling that I always knew what was 
happening. 
- Participant 5 
 
Finally, participants were seemingly impressed and satisfied 

with the overall experience. Some commented: 
 
I felt like I was in a movie, in the future. 
- Participant 4 
 
It [interacting] feels almost like I'm a superhero. 
- Participant 5 
 
[Interacting] is so much fun actually that you don't even 
care about the content, you just want to do it [interact]. 
- Participant 6 

VI. DISCUSSION 
The multifaceted results of our user study suggest that mid-

air gestures are well-suited for content retrieval scenarios. 
Both gestures, grab-and-drop and grab-and-pull, received high 
UX scores and were generally appreciated by participants. In 
addition, users reported a positive, novel and impressive 
experience with the system as a whole, and some users made 
remarks that interacting made them feel like they are 
superheroes or are a part of a futuristic movie. One participant 
reported having so much fun with the system that he did not 
even care about the content, but just wanted to keep 
interacting. 

We successfully mixed point-and-dwell item selections with 
distinct (content retrieval) gestures. Participants did not 
commit accidental item selections, not even during content 
retrieval, nor did they report issues with mixing two different 
kinds of interactions. This is an encouraging finding and 
suggests that mid-air gestures can be utilized for a wider range 
of interactions than many existing works have proposed 
[9][10][11]. We believe the key factors in this success are that 
the two mechanics did not overlap beyond the initial act of 
pointing to an item, and that dwell time was stopped whenever 
an element was grabbed. Therefore, the dwell time of 2.5 
seconds could likely be shortened if needed. 

We were able to design two successful gestures with the 
help of existing guidelines. Based on recent findings, we made 
the initial decision to move away from dwelling-based 
mechanics [5][6]. In addition, we followed a number of 
existing gesture design guidelines [9][10][11] in designing the 
grab-and-drop and grab-and-pull gestures. 

Interestingly, despite highly positive results for both 
gestures, grab-and-pull was clearly preferred by users for 
content retrieval (10 out of 12 participants). Based on our 
results, we identified three major factors for the outcome. 
First, grab-and-pull was reported to feel conceptually more 
natural, i.e., pulling content towards oneself to transfer it felt 
more appropriate than dropping it onto an area on the screen. 
Second, grab-and-pull was faster, and third, it was easier to 
perform as it required less accuracy. We note here that while 
the sample size of 12 was relatively limited, participants were 
recruited from various backgrounds, and the results were 
consistent across participants.  

The reasons for preferring grab-and-pull are logical, 
however we were surprised by the relatively clear difference, 
especially considering the positive feedback and experiences 
for both techniques. We initially expected one of the strong 
points of grab-and-drop to be its familiarity from other 
modalities. Considering this, it is interesting to note that users 
may have had the same expectation: four users explicitly 
stated that they initially expected to prefer grab-and-drop, but 
switched to grab-and-pull after experiencing both techniques. 

We note that despite grab-and-pull being preferred, said 
preference may only apply to a specific scenario of 
transferring content to oneself. Many users noted that it simply 
makes sense that when they want something for themselves, 
they pull it towards them. On the other hand, users also 
suggested other interesting scenarios, such as transferring 
content from one display to another, where they reported that 
grab-and-drop might work better than a pulling gesture, 
wherein a drop area on the screen [Fig. 2C] would represent the 
recipient display instead of the user. Another suggested 
scenario for grab-and-drop was transferring content to 
someone else, such as a friend. Therefore, we argue that grab-
and-pull is favorable for transferring content to the user, and 
grab-and-drop is a valid option for scenarios where the 
recipient is someone or something other than the user. We 
believe that these techniques can even be mixed into the same 
system, both for their own purposes.  

We note some limitations in our study. We did not measure 
the intuitiveness of the gestures due to showing participants 
short demonstrations before the study tasks. This was because 
we aimed to measure their expectations as opposed to 
experiences. Regardless, our results support our claim that the 
designed content retrieval gestures are intuitive as both were 
regarded as natural and logical. Moreover, Yoo et al. [6] 
investigated a relatively similar grab-and-pull gesture in a 
different scenario, and they also make a case for intuitive 
gestures. 

Arm fatigue was also not measured, which is a known issue 
with mid-air gestures [14]. However, we did account for 
fatigue by including a break after each set of 10 content 
retrieval tasks, and no participants mentioned nor seemed to 
be getting fatigued. Moreover, interactions with large displays 
are generally short, as are realistic content retrieval scenarios: 
users would pass by the system, grab a few interesting items 
with them, and continue on their way.  

It is possible that the participants’ overall impressed 
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attitudes would somewhat diminish over time when the 
novelty effect of the system wears of. However, the majority 
of our results are not directly related to the novelty of the 
interaction. For instance, the deciding factors in the preference 
of grab-and-pull were naturalness, ease of use, and speed. 

One interesting question is how people feel about their 
mobile devices automatically connecting to a public service. 
No one reported privacy-related issues during the study, and 
the participants’ overall positive attitude towards the system 
provides encouragement. However, the relaxed and calm 
deployment setting may play a role in this. Hectic and less 
familiar environments, such as city centers, would presumably 
propose privacy and other concerns. Another noteworthy 
addition to this discussion is the requirement of a separate 
mobile application. We argue this is a positive, as installing an 
application serves as a permission for the device to provide its 
location to the service. Generally, the aspect of user 
acceptance, privacy, and the effects of the deployment 
location should be investigated in the future. 

VII. CONCLUSION 
Mid-air gestures can offer an impressive user experience in 

content retrieval scenarios between large displays and mobile 
devices. We discovered an ideal gesture for personal content 
transfer interactions, grab-and-pull, wherein users “grab” an 
item from the screen and pull it towards themselves. We also 
successfully mixed content retrieval gestures with common 
point-and-dwell mechanics, which we believe encourages 
designing more diverse gesture-controlled applications. 

Our work makes way for designing ubiquitous spaces 
wherein interaction between public and personal devices is 
made more seamless and accessible by enabling interaction 
from anywhere in the space. Possible continuations to our 
work include transferring content from the mobile device back 
to the large screen, between several large screens, and between 
people. 
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