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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 
present the study including the setup and procedure. Next, 
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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, 16]. 
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 [15] 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. 

Interaction with Handhelds 
There is very little research on how mobile devices are 
handled in daily use, e.g. how they are held in various 
situations. Seidman et al. [14] conducted a survey study and 
found that the majority of people use their dominant hand to 
hold a phone and the ear on the dominant hand’s side during 
phone calls. However, this study was concerned with the use 
of the device during phone calls, and not e.g. how the phone 
was held when it was not being interacted with or how it was 
held during interaction of the device’s touch screen. 
Moreover, around one quarter of survey participants did not 
follow the pattern of using the dominant hand, and as such 
the findings are difficult to incorporate in system design. 

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). 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 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. 

 
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. 

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.  

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, 
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, 16], we observed it in much greater magnitude than 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 
[16]. Yoo et al. [17] 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. [16] 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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