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ABSTRACT
People now often own multiple smart devices and with 
increasing amounts of digital information, they require 
increasing screen real estate. Leveraging the connectivity 
potential of these smart devices allows for new, application 
specific device configurations as well as facilitation of 
collaboration in both work and social contexts. There is 
currently a wide area of research in cross-device interaction, 
but little is known about the preferred connection and 
disconnection methods with these setups. We present a 
gesture elicitation study that investigates the user-defined 
gestures proposed for connecting and disconnecting with 
cross-device setups across three gesture categories (Hands, 
Hands and Voice and Device Movement). This is then 
compared across two device setup scenarios, a tablet and a 
multi-device setup.  The results of our study show users 
congruence for hand(s) gestures to connect devices and 
device movement gestures to disconnect devices using an 
agreement score calculation. Further, the interaction themes 
analysed in the study show users preference for single 
handed gestures, the need to understand how to connect to 
individual devices and device groups and the creation of 
localised disconnection gestures relating to users’ concept of 
hiding a device. Detailed analysis of these interactions 
provides insight into the future design of gestural interfaces 
in relation to engaging and disengaging with cross-device 
setups. 
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1. INTRODUCTION 
Cross-device is the term used to describe the concurrent use 
of multiple, connected smart devices. Whether this is sharing 
content, playing games, controlling other devices or working 
collaboratively in meetings and presentations [17]. Weiser’s 
vision of ubiquitous computing envisioned users interacting 
with multiple devices of different form factors specific to the 
task at hand. An important goal of many cross-device 
interaction systems is to allow users to seamlessly move 
between interconnected devices [38]. This is increasingly 
becoming a reality as now across the world many people 
already carry highly interactive, networked devices. Such as 
smart phones, smart watches, tablet computers and laptops. 
The propensity to always carry a connected device has 
increased the number of cross-device opportunities in the 
home, workplaces, schools, and public spaces.  
 
Leveraging the connectivity potential of these smart devices 
allows for new, application specific device configurations as 
well as facilitation of collaboration in both work and social 
contexts. Despite cross-device interaction now becoming 
common place with the ability to share information or 
expand a user’s screen real estate it is still relatively new, and 
its potential not yet fully utilised. Many devices are still 
designed considering individual users. For this reason, it is 
important to determine the ways in which users feel secure 
interacting with new cross-device ecologies. Users need to 
be able to explicitly opt-in or out of engaging with interactive 
systems [13]. This is perhaps even more prevalent if users 
are exchanging information or collaborating with others 
using on their own personal devices. Users need to feel their 
personal data is secure and not left accessible to others using 
the system.  
 
Brudy et al. review a large corpus of recent research into 
cross-device interaction to create a taxonomy [6]. Of interest 
is the input modality. Unsurprisingly how users engage with 
the content in cross-device setups shows a great deal of 
research. As this research grows and cross-device ecologies 
become common place it is important to develop the methods 
in which users connect and disconnect themselves from 
cross-device setups. More specifically with disconnect to 
secure their device and end an interaction.  
 
Gestural interactions allow for quicker and more natural 
interactions with devices. This area of research is growing in 
HCI and further bridges the gap between humans and 
technology. Examples of gestural interfaces are now 
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becoming more available: in cars [3] televisions [43] and 
games consoles [24] to name just a few. Gestural interaction 
has formed the basis of many previous studies involving 
cross-device interactions [21,29,30,33] to allow users to 
interact seamlessly with increasing screen real-estate. 
 
This research aims to contribute to the growing body of work 
in cross-device interaction techniques by providing a 
recommendation of user-accepted and directed gestural input 
modalities for engaging and disengaging with cross-device 
setups. To do this a gestural elicitation study was conducted 
across two different cross-device setup scenarios using three 
different gesture categories. The study was filmed to allow 
gestures and comments to be analysed. The key insights 
uncovered by the study were: 

• Participants had high levels of agreement using 
hand gestures for connecting into cross-device 
setups and device movement gestures for 
disconnecting from cross-device setups. 

•  Participants preferred to perform hand gestures 
with a single hand. 

• Dependent on the setup participants sometimes 
used the idea of a master device that would allow 
access to the group and discussed whether they 
would connect to individual or groups of devices. 

• Contrary to connection, disconnection showed 
similar gesture patterns across both scenarios. 

2. LITERATURE REVIEW 
This section gives an initial overview of literature 
relevant to this project.  
Cross-Device Setups 
Personal cross-device ecologies are becoming common place 
across the world. Users often have access to multiple devices 
while at home, commuting and at work [10] providing a 
wealth of opportunity for developing cross-device 
applications. These smart devices when connected together 
allow users to easily move content between them and utilise 
each device for a specific task [14]. Some devices such as 
televisions are placed in fixed locations whereas other 
devices such as smartphones and tablets can be transported 
with the user [10]. Cross-device setups now extend beyond 
the home and have the future potential to be used in 
collaboration with others both in social and working contexts 
(e.g., [16,34,42]). This potential to extend beyond the home 
and personal device ecology further enforces the need to 
allow users need to establish boundaries of connecting and 
disconnecting with others’ devices to protect and control the 
privacy of their information stored on their personal devices. 
 
In practice there are currently issues with configuring cross-
device setups. This is due to the plethora of devices available 
on the market, all requiring different operating systems 
making cross-device connectivity complex and in some 
cases impossible. Workplace and field studies with cross-
device setups [19][7] further highlight the issues users face 
when configuring devices; understanding what information 
can be passed between devices and how to opt out of 
connecting devices in the first place [13]. There are currently 

a lack of control mechanisms that allow users to engage or 
disengage their device from cross-device setups [17][6]. This 
study aims to establish a user-defined input modality to 
control engagement and disengagement from cross-device 
setups. Defining this with users will help to inform future 
development of cross-device setups to be consistent and 
memorable to users [26]. 
Cross-Device Interaction 
Interactions with cross-device setups tend to focus on 
specific applications as the use cases are better argued by 
showing the potential of a specific application. Many exploit 
the use of mid-air gestures to exchange information, for 
example [8,9,41]. With specific applications there is 
accompanying design of specific input modalities to engage 
with content. Although this is expected in the early stages of 
cross-device adoption it makes use of cross-device setups 
disjointed and hard for users to understand [27]. With 
increasing research, interest and potential with cross-device 
interactions the design and consideration of input modalities 
to be understandable and universal becomes more pertinent.  
 
Barsotti et al. develop a web framework to allow cross-
device setups and universal gestures across these setups [2]. 
Although this system allows developers to quickly prototype 
cross-device setups the gestures used were not developed 
with users. Gesture elicitation has been used to determine 
user-defined cross-device interactions. It was discovered that 
users often associated cross-device tasks through their 
interactions within the spatial environment [30]. However, 
this study was limited to two-dimensional device setups on a 
table top and focused on device interactions during 
application use rather than explicitly engaging or 
disengaging devices. Paay et al. looked at engaging in three-
dimensional space and interacting smaller user devices with 
larger displays, but similarly they looked at information 
exchange between displays and the content engagement 
itself [28].   
 
Of interest in our proposed study is how users may require 
different interactions for bringing their device in and out of 
different device configuration scenarios. In short does this 
affect body language or acceptability of certain input 
modalities? In a social context, Skov et al. investigate cross-
device interaction through playing a card game [34]. The use 
case itself meant there were private and public elements of 
the interaction. They found the importance of consistency in 
interactions as participants would sometimes mix up 
interactions where tasks were unclear. User-defined 
interaction gestures with the setups in our proposed study 
scenarios aims to inform the future design of gestural 
interactions with cross-device setups.  
Cross-Device Disengagement 
Studies in cross-device interaction, as previously mentioned, 
predominantly look at application specific input modality to 
engage with content. Many input modalities overlap and in 
some cases, this covers a disengagement (and engagement) 
technique specific to the application. Techniques include 
body gesture through proximity and activity in space 
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[1,23,40] to mediate interaction. Privacy and information 
transfer is managed through the location of users in physical 
space and detecting leaving or turning away. Alternately 
device gestures could be used to engage and disengage 
devices through arrangement of devices in space [18,22] 
where removing a device from the setup would serve to 
disconnect. Spatial location of devices are perhaps more 
realistic to situations where users would bring their own 
devices into a cross-device ecology. More commonly in 
existence is the use of on-screen touch to inform the device 
to disconnect through closing the application [29] or 
managing the cross-device session on-screen [15]. 
 
However, although many there are many engagement or 
disengagement input modalities reported throughout cross-
device literature space there has been little to determine 
which are best or most intuitive to users. There are also 
perhaps many more gestures to define and explore. 

Gesture Elicitation Study 
With the ubiquity of gesture based systems, it is becoming 
ever more important to consider discoverable, memorable 
and reliable gestures [26].  To design gestural and in fact all 
understandable interfaces it is important to include end users 
in the design process [12].  
 
Gesture elicitation studies are conducted with users, utilising 
participatory design methods, to allow end users to 
recommend gestures to complete required system tasks. This 
typically takes place early on in the design process [39]. 
Participants are given a required outcome on a device. For 
example, copying a file from one device to another [30]. This 
is called a referent. Participants are then asked to propose 
gestures to bring about this outcome. For example, they 
might use their hands, body or facial expressions. These are 
called signs or symbols. 
 
When applying this sort of data to the design of future 
products and technology gesture elicitation studies focus on 
user-centered design of interactions with devices. Aiming to 
inform the design of natural and memorable interactions, 
scalable to a larger user base.  
 
Gesture elicitation studies can be completed during the early 
stages of the design process [33,37] to help influence and 
develop the design of future products. This can be completed 
by video recording participants gestures using dummy or 
switched off devices [30] or utilise systems such as Kinnect 
[37] or inbuilt systems in existing devices such as 
accelerometers [33] to record movement and gestures.  
 
A common issue discussed in gesture elicitation studies is 
legacy bias. Morris et al. discuss the issue of legacy bias 
where users’ input is biased by their previous interaction 
with existing systems. Their recommendation to reduce 
legacy bias is to [26]: 

• Encourage users to produce multiple ideas for 
gesture-based interactions.  

• Prime participants with video or live 
demonstrations of the situation. 

• Pair up participants to create a lower pressure 
environment to propose gestures. 

 
 In this case pairing or grouping participants is relevant to the 
study as it may help participants to consider using cross-
device setups individually or in group collaborations.  
  
3. GESTURE ELICITATION STUDY ON ENGAGEMENT 
AND DISENGAGEMENT TECHNIQUES WITH CROSS-
DEVICE SETUPS 
As described in the literature review, gestural interfaces are 
now becoming ubiquitous. Applying this to the initial 
designs for beginning and ending cross-device interactions it 
seems sensible to first determine the most preferred and 
relevant gestures to the users themselves. In this case using a 
gesture elicitation study taking learnings from those explored 
within the literature review. Specifically, in this study, the 
research questions were: 

• What are the most common and preferred methods 
of gestural control for engagement and 
disengagement of devices into/out of cross-device 
setups?  

• Do different cross-device configurations elicit 
different gesture suggestions? 

• How do users feel about cross-device setups and the 
use of gestures to control interactions? 

• How might these findings translate to the future 
design of gestural interfaces in cross-device setups? 

The following section describes the process undertaken for 
the proposal, development and running of the gesture 
elicitation study. 
Study Design 
Taking inspiration from [32], [37] and [30] this study is a 
within subjects gesture elicitation study to determine the 
most preferred input modalities to engage and disengage 
connectable devices in cross-device setups. Participants 
completed the study in pairs as suggested by Morris et al. 
[26] in an aim to reduce legacy bias in gesture elicitation 
studies. Each pair were familiar with each other prior to 
taking part to give a relaxed feel when designing and 
proposing gestures.  

Prior to the study, each participant pair had their self-
perceived level of technology accessed through a 
questionnaire determining their current use of smart devices 
(Appendix 1). This ensured all participants had a basic 
technological understanding of smart devices.  

Each pair was then shown a video explaining and defining 
cross-device interaction using video clippings from previous 
cross-device interaction studies [11,20,31,35]. The video did 
not contain engagement or disengagement techniques only 
cross-device interactions in process so as not to give ideas to 
participants for engaging and disengaging for those 
interactions. The experimenter then explained the study 
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focus around connection and disconnection with cross-
device setups.  

The study took place around a table top simulating two cross-
device engagement/disengagement scenarios across three 
different categories of gestures: 

• Hand(s) Gestures  
• Combined Voice and Hand(s) Gestures  
• Device Movement Gestures 

Dummy devices (Figure 1), created from paper cut outs 
mounted onto foam core boards, were used in place of real 
devices to simulate each cross-device setup. These were 
made as generic as possible so as not to give ideas to 
participants based on their previous interactions with 
branded smart devices. The combination of hand and voice 
gesture was inspired by Richard Bolt’s work exploring 
combined speech and hand gestures as a more ‘natural input 
modality’ [4]. The gesture categories were selected as 
relevant and achievable to complete around a table top 
scenario. 

 
Figure 1. Dummy Devices to simulate cross-device interaction  

The study consisted of two scenarios with two different 
device configurations. Using two different setups will 
determine whether different setups elicit different gestures 
from users as discussed in the limitations of the Rädle et al. 
gesture elicitation study [30]. The first cross-device 
interaction scenario was a setup of four tablet computers 
(Figure 2). Participants were informed that three of the tablet 
computers were already connected (shown in the green 
outline of Figure 2). They were then told the fourth tablet 
computer, device 1, (shown in the blue outline of Figure 2) 
is required to be connected to the other tablets and repeated 
for each gesture category. This was then repeated for 
disconnection. 

 

 
Figure 2. Cross-device interaction - Scenario 1 

 

The second cross-device interaction scenario consisted of 
two tablets, one smaller mobile phone-like tablet and a wall 
mounted screen display (Figure 3). Participants were 
informed that one of the tablets, the small tablet and the wall 
mounted screen display were connected (green outline 
Figure 3). They were then told the other tablet computer, 
device 1, (shown in the blue outline of Figure 3) is required 
to be connected to the connected devices in the cross-device 
scenario shown in Figure 3. Again, as in scenario 1 this was 
completed for each gesture category for 
connecting/disconnecting device 1. 

 
Figure 3. Cross-device interaction - Scenario 2 

Participants were given a gesture recording sheet for both 
scenarios divided into engagement and disengagement 
gestures and split into each gesture category with space to 
write/sketch to record their proposed gestures. An example 
completed sheet is shown in Appendix 2. This prevented 
users holding their proposed gestures in their memory during 
the study and allowed them to focus on the task at hand. After 
completing each gesture category for connection and 
disconnection participants were asked to rank their favourite 
from each gesture section as done in [32] for engagement and 
disengagement. After completing all of the gestures for one 
scenario participants were asked to vote for their favourite 
gesture in each category and overall favourite gesture from 
any category with one for engagement and one for 
disengagement.   

Sessions were video recorded (with participant consent) to 
allow for full immersion into the study and detailed analysis 
conducted afterwards along with the participant gesture 
recording sheets. 

A semi-structured interview was then used after completing 
the gesture elicitation to: 

• Deeper question points of interest from the prior 
gesture elicitation study. 

• Understand how users felt about security of cross-
device interaction ad their thought on opting in or 
out of cross-device engagement. 

Study Design Refinement Pilot Study 
A pilot study was conducted, prior to the main study, to 
review the procedure of the proposed study design. The pilot 
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was conducted with 2 participants (1 Female). Both aged 22 
with a background regularly using technology in social and 
working contexts. Minor adjustments were made and for this 
reason no additional pilot study was run and the pilot results 
made up part of the live study.  

It was decided that all of the study participants would 
complete Scenario 1 first and Scenario 2 second. This was 
due to participants requiring time to get into the mind set of 
generating gestures and ideas and scenario 2 was shown to 
require greater thought and understanding of the task. The 
scenarios showed some differing results it was felt it was 
important to ensure these results were not biased by the order 
of scenarios. 

To describe to participants the engagement and 
disengagement of devices was stated as: 

• ‘Connect’ or ‘Connection’ to signify a cross-device 
engagement. 

• ‘Disconnect’ or ‘Disconnection’ to signify a cross-
device disengagement. 

It was felt this worked well, was understandable and did not 
appear to impact the results of the study although there is the 
possibility the phrase ‘connect’ and ‘disconnect’ being used 
in the hand and voice element of the study. 

The main issue resolved was the timing of the study. This 
was resolved by: 

• Fully explaining the study at the beginning so 
participants were aware of what was coming. 
Participants sometimes began completing gestures 
that were coming up in the next stage, although this 
was useful, participants could move around the 
study as they please. Only guided by each scenario. 

• The experimenter would also take a greater lead on 
when to start trying a different category of gesture 
to avoid long pauses inside the study. 

Overall the study was well received, and participants showed 
a high level of engagement. A semi-structured interview was 
used after the study. Although participants were good at 
vocalising their thoughts throughout, the interview served to 
clarify points and decisions made within the study. 
Additionally, opting in and out of cross-device interactions 
was discussed in the interview as part of the whole 
interaction. To avoid repetition and with time constraints of 
doing this inside the study it was decided to discuss this with 
participants to see what their thoughts on this area were and 
whether this may serve as an area for future work.  
Participants 
A total of 16 participants (10 female) took part in the 
elicitation study with an age range of 23–63 (M=31.88, 
SD=13.21). Participants were selected from various career 
backgrounds such as university student, Graphic Design, 
Financial Services and Nursing. 

Based on the technology self-perception questionnaire on 
participants self-reported use of technology all participants 
had a high level of technology proficiency. For example, all 

participants (n=16) owned and used a smartphone daily and 
all used at least one secondary more stereotypical computer 
such as a desktop (n=9) or laptop (n=13) in some cases using 
both. Many had also had regular access to a smart speaker 
(n=7) or tablet computer (n=8). 

Some of the participants had used cross-device setups 
previously to:  

• Share and send files (n=11) 
• Stream content from one device to another 

(including video and audio) (n=8) 
• Collaboratively work on a document (n=10) 

Two participants had also wirelessly connected their 
smartphone into their car to stream audio content and use the 
phone. 

Participants completed the study in pairs as suggested by 
Morris et al. [26] in an aim to reduce legacy bias in the study. 
Participant pairs were already friends, relatives or partners to 
ensure a relaxed environment for brainstorming the proposed 
gestures in the experiment.  

To compensate participants for taking time out of their 
schedules to take part in the study they were each given a £5 
Amazon voucher.   
Materials 
The study took place in a quiet room to minimise 
distractions. The room furniture and props were laid out as 
specified in figures 3 and 4.  

Prior to completing the study, participants were provided 
with an information sheet outlining the study and how their 
data would be collected and securely stored. This was 
accompanied by a consent form to confirm their desire to 
participate in the research. Participants then completed a 
questionnaire that assessed their experience with technology 
and cross-device use. A video was used to demonstrate cross-
device interactions, complement the study explanation and to 
prime users for the elicitation study. This did not show 
engagement or disengagement techniques with the cross-
device setups, only use. Participants were then provided with 
sheets to record their gestures. This would allow for 
sketching or writing up of proposed gestures to allow them 
to be evaluated and compared at the end. This also served as 
the system to allow participants to vote on their favourite 
gestures after each section.  

Dummy generic paper devices mounted on foam were used 
to simulate the devices (Figure 1). Each scenario was set up 
by the experimenter as shown in figures 3 and 4 using these 
dummy devices.  

12 referents were used for the study: gesture categories (3), 
engagement and disengagement (2) and scenarios using 
different cross-device setups (2). Gestures were proposed by 
participants to engage/disengage an additional device to an 
already connected cross-device setup using the dummy 
devices. 



 6 

Procedure 
Ethical approval for the study was obtained from University 
College London under UCLIC/1617/011/Staff 
Marquardt/Brudy. Consent forms were signed by 
participants prior to taking part in the study. Information 
sheets were provided to participants to take away from the 
study. 

Participants began the study by receiving the information 
sheet to read and the consent form to read and sign. This was 
then followed by participants receiving the technology 
questionnaire to determine their background of using smart 
devices and prior cross-device experiences. 

Participants were then given a brief description of cross-
device interaction before being shown the cross-device 
interaction video. This was then followed by a detailed 
description of the study in question and relating this to 
‘connection’ and ‘disconnection’ of devices from cross-
device setups. At this point participants were able to ask 
questions about the study if anything was unclear.  

Participants were then explained the different categories of 
gestures they would be performing but only told there would 
be two scenarios. Not what these scenarios would consist of. 
The gesture recording sheet was then explained and the 
gesture suggestions started. All pairs of participants 
completed scenario 1 first scenario 2 second.  

After completing each gesture category in each scenario 
participants were asked to vote for their favourite gesture in 
each gesture category for an engagement and disengagement 
gesture. After completing each full scenario participants 
were asked to vote for a favourite gesture for connection and 
disconnection across all gesture categories.  

Once the gesture elicitation study was completed a semi-
structured interview was conducted to determine participants 
feelings towards using gestures for this interaction. 
Interesting areas specific to each participants’ study were 
also discussed in more detail. Participants were further 
questioned on opting in and out of cross-device interactions. 
To determine if this would also be covered using gestures 
and participants views towards device security.  

 
4. FINDINGS 
The findings of the gesture elicitation study and interview are 
presented in this section. The section itself is split into two 
parts. The first is the quantitative element of the data 
consisting of the reporting on the frequency and distribution 
of the 425 collected gestures among their categories. An 
agreement score is then used to reflect on the degree of 
consensus among participants’ proposed gestures [39]. 
Participants’ favourite gestures versus most repeated 
gestures will also be presented. The qualitative section will 
consist of a discussion on the interaction themes observed in 
the elicitation study and post study interviews. 
Participant Gesture Suggestion Set 
Overall the eight participant pairs suggested 425 individual 
gestures with some categories exhibiting greater numbers of 

suggestions. Hand(s) being the gesture category with the 
most proposals followed by device movement and then hand 
and voice (Figure 4). This pattern was exhibited across the 
whole study with scenario 1 receiving more gesture 
suggestions than scenario 2 for Hand(s) only gestures. 
 

 
 

Figure 4. Gesture proposal frequency chart.  

Some of the 425 suggested gestures were repetitions of 
proposed gestures between pairs. Participants proposed 187 
individual gestures when not including the repetitions of 
gestures. Table 1 shows a summary of the recorded gestures.  

Gestures were combined using video footage to ensure 
combinations were accurate. This was because participants’ 
entries on the gesture recording sheets was often open to 
interpretation. For example, a ‘rubbing’ out motion with one 
hand and ‘waving’ at the screen were combined to become 
‘waving’. This led to more realistic agreement scores in line 
with what participants were actually doing. The gesture 
descriptions were then simplified and collated into Table 1. 
Gestures that received 3 or more repetitions from participants 
are shown in bold and gestures that received 5 or more 
repetitions are shown highlighted green and bold. 

For the hand(s) and voice gesture category often hand 
gestures were repeated but with different voice commands. 
This meant that there were too many combinations and very 
few repeated due to there being more possibilities. For this 
reason all of the voice commands that had the same hand 
gesture were grouped to give hand gestures with associated 
voice commands. Voice commands did not vary greatly 
across scenarios so of more interest in this situation was the 
choice of vocabulary generally across both scenarios and 
how hand gestures inside hand(s) and voice differed across 
scenarios. 
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Sc. 
Connect 

/Disconnect 
Gesture Category Gesture Suggestion 

1 

Connect 

Hand(s) 

Hand Circle,  Touch Devices, Hand Sweep, Point at devices,  Pick up and Drop,  Pinching 
Hand Open, Pull hands in (over device 1), Hand Gate Open (arms open like gate), Opening 
Book , Clicking and Pointing, Pinching Close, Bring Palms Together, Make a Pattern, Place 
hands over devices, Beckoning, Push hands out, Touch with number of fingers, Hands Shuffle 
(between device 1 and connected devices), Wave hand between devices 

Hand(s) & Voice 

Point at Devices (Show us that...on this/Group these/Connect these/Put 
that…there/[Device name]),  Touch devices (Connect/Send document/On/Start/Group), 
Swipe Up Screen (Connect to this (that)/[name of device]/Connect/Group/Pair/Go), Hand 
Circle (Group/Connect), Hand Gate Open (Show me on those.), Pinching Close (Connect), 
Bring Palms Together (Connect), Hand  Sweep (Connect Devices/Connect), Beckoning 
(Come on), Make a pattern (Open), Push hands out (Display/Connect), Pick up and Drop 
(Retrieve/Go), *Voice Only Suggestions* (Connect/Group/[Device name]/Connect/Connect 
all) 

Device Movement 
Touch Devices Together, Tilt Device, Device as a Remote, Hover Device, Device Jog, 
Move Device Closer, Tilt device and Hand Sweep, Shake Device over/touch other 
devices, Sweep Device, Device Movement Pattern 

Disconnect 

Hand(s) 

Cover Screen, Waving, Reverse Hand Sweep, Finger Slice, Hand Barrier, Pull hands in,  
Pinching Close, Closing Book, Clap, Rub hands together, Bring Palms Together, Hand 
Chop/Saw, Make ‘X’, Back Hand Away, Touch and Hold, Make a Pattern, Hand Stop, Reverse 
Hand Circle 

Hand(s) & Voice 

Cover Screen (End/Disconnect),  Waving (Stop connecting/Disconnect/Leave), Hand 
Stop (Stop/Disconnect),  Pull hands in (Ok let’s finish/End connection), Hand Barrier (End), 
Rub hands together (Right then), Touch Devices (Disconnect), Make ‘X’ (Ungroup), Reverse 
Hand Sweep (Go/Get off), Touch and Hold (Stop), Make a Pattern (Disconnect), Pinching 
Close (Close), Swipe Down Screen (Disconnect/End/Stop), Clap (Stop), *Voice Only 
Suggestions* (Leave/End/Stop/Disconnect) 

Device Movement 
Device Jog,  Shake Device, Turn Over, Device Towards Body,  Leave the Room,  Touch 
Devices Together, Lift Device Flat, Scoop Device Away, Rotate Device, Lock the Device, 
Sweep Device, Hold Device over Others, Leave Dormant, Slide Device Towards Body 

2 

Connect 

Hand(s) 
Point at Devices, Pick up and Throw, Hand Sweep, Hand Circle, Swipe Up Screen,  
Touch/Swipe with number of fingers, Touch Devices, Waving, Pull hands in, Make a Pattern, 
Click and Point 

Hand(s) & Voice 

Hand Sweep (Extend/Show it/Connect to [device name]/Connect to all/Share 
this/Connect/On/Tablet send/Pair), Push Hands Out (Connect/Go), Touch and Point 
(Here/Connect/Share), Hover Hand Above (Connect device), Waving (Connect), Point at 
Devices (Start), Pick up and Throw (Transfer/Drop), *Voice Only Suggestions* (Connect to 
all/Connect to group), Touch Devices (Connect to group), Pinching Open ([Device name]) 

Device Movement Jog Device, Device as a Remote, Tilt Device/Show Screen, Touch Devices Together,  
Sweep Device,  Sweep Device, Move Device Closer, Shake Device, Tilt Left to Right 

Disconnect 

Hand(s) 
Hand Barrier, Finger Slice,  Waving,  Cover Screen,  Pull hands in, Hand Chop/Saw, Reverse 
Hand Sweep, Turn Over, Clap, Hand Sweep, Point at Devices, Pinching Close, Pick up and 
Throw, Touch Devices, Make a Pattern, Hand Lowering 

Hand(s) & Voice 

Cover Screen (Stop/Disconnect/[Device name]), Pull hands in (Disconnect/Bye), Hand 
Barrier (End/Stop/Break/Disconnect), Waving (Disconnect/Bye),  Point at Devices 
(Disconnect), Hand Sweep (Disconnect), Pinching Close (Close), Hand Lowering 
(Disconnect), Cross arms (Disconnect), *Voice Only Suggestions* (Exit Group/[Device name] 
disconnect from [Device name]), Swipe Down Screen (Exit), Clap (Stop) 

Device Movement 
Device Towards Body, Shake Device, Turn Over, Perpendicular Up/Down, Hand Barrier, 
Swipe Down Screen, Touch Devices Together, Rotate and Return, Sweep Device, Leave the 
Room, Device Chop, Rotate Device 

Table 1 Full Gesture Proposal Table. Gestures labelled in bold and green are gestures that received 5 or more repetitions. Gestures in bold 
received 3 or more repetitions. All others received 1-2 repetitions. 
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Agreement Scores 
From the proposed set of elicited gestures from the study the 
frequency of gesture suggestions and repetition of these 
gestures can be used to determine their congruity using the 
agreement score proposed by Vatavu and Wobbock [36]. 
This gives insight into which referents created the most 
agreeable and natural gestures. If all gestures proposed are 
identical a score of 100% would be given but if all are 
different a score 0% would be given. 

A section taken from Vatavu and Wobbock [36]: 

“r is a referent in the set of all referents R, Pr is the set of 
proposals for referent r, and Pi is a subset of identical 
symbols from Pr. The range of [the] equation [...] is 1/|Pr| · 
100% ≤ A ≤ 100%. The lower bound is non-zero because 
even when all proposals disagree, each one trivially agrees 
with itself. For r, [(15/20)2 + (5/20)2] / 1 · 100% = 62.5% 
and [(15/20)2 + (3/20)2 + (2/20)2] / 1 · 100% = 59.5%.”  

This results in the calculation: 

𝐴 =	
∑%∈' ∑𝑃)⊆𝑃% +

𝑃)
𝑃%,

-

|𝑅| ⋅ 100% 

The agreement scores generated from the study range from 
10%–37%. A graph showing the result of the calculation is 
displayed in Figure 5. It shows that hand(s) only gestures 
show the greatest level of agreement across both scenarios 
for connection and device movement gestures show the 
greatest level of agreement across both scenarios for 
disconnection. Interestingly hand(s) and voice matched with 
device movement gestures for connection in scenario 1 but 
exhibited greater levels of agreement than device movement 
gestures for connection in scenario 2. This is likely due to the 
interaction theme uncovered in the next section of the report 
showing participants uncovering how voice can help reduce 
the complexity and increase the accuracy of interacting with 
multiple devices. 

 

 
Figure 5. Agreement Score Chart.  

Agreement Scores are given as a percentage.   

Most mentioned gestures vs. voted favourites 
It was hypothesised that more frequently mentioned gestures 
would be the most preferred gestures. In which case it was 
interesting to determine if participants felt more inclined to 
prefer the gestures that were most mentioned by asking them 
to vote for their favourite in each category and overall for 
connection and disconnection in each scenario. Table 2 
shows the frequency of votes for category favourite vs. 
frequency of the most repeated gesture. Where category 
favourite or gesture repetition was tied the one that showed 
a connection was chosen. Only the highest voted gesture 
from each category is shown in Table 2.  

Scenario 1 showed that in most cases (4/6) category favourite 
did not match up with the most mentioned gesture. It is 
possible the higher frequency of gestures for scenario 1 
(n=237) meant that there were more gestures to select from 
and less likely to be coinciding results. However, participant 
10 commented during scenario 1: “that’s the thing with 
gestures as you might do it by accident, people move their 
hands a lot when they talk so you need something distinct.” 
This meant possibly finding distinct gestures that were less 
obvious to do or would not be done by accident. This is likely 
due to the fact that scenario 1 (Figure 2) exhibited more 
gestures that were based in a closer proximity making the 
gestures potentially easier to do by accident by common 
gesticulations. These more common gesticulations did 
receive higher numbers of repetitions as they were 
supposedly more natural, but some deemed too “natural” 
(P1, P5) or “common” (P14) by participants. 

Notably the opposite is shown in scenario 2 where all of the 
category favourites receiving the highest votes align with the 
most repeated gestures. This could in part be due to, the 
opposite reason mentioned in scenario 1,  the more spatial 
and exaggerated gestures proposed for connection in 
scenario 2 made them more explicit and less likely to be done 
accidentally while speaking and gesticulating normally. 

Sc Referent Category 
Favourite 

Most 
Repeated 
Gesture 

1 

Connect 

Hand(s) Hand Circle 
(4) 

Touch 
Devices 
(8) 

Hand(s) & 
Voice 

Touch 
Devices (2) 

Touch 
Devices 
(8) 

Device 
Movement 

Device as a 
Remote (3) 

Touch 
Devices 
Together 
(8) 

Disconnect 
Hand(s) 

Hand 
Chop/Saw 
(2) 

Cover 
Screen (6) 

Hand(s) & 
Voice 

Touch 
Devices (2) 

Hand Stop 
(3) 
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Device 
Movement 

Shake 
Device (3) 

Shake 
Device (5) 

2 

Connect 

Hand(s) Hand 
Sweep (4) 

Hand 
Sweep (8) 

Hand(s) & 
Voice 

Hand 
Sweep (4) 

Hand 
Sweep (8) 

Device 
Movement 

Device as a 
Remote (3) 

Device as 
a Remote 
(8) 

Disconnect 

Hand(s) Hand 
Barrier (2) 

Hand 
Barrier (5) 

Hand(s) & 
Voice Waving (2) Waving (4) 

Device 
Movement 

Shake 
Device (4) 

Shake 
Device (8) 

Table 2. Comparison of the most frequently repeated gestures 
against the most favourited gestures per category. Orange 

highlights represent where the most repeated gesture did not 
match the most favourited category gesture. 

Participants were then asked to give an overall favourite for 
each connection or disconnection across all gesture 
categories for each scenario. The results of this are shown in 
Table 3. Similar to Table 2, if there was a tie in most repeated 
gesture then the one exhibiting the pattern will be chosen. 

Sc. Referent Overall 
Favourite 

Most 
Mentioned 

Gesture 

1 

Connect 

Hand(s) Hand Circle 
(3) 

Touch 
Devices (8) 

Hand(s) & 
Voice 

Point at 
Devices (1) 

Touch 
Devices (8) 

Device 
Movement 

Device as a 
Remote (1) 

Touch 
Devices 
Together (8) 

Device 
Movement Tilt Device (1) 

Touch 
Devices 
Together (8) 

Device 
Movement 

Touch 
Devices 
Together (1) 

Touch 
Devices 
Together (8) 

Device 
Movement 

Shake 
Device over 
others (1) 

Touch 
Devices 
Together (8) 

Disconnect 

Hand(s) Cover 
Screen (1) 

Cover 
Screen (6) 

Hand(s) Pinching 
Close (1) 

Cover 
Screen (6) 

Hand(s) & 
Voice Clap (1) Cover 

Screen (3) 

Device 
Movement 

Turn Device 
Over (1) 

Shake 
Device (5) 

Device 
Movement 

Device 
Towards 
Body (2) 

Shake 
Device (5) 

Device 
Movement 

Shake 
Device (2) 

Shake 
Device (5) 

2 

Connect 

Hand(s) Pick Up and 
Throw (1) 

Hand Sweep 
(8) 

Hand(s) Hand Sweep 
(1) 

Hand Sweep 
(8) 

Hand(s) & 
Voice 

Hand Sweep 
(1) 

Hand Sweep 
(8) 

Device 
Movement 

Device as a 
Remote (1) 

Tilt 
Device/Show 
Screen (8) 

Device 
Movement 

Tilt 
Device/Show 
Screen (2) 

Tilt 
Device/Show 
Screen (8) 

Device 
Movement 

Touch 
Devices 
Together (2) 

Tilt 
Device/Show 
Screen (8) 

Disconnect 

Hand(s) Hand Barrier 
(2) 

Hand Barrier 
(5) 

Hand(s) Pinching 
Close (1) 

Hand Barrier 
(5) 

Hand(s) & 
Voice 

Cover 
Screen (1) Waving (4) 

Hand(s) & 
Voice 

Hand Barrier 
(1) Waving (4) 

Hand(s) & 
Voice 

Hand Sweep 
(1) Waving (4) 

Hand(s) & 
Voice Waving (2) Waving (4) 

Table 3. Comparison of the most frequently repeated gestures 
against the overall voted favourite gestures per 

connection/disconnection. Green highlights represent where 
the overall favourite lines up with the most repeated gesturer 

for that category. 

In Table 3 it shows that most overall votes were individually 
cast for a specific gesture. This did occasionally overlap 
(highlighted in green) with the most frequently proposed 
gesture in that gesture category but never with more than two 
out of the eight votes per gesture. With overall favourite 
participants have even fewer votes for the number of 
gestures, so their chance of overlap is again lower than 
category favourite with only one gesture receiving 3 votes 
(Hand Circle). Scenario 2 does exhibit greater numbers of 
similarity in overall favourite gestures with ‘Hand Sweep’ 
being favourited for both Hand(s) and Hand(s) & Voice 
gestures as well as being a very commonly repeated gesture. 
This shift is possibly due to a refinement of the type of 
gestures being proposed from the previous scenario as less 
gestures were proposed for scenario 2 overall (n=188) 
compared to scenario 1 (n=237). 
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Interaction Themes in Proposed Gestures 
The following section is taken from the transcription and 
thematic analysis of the video footage taken during the study. 
This method of analysis takes inspiration from Braun and 
Clarkes’ (2006) method of thematic analysis [5]. This 
includes observed patterns in the proposed gestures among 
participants and their reasoning for selecting such gestures 
shown in direct quotes from the video footage.  

Participants are labelled individually and numbered in their 
order of taking part in the study. They are identified as 
follows: “P1” =  Participant 1. All quotes are in “italics” and 
inside speech marks. To describe a gesture being completed 
inside speech an asterisk is used at either end of the gesture. 
For example *waving hand* would represent a gesture being 
completed during conversation. In some cases to illustrate 
the context or make sense of an extract a word or phrase was 
added by the experimenter. These additional words or phases 
are placed inside square parentheses. Throughout this section 
the device being brought into the scenario is referred to as 
device 1 and those being connected to are referred to as 
connected device(s). 
Interaction Theme 1: Legacy Bias  
Often the scenarios presented in this study lead to 
interactions and gesture suggestions that were elicited based 
on participants’ previous experiences using technology. 
From the initial survey it was determined that all participants 
interacted with a smart phone on a daily basis with many 
participants working also with tablet computers and laptops. 
This expectation and prior experience of technology biasing 
participant interaction proposals is known as legacy bias and 
has been reported in previous gesture elicitation studies 
[25,30,39]. This study alone showed users suggesting 
interactions based on prior experience with games consoles 
(P16), televisions (P14, P10), smartphones (ALL), tablet 
computers (ALL), voice user interfaces (ALL) and television 
series and films (P15, P10). This can make it difficult to 
generate new and novel interactions specific to new 
scenarios when engaging users. On the other hand it may also 
make new technology fit better with existing systems and 
allow for smoother user transitions based on conditioning 
and expectations with existing technology.  For example, 
P16 stated “to me it’s natural to swipe left because if I get a 
notification on my device swiping left removes it from the 
screen.” This use of the word ‘natural’ is very relevant as 
prior experience using devices makes these gestures 
common place “like holding your card against a card reader 
or your phone against one” (P12).  

Similarly participants related concepts found in graphical 
user interfaces (GUI) such as: “maybe there is […] an X 
button and say ‘shut down’” (P11) or “get some kind of 
confirmation from the device, maybe a loading bar” (P12). 
P4 and P11 mentioned the alternative use of a menu to get 
locate and connect to device manually inspired by an existing 
iOS feature “airdrop” used to send files and information via 
Bluetooth. 

Participants were however aware of their biases and in some 
cases felt they lead to more ‘natural’ interactions and in 

others discounted these interactions specific to the scenario 
based on confusing the device: “we touch devices a lot 
already so it might be hard to distinguish what you want?” 
(P13). Showing an attempt to consider the existing 
interactions and how their newly proposed gestures might fit 
with a new and novel way of interacting. 

Legacy bias gave participants a negative outlook on certain 
scenarios or gesture categories. For example in scenario 2 
P9’s prior negative experience connecting into a TV screen: 
“It’s a bit more intimidating […], connecting to a screen can 
be a nightmare […]I might use the tablet as a gateway to the 
[other devices].” In the case of the hand(s) and voice gesture 
category legacy bias initially had a negative effect on how 
participants felt about referents and scenarios. More 
specifically many participants were apprehensive in using 
voice alongside hand gestures based on their prior experience 
of using voice user interfaces (VUI). P14 felt: “my car 
doesn’t work very well with voice recognition so I don’t tend 
to use it very much. If it worked well, I’d use it more.” This 
was then confirmed by P13 “our Alexa […] sometimes thinks 
you’re talking to it when you aren’t.” This prior negative 
experience with technology changed the way participants 
proposed and favourited some of their gestures based on their 
expectation of errors with existing technology. 
Interaction Theme 2: Importance of Clearly Identifying 
Master/Main Device 
When participants were faced with scenario 2 in the study, 
the variation of device location and size meant that their 
previously proposed gestures for scenario 1 required re-
thinking to work within scenario 2. This meant participants 
considered the idea that connecting into one device in the  
scenario 2 setup that would allow them access to the whole 
group of  connected devices. Participants thought the “TV to 
be the centre” (P3) or “focal point” (P4) of the interaction 
so it made sense to direct gestures “towards the […] screen” 
(P6). This was initially thought to be the device that’s most 
visible, in this case, the largest: “I always would think of the 
master as the desktop or projector you’d be putting it onto 
the most powerful or visible thing” (P15).  

However, participants did discuss the idea that the master or 
main device did not necessarily have to be the largest but 
more the ‘focal point’ specific to the scenario at hand such 
as: “If I’m watching something on my TV and I wanted to 
move round […] with it. I might pull the content onto my 
phone” (P15). This scenario specific interaction is dependent 
on how you perceive what the main device is. “It might not 
be the size but let’s say you have tablets with your laptop, but 
the laptop feels like the centre of the interaction” (P3). These 
extracts give an example of two devices (a TV screen and a 
laptop) that would be difficult to connect to other devices 
because of their size and immovability where as a tablet or 
phone being more manoeuvrable may be favoured as the 
device that connects in rather than the device being 
connected to. P6 backs up this theory by saying: “I wouldn’t 
move a laptop, in that sense it becomes the control device as 
it isn’t moved.” Suggesting that the type of device and the 
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direction of interaction could impact the idea of whether 
something becomes a host or master device. 

Scenario 2 made participants further consider the idea of 
connecting in terms of “individual connections and groups” 
(P13) and question “how [the devices] would know” (P14) 
what the master device was.  
Interaction Theme 3: Connecting with Individual Devices or 
Device Groups 
All participant pairs discussed the idea of connecting to 
groups or individual devices in either in scenario 1, 2 or both. 
Participants were told that the devices were connected 
already but whether participants should connect to each 
device or all of the devices with one gesture was open for 
interpretation.  Scenario 2 specifically triggered the idea that 
devices might all be connected into one ‘master’ device or 
that devices might require connecting with individually. This 
was due to scenario 1 seeming that the connected devices 
“were in a group” (P13) based on their proximity on the 
table. The increasing space between devices in scenario 2 
making gestures “harder” and “imprecise” (P9). This 
highlighted the importance of being able to “distinguish 
between the devices” (P10) 

In the hand(s) only gesture category for connecting devices 
P14 suggested that connections could be made by: “pointing 
to [connect to] individual [devices] and a sweeping gesture 
for all [devices].” This gesture suggestion was replicated by 
P8 and P4 with pointing changed out for touching devices. 
Use of a circling motion with the hand was favoured as “The 
circling motion can be adapted to use with as few or as many 
devices as you want” (P5). This decision making is further 
shown in Table 2 where the most popular category favourites 
for connection in both scenarios are all directional gestures 
that could allow users to perform a gesture to an individual 
device or expand the gesture in a sweeping motion to include 
a wider area and thus more devices. 

This posing issue helped to consider the idea of using voice 
interaction despite legacy bias. The addition of voice allowed 
users to specify the device or group they were trying to 
connect into. Using language like “connect to them” (P6) to 
imply a group of devices or “connect to that” (P6) to imply 
an individual device. To further remove any ambiguity 
devices could be named or numbered to allow commands 
such as “connect [device name] to [device name]” (P3, P8, 
P7, P5) for an individual device connection or “all devices” 
(P3)/”connect all” (P9) for connecting into the device group 
as a whole.  

This pattern was shown less frequently for disconnection 
gestures. For example P2 suggested: “*hand covers screen* 
‘disconnect from all’ or say ‘disconnect device from [device 
name]’.” P14 similarly commented on the “ need to consider 
an individual leaving or disconnecting all in one go”. As 
users might want to disconnect all at once if you were 
working alone rather than everyone just disconnecting their 
own device. Although this finding is not as significant among 
participants as expressed in connecting devices it is an 
interesting point. 

Interaction Theme 4: Differentiating between Content and 
Connection 
Participants were instructed only to connect or disconnect the 
devices. The study was left generic specifically to see the 
kind of gestures participants used to group devices without 
being biased by content or task being performed with the 
content. Participants mentioned explicitly about moving or 
adjusting content from device 1 to the connected devices 
when proposing connection gestures. P3 felt that they would 
“rather something on the screen where I could just select 
what I am moving.” Where P6 then believed “Moving the 
file or content is automatically connecting the devices.” This 
was seconded by P9 stating: “devices are ready to connect 
and you just move the content.” P15 thought of this concept 
more  specifically to voice interaction changing what you 
were doing with the content: “like ‘transfer’ might be for a 
file or document and ‘extend’ might be to expand the size of 
the screen.”  

This division of connection or sending content was clearer in 
the hand(s) and voice category where the vocabulary either 
focussed around connecting and starting an interaction or 
sending content to the connected devices. Commands 
centred around content: 

- “Show us that...on this” (P5) 
- “Put that…there” (P2) 
- “Show me on those” (P7) 
- “Send document” (P3) 
- “Display” (P15) 
- “Retrieve” (P8) 
- “Extend” (P15) 
- “Show it” (P6) 
- “Share this” (P5) 
- “Transfer” (P16)  
- “Drop” (P12) 
- “Tablet Send” (P11) 
- “Duplicate” (P9) 

 
Words like ‘drop’ or ‘display’ imply the idea there is content 
or a physical item rather than just grouping the devices for 
next action.  

All participants also used vocabulary that just implied 
beginning the connection such as: “Connect” (ALL) “Pair” 
(P11) “Group” (P5) “Start” (P5, P13) “On” (P13) and 
“[Device Name]” (ALL). Generic connection phrases 
received more repetitions than content driven phrases but all 
groups had at least one word that conveyed moving content 
from one device to another. This was further backed up by 
specific hand(s) and device movement gestures such as 
‘throwing’ (P2, P4, P5, P8, P9, P12, P13, P16), ‘dropping’ 
(P12, P14, P5, P7, P1), ‘tilting the device’ (P1, P4, P6, P8, 
P11, P13) and ‘swiping up the screen’ (P1, P7, P12, P6) 
conveying the idea of handling or pushing something 
towards the connected devices from device 1.  
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Interaction Theme 5: Disconnection Locality as a Repeated, 
Reversed or Specific Gesture 
Disconnections on the whole stayed local to the device being 
disconnected and as shown in Table 1 the most repeated 
gestures often involve hiding/blocking the screen of device 1 
or cutting/blocking the connection to the connected devices 
with the exception of shaking device 1. There was a lot less 
discussion about individual or grouped devices as 
participants’ focus was just on removing device 1: “it’s not 
so much about direction or pointing as you are getting rid 
[of a specific device]” (P6). This was due to participants 
feeling “when you disconnect you are just bringing the 
device back to you” (P8) and “it also doesn’t require consent 
from the other end” (P7). This meant a lot of the 
disconnections for both scenario 1 and 2 remained the same: 
"disconnecting your device feels more or less the same [for 
each scenario]” (P5).  

Where relevant participants chose to repeat gestures 
proposed for connection with the view that by “repeating 
[the same gesture] the system would know to disconnect” 
(P1). This was compared to the idea of “pushing a button on 
or off” (P14, P1) as the state changes but the gesture remains 
the same. Many participants similarly considered reversing 
the gesture (P4, P12, P11, P13, P14). For example: “the 
opposite of tilting it [towards the connected devices] would 
be like tipping it towards you *tips device 1 towards body*” 
(P8). 

Repeating or reversing gestures might make them “easier to 
remember” (P14) or learn as there would be less of them. 
From a technological point of view it would be less gestures 
for devices to recognise. Although this was discussed by all 
pairs the repeated or reverse gesture proposed to disconnect 
the devices was not often repeated or favourited. The more 
repeated and favourited gestures were those specific to the 
mental models users have of hiding the device or cutting the 
connection. The following gestures were repeated across 
both scenarios for disconnecting such as:  

• ‘Cover Screen’, ‘Hand Barrier’, ‘Finger Slice’ 
‘Pull hands in’ (Hand(s)) (Hand(s) and Voice) 

• ‘Device towards body’, ‘Shake device’, ‘Turn 
device over’ (Device Movement) 

 

Device movement gestures present a valuable way to locally 
disconnect the device as participants manipulation of it 
actively remove the device. Participants’ preference of them 
as a disconnection method are similar to that of closing a 
laptop (‘Turn device over’) or tilting the ‘device towards the 
body’ to make the contents private. This suggests device 
movements’ high level of agreement for disconnection 
methods. However, their low level of agreement for 
connection methods is likely due to concerns with damaging 
the device (P3, P4, P8, P7, P11, P15, P13, P14, P5, P6, P1) 
as connection gestures bring device 1 further from the body 
and into space. Gestures such as ‘sweeping the device’ and 
‘jogging the device’ in a given direction were specifically 
unfavourable (P4, P8) due to risking damaging the device. 

For example when performing a ‘device jog’ gesture, P7 
thought that “a lot of people would let go.” 
Interaction Theme 6: Voice as a Useful or Redundant Feature 
When first faced with the hand(s) and voice gesture category 
some participants were apprehensive feeling that voice was 
“redundant” (P4) this is due to prior experiences such as: 
“Our [smart speaker] it sometimes thinks you’re talking to 
it when you aren’t.” (P13). Or unreliability of understanding 
when trying to complete a task (P12, P14). P14 considered 
the social context of using a voice interface early in the 
morning where users might “want the option to do things 
quietly.” P10 was not used to using voice interfaces: “I don’t 
use Siri or any voice related technology, so I find them a bit 
weird.” The subsequent quotes show participants 
apprehension to use voice interfaces based on previous 
negative experiences or discomfort using them. 

All extracts were all taken from participants starting the 
hand(s) and voice category at the start of scenario 1. It’s 
possible that legacy bias is why hand(s) and voice gestures 
received much fewer voted favourites and agreement as 
many of the quotes focus on negative prior experiences. 
Interestingly, as the scenario went on users began to discuss 
accuracy of their gestures for specific devices and how voice 
could help them communicate with specific devices. This 
stemmed on the idea of connecting with groups or individual 
devices but also avoiding connecting with devices outside of 
the space. P3 considered the idea of using voice to single out 
a specific device or communicate with all devices in a setup: 
“So you could specify ‘[device name]’ *swipes finger up 
device 1 screen towards large screen* or you could do the 
same [gesture] with ‘all devices’.” This proposal was 
matched by other participants in the study (P8, P11, P15, P9, 
P1). It was explained by P2 as improving the “clarity” of the 
interaction “[using voice], […] it knows what you want to do 
then you show it with your hands.” This was built upon by 
P7 who mentioned the idea that “Voice specifies what to do 
and the [hand] gesture gives the direction.” This view was 
shared by P11, P1, P10, P15 and P9. 

Despite this finding very few pairs placed an overall 
favourite vote for hand(s) and voice gestures with the 
exception to P1 and P2 that overall favourited hand(s) and 
voice gestures throughout the study. The hand(s) and voice 
category that gained the highest number of overall votes was 
hand(s) and voice disconnection gestures in scenario 2, this 
is not in-line with what participants said as their comments 
were more directly related to connection gestures which 
received fewer overall favourites. It is possible that being the 
last category in scenario 2 that participants had warmed to 
the idea of using hand(s) and voice gestures. This category 
allows for a greater number of combinations with two 
referents built into one making it harder for participants to 
replicate what other pairs had proposed. 
Interaction Theme 7: Single Hand Vs. Two Handed Gestures 
From the analysis of the video footage it was clear that in the 
hand(s) and hand(s) & voice gesture categories that single-
handed gestures were more commonly proposed. This was 
not widely discussed during the study but P2 mentioned that 
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using two hands could “get tiring” and P8 felt that the use of 
two hands was more scenario specific: “If the device is 
bigger like the big screen I might even us two hands to 
gesture to it and if it was a phone you might just flick.” 
Where P6 felt that “more complicated ones like using two 
hands I would not want to do with voice.” 

Figure 6 shows the distribution frequency of single versus 
two handed gestures for connection and disconnection in 
scenarios 1 and 2.  

 
Figure 6. A graph of single handed gestures vs two handed 

gestures across all scenarios and categories 

This finding is key as it shows that single handed gestures 
are much more likely to be proposed and therefore seen as a 
preferred gesture technique to future users. Notably all 
device movement gestures used two hands, to hold the 
device. This is likely due to participants concerns of breaking 
or damaging the device being manipulated (P3, P4, P8, P7, 
P11, P15, P13, P14, P5, P6, P1).  
Interaction Theme 8: Connection Gestures Across Scenarios 
Connection gestures in scenarios 1 and 2 often involve 
opening up the screen of device 1 or extending out the 
hand(s) towards the connected devices. For example: 

Scenario 2 introduced the idea that some of the devices might 
be further away or difficult to reach. Hand(s) only connection 
methods that involved ‘touching devices’ decreased from all 
groups proposing it in scenario 1 (n=8) proposing it to just 
two groups proposing it in scenario 2. This pattern is not 
shown in ‘pointing at devices’ which was proposed by six 
groups in both scenario 1 and scenario 2 and ‘hand sweep’ 
being proposed by seven groups in scenario 1 and all 
participant groups in scenario 2 (n=8). Interestingly that 
although the concept of the ‘hand sweep’ gesture is the same, 
the length and direction of the movement increased to cover 
the greater area between the devices. 
Interaction Theme 9: The Need for Feedback 
During the study participants mentioned that it would be 
beneficial to have feedback from the device when connecting 
and disconnecting to confirm what was going on. They 
mentioned this alongside gestures they had proposed to help 
them to make more sense. This is generally something 

skewed by legacy bias although the overall concept makes 
sense to consider for future developments and research. 
When proposing hand(s) gestures P5 commented “if you can 
see the different devices you can choose which or all [to 
connect to by using a] mixture of gesture and on screen 
prompt” (P5). In this sense the gesture works to tell the 
device what you want to do and then you specify on screen. 
This was also looked at for how close connectable devices 
were to each other: “[based on] proximity […] it says do you 
want to connect when you get in the room. Like an on screen 
thing” (P7).  

When discussing the idea of knowing when a device was 
connected or not P13 and P14 discussed the idea of a “light” 
or some sort of notification “on the screen” indicating if the 
devices were connected. It was further stated by P3 that it 
would be “nice to get some feedback [when] connecting or 
disconnecting.” This may even take the shape of an onscreen 
“tick box” (P10) to confirm connection or disconnection. 

Interaction Theme 10: Opting In and Out of Cross-Device 
Interactions 
After completing the study participants were interviewed on 
their thoughts and feelings towards cross-device interactions 
in terms of opting in and out. 

The concept of opting in and out was seen as important due 
to security risks associated with connecting to external 
devices (P7, P15, P14, P13) or potential loss of data in a 
working environment (P7, P15).   

Participants were given the scenario of connecting to one of 
their devices by accident or if someone else was trying to 
connect to their device. All participants stated that they felt 
opting in and out of a cross-device interaction was an on-
screen experience that did not involve gestures, participants 
wanted an “on screen experience” (P7, P6, P10) “like an 
alert” (P4) or “pop up” (P12). This would be interacted with 
as a “yes or no” (P9, P3) option. 

The reason for an on screen experience was participants 
desirer for the opt in or out feature to be “discrete” (P8, P12) 
and “subtle” (P3).  The reasoning for this centred around the 
idea of being in a social or public setting (P10, P3, P11, P14, 
P1, P15, P7, P8).  

Participants built on the idea of opting in and out by relating 
the idea to creating trusted networks of devices. This would 
allow certain devices to be connected into more easily than 
others. P8 and P6 thought that users should be able to 
“specify the level of trust” with specific devices. P13 
considered that it would mean users would not “have to opt 
in and out all the time.” Initially connecting with a device 
users would be given the option to “clarify” (P5) whether a 
device would be added to a “trusted network of devices” 
(P6). P2 and P15 added that you could decide “if this is a 
device you want to always give access to or for just a certain 
amount of time or just one time.” 

This trusted device idea is something commonly seen with 
current personal ecosystems of connected devices or when 
plugging a new device into a laptop or desktop computer it 
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requires confirmation from both sides. This exhibits some 
further legacy bias but outlines participants expectations of 
how this system will work in the future. 

 

5. DISCUSSION 
As shown in the preceding section, this study provides a 
contribution to the solution of finding the modalities and 
considerations of designing the gestures to connect and 
disconnect devices in cross-device setups. We report that 
there was a high congruence among the study participants for 
hand(s) only gestures for connecting devices and device 
movement gestures for disconnecting devices. Both 
categories, for both scenarios, individually received more 
proposals than hand(s) and voice across connection and 
disconnection. It is inconclusive from the voting on overall 
favourite gesture category as participants votes were very 
distributed. For this reason, the category favourites section 
and agreement score were used to give a conclusive answer. 
Fewer category favourited gestures matched up with the 
most repeated gestures in scenario 1 but all of the favourited 
gestures in scenario 2 lined up with the most repeated 
gestures. It is possible this is due to participants concerns that 
gestures in scenario 1 could be triggered by accident through 
normal daily activity. The style of gesture does show a shift 
from scenario 1 to scenario 2 with scenario 2 gestures being 
more considerate of space and distance from devices. The 
video footage showed the more explicit and exaggerated 
nature of gestures in scenario 2 leading to them being less 
likely to be replicated through normal daily activity so 
participants were more open to choosing simple and 
repeatable gestures.  

On analysis of the interaction themes and transcriptions from 
the video footage it was found that participants preferred to 
use a single hand as opposed to both hands when proposing 
hand gestures. Participants dislike for the addition of voice 
to the hand(s) and voice category ultimately came from prior 
negative experiences with voice user interfaces. Hand(s) and 
voice gestures grew on participants throughout the study and 
ultimately were concluded to be useful for initiating the 
interaction with the accompanying hand gesture confirming 
or giving direction to the command. Furthermore, when 
proposing connection gestures, participants divided their 
proposals between generically connecting to the connected 
devices or sending content to the connected devices based on 
mental models of what they might be trying to achieve. 
Sending content had the expectation that movement of 
onscreen content to another device would then automatically 
result in initiating the connection between the devices.  

Contrary to connection the most favoured and repeated 
disconnection methods involved interacting on or around the 
immediate space surrounding device 1. This pattern is clear 
across both scenarios and all categories. Although some 
participants felt that repeating or reversing gestures proposed 
to connect would make sense to disconnect, though these 
were rarely repeated or favourited. The most commonly 
favourited and repeated disconnection proposals were either 

identical or exhibited similar traits across both scenarios such 
as covering/hiding the screen or cutting the connection. 

The further participants got into the study more frequently 
they discussed whether there would be an option for group 
connection or individual connection. Participants often 
suggested a gesture that could be used for grouping or 
individual connection. Those considering the idea of entering 
into the group viewed the scenario 2 large screen to act as a 
master or gateway device to the overall cross-device 
interaction. 
Design implications 
The purpose of this study was not to release the full table of 
gestures as a design recommendation in itself. More we wish 
to point out that the future design of gestural interfaces 
should consider the themes observed in the study as well as 
consider the most congruent gestures for development. This 
should help future designs to meet participants’ expectations 
and align with preferred interaction modalities when using 
cross-device setups.  

In terms of the type of gestures that exhibited most 
agreement it was found that hand gestures are the most 
congruent gestures for connecting devices and device 
movement gestures for disconnecting devices. Possible 
connection gestures to consider or build upon include a 
circling hand motion over the top of devices being connected 
together, pointing at the devices that users want to connect 
and sweeping or throwing the content between devices. 
Disconnection techniques should consider actions that 
involve hiding the screen or shaking the device being 
removed from the interaction. 

These connections should consider the idea of sending 
content directly to initiate connections. This needs to be 
considered in a way that allows users to connect and ‘share’ 
content to both individual and grouped devices. To meet this 
requirement the selected gestures need to be considered in a 
way that allows them to dictate which or how many devices 
are being connected to. The system itself should then provide 
users with feedback indicating a successful connection or 
disconnection and how this is visible throughout the cross-
device interaction.  

As is clear from this study, hand(s) and voice gestures were 
initially disliked due to negative prior experiences and their 
more recent adoption into society. For this reason, it is at this 
stage preferable to avoid the use of voice interaction where 
possible. This finding is also perhaps a learning for the 
introduction of gestural interfaces to allow users to have the 
option to use gestures more like a shortcut and still have the 
capability to connect/disconnect devices manually on their 
device, in case of issues with the system.  
Future Work 
The next iteration of this study would include the 
consideration of connecting to individual or grouped devices. 
The use of a content specific scenario such as adding in 
multiple devices to expand screen real estate or moving a 
document from one device to several others in a group. This 
may help to give participants a better context of the required 
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task as it was found they often considered sharing the content 
as the initialisation of the connection. This study should 
consider two or more scenarios using devices in both a close 
and distant proximity. The study could be conducted with a 
many different device configurations. For their 
manoeuvrability tablets, smart watches and smartphones 
currently pose the best devices for further exploring the idea 
of gestural interaction. This aims to validate and extend the 
patterns uncovered in this study and ultimately aid in the 
development of a gestural interface prototype capable of 
connecting and disconnecting, to test with users. 

Further research is required into the exploration of the 
interface for opting in and out of cross-device interactions 
and device feedback systems for visualising successful 
connections and disconnections within cross devices setups.  

 
6. CONCLUSION 
In this paper we described a gesture elicitation study that was 
conducted to determine the type of gestures people propose 
to connect and disconnect devices from cross-device setups. 
This project has succeeded in contributing to the early stages 
of understanding participants’ entering into and ending 
interactions with cross-device setups across two different 
scenarios. We provide a comprehensive list of example 
gestures across three categories for gestures relating to both 
connection and disconnection. Further analysis into the 
interaction themes and transcripts from video footage, 
recorded from the study, revealed participants consideration 
of connecting to individual and grouped devices, how they 
go about making those connections and subsequently ending 
those connections. Using a well-respected equation from the 
field [36], we calculated agreement scores for the gesture 
proposals in the study highlighting the congruence of each 
gesture category over the range of participants for connection 
and disconnection gestures.  

Additionally, we include insight into participants’ 
expectations of methods to opt in and out of cross-device 
interactions and the requirement for device feedback 
throughout the interaction. 
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APPENDIX 1: EXAMPLE TECHNOLOGY LEVEL AND 
CROSS-DEVICE INTERACTION QUESTIONNAIRE  
Attached is the questionnaire given to participants prior to 
completing the study. It was used to assess users previous 
experience level with technology and cross-device 
interactions. 
 
APPENDIX 2: GESTURE RECORDING SHEET 
The gesture recording sheet attached provides an example of 
a recording sheet filled out during the study. 



Age

Connected Devices Question Sheet

1.

2.

3.

Profession

Gender Prefer not to say

Please return this sheet, when it is completed, to the study co-ordinator.

What smart electronic devices do you use day to day?

Smart Phone/Mobile Phone
Smart watch
Laptop
Tablet Computer (iPad, Surface, etc.)
Desktop computer
Projector 
Smart TV
Smart Speaker (Alexa/Echo, HomePod, Sonos, etc.)

To share and send files
To play games
To record sporting activity from a smart watch or fitness tracker
To stream content from one device to another
To collaboratively work on a document
Other. Please specify:

Have you previously connected smart devices?




























