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Abstract 
Computing environments that combine multiple 
heterogeneous displays (e.g. wall displays, tablets, 
etc.), people and spatial tracking aspects (e.g. location 
of people and devices), commonly known as Multi-
Surface Environments (MSEs), are becoming 
increasingly common. People need to interact with 
information as well as move it intuitively between 
different surfaces. A significant challenge is creating 
meaningful feedback for moving information between 
displays, such as sending or receiving from different 
displays in an environment. While a large number of 
possible gestures are available, feedback for 
interactions either does not exist, or is invisible to users 
in the environment. In this work we describe our early 
exploration in how using projection-based feedback 
mechanisms in MSEs can ease feedback challenges for 
interactions in MSEs. Our results suggest that providing 
motion, in contrast to static images, in the design of 
projection-based feedback for multi-surface interactions 
is both important and beneficial for users. 
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Introduction 
Multi-Surface 
Environments (MSE) 

are quickly becoming an important topic in the research 
literature today. These environments enable devices 
such as digital tabletops, wall-displays, PCs, tablets and 
smart phones to communicate and share information 
across multiple devices [9], which create a more 
collaborative ecology. MSEs can be spatially-aware, 
where the location and orientation of these devices as 
well as people are spatially-tracked by the 
environment. The spatial-awareness of MSEs also 
allows for interactions with virtual information in 
different regions and locations in the environment. For 
example, virtual information may be placed in a 
physical location in an environment that can later be 
retrieved by a user who visits that physical location. A 
challenge in MSEs arises from providing meaningful 
feedback in the environment. If no feedback is given on 
the devices or in the environment, then users can be 
left confused as to whether an action was successfully 
performed and what actually has happened. 
Furthermore, if an environment contains several users, 
feedback becomes especially important in both 
capturing user attention and providing identity to their 

interactions (e.g. who did I receive this from?). 
Similarly, interacting with virtual information without a 
form of feedback may be challenging for some users. 

One method of mitigating these feedback challenges in 
MSEs, is through adding visual feedback to common 
spatial or cross-device interactions (e.g. flicking to a 
secondary device or display) and the environment 
itself. Projected Pixels utilizes a method of creating a 
low-resolution computer output on floors, walls, 
ceilings, furniture, etc. – in order to engage users to 
interact with virtual information and can be used to 
assist in providing visual feedback for communication 
and interactions in a MSE. In this paper, we present an 
initial study that explores different types of feedback 
for common MSE tasks [9] and see if they can solve 
feedback challenges and discuss the early results. 
Finally, we conclude with our future directions of 
research. 

Related work 
An early example of a MSE is the i-LAND environment 
[10], which includes an interactive wall display, digital 
tabletop and specialized interactive chairs. How content 
is shared within MSEs has been done in a number of 
ways. For example, Rekimoto designed a ‘pick-and-
drop’ technique where a pen is used to transfer 
information from one device to another [8], while 
Dachselt et al. explored a throw gesture using mobile 
devices to send information to a wall display [2]. A 
significant amount of research has explored different 
interactions that can take place in a MSE [9] with a 
majority of the research involves supporting 
collaborative workspaces. A more recent contribution to 
the MSE space is the Proximity Toolkit developed by 
Marquardt et al. [5] and the (less costly) Society of 

 
Figure 1. Study setup space. The study setup space consists of (a) a 
spherical mirror, (b) multiple Kinect cameras, (c) digital tabletop, (d) 
high resolution wall display and (e) computer monitor. The spatial 
tracking area for the multi-surface environment was 2.9m x 3.0m (f). 



 

Devices (SoD) toolkit1, used to create proxemics and 
spatial aware systems.   

An example of early research into projected displays is 
the Everywhere Display projector [7]. This device uses 
a rotating mirror to steer the light from a projector onto 
different surfaces in an environment [7]. BaseLase, 
from Muller et al., created an interactive, transportable 
laser projector for a large interactive floor display using 
a convex mirror reaching a wide field of view and depth 
cameras allow users to interact with the projections 
[6]. Similarly, Microsoft Research explored interactions 
with projections in the RoomAlive [4] and IllumiRoom 
[3] projects. Proxemic Flow [11], utilized floor-based 
visualizations to mediate interactions with large 
surfaces. The ASPECTA toolkit2 was created by a group 
of researchers as an affordable way to program and 
configure full coverage displays requiring only a 
standard projector, a hemispherical mirror and a PC to 
run the API. 

The majority of research focuses on projected displays 
as standalone systems, we examine projections as 
visual feedback within MSEs – as an aid to increase 
awareness in the space and provide feedback for 
interactions.  

The Study 
Our interest in designing this study was an initial 
exploration into how projection feedback could be used 
to show information transfer between devices and the 
location of virtual information. For the study we looked 
at two variations of feedback: animated verses non-
animated feedback. Animated feedback appears when 
                                                   
1 http://ase.cpsc.ucalgary.ca/index.php?page=sod---main   
2 http://aspecta.cs.st-andrews.ac.uk  

the action is initiated, travels and then is removed at 
the conclusion. Non-animated feedback is visible 
throughout the duration of a specified time. The goal of 
this study was to see if the feedback decreased 
participant’s time to complete the tasks and to see if 
the feedback increased their awareness within the 
space. 

For the study, we developed a Windows application 
using the SoD toolkit for device communication and 
spatial tracking, and the ASPECTA toolkit for the 
projected pixels. For our study the ASPECTA toolkit 
together with the SoD toolkit were chosen because of 
their low cost deployment as well as the markerless 
tracking capability. The setup is depicted in Figure 1. 
The study was controlled via an application running on 
the researchers desktop. Fourteen unpaid volunteers 
between the ages 18 to 54 with backgrounds in 
Computer Science, Engineering and Political Science 
participated in the task study and interview.  

Tasks 
Participants were asked to complete three tasks typical 
to a MSE: (1) sending information from one device to 
another, (2) receiving information from another device 
and (3) finding virtual information within the 
environment. Each task consisted of three rounds with 
different methods of projection feedback. In one round, 
projection feedback was non-animated, in another 
round, projections were animated and in the third 
(control round), no projection feedback was given.  

SENDING INFORMATION 
The first task involved sending an image from the 
participant’s tablet device to one of the three displays 
at random. The display that the information was sent 



 

to, displayed the image once it was received.  The 
participant’s task was to send the information and then 
deduce which display received it by choosing the 
correct answer on their tablet device or “unknown” if 

they were unsure. Figure 2a shows the non-animated 
round and 2b shows the animated round where the 
information is projected on the floor starting at the 
participant’s location and travelling to the display, 
disappearing on arrival. From the participant’s 
responses and the time, projection feedback is not 
necessary while sending however it may helped reduce 
the time it took them by aiding the task. For instance, 
P13 said, “instead of looking at all three displays to find 
the image I just looked at one.” Projection feedback 
may also be more beneficial when all the displays in the 
environment are not directly visible. 

FINDING INFORMATION 
The second task involves finding virtual information set 
to a specific location (Figure 3). When the participant 
walked into the defined location the information was 
received on their tablet device. An image then 
appeared on the tablet along with the message “found 
information”. The control round did not have any 
projection feedback to help find the correct location 
relying only on the feedback on the device. For the 
animated round shown in Figure 3b the image was 
projected on the floor as soon as the participant 
entered the location disappearing again when they left. 
The no-animation round shown in Figure 3a projected 
the image at the information location for the duration of 
the round. Participants stated that finding the right 
location without the projection was “painful” because 
they had to “wonder aimlessly” until they found it. Most 
participants said that they preferred the non-animated 
projection feedback because they knew where to go, 
opposed to the animated feedback because it did not 
appear until they had already found the location, 
making it no faster then without any projections. We 
observed that most participants during this task were 

 

Figure 2. Feedback for a Send Task. (a) Non-animated feedback, in the form of a visual line. 
(b) Animated feedback in the form of the image sent, flowing to the target location (digital 
tabletop). 

 

Figure 3. Feedback for a Finding Task. (a) Non-animated feedback, in the form of an image 
continually appearing in the target location. (b) Animated feedback in the form of the image 
only appearing when a user enters the target location. 

 
Figure 4. Feedback for a Receiving Task. (a) Non-animated feedback, in the form of a visual 
line. (b) Animated feedback in the form of the image requested, flowing from a source 
location (digital tabletop) to the target location (the user). 
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focusing solely on their tablet device and 
therefore did not notice anything being 
projected on the ground. This would be an 
imaginably common issue in a MSE or in a busy 
environment; people get too absorbed in what is 
in front of them, causing them to miss 
information. This problem could be improved by 
creating projections that can direct distracted 
people’s attention to where it is needed. Some 
participants suggested make the projections 
“louder” in this task to help direct their attention 
from the device by making them brighter or by 
flashing the location. Another suggestion we 
received was to create a path from the 
participant to the location in addition to 
highlighting the space.  

RECEIVING INFORMATION 
The third task, receiving information, is similar 
to the first task. The controller sent information 
in the form of an image to the participant’s 
tablet device from one of the three displays at 
random. The participant then chose which 
display the information was sent from with the 
only feedback being the projection feedback and 
the received image appearing on their tablet. 
Figure 4a shows the non-animated round was 
the same as the first task, a solid line 
connecting the participant’s location and the 
sending display. The animated round, figure 4b, 
was opposite to the sending task’s animated 
round. From the resulting times and the post-
interviews, animated projection feedback 
appears to be the most useful for this task, 
however no significant difference was found in 
the times. This could be due to the low number 

of participants. The receiving information task helped 
reveal which of the participants noticed the projection 
feedback and which did not. From Table 1, we observed 
that exactly half the participants either noticed only the 
animated projections or did not notice any for this task 
while the other half noticed both non-animated and 
animated feedback. Unlike task one and task two, 
without the projection feedback the participants were 
not able to complete this task. This is clear from the 
control round, all of the participants chose “unknown” 
as their response for this round since they could not 
know for sure which display the information came from 
(Table 1), indicating that in person-to-device 
communication the projection feedback is more 
valuable when the person is on the receiving end. 

ANIMATED AND NON-ANIMATED FEEDBACK  
When designing this study we had assumed that the 
non-animated feedback would be the most preferred 
because there would be constant feedback to the 
participant for the duration of the round. Which was 
true for the finding information task due to the set up 
of this round. However, for the sending and receiving 
information, where comparisons can be drawn, most 
participants preferred the animated feedback. These 
participants said that for transfer tasks the static solid 
line wasn’t noticed right away, if at all. They also 
mentioned that the solid line was confusing and 
suggested adding an arrow for direction or highlighting 
the display as well as the path.  The motion of the 
information for animated feedback travelling from the 
participant’s location to the display and vise versa 
caught their eye and grabbed their attention. 
Participants stated that the motion and direction of the 
projection was intuitive and they could see which 
display the information was sent to/from easily. Our 

 

Task	  3	  –	  Receiving	  Information	  Responses	  

Participant	  
Non-‐

animated	  
Animated	   Control	  

P0	   unknown	   ✔ unknown	  

P1	   ✔ ✔� unknown	  

P2	   ✔ ✔� unknown	  

P3	   ✔ ✔� unknown	  

P4	   ✔ ✔� unknown	  

P5	   unknown	   unknown	   unknown	  

P6	   unknown	   unknown	   unknown	  

P7	   ✔ ✔� unknown	  

P8	   unknown	   ✔ unknown	  

P9	   unknown	   ✔ unknown	  

P10	   ✔� ✔ unknown	  

P11	   unknown	   unknown	   unknown	  

P12	   unknown	   unknown	   unknown	  

P13	   �✔ �✔ unknown	  

Table 1. Participant responses from 
receiving task. 



 

findings suggest that projections need to capture 
people’s attention and direct it to where it is needed. 

Conclusion and Future Work 
This paper explores Projected Pixels as visual feedback 
using low-resolution projections to aid in showing inter-
device communication and virtual information in a MSE. 
A simple study consisting of typical tasks in a MSE, 
such as sending, finding and receiving information 
indicated that projection feedback seems useful for 
particular tasks in MSEs. Most participants stated that 
the projection feedback made their tasks easier and 
that the idea was very interesting. The study also 
revealed several areas for improvement. For example, 
a better setup for the projection system and 
participant’s orientation should be considered, having 
the feedback always begin or end in front of the user. 
Once the issues and concerns discovered during the 
study have been addressed the next step in our 
research is to conduct another round of testing with 
more participants to develop best practice 
recommendations for designers of MSE applications. 
Overall, from our results, projection feedback in a MSE 
is beneficial as an aid in showing inter-device 
communications and virtual information increasing the 
user awareness in a MSE. 

References 
1. Burns, C., Seyed, T., Hellmann, T., Costa Sousa, M., 

Maurer, F.: A Usable API for Multi-Surface Systems. In 
Proceedings of the Workshop on Envisioning Future 
Collaborative Interactive Spaces (BLEND'13). Paris, 
France, 2013. 

2. Dachselt, R., and Buchholz, R. Natural throw and tilt 
interaction between mobile phones and distant 
displays. Ext. Abstracts CHI 2009, Boston, MA, USA 
(2009), 3253-3258.  

3. Jones, B., Benko, H., Ofek, E., Wilson, A.: IllumiRoom: 
Peripheral Projected Illusions for Interactive 
Experiences. In Proc. Of CHI’13. ACM Press (2013), 
869-878. 

4. Jones, B., Sodhi, R., Murdock, M., Mehra, R., Benko, 
H., Wilson, A., Ofek, E., MacIntyre, B., Raghuvanshi, 
N., and Shapira, L.: RoomAlive: magical experiences 
enabled by scalable, adaptive projector-camera units. 
In Proc. of UIST '14. ACM Press (2014), 637-644.  

5. Marquardt, N., Diaz-Marino, R., Boring, S., Greenburg, 
S.: The proximity toolkit: prototyping proxemics 
interactions in ubiquitous computing ecologies. In 
Proc. Of UIST’11. ACM Press (2011), 315-326.  

6. Muller, J., Eberle, D., and Schmidt, C.: BaseLine: An 
Interactive Focus + Context Laser Floor. In Proc. Of 
CHI’15. ACM Press (2015).  

7. Pinhanez, C.: The everywhere displays projector: A 
device to create ubiquitous graphical interfaces. 
Ubicomp’01, Springer Berlin Heidelberg, (2001), 315-
331.  

8. Rekimoto, J.: Pick-and-drop: a direct manipulation 
technique for multiple computer environments. In 
Proc. UIST 1997, Banff, Alberta, Canada (1997), 31-
39. 

9. Seyed, T., Burns, C., Costa Sousa, M., Maurer, F., and 
Tang, A.: Eliciting usable gestures for multi-display 
environments. In Proc. ITS 2012, ACM Press (2012), 
41-50. 

10. Streitz, N., Geibler, J., Holmer, T., Konomi, S., Muller- 
Tomfelde, C., Reischi, W., Rexroth, P., Seitz, P., and 
Steinmetz, R.: i-LAND: an interactive landscape for 
creative innovation. In Proc. CHI 1999, ACM Press 
(1999), 120-127. 

11. Vermeulen, J., Luyten, K., Coninx, K., Marquardt, N. 
and Bird, J.: Proxemic Flow: Dynamic Peripheral Floor 
Visualizations for Revealing and Mediating Large 
Surface Interactions. INTERACT 2015. To Appear. 


