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ABSTRACT 

Collaboration is key to safety and efficiency in Air Traffic 

Control. Legacy paper-based systems enable seamless and 

non-verbal collaboration, but trends in new software and 

hardware for ATC tend to separate controllers more and 

more, which hinders collaboration. This paper presents a 

new interactive system designed to support collaboration in 

ATC. We ran a series of interviews and workshops to 

identify collaborative situations in ATC. From this analysis, 

we derived a set of requirements to support collaboration: 

support mutual awareness, communication and 

coordination, dynamic task allocation and simultaneous use 

with more than two people. We designed a set of new 

interactive tools to fulfill the requirements, by using a 

multi-user tabletop surface, appropriate feedthrough, and 

reified and partially-accomplishable actions. Preliminary 

evaluation shows that feedthrough is important, users 

benefit from a number of tools to communicate and 

coordinate their actions, and the tabletop is actually usable 

by three people both in tightly coupled tasks and parallel, 

individual activities. At a higher level, we also found that 

co-location is not enough to generate mutual awareness if 

users are not engaged in realistic tasks. 
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INTRODUCTION 

The goal of Air Traffic Control is to maximize two 

properties: safety (avoiding accidents) and capacity (raising 

the number of manageable flights). ATC is a highly 

collaborative activity [4]. Collaboration makes controllers 

more efficient and is essential for safety. The 

trustworthiness of the system comes not only from its 

individual parts (hardware, software, or people), but 

emerges from the process of checking and crosschecking 

the activity of teammates [1]. As with many other activities, 

various computer systems have been introduced to support 

ATC. However, most systems introduced have been largely 

based on single-person paradigms: hence, computerization 

has been done at the expense of collaboration. Recent 

hardware advances in multi-touch multi-user tabletop 

systems enable us to imagine new potential solutions for 

collaboration support. We designed a set of new interactive 

tools relying on a multi-user tabletop surface, appropriate 

feedthrough, and reified and partially-accomplishable 

actions. 

SYSTEM REQUIREMENTS 

Based on an analysis of collaborative situations in ATC, we 

devised a set of requirements for our system. Our primary 

design goal was to foster seamless collaboration by 

requiring less explicit communication and fewer 

coordination acts. Our main assumption is that better 

collaboration will yield benefits in terms of capacity and 

safety. More precisely, the system should… 

• … enable users to inform the systems with their 

clearances, which is not possible with current, paper-

based systems [3]. 

• … allow more than two users to interact simultaneously 

with it. This should allow capacity increases since 

multiple users will be able to handle tasks concurrently 

(parallelization) 

• … foster mutual awareness. Safety should increase 

because users will have more means to be aware of 

teammates’ activity and more means to detect problems 

(more eyeballs).  

 

Figure 1: hardware and visualization settings 

 



 

• … foster communication and coordination. This should 

improve both safety (knowledge of teammate actions) 

and capacity (less latency). 

• … foster dynamic task allocation. Capacity should 

increase because users will be able to pick up new tasks 

to be done as soon as they have completed existing tasks 

(workload balancing). 

SYSTEM DESIGN 

The requirements can be fulfilled if users are aware of tasks 

to be done, or are able to evaluate workload of their 

colleague. In addition, it can only be done if any user is 

allowed to interact with any representation or tools while 

the other user is engaged in another task. We used a shared, 

multi-touch, multi-users surface as the basis of our system. 

Shared surface are supposed to exhibit these properties: 

users are close to each other, and they enable interacting 

simultaneously if designed appropriately. We devised the 

following guidelines to design interactive tools so that they 

support collaboration: 

• Reify actions into objects. Since objects lie on the table, 

their manipulation may enable accountability [1]; 

furthermore, they can be passed around and allow for task 

reallocation. 

• Enable partial accomplishment of actions. An action can 

be separately prepared, checked and accomplished, 

possibly by different users, thus offering seamless 

workload allocation. 

• Provide as much as feedback as possible. Since activities 

must be accountable, it is important that appropriate 

feedback provide an opportunity for teammates to 

observe one another’s actions. 

We also used several guidelines from tabletop and CSCW 

literature (orientation [2], territoriality [5], tabletop [1], 

direct collaboration [1] and coupling [1]). In the following, 

we mention the guidelines that we applied. We chose not to 

prevent inter-controller conflicts using technical features; 

instead, we relied on social norms. We designed several 

software tools, such as layout-free, orientable strips, editors, 

Post-it, an extrapolation tool, a timeline, several 

feedthrough, delayed audio annotation etc. 

PRELIMINARY EVALUATION 

We have conducted four experiments to evaluate our design 

choices. The experiments were qualitative and involved a 

limited number of subjects and trials. As such, they yielded 

preliminary results only; however, we did make several 

useful observations. The experiments were not meant to test 

whether our system is better than current systems in terms 

of capacity or safety. Rather, they test to what extent the 

first three requirements we listed above (more than two 

users, mutual awareness, communication, coordination, 

dynamic task allocation) are fulfilled. Preliminary 

evaluation shows that feedthrough is important, users 

benefit from a number of tools to communicate and 

coordinate their actions, and the tabletop is actually usable 

by three people both in tightly coupled tasks and parallel, 

individual activities. At a higher level, we also found that 

co-location is not enough to generate mutual awareness if 

users are not engaged in realistic tasks. 
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