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Human-Computer Interaction (HCI) research has been focussing on the design of new interaction techniques and the understanding of people and the way they interact with computing devices and new technologies. The ways in which the work is performed with these interactive technologies has arguably been less of a focus. This workshop aims at addressing this specific aspect of Human-Computer Interaction in the control rooms domain. Control rooms are crucial elements of safety-critical infrastructures (e.g., crisis management, emergency medical services, fire services, power supply, or traffic management). They have been studied in terms of Human-Computer Interaction with respect to routine and emergency operations, human-machine task allocation, interaction design and evaluation approaches for more than 30 years. However, they are dynamic and evolving environments with, for instance, the gradual introduction of higher levels of automation/autonomy. While state of the art control rooms are still characterized by stationary workstations with several smaller screens and large wall-mounted displays, introducing mobile and wearable devices as well as IoT solutions could enable more flexible and cooperative ways of working. The workshop aims at understanding how recent technologies in HCI could change the way control rooms are designed, engineered and operated. This workshop is organized by the IFIP WG 13.5 on Human Error, Resilience, Reliability and Safety in System Development.
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Overview and goals

While Human Factors approaches [START_REF] Carvalho | Human factors approach for evaluation and redesign of human--system interfaces of a nuclear power plant simulator[END_REF] and User-Centered Design [START_REF] Ulrich | Example user centered design process for a digital control system in a nuclear power plant[END_REF] have been used to design and evaluate control rooms for a long time, the interaction technologies they offer are usually several steps behind what can be found in other areas such as home entertainment or gaming. Control rooms are deployed in very different domains such as crisis management, emergency medical services, intensive care units, fire services, power supply, maritime navigation, or traffic management.

More recent work has been focussing on the use of new technologies in the context of control rooms exploiting new interaction techniques and new interaction technologies introduced in research contributions from the Human-Computer Interaction area. Speech was considered early as an input modality [START_REF] Baber | Feedback requirements for automatic speech recognition in the process control room[END_REF] while the issues raised by its deployment was questioned in [START_REF] Huber | Does speech technology have a place in the control room[END_REF]. Auditory information was used as an alerting system in addition to the traditional display of information in [START_REF] Patterson | Auditory Warning Sounds in the Work Environment [and Discussion[END_REF] even though studies have shown [START_REF] Dehais | Failure to detect critical auditory alerts in the cockpit: evidence for inattentional deafness[END_REF] that human brain filters out that information in case of high workload or stress. Tactile feedback was introduced in cockpits more recently [START_REF] Nojima | Cockpit display using tactile sensation[END_REF] (but this feedback directly used in combination with information displays) while tangible interactions were introduced as a mean to bring interactions closer to the ones on physical knobs [START_REF] Müller | Back to tangibility: a post-WIMP perspective on control room design[END_REF]. Multi-touch interactions have also been recently studied both in control rooms [START_REF] Selim | EGrid: supporting the control room operation of a utility company with multi-touch tables[END_REF] and interactive cockpits [START_REF] Cockburn | Turbulent Touch: Touchscreen Input for Cockpit Flight Displays[END_REF] raising multiple issues. Ambient displays [START_REF] Cobus | Multimodal head-mounted display for multimodal alarms in intensive care units[END_REF] [ref] and head mounted displays [START_REF] Claudius Stratmann | LAME: light-controlled attention guidance for multi-monitor environments[END_REF] [ref] have been used to add a digital layer of information on top of control room elements to support situation awareness and attention in safety critical environments. This introduction of nonstandard (at the time) modalities, led to multimodal interactions (both in terms of input and output) but they are still considered a challenge in 2016 [START_REF] Heimonen | Multimodal interaction in process control rooms: are we there yet?[END_REF] while the early work from Bolt in that domain was introduced more than 25 years earlier [START_REF] Bolt | Put-that-there": Voice and gesture at the graphics interface[END_REF]. Multimodality as input was however introduced successfully in industrial control rooms [START_REF] Fagerlönn | Designing a Multimodal Warning Display for an Industrial Control Room. 12th International Audio Mostly Conference on Augmented and Participatory Sound and Music Experiences (AM '17)[END_REF] or military aircraft cockpits [START_REF] Bastide | A model-based approach for real-time embedded multimodal systems in military aircrafts. 6th int[END_REF] while multimodal output was largely used for alerting flying crews [START_REF] Selcon | Multi-Modal Cockpit Warnings: Pictures. Words. or Both[END_REF].

Beyond interaction technologies, the centralised nature of control rooms was questioned [START_REF] Juhlin | Decentralizing the control room: mobile work and institutional order[END_REF] and mobile solutions were proposed to support control and monitoring activities on the move. However, the introduction of these technologies in critical systems raised immediately the issue of their dependability and their security as soon as the environment loses its closeness nature.

While state of the art in deployed control rooms is still characterized by stationary workstations with several smaller screens and large wall-mounted displays, introducing mobile and wearable devices as well as IoT solutions could enable more flexible and cooperative ways of working. However, turning control rooms into pervasive computing environments raises user-related challenges such as usability and user experience, system-related ones such as reliability and dependability and more global ones such as safety and security [START_REF] Palanque | Beyond usability for safety critical systems: how to be sure (safe, usable, reliable, and evolvable)[END_REF]. However, it is clear that control rooms must evolve and integrate advanced interaction technologies [START_REF] Roth | Integrating digital and conventional human system interface technology: Lessons learned from a control room modernization program[END_REF] so that operations can be improved.

This workshop promotes sharing of experiences in designing, implementing, and evaluating interactive systems in control rooms. We are especially interested by contributions presenting theories, methods, and approaches for considering them as pervasive computing environments and interdependencies between all the properties listed above. In this workshop we consider control rooms in their broader sense including (ship) bridges, cockpits, and operating rooms. This workshop is organized by the IFIP Working Group 13.5 on Human Error, Resilience, Reliability, Safety and System Development.
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The specificities of control rooms

These control rooms are characterized by their operations that must be resilient to adverse events and unforeseen situations including human errors, system failures, environmental adversary conditions and malicious attacks. One of the specific challenges in their development is the demonstration that they meet requirements imposed by regulatory authorities.

As discussed in [START_REF] Boring | SIG: the role of human-computer interaction in next-generation control rooms. CHI '05 Extended Abst[END_REF] control rooms present very specific aspects that make them very different from other interactive systems:  They allow monitoring and control of complex cyber-physical systems;  Their operations are usually defined and regularly assessed by regulatory authorities;  They are operated by trained professional users that are usually qualified by dedicated organizations;  They usually involve multiple operators who have to coordinate their actions to reach their goals;  Operators have different levels of authority which grant different access to functions and data;  Operator errors might have catastrophic consequences on people and goods;  Failures in the display and control system might have catastrophic consequences on people and goods;  Their deployment requires the acquisition of a certification from external organizations;  They are operated in close worlds reducing security risks. This list is far from being exhaustive but it gives a set of characteristics to be taken into account when considering the design of new types of control rooms and the constraints that have to be addressed.

Target audience and expected outcomes

This workshop is open to everyone who is interested in the aspects related to the design, the engineering, the evaluation, the deployment, the maintenance and the certification of control rooms. We expect a high participation of IFIP working group 13.5 members.

We invite participants to present position papers describing real-life case studies that illustrate, if possible, how a new technology would enhance control room operations. They could also highlight the trade-offs between two or more properties of interactive systems such as user experience and dependability or usability and security. The way the new technology will be addressing some known or envisioned problem in a control should be presented in the contribution. We are also interested in methods, theories and tools for control rooms development as long as they address some user interface properties. Accepted position papers are published in INTERACT 2021 adjunct conference proceedings. We also expect to discuss at the workshop how to disseminate individual contributions to the community in a special issue in a journal or in an edited volume.

Structure of the workshop

This proposal encompasses a full-day workshop organized around presentation of position papers and working activities in small groups. From the set of contributions, a subset of selected case studies is invited to be presented at the beginning of the workshop and is used to support the discussion that follows. The morning sessions are dedicated to welcoming participants and presenting case studies. Participants are invited to comment the case studies and to report similar experiences. The afternoon sessions are devoted to interactive sessions, where participants are engaged to work in small groups to propose solutions to the issues raised by the case studies presented in the morning. Proposed solutions will be compiled and compared. Based on the lessons learned, participants will draft an agenda of future work that can be accomplished. 
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