The Study and Design of Collaboration Tools
for Flight Attendants
Stephanie Wong, Samarth Singhal, and Carman Neustaedter
School of Interactive Arts & Technology
Simon Fraser University
Abstract:
Collaboration is a core component of work activities amongst flight attendants as they work to
promote onboard safety and deliver a high level of customer service. Yet we know little of how
flight attendants collaborate and how we can best design technology to support this collaboration.
Through an interview study with flight attendants, we explored their collaborative practices and
processes and how technology aided such practices. While technologies like interphones and
flight attendant call buttons acted as collaboration tools, we identified instances where the
usability and functionality of these devices were barriers for maintaining efficient
communication, situation awareness, and information exchange. We used these results to identify
design suggestions for technology that can enhance communication and collaboration in aircraft
settings amongst flight attendants. To illustrate these design suggestions, we designed and
developed Smart Crew, a smartwatch application that allows flight attendants to maintain an
awareness of each other and communicate through messaging with haptic feedback. Smart Crew
is designed with an emphasis on real time information access, location updates and direct
communication between flight attendants regardless of their location on the airplane.
Keywords:
Flight attendants; situation awareness; workspace awareness; collaboration; pursers; cabin crew;
Crew Resource Management (CRM); smartwatch design

1 Introduction
Collaboration amongst flight attendants is important as they are responsible for the delivery of
both customer service and on-board safety. Miscommunication or error has the potential to be
embarrassing and highly publicized (Skogstad et al., 1995; Salas et al., 2001). It can also lead to
critical accidents and incidents (Skogstad et al., 1995; Salas et al., 2001). Understanding that
communication needs to be optimized, past research (Skogstad et al., 1995; Salas et al., 2001,
Krivonos 2005; Zhu and Ma 2015) has emphasized the improvement of communication processes
between pilots in the cockpit and cabin crew, but there has been little research that focuses solely
on how flight attendants collaborate during flight operation (Endsley 2011). Thus, there is a gap
in understanding how new technologies can support the collaboration needs and practices of
flight attendants and how such technologies should be designed to match flight attendants’
routines.
Our research comprises two main stages that address this gap. First, we conducted indepth interviews with flight attendants from domestic and international airlines. Our study
focuses on their collaborative practices involving flight attendant interaction, awareness, and the
exchange of information. Our results show that the tools currently available to flight attendants to
aid collaboration (e.g., interphones, call buttons, visual displays) do not easily fit within their
needs and routines. Instead, in order to match their on-the-job needs, workarounds are required to
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communicate with one another and maintain a high level of awareness of the environment.
Without the proper integration of these tools with current work practices, flight attendants lacked
the support necessary to easily communicate and collaborate when in-flight. In the current article,
we present these results and a series of associated design lessons that suggest directions for the
design of communication and awareness technologies for flight attendants with an emphasis on
real time access to situation awareness information and hands-free interactions to assist work
activities. Our design lessons focus on: providing real time location awareness of all crew
members; mechanisms to send and receive status information about flights on the go (e.g.,
turbulence, weather); interactions to send short status updates or longer messages; and, awareness
of passenger needs via call button interactions.
Second, to explore how our design suggestions can be realized, we designed and
developed an application called Smart Crew. Smart Crew is a smartwatch application that
provides flight attendants with situation awareness to enable seamless collaboration and
communication. This is done through real time location tracking of flight attendants, a glanceable
information display, and haptic feedback of incoming messages and alerts. We present the design
of Smart Crew and the development of a high-fidelity prototype. We illustrate the ways in which
Smart Crew utilizes our design suggestions and reflect on the open opportunities for collaborative
technology design for flight attendants.

2 Related Work
2.1

Aviation Training and Collaboration

In the 1950s, as flight operations expanded from single to multi-operator, the significance of
synchronized teamwork in the aviation industry was initially overlooked and underestimated
(Helmreich & Foushee, 2010). This posed a challenge to improve aviation safety (Helmreich &
Foushee, 2010). Consequently, rigorous operator training and improvements were made to the
cockpit interface but it did not reduce the number of accidents with US commercial and charter
flights. Such fatal discrepancies claimed an average of 240 lives per year in the US (Ligda et al.,
2015). However, in the early 1970s, insight from interviews conducted with pilots led to an
understanding that flight accidents may be due to a lack of crew coordination and communication
rather than individual skills (Helmreich et al., 1999). Thus, in 1981, United Airlines (an American
air carrier) was the first airline to provide training for its cockpit crews (Helmreich et al., 1999).
By the 1990s, it had become a standard practice globally and training was extended from the
cockpit to the entire flight crew (Helmreich et al., 1999). This training was titled: Crew Resource
Management (CRM) (Helmreich et al., 1999; Salas et al., 2001; Midkif et al., 2004).
Presently, the CRM training helps flight attendants develop skills in team building,
information sharing, problem solving, decision-making, situational awareness, and dealing with
automated systems (Helmreich et al., 1999; Salas et al., 2001; Midkif et al., 2004). These skills
are meant to help flight attendants: (a) avoid error made by humans or machines, (b) detect errors,
and, (c) mitigate the results of any error (Salas et al., 2001). Studies show that while the CRM
training is beneficial, it focuses on critical situations and emergency evacuation and not on nonemergency communication (Helmreich et al., 1999; Salas et al., 2001; Ligda et al., 2015), such as
social support (Helmreich, 1984), feedback, supervision, and leadership (Algera, 1990). Our
study of flight attendants builds on this research to explore how flight attendants collaborate in
both emergency and non-emergency situations.

2.2

Team Work and Distributed Cognition

The execution of coordinated behaviors amongst team members is called team cognition (Hollan
et al., 2000; Fiore & Salas, 2004). Team cognition then becomes crucial in complex real-world
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tasks and safety critical domains that require a high level of coordination for effective decision
making. Distributed cognition involves mental structures (cognitive process), such as shared
mental models, as well as knowledge of the social, cultural, and physical contexts (Carroll et al.,
2006). It is a theory commonly studied in the design of technologies to explain the interactions
between individuals, physical artefacts (boundary objects), and tools in the environment (Hollan
et el., 2000). It emphasizes the active participation of individuals and states that “individuals
working together on a collaborative task are likely to possess different kinds of knowledge and so
will engage in interactions that will allow them to pool the various resources to accomplish their
tasks” (Hollan et al., 2000). Team cognition emerges through the interactions of team members,
and the transfer of interactions across different tasks done with the support of technological tools.
Early theories promote the idea of team members producing a shared mental model or
representation of a situation to aid team cognition (Mathieu et al., 2000; Mohammed et al., 2000).
Research shows that teams with a shared mental model are likely to work better together as they
interpret cues and prioritize information in a similar manner (Mathieu et al., 2000; Endsley et al.,
2003; He et al., 2007). They take coordinated actions and make compatible decisions to manage
situations in their environment (Mathieu et al., 2000; Endsley et al., 2003; He et al., 2007).
Sharing the same mental model can improve team synchronization and team cognition and reduce
the need to explicitly communicate, as noted by studies on firefighter training (Jiang et al., 2004;
Toups and Kerne, 2007). This also suggests that team members who are familiar with each other
and have been trained together tend to develop faster team cognition (Cooke et al., 2007; He et
al., 2007; Toups and Kerne, 2007). They can perform their tasks better in a group setting as they
share the workload, monitor the work behaviors of other members, and develop and contribute
expertise on subtasks (Smith & Hancock, 1995; Mathieu et al., 2000). Cross training in multiple
roles has also shown to be an effective way to help team members create a shared mental model
and be easily assigned to different roles as the situation warrants (Toups & Kerne, 2007). Our
study explores how teamwork and team cognition unfolds within aircraft amongst flight
attendants.

2.3 Awareness
CSCW researchers have reflected on the concept of shared mental models to describe its
limitations as a static theory for understanding distributed cognition, as it does not help team
members to refactor/transform information to solve breakdowns and ill-structured problems of
high uncertainty (Vygotsky, 1980; Carroll et al., 2006). Teams then have to tap into a diverse and
boarder network of information, where interactions are with team members who have
complementary knowledge (Holland et al., 2000). To understand this dynamic nature of teams’
interactions, activity awareness identifies four facets of awareness that teams can maintain while
team members are collaborating with one another (Carroll et al., 2006): common ground
involving full or partially shared knowledge beliefs (Carroll et al., 2006), communities of practice
(tacit knowledge of expected behaviors and roles) (Wenger et al., 2002), social capital (creating
social good through trust) (Coleman, 1988), and human development (capability to react to new
changes in tasks) (Vygotsky, 1980). Thus, for effective team cognition, collaborators need to be
aware of the conditions around them and communicate efficiently amongst team members (Cooke
et al., 2007; He et al., 2007; Belkadi et al., 2013). This involves situation awareness: “being
aware of what is happening around you and understanding what that information means to you
now and in the future” (Adams et al., 1995; Endsley et al., 2003). Situation awareness equips
people with an understanding of what information is required to accomplish a particular task and
the formation of knowledge through interactions with team members (Heath & Luff, 1992;
Gutwin & Greenberg, 1996; Endsley et al., 2003). In highly dynamic, complex, uncertain, and
risky environments, the role of situation awareness becomes pivotal. This has been seen in studies
of commercial aviation (Sarter & Woods, 1995), anesthesiology (Gaba et al., 1995) and
firefighting (Jiang et al., 2004), where collaborators are able to see or hear the same information,
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but they may understand it differently (Heath & Luff, 1992; Dourish & Bellotti, 1992; Endsley et
al., 2003; Salmon et al., 2010). To maintain situation awareness, Endsley et al. (2003) explains
that there are three main levels: 1) the perception of the elements in the environment, 2)
comprehension of an element’s meaning, and, 3) the prediction of consequences in the near
future. Many teams face challenges in the third level when they attempt to apply what they know
from their current situation to predict future actions and outcomes in a dynamic environment
(Endsley et al., 2003).
Workspace awareness is part of situational awareness; it is the “up-to-the-moment
understanding of another person’s interaction in a shared workspace” (Gutwin & Greenberg,
1996). This means that workspace awareness occurs within the temporal and physical bounds of
the task that a group is carrying out over a visual workspace. To gain awareness of one’s
workspace, the knowledge of ‘Who’ (team member’s role: presence, identity and authorship),
‘What’ (actions, intentions and artifacts) and ‘Where’ (location, gaze, view and reach) are
important questions that needs to be addressed for coordinating seamlessly with others (Gutwin &
Greenberg, 1996). To achieve an awareness of the workspace, team members use a combination
of verbal and visual communication as their primary source of information (Brinck & Gomez,
1992; Gutwin & Greenberg, 2002). Verbal communication can include either explicitly talking
about one’s work activity and the position held or by overhearing others’ conversation. Visual
communication is important for workspace awareness. Visual communication is gained by
observing and monitoring team members’ gestures, bodily actions, activities, and whereabouts,
and the presentation and manipulation of artefacts (Gutwin and Greenberg, 2002). Gestures can
be performed with one’s body motion, face, mouth and eyes to control devices or to enhance
communication (Bieber et al., 2012). Gestures and bodily actions are visual cues of the
movements of a person’s head, arms, eyes or hands. The difference is gestures are explicitly
communicated by the sender, while bodily actions may not be intentional (Gutwin & Greenberg,
2002). While artefacts are ‘conversational props’ or boundary objects that, by their positions,
orientations, and movement, can show the state of people’s interaction with them (Brinck &
Gomez, 1992).
Collaborators use knowledge of workspace awareness to obtain a mutual understanding
about the coordinated tasks and resources, to anticipate the actions of others, interpret deictic
references to objects, and find opportunities to effortlessly and seamlessly assist one another with
individual and shared tasks (Dourish & Bellotti, 1992; Segal, 1995; Gutwin & Greenberg, 1996;
Gutwin & Greenberg, 2002; Carroll et al., 2006). The degree to which collaborators work
together between individual and shared work is called coupling (Tang, 1991; Tang et el., 2006).
When a collaborator needs to wait for a team member to finish their work before beginning
his/her own task, it is called “tightly-coupled” work. When both collaborators can continue
working with their own tasks without any interaction with other group members for long periods
of time, the work is called “loosely-coupled” (Mohammed et al., 2000). Collaborators come
together for various reasons such as to discuss/decide/plan the next activity or current task that
would require another team member’s involvement (Gutwin & Greenberg, 1996). Our study
explores how flight attendants engage in both loosely and tightly coupled work as they
collaborate on aircrafts to respond to customer and safety needs.

2.4 Smart Watch Design
Our article also explores the design of a smartwatch application for flight attendants. To date,
there has been a variety of research on smartwatch design, with a particular emphasis on user
input. For example, researchers have explored the ‘fat finger’ problem, which refers to the
relatively large size of a user’s finger in comparison to the target size on the touch screen
(Shimon et al., 2016). Similar to this problem is the occlusion problem, the blocking of the
viewable screen due to the relatively wide finger surface (Shimon et al., 2016). Several
researchers have explored and tested various types of keyboard entry mechanisms for smart
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watches to overcome these and other related problems (Oney et al., 2013, Chen et al., 2014,
Komninos and Dunlop, 2014). Other researchers have explored how smartwatches can assist team
members for targeted tasks. For example, Bernaerts et al. (2014) used digitally augmented
gestures and developed a smartwatch application to assist office workers to help them gain access
to rooms, room schedules and an awareness of workers who entered the office. Bieber et al.
(2012) assisted workers performing construction and maintenance work using digital services and
repair manuals on their smartwatch prototype. Using gestures, they allowed workers to receive
new instructions without having to stop their current tasks or read the next chapter of the manual
without having to touch the display of the smartwatch (Bieber et al., 2012).
Collectively, these past studies have shown that smartwatches are a good device for
mobile and ubiquitous interactions and making information available and ready-at-hand. This
suggests that they might be valuable tools for communication amongst flight attendants. Yet there
has been a lack of research on if and how smartwatches can actually help flight attendants
collaborate and coordinate effectively with one another.

3 Study of Flight Attendants
In the first stage of our research, we conducted an interview-based study with flight attendants in
order to understand their current work practices, the manner in which they collaborate with one
another, the role of technology in supporting these collaborations, and the benefits and challenges
faced when using technology to support collaboration and awareness. We used this study as a
means to formulate a series of design lessons for technologies that could help flight attendants
maintain awareness and communicate while inflight.

3.1 Participants Demographics
We interviewed flight attendants from domestic as well as international airlines to get a broader
understanding of the work practices. We recruited ten participants through snowball sampling
(word-of-mouth) (Given, 2008), social media (posts on Twitter and Facebook), and by requesting
locally-based airlines to distribute our advertisement to their employees. Participants included
three males and seven females who were employed by one domestic airline and five different
international airlines. These airlines were based in Canada, the United States, Germany, China,
and Dubai. The median age of participants was 41 years old with a range of 26 to 56 years old.
The median numbers of years worked in the aviation industry was 8.25 years with a range of 2 to
25 years. Participants were familiar with the use of technologies like tablets, laptops and
smartphones. Two participants owned wearables such as smart watches. Participants included
three pursers and seven lead/cabin crewmembers. We describe these roles in our results. Pursers
were from three different international airlines and leads/cabin crewmembers were from a mix of
domestic and international airlines (some had worked in both).

3.2 Interview Method
We conducted semi-structured interviews with each participant with the goal of understanding
their work practices from the moment they boarded the plane to the point at which it landed and
all passengers had disembarked. The interview questions were divided into two phases. The first
phase explored the participants’ demographics and work experience e.g., job positions, time in
positions, and knowledge of technology. In the second phase, we investigated larger issues such
as work practices, use of technology, exchange of information, work challenges, and areas of
improvement. For example, questions included: “How do you communicate with your
crewmembers and when?”, “Where are you located?”, “What works well about this activity?”,
“What does not work well?”, “Do you use technology to support this activity?”, “If so, how?”,
and “Are there any drawbacks or obstacles to using technology as part of this activity?” We

5

ordered the interview questions from general to specific in order to give the participants more
time to think about and reflect on their practices.
Since it was not easily possible to observe flight attendants during their actual work due
to security and safety concerns from the airlines, we had flight attendants describe a range of
specific stories of their experiences in-flight, e.g., “Tell me about a time when communication
with other flight attendants worked well” and “Tell me about a time when there were
communication breakdowns.”

3.3 Data Collection and Analysis
Interviews were conducted over the telephone or a video communication system (e.g., FaceTime,
Skype) and lasted 45 to 90 minutes. Each participant was given a $30 gift card or cash. We
collected data in the form of researcher’s notes and audio-recorded all interviews. All interviews
were transcribed. We analyzed our results first by iteratively reading through our data. Next, we
analyzed our transcripts and field notes using inductive thematic coding (Corbin and Strauss,
2014). This involved initial coding and then explorations for categories and central themes. Our
coding revealed key themes around the cabin crews’ collaborative practices. This includes their
roles and activities, team cognition developed from face-to-face communication, ambient
monitoring through the collaborative system, and information flow in their interactions. We detail
these next in our results with an emphasis on the findings that directly suggest design directions
for collaborative technologies for flight attendants.

4 Results
We first present results focused on explaining the details of flight attendants’ work practices and
roles. This provides background knowledge to understand how technology fits within their tasks
and duties. Following this, we articulate the benefits and challenges that flight attendants face
when using technology on flights. Based on these findings, we pose a series of design lessons that
we feel suggest important direction for the design of collaborative technologies for flight
attendants.

4.1 Roles and Responsibilities
Our participants explained that there are three main team member roles that are common in both
domestic and international airlines: the pilots, the pursers/leads, and the cabin crewmembers. The
reporting lines are defined in that order from highest ranked to lowest. For a domestic flight, the
aircraft is typically small, has a limited number of passengers and the duration of the flight is
relatively short (e.g., a few hours at most); thus, a maximum of three flight attendants are
typically assigned. Flight attendants in the domestic airlines follow a compulsory rotation in the
three positions of the aircraft: Position 1, the fore (front); Position 2, the aft (back); and, Position
3, the middle. Positions 2 and 3 acts in the role of cabin crewmembers. Position 1, also known as
the lead, is responsible for supervising and managing the team of flight attendants and overseeing
the flight attendants’ workflows to ensure a comfortable and safe flight. He/she acts as an
intermediary between the pilots and crewmembers; Pilots will share information with the lead
who can then relay this information to the other flight attendants. Domestic flight attendants
rotate between the three positions in successive flights. Thus, while they are assigned to a single
position for an entire flight, over several flights, they will likely work in a series of different
positions. Our participants told us that international airlines work somewhat differently. The
aircraft is larger, has a larger number of passengers on-board, and the duration of flights is longer
(e.g., 6-12 hours). Depending on the size of the plane and the culture of the airlines, the hierarchy
of the crew can differ. Generally speaking, international flights will have two to four leads which
are also called pursers. They also have a cabin senior director to whom the pursers report.
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Participants explained that, for both domestic and international flights, the careful
assignment of roles and cabins to particular flight attendants means that there is a specific
communication protocol where knowledge works its way from cabin crewmembers to
leads/pursers to cabin senior directors (if that role exists), to pilots. The opposite also occurs
where information from pilots makes its way to flight attendants first through a senior director (if
that roles exists) to leads/pursers to cabin crewmembers. It also means that different levels of
knowledge must be maintained by different people. For example, it is not the case that each flight
attendant will know the same level of information about a situation. Leads/pursers and cabin
senior directors needs to maintain a broader understanding of what is happening across the entire
aircraft, whereas other cabin crewmembers may only need to know information pertaining to their
specific section of the plane. This information only changes if emergency situations arise.
During emergency incidents, participants said that the organizational hierarchy on planes
is flatter: crewmembers are encouraged to directly communicate to the pilots to inform them of
any danger to the safety and security of the flight. Thus, in times of emergency an understanding
of who knows what changes and pilots attempt to maintain a larger degree of situational
knowledge. The knowledge maintained by pursers/leads may be less than under normal
circumstances. In situations where crewmembers need help from each other, they may directly
communicate with each other depending on who may be best to help them.
Participants described that a pre-flight briefing is held immediately before each flight.
Depending on the availability of crewmembers and the culture of the airline, the briefing is
carried out by the most senior crew member in the following order: captain, cabin senior director,
and lead/purser. He/she uses this discussion platform to introduce crewmembers to the team,
assign the positions, and answer questions about the flight time, possible turbulence enroute, and
strategies for dealing with safety and security issues that might impact the flight. Crewmembers
also get an understanding of who is in what role so they can structure their communication
appropriately during the flight.

4.2 Collaborative Technologies
Flight attendants frequently make use of several types of technologies during their flights in order
to aid collaboration and communication. First, interphones are wired phones that are placed on
the walls of airplanes in key locations. Locations include the cockpit, the galleys, and (most
often) at each exit door. Interphones can be used for public announcements that are played on
speakers throughout the aircraft, internal conference calls between all interphones, and cabin-tocabin communication between pairs of interphones. When calls come in, a panel indicates which
other interphone initiated the call through a display panel. The types of information that flight
attendants share over the interphone include:
1. Broadcasting of public announcements, e.g., take off and fastening seat belts.
2. Progress updates on activities, e.g., readiness for lunch/water service.
3. Giving and acknowledgement of orders/directions, e.g., assisting pilots in their absence in
flight deck
4. Status updates requiring immediate assistance, e.g., passengers being intoxicated and
requiring assistance
5. Transmission of emergency information to other team members, e.g., notifying others about
turbulence, bomb threats, etc.
Second, flight attendant calls buttons are installed in each passenger seat or adjacent to them.
When a passenger pushes a call button, a light turns on above their seat and a chime is heard.
Near the interphones is a flight attendant panel that shows a map of the airplane and which
passenger call button was pushed. Third, airplanes also contain items to support the sharing of
status information on the plane, such as when seat belts should be on/off. Pilots can turn on a
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‘seat belt’ light and this causes all seat-belt signs and lights to be illuminated. This is
accompanied by an audible chime throughout the aircraft.
In the following sections, we step through a series of specific tasks and activities that
occur for flight attendants while they are flying where the aforementioned technologies are used
to mediate interactions between crewmembers and maintain awareness. In some cases, there are
no technologies available to aid communication and awareness, and so flight attendants rely on
verbal exchanges face-to-face or movement throughout the aircraft to visually gain awareness.
Yet these routines do not always work well.

4.3 Location and Activity Awareness of Crew Members
One of the first tasks that flight attendants perform after the pre-flight briefing is a safety and
security check. Flight attendants walk around and ensure all passengers are seated with their
seatbelts done up, bags are properly stowed, etc. During this time, flight attendants will look up
and down the aisles to the next visible flight attendant. Once they are done with their own check,
they give a “thumbs-up” gesture to signal that their area is clear and ready. Flight attendants who
are in close proximity to each other verbally say, “Cabin is secure.” This information is relayed
between flight attendants until all areas are secure.
“When it comes to reporting the safety and security checks; the right-hand side will inform the
left-hand side and they will in return inform the purser for the Economy cabin.” - P5, Male,
Purser
During the in-flight stage of work, the lead/purser coordinates with crewmembers as to when
each in-flight activity should occur. For example, crewmembers wait for the lead/purser to let
them know which row to start serving through calls on an interphone (described more later). The
lead/purser tries to coordinate serving amongst crewmembers (in a tightly-coupled style) to
ensure the food is served at approximately the same time to all passengers in a particular cabin.
To do this, they must look around to see what each crewmember is doing and if they are ready
and available to perform the next in-flight activity.
“I am responsible for coordinating with the other flight attendants and also doing the tasks of
serving the guests in my area. I need to crosscheck to make sure that the meals are served hot
when it is placed on a guest table.” - P5, Male, Purser
Once an activity begins, the lead/purser periodically glances around the cabin to monitor the
service’s progress and see if anyone needs help.
“We are like Galitarians, who are always on the lookout for each other to make sure that things
are working out as they are supposed to be in the environment.” - P2, Male, Lead/Cabin Crew
Member
As can be seen, visible awareness of other crew members is very important for flight
attendants. This leads to our first design lesson.
Lesson 1 – Location and Activity Awareness: Flight attendants need to frequently be able to see
where other crewmembers are within the plane. They also need to be able to identify their activity
and see any body language or gestures that are used as a form of non-verbal communication.
Naturally, there are challenges with this behaviour. Airplanes are large and it can be hard to see
every location. Passengers may also block the view of flight attendants. Thus, flight attendants
are not always able to quickly and easily acquire the information needed to maintain this kind of
awareness. Despite these challenges, we did not learn about any technologies that are presently
designed and included in airplanes to support these awareness needs.
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4.4 Awareness of Flight or Airplane Status
Our participants talked about the strong need for pilots and their crewmembers to alert them
about information pertaining to the aircraft and its present flight. This information was often
passed on from crewmember to crewmember, typically using interphones. For example, in cases
of turbulence, the pilot will typically notify the purser/lead by calling him/her on the nearest
interphone and explaining the situation once. The lead/purser will then disseminate the
information to the other crewmembers by calling them on an interphone, this time with a one-tomany call. However, information on situations such as turbulence can change rapidly and pilots
typically do not repeatedly call to relay new information because they are busy dealing with the
situation themselves. Thus, up-to-date knowledge of the situation is often unknown and difficult
to share.
“The hardest part is that we don’t have a face-to-face communication with the pilots and that is
hard as sometimes we cannot relay a complete message on the interphone.” - P2, Male,
Lead/Cabin Crewmember
Many of our participants desired to have more frequent information in such situations as it is
often related to the safety of all passengers.
“The reason why the flight is delayed is because this information comes from the captain and no
one is allowed to go in the cockpit, when it is 'secure cabin' during take-off. We are then
supposed to wait. We waited for an hour last time and we didn't know what was happening.” P1, Female, Lead/Cabin Crewmember
While interphones are used for sharing the aforementioned types of information between pilots
and flight attendants and then between flight attendants, the fact that interphones are used appears
to be more of a workaround as a result. That is, flight attendants do not have an easy means to
share status information without directly relying on verbal communication, despite its challenging
nature since status information is dynamic and repeated calls are onerous. Our second design
lesson builds on this issue and points to the needs of flight attendants for sharing status
information during their flights.
Lesson 2 – Status Notifications about the Flight: Flight attendants need a means to continuously
stay aware of present and ongoing situations related to the aircraft and its flight (e.g.,
information about delays, weather, turbulence). While direct communication can allow crew
members to share this information, it can quickly become out-dated without further exchanges of
information.
As can be seen, this lesson points to technology solutions that focus on the presentation of
awareness information rather than technologies focused on using verbal communication to share
awareness of the plane or flight’s status. This is because of the challenges faced with direct
communication.

4.5 Person-to-Person Communication
Our participants talked about times when they needed to communicate directly with other flight
attendants to share information or ask for help. Instead of large portions of speech, our
participants described relying heavily on gestures to simplify communication. This could be done
over distance within the plane i.e when talking to someone would not normally be audible given
the sound of the aircraft flying. For example, P2 and P3 described using hand gestures between
flight attendants for sitting down, picking up the phone, getting oxygen masks, and requests to
“please bring more blankets.” The challenge here is that such gestures can be difficult to see and
require a direct line of eyesight between crewmembers. As previously mentioned, it can be hard
to see people far away and passengers might block the view of flight attendants. Sometimes flight
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attendants need to share more information about a situation to explain what is happening or what
they need. In this case, hand gestures no longer suffice as the information is either too
complicated or flight attendants do not have recognizable gestures for the situation. For example,
a flight attendant might need to ask the crew leader if they can help monitor a passenger who
appears to have had too much alcohol to drink.
In situations like these, flight attendants will often try to make use of the interphones so
they can share specific information about a situation without having to go and find another flight
attendant in person. However, such activities were often challenging. Flight attendants need to be
in close proximity to the interphone in order to use it, as interphones are permanently fixed in
particular locations on the plane. Our participants described many incidents, particularly during
lunch/water service, when they were highly mobile and not close to an interphone within their
own cabin area. This leads to our third design lesson.
Lesson 3 – Conversations with Crew Members: Flight attendants need to talk with crew
members from nearly any location on the aircraft to share specific details about a situation.
Even if flight attendants are able to get to an interphone to call a crew member, having
the recipient of the call actually answer it is another challenge. Several participants said that it
was difficult to know whether sounds were coming from the interphone or the flight attendant call
button, or if calls were about emergency or non-emergency situations. This meant it was not
always clear where they needed to answer the interphone (e.g., it was someone pushing a call
button rather than the phone ringing) and, if so, how quickly they needed to do it (e.g., is it an
emergency?). Our fourth lesson builds on the third lesson to address the need for flight attendants
to be notified of requests to talk.
Lesson 4 – Notifications of Conversation: Flight attendants need to be notified of incoming
conversations regardless of where they are on the plane, and be able to distinguish between
emergency and non-emergency situations, and other audio alerts (e.g., call button sounds).

4.6 Requesting Help from Flight Attendants
Our participants described situations where they had to request help from other crew members.
For example, this might happen if a passenger needs a specific item like a blanket but the flight
attendant cannot easily get it. It might also mean that there is a more serious issue occurring such
as someone becoming hurt or requiring medical assistance. Flight attendants talked about two
ways of handling such situations to request help from crewmembers.
First, flight attendants said they would sometimes use the passenger call buttons to alert
other flight attendants that they needed help. Unlike the interphone, flight attendant calls buttons
are installed in each passenger seat or adjacent to them. Thus, they are fairly ubiquitous
throughout the plane. While they are meant for mainly passenger use, they have been
appropriated by flight attendants as a part of their own communication practices. For example,
during service rounds and routine checks, a flight attendant in the aft may require help from
someone in the back of the plane. To alert this person, she might push a passenger call button
near her. This creates an audio alert that is heard in the present and adjacent cabins. Flight
attendants can then look at the flight attendant panel next to an interphone to see which
passenger’s seat light is illuminated. While certainly beneficial, flight attendants may, again, not
be able to reach a call button. On domestic flights, our participants said that the call button is
usually easy to reach and always in the same position: above the passengers’ heads on a ceiling
control panel. Yet international airlines often have the call button in varied locations depending
on the aircraft and not all locations are easy to find or natural for flight attendants to reach. For
example, sometimes the call button is located on the armrest of a passenger’s seat. Pushing these
call buttons may require asking a passenger to do it, which is less desired, or, awkwardly reaching
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in front of a passenger or under their arm. As such, our participants felt hesitant to make use of
such call buttons.
“It is placed either at a weird location that is near the guest’s lap or in the middle of their
entertainment screen - it is not normally found at the top and is not easy to find.” - P5, Male,
Purser
Second, flight attendants said they would try to use an interphone to call someone. Yet
the challenge was that they were not always near an interphone or able to reach one when an
emergency situation arose.
“Once, I was standing at the back and a gentleman fainted after using the washroom. Although, I
got hold of him and landed him down on the ground, but the other crewmembers especially in the
front, could not see this happen as both of us were on the ground and the bathroom door was left
open.” - P3, Female, Lead/Cabin Crewmember
In the above situation, P3 was pulled into the washroom and could not release herself as the
passenger was on top of her. The only way she was able to get out of the situation was to ask the
closest passengers for help. Thus, she was unable to call the other crewmembers on an interphone
and they could also not see her since they were too far away.
As can be seen, flight attendants require a way to request help from other flight
attendants. Our fifth lesson focuses on this need.
Lesson 5 – Requesting Help from Crew Members: Flight attendants need to quickly and with
ease request help from other flight attendants, regardless of where they are located. In emergency
situations, it is possible that they may not be able to move. Thus, technologies that are ready-athand and closely available are needed.
When it comes to receiving such alerts or notifications that help is needed, we, again, found
challenges. As the noise from the aircraft is generally loud, a press of the call button is sometimes
not heard since the alert is only played in the present and adjacent cabins.. If it is an urgent
situation, participants said they will push multiple call buttons to notify a team member.
“If six call buttons go out at the same time, you know that it is a serious situation and that way
you will get their attention.” - P3, Female, Lead/Cabin Crewmember
Our participants also told us that it can be difficult to know if a flight attendant or a passenger
pushed the call button. Flight attendants are able to push the call button in a certain configuration
to create a different alert sound, yet, in times of emergency, it may be difficult to remember to do
so. The configuration for using the call button is: one push creates a single chime meaning a
passenger is calling, while two pushes creates double twin chimes which flight attendants
sometimes use to signal that they are calling. However, P5 said that in an emergency situation
their “presence of mind is completely gone,” so knowing the button’s location or the
configuration is an extra cognitive step. In these situations, flight attendants will opt to try to call
out loud (yell) to others in order to get their attention. However, this practice is contrary to what
is taught in CRM training about passengers’ in-flight experience. Flight attendants are not
supposed to create panic amongst the passengers.
When interphones are used, flight attendants told us it was hard to distinguish between a
normal or emergency call since all ringtones were the same. Participants felt that distinguishing
calls was important as it could indicate the urgency of a situation. Similar to previous situations,
the use of an interphone means that the recipient must be able to hear the phone ringing in order
to know to answer it. For example, P5, was caught in the middle of two kitchens when a
passenger had first-degree burns. Other cabin crewmembers could not see them and so P5 was
unable to visually notify them that there was a problem.
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“The passenger had not only split coffee on his hand but also on the metal watch he was wearing,
which exasperated his pain. I needed help to wash off the coffee and at the same time I wanted to
ask for medical assistance and inform the captain about the incident.” - P5, Male, Purser
Luckily P5 could reach a nearby interphone to call for immediate assistance. Yet there were no
flight attendants close enough to another interphone to hear it ring. P5 decided that the only way
to communicate with the other crewmembers was to make a public announcement over the
interphone to indicate to the cabin senior director that he needed help. This unfortunately made
the incident public and gave the cabin senior director the wrong impression that his cabin
crewmembers were not efficient enough in assisting one another. Together, these behaviours
point to our sixth lesson.
Lesson 6 – Receiving Requests for Help: Recipients of incoming requests for help need to
receive notifications of these alerts regardless of where they are on the plane, and be able to
distinguish between emergency and non-emergency situations.

4.7 Awareness of Incident Locations
When passengers push the call button at their seat to request assistance from a flight attendant a
light above them is illuminated and a chime is played in the aircraft. Each interphone also had a
display panel next to it that showed which seat call button was pushed. Participants said this panel
saved them from unnecessary search and directed them to the specific location that required their
attention when call button notifications came in. Such calls occurred throughout their in-flight
work, including during service rounds and checks.
“The aircraft is huge, so when a passenger call is heard, we do not start looking everywhere, but
simply look at the display of the flight attendant panel. It will tell me exactly which row and seat
the passenger is calling from.” - P2, Male, Lead/Cabin Crewmember
Participants said that seeing the light above a passenger’s seat was generally easy if they knew
which general area to look in. But those that served on international flights faced challenges
because the amount of space to look in was larger. Flight attendants would look at the flight
attendant panel to see which area they needed to go to and memorize the seat number. However,
on their way, they might be distracted by another passenger’s request. This sometimes made them
forget the seat number. While they could look for the seat light, if they did not remember the
approximate location, this task was very difficult.
“I kept repeating the passenger seat number so that I would not forget and was looking for the
seat light too, suddenly this lady who did not press the flight attendant call button asks me to get
her a glass of water and some other items. I was upset as I had to attend to the one who pressed
the button first; I told her politely that I will attend to her as soon as possible. However, I
realized I forgot the passenger seat number and had to go back to check again.” - P5, Male,
Purser
Another problem came from not remembering to reset the flight attendant button to neutral after
they attended to the passenger. Most flight attendants focus on attending to the needs of the
passenger and it is easy to forget to reset the button so that the passenger’s seat light and the light
on the flight attendant panel are turned off. This can create miscommunication for the other
crewmembers and, at times, can cause multiple crewmembers to attend to the same passenger.
Together, these results point to our seventh design lesson.
Lesson 7 – Passenger Assistance: Flight attendants need mechanisms to easily see which
passengers require assistance. This information needs to be continuously available as the flight

12

attendant moves through the cabin. Flight attendants need to be able to easily turn off
notifications of passenger requests.

5 Study Summary
Our results illustrates that flight attendants face communication breakdowns and team cognition
can be limited because of the technologies available to them. It is not the case that flight
attendants need to have a shared mental model of everything that is happening on the plane; but
they do need to be able to know when it is necessary to help out others, especially in times of
emergency or immediate need. Flight attendants are also forced to use workarounds with
technologies in order to meet their work needs. These findings point to important implications for
the design of collaborative technologies for flight attendants, which we have articulated as a
series of design lessons. At a high level, our lessons point to the fact that flight attendants need
collaborative tools that provide a better understanding of what is happening in their workspace,
including knowledge of situation awareness channels from a much larger set of locations than is
currently present. Lesson 1 details that flight attendants need to be able to frequently see where
other crewmembers are in the plane and see body language and gestures, while Lesson 2 shows
that flight attendants need continuous awareness of ongoing aircraft situations (information
delays, weather, turbulence). We also found that collaborative technologies for flight attendants
should provide immediate access to communicate and exchange real time information with other
crewmembers, regardless of where they are on the plane. Lesson 3 explains that flight attendants
need to be able to talk with crew members from nearly any location and Lesson 5 shows that
flight attendants need to be able to request help regardless of location. The idea of going to a
centralized location in order to communicate with others (e.g., using an interphone in a small
number of locations) does not reflect work needs. Flight attendants also need to be able to receive
notifications about incoming calls or information and identify between information about normal
and emergency situations, and information from passengers vs. other crewmembers: Lesson 4
describes the need for conversation notifications and Lesson 6 describes the need for notifications
requiring help. In both cases, it is important that notifications can be received anywhere on the
aircraft. There are also pragmatic challenges when working as a flight attendant that technology
designs need to consider. This includes the ability to hear information such as audio alerts over
the loud noise of the aircraft, being able to use technology while performing other tasks (e.g.,
pushing a service cart), not having to carry or hold on to technology designs (e.g., iPads), and not
having to remember information before acting on it (e.g., remembering a seat number to
approach). To illustrate how our design lessons might be applied in practice, in the next section,
we describe the design and development of a prototype system called Smart Crew.

6 Smart Crew
Smart Crew is a communication and awareness application for flight attendants that runs on a
smartwatch. The intention is that all crew members on a flight would wear a smartwatch and have
access to the application. Once the application is turned on, the current aircraft seat-map becomes
the default watch face of the smartwatch. All crewmembers can be seen with their current
locations (Figure 1). This allows crewmembers to gain real-time awareness of each other’s
position. Because the application runs on a watch, flight attendants do not need to go to a situated
display (e.g., an interphone display) to gain information about the cabin’s current situation. They
also do not need to carry or pull out a smartphone to gain situation awareness. Using Smart Crew,
flight attendants can send personalized messages to one or more crew members. Notifications
appear on top of the aircraft’s map.
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Figure 1. Smart Crew showing the location of flight attendants in the airplane.
In the following sections, we describe Smart Crew’s design in more detail. First, we articulate
our design process from early concepts to a high fidelity prototype. Second, we describe the final
design of Smart Crew in detail where we note how we applied each of our design lessons form
our study. Lastly, we explain how we implemented each functionality.

Figure 2. Sample design sketches for smart watches.

6.1 Design Process
Our design process began with the creation of a series of personas and scenarios. The personas
described fictional characters ground in the attributes from the participants in our study, while the
scenarios described work routines and use of technology as part of them. This process was
consistent with typical design practices in human-computer interaction research (Cooper 1999).
We then built on these design tools with a series of sketches of possible interface designs. Figure
2 shows sample design sketches around the use of smartwatches. We felt smartwatches might be
a good technological avenue to explore since they could easily be with flight attendants at all
times, and flight attendants would not need to “carry” an additional device with them, such as a
smartphone in their pocket (not all flight attendant uniforms have pockets). Smartwatches would
be ‘ready-at-hand’—easily accessible at any moment—and easy to see at-a-glance. We iterated
on our design sketches, explored other possible designs as well, including embedded displays in
various airplane locations. We felt that smartwatches offered a potentially less-expensive design
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solution and so we continued down this path. We created a series of wireframes for the design
and further iterated. Figure 3 shows a sample wireframe for an interface to share a turbulence
message with crewmembers.

Figure 3. Sample wireframes for a smartwatch application for flight attendants.

6.2 Final Design
Our final design was created after several iterations of our wireframes where we reflected on our
usage scenarios. In the final design, users see an overview of the aircraft along with the
positioning of flight attendants in the plane. The main menu is visible by touching the right-hand
side of the interface. This causes the main menu shown in Figure 4 to appear. The menu includes
icons for: Home, Turbulence, Passenger Emergency, Seat Belt, Crew Aid, Cabin Ready and
Messages. Each icon was carefully designed and derived from the user study to represent what
flight attendants are socially familiar with, such as the seat-belt sign (indication to stay seated),
the thumbs-up sign (an indication that the cabin is ready) and messages (common indication of a
conversation). The purpose of having familiar icons is to allow the users to easily and quickly
search for their desired feature and complete their task (Bank & Cao, 2016). Users can touch any
of the icons to open the associated functionality. Turning the watch face’s dial will cause the
‘orange’ selected icon to cycle through each menu item.
Smart Crew was developed in detail for the Samsung Galaxy Gear S2 smartwatch. We
used a chat server, NodeJS, and web sockets to transmit information between watches. The
SmartCrew chat server runs over a local Wi-Fi hotspot and does not require Internet connectivity.
Using low-range BLE beacons (e.g., which could be embedded in passenger seats) and sensing
the proximity of the watches, we are able to track the location of each crewmember inside the
aircraft and update their position within our system (describe more below). The BLE beacons are
also used to track flight attendants’ locations as they approach passengers who have pressed their
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call button. This location-tracking approach worked for our prototyping efforts and could
potentially be used in a real aircraft, however, it would be important to first test the idea for
practical issues such as radio interference, seat modifications, and power supplies. A video of the
final design can be found in Wong et al. (2017). We now describe each of the watch application’s
features, where we have grouped them according to our design lessons. All features described
below are fully functional.

Figure 4. Smart Crew’s Main Menu
Lesson 1: Location and Activity Awareness
The first lesson describes giving flight attendants the ability to see where other crew members are
within the plane at all times and identify activities such as body language and gestures. Gestures
such as giving a ‘thumbs up’ or ‘thumbs down’ are important signals between flight attendants as
a form of non-verbal communication. We supported this design lesson by making the main screen
of the watch a map of the airplane (Figure 5). Each flight attendant’s location is shown on the
map with an icon showing a picture of the crew member’s face. Pursers are shown with a green
rectangle around them and crewmembers are shown with an orange rectangle. Flight attendants
can swipe up/down on the watch face to move within the spatial map of the plane. Flight
attendants can also share status information through digital ‘gestures’.
Figure 6 shows a sequence of steps that can be taken as flight attendants perform their
initial check of the aircraft. Clicking on the ‘Cabin Ready’ icon shows a screen where flight
attendants can tap either ‘thumbs up’ or ‘thumbs down’ icons. This can be used during initial
safety checks before the plane takes off. Once a thumbs-up is clicked, the flight attendant’s icon
on the map changes to show this status. This way, leads or pursers on flights can see who has
completed their check. Leads/pursers can also touch a ‘reminder’ button that will send a message
to flight attendants to ‘hurry up’ and complete their check.
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Figure 5. A map of the airplane showing each flight attendant’s current position.

Figure 6. Checking the status of safety checks at the beginning of flights.
Lesson 2: Status Notifications about the Flight
The second lesson describes how flight attendants need a means to continuously stay aware of
present and ongoing situations related to the aircraft and its flight (e.g., information about delays,
weather, turbulence). Our focus was on providing this information through awareness features
rather than direct communication in Smart Crew since it can be hard to maintain continuous
contact between crew members (e.g., people can become busy with their own tasks). In Smart
Crew, leads and pursers can send out notifications to crew members when they are told about
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situations by the plane’s pilots. For example, Figure 7 shows a sequence of steps that a purser can
take to notify flight attendants about turbulence. The purser sets the type of turbulence, ‘light
chop’ or ‘heavy chop,’ and the likely duration. The default time is 5 minutes (based on our study
data), which users can tap to increase or decrease. For example, tapping the “Heavy Chop 5
minutes” button causes the time to go up from 5 minutes, one minute per tap. This number goes
back to zero after 20 minutes. Flight attendants receive a short notification vibration on their
watches and can glance down to see how long the turbulence will likely last. A countdown timer
is displayed on the top of the screen so flight attendants can check as needed in order to know
how much more turbulence they should expect.
In a similar manner, leads and pursers can relay information about seat belt usage from
the pilot to other crew members. Figure 8 shows a purser selecting the ‘Seat-belt’ icon from the
main menu and then sending a notification to all crewmembers. Crew members receive a
vibration pattern on their watch and can glance at the screen to learn about the seat-belt fastening
alert.

Figure 7. Sending alerts about turbulence to crew members.
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Figure 8. Sending alerts about fastening seat belts.

Figure 9. Sending messages to a targeted set of flight attendants.
Lessons 3 and 4: Conversations between Crew Members
Our third and fourth lessons point to the needs of flight attendants communicating with each other
from nearly any location on the aircraft. Within Smart Crew, flight attendants can send messages
between each other. This can be used to coordinate tasks, communicate new information, or ask
for immediate assistance. Flight attendants can select from predefined text messages or create
new ones and send them to one or more flight attendants. As shown in Figure 9, the purser
navigates to the main menu and taps the ‘Messaging’ icon, then taps the crewmembers he wishes
to send the message to. He then selects from a series of predefined messages that are displayed,
e.g., “sounds good,” “hurry up.” Each of the pre-defined messages is associated with a unique
vibration. For example, “sounds good” creates the vibration pattern of: long pulse, long pulse,
long pulse. “Hurry up” creates a faster vibration pattern of short pulse, short pulse, short pulse to
illustrate the need to hurry. These patterns are based on what we feel would be natural mappings
between the types of pulses people would expect to feel for certain message types, e.g., long
pulses when messages are not urgent, and short and quick pulses when messages are urgent.
When a crew member receives the message, her watch vibrates and the message is shown on the
display. Flight attendants can either look at the watch to read it, or feel the vibration pattern. Over
time, the aim was that users could recognize the vibration patterns so they would no longer need
to glance at the watch to see the message. This would allow them to continue with their current
task without additional interactions.

19

This design idea moves away from the calling that flight attendants do presently with
interphones. Our goal was to try and simplify conversations. One could consider supporting direct
calling through audio, however, the challenge is that such direct calling can easily take a flight
attendant away from her or his current task. We felt that conversations through asynchronous
messages might allow flight attendants to fulfill the need to converse while also allowing them to
continue focusing on tasks-at-hand. The disadvantage is that it might be hard to converse about
complex topics using only text messages. This is an open design question and should be explored
with further studies. In the least, it suggests the possibility for watch-to-watch audio
conversations when longer and more complex conversations are needed between flight attendants.

Figure 10. Sending out a request for crew member assistance.

Figure 11. Asking for non-emergency assistance from crew members.
Lessons 5 and 6: Requesting and Receiving Help from Crew Members
Our fifth and sixth lessons focus on flight attendants’ needs to quickly and with ease request help
from other flight attendants. In Smart Crew, flight attendants can see and set alerts about medical
emergencies with passengers. They can also post about any new situations which are then
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transmitted to all flight attendants. Figure 10 shows the sequence of steps that can be taken. Here
a purser taps the ‘Passenger Emergency’ icon from the main menu. All flight attendants receive a
vibration alert on their watch and the map shows a red icon where the emergency situation is
occurring. One of the flight attendants can ‘accept’ the notification (e.g., if he or she is the closest
to the situation) and then head to help out. The sender then receives his own alert which shows
who is coming to help.
If situations are not an emergency, yet a flight attendant still wants help, a separate
feature is available. Figure 11 shows the sequence of steps that flight attendants can take. They
are similar to emergency situations only now the sender of the request uses the ‘Crew Aid’ icon
in the menu. An amber icon is shown on the map in the location of the situation. Flight attendants
can again respond to the alert and let the sender know who is coming.
Lesson 7: Passenger Assistance
Flight attendants also need mechanisms to easily see which passengers require assistance when
they push a call button. This information needs to be continuously available as the flight attendant
moves through the cabin so they know where to go as they walk. While Smart Crew is not
integrated with call button systems on airplanes, given its prototype state, we included
functionality to simulate such calls. When a passenger presses his or her call button, an icon is
shown on the Smart Crew plane map. As a flight attendant walks to the location, the watch
vibrates. As the flight attendant gets closer to the area, vibrations become stronger. In this way,
the flight attendant does not need to always look at her watch to know where she is heading as
she walks towards the passenger. She can use the haptic feedback to help guide her approach.
Together, these features alleviate challenges in knowing and remembering which passengers need
help as they go to find them. Our location tracking approach allows a flight attendant to know
which is the correct row that she is walking towards. Once she arrives at the correct area/row, she
can look at the light illuminated above the seat for the person who pushed their call button.

7 Discussion and Conclusions
We have presented the results of a study of collaboration amongst flight attendants, a series of
design lessons coming from this study, and the design of a smartwatch application that realizes
many of the design lessons. Of course, there are likely many ways that technology can be
designed to support the needs and work practices of flight attendants. Smartwatches can benefit
flight attendants as they are easily worn, provide glanceable views of information, and can
provide tactile feedback. The downside of smartwatches is that flight attendants may need to
continually glance at their wrist if incoming information was frequent. It may also be hard to send
or reply to messages between flight attendants if voice input is needed. The screen size of many
smartwatches is large enough to support the type of interactions we propose, however, there is
still the chance that flight attendants could inadvertently press the wrong buttons on the
smartwatch or miss-tap on the screen, which could cause miscommunications to occur if
messages are accidentally sent between flight attendants. Possible security risks arise as well. For
example, it would be pertinent to ensure that passengers are not able to access the watch interface
and send messages to flight attendants, thereby possibly creating additional misinformation either
accidentally or on purpose. Not all flight attendants need to know the same information (e.g.,
pursers/leads require a higher level of awareness than crewmembers); thus, it would be pivotal for
designers to consider various levels of information access within a system like Smart Crew. On
the other hand, while increased information sharing amongst flight attendants (e.g., all flight
attendants knowing the same information) would change their existing work practices, it could
lead to different types of collaborative work that may turn out to be more beneficial. This raises
interesting design questions that would need to be asked and addressed with designs.
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In addition to the aforementioned design challenges, there are also real world pragmatic
challenges related to the design and incorporation of applications like Smart Crew in planes. For
example, it may not be feasible to embed Bluetooth beacons into seats or they may interfere with
existing radio transmissions. We used Bluetooth beacons in order to prototype and try out our
design ideas as a way to illustrate our design lessons. Before our specific design ideas could be
put forward for actual installation in planes, the data transmission methods we used would need to
be tested for safety issues. It would be important to similarly test that the smartwatches
themselves do not interfere with aircraft hardware and existing sensors.
Beyond smartwatch solutions, other design ideas may include an increased use of
embedded devices and displays throughout the plane. For example, one could imagine situated
displays placed in the doors of overhead storage bins in more locations than is presently done
with interphones. These would be at a height conducive to flight attendant viewing and
interaction rather than that of passengers, yet it still may be difficult to ensure that private
information was only seen by flight attendants. There is also the downside that a likely large
amount of displays would need to be installed, e.g., one at every few rows of the plane.
Embedded displays also create additional security risks. A large amount of them would mean that
passengers might have more places in the airplane at which they could tamper with or gain access
to communications about the flight. The advantage of smartwatches is that they are always
carried with an employee. One could similarly consider embedding interactive displays in the
artifacts that flight attendants routinely use, such as service carts. This would allow flight
attendants to be able to communicate with other flight attendants more easily during service
rounds. It could, however, mean that flight attendants are increasingly distracted by such displays
and less focused on the customer needs at-hand. There are also risks with passengers touching the
displays or flight attendants bumping into them and sending misinformation between crew
members. Overall, we see several promising design directions for collaborative flight attendant
tools. These suggestions are certainly speculative, however, and future work would need to
explore such design options to assess their viability. Our design lessons offer suggestions for
exploring such future design work.
Our work is limited in that our design lessons are not based on direct observations of
flight attendant practices. We did not include such observations as they could raise the possibility
of security and safety concerns on-board flights. Our research also did not contain interviews or
data collected from crewmembers that were not flight attendants, such as pilots and cabin senior
directors. These could have provided further details on the communication practices occurring
within airplanes and a different perspective from the flight attendants that we studied. They might
even suggest slightly different design directions and lessons. We chose to study flight attendants
as an initial step, however, future work should consider including pilots and other crewmembers.
Nonetheless, our results should be interpreted with this limitation in mind. Our work is further
limited by a lack of disclosure of the name of the airlines with whom our flight attendants worked
for and the specific types of aircrafts that they flew on. Such information could further help
understand how our design lessons may be applicable in different types of planes and within
different corporate cultures. In order to ensure that our participants’ privacy was protected and
respected as a part of ethical procedures, and for safety reasons, we had to exclude the name of
participants’ organizations. Lastly, while we used our design lessons to create a fully-functioning
system, Smart Crew, we have not evaluated the design to understand that it indeed fits within the
routines of flight attendants. Such empirical investigation is still needed and should be performed
as future work. Our design work could have also benefitted from feedback given by flight
attendants as part of participatory design activities related to the design of Smart Crew. We did
not conduct such activities as it was difficult to have flight attendants commit and be available for
further studies. They were also located in a variety of cities and countries around the world,
which would have made it very challenging to bring people together for design activities. Flight
attendants could have provided feedback on a one-on-one basis via additional Skype-based
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interviews, however, we faced the pragmatic challenges of scheduling such interviews amidst the
availability and scheduling challenges of flight attendants. Future work that explores flight
attendant reactions to our design ideas would be highly beneficial.
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