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Abstract 

Emergency medical teams collaborate to solve 

problems and take care of patients under time pressure 

and high cognitive load, in noisy and complex 

environments. This paper presents preliminary work in 

the design and evaluation of head-mounted and multi-

surface displays in supporting teams with interactive 

checklists and more generally dynamic cognitive aids. 
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Introduction 

Emergency medical care is an example of a paced, 

stressful, team-based task domain that involves 

volatile, uncertain, complex, and ambiguous tasks. 
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Figure 1 – Crisis Simulator. Photo by Stanford EdTech 

Emergency Medical Teams 

Unlike traditional office work, crisis medical teams work 

in highly co-located, paced, emergency environments 

with high demands on cognition and communication 

[11]. Operating rooms and hospital wings can be very 

information dense, and medical code teams may 

involve over a dozen people responding over a short 

period of time. This provides a challenge for the design 

of interactive information technologies that attempt to 

support medical doctors, nurses, technicians and 

emergency staff as they respond quickly to unexpected 

situations. 

Interactive Cognitive Aids 

Whereas checklist usage has been commonplace in 

high-risk fields such as aviation and nuclear power for 

decades, they are now only becoming standard practice 

in medical care [5]. They have been shown to be 

effective in supporting everyday procedures such as 

putting in central lines to improving crisis response in 

trained medical teams [6]. 

Information technology provides the opportunity to 

develop interactive and dynamic cognitive aids [11,12] 

(such as checklists) to support medical practitioners 

adhere to best practices and thereby mitigate the risk 

of medical errors and adverse events. 

Benefits  

Cognitive aids can serve not only as memory aids 

(reminding doctors to dose certain drugs such as 

epinephrine at a certain periodicity, or setting the 

joules on a defibrillator correctly), but attentional aids. 

In a crisis environment, tunnel vision may lead doctors 

to stick with one initial diagnosis rather than 

considering alternate competing hypotheses [4]. 

Interactive aids can also facilitate information access—

being able to quickly pull up relevant checklists and 

protocols, as well as provide patient information. This 

patient information may include patient records, as well 

as recently run lab results (such as arterial blood gas). 

During time-critical procedures such as Advanced 

Cardiac Life Support (ACLS), interactive aids could 

provide cueing for improved CPR (“compress faster”) 

and ventilation rates. 

Barriers to Use  

Medical teams contain members trained in varying 

disciplines, each with their own culture and norms. 

Medical training also emphasizes knowledge retention 

and educational practices focus on fast but rote recall of 

diagnoses and procedures [5].  

In contrast, cognitive aids and technologies designed to 

support medical teams do not assume that doctors 

remember everything—instead they encourage 

protocol-driven operation, which medical professionals 



  

may resist. Finally, medical culture must deal with the 

intersection between information artifacts and social 

hierarchy. How might device use and protocol changes 

affect and be influenced by social norms between 

surgeons, doctors, and nurses? 

Design: Multi-surface Displays 

As part of the design process, the computer scientists 

on the team spent over a year observing dozens of 

medical simulations held in a high-fidelity, mannequin-

based simulation environment [4]. In these 

simulations, anesthesiologist residents responded to 

crisis situations as observers watched from behind a 

one-way mirror. These scripts included performances 

by confederate actors played by medical doctors, and 

were videotaped from multiple angles. After each 

simulation, doctors participated in a short debrief 

period where they watched themselves react and 

discussed principles of crisis resource management [4]. 

This design process revealed the attentional demands 

during crisis [11] and lead to the development of large-

screen and tablet based software systems which were 

deployed to anesthesiologists in several scripted crisis 

simulations [11, 12]. 

Shared Mental Models  

Interviews with medical doctors also revealed the 

importance of maintaining a shared mental model. 

Thus, designs incorporated a large-screen display to 

support team awareness to make sure everyone was on 

the same page as to the state of the crisis [6] and how 

it was to be treated. In future work we hope to 

evaluate how these displays may support team 

awareness. 

Head-mounted Displays 

Evaluation of interactive cognitive aids suggested that 

large-screen and tablet displays may be able to support 

doctors in crisis response [11]. However, this revealed 

the attentional timeframes involved—on the order of 

seconds rather than minutes. Doctors had to split 

attention between vitals displays, cognitive aids, crash 

carts, other doctors, the patient and peripheral artifacts 

such as drug vials and other monitors. Given this, some 

work has investigated the role of head-mounted 

displays in reducing attentional shifts. However as 

cognitive aid use increases, head-mounted displays 

may also support effective cueing and aid use.  

Smartphones 

Smartphones have been replacing pagers at a small, 

but growing number of hospitals [2]. They have been 

used to access patient records, as on-hand procedural 

references, and (of course) as ordinary mobile phones.  

However, little exploration has been carried out in the 

specific domain of informing physicians on their way to 

medical crises. 

Upon arrival, these doctors will need to quickly figure 

out what patient statistics and treatments have been 

administered, as well as obtain any relevant patient 

history.  This information is usually doled out from the 

highest ranking caregiver currently at the scene, and is 

delivered as a fast-paced 'shotgun blast' of information.  

It would seem that a physician's hurried journey to a 

medical crisis might provide a window of opportunity to 

prime them for this information transfer, through their 

smartphones, so that they might arrive at a more 

complete shared mental model of the crisis with the 

other care providers and be better equipped to 

determine the underlying causes behind the symptoms.

Principles of Interactive 
Cognitive Aids 

Reduce barriers to Use: 

Understand and fit into 

existing work practices by 

building information displays 

that support medical doctors 

during routine care. Then 

allow these to be transitioned 

to crisis mode. 

Cue based on Context:  Be 

selective in what information 

is displayed and when—use 

sensors if possible to detect 

context, or rely on nurse 

input to frame the situation. 

Use this context to specialize 

information display and guide 

doctors to appropriate aids. 

Reduce complexity: 

Doctors have limited 

attention windows for 

cognition and communication. 

Reduce the information 

complexity by showing only a 

subset of the protocol—what 

doctors need to know now. 

Reduce input complexity by 

offloading tasks to nurses 

and other operators. 
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Input Mechanisms 

The interactive cognitive aid systems we have designed 

(see Figure 2) give primary input and control to a nurse 

that operates the system, leaving doctors to give voice 

commands as they normally do. 

Related work 

Researchers have investigated the spatial dimensions of 

hospital collaboration [1] as well as various aspects of 

trauma care [8, 9]. Checklists have been well studied in 

aviation [3] and have been evaluated in medical 

simulation [6, 13] and practice [5].  
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Figure 2 - A screenshot of an 

interactive cognitive aid for 

ventricular tachycardia. On the left: 

protocol-specific information on 

drug timing and dosages. On the 

right: people in the room with 

names and roles; patient 

information 


