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Emergency response, ranging from Emergency Medical Service (EMS) responders at the pre-hospital 

treatment site to emergency physicians in a hospital, have to perform in a volatile and chaotic setting under 

enormous time stress, uncertainty and with incomplete information.  Obtaining good [emergency care] 

system performance and successful outcomes is contingent on understanding human cognition, under these 

circumstances, which are specific to medical emergencies.  The objective of this paper is to analyze the 

human factors challenges inherent to an emergency care system, by applying three important constructs 

(mental models, situated actions and distributed cognition), from human factors psychology and cognitive 

anthropology. The findings from this research provide a cognitive foundation for empirical research in the 

EMS domain to inform the design of a robust emergency care and delivery system to minimize error, 

maximize successful outcomes and reduce costs. 

 

INTRODUCTION 

 

In the United States 800,000 EMS providers, working in 

approximately 15,000 different EMS systems, respond to 

nearly 16.6 million transport calls per year (McCaig & Nawar, 

2006; Institute of Medicine. Committee on the Future of 

Emergency Care in the United States Health System, Board on 

Health Care Services., 2006) A vast majority of them, 

approximately 6.5 million (39%), are attributable to injuries. 

The physical pain, psychological trauma, and economic costs 

of $400 billion (2000 FY) (Sattin & Corso, 2006) are endured 

both by the victims and the society at-large.  The medical 

costs associated with treatment, from first response, 

transportation, hospitalization and rehab combined are 

estimated to be $80 billion (Sattin & Corso, 2006). Thus there 

is an incentive for, as well as it is imperative upon society, to 

prevent injuries, and once they have occurred, to minimize 

both personal suffering and economic costs. This paper 

focuses on the ‘human factor,’ insofar the cognition and 

decision making of medical professionals (EMS personnel and 

emergency physicians and support staff) are concerned with 

regards to minimizing error and maximizing successful 

outcomes, with minimum costs but maximum recovery 

potential to the victim.  Needless to say the decisions taken by 

the EMS and emergency medicine personnel from field triage 

to putting the patient towards a path towards long term 

recovery play a crucial role in the overall goal of getting the 

victim as close as possible to his pre-injury physical, 

psychological and economic potential.  This is a vital 

contribution to both individual and society on moral, ethical 

and economic grounds. 

HUMAN FACTORS OF EMERGENCY MEDICINE 

Among the many publications that concern healthcare and 

human factors, at least two books  (Pierre, 2008; Croskerry, 

2009) specifically address human factors issues pertaining to 

emergency medicine. Pierre (2008) primarily addresses crisis 

management in acute care settings and the psychology of 

[medical] teams whereas Croskerry (2009) focus is on patient 

safety. The topics in these books address a range of issues 

from a sociotechnical systems standpoint and human error.  

However, they do not go into sufficient detail with regards to 

human information processing and decision making in a 

EMS/emergency medicine context such as:  

1) EMS responder cognition and decision making in 

stressful field conditions 

2) Mental models and situated action of field and 

hospital emergency personnel 

3) Human-system interactions in an emergency context 

4) Distributed cognition 

 

This paper, given its limited scope, will not cover all of the 

above topics, but its focus will be rather limited and is three-

fold: 

1) Investigate mental model development and 

transmission from field to hospital: Cognitive 

[diagnostic and therapeutic] strategies used by EMS 

responders (e.g., paramedics) in pre-hospital 

emergency care. 

2) Develop a descriptive model on how situated action 

is utilized – from first diagnosis to establishing a 

treatment plan for the patient – including how the 

initial mental model of the EMS responder affects 

and biases the downstream mental models of the 

hospital-based team. 

3) Discuss how the volatility and ambiguity inherent to 

a medical emergency, chiefly brought about by time 

stress, high stakes and limited information, propagate 

through the emergency medical care sociotechnical 

system.  

This paper does acknowledge the big concerns of the 

healthcare industry concerning patient safety and 

iatrogenic error, which is also applicable to the 

emergency medicine sector (e.g., Fairbanks & Gellatly, C
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2009). But as stated earlier the focus of this paper is to 

investigate issues pertaining to situated and distributed 

cognitions in a high stakes, high tempo environment, 

which, in turn, can provide the foundations to better 

understand the factors contributing  towards error from an 

egocentric and exocentric standpoints (future research).  

COGNITIONS & DECISIONS: EMS FIRST RESPONSE 

TO DEFINITIVE CARE  

For the purpose of this paper, a first response is defined as the 

dispatch of EMS responders (EMT-B, EMT-I, Paramedic) to 

the scene.  EMS responders supply the first and vital link in a 

chain of survival (Schottke, 2007) 

EMS Response: Diagnostics & Decision Making 

The EMS responder’s interventions to treat the victim either in 

the form of first aid, basic or advanced life support in a 

medical emergency is of great import and sets the foundations 

for what is to follow.  The sequence of events for a EMS 

responder begin with the information communicated to him by 

dispatch on the nature of the emergency, which he uses as a 

basis to prepare, anticipate and build a mental model of the 

situation he is about to find himself in during transport. These 

initial cognitive preparations are either modulated or modified 

upon arrival at the scene.  The higher level elements of this 

process, from the perspective of the EMS responder, are as 

follows: 

- First communication (with dispatch, or other party 

[onlookers, responders or victims on site]) & 

comprehension 

- Provisional mental model formation & plan for initial 

course of action upon arrival 

- In situ Mental model formation and selecting and 

executing a course of action (either due to starting 

afresh with no preconceived plan or by modifying the 

previous step)  

Throughout the above process, the primary objective of the 

EMS responder would be to determine the nature and severity 

of injury, initiate medical management, and decide (field 

triage) the most appropriate medical facility (hospital or 

trauma center) to which the patient has to be sent.  

 

The pre-scene and at-scene cognitive processes (mental 

models to interventions) of the EMS responder in the above 

description have been considered independent of endogenous 

and exogenous factors, which, of course, is not true in reality.  

Among the endogenous factors, a number of individual 

difference ranging from experience to expertise, including the 

robustness of cognition under stress, may play a role by 

interacting with exogenous factors to influence outcome.  

Typical exogenous factors may range from environmental 

(heat, dust, lighting, etc.), organizational (process & 

protocols), task (complexity, workload) and technology 

variables.  This paper will limit itself to EMS responders’ 

cognitions at the intersection of endogenous and exogenous 

factors, which are hypothesized to be crucial contributors with 

regards to correctly recognizing the nature of the medical 

emergency and delivering the most appropriate treatment. 

They are: 

1) Mental model formation 

2) Situated Action (Dynamic Mental Model) 

3) Decision making 

The above three in general, and mental models in particular, 

are of interest in an emergency medical context as the accurate 

diagnostics of the problem on hand are contingent on them. 

For instance, an inaccurate representation of the problem due 

to inappropriate situated cognition would lead to faulty mental 

model (internal representation) and sub-optimal decision 

making.    

Mental models.  Human factors literature is replete with a 

number of models for mental model, which range from 

modeling a human agent’s logical operations to his 

understanding and interactions with physical devices, process 

control and complex systems (Moray, 1996; Wilson & 

Rutherford, 1989)  In the medical domain, including first 

response, the medical care provider must proceed by rapidly 

forming a model of the situation on hand to quickly determine 

the most appropriate interventions. This will be aided by his 

medical training, past experiences and current context (Figure 

1).  In other words, the mental model is a representation 

formed by a user of a system and/or task, based on previous 

experience as well as current observation, which provides 

most (if not all) of their subsequent system understanding and 

consequently dictates the level of task performance (Wilson & 

Rutherford, 1989).   Thus a EMS responder’s mental model is 

likely to be centered on the following: 

1) Normative human body (anatomy, physiology 

functioning, etc.). 

2) How the current medical emergency has affected the 

victim’s normative function. 

3) A model of therapeutic interventions (first aid, BLS, 

ALS, pharmacological, etc.). 

4) A [predictive] model for the outcomes brought about 

by the interaction between the [chosen] intervention 

and the victim. 

 

From an operational standpoint, the above list of items can be 

fitted into the succinct definition for a mental model proposed 

by (Burns, 2005), where they are defined as adaptive belief 

constructs, used to describe (1), explain (2,3) and predict 

situations (4). Thus a EMS responder developing an accurate 

mental model provides the foundation for efficiently treating 

the victim, with the most economical utilization of human and 

technology assets, and, most importantly, with little room for 

error.  But mental models due to their nature may not provide 

a full fidelity cognitive representation of what might be going 

in the physical world.  Because as Moray (1996) points out, 

the canonical form of a mental model is a homomorphic 

mapping from one domain to another – the transformation of 

the physical (system and situation) to the cognitive and 

representational – which results in an “imperfect” 

representation of the thing modeled. So an emergency 

responder’s mental model would to a certain extent be 
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corrupted due to the loss of information as the homomorphic 

mapping of information occurs from one domain to another, 

even under the best of circumstances. This maybe further 

affected given the situational context in which the emergency 

responder has to form he mental model as will be discussed 

next. 

Situated Action. A EMS responder has to develop an adaptive, 

in situ mental model of the situation that he is presented with. 

Because his foremost objective to keep the patient alive until 

advanced, in-hospital care becomes available.  His immediate 

concerns, depending on the nature of the emergency are as 

follows: airway maintenance, control of bleeding, prevention, 

recognition, and treatment of shock. 

The nature of the first response context is such – with its 

novelty, volatility, uncertainty, complexity, ambiguity and 

time pressure – past mental models acquired through training 

and experience may have limited utility due to the following 

reasons: 

1) They degrade and become fragile under pressure 

(Rahman, 2007). 

2) Positive transfer cannot be realized due to the limited 

or poor homomorphism (past situations to present 

situation). 

3) Unforeseen contingencies and stress-induced 

emotional modulation of cognition (Rahman, 2006) 

may result in, or even make it unavoidable, to stray 

from a plan that was informed by a pre-existing 

mental model.  

Obviously, the above may not apply to all situations but it is 

also not commonplace to be presented with on-scene 

situations that are replicas to what were either presented in 

training or past experiences in the field. Because there could 

be many differences, from what was experienced in the past to 

the present, with regards to the context, nature of the 

emergency, and factors relating to the victim concerning age, 

[pre-existing] medical conditions and other individual 

differences  

Thus the first response is better explained as a form of situated 

action (Suchman, 2007) rather than a carefully [pre] planned 

and executed action:  
Stated in advance, plans are necessarily vague, 

insofar as they must accommodate the 

unforeseeable contingencies of particular 

situations. Reconstructed in retrospect, plans 

systematically filter out precisely the particularity 

of detail that characterizes situated actions, in 

favor of those aspects of the actions that can be 

seen to accord with the plan. [p. 26] 

As seen above, although the projections of the future with a 

preconceived plan is useful, they tend to be abstractions given 

the cognitive limitations of the human agent and the 

unforeseen nature of the future yet to be realized. Thus, it is a 

“plan” is self-limiting in that it is based on future actions that 

cannot be specified a priori for a situation that is yet to unfold. 

This may, for instance, concern the complications that may 

arise when a paramedic performs an endotracheal intubation.  

For instance, a paramedic will have too provide airway 

management to a patient entrapped in the wreckage of a motor 

vehicle collision. While some paramedic textbooks portray 

ETI as a simple procedure, in reality the intervention is 

complex, encompassing the co-ordination of almost 100 

cognitive and manual steps (Wang & Katz, 2007) . Thus, it 

becomes necessary for a paramedic to have the manifold 

cognitive and manual capabilities and the improvisational 

skills to succeed in the field. The interplay between the 

evolution of a EMS responder’s mental model(s) and situated 

actions is graphically shown in Figure 2.  

Decision Making In sports, emergency units, and military 

actions, decisions need to be made fast, and striving for 

perfection by prolonged deliberation can lose the game or 

somebody’s life (Gigerenzer, 2007).  Thus decision making 

under time stress has to be fast and frugal.  There is no time to 

deliberate or embark on a rational decision making process, 

which considers all the options – weighing their pros and cons 

– to determine the best option.  Furthermore, research in 

naturalistic decision making has shown that experts are very 

good at employing what is described as recognition primed 

decision making (Klein, 1999) to determine a workable 

solution for the situation on hand.  Even people with limited 

domain expertise may succeed in employing a recognition 

heuristic (Gigerenzer, 2007), when decisions have to be made 

fast and under uncertainty.  However, it has been pointed that 

utilizing heuristics can result in cognitive biases leading to 

poor decision making  (Gilovich, Griffin, & Kahneman, 

2002).  And there is indeed a debate among researchers as to 

the utility of heuristics in rapid decision making scenarios 

(Kahneman & Klein, 2009), which is beyond the scope of this 

paper.   

In an emergency response context, decision making has a 

variegated history given the fact it has swung from something 

as simple as “scoop and run” that emphasized on the fastest 

possible ambulance transport to the hospital and “stay and 

play,” with its belief in providing the maximum possible 

medical care and stabilization onsite (Cooke, 1999). Both 

extremes have their own drawbacks and can result in fatal 

outcomes. In recent years, the “platinum 10 minutes” – the 

paramedics equivalent of the golden hour – has been widely 

recognized as a happy medium between the two extremes 

(National Association of Emergency Medical Technicians, 

1994).  Nevertheless, the EMS responder is under tremendous 

time pressure to assess the situation and make the correct 

decisions about the following (Sasser, et al., 2008). 

1) The severity of the injury 

2) Medical management 

3) Field triage (identify the most appropriate facility to 

transport the patient) 

Correct decision making is contingent on developing an 

accurate mental model of the situation and medical condition 

of the patient.  As discussed in the previous section, situated 

action enables the EMS responder to refine and enrich his 

mental model.  Because these interventions – some planned 

and some that might be ad hoc improvisations – provide him 

with additional information to develop a hypothesis and 

proceed with decision making.  However, given the time-

stressed and high stakes circumstances the mental model may 
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lack veridicality due to a loss of information and encoding 

errors brought about by perceptual and cognitive distortions, 

memory limitations, etc. (Rahman, 2006). This may impede or 

even derail the two-most desired (positive) outcomes in a first 

response:  

1) Maximizing the likelihood of the survivability of the 

patient 

2) Minimizing the economic costs by making the right 

decisions – prevention of over diagnosis and 

overtreatment – regarding medical management and 

field triage 

Downstream and Distributed Cognition 

During – or at the end of the chain – of the first response, the 

information contained in the EMS responder’s mental model 

is transmitted downstream, from that of pre-hospital scene to 

the emergency department physician at the hospital or trauma 

center. 

Depending on the nature of the emergency and the exigency of 

the situation, the downstream transmission of information 

needs to occur fast and robustly so as to prevent any loss or 

distortion of information. And this may occur as the patient is 

being transmitted to the trauma care center.  The EMS 

responder may maintain either an active line of 

communication with online medical control to provide 

updates, obtain guidance or seek permission to perform certain 

medical procedures. In some cases, this may even include the 

transmission of vital physiological information such as EKG 

via telemetry.  Cognition, including the sharing and storing of 

information relevant to the emergency, is distributed across 

human, social and material agents (instruments, infrastructure 

and technology) (Hutchins, 1995). In distributed cognition, 

representational states are propagated across a cognitive 

system (e.g., EMS  Trauma Center  Hospital), with the 

aid of mental models (human agents), communication and 

operational protocols (social), and cognitive artifacts 

(instruments, infrastructure, etc.) (Figure 3). This paper limits 

itself to the first two agents, with material agents as implicit 

enablers towards goal-oriented task performance and 

communication across the organization.   

The propagation of representational states or information 

through a cognitive systems can be problematic for any 

number of reasons. A few are listed below in the context of a 

EMS: 

1) The EMS responder’s situation assessment is 

incorrect 

2) The EMS responder’s mental model of the situation 

and patient condition lacks veridicality (incorrect 

diagnosis and/or cognitive encoding) 

3) Noise in the cognitive system corrupts the signal 

(e.g., misinterpretations, information loss, etc., that 

may occur during communication between agents) 

4) Organizational protocols (e.g., jurisdiction, authority-

responsibility double bind, etc.) may interfere in the 

efficient transmission of information and quick 

resolution of the problem 

5) Social issues such as power distance, crew resource 

management, etc. 

6) A anchoring heuristic at the level of the socio-

cognitive system. (e.g., where the physician simply 

accepts a paramedics mental model of the problem 

without critical analysis (Stephenson & Cooke, 1998)  

CONCLUSIONS AND FUTURE RESEARCH 

This paper analyzed and developed a descriptive model of a 

medical emergency first response, with regards to agent 

cognition and decision making, by applying three major 

constructs from human factors sciences and cognitive 

anthropology. They are: 

1) Mental Models (human factors) 

2) Situated Actions (human factors & cognitive 

anthropology) 

3) Distributed Cognition (cognitive anthropology) 

The aforesaid constructs were useful in describing how a EMS 

responder may utilize his pre-existing knowledge, experience 

and skills in situ to provide a pre-hospital emergency medical 

response to a patient. Next, the influence of factors endemic to 

emergency situations such as volatility, uncertainty, time 

stress, including stress-induced emotional modulation of 

cognition on the agent were discussed. Finally, the 

downstream transmission of information from pre-hospital, 

emergency care to hospital- or trauma center-based emergency 

care was discussed. 

This paper has provided a framework to analyze emergency 

response from a human cognition and information processing 

and transmission standpoint. In the course of doing this, it has 

exposed possible points of fragility and vulnerability, 

including weak links, at the intra-agent, inter-agent and 

systemic levels. These issues, which concern a medical 

emergency first response, need to be studied systematically via 

lab-based research and field-oriented ethnographic work.  A 

partial list of questions for such future research are listed 

below: 

1) How do pre-existing mental models (formed by 

didactic learning, training and experience) result in 

either correct or incorrect situation assessment on the 

scene? 

2) How do situational factors, such as uncertainty, 

ambiguity, temporal stress, high stakes, affect EMS 

responder emotional modulation of cognition and 

decision making? 

3) The role of intra-agent, inter-agent, systemic and 

situational factors, pertaining to a medical socio-

technical system, result in conscious and unconscious 

cognitive biases during on-scene situation assessment 

and medical management. 

4) Identify the sources of noise and error during online 

communication as the emergency response goes 

through different phases. 

5) Determine ways to strengthen distributed cognition to 

enhance the effective utilization of human and 

technology assets.  
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Figure 1 First responder’s initial mental model, (FR)i,  

prior to the arrival on-scene.  
Figure 2 Evolution of the first responder’s mental model based on information gleaned 

about the patient through situated actions. (FR)I = initial mental model; (FR)e = evolving 

mental model; (FR)c = closure (provisional or final)  

 
 

 

 

 

 

 

                                                                                

Figure 3 

Distributed  cognition across the EMS Response 

i = information (transfer) 

is = in situ (on-scene) 

fr = first responder 

em = emergency medicine (team) 

ED =  emergency dept. 

FR = first responder 

EP = emergency physician 
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