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Abstract. Medical triage can be a highly stressful situation in which decisions 
and task performance may have life or death consequences.  Individual 
responses in stressful situations may affect task performance.  Increased injury 
or casualties may occur without proper training and competency of the first-
responder.  The emerging technologies of advanced manikin simulators have 
afforded anatomic, physiological, and pharmacologic realism, which can be 
dynamically programmed in real-time.  This has increased the capabilities and 
realism of manikin simulations, thus allowing advanced learning techniques 
that were not previously possible.  By employing physiological measures of the 
learner to determine areas of overwhelming task complexity, which may 
degrade performance, a method such that the training can be adjusted to the 
real-time cognitive needs/load of the learner (adaptive scaffolding) can be 
applied.  This has the potential to enhance learning and human data processing 
in medical triage training. 
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1   Introduction 

Medical triage is the act of prioritizing patients according to severity of injury in order 
to prevent further injury or death.  In mass casualty situations, the nature and pace of 
the workload may vary depending on the scale of the event. First-responders must be 
able to process information and act accordingly in order to optimize medical and 
logistical outcomes. The leading challenge of medical triage is the ability to identify 
those that need immediate care from those that are less critically injured in a timely 
manner [1]. Performance may suffer when first responders are overwhelmed by 
multiple demanding tasks in stressful and volatile situations. Hence training is 
necessary for first-responders to be able to cognitively act in the most optimal way, 
minimizing casualties and maximizing outcomes.   
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Instructional theories suggest that learning based on real-life tasks helps the learner 
to integrate the knowledge and skills necessary to be able to perform the task in real 
life [2].  Emerging technologies of advanced manikin simulators with anatomic, 
physiological, and pharmacologic realism have increased the capabilities and realism 
of trauma simulations.  Now more widely available and accessible, these advanced 
technologies in manikin simulators are facilitating the ability to provide advanced 
cognitive training in areas of acute care medicine, including medical triage, which 
was not previously possible.   

Currently available technology in manikin simulations allows the modeling of 
complex physiological functions that have the ability to be dynamically programmed 
on-the-fly.  By employing physiological sensors to monitor the human trainee, 
medical triage learning tasks which cause cognitive overload or overwhelming task 
complexity can be detected in real-time [3].  Cognitive overload or overwhelming 
task complexity can cause stress and may degrade performance and learning 
effectiveness. Using this information, a training methodology, referred to as adaptive 
scaffolding, can then be applied to adjust the state of the manikin to achieve optimal 
levels of performance and learning.  This mitigation strategy has the potential to 
improve learning and enhance real-life performance, which may not be achieved by 
traditional didactic or scenario-based training alone. 

2   Background 

In mass casualty or trauma events, triage is an area where decision-making is vital for 
achieving positive outcomes; the larger the number of victims on the scene, the more 
difficult it becomes to determine the order of those that need to be treated. To add to 
the complexity, in a mass casualty situation, there must be a balance between 
treatment of the population versus treatment of the individual. Decisions that 
determine the outcomes of the greater good must be analyzed and carefully weighed, 
which may result in degrading the medical needs of particular individuals. This is 
largely based on the number and types of causalities and the available resources.  
Consequently some victims may not be treated despite the possibility of preventing 
death or further injury.  This decision-making process is atypical from normal trauma 
management, where each individual victim is treated.  Hence, mass casualty trauma 
situations must require advanced training and planning which are crucial in saving 
lives and reducing further injury [1]. 

2.1   The Need to Train First-Responders 

Despite that it is vital that first responders and medical personnel are thoroughly 
trained and prepared for action, there are few opportunities to obtain the training and 
experience necessary for optimal performance specifically in mass casualty 
emergency situations.  In particular, surgical residents, who are critical in emergency 
medical situations, lack the training necessary for mass casualty, triage and 
emergency medicine.  Medical training must be expanded to include triage training, 
especially for surgeons since they are often expected to take lead roles in mass 
casualty events [4].  The vast number of civilian emergency personnel (150,000 
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emergency medical technicians and 1.7 million fire fighters) that can benefit from 
such training must also be underscored.  The Federation of American Scientists (FAS) 
report in 2003, Training Technology Against Terror: Using Advanced Technology to 
Prepare America’s Emergency Medical Personnel and First Responders for a 
Weapon of Mass Destruction Attack [5], found that the U.S.’ need for first responder 
training was dramatically larger than previously recognized.  There are over 150,000 
emergency medical technicians and 1.7 million firefighters in the U.S. who would be 
expected to use complex critical thinking skills, such as triage, as part of incident 
management teams 

In light of potential terrorist attacks, civilian populations of first responders and 
local trauma centers may not be equipped to handle the emotional, logistical and 
medical load that such an event may present.  The military is probably the most 
trained for mass casualty situations, however, performance and health care of the 
fighting force has become increasingly challenging.  A high operational pace with 
frequent deployments shortens training time even more.  On the battlefield, in 
command and control situations, it is essential to assess, triage, and treat medical 
emergencies accurately, proficiently and in a timely manner.  This task is made more 
difficult in stressful battlefield environments where victims may be scattered over 
distances in foreign, austere terrain with active gunfire.   

Physicians have traditionally depended on bedside teaching to impart knowledge to 
trainees.  This concept has become less popular because of concern over patient 
safety, as well as it being difficult to have a representative patient available for each 
diagnosis.  The desire to use simulation in training whenever possible is important, as 
patients are protected instead of being commodities in training [6].   As such, 
simulation training provides an important and well-recognized bridge between the 
textbook and the bedside, and should be utilized whenever possible.   

2.2   Overview of Manikin Technology 

Simulation technology can provide a solution for the need to train triage by providing 
readily available cognitive and procedural training platforms that can supplement a 
didactic triage curriculum.  In addition to skills training, simulation exercises can help 
lower psychological barriers in stressful emergency situations by providing a safe and 
controlled environment for practice [7].    

Manikin based simulations have been mainstays in medical education for many 
years [8]. Less advanced manikins are utilized in certification courses such as Cardio-
Pulmonary Resuscitation (CPR) and  Basic Life Support (BLS). Advanced manikin 
simulation technologies, which are computer driven, can simulate a multitude of real-
life medical scenarios.  These advanced manikins are currently being used to train 
Acute Trauma Life Support (ATLS), Pediatric Advanced Life Support (PALS), as 
well as, other acute medical emergences, such as hemmorhagic shock or tension 
pneumothorax. Manikin simulation technology provides the opportunity for students 
to practice routine, complex or unusual medical procedures in a controlled 
environment without risk to patients. The software that drives the simulations is 
interactive and offers real-time feedback to interventions, allowing students to be 
immediately assessed. A debriefing session allows students to repeat scenarios to 
enforce learning.   



 Assessing the Real-Time Cognitive Capabilities of First Responders 317 

Advances in manikin technology have enabled the ability to simulate human 
physiology realistically, interactively and with the ability to preprogram or 
dynamically program the scenerios. The SimManTM manikin simulator physiological 
features include breathing, talking, heart, breath and bowel sounds. In addition, haptic 
feedback features include palpable bilateral Dorsalis Pedis, Posterior Tibialis and 
carotid pulses.  Radial and brachial pulses are available on the left arm, while the right 
arm may be cannulated for IV and blood work procedures. Airway management  
procedures include bag-valve-mask ventilation, supraglottic airway adjuncts, 
endotracheal intubation and cricothyrotomy.  Pupils may be modified for assessment.  
The trauma module for SimManTM  includes interchangeable parts to simulate 
fractures, burns, impaled objects, and projectile entry/exit wounds [9]. 

Another advanced feature of manikin simulators is the ability to be dynamically 
programmed, in real-time, via a wireless laptop computer. An instructor can 
manipulate the manikin physiology and initiate physiological trends, while students 
are simultaneously assessing and treating the manikin. This includes vital signs 
parameters, such heart rate, O2 saturation, arterial blood pressure, pulmonary artery 
pressure, end tidal CO2, respiratory rate and blood pressure. Trends that occur over 
time can also be preprogrammed and dynamically initiated. This includes the 
aforementioned vital signs and central line monitoring such as central venous, 
pulmonary artery and wedge pressures, and cardiac output.   

     

Fig. 1. SimManTM  manikin simulator and laptop computer, which controls the manikin via 
wireless technology 

These advanced emerging manikin capabilities afford the ability for dynamic and 
interactive simulations of real-life physiological states, changes in states and complex 
medical scenarios, which can be used to train first-responder, medical and allied 
health students and health professionals.  The realism and ability to conduct complex 
cognitive tasks on a virtual patient has the potential to be a valuable learning platform.  
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3   Mitigating Augmented Cognitive Strategy 

Medical triage can be a highly stressful situation in which decisions and task 
performance may have life or death consequences. Individuals may vary in their 
cognitive capabilities depending on factors the may include expertise, experience, 
stress, fatigue, distractions, or other internal psychological states. Cognitive overload 
and stress caused by individual responses may negatively affect and degrade task 
performance. An intervention of using physiological sensors can be used to determine 
areas of overwhelming task complexity which may affect performance [3]. Using this 
information, an individual mitigation strategy of scaffolding can be used to manage 
and recognize areas of difficulty in order to enhance learning and human data 
processing  by adjusting learning to the individual cognitive needs of the learner [10]. 

3.1   Assessment of Cognitive State Using Physiological Measures 

Cognitive Load Theory (CLT) assumes that the human working memory has a limited 
capacity. When humans are tasked to the maximum, overload occurs in which 
learning and performance is degraded. Accordingly reducing cognitive load to 
accommodate better learning can be more effective in the transfer of performance to 
real world tasks.  Research has also confirmed that emotional influences play a vital 
role in cognitive processing, such as relationships between anxiety and attention, or 
emotional state and memory [11]. 

In addition to the existing cognitive state, learners have difficulty integrating 
knowledge due to cognitive overload by the complexity of the task.  In a study 
conducted by Crosby and Ikehara (2006) physiological measures of eye tracking, 
heart rate, electrodermal activity, finger temperature and pressure applied to a 
computer mouse was used to determine physiological responses to a task with 
increasing difficulty. The results showed that anomalous individual physiological 
responses to tasks can be detected, which may affect performance in critical situations 
[3].  This information can then be used to individually adjust training to allow for 
improved task proficiency.   

In managing cognitive load, to achieve optimal learning, the presentation of 
learning material cannot alone determine that the learner is assimilating information 
optimally. It is desireable that cognitive resources be balanced between two type of 
cognitive states. These are external cognitive load, which may be adequate 
instructional materials, and on the individual learners internal cognitive load or 
strategies in dealing with the task [12]. Non-invasive physiological sensors can 
measure and help detect the cognitive state of the learner in real-time during task 
performance. The advantages to using physiological measures, versus measurements 
of  speech, facial expressions, body language, or self-reporting, are that they are 
functions of the human autonomic system that are difficult to falsely generate and can 
be detected in real-time.  With the availability of commercially available wearable 
sensors, emotions, such as stress can be detected.  Table 1 describes some of the non-
evasive physiological measures that can be used to determine stress related emotions 
while training triage. 

 



 Assessing the Real-Time Cognitive Capabilities of First Responders 319 

Table 1. Biosensor Measures that can Determine Cognitive State [13] 

Biosensor Measure Cognitive State 

Skin Conductivity Arousal 

Peripheral Temperature Relaxation 

Heart Rate Stress 

Pupil size Fatigue 

Eye Tracking Difficulty or stress 

 

Fig. 2. Example of noninvasive physiological sensors (Nexan Ltd.), which can transmit data 
wirelessly via an attached PDA.  Measures 2-lead electrocardiogram, pulse oximetry, heart rate, 
respiration rate and temperature. 

3.2   Scaffolding as a Mitigation Strategy 

Once cognitive overload is detected, a mitigation strategy of scaffolding can be used 
in enhancing triage training. The concept of scaffolding is based on the developmental 
theories of Vygotsky (1978) [14]. The concept is based on the theory that with 
controlled guidance of an expert or teacher, higher levels of thinking can be achieved.  
Scaffolding can supplement affective (emotional) strategies and create a context in 
which active exploration of ideas is encouraged [15]. Studies using scaffolding in 
hypermedia have shown significant increases in student’s learning as indicated by 
performance, understanding, the ability to process data. Results showed higher 
conceptual understanding than those learning without scaffolding [16]. In a study 
using computer based scaffolding to design and simulate clinical trials, students were  
 



320 K. Kihmm Connolly and L. Burgess 

able to demonstrate a 34% increase in the number of elements they included in their 
research proposals. Also, the students were able to improve their critiques of flawed 
proposals by 48% [17].   

Based on the concept of scaffolding, adaptive scaffolding is the idea that task 
difficulty can be adjusted based on the individual learners level of ability.  In other 
words, simulated tasks can be restructured dynamically to improve understanding in 
particular topics [18]. This can facilitate the student’s success in the task beyond their 
current capability, similar to the idea of adaptive learning. It is important to note that, 
in accordance with CLT, learners should be exposed fully to the task at hand.  
Breaking up a task may cause increased cognitive load due to the need to piece 
together and reintegrate the information [19].  

Applying scaffolding to training triage has the potential to improve cognitive skills. 
It is critical to be able to determine the when and how much to adjust the cognitive 
load, thus helping, and not hampering, the learner. This is can be accomplished by the 
feed back of physiological sensors to detect moments of cognitive overload or stress. 
When the learner is overwhelmed by the task situation, the instructors can 
dynamically program the manikin to either maintain or change physiological state, 
giving the user time to reassess and internally process information. This mitigating 
strategy may provide a learning environment where information may be processed 
and stored in a more optimal fashion than traditional training. 

4   Conclusion 

This paper has focused on the use of advanced manikin simulators and physiological 
sensors as a potential tools to enhance human learning performance. Emerging 
technologies in manikin simulators has opened the door to new methods of training, 
learning and assessment that were not available a few years ago. Advances in human-
computer interaction are evolving in such a way that learning activities are no longer 
constrained by the limitation of technology. Employing methods such as adaptive 
scaffolding in conjunction with physiological measures of learner stress has the 
potential to optimize learning. The student can be given “just-in-time” training 
assistance (learners are able to access information when they need it) so that they can 
learn and integrate knowledge more effectively than previously possible. 

In accordance with the Defense Advanced Research Projects Agency (DARPA) 
Augmented Cognition Program, employing the emerging technologies of manikin 
simulation and physiological sensors to detect and augment the training of medical 
triage has the potential to increase the effectiveness and improve the transfer of 
knowledge to real-life situations. This is facilitated by the ability to manipulate 
training based on the individual’s cognitive capacity and in turn, improve the mental 
processes and performance of the trainee. At a disaster site, triage may be the most 
important medical task performed [20].  The ability to optimally train first-responders 
in a realistic and safe environment in conjunction with adaptive scaffolding optimized 
for the individual student’s cognitive processing can be of great value. 
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