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Abstract. As adaptive interfaces increase in sophistication and application, 
augmented cognition systems are becoming accessible to a wider variety of 
users in real-world settings. The potential for using closed-loop augmented 
cognition systems in education and training is immense, and will be 
instrumental in meeting growing demands for distance learning and remote 
training. Augmented cognition technologies can be applied in numerous ways 
to dynamically tailor instruction to the user’s cognitive style and skill level. 
Examples of such applications are discussed, along with their implications for 
enhanced educational and training programs of the future. 
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1   Introduction 

At any given moment, humans are faced with a potentially overwhelming amount of 
sensory information arriving from multiple modalities. Perceptual and cognitive 
systems are critical for filtering and selecting information relevant to the individual’s 
current goal state, performing the necessary operations, and formulating appropriate 
responses. In many situations, components of these systems can become overburdened, 
resulting in decreased efficiency and performance decrements. Augmented cognition 
seeks to identify where potential limitations exist in components of the perceptual and 
cognitive systems, and to detect them when they occur during task performance using 
sensitive physiological measures.  

Closed-loop augmented cognition systems go a step further by using physiological 
measures in an ongoing fashion to control the delivery of mitigations when needed to 
maintain an acceptable level of task performance. St. John & Kobus [1] outline two 
common paradigms, adaptive and integral, used in augmented cognition research for 
enhancing user performance. In the adaptive paradigm, the application of the 
mitigation is contingent upon the user’s physiological or cognitive state, rather than 
implemented continuously. In this paradigm the mitigation is only useful during 
specific states and therefore is only applied during these periods. A continuous 
application of the mitigation would result in periods of less than optimal performance; 
otherwise the need to monitor physiological or cognitive state would not be necessary. 
In contrast, the integral paradigm proposes that monitoring and utilizing the user’s 
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psychophysiology is a continuous and integral part of the augmented task. Unlike the 
adaptive paradigm, mitigations are not used to return the user to optimal performance 
level or limit the impact of task demands when problematic conditions arise. Rather, 
they are key components of the task process that continuously modify which or when 
information is presented to users. 

A key aspect of augmented cognition therefore is the monitoring of the user’s 
physiological state in real-time. A number of non-invasive physiological measures are 
currently being used or investigated for augmented cognition purposes. Among those 
are heart rate and variability, skin conductance, eye movements, eye blinks, pupil 
dilation, head movement, electroencephalographic (EEG) measures, evoked or event-
related brain potentials (EPs or ERPs), and functional near infrared (fNIR) measures. 
Used in augmented cognition systems, these tools have already begun to contribute to 
more effective task performance. For example, Tremoulet et al [2] demonstrated 
significantly reduced error rates and decreased time in decision making during a 
Tactical Tomahawk Weapons Control System simulation as a result of a closed-loop 
system in which presentation of alerting tasks was dictated by ongoing EEG, 
electrocardiogram, and galvanic skin response measures. Another example of a 
successful closed-loop system comes from work by Snow and colleagues [3] in the 
context of improving performance of a single operator controlling multiple 
Uninhabited Combat Air Vehicles. Participants showed significant performance 
benefits when they received mitigations driven by changes in real-time fNIR signals 
as compared to a baseline condition with no mitigation. 

While augmented cognition systems offer very exciting possibilities both for 
research and for real-world applications, moving such systems out of the lab and into 
operational environments is not without its challenges. For example, the sensors and 
accompanying equipment that are used to obtain physiological measures are often 
expensive, uncomfortable, cumbersome, limit mobility, and cannot be used without 
extensive training. In addition, the ability to process physiological data in real-time is 
critical for closed-loop applications. This includes developing techniques for online 
identification and removal of noise and artifacts in the data that can obscure the 
signals of interest. Such artifacts can result from user movement or from various 
kinds of electrical signals in the environment.  

Fortunately, technological advances are helping to bring real life application of 
augmented cognition systems closer to fruition. For example, EEG systems are now 
available that record electrical signals from the brain and transmit them wirelessly to a 
light-weight, portable receiver [4]. This leaves the user free to move around and 
perform tasks in a natural manner. Recently, significant advances have been made in 
real-time artifact removal for EEG [5], which will contribute to the feasibility of 
obtaining useable EEG data in operational environments. In addition, newer EEG 
systems have specially designed electrodes that do not require the extensive scalp 
abrading and prep work necessitated by traditional EEG electrodes. Eye tracking 
systems are also continuously improving. Whereas older systems required the user’s 
head to remain stationary, recent developments make it possible to obtain eye and 
head movement data while the user is moving. Along with increases in mobility, 
physiological monitoring systems are also beginning to see improvements in comfort, 
ease of application, and real-time processing of data, all critical for their use in real-
world applications. In addition, affordable personal computers are now becoming 
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powerful enough to compute and store the massive amounts of data obtained from 
physiological sensors. 

This increased accessibility means that augmented cognition technologies can soon 
be applied to a number of different settings, including the home, classrooms, job sites, 
and military training facilities. Thus, one exciting and important use of these 
technologies is the development of a closed-looped system to facilitate and enhance 
educational and training applications. 

2   Application to Education and Training 

With advances in web-based technology, distance learning has become increasingly 
common. Course material is presented and student progress is assessed entirely over 
the web. In an effort to take advantage of available technology and to improve the 
learning experience, interactive demonstrations and learning practices are becoming 
routine features of online courses. As a result, the learning experience becomes more 
individualized, and the curriculum has been developed to address the “average” 
student. Augmented cognition systems, particularly closed-loop systems, have the 
potential to take interactive web-based courses to a new level, adjusting the 
information flow rate and difficultly to best match the needs and ability of each 
student. Augmented cognition systems may also be used to identify how best to 
supplement or complement traditional classroom learning with individualized 
instruction in the form of educational applications that could be used at home.  

The military too has taken advantage of the distance learning paradigm. Web-based 
learning helps fulfill the frequent need to train individuals at remote locations and in 
the absence of live trainers or role-players for team-based training. Military personnel 
are expected to master an increasingly vast array of skills and become proficient at 
numerous tasks, often with insufficient time or resources available for training. Thus, 
improvements in training programs will be very valuable. Similar issues arise in the 
area of healthcare. Training resources, whether for medical professionals or for 
caretakers, are often insufficient, and consequences of ineffective training can be 
serious. Augmented cognition systems could be an important part of reducing 
mistakes through improved training programs and practices. Such systems may also 
provide a new method of evaluating training levels that participants achieve.   

2.1   Skill Level Assessment 

An important part of education and training programs is tailoring the material to the 
needs of the student or trainee. Therefore, a means of altering presentation of material 
by assessing an individual’s proficiency, strengths, and weaknesses “on the fly” 
would be highly desirable. Different levels of expertise have been conceptually 
defined, ranging from “novice” to “master” [6]. It should be possible to identify 
patterns of physiological responses that reflect an individual’s level of expertise along 
this continuum. Indeed, differences in patterns of brain activity have been observed 
among individuals with different skill levels [7], and within individuals before and 



376 E.D. Palmer and D.A. Kobus 

after extensive practice with a task [8]. Similarly, ongoing physiological measures of 
alertness, effort, and workload can help to assess an individual’s progress in learning.  

These patterns of physiological responses can be used to dictate, in an ongoing 
fashion, how the material to be learned is presented. Greater support would be 
provided when a student’s physiological measures reflected lower levels of expertise, 
while presentation of material would proceed with less support when a higher level of 
expertise was indicated. Support might take the form of slower rate of presentation, 
more redundancy in the material, or fewer assumptions about pre-existing knowledge, 
just to name a few possibilities. This kind of adaptive learning could improve efficacy 
and efficiency in a variety of educational and training settings.  

2.2   Detection of Error Types 

In educational and training applications that use behavioral measures such as response 
accuracy to assess performance, it can be valuable to have more information about the 
types of errors that are made. For example, it would be useful to distinguish “slips”, 
or accidental/unintended responses, from mistakes that reflect difficulty with the 
material or task. Consider a training program in which individuals learn to rapidly 
classify types of aircraft that are presented briefly on a radar screen, and indicate the 
class by button press. Errors in classification could occur if the trainee, in an attempt 
to respond quickly, simply slips and presses the wrong button for his/her intended 
response. Alternatively, the trainee could be having difficulty distinguishing the 
different aircraft types. 

Luu and Campbell [9] report the use of a neurophysiological measure, the Error-
Related Negativity (ERN), in conjunction with behavioral data to help distinguish 
slips from other types of mistakes. Real-time application of such measures during a 
training exercise could help to guide the training; a large proportion of slips might 
trigger additional training on the mappings between aircraft types and buttons, while a 
large proportion of mistakes could prompt additional training on distinguishing the 
different types of aircraft. Similar closed-loop systems could be applied to educational 
programs, for example in teaching children to match letters and sounds or to perform 
multiplication problems. Such a system would not only provide material to the student 
at an optimal pace, but it would assess how and why errors occurred so the instruction 
would be modified to best address problem areas. 

2.3   Presentation of Written Material 

Even as learning media progress from text books to online applications, a great deal 
of emphasis is placed on written material. An important part of developing effective 
and efficient education and training programs will therefore depend on optimizing 
presentation of text. Again, this is an area where physiological measures and closed-
loop augmented cognition systems could be of great value. For example, eye tracking 
could be used during presentation of text to determine an individual’s reading speed, 
and to modulate the rate of text presentation accordingly. Similarly, workload, 
attention, and alertness could be monitored with EEG, and presentation of text could 
be adjusted accordingly. A study by Buswell [10] (as cited in [11]) has shown that the 
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number of regressive eye movements and duration of fixations are highly correlated 
with reading difficulty. These measures hold great promise as potential metrics for 
monitoring reading difficulty in augmented systems. 

Taken together, such measures would not only modulate rate of presentation of 
material, but also trigger actions to restore alertness, change the modality of 
presentation (e.g., intersperse spoken material into written text), determine the level of 
difficulty of the text being presented, or provide support materials when difficulties 
are detected. Such mitigations would be applicable to education and training settings 
alike, and provide another means of using augmented cognition systems to 
individualize instruction.   

2.4   Modulation of Material Type 

There is evidence for individual differences in preference for and facility with visual 
vs. spatial material [12]. Further, within an individual, there are working memory 
systems for verbal and spatial material that are at least partly dissociable [13]. 
Transient evoked-potential responses have been identified that differ between verbal 
and spatial versions of the same task [14]. Instructional applications that use 
augmented cognition can capitalize on these facts through ongoing modulation of the 
type of material presented based on an individual’s changing capacity to use each 
material type. 

An example of such an application is in the development of instructional materials 
to teach medical professionals and caretakers how to use certain medical devices. 
Traditionally, instructional materials have relied heavily on verbal presentation, often 
in the form of text. With the advent of multimedia capabilities, these materials can 
now more readily incorporate visuospatial components, such as visual “tours” of 
buttonology, animations, or videos of users carrying out specific functions or tasks. 
Adding augmented cognition technology could allow flexible emphasis on, or 
switching between, verbal and visuospatial modes of presentation, based on real-time 
neurophysiological measures of the user’s cognitive capacity for each type of 
material. 

2.5   Team Training 

While there are numerous possibilities for using augmented cognition to improve 
individual training and education programs, there are also important applications for 
team-based training [15]. For example, in team training exercises, task responsibilities 
are often distributed among team members. Using physiological measures such as 
EEG, it would be possible to measure workload simultaneously in all team members. 
An augmented cognition system could be developed to intervene when a specific 
team member’s workload exceeds some pre-determined threshold, temporarily 
reassigning one or more of that team member’s tasks to another team member(s) with 
a lower measured workload. 

In training for some team-based activities or tasks, it may be the case that a live 
instructor or full set of team members or other role player is not available. This occurs 
frequently in military applications, in which individuals may be relatively isolated in 
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remote locations. Well executed team-based operations are critical to the military, 
however, so it is important for individuals to train for and practice their roles in such 
operations even when live instructors or role players are not present. Simulated role 
players can serve this purpose, and an augmented cognition system can both ensure 
that the simulated role players fit the needs of the live team member, and act as 
trainer. This can be accomplished by using physiologically determined measures of 
the individual’s skill level and workload to provide adaptively challenging and 
supported training and practice. 

2.6   Possible Commercial Applications 

With success in school becoming an increasingly important predictor of success in 
later life, the demand for products that improve a student’s academic performance is 
enormous. Thus, there is great potential for commercial applications that can provide 
optimally tailored instruction that is not available in large classes with a single 
teacher, or through many current distance learning courses. The individualized 
learning experience made possible with augmented cognition systems is unique, and 
holds promise for the development of educational software that can enhance 
classroom or online learning of specific subject matter, or improve basic skills such as 
reading, spelling, and math. As the technology behind physiological sensor systems 
continues to advance and become more accessible, educational programs that 
incorporate augmented cognition systems will become marketable to schools, learning 
centers, and individuals alike. 

Similarly, commercially available training programs that utilize augmented 
cognition technology will hold great appeal for organizations looking for effective, 
lower-cost alternatives to traditional training practices. A company that manufactures 
medical devices, for example, could put themselves at considerable advantage over 
their competition by offering along with a new device a sophisticated training 
program that incorporates augmented cognition principles and technologies to 
optimize and validate user training. Such a training program could reduce errors by 
incorporating into the training program a means to assess a user’s mastery of the 
material and ensure that adequate proficiency is achieved.    

3   Summary 

The ultimate goal of the science of augmented cognition is to develop technologies 
capable of extending the information management capacity or information throughput 
to the user in applied environments.  The fields of education and training are the next 
likely targets for augmented cognition technology after it reaches commercial 
viability. Education and training are moving toward an increasingly computational 
medium. With distance learning and remote training in high demand, instructional 
systems will need to adapt to this new nonhuman teaching interaction while ensuring 
the quality of instruction. Augmented cognition technologies could be applied to 
educational and training settings and guarantee students an optimal teaching strategy 
adapted to their individual cognitive styles. This application of augmented cognition 
promises to have great impact on society at large. 
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