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Abstract. Office of Naval Research (ONR) initiatives such as Human Perform-
ance Training and Education (HPT&E) as well as Virtual Technologies and En-
vironments (VIRTE) have primarily focused on developing the strategies and 
technologies for creating multimodal reality or simulation based content. Re-
sulting state-of-the-art training and education prototype simulators still rely 
heavily on instructors to interpret performance data, and adapt instruction via 
scenario generation, mitigations, feedback and after action review tools.  Fur-
ther research is required to fully close the loop and provide automated, adaptive 
instruction in these learning environments.  To meet this goal, an ONR funded 
initiative focusing on the Training and Education arm of the HPT&E program 
will address the processes and components required to deliver these capabilities 
in the form of an Adaptive Instructional Architecture (AIA). An overview of the 
AIA as it applies to Marine Corps Warfighter training protocols is given as well 
as the theoretical foundations supporting it. 
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1   Introduction 

The role of the warfighter has changed significantly over the past decade, yet many 
current training strategies rely upon inflexible, dedicated training systems that 
necessitate extensive instructor involvement throughout the learning process [9].  
More deployable and flexible multiuse workstations that are cost effective and reduce 
manning requirements under increased mission demands have been proposed for the 
Marine Corps warfighter [6]. The core of such workstations is an Adaptive 
Instructional Architecture (AIA). More specifically, the AIA structure is based upon 
the central hypothesis that learning methods and technologies which are 1) based on 
an understanding of task and domain specific knowledge, skill, and attitude needs, 2) 
driven by continual assessment and diagnosis of individual and team capabilities and 
potentials, and 3) implemented as adaptive/individualized selection and training 
solutions produce more efficient and effective combat behavior across the spectrum of 
Marine Corps missions. Thus, under the current ONR funded initiative of HPT&E, 
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the AIA research effort seeks to support flexible adaptive training of Marines engaged 
in more expected forms of combat as well as irregular or nontraditional warfare.  

More recently, empirical results from ONR funded initiatives (e.g., VIRTE) have 
included viable methodologies for measuring the cognitive state of the user.  The use 
of neuropsychological sensing devices such as EEG and fNIR within an Augmented 
Cognition framework has further advanced the capabilities of learning systems to 
monitor brain changes as learners progress from novice to expert states [4]. The 
closed-loop system whereby the users’ cognitive state drives the adaptation of the 
training is a key component to the development and the effectiveness of such multiuse 
workstations [14]. Further theoretical support for the augmented cognition framework 
comes from extensive research in the domains of experiential learning and cognitive 
load theory, which have also been applied to warfighter training paradigms [7].   

2   Experiential Learning 

Learning by definition is the process by which memories are constructed, while 
memory is the outcome of learning [13]. Thus, within learning theory, the process of 
successful learning requires an interaction between the training tools expressing the 
to-be-learned subject matter and the neural constraints of the learner.  Further, 
contextualized learning environments are pivotal in retraining persons with cognitive 
deficits caused by traumatic brain injury [17, 5].  Providing a realistic and interactive 
training protocol may optimize the knowledge acquisition capabilities of the learner, 
which may in turn decrease training time [3].   

The potential advantages of an experiential learning paradigm are that the user is 
mentally engaged while gaining familiarity with tools of the trade. As shown in figure 1, 
simulated real-world conditions allows for skill set engagement while delivering 
naturalistic outcomes caused by the learners’ behavior. In turn the learners can reflect  

 
 

 

 

 

 

 

 

 

Fig. 1. Advantages of an experiential learning environment 
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on the outcomes of their problem solving strategies, which allows them to build their 
knowledge base of military relevant occupational requirements. In addition, the 
adaptive nature of the training environment will allow for increasing complexity 
that allows for further expansion of the learners skill set and working knowledge 
[7]. In the view of positive regard, the person may also build respect for his or her 
own capability and responsibility as a team member, which may also motivate 
learning. 

3   Cognitive Load Theory 

Underlying the concept of experiential learning is the interaction of a biologically 
mediated learning system with external training delivery protocols. The nature of this 
interaction has been speculated from either side of the interface through theories of 
memory to best practices in pedagogy.  For example, the construct of a “schema” or 
knowledge structures that can guide attention and direct behavior through the 
acquisition and retrieval of context relevant information have been postulated as a 
structural ideation for long-term memory [1, 11]. More recently, the concept has been 
extended to instructional design methodologies [15] in the form of Cognitive Load 
Theory (CLT).  

The concern between instructional design and human brain architecture is one of 
facilitating comprehension and problem solving through appropriately structured 
instructions and optimized multimodal data presentations [10]. CLT maintains that 
any instructional delivery system must account for the limitations in the brain 
processing capabilities (e.g., attention and working memory) of the user. Increases in 
cognitive load imposed by complex learning environments may not leave enough 
processing capacity for appropriate levels of learning to occur [8].  

CLT based instructional design guidelines for creating computer-aided training 
applications account for intrinsic impediments to learning (e.g., poor spatial rotation 
ability), as well as extrinsic factors (e.g., lack of supportive information). However, 
direct measurement of brain processing areas susceptible to cognitive overload 
remains problematic [16]. The measurement issues are similar to those of augmented 
cognition and operationally defining cognitive state along with subsequent changes in 
cognitive state associated with learning.  Both CLT and augmented cognition are 
brain architecture based paradigms that can be more explicitly researched utilizing 
biosensing devices.  

Biosensing devices commonly used in augmented cognition studies are pictured in 
Figure 2. Each of the devices allows for freedom of movement, especially naturalistic 
head movements, when viewing computer generated stimuli. Although computer 
monitors are shown, data capture from these devices includes displaying visual 
stimuli within the frontoparallel plane of the user. The real-time capture of these 
psychophysical metrics allows for correlation of this data with human information 
processing capabilities within AIA based trainer [2, 12]. Augmented cognition  
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Fig. 2. Biosensing devices commonly used in Augmented Cognition research. Clockwise. 
Wearable Arousal Meter (Clemson University), Near Infrared Imaging (Archinoetics), Mobile 
EEG (B-Alert System), and Head and Eye tracking (Applied Science Laboratories).  

methodologies coupled with CL theory allows the basis for testable hypotheses that 
can further direct the design cycle of the AIA. 

4   Conclusions 

The workstation of the 21st Century Marine Corps warfighter must not only deliver 
effective training to a single learner, it must adapt to each learner and present a 
multiplicity of potential occupational situations to many learners with reliability and 
fidelity. The AIA infrastructure potentially delivers a cost efficient solution; however, 
more research into the design requirements of such a system are pending. Experiential 
learning and cognitive load theories will assist in driving this research. Together with 
an augmented cognition framework, the bridge between instructional design and 
neural based learning theories will allow us to more clearly define constructs such as 
cognitive state and its relationship to learning.  
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