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Abstract. The Trainee Engagement Management System (TEMS) is a technol-
ogy—enabled instructional design concept that leverages state-based assess-
ment techniques to improve training processes and outcomes. Specifically, the
concept is designed to support military instructors in the delivery of empirical-
ly-supported instructional prompts to foster trainee engagement within a Com-
puter Based Training (CBT) environment. The central theme of the concept is
to augment, not replace, an instructor’s abilities. By reducing workload de-
mands on an instructor, the approach enables the delivery of personalized in-
struction in a one (instructor) to many (trainees) context. The TEMS concept
embraces a human-system philosophy and is designed to mitigate risks typically
associated with the transition of advanced technologies and concepts to field
settings. In this paper we discuss those challenges and describe the basic TEMS
architecture.

Keywords: Instructional System Design, Augmented Cognition, Human Sys-
tems, Computer Based Training.

1 Introduction

Under conditions of persistent conflict and mounting economic pressures military
instructors are required to impart mission-critical Knowledge, Skills, Abilities (KSAs)
with fewer resources. Training remains as the primary mechanism for acquiring and
maintaining operational readiness across all branches of the military. Many opportuni-
ties exist within instructional design field(s) to support the efficient and affordable
delivery of high quality instruction. However, a co-occurrence of change across
science, technology, and Operational Environments (OEs) often disrupts the success-
ful transition of innovative and validated instructional designs to field settings. In
part, a lack of coordination across these fields contributes to a growing tension as to
how ‘advanced’ should be defined with respect to instructional technology. Research-
ers from each field, in earnest, work to accomplish a shared goal - improve Operator
performance; however, they tend to pursue orthogonal objectives that rarely converge
to produce a field-ready solution.

In this paper, we describe a technology enabled instructional design concept that
embeds monitoring and management strategies to facilitate trainee engagement in
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Computer Based Training (CBT) settings. The primary objective is to sharpen and
sustain focused attention of trainees in the service of learning. A brief review of rele-
vant literature and contemporary work is provided to illustrate how advanced physio-
logical technology and learning concepts can be combined to augment instructor
performance and promote training effectiveness and efficiency.

2 Human-System Components

A need for field-ready instructional technologies that incorporate best offerings from
the aforementioned fields has been elevated. Cross-Cutting instructional designs that
leverage sufficiently mature technologies and validated learning practices are the best
candidates for transition to field settings. It is clear that training system success is
build upon many human factors, but it is not obvious how human should be integrated
as components within the total system. An instructional design concept that inte-
grates/balances the following instructional system components is most likely to
achieve success that can be transitioned to the field in the near-term: trainee, instruc-
tor, and instructional technology.
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Fig. 1. Targeting Fundamental Elements of Instructional System

The components presented above (see, Figure 1) represent the essential features
common across training systems. From a human-systems perspective, each compo-
nent piece must be carefully considered as trade-offs are made during design. The
interplay between the components is ultimately what determines total system success.
Specifically, the goodness of training systems is directly proportional to a directional
change in measures of trainee performance. Typically, a training system will be eva-
luated based on metrics of effectiveness (i.e., trainee obtains a new KSA) and effi-
ciency (i.e., how long it took to obtain a given KSA).

Individual differences across a trainee population impacts training processes and
outcomes related to effectiveness and efficiency. Each new training event is meaning-
fully affected by both inter-personal and intra-personal factors. For instance, a trai-
nee’s full history of learning experiences is an inter-personal factor that uniquely
defines their KSA baseline. Equivalent amounts time spent on the same task
may increase similarity between two trainees, but individual differences will persist.
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Additionally, human variations within a trainee may color a training event, so that
outcomes on identical tasks are not consistent for a given trainee over time. These
dynamic intra-personal factors may change from moment-to-moment and are often
classified as state-based variables. For example, a person’s ability to focus on a task
rarely remains stable over extended periods of time, instead fluctuations from highly
engaged to extreme bored are normal. The mix of inter-personal and intra-personal
differences prohibits a ‘one size fits all’ approach to training system design. There-
fore, instructional designs must include adaptable features that afford individualized
tailoring to maximize each training events for each trainee.

The second component, the instructor, is the primary resource currently available
for providing personalized tailored training. In a one-to-one context an instructor can
reasonably estimate a trainee’s state and make real-time adjustments to better match
instruction to a trainee’s current needs in real-time within a training context. Unfortu-
nately, the one-to-one approach is not cost a cost effective method, nor is it reasona-
ble from a manpower perspective; skilled personnel/instructors are a valuable
resource. A more common approach is to have a single instructor provide CBT to
multiple trainees at a time, thus, diminishing the value of the highly skilled instructor.
Monitoring and managing multiple trainees overwhelms an instructor’s mental band-
width making it nearly impossible to estimate a trainee’s current needs and make
instructionally significant adjustments. Moreover, the high workload requirements
placed on instructors becomes more troubling for novice instructors that lack the
abilities gained through experience.

The final component, the instructional technology, is the mediating component that
has the greatest potential to enhance, or disrupt, the training environment. In a CBT
context, the technology (hardware and software) connects both the trainee and in-
structor to the instructional materials and it connects them to each other. Thus, favor-
able outcomes are directly related to the quality of the human system integration.
Unfortunately, this important point is often overlooked because the objectives of a
technologist are derived from goals that are indirectly linked to the basic premise of
instruction, impart knowledge and skills. The disconnect results in an increased risk
for the development of ineffective instructional tools. For example, improvements in
3D graphics may improve collaboration work, but this is of little value to an instructor
that is training KSAs for a one-person task. Moreover, instructional technologies with
form factors that don’t match the training environment are not good candidates
for transition to field settings. Therefore, a human-systems integration philosophy is
particularly useful for the design, development, and implementation of advanced in-
structional concepts and technology.

2.1 Human Performance

Over the past one hundred years, models of human performance and behavior have
indicated that KSAs tend to fit within scoped boundaries, such as, the inverted U-
hypothesis [1], zone of proximal development [2], comfort zone [3], and flow state
[4]. The overarching take-away from the extant literature is that there appears to be a
“sweet spot” for getting people to perform at their best! While it appears that we all



Augmenting Instructional Design with State-Based Assessment 73

have a sweet spot it is also clear that finding the sweet spot is highly individual.
What stimulates the flow state in one person may frustrate, or bore, someone else.
Moreover, it is not easy to get into or maintain this highly desirable state of optimal
performance. There are techniques that can help initiate flow; however, they require
meta-cognitive skills, such as, self monitoring and regulation of cognitive states. Un-
fortunately, timely attainment of these higher order skills is likely beyond the reach of
most people. These are implicit skills that are difficult to quantify and are not readily
observable. However, the field of augmented cognition is making strides toward the
design of technology/tools that may make these implicit processes explicit. In the
near-term, these technologies may provide insight to instructors about a trainee’s state
that may enable for the design of systematic methods to stimulate a flow state. An
instructional design that integrates the human-technology components so tightly has
great potential to deliver personalized instruction in a number of new and interesting
ways.

o,

% But lo! Men have become the tools of their tools, Thoreau, Henry David

In 1854, Henry David Thoreau raised an idea (maybe concern) to emphasize the in-
ter-relation between people and technology. Leastwise, his statement illustrates how
technology “tools” are more than mere objects; they are integral implements that inte-
ract with people to facilitate achievement of goals. Often, advanced technologies are
not accepted by military leaders and/or instructors because they are too disruptive,
either in concept of operations or technical execution. But, also, there is this idea of
the status quo in which people are comfortable using current tools in the manner to
which they have grown accustom. Whether, or not, the new tool is better suited for
the task at hand is moot if it is judged to be too farfetched. To balance the acceptance-
advanced equation, the initial Trainee Engagement Management System (TEMS)
solution is being designed as an enhancement to a government owned Instructor
Operator Station (IOS) that aligns with practices currently employed by military in-
structors. In short, introducing a simple design modification to an existing CBT con-
text might be an acceptable application of advanced physiological technologies.

2.2  Instructional Quality

In broad terms, instructional quality can be tailored through monitoring and manage-
ment of two types of variables - situation and person. Situation variables are the ex-
ternal factors and conditions of an instructional context that frames learning events.
Because CBT platforms afford relatively easy monitoring and management of situa-
tion variables, it continues to be a very popular and useful option for the delivery of
many instructional methods, such as, demonstration based training and simulation
based training. Conversely, there remains a weakness in the instructional administra-
tion of CBT for the direct observation and management of person variables, such as
cognition, affect, and attention that influence instructional quality. Maintaining en-
gagement, or focused attention, is a very important person variable for knowledge and
skill acquisition. Finding ways to stay focused is challenging for everyone. Our lives
are filled with many things that compete for our attention, creating distraction and
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depleting our mental resources. In the case of military personnel that are immersed in
a culture of always on technology it is common for them to lack the mental energy
required to maintain focused attention during CBT. If a trainee is not engaged in the
CBT event the path to learning is blocked impairing both training effectiveness
and efficiency. The approach described in this paper acknowledges that trainee en-
gagement is a cornerstone to the development of high performers. Specifically, com-
prehension and retention are affected by the trainee’s degree of active participation
(i.e., effort) in the training event. Paas [5] describes how the path to expertise depends
on an individual’s willingness to work at becoming expert:

«» In research on deliberate practice, it has been noted that because
this type of practice requires trainees to stretch themselves to a
higher level of performance, it requires full concentration and is
effortful to maintain. This does not make it a very enjoyable ex-
perience, so without the motivation to improve, trainees will soon
give up (Ericsson et al., 1993). Feedback can play a crucial role in
their willingness to continue to invest effort (indeed, feedback is
also considered to play a crucial role in deliberate practice; see,
e.g., Ericsson & Lehmann, 1996). [6]

Ideally, each trainee would be drive by an intrinsic motivation to achieve expert
status and, to that end, would supply the effort required to maintain engagement dur-
ing a given training event. However, that ideal circumstance is not typical of trainee
populations in real world contexts, nor is it reasonable to expect that any individual
could consistently sustain that level of motivation. Thus, instructional designs that
systematically foster active learning in typical training environments are desirable.

3 Instructional Design Concept

The TEMS design concept offers an augmented cognition solution to close the person
variable loop. Augmented cognition is a field of research that continues to re-design
Human Computer Interaction (HCI), as it makes technological systems responsive
to state-based person variables. An opportunity exists to exploit Commercial Off-The-
Shelf (COTS) technologies that assess physiological arousal via measures of Electro-
dermal Activity (EDA) to improve instructional effectiveness and efficiency of CBT
approaches. A new class of EDA technologies has successfully transitioned from
controlled laboratories to real world settings. With improved form factors and low
cost, these technologies are good candidates for near-term advancements in training
contexts. Reliably, EDA measures arousal and can provide indications of high arousal
(e.g., excitement, engagement, anger) and low arousal (e.g., boredom, disengagement,
calm) that affect cognition and emotion. We have conceptualized an instructional
design concept that utilizes EDA to mitigate information loss in a CBT context
Trainee engagement is a critical component for optimizing instructional effective-
ness and efficiency of CBT. Often, a single instructor simultaneously administers
CBT exercises to multiple trainees making it difficult for them to detect every
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occurrence of poor engagement and/or motivation. Thus, they are unable to provide
crucial feedback or prompts that would re-engage the trainee. A key capability of
TEMS is reporting to instructors those trainees lacking proper engagement during
training exercises [6]. The TEMS concept focuses on the management of trainee en-
gagement to maximize learning opportunities. To accomplish that we conceptualized
a design that enhances an instructor’s awareness of trainees’ state to augment their
judgments and improve decision making.

At one location, an instructor is able to monitor both behavioral performance and
physiological indicators of a trainee’s arousal. These two pieces of information com-
bine to convey a more complete picture of a trainee’s performance, or progress. In
many instructor operator stations (IOSs) the instructor has the option to peer into a
trainee’s lesson so they can observer trainee performance. However, the ability to
peer into a trainee’s lesson only provides observations of situational variables — a very
limited assessment of performance as discussed earlier in this paper. Paring a physio-
logical assessment of arousal with the standard capability to observe trainee behaviors
will augment instructor’s ability to provide instructional support.

From a human-system perspective, the core capabilities of the TEMS instructional
design concept are embodied in the IOS. The IOS contains the key systems features
that enable the advanced training capabilities of the TEMS design concept. Moreover,
the IOS is the system interface to the intelligence that drives the technology, the in-
structor. At the IOS, an instructor is able to monitor trainees’ behaviors (performance)
and physiological states (processes). The enhanced monitoring feature within the IOS
enables the deployment of re-engagement strategies promoting a transactional model
for instructional design, see Figure 2 below.
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Fig. 2. Transactional Model for Instructional Technology

The transactional model for instructional design incorporates two process models:
1) Information-Process Output (IPO) for human performance, and 2) sense-assess-
augment for human performance augmentation. The top three IPO boxes, in Figure 2,
are conceptualized as follows; all stimuli in the world are symbolized as ‘input’, cog-
nitive and biological processes are ‘process’, and behavioral actions taken are
represented as ‘outcome’. The United States Air Force’s Human Performance Aug-
mentation model is represented in the second row of 3 boxes and is conceptualized as;
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sensor monitoring provides ‘sense’, bio-data classification acts as ‘assess’, and inter-
vention strategies assume the role of ‘augment’[7]. As a foundation for TEMS, these
models are used to characterize trainee performance so that the interplay between
trainee behavioral performance and physiological arousal are exposed to instructors to
enhance their awareness via an 10S.

Note, the instructor is in the loop and is responsible for deploying re-engagement
content to the trainees. The prototype system will include an empirically supported
metacognitive prompting strategy as its re-engagement strategy. Many opportunities
exist to be creative with respect to designing re-engagement strategies and much re-
search is needed to clearly link strategies to specific types of trainee needs. However,
recent work suggests that the State-based Information-loss Process (SIP) Model could
be used to appropriately administer a metacognitive prompt strategy.

3.1 Advanced Learning Concepts

The SIP Model was used to inform the initial prototype of the TEMS design concept.
The SIP Model [8] identifies possible points for cognitive breakdown that may con-
tribute to information loss during instruction. It is an evidence-supported model that
focuses on higher-order learning (i.e., knowledge/skill integration and application)
that is important for imparting complex KSAs that are required in military operations.
Based on the SIP Model, we incorporated a metacognitive prompting strategy that
could be used to mitigate information loss in a CBT context.

% Learning without thought is labor lost, Confucius

Metacognition is widely accepted as an implicit “thinking” skill that enhances
one’s ability to learn and solve problems [9]. Recent findings from the Next-
generation Expeditionary Warfare-Intelligent Training (NEW-IT) program have
demonstrated increases in learning effectiveness when metacognitive prompts were
employed in the service of learning [10]. Those successes demonstrate that these
prompts can be effective in a CBT context. We will build on those findings to develop
a system that will help instructors more precisely target trainees for instructional in-
tervention, metacognitive prompts. Leveraging a COTS state-based assessment of
trainee arousal (i.e., EDA) the TEMS concept re-designs how this validated instruc-
tional strategy could be implemented. The physiological-based aspect of TEMS
provides an objective assessment a person variable that allows instructors to more
effectively, efficiently, and confidently employ an advanced strategy with a familiar
CBT context. In addition to a meta-cognitive prompting strategy that we plan to test
in the initial instantiation of the TEMS design concept, other prompting strategies
could easily be adapted. Paas [5] outlines a few candidate prompting strategies that
may be employed to promote deep comprehension and self regulation:

e Reflection prompts: to promote self-regulated learning competency and sustai-
nability through reflection on one’s own learning

e Self-explanation prompts: to promote understanding of the underlying principles of a
problem, often provided with worked examples
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e Critical thinking prompts: to promote the abilities to evaluate one’s own thinking
and fill in gaps in knowledge

Incorporating and combining empirically validated learning techniques that match the
learning needs of each trainee is fundamental to the overarching approach for the
TEMS design concept. Our objective is to bring the best practices of instruction for-
ward by design and to do so by integrating precision assessments of each trainee’s
engagement via behavioral and physiological assessments.

The strength of the approach comes from a convergence of advanced technologies
and best practices from a variety of disciplines. However, that means we will have to
tackle many technical, theoretical, and practical challenges to realize a fully imple-
mented system. Among the priorities, is to validate best practices/guidelines that identi-
fy which instructional prompts are best suited for a topic, a trainee’s scaled competency,
and/or learner’s style and state. While some guidance exists in for the use of instruction-
al strategies there remains a gap for implementation in a state-based system.

4 Envisioned System

The TEMS design concept is an innovative instructional design that supports instruc-
tors in the management of trainee engagement. Among other objectives, the work
described in this paper is attempting to create a field ready system that simultaneously
introduces both advanced technology and learning strategies. The TEMS design con-
cept is envisioned as a domain agnostic instructional technology that could be used to
support any instructor in achieving their goals, deliver high quality instruction to as
many trainees as possible. To support those objectives, we have conceptualized our
design concept within a common CBT context that shares many features with a tradi-
tional classroom setting, see Figure 3.

State-based

. . Information Loss

Instructor
Augmented Process (SIP)

Cogpition

Trainee Engagement
Management System
(TEMS)

+ Metacognitive Prompts
* Reflection Prompts
Augmenting + Self-explanation Prompts
Instructional Design + Critical Thinking Prompts

Fig. 3. Traditional Classroom Features
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The basic idea is to provide instructors real-time assessments of engagement for
each trainee in the instructional setting. Visualizations of engagement will be dis-
played on an Instructor Operator Station (IOS) allowing instructors to get a top-level
view of trainee engagement at a single location. When a trainee’s engagement drops
below an acceptable level, the instructor can easily identify which trainee is not prop-
erly engaged. When a state-based change is observed the instructor may choose to
take steps to re-engage that trainee or they may decide see if the trainee self-corrects
to regain engagement. The TEMS design concept embraces a human systems integra-
tion philosophy that supports, not replaces, instructors to promote tailored instruction
in CBT environments.

5 Discussion

A mix of technical and technological change throughout the military contexts imposes
a great deal of responsibility on military personnel to reach and maintain mission
readiness. Effectively and efficiently imparting mission-critical KSAs is a first order
goal of instructors across the military services. Under ideal one-on-one conditions it
can be difficult to optimize that match instructional content and a trainee’s unique
needs. Individual differences and state-based variations converge at each training
session to create a signature experience. Thus, delivery of high quality instruction at
each training session requires an adaptive capability that is responsive to the dynamic
person variables. To date one-on-one paradigms with highly skilled instructors are the
best way to consistently obtain that quality of instruction. However, that paradigm is
extremely costly and is not sustainable, or reasonably feasible, in military training
settings. Typically, trainee settings include one instructor that is responsible for a
large number of trainees with a ratio that is closer to 1:10, as compared to 1:1; thus, a
need for innovative instructional designs persists.

A significant amount of work continues to be devoted to the development of Intel-
ligent Tutoring (IT) systems that can be used to support training in unsupervised con-
texts and replace live instructors. The explicit goal of IT is to achieve the same level
of quality as observed in one-on-one instruction. However, this is not likely to be
realized in the near-term as a field-ready solution. In large part, much work remains in
the fields of Artificial Intelligence (AI) and Natural Language Processing (NLP) be-
fore this worthy goal can be validated and transitioned. For that reason, the Al capa-
bilities required to support the TEMS design concept are comparatively crude. The
TEMS design concept only provides indications of engagement that can be derived
from commercially available data classifiers. The actual intelligence within the TEMS
concept resides within the instructor’s expert judgment and highly skilled decision
making. As the research community demonstrates advances in Al capabilities future
implementations will incorporate intelligent tutoring capabilities; however, the envi-
sioned system is intended to always include roles and responsibilities for a live human
instructor.
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