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INTRODUCTION

Adaptive training is often considered the gold standard for addressing the unique training needs of individ-
ual users. These unique needs can result from different backgrounds, different experiences, different learn-
ing goals, different personal motivations for learning, and different degrees of engagement in the overall
learning experience. Adaptivity is the ability of a system to alter (change) itself to better fit or function in
a given situation. In order to optimize the learning experience for a unique person, a learning system should
adapt to the individual learner or team for the specific situation, much like a human mentor or instructor
would adapt to the individual needs of a student.

The goal of an Intelligent Tutoring System (ITS) is to provide automated instruction equivalent to that of a
skilled human tutor. ITS development has gained momentum since the 1980’s, with numerous automated
tutors being developed and applied in both university and Department of Defense settings (Bloom, 1984,
Lesgold, Lajoe, Bunzo & Eggan, 1988, Anderson, Corbett, Koedinger & Pelletier, 1995, Hunt & Minstrell,
1994, Graesser & Person, 1994, Cohen, Kulik & Kulik, 1982).

Adaptive training content can be time-consuming and expensive to develop, deliver, and manage. If the
adaptive solutions are ever to gain widespread acceptance within the educational and training community,
we must find cost-effective ways to develop, deploy and manage content. The U.S. Army Research Labor-
atory (ARL) has been developing one such solution, the Generalized Intelligent Framework for Tutoring
(GIFT). The GIFT program is an ARL effort to develop a framework for personalized, on-demand, com-
puter based instruction to improve the speed and quality of Soldier training (Sottilare, Brawner, Sinatra &
Johnston, 2017). In a separate effort, Boeing has been involved in a program of research and development
to create an adaptive learning authoring and content delivery system. The Boeing ITS provides a user-
friendly authoring environment designed to rapidly create and deliver a rich personalized student-centered
learning experience through the modeling of system knowledge, problem-solving rules, and real-time as-
sessment of student performance. The learning experience provides dynamic scenario sequencing, tailored
student feedback and student performance summary based on the perceived student strengths and weak-
nesses (Perrin, Buck, Dargue, Biddle, Stull, & Armstrong, 2007, Perrin, 2009).

In this paper, we will present an aggregate prototype of adaptive learning that leverages these two distinct
implementations: ARL’s GIFT solution and Boeing’s ITS solution. The product of combining these efforts
is an integrated adaptive learning prototype. This presentation will describe our efforts to create a seamless
adaptive learning experience on the part of the student, as well as plans to conduct an effectiveness study
using the adaptive learning methods.

GIFT Framework

GIFT is an open-source, modular architecture developed to ease the burden of authoring, delivering, man-
aging, and evaluating adaptive instruction across a broad array of domains (e.g., cognitive, affective, psy-
chomotor, and social). As an adaptive instructional system (AIS), GIFT guides learning experiences by
tailoring instruction and recommendations based on the goals, needs, and preferences of each learner in the



context of specific domain learning objectives. GIFT is composed of tools, methods, interfaces, and pro-
cesses that capture and reinforce best instructional practices, effective learning strategies, and tactical ac-
tions for both individual learners and teams. Emerging capabilities include: user dashboards, data analytics,
automated content curation, automated after action reviews, and standard messaging for reuse and interop-
erability.

GIFT has several modules which model and act on data about the learner, instructional decisions, and do-
main content:

¢ Domain Module - The primary function of the domain module is to create, maintain and assess
domain sessions. This module hosts or points to content used during instruction and contains a
domain course file which is an XML file containing information needed to assess the learner’s
progress toward proficiency for the concepts (learning objectives) identified by the course author.

e Learner Module - The primary function of the Learner module is to determine the learner’s state
(e.g., real-time performance, real-time emotional, or long term domain competency).

e Sensor Module - The primary function of the sensor module is to read and filter sensor data to
determine/predict learner states. There are several sensors integrated with GIFT to provide data
about the learner: Microsoft Kinect, Zephyr Bioharness, Affectiva Q Sensor, and others.

e Pedagogical (Instructional) Module - The primary function of the pedagogical module is to use
information about the learner’s state to generate recommendations (e.g., next course to take) and
select instructional strategies (e.g., prompt learner to reflect) to enhance learning. Instructional
strategies are passed to the domain module for implementation.

e User Management System (UMS) Module - The primary function of the UMS module is to manage
a user session. It is responsible for storing information about the user such as biographical details,
in addition to maintaining information about domain sessions. It does not, however, keep scoring
records of user’s training history. That is handled by the Learning Management System.

e Learning Management System (LMS) Module - The primary function of the LMS module is keep
track of a learner’s instructional experiences and achievements as part of a history of learning. The
GIFT LMS saves the scores of every assessment during every lesson experienced in GIFT.

e Tutor Module - The primary function of the Tutor module is to provide an interface that allows in-
teraction between GIFT and the learner. Often referred to as the tutor-user interface (TUI), this is
not a formal module, but is an interface capability.

e Gateway Module - The primary function of the gateway module is to interface with external envi-
ronments (e.g., game-based simulations). The Gateway Module has interfaces with several appli-
cations such as: Distributed Interactive Simulation (DIS) networks, Virtual BattleSpace (VBS) se-
rious game, Augmented REality Sandtable (ARES), Microsoft PowerPoint, Tactical Combat Cas-
ualty Care (TC3)/Virtual Medic, and the SCATT Pro Marksman Training Application.

A component of GIFT being utilized specifically for this project is the Engine for Management of Adaptive
Pedagogy (EMAP; Goldberg, Hoffman & Tarr, 2015). The EMAP is an underlying pedagogical framework
in GIFT based on Merrill’s Component Display Theory (CDT; Merrill, 1994). The CDT structures learning
across four primary interactions: (1) learning the declarative and procedureal RULES of a domain and its
associated concepts; (2) seeing EXAMPLES of those rules applied across various contexts for better un-
derstanding of the interacting components; (3) RECALLING those associations on your own based on



testing approaches; and (4) PRACTICING the application of those rules within dedicated sceanrios and
problem sets. The EMAP then applies personalization strategies within each of those four interactions based
on individuals differences stored in GIFT’s learner model (e.g., prior knowledge, motivation, self-regu-
laroty ability, grit, etc.). The EMAP also supports automated remediation loops based on performance out-
comes in both the recall and practice interactions. The EMAP configurations are housed in GIFT’s adaptive
courseflow object, which is the integration point for the resulting testbed developed utilizing the Boeing
ITS functions.

Description of the Boeing ITS

Boeing’s approach to a learner-centered adaptive training implementation has evolved over the course of
the past few years. Initial implementations focused on creation of an architecture and authoring solution in
support of intelligent tutoring. The product of this effort was Web-based, SCORM®-conformant computer-
based training. Details of this approach is provided below.

The Boeing ITS implementation features 3 components (illustrated in Figure 1): a Student Model, an In-
structional Model, and an Expert Model. The Student Model implements a profile of dynamically-main-
tained variables, each corresponding to one learning objective. These variables are evaluated over a number
of observations. As a result, changes due to learning are reflected across exercises, as the score increases
due to correct performance, or decreases as errors are made. The amount that scores are changed can be
weighted according to the degree to which the action reflects mastery of the learning objective. The amount
of change is also adjusted according to the degree of support provided to the student by the ITS in selecting
this action.
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Fig. 1. Overview of ITS modeling approach

The Instructional Model responds to student requests for help or student errors with information on prob-
lem-solving strategies. The specificity of the information increases as additional requests are made or ad-
ditional errors occur. The Instructional Model is also tasked with providing within-scenario feedback to
guide the student, as well as performance summaries across all learning objectives at the end of the lesson
scenario.



The Expert Model is based on cognitive task analysis technique known as PARI, for Precursor, Action,
Results, and Interpretation (Hall, Gott & Pokorny, 1995). PARI provides methods to elicit detailed infor-
mation from experts on how they represent a given state of a solution (what issues have been resolved and
what issues remain), optimal and alternative paths to a solution, and their strategies for selecting actions at
each step along those paths. The Expert Model directly encodes these solution paths. For each path, the
model also captures the expert’s summary of the situation (representation of the problem) and the rationales
for the possible next steps. Additional details of the ITS architecture and implementation have been pub-
lished elsewhere (Perrin, 2009).

Details of the Integrated Prototype

As part of a three-year cooperative research and development agreement, Boeing and ARL have been
working to develop an integrated adaptive prototype in which we combine the Army’s GIFT adaptive
learning framework with the Boeing adaptive learning capabilities. The prototype is based on instructing
a student on a basic aircraft maintenance task with aspects of troubleshooting and part replacement. In or-
der to perform the task correctly, the student must understand some basics of electrical safety, as well as
multimeter usage. Once they have demonstrated an understanding of those basic concepts, then they are
taught the fault diagnosis and repair procedure. Basic lesson flow within GIFT is presented in Figure 2.
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Fig. 2. Lesson flow for the integrated adaptive prototype.




The initial step in the adaptive learning lesson is knowledge assessment based on the course concepts of
electrical safety, multimeter use and fault diagnosis procedural knowledge. We employed the Question
Bank knowledge assessment functionality within GIFT to assess student understanding on those concepts
and to characterize them as a novice, journeyman or expert on each of the three concepts. GIFT then uses
those characterizations to sequence course content to the student and to adapt course content based on on-
going student parameter characterization as they move through the lesson content. Students are presented
with content for the corresponding Adaptive Couseflow Modules (as described above) for each course
concept based on their assessed knowledge level. Basic concept rules and examples content was deliv-
ered via PowerPoint presentations within the GIFT Adaptive Courseflow Modules. Knowledge checks
were presented in GIFT using a subset of the initial Question Bank questions. If the student was deemed
proficient, then the Boeing ITS capability provided the practice lesson content for selected learning con-
cepts, launched from within the Adaptive Courseflow Module. While progressing through the practice
module for each leaning concept, the ITS adapts within-lesson content to maximize a student’s ability to
successfully pass the practice portion of the lesson module on the initial attempt. This adaptation included
within-lesson remediation on basic concepts if needed. This step is in addition to the normal GIFT con-
tent sequencing. GIFT functionality sequences the student through the rules, examples, knowledge check
and practice components of each course concept’s Adaptive Courseflow Module, and when all are suc-
cessfully completed, launches the final practice module.

The final evaluated practice module is an external application using Boeing’s virtual maintenance training
capability (Jacquin, 2016). As part of the final practice assessment, students don a virtual reality (VR)
headset, and using two 3D VR hand controllers, they are able to navigate to various places on the aircraft,
perform the required troubleshooting tasks while adhering to required safety protocols, diagnose the fault
and replace the faulty part (see Figure 3). Automated real-time performance assessment and adaptive
learning capabilities within the virtual maintenance training system score the student on targeted learning
objectives, provide on-demand student assistance to help locate components, and provide scoring to deter-
mine whether the student passes or fails the practical assessment. These final scores on the practical as-
sessment are passed back to GIFT in order to evaluate whether or not the student successfully completed
the entire lesson.

Fig. 3. Maintenance trainee performing a task in the virtual maintenance trainer.



At present, the first iteration of the integrated prototype is complete. Current efforts are focused on develop-
ment of a test plan for the conduct of an adaptive training effectiveness study. Once the design is complete,
any required modifications will be made to the adaptive training prototype in support of the effectiveness
study.

Initial Test/Study Plan

Plans are in work to evaluate the effectiveness of the Boeing/GIFT prototype using cadets at West Point.
The goal is to assess various manipulations of overall curriculum adaptation in an effort to determine which
elements are best utilized to optimize student performance. To determine these effeciencie, we are using
multiple measures, including: time to competence as measured by performance outcomes, training transfer
and knowledge retention.

The plan is to evaluate the combined GIFT/Boeing prototype across a counter-balanced 3x2 experimental
design (see Figure 4). The first independent variable is ITS Methods, with three defined conditions: (1)
GIFT alone with personalization through the EMAP, (2) Boeing alone, with focused ITS interactions, and
(3) GIFT/Boeing prototype that leverages both pedagogical methods. The second independent variable is
prior-knowledge, with classification determined by outcomes on pre-test measures. Prior-knowledge will
be scored on a concept by concept basis, with GIFT bypassing content on training materials a participant is
showing mastery in. One potential option is to randomly assign students to one of those three groups, and
then to divide them into high/low competency based on their initial knowledge assessments. Competency
is only one of the potential personalization variables that we could use, as GIFT’s pedagogical configuration
can support strategy determinations across any individual difference deemed worthy to inform personali-
zation. Our initial prototype did not include personalized measures of motivation-based adaptation or per-
sonalized feedback based on individual performance. Those are other options we are considering imple-
menting once the study design is finalized.
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Fig. 4. Preliminary Effectiveness Study Experimental Design.

The outcomes of this study will inform modifications to both the GIFT architecture and Boeing adaptive
training approach. These recommended changes will be based on the results of comparative evaluations
across performance measures, along with obervations and log-data associated with student interactions and



behaviors across all content, assessments and scenarios. New requirements will be defined to better meet
the needs of students, with the final year of the CRADA dedicated to instituting those changes.

CONCLUSIONS AND RECOMMENDATIONS FOR FUTURE RESEARCH

Throughout the process of blending of two adaptive training solutions into one aggregate prototype, we
have learned a number of lessons. There are similarities in the two approaches, as both concepts emphasize
development of expertise based on optimizing the learning experience by adapting to the student. While
both rely on performance assessment to adapt the lesson, implementations of how each used performance
measurement to adapt was different. This led to a number of challenges when merging the two approaches
into the combined prototype. On the positive side, we were able to successfully merge these capabilities
into a lesson that was seamless from the perspective of the student. We relied on GIFT to perform the
initial knowledge assessment, and to determine a starting point within the lesson. For simplicity sake in
the initial prototype, we did not attempt to integrate individualized student traits such as motivation or
engagement into our pedagogical decisions. We employed the GIFT adaptive modules to sequence through
student need-based training, but then employed Boeing’s ITS lessons to provide within-module assessments
and practice, enabling remediation and practice at a more finite level than that provided by GIFT alone.
We also demonstrated the ability to launch an external Unity-based VR practice module from GIFT, and
showed that performance within that practice environment could be reported back to GIFT upon completion
of the practice exercise.

Along with the positive points, we did identify a number of challenges throughout the course of our devel-
opment. What follows is a summary of the lessons we have learned along with way.

e With any approach to adaptivity, there are challenges in the implementation of these concepts
within a complex task environment. When combining two methods into a single learning solution,
there are some additional complexities. For example, the Boeing approach to student assessment
and adaptivity was different that the GIFT implementation. In some instances, both adaptation
rules could run in parallel, but in other instances, we had to reconcile the different approaches.

e Long-term student record persistence is currently not implemented within GIFT. It would be nice
to have the ability to customize lesson content based on a previous lesson learning record, but as
of now, all lessons are stand-alone.

e Within a single lesson, we did not have the ability to remediate back to a previous adaptive learning
module once it was determined to be mastered by the student. The implementation of our lesson
involved completing individual modules and then completing an integrated external simulation ex-
ercise which combined aspects of multiple learning concepts. It would be nice to have the ability
to remediate the student back to the individual adaptive module if they failed a concept during the
final practice. Or, as mentioned previously, to record that failure as a persistent record and then be
able to re-launch the lesson and repeat those modules where the student struggled during the final
assessment.

e There was no GIFT standard for communicating with external applications. Interfacing external
applications with GIFT required the creation of custom gateway modules which involved the im-
plementation of message passing and parsing. Certain naming and scoring conventions between
the external application and GIFT domain knowledge files were not intuitive. There was a lot of
trial and error to make the process flow as desired. As GIFT becomes more pervasive and others
attempt to interface with their existing applications, it would be beneficial to have a more standard
approach to communicating with external applications.



e We had a number of usability issues as we initially began to author in GIFT. Some of those were
due to bugs in the tool, while others were attributed to complexities in working with external ap-
plications. Specifically, we had issues running GIFT behind a proxy. In order to run the authoring
tool behind the Boeing firewall, we had to disconnect from the internet and run it in offline mode.
We also had difficulties due to size limitations in importing and exporting large lesson files. Users
of GIFT could benefit from improved documentation or lessons on how to author.

o Limitations of older technologies within The Boeing-developed applications (e.g. Flash-based les-
son playback) made for some complexities in how those lessons were integrated and displayed
within GIFT.

We have learned through experience that there are strengths and weaknesses of different approaches to
modeling students, providing feedback, and adapting content. As we continue to develop and test the overall
effectiveness of adaptive learning in the coming year, we hope to capitalize on the best of each approach in
creating a mutually beneficial joint solution.
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