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Abstract. Intelligent Tutoring Systems (ITS) have been showbhdaeffec-
tive tools for one-to-one tutoring in a variety of @¢fined domains (e.g.,
mathematics, physics) and offer distinct advantages toaditional classroom
teaching/training. In examining the barriers to theesmtead use of ITS, the
time and cost for designing and author-ing ITS hasenbwidely cited as the
primary obstacles. Contributing factors to time andtdaclude a lack of
standards and minimal opportunities for reuse. Thigpexplores motivations
for the development of a Generalized Intelligent Fraor&wfor Tutoring
(GIFT). GIFT was conceived to meet challenges to:@ufhS and ITS com-
ponents, offer best instructional practices acrosariaty of training tasks (e.g.,
cognitive, affective, and psychomotor), and providesibed for analyzing the
effect of tutoring technologies (tools and methods).

1 Introduction

GIFT [1] is a modular, service-oriented architeetdeveloped to address authoring,
instructional strategies, and analysis constraintseatly limiting the use and reuse of
ITS today. Such constraints include high developnoests; lack of standards; and
inadequate adaptability to support tailored neddbelearner. GIFT's three prima
ry objectives are to develop: (1) authoring toolsiévelop new ITS, ITS components
(e.g., learner models, pedagogical models, userfactes, sensor interfaces), tools,
and methods, and develop authoring standards fwosupeuse and leveraging exter-
nal training environments; (2) provide an instrontl manager that encompasses best
tutoring principles, strategies, and tactics for usdTS; and (3) an experimental
testbed to analyze the effect of ITS componentdsi@and methods. GIFT is based
on a learner-centric approach with the goal of mmprg linkages in the adaptive
tutoring learning effect chain in Figure 1.
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Figure 1: Adaptive Tutoring Learning Effect ChaRj [



GIFT’s modular design and standard messaging pesvid largely domain
independent approach to tutoring where domain-digr@ninformation is concentrat-
ed in the domain module making most of its comptsenols and methods reusable
across tutoring scenarios.

2 Motivations for authoring tools, standards and best practices

The primary goal of GIFT is to make ITS affordablesable by the masses, and
equivalent (or better) than an expert human tutorsne-to-one and one-to-many
educational and training scenarios for both weflrgl and ill-defined domains. As
ITS seek to become more adaptive to provide taildutoring experiences for each
learner, the amount of content (e.g., interactivdtimedia and feedback) required to
support additional adaptive learning paths growsoeentially. More authoring re-
quirements generally means longer development ithieland increased development
costs. If ITS are to be ubiquitous, affordabled dmwlistically learner-centric, it is
essential to for ITS designers and developers t®ldp methods to rapidly author
content or reuse existing content. Overcoming besrio reuse means developing
standards. In this context, the idea for GIFT wasb

2.1  GIFT Authoring Goals

Adapted from Murray [3] [4] and Sottilare and Gitb¢5], the authoring goals dis-
cussed below identify several motivating factors tlee development of authoring
methods and standards. First and foremost, theod@asIFT is founded on decreas-
ing the effort (time, cost, and/or other resourgesjuired to author and analyze the
effect of ITS, ITS components, instructional metho@srner models, and domain
content. ITS must become affordable and easy tll lsai we should strive to de-
crease the skill threshold by tailoring tools fpesific disciplines to author, analyze
and employ ITS.

In this context, we should provide tools to aid dmesrs, authors, train-
ers/teachers, and researchers organize their kdge/®r retrieval and application at
a later time. Automation should be used to theimam extent possible to data mine
rich repositories of information to create expeddwels, misconception libraries, and
hierarchical path plans for course concepts.

A GIFT should support (structure, recommend, oorr®) good design princi-
ples in its pedagogy, its user interface, etcshtuld enable rapid prototyping of ITS
to allow for rapid design/evaluation cycles of ptgpe capabilities. To support reuse,
a GIFT should employ standards to support rapi@girstion of external train-
ing/tutoring environments (e.g., serious gamesgverage their engaging context and
avoid authoring altogether.

2.2 Serious Games and ITS

Serious games, which are computer-based games am#dining and education
rather than pure entertainment, are one optiorefase if they can easily be integrated
with tutoring architectures like GIFT. Serious gamoffer high-level interactive mul-



ti-media instructional (IMI) content that is engagiand is capable of supporting a
variety of scenarios with the same basic contenthil@Mmost serious games offer
prescriptive feedback based on learner task pedca the integration of serious
games with ITS opens up the possibility of moreptigda feedback based on a more
comprehensive learner model.

In order to facilitate the use of serious gamea totoring context (game-based
tutoring), standards are needed to support theagiekof game actions to learning
objectives in the tutor. To this end, Sottilarel @ilbert [5] recommend the devel-
opment of two standard interface layers, one l&yethe game and one for the tutor.
The game interface layer captures entity state @atp, behavioral data represented
in the game), game state data (physical environmeta), and interaction data, and
passes this information to the tutor interface lay@he tutor interface layer passes
data from the game to the instructional engine tvldevelops strategies and tactics
(e.g., feedback and scenario changes) which aregdmck to the game to initiate
actions (e.g., non-player character provides feeklba challenge level of scenario is
increased).

Additional options for reuse should be explored ninimize/eliminate the
amount of authoring required by ITS designers aenebbpers. The ability to struc-
ture approaches for configuring a variety of tuigriexperiences and experiments is
discussed next.

2.3  Configuring tutoring experiences and experiments

Another element of authoring is the ability to §asbnfigure the sequence of instruc-
tion by reusing standard components in a script.is Th accomplished in GIFT

though a set of XML configuration tools used to ws&uce tutoring and/or experi-
ments. Standard tools include, but are not limiteflinctional user modeling, learner
modeling, sensor configuration, domain knowled¢ge duthoring, and survey author-
ing which are discussed below.

While not yet implemented in GIFT, functional ugeodels are standard struc-
tures and graphical user interfaces used to fatlitasks and access to information
that is specific to the type of user (e.g., leasnsubject matter experts, instructional
system designers, system developers, trainersf@tsts/teachers, and scien-
tists/researchers).

Learner models are a subset of function user magsld to define what the ITS
needs to know about the learner in order to infsound pedagogical decisions per
the adaptive tutoring learning effect model. Téarher configuration authoring tool
provides a simple tree structure driven by XML sohewhich prevents learner model
authoring errors by validating inputs against tharher model XML schema. This
configuration tool also provides ability to validathe learner model using GIFT
source without having to launch the entire GIFT aedture. Inputs to the learner
modeling configuration include translators, class#, and clustering methods which
use learner data to inform learner states (e.gnitieg and affective).

The sensor configuration authoring tool allows tiser to determine which sen-
sors will be used during a given session and wtiatslators, classifiers, and cluster-
ing methods the sensor data will feed. Again,ithen XML-based tool which allows
the user to select a combination of behavioral pingsiological sensor to support



their tutoring session or experiment. Several corniakesensors have been integrat-
ed into GIFT through plug-ins.

Survey authoring is accomplished through the Gliefvesy authoring system
(SAS) which allows the generation and retrieval wégtions in various formats (e.qg.,
trueffalse, multiple choice, Likert scales) to sup@ssessments and surveys to sup-
port tailoring decisions within GIFT. Throughdhool, questions can be associated
with assessments/surveys and these in turn casdeeiated with a specific tutoring
event or experiment.

Domain authoring is accomplished through the dorkaimwledge file authoring
tool. This tool allows an instructional designersiequence events (e.g., scenarios,
surveys, content presentation). GIFT currentlypsupvarious tutoring environments
expand the flexibility of course construction. $henclude Microsoft PowerPoint for
content presentation, surveys and assessmentstf@r®IFT SAS, serious games
(e.g., VMedic and Virtual BattleSpace (VBS) 2). Ma@nvironments are needed to
support the variety of tasks that might be traingdgiGIFT.

3 Motivations for expert instruction

Significant research has been conducted to moderexiuman tutors and to apply
these models to ITS to make them more adaptiveeémeeds of the learner without
the intervention of a human instructor. The INSPIRodel [6] [7] is noteworthy
based on the extensive scope of this studies eldatol this model. Person and others
[8] [9] seek to compare and contrast how humarrsuand ITS might most effective-
ly tailor tutoring experiences.

For its initial instructional model a strategy-iaacbntology, theengine for Mac-
ro-Adaptive PedagogyeMAP), was developed based on Merrill's Comporiers-
play Theory [10], the literature, and variablet thaluded the type of task (e.g., cog-
nitive, affective) and instruction (e.g., individuamall group instruction). Instruc-
tional strategies are defined as domain-indepengi@lities that are implemented by
the pedagogical engine based on input about thedga state (e.g., cognitive, affe
tive, domain-independent progress assessment [jacttion, below expectation, or
above expectation)). Strategies are recommendatiiotiee domain module in GIFT
which selects a domain-dependent tactic (actiosedbeon the strategy type (e.g.,
prompt, hint, question, remediation) and specifictridional context, where the
learner is in the instructional content.

A goal for GIFT is for it to be a nexus for caphgibest practices from tutoring
research in a single place where scientists carpammthe learning effect of each
model and then evolve new models based on thedbestutes of each model ana-
lyzed. To support this evolution, GIFT includeseatbed methodology called the
analysis construcivhich is discussed below.

4 Motivations for an effect analysis testbed

As noted in the previous section, GIFT includesaaalysis construct which is not
only intended to evolve the development of expestructional models, but is also



available to analyze other aspects of ITS includiagner modeling, expert modeling,
and domain modeling. The notion of a GIFT analgsiastruct shown in Figure 2
was adapted from Hanks, Pollack, and Cohen'’s tdstimthodology [11].

Figure 2: GIFT analysis construct

A great benefit of GIFT’s analysis construct italslity to conduct comparisons
of whole tutoring systems as well as specific congmds (either entire models or
specific model elements). To date, ITS researshblegn limited in its ability to con-
duct such comparative analyses due to the highs asstociated with redesign and
experimentation. This construct can be leverageaissess the impact and interplay
of both learner characteristics directly contribgtto the learning process (i.e., abili-
ties, cognition, affect, learning preferences, edogd those that are external and indi-
rectly effect the learning process (i.e., perceystiof technology, the ITS interface,
and learning with technology, etc.). Similarly, F3l can provide formative and
summative assessments to identify the influeneeaabus instructional strategies and
tactics; based on these assessments, GIFT isabkdter improve and guide instruc-
tion dynamically and more effectively.

Across all levels of education and training pogaled, regardless of the mode of
instruction (i.e., live, virtual, or constructived,paradigm shift in the learning process
is occurring due to the evolution of technology &mel increase in ubiquitous compu-
ting. This notion has become noticeably apparemtr ahe last few years. Even
Bloom’s revsed taxonomy has been recently updated to account€w actions,
behaviors, processes, and learning opportunitiesgbtaforth by web-based technol-
ogy advancements [12]. Moreover, with the incregsecognition of the importance
of individual learning differences in instructio8JFT can ultimately be able to sup-
port the educational framework and principles af timiversal design for learning
(UDL) [13, 14]. This framework highlights the nefat multiple means ofapresen-
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