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1. Tutorial Objectives

The purpose of this tutorial &fold:

A Familiarize participants with the fundamental principles of adaptive Intelligent Tutoring
System (ITSHesign

A lllustrate how ITS design influences/enables-setjulated learningSRL).

A Discuss the need for standards for authoring of ITS, modeling of learners and experts,
automated instructional strategies, and methods of analysis for ITS technologies

2. Fundamentals of Tutoring

This section reviewthe fundamentals of ITSSlide 3illustrates a typical tuteuser interface
used by the ITS to deliver content and feedback to the leammereceive learner inptthis
interface may include a tutor naal language feedback windpwhich is used by the ITS to
provide verbal feedback or direction through a virtual hurtarsually provides a text feedback
window, a content presentation window, and a learner response window where the learner
provides tekinput in response to ITS directions, questions, or feedi#anknning log of the
conversatioror chat windowmay also be part of the tutaser interface.

\/ ""Ec@ Typical Tutor-User Interface AL

ma\L: Natural Language

raining Technology Center WARFIGHTER FOCUSED.
PUBLIC RELEASE i DISTRIBUTION UNLIMITED 3



Slidedi | l ustrates the fAsweet spoto for |1 TSs, the
within tutoring for complex skills¥ersussimpler tasksTo support SRL, tutors adapt their
delivery and the challenge level of scenarios to match those of the ldatinere is no adaptive
change to mat ch tthigissimpl@acompetebéssd traimng diere thé h e n
training is the same for everyoaad not adaptive tutoring

What is SRL? SRL igearning(acquisition of knowledge or skillshat is guied by

me acogni ti on ( $thinkingd, stratggic adiam (pkanniagy rmoaitoring, and

evaluating personal progress against a standard), and motivation tdtledes great

awareness and discipline to guide your own leatriixgert human tatrs are much more

effective and efficient at guiding learning. Just as expert human tutors guide leataptisea

ITSsmay also augment SRL by shaping instructional content and scaffolding support to meet the

| ear ne rThescompatebdsed ITSmustbe si tuationally aware of
the instructional context to be effective guides and support efficient instruction.

As notedin Slide 4 complex skills may includeognitivetasks where challenging decision
making and strategic thinkiraye exercised or affective tasks where interpersonal skills and
ethical conduct are tested @yehomotoskills where coordination and timing are critical to
physical tasks (e.g., land navigation)operating sphisticated system$TI'Ss may be used to
prepare for live training, enhance learning in conjunction with virtual training environyeents
act as job or decision aids during actual operations.

A ﬁﬁﬂ:@ Intelligent Tutoring Systems ARL

Territory

Complex Skills
Intelligent Tutoring Systems
Abstracted | What

Concepts - Cognitive (e.g. complex decision-making, strategic thinking)
- Affective (e.g., interpersonal skills, ethical conduct)
Adaptive - Psychomotor (e.g., operating sophisticated weapons/platforms)

Proceduresj| When and Where

- Prior preparation to maximize live training/practice
Concepts - Enhance learning within virtual training environments
- Intelligent decision-aiding/mentoring on-the-job

Learning Content

Simple ¥ Basic Knowledge & Skills

Procedures .
AlLive (classroom, range)

Facts

AComputer-based training

Remember Understand Apply  Analyze Evaluate Create

Learning Objectives

@ SFC Paul Ray Smith Simulation & Training Technology Center WARFIGHTER FOCUSED.
P PUBLIC RELEASE i DISTRIBUTION UNLIMITED 4

The primary reasons thattors are limitedn their use in education and training (&ele 5 are

1) they have insufficierdahlity to adapt to learner needs andtl2¢y are expensive to authdr

takes approximately 200 h of interdisciplinary team labor to make 1 h of coursework for tutoring
More adaptive equals more expensive.



] ii‘ﬁifcoM) Limitations of Current ITS ARL

Expensive to author and are insufficiently adaptive* to support highly
effective and tailored training experiences across a broad spectrum
of military tasks.

AAdaptiveness drives the need for additional
authoring... more authoring, more
development time, more cost

AAdaptiveness is largely based on knowledge
of | earner p ethdratibuéen c e
influence learning (e.g., individual
differences)

AITSs have been primarily applied in limited,
welldefined domainsé with |imited
application to military tasks

*adaptive systems customize themselves automatically in response to users or changes in
the environment.

'i» SFC Paul Ray Smith Simulation & Training Technology Center WARFIGHTER FOCUSED.
N PUBLIC RELEASE i DISTRIBUTION UNLIMITED 5

Significant evidence exists that compdib@sed intelligent tutoring systems are just as effective

as human tutors under certain conditions and generally within morelefgied domainge.g.,
mathematics, physics) where there is generally one correct answer to a phidigegoal is for

ITSs to be as effective as expert human tutors under all conditions and ddrhaieffect sizes

shown inSlide 6are baselined against traditional siasm trainingThe ultimate goal for ITSs

is to Iimpact | earning with effect sizes equiyv
(AAO students) through tailored instmuction a
other words, the goas ito be as effective as or more effective than expert human tutors.

\ ﬁj}'ﬂ;@ Motivation for

Tutoring Research

Tutoring Methods and Effect Si

2.00 Skilled human tutors (Bloom, 1984 § score from|_ A |h

1.05 Other tutoring systems ( ¥ me(;_nbjecliveg,\s

PACT Geometry Tutor (Anderson, Corbett, Koedinger & Pelletier, 1995) J_,_ _7_[
Atlas-Andes(VanLehn, et al., 2005; Rose, et al, 2001) (:mresholcl:)
Diagnoser- physics(Hunt & Minstrell , 1994) T 71
Sherlock (Lesgold et al., 1988) B
0.80 AutoTutor (20 experiments) (Graesser et al, 200present )

0.79 Skilled human tutors (VanLehn, 2011)
( 'y medi an Uspercentie tof)om 50

0.42 Unskilled human tutors (Cohen,Kulik , & Kulik , 1982) C
( 'y medi an Uspercentie to66" meroentied

0.00 Baseline- traditional classroom training

Adapted from information from Dr. Art Graesset University of Memphis, and Dr. Beverly Woolf, University of Massachusetts Amherst.

i
‘QL )\9 SFC Paul Ray Smith Simulation & Training Technology Center WARFIGHTER FOCUSED.
s PUBLIC RELEASE i DISTRIBUTION UNLIMITED 6




Many organizations are feeling the crunch to achieve more withviéske training and

education remain important to maintaining organizationaietency, it may not be practical or
feasible to achieve and maintain competency in a traditional class@yato-one training

(Bloom 1984) has been showslifle 7 to be more effective than classroom training, but it is not
practical to have on®-onetutoring for every person in a large organization.

¥ ROECOM ) Need and S&T Opportunity ARL

Need: A smaller Force requires each Warfighter to have expertise for a greater
range of skills for complex missions. Need to achieve expertise faster with fewer
resources.

Opportunity: Accelerate development of expertise by developing intelligent
tutoring systems as effective as human tutors i with cost-effective features.

Classroom Training vs. 1:1 Live Instruction

20 (Standard Deviations)
|—| Students wi 1:1
Live Instructor

% Classroom
T Students
T
2 PO
& «---""" i Intelligent !
= ! Tutoring

'

| System

Learning Improvements
Bloom, B.5.(1984)

Enhances mission readiness. Reduces training cost.

PUBLIC RELEASE i DISTRIBUTION UNLIMITED

Shift from one-size-fits-all training A affordable, personalized learning.

FOCUSED.
i

So, if we wanted an ideal tutoring systérmatcould adapt to our needshat would it look like?
Slide 8shows a set of salient characteristics for a platitearal tutor as described by Sottilare

andGilbert (2011)

= Salient Characteristics of an T E T
o iSecoacy - -
e b Ideal Tutoring System ARL

Aself -regulated & support learning of individuals and teams (Army requirement)

Aadaptive & use Al to tailor instruction to the learning needs of individuals and teams of
Soldiers

A effective & credible & as good or better than an expert human tutor

Arelevant & support military training in both ill-defined and well-defined environments
Aaccurate & valid & use optimal instructional methods based on empirical results

Ausable 6t ai l ored to different users (trainees,
Aaccessible & service-oriented, available anywhere 24/7/365

Aaffordable & easy to author, promotes standards and reuse

Apersistent & models the learning needs of Soldiers across their careers

Bronze Silver Gold Y Platinum
Tutor Tutor Tutor Tutor

Sottilare, R. and Gilbert, S. (2011). Considerations for tutoring, cognitive modeling, authoring and interaction design in serious
games. Authoring Simulation and Game-based Intelligent Tutoring workshop at the Artificial Intelligence in Education
Conference (AIED) 2011, Auckland, New Zealand, June 2011.

SFC Paul Ray Smith Simulation & Training Technology Center WARFIGHTER FOCUSED.
PUBLIC RELEASE i DISTRIBUTION UNLIMITED 8



Before wecontinuein our discussion of tutoring systems, we should examine their fundamental
elements and processé&ide 9. Nearly every tutoring systetras4 fundamental elements: a
learner model, a pedagogical (instructional) model, a domain moded,camimunication

model The green boxes in the slide below show these fundamental elemerddwes/ersus
models because they manage processes in@adtbhtmodeling the learner, the instruction, the
domain and the communication

— Fundamental Y1
\ . R

modelof leamer states, trafts and
behaviors, and processes1o acquire data
and derive models

cognitive, affective,
psychomotor, social

leamer states

modelof iy P
leamer and gies, andp. toselect
performance them

generalized domain-independent
strategies (reflective prompts, pumps,
)

strategy
recommendations

- . modelof content, expertbehaviors,
e | Domain assessmentofperformance and
: Module Instructionaltactics
=
| = recion] domai actions and
eamer ctic sel n changes to level of support & chalienge)
Input
tactic
presentation Tutor-User communication interfaceto the
T Interface leaner
natural language, text, graphics,
other interactive media (e.g., virtual humans)
L
'i )\9 SFC Paul Ray Smith Simulation & Training Technology Center WARFIGHTER FOCUSED.
> 9
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ITSs use the processesShde 9to assess the learner and manage instrudfi@s are defined

as intelligent softwarbased agenthatguide instruction by observing and interpreting learner
data (behaviors, physiology, demographics) to classify learner states (e.g., engagement,
competency, emotionsyhe ITS uses these states to adapt/tailor instructions to match the

| ear ner 0 sanccnagusatdaptimize leamisgjide 10shows the interaction between

tutoring agents, the learner, and the training environment (e.g., simulation, game, presentation).

N4 ¢ = Intelligent Tutoring System (ITS) y %7 i
RBEG@ Defined ARL

Intelligent computer-guided instruction where software-
based agents:
A observe and interpret learner data to determine learner states

Aadaptandtailori nstruction to match the
needs to optimize effective problem solving and decision-making.

Tutoring Agents

A N N
agent
agent agentacts agent achu agent
observes to change observes provide observes
envirenmant envirenment leamer feedbackor ie!fad_on
instruction eaming
A 4 \4
. L leameracts on
Training € Learner
Environment >
o leamer observes environment
\& ),\) SFC Paul Ray Smith Simulation & Training Technology Center WARFIGHTER FOCUSED.
g PUBLIC RELEASE i DISTRIBUTION UNLIMITED 10



Finally, the adaptive tutoring learning effect modedwn inSlide 11lillustrates the interactive

loops of the tutoring procedsearner module data/processes are shown in green.boxes

Pedagogical module data/process are shown in light blue boxes and domain module processes in
light orange.

Updated Adaptive Tutoring

ARL

/] ii‘ﬁ'ﬂ:@

Learning Effect Model

update

v

long-term

learner
model

instructional
techniques

—

inform _

tutor detern

nine  Instructional

agoent
policies

fearner [nforms

gy
generation

ms instructional

data o

selection
+

instructional
context

informs  Instructional infiuence:

_"Inmlny

tactic
selection

gains

PUBLIC RELEASE i DISTRIBUTION UNLIMITED

blue text = offline processes
red text = key tutor decisions

WARFIGHTER FOCUSED.
1

3. Generalized Intelligent Framework for Tutoring

Traditionally, ITS are expensive and time consuming to develop. Additionally, they tend to be
linked to specific content and are not easily chanBedse in tutoring systems is virtually
nonexistentThe Generalized Intelligent Framework for Tutoring (GIFT) is an egmence,

domainrindependent intelligent tutoring framewdq®lide 13. It is intended to provide

f

e X i

b i

ity

and

t he
domainindependent, it allows for the reuse of materials and a reduction in both the time and

abi

monetary costs of developing tutoring systems.

ity

t sochoe. Byabeirg

f ul

t



¥ ROECOM Generalized Intelligent ARL

Framework for Tutoring (GIFT)

An S&T effort to develop an open-source tutoring architecture to:

1 capture best tutoring practices and support rapid authoring, reuse and
interoperability of ITSs

| lower costs and entry skills needed to author ITSs

| enhance the adaptiveness of ITSs to support self-regulated learning (SRL)
per the Army Learning Model

A ontology

A tools .
Adaptive

A methods G?FT # Tutoring

Systems
A standards y
AAutomated Authoring .
A exemplars | Aautomated Instruction Andapti AGrllty
AAccurate Learner Modeling daptive AFlexible
AAccurate Domain Modeling Anaffordable AcCollaborative
Aanalysis Tools AEffective ACritical Thinkers
(A §) SFC Paul Ray Smith Simulation & Training Technology Center WARFIGHTER FOCUSED.
PUBLIC RELEASE i DISTRIBUTION UNLIMITED 13

The fundamental tutoring processes within GIFT are consisiénttve previously described
components of the tutoring process, which are review&tidie 14

\/ 3051:9 Fundamental =
M Tutoring Processes ARL
modelof leamer states, traits and

behaviors, and processes 1o acquire data
and derive models

cognitive, affective,
psychomotor, social

modelof i .,
lea and gies,andp to select
performance them

generalized domain-independent
strategies (reflective prompts, pumps,
)

strategy
recommendations

- " modelof content, expertbehaviors,
e | main assessmentofperformance and
Module Instructionaltactics
-
domal actions and
T leamer tactic selection changes to level of support & challenge)
Input
tactic
presentation Tutor-User communication interface to the
T Interface | feamer
natural language, text, graphics,
other interactive media (e.g., virtual humans)
L
SFC Paul Ray Smith Simulation & Training Technology Center WARFIGHTER FOCUSED.
PUBLIC RELEASE i DISTRIBUTION UNLIMITED 14

As with most ITSs, GIFT hagprimary modular components: Domain Module, Learner Module,
Pedagogical Module, and Gatewdpdule. Additionally, this diagram represents the process

that occurs with user input to GIFT when the user is interacting with a training application.
Additional information about these modules and their processes is provided further along in the
AGI FTomfa GI FTO por.tniaddition o thel primarysmoduled, GlFTialad

provides a sensor moduleatis used to capture behavioral and physiological data about the

learner which can then be used to interpret/classify that data into leaesrfet use by the

| earner module and the pedagogi cal modul e as
Ef f e ct. The mtaraction of the modules is illustratedSiide 15



N ""EG@GIFT Modules and Interactions AL

Sensor
. Domain
Learner —> Pedagogical —> (swategy
Domain Implementation)
(Performance
Data)
A Gateway
[ Training
Application
1'“ ) ¥ SFC Paul Ray Smith Simulation & Training Technology Center WARFIGHTER FOCUSED.
Nz PUBLIC RELEASE i DISTRIBUTION UNLIMITED 15

Themodules in GIFT can be launched maltyithrough the Module Monitor shown 8lide 16

The image on the left is the Module Monitor before the modules have been launched. The image
on the right is the Module Monitor after the modules have been successfully launched. In GIFT
3.0 and above, it also possible to launch the modules in one step, which includes the launching

of the tutor welpage.

v ii-'ﬁ'fcan):)

Lo Command Moy Mo Learnes Modses Joonar G200 Lasen |
©
o Gateway Modues Gaseay Mo bes
o
i
Une i bk 1 rch T k) on e GIFT et o bt ko 1 I Mo ) o eced I et
rey vy
. S—— Server osses ot Mosdes
Lounch Ak Lounch Al j Lok A
0 e Lo s
rey e Larcr pecozeocs
Lo Do, peer—
i G e G
rey e Lo T
_— vl
cpun T Wetoace
N 12700, LA e
SFC Paul Ray Smith Simulation & Training Technology Center WARFIGHTER FOCUSED.
16
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Slide 17provides a visual of the Admin Tools in the Module Monitor (left) and the GIFT login
screen on the tutor wedage (right). There is also a simple login page that can be used for

experiments and does not require a password.
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i GIHMWM_

Main | Bookmarks | Webcams | System Msgs | Sensor | Learner. state|

Module Control | Admin Tools [ Active Sessions
GIFT Admin Server

Launch Admin Server (GAS)

Open Event Report Tool (ERT)

J
Open Survey Authoring System (SAS) J
J
‘Open Authoring Tool (GAT) J

Authoring Tools
Launch DKF Authoring Tool (DAT)

Launch Sensor Config. Authoring Tool (SCAT)

J

J N .
Lounch Learner Confg. Authoring Tool L.CAT)___| - ";ﬂ“h

J

]

J

Launch Course Authoring Tool (CAT)

Launch Metadata Authoring Tool (MAT)

Launch Pedagogy Config. Authoring Tool (PCAT)

Misc Tools
[ Launch Export Tool ]

S ] Generalized Intelligent Framework for Tutaring

\ﬁ)}l SFC Paul Ray Smith Simulation & Training Technology Center WARFIGHTER FOCUSED.
St PUBLIC RELEASE i DISTRIBUTION UNLIMITED 17

Within the Admin Tools Tab is a series of authoring todle GAT (GIFT Authoring Tool) is a

new element of GIT 20141-X, as is shown irSlide 18 It provides a usefriendly way for

authors to create their courses in GIFT. The course selection dashboard is pictured in the current
slide. Each line represents a current course within GIFT, and the green cheirktitates that

it is complete and validated. Courses can be opened by highlighting the name and then clicking
AEdi t 0.

-7 fcon)_l GIFT Course Authoring Tool

GIFT peshooura ©

Co0000C0OO0O K

iﬂ)}l SFC Paul Ray Smith Simulation & Training Technology Center

WARFIGHTER FOCUSED.
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The functionality of the new GAT is demonstratedsiide 19 The transitions and elements of

the course @ presented on the left side of the screen. Once one of transitions is sélected
associated fields to enter content into are displayed on the right side of the screen. Additional
transitions can be added using the menu on the top left of the page.



¥ ROECOM

GIFT Course Authoring Tool

G i’FT Course Authoring Tool @

Course  Transition  Retum to Dashboard

Course Name:
Logic Puzzle Tutorial

Version:

 grid puzzles.

nu
L MIDSURVEY

" Survey Context:
¥ @ Logic Puzzle Study
L) LPCONTENTQ
L
L) APPLIEDLPQ

SFC Paul Ray Smith Simulation & Training Technology Center

PUBLIC RELEASE i DISTRIBUTION UNLIMITED

WARFIGHTER FOCUSED.
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Surveys are authored in GIFT through the Survey Authoring System. It provides the ability to
create questions and surveys. Additionally, it can be programmed such that the surveys are

automatically graded.

] ii‘i?ﬂmM)

a'i }) SFC Paul Ray Smith Simulation & Training Technology Center
N2

Survey Authoring Tool

GIFT Survey System
el survcrs | Sy Conterts | Sy |

Create Question  Manage Shared Option Lists  Manage Categories
Narrow Results
Question Type

Hover over the question to get more detalls

D Question
tis your age?
Fill in The Blank 1 f“?i'.?_\"_’;r;\’: Edit
Multiple Choice \ ! ©
Rating Scale B o
Matrix Of Choices.
3 Edit
4 Edit

Immersive T
Logic Puzzle Demog

How many hours of sleep did

5 you get last night? Edit
Fill In The Blank
Have you had any caffeine in
the last two hours? Edit
Fill In The Blank

PUBLIC RELEASE i DISTRIBUTION UNLIMITED

Copy

Copy

Copy

Copy

WARFIGHTER FOCUSED.
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Thenext set of slides (pp. 115) provides an animated sequenti@texplains GIFT in simple
terms.GIFT has3 distinct functionsFirst, it is an authoring capability to develop new ITS

components and whole tutoring syste®% ¢ 0 n d ,nstructiohad mamager that integrates
selected tutoringrinciplesand strategies foruse in ITSsh i r d ,
analyze the effectiveness and impact@hputerbased tutoring systenec®mponents, toojsand
methodsGIFT is interded to be a community platform fgou to contribute to and to helpu

with your researcland development

10

t 6s

abedte x per i m



GIFT

can be
used to

("author tutors
& analyze
effectiveness
\_components

can be
used to

|

manage
instruction

can be
used to

Generalized Intelligent Frameweork for Tutering

Gl FT i sé an Intelllé with tools for
System
é with data extra
éan experi ment B
é with interchang
éan architectu
é as an exit vect
éa resear ch nek|projects
éa community pllé informed by Adv

GIFT is based on a learreentric approach and is therefore designed to be consistent with the
Adaptive Tutoring Learning Effect Chain. In this chain, the learner data informs learner states,
which then informs instructional strategy. Selection of the@pyate strategy at the correct time

is expected to lead to learning gains.

Each of these processes is captured in individual modules of &dFthis tutorial, we will go

t hough the funct.i

ons

nput s,

a n dhe forat ang, the s

Domain Module Although the Domain Module is one module in reality, it is divided tto
modules for you to better understand each d fteictions: performance assessment and

strategy implementation.

The learning effect chain starts tmonitoring learner performance and sensor dagarner

performance i s

assessed

from dat a

captured

Domain Module via the Gateway ModulelFT processes learner interaction data by comparing
the Domain Mdule inputs against designated models of expert performbmneeder to keep

GIFT generic to all training applications, domains are represented as a hierarchical structure of

AConcept so.

11
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Sensor
. Domain
Learner —> Pedagogical —> (suategy
Domain Implementation)
(Performance
Data)
A 000
Gateway
A, Training
Application !

Generalized Intelligent Frameweork for Tutering

AThis tutorial wil IModutemandBracesse€.l FT6s Mail|r

AThe implementation of GIFT is centered around the Adaptive Tutoring Learning
Effect Chain (ATLEC). Each component is intended to inform strategies to influence

learning gains.
inform_ instructional
strategy
le: informs le. selection informs - instructional influences Jearnit
aer I leamer . > "istie " =l —
selection B
instructional
context

For all identified Concepts and Suncepts, a learner can perfofiat standard fiabove

standard, or fibelow standam asdetermined by comparsion of performance toetkeert
model.Outputs from the Domain Module are fed into the Learner Module and contain
performance states associatethvgipecific concepts represented in the domain representation.

GIFT alsouses nf or mati on coll ected from sensors
interacting with a systenThe Sensor Module takes in raw serdata streams as inputs and
applies filters to convert the data into metrics correlated with cognitive and affective Biges.
filtered data is passed to the Learner Module for inferring affective and cognitive state
determinationsY o u  wo u | d sae inswustien fdr & ored student as an energetic one,
would you?Sensorsnaybeused to collect data about the learner and determine the fBsarner
states. Data from the learner may be filtered or unfiltered.
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