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ﬁﬁvﬂ:@ Research Motivation for
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Team Tutoring

« Grand Challenges for Education Technology (Woolf, 2010)
— Personalize Education
— Assess Student Learning
— Support Social Learning
— Diminish Boundaries
— Develop Alternative Teaching Methods
— Enhance the Role of Stakeholders
— Address Policy Changes

« Computer-based Intelligent Tutors work: (Woolf, 2011)
— Nearly the same improvement as one-on-one human tutoring.
— Effectively reduce the time required for learning by 1/3 to 1/2.

— Networked versions reduce the need for training support personnel by
about 70% and operating costs by about 92%

Woolf, B. P. (2010). A Roadmap for Educational Technology. National Science Foundation # 0637190

Woolf, B.P. (2011). Intelligent Tutors: Past, Present and Future. Keynote address at the Advanced Distributed Learning ImplementationFest,

August 2011, Orlando, Florida.
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RDEC D Payoff: Improved Learning _‘
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« 2sigmaimprovement for human

one-on-one tutoring over STUDENTS TESTED
conventional teaching (Bloom, |
1984) ﬂn-—un-[f.;ln:l ‘;I'utﬂﬂng
Mastery Teaching
{1 : 30}

.50 sigma for interactive
multimedia (Woolf, 2011)

— raises the median score from
50% to 69%

Convenllonal Teachlng
(1 : 30)

« 1.05sigma for intelligent tutors ”?mormmE"“"E”m
(Woolf, 2011) . :;%
— raises the median score from 2 sigma

50% to 85%

Bloom, Benjamin S. (1984) The 2-sigma problem: The search for methods of group instruction as effective as one-to-one tutoring, Educational
Researcher 13: 4-16.
Woolf, B.P. (2011). Intelligent Tutors: Past, Present and Future. Keynote address at the Advanced Distributed Learning ImplementationFest, August
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US ARMIY

RDEGQ Team Tutoring Design Goals _‘

Design Goal 1: accurate:
— correctly assess team states (e.g., trust)
— correctly assess individual trainee states

« Design Goal 2: low-cost
— modular, low-cost sensors

* Design Goal 3: portable
— hosted on mobile computing devices

 Design Goal 4: real-time or near real-time

— real-time interaction with intelligent agents in a distributed
tutoring environment

 Design Goal 5: unobtrusive

— passive sensing of behaviors and physiological measures
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i?ﬁl—'t:Q Team Tutoring Challenges _‘

 Challenge 1: Low cost, passive sensing of behavioral and
physiological data

« Challenge 2: Classification of Affect and Trust
« Challenge 3: Selection of Instructional Strategies
« Challenge 4: Tracking Multi-Dimensional States

 Challenge 5: Real-time Interaction
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US ARMIY

RDECOM Relating Challenges and Goals 4
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. Design Goal 1: accurate Challenge 1: Low cost, passive
sensing of behavioral and
physiological data

« Design Goal 2: low-cost o
Challenge 2: Classification of

Affect and Trust

* Design Goal 3: portable Challenge 3: Selection of

Instructional Strategies

* Design Goal 4: real-time Challenge 4: Tracking Multi-
Dimensional States

* Design Goal 5: unobtrusive Challenge 5: Real-time Interaction
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us ansy Cognition and Affect

RDECOM
: in Team Training

Higher Order Thinking SKkills

Creating /\7
/

Evaluating

Analysing

Applying

Understanding

Lower Order Thinking Skills

Fear and
panic

frustration and boredom

Assessing individual cognition and affect during team training
is on the critical path of adapting that training to resolve conflict
and enhance cooperation among team members

4 :
affect 1allodng
: ]
=]
[=
@
k]
£ ? -
F : , Operational
o i affect tziloning . .
9 Learning Realism
“Minimum arousal thresholg ¢ Loeo0men (stressors)
Bjork, R. A. (1994). Memory and metamemory considerations in the training of human
> beings. In J. Metcalfe and A. Shimamura (Eds.), Metacognition: Knowing about knowing (pp.
Viygotsky, L.S. (1978). Mind in Society: The development of higher psychological processes. 185-205). Cambridge, MA: MIT Press.
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US ARMIY

RDEGQ Human Tutoring Use Cases —!

One-to-One One-to-Many
(Private Tutoring) (Traditional Classroom)

Students who work one-to-one with expert human tutors often score 2.0 standard
deviations higher than students in a conventional classroom (Bloom, 1984)

Bloom, Benjamin S. (1984) The 2-sigma problem: The search for methods of group instruction as effective as one-to-one tutoring, Educational
Researcher 13: 4-16.
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e Computer-Based .2

o0 Individual Tutoring Use Cases

One-to-Many
(Concurrent Users Working
Separately, Asynchronously)

One-to-One
(Private Tutoring)

Distributed Learning

=

WARFIGHTER FOCUSED.
*UNCLASSIFIED — UNLIMTED DISTRIBUTION*



RDECOM Tutoring Framework for

1 : Individual Training

Tutor (local) Server-based
rawsensor data Sensor Learning Management
Module System (LMS)
M
processed input: new trainee states
sensor data « competency
k4 trai tates From LMS output: initial tramee states
ainee states from i
» domam knowledge
performance . L . =
— Trainee o and traming simulation * trainee competency
Module *trainee demographics
curent and predicted
trainee affective and
y COEe At Service Oriented -
\
Pedagogical Communication | - Architecture G I FT
Module Module (Communicati
e tor Framework)
Tequests 1ot domam knowledge from LMS
performance assessment
feedback
scenario changes
. " to LMS cutput: simulation states
Domain S * entity states
Module mstructional strategies * entity interactions
nstructional
media and strategies

W
I h 4 traimee actions

] . ravwluzer jIlI_'ILlT. . SEI‘\-‘ El‘—bﬂseﬂ
1| Sensors p— Trainee ﬁ 3| T.0cal Client € . . . .
- Training Simulation
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Lo D Computer-Based _‘

Team Tutoring Use Case

One-to-Many
(Concurrent Users Working Together)

Mobile Learning
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Us ARMIY

RDECOM A step toward team tutoring... .2

13 - tutor interaction with game-based training

Historical
Data

Entity St

(behavioral data)
1 Sensor
Learner Data
Game State Data
(physical environment)
2
Learner
(physical, social)
Tutoring
3 .
Learner Engine
Strategies
n
Learner L0 Cane
(challenge level, flow)

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.
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Tutoring Framework for

Team Training

Tutor (local) Server-based G | F I
rawsensor data Sensor Learning Management
Module System (LMS) Tenm
7 ) ——>| Performance
processed mput: new trainee states State Model
sensor data * competency
W . output: tutialtramee states
trainee states from LIS . T
erformance : N : * domainknowledge eam
P 3 Trainee and training simmlation *trainee competency ——3] Competency
Module * trainee demographics State Model
current and predicted ¢
e o | Tesm Comicn
Service Oriented State Model
Pedagogical Communication | - Architecture
Module Module (Communications
Framework) 3 Team Affective
requestsfor: | o owledee from LMS State Model
perfnnnance assessment 5
feedback
scenano changes
Y vt Team Trust
Domain competency to LMS e > State Model
Module instructional strategies = entity interactions
mstractional Teal:ll:l .
media and strategies > Communication
State Model
W
] h 4 - trainee actions
i . Jawuser mput : Server-based
Sensors = Trainee ﬁ LocalClient [€—> L . . BN e
N Training Simulation e lemres
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RDMEG@ Generalized Intelligent Framework for

Tutors (GIFT) Methodology
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Assess > Model - Predict > Adapt - Influence Learning

ylf Modify trainee model
understand _ .
individual trainee rainee !
learning needs Model GIFT

Performance, retention,
enhanced skills, etc.

make tuto(rjs I& Domain- Experimental Empirical
. mo ets > Specific pS stern > Evaluation of =
€asy to create Content y Learning Outcomes
and use
Tutor vs. Traditional Training
Intervention vs. Non-Intervention
. Different student models
use trainee state & _ Different intervention strategies
learning context to Instructional
select appropriate Strategies
strategies
Optimize strategies
Methodology derived from: Adapt content

Hanks, S., Pollack, M.E. and Cohen, P.R. (1993). Benchmarks, Test Beds, Controlled Experimentation, and the Design of Agent

Architectures. Al Magazine Volume 14 Number 4. WARFIGHTER FOCUSED.
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ﬁﬁte@ Standards for Evaluating Tutors ‘

Platinum Tutors

- adapt to the learner better than a human tutor
- enable learning better than a human tutor

- fully perceive learner behaviors and physiology through remote
sensing

-support fully mobile training

.are consistently accurate (near 100%) in classifying the learner’s
cognitive state in near real-time

- have an optimized repertoire of instructional strategies

-are automatically integrated with a variety of training platforms
(e.g., serious games, commercial/military training simulations).

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.

Bronze Silver Gold Platinum
Tutor 'i% Tutor Tutor Tutor
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Questions

Interested in learning more?
See us at the RDECOM Booth
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