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Outline

« Technical Underpinnings of Tutors
— Two types of tutors
— Representations and processes in tutors

« Example Tutor
— Task overview

— How current AFRL research supports tutor
development

« Technically realizing activity monitoring
* Net-Centric execution
« Performance monitoring

 Long-Term Vision



Technical Underpinnings of Tutors
Model/Knowledge Tracing Fidelity and the Cost of Tutors

Example

Allowed actions are demonstrated

Anticipated errors are demonstrated
and associated with bug messages
and hints

Remaining errors block progress
Minimal programming
Limited re-usability

yyment, and maintenance costs

Cognitive

Models support activity monitoring

Decomposition of task into
representations of knowledge and
skill supports performance
monitoring and the tailoring of
instructional material

Impact of repetition and inactivity
on learning can be predicted and
explained

Models explain differences
between instructional approaches



Technical Underpinnings of Tutors

Representations Underlying a Cognitive Tutor

e The task of interest
— Task environment
— Possible actions

* The trainee
— Current knowledge
— Current goals Student Module
— Recent actions
— Knowledge/skill strengths and weaknesses

* Instruction
— Optimal actions Expert Module
— Pedagogically effective actions Tutor Module
— Intervention alternatives

Interface Module



Unknown Air

TH 6040

BRG 203
BMNG 911
ALT 31064
SPEED 506.0

General
CSE 028

POSIT G 0036 D084

Fending

__ Scores____
Last: 0
Total: 0
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Problem Time
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Unknown Aar Pending
TH 6040

BRG 203

RNG 911

ALT 31064

SPEED hib.0

General
CSE 028

POSIT G 0036 00GA4

2. Information in a “Character Readout”

BRG 203 ARINCHEBY ON _
1. Track Selections

(visual assessments)

4. Information in a “Track Report Area”

Track

Manager

3. Interactions with interface and synthetic teammates through function-key panel
5. Entry of “Type” and “Threat” identifications



Tutoring in the AAWC Task

Monitoring Actions and Providing Instructional Support

EWS
Range Classify EWS Send CAP EWS
Change Track to VID Track \
| | |
v ! | | ‘
AL I 4 T
Start / View View View
TRA
View Scope Scope
Scope

« Task Selection
« Help trainee choose next unit task to execute

« Task Execution
« Help trainee execute the current unit task



)
/ Where Cognitive Models and Agents are Going

q0 'S The Challenges of Scale and Integration
Current Successes... Developing Challenges...
" /.NE {(int_§ = N i J*¢) resly) = bufly);
yd u,,( ¢ SIS Making sense of
/ P L0 -"Zﬁeiﬁm P and defeating

W g’/ software

[ % protections

Student \ Reverse :,“4‘ ‘s ler
\Q\ - ) N Engineer [ o
\‘_ﬁ?-/ - ";E'\; licn\él l‘““@ : :
- RED abject?

Modeling the Cognitive Processes Modeling Sense-Making as Abduction-
Underlying Spatial Rotation Based Inquiry in a Cyber Effects Testbed
— Models Execute in the Same Application as — Agents Integrated into a Multi-Formalism

the Cognitive Architecture M&S Environment

* Moving models to synthetic task environments
* Modeling components of cyber/physical/human systems
* Facing scaling and integration challenges



. Meta-Modeling -- DSL Development

Automata - /RaAMLY/ X | AutomataTransitions - /RaAMLT,

T Name:| Automata

LR x X B oY ALS s & P

DSL Development using Model Integrated Computing

2. Modeling -- DsL Use

—>

| —

Automated

3. Model Integration and Simulation -- DSL Transformation, Integration and Execution

SYS=(T,X,Q,Q,6,Y,2)

T Time base

X Input set

Q State

Q State set
0:QxQ—>Q  Transition function
Y Output set

1.Q-Y Output function

- General Systems Theory
- DEVS: Discrete Event Systems
- HLA/DEVS Integration




An Example Cognitive Modeling DSL

Abstract/Concrete Syntaxes based in ACT-R; Semantic Anchoring in DEVS

Edt View Tools Window Help
Vgld o BE HBX 90 8 30 pi A s sl ok b e O ST s s
fon_task x
- T Name: fan_task Automaton Aspect [ Automaton [ Base: [N/A Zoom:[150% v,

rweTew T ol

»
1
trial started
comprehending_person ﬂ
Jz 1

successful comprenhension

comprehending_location J
Jz 1

X% G OB

GENERIC MODELING ENYIRONMENT 11

£ 55 %

A % X, X 0 )Y Aia;@ngHsL" .

successful comprenension

D identifying_target_or_foil

4 DEVS-Suite Ver 21.0 aea

Xte , c : coore
(\ ,v oFormal Rigor

Language Development Framework v S = oModel Re-Usability

oEnhanced Interoperability

*DoD Architectural Framework
*DEVS-HLA

oAdvanced M&S
oNet-Centric Execution!

oCognitive Fidelity

oDomain Concepts/Relations

oHuman Modeling
*Motor Behavior
*Visual Behavior
*Associative Memory
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M&S Framework of the LSCM Initiative

Advanced M&S in a Service-Oriented Architecture (SOA)

M2M
transformation

M2DEVSML
transformation

M2DEVS
transformation

- . -

DEVSModelinglanguage (DEVS PIM DSL)

Server-side (Atomicand Coupled models)

architecture

DEVS Middleware  (StandardscompliantAPl)

DEVS/SOA

Net -centric Infrastructure (SOA)

DEVS/ JAVA DEVS/ C+ DEVS/ NET Non -DEVS
192.1681.100 1921681.101 192.1681.101 eg. MATLAB

11



EWS request started

EWS request completed

Behavior Models in Example DSL

Formal Representations that Recognize and Generate Behavior

EWS Sub-Menu

Chject Inspector

AutomatonT ransition

Attributes | Preferences | Properties

Label

PoztBindings
Fatterns

E'w'S request started

hook__time=T ime
fmenu_id. O},
fhooked_track, Time},
fkey preszed, A0}




L\ Behavior Models in Example DSL

4

Formal Representations that Recognize and Generate Behavior
b Ohject Inspector
1 AvtornatonT ransition
Attributes | Preferences | Properties
EWS request started Label E'w'S request completed
FreBindings bk bime=Time
Patterns Ikey pressed, (1}
Help requested "'J'
N EWS Sub-Menu
U
EWS request completed Azzertions {repart_unit_task, ews request, Time}
EWS request abandoned




Behavior Models in Example DSL

Formal Representations that Recognize and Generate Behavior

* RML1.3 - ews_then_id_v1 - fagents/AAWC/
! File Edit View Tools Window Help
_;H-JISX"Jf‘—tﬁd@ﬁﬁ o & H i !‘r')"..l“ﬁig =Tl H“pﬁ
;E track_hooked r ews_request_v;/V ews_then_id_vl X r ews_then_id_v2 ] w | Object Inspectar - X
o T Mame: | ews_ther_id 1 Automaton Aspect: Baze: MAA Zoon; ews_then_id_v2 far Kind
& Attributes | Preferences | Properties |
o) ARecord thooked hack}
.{
]
< 1
>
fab Track hook action recognized
5
t‘:;. Y
“ Track Hook
s rack Hooked
X
P 1 |
I EWS ; .
. request unit-task recognized
+* |Part Browser v X | | GME Browser v X
y I8 Automaton_ Agaregate |Inheritance | Meta |
ews_then_id_v2 M
= " agents [:]
255 ABWE
E t "
1 EWS Requested nvState w1l comm_nonmilid_v1
» -3 comm_nanmil_id_w2
o p-fdl ews_request_vi
e . StartState —feques
Identification unit-task recognized & Tl ews_reques_v2 |
» -l ews_then_id_vi -
StopEnvState H ews_then_id_v2
Y -l track_hooked
. L) - vid_request
StopState #- 3 C00_sandbaox
(-3 book_CDOs g |
- c3_base
[0 debug_test
[#-|_J golf COOs
-2 shared [s]
Ready CAF NUM| SCRL EDIT) 150% R




Behavior Models in Example DSL

Formal Representations that Recognize and Generate Behavior

* RML1.3 - ews_then_id_v2 - fagents/AAWC/

File Edit View Tools Window Help

B X 0 e S0 a R S At b b eie ST
. track_hooked | ews_request_vl | ews_then_id_ ews_then_id_v2 X b |Dbjecl]nspeclur - X
T Name:|ews_then_id_v2 ||Automaton |.6.spec:t: |Aut0mat0n M Baze: |Na".-’-‘« | Foaom; | 1590% vl |Aut0mat0nTransiti0n faor Kind
w attibutes | Preferences | Properties|
) Label |dentification unit-tazk recognized
PreBindings hooked_track=Track
1 PoztBindings
Pattemns {report_unit_task, generic_id, Track}
| Track hook action recognized
Functions
>
& Another track hook recognized Aszertions {report_strateqy, single_ews_id}
& Track Hooked
» K Prricrity 2
* Some other unit-task recognized
i ) |
iy . EWS request unit-task recognized -
-{.—-’ Another track hook reoogmzed = |Parl Browser v X | | GME Browser v X
of Autarnaton_ Agaregate |Inheritance | Meta |
—l ews_then_id_v2 M
Help requested Y = % agents [:]
1 EnvSt = AWE
7 State -1l comm_nonmil_id_v1
¥ il comm_nammil_id_v2
12 EWS Requested Starl_étate Tl ews_request vl
Some other unit-task recognized -~ I ews_request_v2 L
g » fad ews_then_?d_v‘l 3
StopEnvState fal ews_then_id w2

: : faf track_hooked
Identification unit-task recognized ® & 1 vid_request
StopState t- (3 COO_sandbox
t-[_J| book_CDOs
t-[_J c3_baze

£
£
£
. B | [0 debug_test
£
£

H-[ g galf_CDOs
H-[ 3| shared M

CAF NUM| SCRL EDIT| 150534 RML1.3| 09:45 AM

Ready




Example

»
1

Track hook action recognized

Another track hook recognized

2 Track hooked
Track remains hooked

Off target click leading to deselection

Track hook action recognized

Another track hook recognized

Another track hook recognized

As Much Cognitive Fidelity as Necessary

“Cognitively Thin” Tutors can be Developed Quickly and then Scale

Track Hooked
21 -
Some other unit-task recognized
EWS request unit-task recognized
Help requested l

T
T

Identification unit-task recognized

Some other unit-task recognized

" EWS Requested

to and use of cognitive architecture in behavior models

Comm Non-Mil classification started

Cognitive

Track entry cancelled

Classification completed

Classification cancelled

T
! Track Manager

Classification cancelled

Track entry started

Class AMP cancelled 1

L Help requested 5
Class AMP slarted Primary ID
7
Track Entry Primary ID cancelled l
1D as “friendly”

D as "Non-Military" l

Class AMP

| |1 Primary ID started

‘ Air ID started

Air ID

1 Air ID cancelled
Classification cancelled
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M2M Transformations and Execution

Minimizing Programming and Platform Dependence

DEVS.Suite Ver 2.1.0

Elle Options Controls Heip

80 08a S00rE

Model Viewer ‘

TRITT Zamarac

Bl P supiChine ey
iommcer
e 2 incumm i
e . o P se—

[P— et mctiary

Help requested

Track hook action cutpuamcn

leuermt aPcrInCIgHy A o

o Bt e
™ 1.0 Pt e P iRt

Another track hook recognized oLl . P re—
e

i o]

{I0PNReNare]

Track Hooked o Z B
outPrCranGategon (ouPrDiectverty)
EWS request abandoned joutP i i AP rinitR st evs)
: Some other uni

st un

Another track hook

Help requested J
njost

1

 always show couplings

T

Simalater Control
?| ' EWS Requested Run m

step(n) ¥ G

Enable Governor
Time Factor: 1.06-4

Some other unit-task recognized Animation Speed: 9.0

Time View Update Spesd: 20.0
——C

Simulator State; Ready
Time of Last Event:
Tima of Next Event 0.6

@override
public void gather
addBinding("value" CONST.VISUAL. "value")):
b Taoverride
@ove public void gatherBuf {
pub @override
¥ | public void gatherBuffervariables() {
sove addBinding("value". gatherBufferSlot(CONST.VISUAL. "value")):
pub
@ove| @override
} pub) public void gatherBuffervariables() {
addBinding("value". gatherBufferSlot(CONST.VISUALL "value")):
@0ve 3
pub
T @verride
public void loadConditions() { O e
@0vel Condition c = new Condition("evalGoal", getHame(). CONST.GOAL, "read-letters”):
pub addSlotCondition(c. “state". "attend”. true):
@0ve|
3 pub Condition c2 = new Condition(“evalvisual”, getlame(). CONST.VISUAL, “text"):
I addCondition(c2);
T
i @0verride
— public void loadActions() {
3 Action a = new Action("setGoal". getHame().CONST.GOAL):
I addupdateSlotAction(a, "state”, "respond”);
Action a2 = new Action("setImaginal”, getHame(),CONST.IMAGINAL, true, getChunkType("array”));
addUpdateSlotAction(a2, "letter”, getBinding("value™));
+
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M2M Transformations and Execution

Supporting the Execution and Control of Agents

-

%4 Agent Control |- El

Available Agents

]
agent-04 - —
anent-05 Which Scenario? @ ¥ CMU-ASP-2 Experiment - |=3
Lok in: | I23 Scenarios M Q - Participant demol
L Scenario-001.5cn Srcenario-016.5cn Srcenatio-051.5cn Scenario-046, 500
i'g 23 Scenario-002.scn Scenario-017.5cn Scenatio-032.5cn Scenario-047 . scn
My Fecent Scenario-003.5cn Scenario-018.5cn Scenario-033,scn Pick. Participant l [ Mew Participant l
Dacuments Scenario-004.5cn Srcenario-019.5cn Srcenatio-054.5cn
; = | scenario-005.5cn Scenario-020.5cn Scenario-035,5cn
Active SAgents P ~ : Da 5. Length =
- l_ g Scenario-006.5cn Scenario-021.5cn Srcenatio-056. 500 4 ! B 9 5 {j
agent-06 Desktop Scenario-007.scn Scenario-022,5cn Scenario-037 . scn
agernt-07 Scenario-008.scn Scenario-023.5cn Scenario-038,scn Tutor
. Scenario-009.5cn Srcenario-Oz4.5cn Srcenatio-039.5cn
N B b b
___) Scenario-010.5cn Scenario-025.5cn Scenario-040,5cn
B Scenario-011.5cn Srcenario-026.5cn Srcenatio-041.5cn
Scenario-012.5cn Scenario-027.5cn Scenario-042,s5cn
Scenario-013.5cn Scenario-028.5cn Scenario-043,5cn
g_j Scenario-014.5cn Srcenario-029.5cn Srcenatio-044.scn
= Scenario-015.5cn Scenario-030.5cn Scenario-045,5cn
tdy Computer
[ Load
-
’ Q File narme: | M I Open l
Remove :
by Netwark, Files of type: | Scenarios [*.scn) M l Cancel l
[ Activate ]
’ Deactivate ]
’ Reset ]
[ Inzpect ]
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6.719
13.766
17.078
19.516
19.516
19.516
26.562
33.609
40.656
43.125

50.016
50.016
50.016

{hook_noticed, 6040}

{deliver_intervention, wav_attempt_ews}

{keypress_noticed, f10}

{show_tra_info, "BRG, 203, ARINC564, ON", 6040, requested_ews, positive}
{keypress_noticed, f1}

{report_unit_task, ews_request, 6040}

{deliver_intervention, wav_use_ews_to_id}

{deliver_intervention, wav_use_ews_to_id}

{deliver_intervention, wav_use_ews_to_id}

{keypress_noticed, f6}

{keypress_noticed, f1}
{report_unit_task, comm/non_mil_id, 6040}
{report_strategy, single_ews_id}



SOA What!?

Why the LSCM Initiative is Exploring SOA-Based Cognitive M&S

Cognitive Agents and ADL in the GIG

Challenges of the future

— Heterogeneity

* Increasing interoperability

— Change

» Responding to changing

requirements

Potential of SOAs

— Leverage existing systems

— Facilitate integration
— Manage complexity

— Change pace/cost of
development

DSL x

End User client H H H

)
i DEVS Modeling Language (DEVS PIM DSL) WI
Server-side [ i andCoupled models) |

architecture
DEVS Middleware (Standards compliantAPI)

DEVS/SOA

Net-centric Infrastructure (SOA)

DEVS/JAVA
192.1681.100

DEVS/ C++ DEVS/ .NET
192.168.1.101 192.1681.101

Net Enabled
Other Command & Control
SeviCes e Close Air Support
: Service Services Net Enabled
Sewvice Orchestration  Sewvice Targeting
Govermnance Management Directory Wa. rﬁghfmg
Senvice Services N
Registries G Applications
frastr'uci“r Discovery SE“d_ge
In ervicee Logistics
Metadata sOA £
Catalogs and Service Collaboration Human
Registries Policies Services Financial Resources
Mediation Senice : EIE Management Management
Services Communication SS.::VL:;S/ Services J anage
{Messaging) Discovery Business
Information Core Selvices Applicaﬁons
“gume: Enterprise magery
SATCOM Services Exploitation
Track Data Defense
/. Services Intelfigence
o Applications
transformation
M2DEVSML
transformation
P P
DsLi |#& [ Dst2 | ...[ Dstn |
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Future of ITS in ADL

ITS Built using DSLs and Executing in Net-Centric SOAs

ITS development in a net-centric cognitive modeling framework
— Task, student, expert, and tutor modules specified in DSLs
— Transformation of DSLs to executable artifacts
— Net-centric execution

Authoring environment that turns an ITS author into an end-user
— DSLs tailored to the needs of domain experts

— Re-use of behavior models

ITS components integrated in a SOA
Services i
. Policy Close Air Support
— Pedagogical agent s
- s Warighting
— Task environment e e Applications
. ft‘ast"“cmre e Ee -
— Performance repository A <o it
Catalogs and Service Collaboration Human
H Registries Policies Services Fi |
— Instruction management system N o3 el Resouces
& Security A
(Messaging) Di Business
St an d a.r d S / liifariviation Core Slzfcvo'zzg Applications
Assurgm:e Enterprise I
— Develo pme nt SATCOM Serices - Services Exr&iigé{%n
Track Data Defense
_ ili ini Services Intelligence
Interoperability Training/ADL 53 / » SR Netops Applicafion
Sensor Net

— Delivery/deployment Applications ) s Applications,
-7 L/

Services, and g}siness‘hw %
/ // \ information o m
. ’ n b |
A | , ] I .
-l ™% sor.
ey o \B 4B
fi 10| E
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