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APPENDIX A

LIST OF DOCUMENTS PRODUCED IN TASK 0013

Description Date Paaes

Administration

AF Task Description/Specification, Task Order 0013 5
Title: Design Specifications for an Advanced
Instructional Design Advisor (AIDA) for CBT

Task Order Proposal, Mei Associates, Inc.
29 Jan 90 20

Acenda

Agenda: Kick-off Meeting 26 Apr 90 1
Agenda: First Tech. Interchange Mtg. 1-2 Aug 90 2
Agenda: First Working Group Mtg. 4-6 Sep 90 2
Agenda: Second Tech. Interchange Mtg. 7-8 Nov 90 3
Agenda: Final Working Group Mtg. 14-16 Jan 91 3

Task Assignments, Cycle 1

Halff, H.M. 27 Jun 90 2
Polson, M.C. 27 Jun 90 2
Reigeluth, C.M. 27 Jun 90 2
Tennyson, R.D. 27 Jun 90 2

Task Assignments, Cycle 2

Halff, H.M. 7 Oct 90 1
Reigeluth, C.M. 27 Sep 90 1
Merrill, M.D. 3 Oct 90 1
Polson, M.C. 3 Oct 90 1

A:DA Phase II Technical Reports

Halff, H.M. Automating Maintenance Trg. Jul 90 28

Halff, H.M. Teaching Procedures Nov 90 27

Halff, H.M. Authoring Facilities for Maint. Trg.
Dec 90 7

Merrill, M.D. ITX for Maint. Trg. 3ep 90 20

Merrill, M.D.
& J-nes, M.K. RAPIDS/TRX Walk-through Oct 90 54

Reiieluth,C.M. Epitomizing the Experimental AIDA:
What Should the XAIDA inclide?

30 Jul 90 5
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Polson, M.C. AIDA: Procedural Training Jul 90 21
& Polson, P.G.

Tennyson, R.D. Prototype AIDA:
A Modified ISD ModE - Jul 90 32

Polson, M.C. Task Analysis in AIDA Nov 90 12

Towne, D.M. RAPIDS Walk-through Nov 90 44

Technical Notes

Hickey, A.E. Transcript of the TIM-i 90-day plan
Aug 90 17

Hickey, A.E. Proceedings of the Working Group Meeting
at USU 4-6 Sep 90 18 Sep 8

Hickey, A.E. Proceedings of the Working Group Meeting
at San Antonio, TX

14-16 Jan 91 3

AIDA Phase II Progress Reviews - J.M. Spector

No. 1 9 May 90 38
No. 2 29 Aug 90 17
No. 3 18 Dec 90 16
No. 4 21 Mar 91 15
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111011 7 I&eIp fil yjSiSI TROIS Mgr f Design I !I Ud I e Tools

Stepping Through

the

AIDA

Advanced Instructional Design Advisor

Storyboard Prototype

8 Novysmber t990

Prepared for:

AIR FORCE HUMAN RESOURCES LABORATORY/IDC
Brooks AFB, TX 78235

IiEI ASSOCIATES INC. -000. AIDA Paper-Based Walk-Through

RIOA 7 Hel) lindlgsis ITARlS fMgr Design Eualuate Tools

AIDA

Advanced Instructional Design Advisor

Please enter.
Last Name:
First Name;
Middle Initial.
Social Security Number.

MEI ASSOCIATES INC I nitial sign -on screen

5



I'l IIII Help I'liulg!'is I RI -9 Hijrg EuUuUtIe j Tuuls

Control Punel

Cluck

Colculutur

Network

TelecomA IDA
Quit

Advanced Instructional Design Advisor

Please enter:
Last Name:
First Name.
Middle Initial:
Social Security Number--

MCI ASSOCIATES INC. 1002 Initial sign-on screen Ynth AIDA menu pulted down

RIt'll Help finatysis ITARlS Hgr Design fucludle Tol

Guided Tour

fiduice

JIrT

Wily?

On-tine Docs

gIldeH AIDA
Re turn

Advanced I nstructional Design Ad visor

Please enter
Last Name
First Name
Middle Initial
S~xial Security Number __

MCI ASflCIArES INC ' Initial sign i.n screen .,nth Iflp menu pulled down

6



11on1 lielp Analysis TAilS Mgr Design Eualuate Tools
Student

Environment
Task

AIDA

Advanced Instructional Design Advisor

Please enter.
Last Name:
First Name.
Middle Initial:
Social Security Number:

MEI ASSOCIATES INC. 004. Initial sign-on screen with Analysis menu pulled down.

Rionl Help Analysis TRlS Mgr Design Evaluate Tools

TIMS Library

Aluthoring

Configuring

Detailing

Creating

AIDA

Advanced Instructional Design Advisor

Please enter
Last Name
First Name
Middle Initial
Social Security Number

MEI ASSOCIATES INC. -005. Initial sign-on screen wiLh TRXSMgr menu pulled down

-7



RIOD " "Heip RnalUsi I TAIlS Mgr Design [Taluole tools

Course

Enterprise 1I)

AIDA

Advanced Instructional Design Advisor

Please enter:

Last Name:
First Name:
Middle Initial:

Social Security Number. - --

MEI ASSOCIATES INC. '006. Initial sign-on screen with Design menu pulled down

Aa }lelp fAnalusis TallS Mgr Design Evaluote Tools

Course

TAH Enterprise

Simulation

Tll Shell

SME/ID

AIDA Student

Class

Advanced Instructional Design Advisor

Please enter

Last Name

First Name

Middle Initial
Social Security Number.

MEt ASSOCIATES INC ',W' Inilial sign on screen wNth Evaluate menu pulled down

8



RIOA ielp Analysis TIRHS Myr ot Eu iey I Tools

TeHI

Paint

Draw

Scan

Audio

AIDA CD-ROM

Advanced Instructional Design Advisor

Please enter:

Last Name:

First Name:
Middle Initial:
Social Security Number:

MEI ASSOCIATES INC. *oO0% Initial sign-on screen with Tools menu pulled down

AIDA Help 7 nalysis IRHS Mgr Design Evaluate Tuols

AIDA

Advanced Instructional Design Advisor

Please enter

Last Name Expert
First Name Steven

Middle Initial M
Social Security Number 999-99-9999

IFI ASSOCIA TES INF , SME 1 i in his full name and s,,ual security nurnbti



o.llo [ 7e7 _ An lsis I TRIlS Mqr 1 Design Eulu Tools

AIDA

Advanced Instructional Design Advisor

Please click button to identify yourself.

(Student )

Quit

MEI ASSOCIATES INC. 0 10. User type identification screen. User selects SME/ID"

707 elp AInalsi I TS Mgr Design Euluale Touls

AIDA

Advanced Instructional Design Advisor

Please enter password:

MEl ASSIiCIATES INC. 011 AIDA requests password

10



AMAf Help Ainigis ITHuIS Mur Design Evaluate Touls

AIDA

Advanced Instructional Design Advisor

Valid logon:

Steven M. Expert as SME/lD

on 8 November 1990
at 0830 hours

MEl ASSOCIATES INC. 1012. AIDA confirms valid logon.

RIDA Help Rnolysis JRHS Mgr Design Eualuale Tools

Student

Enuironment A IDA
Task

Advanced Instructional Design Advisor

Valid logon.

Steven M Expert as SME/ID)

on 8 November 1990
at 0830 hours.

MElI ASSOC IATES INC 1i] SME pulls down Analysis menu and selects 'Student*

11



Ao iep Ai ,,gsis IIS Mr Design Euluoe 7 Tools

AIDA

Student Parameter Entry

The typical student's motivation in this coursw is:

H Xgh

QII~i EIZ

MEI ASSOCIATES INC. 0 14 SNIE is sased to select parameter for student motivation

flOll llelp Analysis TAIlS Mar Design Evaluate Tools

Guided Tour

dic AIDA
JIWy

On-Line Docs Student Parameter Entry
Index

Return
I n; typical student's motivation in this course is:

High

Medium

MEI ASSOCIATES INC t. SME pulls ,own Help menu and selects 'Advice

12



AM10 Help Analilysis I AHS MHjr Design Etulluate Tools

AIDA

Student Parameter Entry

Motivation Mini-Expert

Why will the student take this instruction?

Uoute The student will have chosen Lo Lake IL.

Required The student will be required La Lake it.

ME I ASSOCIATES INC. 0 016 Context-sensitive mini-expert for "Motivation- is invoked
SME selects -Volunteer

1 101 H1elp Alnalysis ITAHS Hgr Design Etualuale Tools

AIDA

Student Parameter Entry

Motivation Mini-Expert

Will this instruction contribute to a job promotion?

Pr.mionZ The instruction will contribute Lu a lob

Unreated The instruction will not directly con-
'-.---~--~-~~J tribute Lu ai job promotion.

MEl ASSOCIATES INC:- Mini -ep r t for M.Aivauunt cont-inues to gathaer information
SME ~lciPromnotion



IIIIf I l ,e, I no- Vij sil 1 161, ( ,eslin i vE olu ,e T Tools

AIDA

Student Parameter Entry

Motivation Mini-Expert

Will this instruction contribute to a pay raise?

Pay Rlaise The instruction will make the student
J elgible fur a pay increase.

Unrelated The instruction will not directly con-
tribute to d pay increase.

IIEI ASSOCIATES INC. 018 Mini-expert for "MotivaUon" continues to gather information
SME selects -Pay Raise "

AIOE Help IAnalysis I TRS Mgr IDesign Evaluate 7 Tools

AIDA

Student Parameter Entry

Motivation Mini-Expert

Will this instruction enable or require a job change?

Job Chane The instruction will enable or require
a lob dlI)ngC

SUnrelated The instruction will not directly con-
' tribute to a change in lob

MEI ASSOCIATES INC Kill1 Mint-expert for 'Motivation- continues togather informauon
SE selecrL, "tb Change

14



f lR l 7 Help Aliolusis I nigi O Design 7"7lue7 Tools

AIDA

Student Parameter Entry

Motivation Mini-Expert

Did the student request a job change which requires

this instruction?

Job Change The student has requested a job change
) which requires Lhis instruction

l I The student has not made a specific re-
' quest for a job Change.

a Job Chonge The student has requested not to change
to the job which requires this instruction.

'EI ASSOCIATES INC. "020 Mini-expert for Motivation continues to gather information

SMIE selects 'ob Change "

AIOa Help An al y sis I RHS Hgr Design Eualuale Tools

AIDA

Student Parameter Entry

Motivation Mini-Expert

Motivation

is prescribed to be

High

k, u quest ufor a lob change

o Job Change) The student has rquested not to change
to the job which requires this instruc ilon

MEI ASS!OCIATES INC in h - tx..,r! prescribes -rMtoUvaton as 'High on basis of SMEs responses



RIOR lfelp Anulysis TRHS Hir Design Eueluale Tools

Guided Tour

Od" ice A I D A
JIlT

Why?

On-Line Docs Student Parameter Entry

Motivation Mini-Expert

Motivation

is prescribed to be

High 
ge

quest for a job change.

Job Change The student has requested not to change
to the job which requires Lhis instruction.

ME[ ASSOCIATES INC. IP022 SME pulls down Help menu and selects -Why?-

AlID Ielp naalusis I THS Mgr Design Evaluate Tools

AIDA

Student Parameter Entry

Motivation Mini-Expert
Why is 'Motivation- prescribed to be high?

Because

a The student has requested a job change which requires the instruction.
and
* The instruction will enable or require a job change.
dind
* The instruction will make the student eligible for a pay raise:
ind
* The instruction will contribute to a job promotion.
and
* Theu iudcrit will hive chlitsn iLu like it

lEl ASSOCIATES INC " K 3 AIDA stps back through the chain of reasoning that led the
MA.vat,,ri rmini .xpet t (, prescribe that 'Motivation is High

16



Ilion Help fillu sis I; I llS MIJI Design EudIunte Tuals

Guided Tour

ildvice AIDA

On-Line Docs Student Parameter Entry

IndenMotivation Mini-Expert
W .Rtr ion" prescribed to be high?

Becau3e

*The student has requesied a job change which requires the instruction.
and
*The instruction will enable or require a job change:
and

: The instruction will make the student eligible for a pay raise.
and
*The instruction will contribute to a lob promotion;

and

*The student will have chosen to Lake it.

HlEl ASSOCIATES INC- 0024 SMIE pulls down Help menu and selects 'Return.-

lGA - Help Rnalysis ITAHS Mgr Design Eualuale Tools

AIDA

Student Parameter Entry

The typical student's motivation in this course is:

High

tiFI ASSO1CIATES INC * SME is again asked to select parameter for student motivation SME
selvets Iligti anil riurns r top level screen



111011 Help Analysis TAIlS Myr Design Evaluate Tools

Student

IEnviruinenl

Task AIDA

Advanced Instructional Design Advisor

MEI ASSOCIATES INC. *026. SME pulls down Analysis menu and selects -Environment"

R ion Rel Analuis TR"S M9r Design Evaluate Tools

AIDA

Environment Parameter Entry

Click on environment factor for parameter entry:

Abstractionevels

L Fidelity

[ Sequences

S Help Routines

S Return

ZFiuiihZ

MEI ASSOCIATES INC * ?27 SME is asked to select environment factor for parameter entry Instead
SIlE elects to 'Return- to top level screen

18



In Help Analysis TDesigMgr I e..o IEuluae Tools

Student

Enuiron ment

Tok AIDA

Advanced Instructional Design Advisor

IIEI ASSOCIATES INC. 1028. SME pulls down Analysis menu and selects-Task"

BID" . Help i tnalysis TFHS 7 Mr Design Eualuate Tools

AIDA

Task Analysis

Click on task analysis approach.

Discursiue

G ra p h
ica

l

S Return

1EI ASSOCIATES INC * 32' SME is asked to select task analysis approach This time, SME selects
'Discursive approach firbt

19



AHA "lp" Id"°js.  Th'S " y '  Design Eluual." 7 Tols

AIDA

Task Analysis

Discursive

LAPS: Logic Aids for Problem Solving

Click button to select session:

Qelink

fiena lue s

R eturn 1

MEI ASSOCIATES INC. *030. SME encounters LAPS main menu

RIOR Help Analysis TARS Mgr Design Eualuate Tools

Guided Tour

Aduice

JITT

liUlt?

(In-Line Docs

IndeH

Return AIDA

Task Analysis

Discursive

LAPS Logic Aids for Problem Solving

Click buttoi to select session

C as e ]

[ °iiik 5

S Aelua i

flEI ASSOCIATES INC 3 1Jl SME seeks HEL.Pand sele~tsGuided rout



Hu IL ]lelpi fidlysi~ s I M111iHo Oesi~jn Eueiudle fouls

6uidcu Tv-, Lu LAP ,

IOverview

LAPS uses a case-Dased approach to dlecompiling the expertise
of the Sr1E. ir'ierleaving

" know Iedye acquisition (gathering).
" know edging structur ing (modelling),
" Knowledge testing (validation and verification). and
" knowledge encoding

The Current version of LAPS involves 3 sessions

I The f irst, or case, session extracts one or more solved
cases, or sample solution paths This -sample solution path"
consists of starting facts or usually followed by test results and
least Some reasoning steps or intermediate conclusions that the
expert takes en route to his final conclusion Associated with
each Statement is a list of reasons that, as we see, is in the form
of iuinbtrs for, statcnlents already occurring on the list The
expert is free to run as many paths as he desires, although he
usually describes only a few cases -- some are routine and others
(lift iCult

12 The second session dcechunks.- or extracts steps that the
user-expert might have oiiiitted in the original solution path,

MEl ASSOCIATES INC. 032. Guided Tour begins with Overview

7 ion Help Rnalysis INS Mgr' Design Eueluae Tools

FIX

SUSPECT
COMPONENT

TEST

SUSPECT RESULT
SUBSUBSYSTEM

TEST

SUSPECT RESULT
SUBSYSTE

INITIAL SYMPTOM

MC~I ASSOIi~ATES INC 1 13 LAP" 1-nidedl Tour includies graptic~ Inference Tree o1 Attribute-s



111011 Hep 01113si T1YNg Design fuoluate Tools

MiEI ASSOC IATE S INC. *034. LAPS Guided Tour More graphics. Comnpletion Strategy

RIOR Help Analysls ITRI4S Ngr Design Euntuete Tools

Guided Tour
5iuce i modified depth-first approach to developing tl'.e

Ad ieecesty and sufficiency testing of the rows or rules.
JITT induction and d3echtinking tech~niques to arrive at a

W h!) 7 ttributes. and its aids to logical thinking and(

On-Lutne Doc$ ljdb bookkeepingf. LAP5 is rnuch more than a
cQuisition spreadsheet Mloreover, at every turn in

lndeH tiOnS help the user to test the rule Dase for
Return yand completeness, and there are other

k'now Iledge -prodding guided- induction Quest ions5 Accordilngiy.the
presence of these quel ies 5upports the thesis underlying laps that
the following knowledge -massaging operations should be
interwoven Into One fabric -- the

* ather Ing.
*stfuc tu inkg.
r est 1.g.

*encoding
of Ihe 5fiE 5 know ledg)e

In conclustin, advanced Instructional design advisory systems
are climoing beyond their current productivity plateau, where
alm~o,3t all comnmercial knowledge engineering tools aie still first
1fi[ jefitrat 1O1 LAP5 pi uvide, 011)e of the mis551ing COrfP(Aieils.
ruiiel y J irrba l kii,wilde jc ~jui si ion front end arid -utoniat ic

MEl AssnCIATES INC 3' WME ?nds Guided Tour by seleditng Return' from Hfelp Menu



UHI I Help Ri ll,", ,  I HI My Design EoIuoI Tools

AIDA

Task Analysis

Discursive

LAPS: Logic Aids for Problem Solving

Clck button to select session:

Case )

cunk

Rilenatiuefl

NEI ASSOCIATES INC. 1036- S.IEselects Case- session

Alan 7 Help I naljusis I TANS Mgr Design f Eaioate Tools

AIDA

Task Analysis

LAPS: Logic Aids for Problem Solving

Click button to select specific case:

r-38R Starting System,, ]

Desert Shield Desalination Still

F- TOOL TO"

F-ARe turn

lEl ASSrCIAES INC S?7 SME selecLsspeciti. cjse session for 'Desert Shield Desalination StI-

23



.liofi el, Analysis I TIS Mg, Design Euluae T Tools

AIDA

Task Analysis

Click on task analysis approach:

Discursiue

S Graphica

S Return

MEI ASSOCIATES INC. 046. SME is asked to select task analysis approach. This Ume, SME selects
-Graphical- approach

ion r ,elp lnaghyis I..S Mr Design Evaluae 7 Tools

AIDA

Task Analysis

RAPIDS II

Click button to select specific simulation:

L T-3fR Starting System )
Desert Shield Desalination Still

Too

Too

Re lurn

MEI ASSOCIATES INC 0O-31- SME selectsspocific simulation for "T-38A Starting System "

24



Rion HlpI~ Ana~lysis I RHIS Mqjr t esign1 Lunluate Tools

Tent

Paint

Draw

Scan

Rludio

CD-Rom

MI~ ASSOCIATES INC- 0'49. SME pulls down Tools menu and selects 'Scan.

Rion iHelp Rnaltjsis TONS Mtr Design Evaluate Tools

THROTTLES ICROPHONE

V U*,V 70

M~~~~~~~~~~~l ~ ~ ~ ~ V WSOIrSII 'LSF Can ngah fT3ATrte(rpyia oe



Ilion Itlp AnalUsis ITRIlS Hgr Design F7ualuote- Tools

Teml

Point

Draw

Scan

Aludio

CD-Rom

MEI ASSOCIATES INC. 4051. SME pulls down Tools menu and selects -Draw.

lIf(If Hlp~ flnalijsis Trills mgr Design Eualuate 7 Tools
Guided Tour

Rduice

JIll

Whij?

On-line Docs

IndeH

fle urn

ME[ ASSOCIATES INC 0052. SME pulls down Hlelp menu and selects 1JITT- for just-in-time
Training' review on how to Use mouse to draw diagrams



nIIn 7 lHelp nl Il sis hlSMr Design E uouteslI Tuols

L.A Stan &Aton

Lef Timor Right side

Same as
Left Side

fl~l ASSOIATES IN *c53. SE draws relmnr kecfdtaldshmai cn

RiffiHel Rolgis IR~S gr esgn usuot Tol

Delyletei

Rulesfw~ From

Di~tAS~fCI~rS IN O~-. SM e~mnes ortin ofRAPIS IIobjet lirar



nin iel I F nalysis IFHS Mgr Design Evaluate Tools

Air

Ftxed Portion

Air Air Air

Centered Left Right

ME I ASSOCIATES INC. 055. SME drawsa new functionalobject.

RIOR l lelp i nelysls I TRIlS Mgr Design Evaluate I Tools

Diverter Valve
State: LEFT
Conditions:

air In

Add Force left J JForceright

Copy
Delete airoutleft air out right
Move _ __ _____ __ __

Scale Effects:
Rolate
Name
Rules

MEI ASSOCIATES INC * ,Th SME s3r-, tor ,flne ril-;S (,:' th, Iverter Valve



lfilf Help filaIyj s 'fl I,,, Eunluote. Tools

Diverter Valve

State: LEFT

Conditions: Force right > Force-left

air-in

Add Force-left Force right
Copy_ let i ourgh
Delete air-outlf i-u-ih
Move
Scale Effects:
Rotate
Name air-out-left - airin
Rules air out right - 0

MEl ASSOCIATES INC- 0057. SME completes rules for one state of the Diverter Valve

Rion Ilelp finolyjsis ITRHIS Mgr Design Evaluate Tools

Diverter Valve

State: Jammed

air-in

Copy 2
Delete air-out- left air out right
Move _________________________
Scale Effects:
Rotate
Name air_-out-left = 0
Rules air out right =0

MEl ASSOCIATES INC. ;3SME completes rules for one failure mode of the Diverter Valve



AIDAHelp ntsi TflSMr Deiign fueluale 7 Tools

Uerslon

Control Panel

Clock

Calculator ______

Netw.ork

Telecom Diverter Valve
Quit State: Jammed

air-in

Add
Copy arotlf
Delete air-out-lf i uright
Move________________________ _

Scale Eff ects:
Rotate
Name air out-left = 0

Rulesair out right = 0

MEl ASSOCIATES INC- 0059. SME selects -Quit- from AIDA menu to exit current activity

RIDR Hep Analtisis _ITANS Mgr Design Eualuate7 Tools

Diverter Valve
State: Jammed

Save changes?

Add
Copy
Delete air-out-left air out right
Move _________________________

Scale Eff ects:
Rotate
Name air out-lett = 0
Rules air_outright = 0

MEt ASSOCIATES INC o060. AIDA detormines wheUmer changes art to be saved before quitting



AIo,n I"elji I 1ialusis TIlS Mur Design Eualuate Tools

AIDA

Task Analysis

Click on tasic analysis approach.

Discursie7

Graphical

S Retur

MEI ASSOCIATES INC. 061. SME is asked to select task analysis approach This time, SME selects
Return- to top level screen

AID" Ihelp Ainalysis TANS Hgr Design Evaluale Tools

TANS Library

Aulhoring

Con figuring

Detailing

Creating

AIDA

Advanced Instructional Design Advisor

M'EI ASSOC IATES INC =rO' SME pulls down TRXS Igr menu and selects -TRXS Library
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1. SCOPE

1.1 Identification

The system specified in this document shall be identified as the
Advanced Instructional Design Advisor (AIDA) built for the United
States Air Force Armstrong Laboratory, Human Resources
Directorate (ALHRD).

1.2 System Overview

The purpose of the AIDA is to provide intelligent and automated
assistance to subject matter experts (SME) and instructional
designers (ID) throughout all phases of instructional system
development (ISD).

1.3 Document Overview

The purpose of this document is to provide a procurement
specification that will satisfy the requirements of the AIDA.
The contents of this document defines system requirements which
should be accomplished by utilizing commercial Non-Developmental
Items (NDIs) for hardware and software components when possible.

2. APPLICABLE DOCUMENTS

2.1 Government Documents

The following documents of the exact issue shown form a part of
this specification to the extent specified herein. In the event
of conflict between the documents referenced herein and the
contents of this specification, the contents of this
specification shall be considered a superseding requirement.

a. MIL-STD-2167A DOD-STD-2167A, February 29, 1988, Defense
System Software Development.

b. MIL-STD-1472C, Human Engineering Design, Criteria for
Military Systems Equipment and Facilities, Notice 2, 12 May
1981.

c. ALHRD, Contract # F33615-88-C-0003, Task Order 0013,
Research in Instructional Design in Interactive
Technologies.

Copies of specifications, standards, drawings, and publications
required by suppliers in connection with specified procurement
functions should be obtained from the contracting agency or as
directed by the contracting officer.

2.2 Non-Government Documents

The following documents of the exact issue shown form a part of
this specification to the extent specified herein. In the event
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of conflict between the documents referenced herein and the
contents of this specification, the contents of this
specification shall be considered a superseding requirement.

1. DESIGN SPECIFICATIONS FOR THE ADVANCED INSTRUCTIONAL DESIGN
ADVISOR (AIDA), Final Report, Contract No. F33615-88-C-0003,
Task Order No. 0006.

2. DATABASE DESIGN DOCUMENT FOR THE EXPERIMENTAL ADVANCED
INSTRUCTIONAL DESIGN ADVISOR (XAIDA), CONTRACT NO.
F33615-88-C-0003, TASK ORDER NO. 0013, CDRL SEQUENCE NO. 18.

3. DESIGN SPECIFICATIONS FOR THE ADVANCED INSTRUCTIONAL DESIGN
ADVISOR (AIDA), Final Report, Contract No. F33615-88-C-0003,
Task Order No. 0013.

4. Mei Associates, Inc., Specifications for an Advanced
Instructional Design Advisor (AIDA), 31 July 1990.

5. Mei Associates, Inc., Design Specifications for the Advanced
Instructional Design Advisor (AIDA), 24 April 1991.

6. Merrii, M., Li, Z., and Jones, M., Project AIDA: A Concept

Paper, Sep 1989.

7. Merrill, M.D., Project AIDA: A theory Paper, Sep 1989.

8. Halff, H.M., Automating Maintenance Training, Jul 1990.

9. Halff, H.M., Teaching Procedures, Nov 1990.

10. Merrill, M.D., ITX for Maintenance Training, Sep 1990.

11. Merrill, M.D. and Jones, M.K., RAPIDS/TRX Walk-through, Oct
1990.

12. Haltf, H.M., Automating Instructional Design and
Dev-lopment, Feb 1990.

13. Hi:key, A.E., Proceedings of the Working Group Meeting at
USU 4-6 Sep 1990, 18 Sep 1990.

14. Hickey, A.E., Proceedings of the Working Group Meeting at
San Antonio, TX, 14-16 Jan 1991.

2.3 Other Publications

I. Merrill, M.D. and Li, Z., An instructional design expert
system. Journal of Computer-Based Instruction, Summer 1989,
v. 15, No. 3, 95-101.

2. Jones, M.K., Li, Z. and Merrill, M.D., Domain knowledge
representation for instructional analysis. Educational
Technology, Oct 1990.
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3. Li, Z. and Merrill, M.D., ID Expert V. 2.0: A desktop
instructional design expert system: Part I. Instructional
design theory and process, Educational Technology Research
& Development, Sep 1989.

4. Merrill, M.D., Li, Z., and Jones, M.K., Instructional
transaction theory: Classes of transactions. Utah State
University Working Paper, Dec 1990.

Technical society and technical association specifications and
standards are generally available for reference from libraries.
They are also distributed among technical groups and using
Federal Agencies.

3. SYSTEM REQUIREMENTS

3.1 Definition

AIDA will be implemented in two stages: the near-term
experimental AIDA, called XAIDA, and the long-term fully
implemented AIDA. The fully implemented AIDA is briefly defined
in Section 3.1.1. The near-term XAIDA, to be implemented over
three years in AIDA Phase III, is defined in more detail in
Section 3.1.2.

Both AIDA and XAIDA will have six modes of operation, as listed
in Section 3.2.1. Some functions, such as task analysis, course
generation, and evaluation, will not be fully implemented in the
near-term XAIDA. They will be epitomized, however, to ensure
that adequate facilities are provided for their future inclusion
in the AIDA system.

3.1.1 Definition of AIDA

The AIDA will consist of an expert system as shown in Figure 1,
with separate modules for such major components as the knowledge
acquisition system, the instructional theory rule base, the
inference engine, the transaction shell manager, and the
transaction shells themselves. Input materials for the
interactive technologies will be prepared by using the facilities
of a multi-media resource toolkit.

AIDA will enable the SME/ID to select and implement appropriate
presentation strategies for instructional objectives; select and
implement appropriate transactions to support those strategies;
design screen layouts; develop a lesson prototype based on
specified objectives, content, and selected transaction shell;
develop a lesson test and conduct a lesson tryout with an editing
capability; generate drill-and-practice and tests and grade the
results; collect data on instruction usage and student
performance.
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3.1.2 Definition of XAIDA

XAIDA will be designed with basic information about the students
and the instructional environment already in the system. The
instructional designer will be given the learning capabilities to
enter. XAIDA will then select and configure transaction shells
appropriate to the specified capabilities. The instructional
designer will then be prompted to enter any needed content
knowledge to complete a frame appropriate to the particular
knowledge type.

Because we are assuming a fixed instructional environment (small
class, computer-based instruction, located at a TTC) and students
who are readers and reasonably motivated, information about the
students and environment will be hard-coded into the XAIDA
EXECUTIVE for the time being. Because we are focusing on
teaching procedures for avionics maintenance training, we will
customize an enterprise analysis pertinent to that domain and
also customize an elaborated frame network shell pertinent to
electronics maintenance training procedures. Because these are
shells (and can also serve as variables in AIDA experimentation),
they are retained as place-holders in the XAIDA EXECUTIVE pending
further development of the system.

3.2 Characteristics

3.2.1 Performance Characteristics

The AIDA system will have six modes of operation:
1. Knowledge Acquisition/Representation (KARS)
2. Strategy Analysis
3. Transaction Authoring
4. Courseware Generation
5. Instruction Delivery
6. Evaluation

3.2.1.1 Knowledge Acquisition/Representation (KARS)

Knowledge analysis is the step whereby knowledge of the domain to
be instructed (in this case, avionics maintenance procedures) is
elicited from subject matter experts (SME) and represented in a
domain knowledge base which may be used by all other steps and
tools in the course development process. It is accomplished by
using the Knowledge Acquisition/Representation System (KARS)
described in Section 3.2.1.1. The System/Segment Specification
for the XAIDA KARS will be developed in Year 1 of AIDA Phase 3
for implementation in Year 2. AIDA KARS may be modified in
future years to accept input from a Cognitive Task Analysis (CTA)
tool, such as that under development by ALHRD/MO. A CTA system
is described in Section 3.2.1.1.

The Knowledge Representation Model. Knowledge is represented by
objects called frames; each frame has an internal structure and
external links to other frames. These external links are termed
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elaborations of the frame. A set of elaborated frames linked
together, containing all the knowledge required for instruction
leading to acquisition of an integrated human performance, or
enterprise, is called an elaborated frame network.

There are three kinds of frames:

o entities, corresponding to some thing, for example a device,
object, person, creature, place, or symbol;

o activities, groups of related actions to be performed by the
learner; and

o processes, groups of related actions entirely external to

the learner.

There are four kinds of elaborations. These are:

o attributes, which represent characteristics of a frame;

o components, which represent constituents of a fr-me For an
entity, the components would be parts of the entity; for an
activity, steps; and for a process, events and causes;

o abstractions, which correspond to a "kinds-of" class/sub-

class hierarchy into which the frame may be classified;

o associations, links to other frames in the network.

The network structure of the knowledge representation allows
information to move through the structure, so that data contained
in one part of the net affects the data stored elsewhere. Two
principal means by which this occurs are:

o inheritance, in which attributes of a class or super-class
in an abstraction hierarchy are passed to a sub-class or
instance;

o propagation, in which the contents of a frame influence the
contents of another frame connected to it via an association
link.

Entity Frames. Entities are things in the real or imagined world
including objects, creatures, places, and symbols. At least one
entity must be involved.

Activity Frames. An activity is some group of actions performed,
or which could be performed, by the student.

Process Frames. A process is some group of actions outside the
student, including physical and social events in the real or
imagined world.
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Relations. In addition to the frame, the other fundamental
structure is the relation. Relations are structures that link
and attach meaning to a set of frames. Each frame links to the
relation, and from the relation to other frames in the set, in a
manner specified by the relation. The semantics of the
particular relation give 7.aanin' to the individual links.

Elaboration, and Elaborated Frame Networks. Frames have an
external structure of links to other frames. These are termed
elaborations of the frame. Adding relations (links) to a frame
is called elaborating a frame. A set of linked elaborated frames
is termed an elaborated frame network, or EFN. A single EFN
corresponds to the knowledge elements and interrelations required
to support performance of an enterprise. A course may facilitate
acquisition of one, or several, enterprises, thus the domain
knowledge base for a course may contain one or a set of EFN. A
set of EFN is itself an EFN.

There are four kinds of elaborations.
o attributes, which represent characteristics of a frame;
o components, which are the constituents of a frame;
o abstraction, which represents the generality of frames;
o association, non-hierarchical aggregations of frames.

The Attributes Elaboration. An attribute is a labeled set of
values from which objects and their properties may take values
over time. Attributes define the characteristics of frames. The
constraints placed on a particular attribute determine the legal
values that may be taken by objects possessing that attribute.
The following operators may be used to define legal values for
attributes: the booleans AND, OR, XOR, NOT; the logicals =, <>,
<, <=, >, >=; and the range operator .. . Attributes take values
from the set of legal values defined for the attribute. The
value selected during analysis is termed the "initial" value. In
addition, storage may also be reserved for a current value.

The Components Elaboration. Each kind of frame has its unique
comoonent structure: (1) Entities have parts, (2) activities
have steos, (3) processes have stages.

(1) Entity Components. An entity can be described by
its parts. Each part has at least a name and an associated
function. If the entity is a physical object, then each of its
parts may also have a location and a graphical description. A
part, of course, can have sub-parts.

(2) Activity Components. An activity consists of one or a series
of steps. Steps are performed in a specified sequence, including
loops and conditions. Each step has a set of associated actions.
These actions may be performed in a specified sequence
(algorithm), including loops and conditions, or they may be
triggered by events (heuristics) . All actions are represented in
the analysis as action + trigger(s) + consequence(s). Triggers
and consequences are either sequence data, changes in attributes,
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time values, or a combination. Each activity must link to at
least one entity which is an actor (performs action and is
capable of varying its behavior in the activity based on some
internalized knowledge). A step, or an action, of an activity
may itself be an activity, with its own sub-steps.

(3) Process Components. The constituents of a process are its
stages; each stage has an associated event topology. An event
may itself be a process, or in this context, a sub-process. An
event is a transformation cf inputs to outputs. Inputs are
either attributes, actions, or time values. Outputs are either
attributes, actions, time values, or stage transitions.
Transformations are either mathematic.l, logical, or both. An
event may be encapsulated within an entity, or be abstract.
Events may be linked together into event to,ologies. A topology
is like a network, except that it doesn't need to be fully
interconnected. The network structure supports dependencies
among events (the output of event A is the input to event B),
feedback (the output of event B becomes an input back into event
A), and self-regulation. The addition of timing signals as
inputs and outputs (these may be relative or absolute) supports
synchronization and temporal dependencies. An event topology
describes how a process behaves in respect to changes in its
inputs. A stage is a sequentiable phase within a process which
has an event topology that is distinct from those of other
stages. A process need only have one stage.

The Abstraction Elaboration. Abstraction represents the
generality of entities, activities, and processes. The levels of
abstraction are instance and class, with relationships among
classes in a multi-level generalization hierarchy represented by
sub-class and super-class links. The abstraction elaboration is
exactly equivalent to generalization. An instance represents a
specific entity such as a particular object, person, symbol, or
place. It may also represent a particular activity, or a
particular process. The instance represents the lowest level of
abstraction and has no subordinates. A class is an abstract
frame that represents general features held in common by two or
more frames. Attributes, and their legal values, help define the
class. Instances in the class share these attributes.

The Association Elaboration. Associations are non-hierarchical
aggregations of frames. For an association, each frame in the
relation may be thought of as an aggregate of the other frames.

T 1 Collection E latoiatig ,. Cuiiections are sets of frames all
of the same class. Unlike the other relations, collections are
not considered to be elaborations. A collection may be
substituted for frames in certain situations. Collections,
however, do not have the same status as frames; rather it is the
objects of which a collection is formed that are the frames. In
semantic data model terms, a collection is a grouping relation.
There can be no inheritance from a collection to its members.
Generalization and inheritance are defined on the class structure
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of the underlying frame, not the collection. Collections,
however, may have attributes associated with them. These non-
inheritable attributes perform functions such as summarizing
across the collection.

The relationship between a collection and its underlying frames
is extended to allow the definition of collections of
collections. Collections may take the place of frames in
associations. Collections may also take the place of frames as
attributes, and as components. A single frame may be a member
of more than one collection. Collection membership is defined by
an expression using a syntax equivalent to that for defining
class membership.

Knowledge Acquisition. A method is required for the
identification of entity and process components. One method is
simulation. In the steps of building the device simulation,
production of objects identifies entities and their components,
and the specification of behavior of objects identifies the event
topologies of processes. The method also generates parts of the
EFN knowledge structure automatically, and is augmented by other
methods to acquire other elements of the subject matter, such as
activity components, and abstraction. XAIDA will employ a device
simulation system.

Cognitive Task Analysis. The first step in the design of any
instruction is a task analysis to determine what should be
taught. A behavioral analysis is not sufficient; a cognitive
analysis is required to take into account the cognitive processes
involved in learning and performance.

Halff (1990) identified three types of cognitive structures
important to the maintenance enterprise: (1) the execution of
procedures, (2) a mental model of the equipment, and (3) fault
isolation skills. Thus, an adequate cognitive task analysis
should identify the information and skills that must be imparted
to the student to support the acquisition of these cognitive
structures. XAIDA will address only the areas of procedures and
mental models.

Cognitive Analysis of Procedures. Kieras advocates a GOMS
(Goals, Operators, Methods, and Selection Rules) analysis in
which the tasks to be accomplished are broken down into a series
of goals and subgoals, recursively, until a level is reached in
which the subgoal can be achieved by either a primitive level
motor or mental act.

(1) Goals represent a person's intention to perform a task,
subtask, or single cognitive or physical operation. They are
organized into structures of interrelated goals that sequence
methods and operations.
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(2) Operations are elementary physical actions (e.g., pressing a
button) and cognitive or mental operations (e.g., reading a
voltage and storing it in working memory). The most primitive
mental operations are actions such as receiving perceptual
information, making a basic decision, depositing facts from
working memory into long term memory, retrieving facts from long
term memory and activating them in working memory, forming a
goal, etc.

(3) Methods generate sequences of operations that accomplish
specific goals or subgoals. The goal structure of a method
defines its internal organization and control structure. The
GOMS model assumes that execution of a task or procedure involves
decomposition of the task into a series of subtasks. A skilled
person executing a procedure has effective methods for each
subtask. Accomplishing a task involves executing the series of
specialized methods that perform each subtask. A person's
knowledge of how to do a complex task is a mixture of high-level
methods, (i.e.,task-specific information, and low-level methods,
i.e., system-specific knowledge.

(4) Selection rules determine which method to select. The
selection rule must state the appropriate context for using any
given method. If there is more than one method, the rule must
state when each method is appropriate.

In summary, the GOMS model characterizes the user's knowledge as
a collection of hierarchically organized methods and associated
goal structures that sequence methods and operations. The
knowledge captured in the GOMS representation describes both
general knowledge of how the task is to be decomposed and
specific information on how to execute the methods required to
complete the task.

Kieras has prepared a detailed guide for doing task analysis of
procedures using the GOMS methodology (Kieras, 1988a) . He has
also defined a language call (NGOMSL) or "Natural" GOMS Language
which is relatively easy to read and write. Kieras' guide also
includes procedures for doing a GOMS analysis by using a
breadth-first expansion of methods rather than trying to describe
goal structures directly.

Mental Models Analysis. Halff (1990) summarized the importance
for maintenance training of imparting correct and adequate mental
models of the equipment. Kieras (1988b, 1990) pointed out that
the most accurate way of determining the mental model to be
taught woula be to do a complete cognitive simulation. However,
realizing that this is not always a feasible approach, he spelled
out some heuristics that could be used to determine the mental
model that should be taught in lieu of a complete simulation. The
heuristics are:
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- relevance to task goals
- accessibility to use
- critical procedures and inference strategies

These heuristics involve doing a GOMS-Iike analysis. In addition
two other hierarchical cognitive analyses are required: an
explanation hierarchy and a hierarchical decomposition of the
device structure and mechanisms.

The "relevance to task goals" heuristic explanations should be
given only if they are relevant to a task goal. To carry out this
heuristic, an explanation hierarchy is constructed. The first
pass at what goes into this hierarchy can be what is in the
existing documentation. The goals of the GOMS analysis are then
mapped to the explanation hierarchy, which will reveal any
missing explanatory information as well as any extraneous
material which need not be taught. Constructing the explanation
hierarchy is not really extraneous work since this material is
needed for the instructional material. For instance this is the
material that goes into the message windows in the RAPIDS system.

The second heuristic, "accessibility to use", implies that the
device illustration or simulation which is presented to the
technician should not contain parts which cannot be accessed.
Again this involves mapping the GOMS analysis, but onto the
device description, rather than the explanation hierarchy.

The third heuristic says that the GOMS analysis should be
examined for procedures that will be difficult to learn due to
what appears to be arbitrary content. These procedures should
then be analyzed to determine what inferences would need to be
made in order for the content to appear logical rather than
arbitrary. The information necessary to make those inferences
should then be made explicit in the training materials. This
inrormation will need to be included either in the explanation
hierarclh or the device description.

Level of Detail of the Task Analysis. One way to determine the
content of instructional materials and training procedures is to
do a complete cognitive simulation of a given task. The
advantage of a simulation is that it insures that the analysis is
complete. A tremendous amount of information about the task at
hand can be gained if the analysis is completed down to the level
of simple operations or operators for most aspects of the task.
The information that can be derived from the simulatio. includes
the time to learn the task, the amount of transfer of training
from one procedure to another, and the execution time for various
procedures or methods. The GOMS method does not require that it
be followed through by a complete simulation or that all tasks be
analyzed to the level of simple operators.

How low the level of analysis needs to be for the procedures for
any given instructional package, will be determined in large part
by the level of expertise of the trainees. High level tasks may
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need to be broken down into subtasks. Anderson refers to this as
adjusting the grain level of the instruction.

To decrease the workload of authoring the simulation and/or doing
the GOMS analysis for a given domain, AIDA will contain a library
of generic low-level procedures, such as testing igniter plugs.
These modules can also be given as screening tests to insure that
these low-level methods are learned before entering simulations
at a higher level or aimed at specific problems.

Representing The Task Analysis. The results of a NGOMSL analysis
will be implemented in a working simulation. The device
knowledge necessary to carry out the simulation will be
represented in a schema such as Anderson's PUPS (Penultimate
Production Systems). PUPS theory, which holds that procedures are
acquired by compiling declarative knowledge, is compatible with
Merrill's Transaction Shell representation. The declarative
knowledge necessary for compiling the procedures which model the
task performance is represented in schema-based structures called
PUPS structures. These schema include slots for the function of
the entity bping represented by the schema, a form slot for the
physical appearance of the entity, and a precondition slot which
states the preconditions necessary for the function to be
achieved. In compiling the productions which are the basis of
procedural knowledge, the function slot maps to the goal to be
achieved which will require knowledge of the entity represented;
the preconditions slot maps onto the condition of the condition-
action pair in a production. The form slot in the PUPS system
holds the form of the current action to be carried out such as a
particular LISP function. A similar scheme could be used for
representing the GOMS analysis. Merrill has proposed an activity
frame that has paths or sequences of actions. This frame could
also have slots for the function, the operators, and the outcome.
The values for these slots could probably be automatically
generated from a NGOMSL analysis just as it is technically
feasible to generate a running production rule-based simulation
from a NGOMSL analysis.

The representation scheme proposed by Merrill for AIDA will be
used to represent the explanation hierarchy. The device
knowledge will ultimately be represented in the graphical
simulation. The initial representation may be a hierarchical
listing of the names of the device components or a block diagram,
which can serve as a guide for constructing the sketch which in
turn will guide the construction of the graphical simulation.

Mapping the Content of GOMS and Mental Model Analysis to the
Device Simulation. Kieras' approach yields three hierarchically
arranged representations. First, the GOMS analysis spells out
the steps to be followed in carrying out procedures for
operating, calibrating, troubleshooting, or repairing the
equipment starting with thE highest level goals and methods.
These are successively decomposed to lower-level subgoals and
methods. Second, the GOMS analysis identifies any device
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components that need to De included in the representation of the
device structure as well as the declarative knowledge that needs
to be conveyed about them: function, location, name, etc. Third,
the explanation hierarchy contains the causal and declarative
knowledge necessary to execute the procedures, support inferences
necessary for constructing a mental model of the equipment, and
define the attributes and rules of objects, etc.

The device simulation in a system such as RAPIDS contains a
graphic representation of the device structure and qualitative
simulations of its functioning. Authoring in the RAPIDS II
simulation starts with a temporary sketch which is derived from
the prior cognitive analysis, particularly the mental model
analysis which entails inter-relating the GOMS analysis, the
explanation hierarchy and the hierarchical device structure
decomposition. However, the construction of the simulation is
done in bottom-up fashion starting with the lowest level of the
device hierarchy. The lowest level objects are the bottom items
in the device structure analysis, corresponding to the objects
manipulated by the lowest level operators in the GOMS model. For
this reason, it is not feasible to develop the simulation and do
the GOMS analysis and explanation hierarchy in parallel. The
analyses have to be complete before construction of the
simulation can begin.

The behavior of the objects are defined by attribute handles and
rules. These aspects of the simulation are drawn from the
e:.planation hierarchy. Once the basic simulation is complete,
procedures which are carried out on the device are authored by
carrying out a sequence of actions which correspond to actions
spelled out to accomplish the goals in the GOMS analysis. The
individual actions correspond to the operators. What is missing
from the simulation representation is any indication of the
function or purpose, i.e. goals, of the procedure. These have
to be represented in the dialogue windows.

Aids for Doing a Cognitive Analysis. At some future date, a task
analysis approach similar to that developed by Kieras will be
added to AIDA KARS. This includes (1) a GOMS analysis for the
procedural aspects of the task, (2) a mental model analysis to
develop an explanation hierarchy, and (3) a decomposition of
device structure and function and relating them to the GOMS
analysis. Shells will aid in the analyses.

The GOMS shell will guide the novice in doing a GOMS analysis of
a particular task using either the documentation at hand or the
knowledge of a subject matter expert. The shell will be based on
Kieras' manual on how to do GOMS analysis and uses his English-
like language for representing the analysis. Kieras' guide
contains many rules of thumb which can be implemented in a
knowledge-based shell to give guidance to the SME or ID. For
instance, Kieras recommends that a given method contain no more
than five steps. If there is more than five, some may need to be
grouped into a higher-level method. There is also guidance on
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creating generic methods to represent methods which occur often
in slightly different context.

The GOMS shell will do much of the bookkeeping necessary for a
GOMS analysis, such as creating a list of methods and information
identified by the methods that need either already to be known or
taught, such as their location, etc. A more sophisticated shell
could automatically map the results of the analysis into the
knowledge representation system (KARS). A less sophisticated
system would create a paper guide for what should be hand entered
into KARS. Similar shells will also be created for the
explanation hierarchy and the device structure and function
knowledge.

3.2.1.2 Strategy Analysis

Strategy Analysis identifies the enterprises to be learned, and
selects and sequences transactions to instruct the enterprises.
Additionally, information about the audience and the
instructional setting are gathered in this phase.

Enterprise Transactions. An enterprise is a complex human
performance that requires an integrated set of knowledge and
skills. The goal of instruction is the acquisition by the
learner of one or more enterprises. The primary transaction
shells, described in Section 3.2.1.3, facilitate the acquisition
of the knowledge and skills which comprise enterprises, but by
themselves cannot accomplish their integration. This integration
must be accomplished by transactions at the enterprise level.

Transaction Families. The transactions necessary to acquire all
the knowledge and skill associated with a given enterprise
comprise a transaction family. In maintenance, the six
enterprises are equipment operation, equipment calibration and
adjustment, equipment testing, access and disassembly, equipment
repair, and troubleshooting. The type and sequence of
interactions necessary to acquire each of these complex
enterprises is different.

Transaction Manager (TXSM). A high level transaction manager is
required for each of the enterprises. The transaction manager is
a program that calls and sequences the primary transactions
identified as necessary for this curriculum.

The Equipment Model TRX Family. In addition to transaction
families for each of the 6 maintenance training enterprises, an
equipment model family of transactions is a component of each of
the other transaction families. Figure C-2 identifies the 5
transaction shells required to construct a mental model of a
particular equipment. The equipment model transaction family is
not a "stand-alone" family, but is a component of the transaction
family required for each of the other 6 maintenance training
enterprises. Two classes of transactions are represented in the
equipment model:
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identify - (1) physical & conceptual structure; and interpret
- (2) device functioning, (3) device configuration, (4) fault
recognition, and (5) prediction. It also provides for an
integration of the learning facilitated by the primary
transactions, ideally as a performance or simulation of an
activity that is representative of the real-world performance of
the enterprise.

A course is a set of enterprise transactions and their supporting
families of primary transactions. A course organization is a
nesting and/or ordering of the enterprise transactions.

Classes of Enterprise Transactions. There are six classes of
enterprises: denote, evaluate, execute, design, interpret, and
discover.

(1) A Denote enterprise transaction requires as a focus one of
the following: a primary transaction from the Component class -
either an Identify transaction for an entity, an Execute
transaction at the Denote level of performance for an activity,
or an Interpret transaction at the Denote level of performance
for a process frame - or a Classify/Decide primary transaction
from the Abstraction class. (Performance level is a parameter to
Execute and Interpret transaction shells. For Execute, the
values may be either Denote or Perform. For Interpret, values
are either Denote, Explain, or Predict.) Primary transactions
from the component, abstraction, and association classes are
included to support the focus transaction. Performance for a
denote enterprise is characterized as knowing about something.
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Fault recognition

Pmdiction

Figure C-2. Transaction family for acquiring an
equipment mental model.
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With a component class primary transaction as focus, the
enterprise transaction enables the student to describe the
parts, their functions and locations for an entity; describe the
steps for an activity; or describe the events for a process.
With a Classify/Decide primary transaction as focus, the
enterprise transaction enables the student to identify instances
or discriminate kinds.

(2) An Evaluate enterprise transaction requires as a focus a
Judge primary transaction from the Abstraction class. The Judge
transaction instructs an abstraction hierarchy of entities,
activities, or processes. Primary transactions from the
component, abstraction, and association classes are included to
support the focus transaction. Performance for an Evaluate
enterprise is characterized as classifying and ranking the
adequacy of an entity, the performance of an activity, or the
effectiveness of a process.

(3) An Execute enterprise transaction requires as a focus an
Execute primary transaction (at the Perform level) from the
Component class. The content for the focus transaction is the
steps of an activity frame. Primary transactions from the
component, abstraction, and association classes support the focus
transaction. Performance for an Execute enterprise is
characterized as performing some activity.

(4) A Design enterprise transaction requires as a focus a Design
primary transaction from the Association class. Primary
transactions from the component, abstraction, and association
classes support the focus transaction. Performance for a Design
enterprise is characterized as inventing or creating a new
artifact. It enables the student to design a new entity or
activity not previously instructed.

(5) An Interpret enterprise transaction requires as a focus an
Interpret primary transaction, at the Explain or Predict level of
performance, from the Component class. The content for the focus
transaction is the events and causal network of a process frame.
Primary transactions from the component, abstraction, and
association classes support the focus transaction. Performance
for an Interpret enterprise is characterized as knowing why some
process works.

(6) A Discover enterprise transaction requires as a focus a
Discover primary transaction from the Association class. Primary
transactions from the component, abstraction, and association
classes support the focus transaction. Performance for a
Discover enterprise is characterized as finding a new
relationship or process. It enables the student to discover a
new entity or process not previously instructed.

Authoring Enterprise Transactions. The enterprise
transaction is authored by selecting a focus transaction and
sequencing it with the supporting primary transactions. Course
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organization consists of sequencing the enterprise transactions
themselves, plus the sequencing of primary transactions within
each enterprise transaction.

Sequencing Alternatives. There are two dimensions of sequencing
at the enterprise level, yielding seven sequencing alternatives
or approaches. They are the (1) primary sequence, and (2)
secondary sequence.

(1) Primary Sequence, the first dimension, includes Encyclopedic,
Case Study, and Situational sequences.

(a) The Encyclopedic sequence systematically calls each primary
transaction to instruct elements of the content, eventually
integrating these at the enterprise level. This type of
sequencing is often found in textbooks and reference manuals.

(b) The Case study sequence presents a sequence of examples,
scenarios, or cases of the focus transaction and the necessary
supporting transactions, with each case being complete in and of
itself. The sequence of cases is graded on some dimension, such
as familiarity, frequency, or criticality.

(c) The Situational sequence is characterized as on-the-job
learning, where instruction is delivered on an as-needed basis.
Only that instruction necessary to the immediate task is
presented; integration must occur opportunistically. Situational
sequence is facilitated by an online advisor system and student
modeling.

(2) Secondary Sequence, the second dimension, includes
Elaboration, Prerequisite, and Flat sequences.

(a) The Elaboration sequence starts with a simple,
representative element or elements of the focus content, and
progressively adds layers of detail as the instruction
progresses.

(b) The Prerecuisite sequence orders elements of subject matter
based on their dependency interrelations. The focus content is
at the top level of the hierarchy.

(c) The Flat sequence involves no systematic ordering at the
secondary level.

Acoroaches to Sequencing: The primary and secondary sequences
described above may be combined into seven approaches to
sequencin'.g: elaborated, prerequisite, and flat case study;
laborated, prerequisite, and flat encyclopedic; and situational.

(i) 7 aborated case study requires a number of cases of the
fcus transaction, each complete in of it itself.
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(2) The Prerequisite case study selects cases equivalently, but
the secondary sequence follows a prerequisite hierarchy. The
case is overviewed in the focus transaction, but then instruction
is built bottom-up following the prerequisites. Each supporting
transaction may be called up one or more times at different nodes
in the hierarchy. The next case is handled in a similar way,
refreshing and reviewing content that had already been introduced
in earlier cases, and introducing additional content.

(3) The Flat case study has no systematic secondary ordering.
Once a case has been selected, instruction begins with an
overview from the focus, then each supporting transaction is
called in turn to present all required content for that case,
finally returning to the focus for a full presentation. Then the
next case is selected.

The encyclopedic sequences are not built on cases. Any
abstraction hierarchy is taught as part of the supporting
content, rather than being used to generate cases.

(4) The Elaborated encyclopedic sequence begins with a
representative element or elements of the focus content,
introduces supporting content as needed, then builds to the full
focus content.

(5) The Prerequisite encyclopedic sequence begins with an
overview of the focus content, then goes to the lowest levels of
a prerequisite hierarchy and sequences the primary transactions
to deliver instruction for nodes on the hierarchy, building
eventually to a full focus transaction.

(6) The Flat encyclopedic sequence begins with an overview of
the focus, then each supporting transaction is called in turn to
present all required supporting content, finally returning to the
focus for a full presentation.

(7) The Situational sequence delivers instructional elements on
demand, either as a result of a student request or based on an
online determination by an advisor program of the learning
requirements of the student.

Making Sequence Decisions. Authoring the sequence for an
enterprise transaction involves the following steps:

1 determine enterprise content;

2 select the focus transaction;

3 for each content grouping, select supporting transactions;

4 select primary and secondary sequence;

if case study, create instances for the focus content;
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6 identify content for each case;

7 if prerequisite sequence, identify prerequisite relations;

8 if elaboration sequence, identify elaboration levels; and

9 configure parameters for each call to a transaction.

Step 1, Determine Enterprise Content, begins when the author
selects the focus content, such as an activity or process frame.
The system then initiates a spreading activation search of the
EFN, following relations from that frame. For each relation
leading from the frame, the author indicates whether that
relation should be included in the enterprise. The search
continues from the related frames for any relation that is
included, while a path is terminated for any relation not
included. The search continues until all paths have either
reached their end or been terminated. The system then creates
the enterprise transaction structure, and stores a representation
of the subset of the EFN that has been selected as the content
for the enterprise.

Step 2, Select the Focus Transaction, is performed by the author
based on a recommendation by the system. The recommendation is
based upon the transaction class appropriate for the content
structure of the focus.

Step 3, Select Supporting Transactions for each content grouping,
is performed by the author with consultation from the system.
The system parses the content into content groupings according to
the classes of primary transactions (component and abstraction
hierarchies, and associatic.n links). Each grouping is presented
in turn to the author, along with recommended transactions for
that grouping. Recommendations are based first on the
transaction class appropriate for the content grouping, and may
be further refined by environmental parameters, such as the
availability of specific resources. Recommendations may also
take into account compatibility with the focus transaction. For
example, if the selected focus transaction uses video, employs a
particular instructional technique, or is optimized for a given
domain area, then the recommended supporting transactions will
take these conditions into account. Recommendations are ranked
if there is more than one possible choice.

Step 4, Select Primary and Secondary Sequence alternatives for
the enterprise transaction, is performed by the author based on
recommendation of the system.

Step 5, if Case Study, creates instances for the focus content.
The author selects an abstraction hierarchy from which cases will
be drawn and identifies the attribute which will be used to order
cases. The system then prompts the author to return to
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knowledge analysis to identify the instances for the classes in
the hierarchy which will form the cases.

Step 6, Identify Content for Each Case, is performed
automatically by the system parsing the subset of the EFN
selected in step 1, and selecting any content related to the
focus or the instance.

Step 7, if Prerequisite Sequence, Identify Prerequisite
Relations, is performed by the author using a system tool to
identify dependency relations. This relation structure is stored
with the enterprise. If prerequisite case study, the
prerequisite relations for each case may be derived automatically
from this structure.

Step 8, if Elaboration Sequence, Identify Elaboration Levels, is
performed by the author. The number of levels, and the content
for each level of elaboration, is identified. If case study,
this is performed for each case. This data is stored with the
enterprise transaction. Secondary content for each level of
elaboration is sequenced by the prerequisite relations, if
available, or flat. At this point, all primary and secondary
sequencing has been completed.

Step 9, Configure Parameters for each call to each transaction,
is performed by the author. The system brings up the
configuration for each call in turn, and presets as many
parameters as possible. These include the content for the call,
based on the earlier steps, and the values of other parameters
based on either student attributes and/or earlier configuration
decisions for that enterprise. In addition to the normal
configuration capabilities, the author may set a parameter for
all calls to the transaction from this enterprise, for all calls
to any transaction having the parameter from this enterprise, or
for all calls to any transaction having the parameter from this
course. (An example of the latter might be setting display or
response parameters to establish a uniform interface across the
course.)

3.2.1.3 Transaction Authoring

An instructional transaction is a particular instructional
interaction with a student; it is a bounded interchange between
an instructional system and a student which facilitates the
acquisition of a specified competence in the student.
Transactions comprehend the entire range of instructional
interactions including: one-way transmission of information
(e.g. video, lecture, or document); discussions and
conversations; leavina aside ITS and microworld, but not
simulations as used in non-ITS settings; simulations; and micro-
worlds (with or without coaching).

XAIDA will provide a library of reusable instructional programs,
or transaction shells, for the delivery of instruction. These
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programs will contain generalized instructional algorithms, each
appropriate for teaching a certain type of content, but will not
contain any content. Each shell will incorporate a number of
parameters, configurable by the author, which control the
functioning of the shell during course delivery.

A transaction can assume both expository and inquisitory modes;
it allows the degree of learner or system control to be adjusted;
it includes display and response parameters which allow the
transaction to be customized for different learners, different
subject matters and different delivery systems. Each transactic:.
can perform different instructional functions with its content:
overview; familiarity instruction; basic instruction; example;
practice; remediation; and assessment.

Transaction Shells A transaction shell is a piece of computer
code which when executed causes a given transaction to take
place. A transaction shell knows what knowledge it must have in
order to execute its interaction with the learner. It is able
to query the domain knowledge base to find the required knowledge
and thus be able to instantiate its knowledge slots. If the
domain knowledge base does not contain the necessary knowledge
the transaction shell can direct the SME/ID to supply the
required content. Once a transaction has been selected or
prescribed, it must then be configured and authored.

Configuration involves setting the parameters, modifying the
strategy, and attaching the content. Authoring involves
attaching domain specific instructional materials to the
instructional structure set up by the transaction. Each
transaction shell has default values for each of its parameters,
including its strategy elements. Transaction shells reside in a
transaction library. Configured and authored components are also
stored in the library.

Classes of Transaction Shells. AIDA recognizes four classes of
transactions, with each class differentiated from the others in
terms of the knowledge structures and performance components
instructed. The four transaction classes are component,
abstraction, association, and enterprise. Component
transactions instruct all or part of one component hierarchy
(parts, steps, or events) in the elaborated frame network.
Abstraction transactions instruct all or part of an abstraction
hierarchy. Association transactions instruct two or more frames
linked by an association relation. Within each class are a
number of subclasses. There are 12 subclasses: For components,
the subclasses are identify, execute, and interpret; for
abstraction, the subclasses are judge, classify/decide,
generalize, and transfer; for association, propagate, analoaize,
and substitute.

Component Transactions. There are three subclasses of component
transactions corresponding to the three types of knowledge
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frames: identify for entity frames, execute for activity
frames, and interpret for process frames.

(1) An identify (what) transaction requires either an instance or
class entity frame. It enables the student to acquire the names,
functions, properties, and relative location of all the parts
which comprise an entity.

(2) An execute (how) transaction requires either an instance or
class activity frame. It enables the student to acquire the
steps of the activity.

(3) An interpret (why) transaction requires either an instance or
class process frame. It enables the student to acquire the
stages in a process.

Abstraction Transactions. There are four subclasses of
abstraction transactions: judge, classify/decide, generalize,
and transfer.

(1) A judge transaction requires a class frame with two or more
subordinate instance frames. These frames can be entity,
activity, or process frames. It enables the student to acquire
the ability to order the instances of a given class on the basis
of some dimension (criterion). The dimensions can be any
attribute or combination of attributes.

(2) A classify/decide transaction requires a superclass frame
with two or more subordinate class frames each of which have two
or more instance frames. These frames can be entity, activity,
or process frames. It enables the student to sort or classify
instances as to class membership. It enables the student to
select one alternative from another.

(3) A generalize transaction requires a superclass frame with
two or more subordinate class frames each of which have two or
more instance frames. These frames can be entity, activity, or
process frames. Generalization transactions enable the student
to combine instances of two or more classes into a more general
class. Generalization is the inverse of classification.

(4) A transfer transaction requires a superclass frame and one
or more class frames. These frames can be entity, activity or
process frames. It enables the student to acquire an abstraction
model, that is, a generalized set of steps for an activity, or a
generalized set of events for a process, and to apply this
abstraction model to a previously unencountered class or
instance of the activity or process.

Association Transactions. There are five subclasses of
association transactions: propaqate, analogize, substitute,
design, and discover.
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(1) A propagate transaction requires two or more associated
frames. The most common relations between knowledge frames --
uses, involves, applies -- all involve propagation. A
propagation transaction facilitates the student's integration of
information from two or more knowledge frames. One of the most
important propagation associations is the link between an
application activity and a tool activity; another is the link
between a method activity and a process. Propagation enables
the student to acquire one set of skills in the context of
another set of skills.

While learning an application activity, the student can
simultaneously learn the tool activity for doing the application.
Or while learning a tool the student can simultaneously learn
application activities for the tool. Or while learning a process
the student can simultaneously learn a method activity for
studying or observing the process. Or while learning a method
activity the student can simultaneously learn the process for
which the method was devised.

(2) An analogize transaction requires two or more knowledge
frames linked by the relation analogy for. It enables the
student to acquire the steps from one activity by likening it to
an analogous activity; or to acquire the events in one process
by likening it to an analogous process or activity.

(3) A substitute transaction requires two or more knowledge
frames linked by the relation alternative for. It enables the
student to learn an alternative activity or process by
comparison, elaboration, or extension of a previously learned
activity or process. It also enables the student to acquire
alternative ways to accomplish a given activity or to explain a
given process.

(4) A design transaction (Not required in XAIDA)

(5) A discover transaction (Not required in XAIDA)

The Transaction Manager for Maintenance Training. The
transactions necessary to acquire all the knowledge and skill
associated with a given enterprise comprise a transaction family.
In maintenance, the six enterprises are (1) equipment ope-ation,
(2) equipment calibration and adjustment, (3) equipment testing,
(4) access and disassembly, (5) equipment repair, and (6)
troubleshooting.

The type and sequence of interactions necessary to acquire each
of these complex enterprises is different; a high level
transaction manager (TRXM) is required for each of the
enterprises. The transaction manager is a program that calls and
sequences the primary transactions identified as necessary for
this curriculum.
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In addition to transaction families for each of the six
maintenance training enterprises, an equipment model family of
transactions is a component of each of the other six transaction
families.

(1) Transaction family for equipment operation enterprises. Two
nested transaction families are required to operate a particular
device or piece of equipment: Two classes of transactions are
represented: execute - (6) equipment operation procedures; and
decide/classify - (7) operation procedure or job aid selection.

(2) Transaction family for equipment calibration and adjustment
enterprises. One nested transaction family is required to
calibrate and adjust a particular device or piece of equipment.
Three classes of transactions are represented: execute - (8)
calibration and adjustment procedures; judge - (9) calibration
and adjustment judgment; and decide/classify - (10) calibrate and
adjust procedure or job aid selection.

(3) Transaction famiLy for equipment testing enterprises. One
nested transaction family is required to test a particular device
or piece of equipment. Three classes of transactions are
represented: execute - (11) testing procedures; judge - (12)
testing judgment; and decide/classify - (13) test procedure or
job aid selection.

(4) Transaction family for equipment access and disassembly
enterprises. One nested transaction family is required to access
and disassemble a particular device or piece of equipment. Two
classes of transactions are represented: execute - (14) accss
and disassembly proceaures; and decide/classify - (15) access and
disassembly procedure or job aid selection.

(5) Transaction family for equipment repair enterprises. Two
transaction shell instances and four nested transaction families
are required to repair a particular device or piece of equipment.
Two classes of transactions are represented: execute - (16)
repair procedures; and decide/classify - (17) repair procedure
or job aid selection.

(6) Transaction family for equipment trouble shooting
enterprises. Four transaction shell instances and four nested
transaction families are required to troubleshoot a particular
device or piece of equipment. Two classes of transactions are
represented: execute - (18) logical fault isolation
procedures, and (19) intuitive fault isolation procedures;
and decide/classify - (20) logical fault isolation procedure or
job aid selection and (21) intuitive fault isolation procedure or
job aid selection.

(7) Transaction family for equipment redesign and jury rig
entercrises. Six transaction shell instances and three nested
transaction families are required to design or jury rig a
particular device or piece of equipment. Five classes of
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transactions are represented: execute - (22) heuristic jury rig
procedures; decide/classify - (23) redesign or jury rig
procedure selection; transfer - and (24) procedural transfer;
analogize - (25) conceptual and procedural analogies; substitute
- (26) conceptual, funcLional, and procedural substitution; and
design - (27) redesign techniques.

(8) Equipment Model TRX Family. Five transaction shells are
required to construct a mental model of a particular equipment.
Two classes of transactions are represented: identify - (1)
physical & conceptual structure; and interpret - (2) device
functioning, (3) device configuration, (4) fault recognition, and
(5) prediction. The equipment model transaction family is not a
"stand-alone" family, but is a component of the transaction
family required for each of the other six maintenance training
enterprises.

Customizing (Tailoring) Transaction Classes. Maintenance
training utilizes nine of the twelve primary transactions:
identify, interpret, execute, judge, decide/classify, transfer,
analoqize, substitute, and design. They are listed below with
the transaction families in which they are employed. Four of
nine maintenance transaction classes will be implemented in
XAIDA: Identify, Interpret, Execute, and Decide/Classify.

Identify (XAIDA):
(1) Physical and conceptual structure
Interpret (XAIDA):
( ) Device functioning
(3) Device configuration
(4) Fault recognition
(5) Prediction
Execute (XAIDA) :
(6) Equipment operation procedures
(8) Calibration and adjustment procedures
(11) Testing procedures
(14) Access and disassembly procedures
(16) Repair procedures
(18) Logical fault isolation procedures
(19) Intuitive fault isolation procedures
(22) Heuristic jury rig procedures
Judge:
(9) Calibration and adjustment judging
(12) Testing judging
Decide/Classify (XAIDA):
(7N Equipment operation procedure or jobAid selection
(10) Calibration and adjustment procedure or jobAid selection
(13) Test procedure or jobAid selection
(15) Access and disassembly procedure or jobAid selection
(17) Repair procedure or job aid selection
(20) Logical fault isolation procedure or jobAid selection
(21) Intuitive fault isolation procedure or jobAid selection
(23) Redesign or jury rig procedure selection
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Transfer:
(24) Redesign or jury rig procedure transfer (Not required in

XAIDA.)
Analogize:
(25) Redesign or jury rig analogies (Not required in XAIDA.)
Substitute:
(26) Redesign or jury rig substitution (Not required in XAIDA.)
Design:
(27) Redesign or jury rig redesign techniques. (Not required in

XAIDA.)

A common base transaction shell will be constructed for each of
the four TPX classes to be implemented in XAIDA. Each of the
four TRX class shells will then be tailored to implement one or
more of Halff's maintenance TRXs, as shown in Table 3.1.
Interaction modes, interaction strategies, knowledge represent-
ation, and interaction parameters will vary depending on the
family of which it is a part.

The following paragraphs describe the principal performance
enabled by each of the nine primary transactions used in
maintenance training, the knowledge base required for each, and
the interaction modes required. The four transactions to be
implemented in XAIDA are labeled.

Identify* (XAIDA):

(1) Physical and conceptual structure (XAIDA, YES)
Learning the names, location, and function of the parts of a
device as a prerequisite to learning how the device works or how
to operate it. Learn the meaning of a term and its position in
a semantic network, e.g. CBESS and Tennyson's Milin.

Performance.
Students are shown images of the phy:zical equipment and asked to
identify individual components, their function, and their
immediate connections. Students are shown diagrams representing
the conceptual structure of the equipment and asked to identify
individual components, their function, and their immediate
connections. Students are shown both the physical and conceptual
representations and asked to demonstrate the correspondence
between these two representations.

Knowledge required.
The knowledge base includes some representation of the device,
probably graphic, with the parts isolated and an associated name
and function available.
A graphic representation of the conceptual representation Of the
system, pairing the conceptual symbols with the physiCl
representation of the device.
Interactions.
The transaction must (1) present the names to the student and
(2)enable the student to practice locating the prts and
identifying the part name and function. The transaction must
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present the conceptual names to the student, must pair the
conceptual names with their physical referents. The transaction
must enable the student to practice identifying conceptual
symbols given referents, referents given the conceptual symbols,
names of conceptual symbol given its graphic representation, and
reproducing the symbol.

Interpret* (XAIDA):

(2) Device functioning (XAIDA, YES)
Performance.
Students are asked to discriminate among component states on the
basis of some physical depiction of those states. The student
can explain how the device functions, recognize the various
states.
Performance.
Learner enters the sequence of events, and the conditions under
which different events occur.
Knowledge required.
An operational, controllable simulation of the device with some
degree of functional and structural fidelity.
Interactions.
The transaction must present the operation of the device via a
simulation that enables the learner to change conditions and
parameter values and observe the effects on the operation of the
device. The transaction must be able to illustrate the operation
of the device in a structured manner as well as enabling the
learner to manipulate the operation.

(3) Device configuration (XAIDA, YES)
Performance.
Students are shown some of the inputs to an element of the device
and asked how its other inputs must be set in order to achieve a
desired function or state.

(4) Fault recognition (XAIDA, YES)
Performance.
Students are shown the actual outputs and inputs to an element
and asked to determine whether or not the element is faulted.

(5) Prediction (XAIDA, YES)
Performance.
Students are given information about all inputs to a component or
subsystem and required to predict the state of the component or
subsystem, its outputs under normal operating conditions, and its
outputs in each possible fault mode.

Execute* (XAIDA) :

(6) Equipment operation procedures (XAIDA, YES)
Performance.
Students arc required to perform certain operational functions
using both a physical and conceptual simulator. That is, each
step in the procedure must be executed within the physical
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simulator and the conceptual simulator. For complex procedures
the goal structure of the procedure should be tracked during
procedure execution.

(8) Calibration and adjustment procedures (XAIDA, MAYBE)
Performance.
Students work with a physical simulation of the device to
practice required calibration and adjustment tasks. A conceptual
simulation of the system being adjusted or calibrated shows
relations among the components involved in the process.

(11) Testing procedures (XAIDA, MAYBE)
Performance.
Students are required to carry out fixed testing procedures on a
physical simulation of the equipment. A conceptual simulation of
the components being tested is used to exhibit or query the
student on the states of these components.

(14) Access and disassembly procedures (XAIDA, MAYBE)
Performance.
Students are given the task of gaining access to a particular
component. They use a physical simulation of the device to
practice the task. A matching conceptual simulation shows which
components are accessible at each point in the procedure.

(16) Repair procedures (XAIDA, MAYBE)
Performance.

(18) Logical fault isolation procedures (XAIDA, YES)
Some forms of troubleshooting are best solved by acquiring an
accurate operational model of the device or circuit that is
malfunctioning and then systematically testing and or replacing
components to eliminate potential trouble spots.
Performance.
Logical fault isolation enables the learner to acquire an
accurate functional model of the device or circuit. The student
acquires a set of systematic procedures for testing and/or
replacing the components of the device or circuit. Students are
provided with a conceptual simulation containing a single faulted
component. At each point in the troubleshooting exercise,
students choose an action and exhibit the consequences of the
action.

Knowledge required.
An accurate logical operational model of the device or circuit.
A set of malfunctioning components which can be inserted into the
device or circuit. A functional simulation of the device or
circuit.
Interactions.
The transaction must present the functional model of the device
or circuit and enable the student to use this model in isolating
faults that the system inserts into the functional model. The
interactions must provide guidance which leads the student
through systematic fault isolation activities.
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(19) Intuitive fault isolation procedures (XAIDA, YES)
Logical fault isolation is often less efficient than the use of a
set of heuristic guidelines (rules of thumb) to identify and
correct faults in a device or circuit.
Performance.
Intuitive fault isolation enables the student to acquire a set of
heuristic guidelines and to apply these guidelines in isolating a
fault.
Knowledge required.
An accurate logical functional model of the device or circuit. A
set of malfunctioning components which can be inserted into the
device or circuit. A functional simulation of the device or
circuit. A set of heuristic guidelines for troubleshooting the
device or circuit.
Interactions.
The transaction must present the functional model of the device
or circuit and enable the student to use this model in isolating
faults that the system inserts into the functional model. The
transaction must also present, and enable the student to acquire,
the heuristic fault isolation rules. The interactions must
prcvide guidance which enables the student to use the heuristics
for fault isolation activities.

(22) Heuristic jury rig procedures
Performance.
Students are provided with conceptual simulations of tasks
requiring complete or partial reconstruction of the equipment.
For example, students could be required to restore as much
functionality as possible with a limited inventory of spare parts
or with other constraints on the reconstruction.

Judre:

(9) Calibration and adjustment judging
12) Testing judging

Decide 'C~assifyv* (XAIDA)

(7) Equipment operation procedure or jobAid selection (XAIDA,
YES)

(10) Calibration and adjustment procedure or jobAid selection
(XA:DA, MAYBE)

(13) Test procedure or jobAid selection (XAIDA, MAYBE)
(15) Access and disassembly procedure or jobAid selection (XAIDA,

MAYBE)
(11) Repair procedure or job aid selection (XAIDA, MAYBE)
(2") Logicai fault isolation procedure or jobAid selection

(XAIDA, YES)
(21) Intuitive fault isolation procedure or jobAid selection

(XAIDA, YES)
(23) Reesign or jury rig procedure selection (XAIDA, NO)
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Performance.
The following performance applies to transactions 7, 10, 13, 15,
17, 20, 21, and 23 listed above. Each of these transactions is a
minor variation of the same decide/classify transaction.
Students are asked to identify the procedures needed to deal with
particular situations and to select any appropriate job aids.

Support is provided for this exercise in the form of subgoals and
intermediate steps needed to arrive at the proper selection.

Transfer:

(24) Redesign or jury rig procedure transfer (not required in
XAIDA).

Analogize:

(25) Redesign or jury rig analogies (not required in XAIDA).
Substitute:

(26) Redesign or jury rig substitution (not required in XAIDA).
Design:

(27) Redesign or jury rig redesign techniques (not required in
XAIDA).

Shell Parameters. Each TRX shell has a number of parameters
which configure the operation of the shell for a particular
instructional instantiation. These parameters are set by the
SME/ID. Parameters for a naming transaction for the components
of an entity include:

(1) Focus Focus is a pointer to an entity frame in the EFN.
The component hierarchy in which this frame participates will be
instructed by the shell.

(2) Content Indicates how much of the component hierarchy is
available for instruction. Takes one of the following (default
is All):
All: entire hierarchy;
(list) : a list of frames (subset of the hierarchy) which are the
content.

(3) Coverage Indicates how much of the component hierarchy for
the focus is to be instructed. Takes one of the following
(default is Focus):
All: entire hierarchy;
Focus: the focus, ts superpart (the single frame directly above
the focus in the hierarchy), and its first level of subparts;
Levels: requires an additional integer argument, which indicates
how many levels of subparts of the focus are instructed;
Exemplar, <label>: the focus and a single, specified sutpar- are
ins tructed;
Random Exemplar: the focus and a single, random!y selected
subpart are instructed.
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(4) Guidance Level Sets the level of guidance to the student.
Takes one of the following (default is Full):
None: no guidance;
OnDemand: guidance presented on student request only;
Full: guidance at all times;
Faded: begin with full guidance, fade to OnDemand by end of
transaction.

(5) Guidance Type Takes one of two values (default is Verbose):
Concise: guidance interactions are short and to the point;
Verbose: guidance interactions are detailed and complete.

(6) View Representation of the subject matter. Takes one or
more of the following (default is Structural):
Structural: displays the component relation in terms of the
knowledge structures, in tree format;
Ehysical: displays an author-supplied graphic or
illustration of the object whose parts are being instructed,
representing the physical appearance of the object;
Functional: displays an author-supplied graphic or
illustration of the object whose parts are being instructed,
representing the functional appearance of the object.

(7) Vertical Sequence Order of introduction of the parts. Takes
one of the following values (default is TopDownBreadth):
TcpDownBreadth: ordering is from the highest superpart to the
lowest level, breadth first (an entire level is introduced before
any components of the next level are introduced);
TopDownDepth: ordering is from the highest superpart to the lowest
level, depth first;
BottomUp: ordering is from the lowest subpart level to the
highest, breadth first.

(B) Temooral Sequence Within the vertical sequence, is the
irder cf introduction of the parts on the same level. The
effaulit is LeftRight:
Le§Right: ordering is according to the representation in the
EE4, from left to right;
....Hiah, <attribute label>: ordering is according to the ranking
of a namea attribute, from low to high;
?iihLow, <attribute label>: ordering is according to the ranking

a named attribute, from high to low.

(-4 TriaLs The number of times to sequence through the set of
Parts. Takes a positive integer value, default is 1.

!astery Level The percent correct for mastery. Takes a
: Lue between 0 and 100 (cefault is 80%)

* P esconse Mode Type of response required of the
...... nt. Takes one of two values: Recognition or Recall

t is Re_-. niic.) .



(12) Feedback Timing of feedback. Takes one of the following
values (default is PrePractice):
None: no feedback is given;
PostResponse: corrective feedback is given immediately after a
response;
PrePractice: corrective feedback is given just before the next
opportunity to practice.

(13) Replacement Whenever sampling is used in the transaction,
this parameter controls whether a new sample may or may not
include items from previous samples (default is With).
With: a new sample may include items previously used;
Without: new samples are distinct from previous samples.

(14) Items Whenever a pool of items is practiced or tested,
this parameter sets the maximum size of the pool. It takes a
positive integer value (default is 3).

(15) Timeout The amount of time to wait for a student response
before timing out. If the student response involves typing
rather than pointing, the timeout occurs after a base interval,
plus a fraction of the base interval multiplied by a number
derived from the length of the expected response. If the student
response is pointing only, the timeout occurs after the base
interval. The value of the parameter is the base interval, a
positive integer (default is 3 (seconds)).

(16) Item Order Whenever a pool of items is practiced or tested
more than once, this parameter controls whether the ordering is
the same or different (default is Random).
Random: the ordering is random;
Same: the ordering is fixed.

(17) Mode The mode is the method of interaction with the
student. One or more of the following may be selected (default
is Overview):
Overview: presents the knowledge structure from the

knowledge base in the Structural view;
Presentation: presents an author-supplied graphic in either the

Physical or the Functional view, and demonstrates
the parts to the learner;

Practice: provides practice for the learner using the
author-supplied graphic, in either the Physical or
Functional view;

Instance
Assessment: tests the student's mastery of the material,

using the author-supplied graphic, in either the
Physical or Functional view.

(18) Strategy Strategy is defined as a sequence of modes.
Because modes are fully determined by strategy, Lhe atgumni:5 L2

the Mode parameter are ignored unless the Strategy paraeter is
None (the default).
Overview: the Overview mode;

71



Familiarity: the Overview mode followed by the Presentation
mode;

Basic: Overview plus Presentation plus Practice modes;
Mastery: Overview plus Presentation plus Practice plus

Instance Assessment;
BasicRemediation: Instance Assessment, followed by Basic

Strategy to remediate errors;
MasteryRemediation: Instance Assessment, followed by Mastery

Strategy to remediate errors;
Assessment: Instance Assessment mode;
Summary: Overview with Coverage set to Focus, plus

Presentation followed by Instance Assessment, with
Coverage set to Random Exemplar for both;

None: no strategy.

(19) Strategic Control Determines the level of control
granted the student over the selection of strategy, mode, and
content. Takes one of the following (default is System):
System: the strategy, mode, content, and coverage are delivered as
set by the parameter values;
Student: the student may select alternate strategies, mode,
content, and coverage.
(Dynamic instructor override.)

(20) Tactical Control Determines control over the
initiation and termination of interactions. Also determines
whether the student may alter the values of the Guidance, View,
and Sequence parameters. Takes one of two values, System or
Learner (default is System).

Confiauring Shells. Configuring is the setting of parameters to
a shell, and attaching content.
For example, a cal to a shell in the Identify class to instruct
the nar-es and locations of the left engine starting circuitry
miht c figured as follows:
Lccs: left engine starting circuitry
co.,en all
coverag all
guidance Ieve : faded
auidance type: concise
view: structural, functional
vertoical s euence: topDownBreadth
tempora" sequence: leftRight
trials: 1

a ser r, : 100%
res -S e 7--J-: recall
..... a< postResponse
re '-3e r en" without

3
3

item or erandom
st r3te : basic
S -rV ... r : system

: learner.



Detailing Shells. Detailing is the attachment of graphics and
text, prepared offline, to the knowledge base for use by the
shells. With the use of simulations, detailing requirements are
replaced in large measure by simulation authoring.

3.2.1.4 Courseware Generation

Delivery of instruction to a large number of students may not be
a function of the AIDA system. Instruction delivery is more
likely to be accomplished via a multi-terminal, multi-media
system optimized for instruction delivery, such as ISS, WISE,
QUEST, PILOT, TENCORE, etc. The Courseware Generation System
(CGS) analyses the configured and authored transactions and
generates courseware in a format that can be used by other
instruction delivery systems. CGS will not be required in XAIDA.
XAIDA will, however, have a student mode which will enable the
SME/ID to evaluate an instruction sequence.

3.2.1.5 Instruction Delivery

The fourth mode of operation of AIDA is instruction delivery as
though to a student. This section describes the delivery of
instruction to the student, the output of the system. Delivery
of instruction to a large number of students may not be a
function of the AIDA system. Instruction delivery is more likely
to be accomplished via a multi-terminal system optimized for
instruction delivery, such as ISS, WISE, QUEST, PILOT, TENCORE,

etc. AIDA will, however, have a student mode which will enable
the SME/ID to evaluate an instruction sequence.

Instructional Modes and Strategies. The type of transaction and
the components of its knowledge base limit the interactions that
are possible within a given transaction shell. Different classes
of transactions will have different types of interactions.
Nevertheless, all transact&ions should include interactions that
are characterized by certain interaction modes. Interaction mode
alternatives determine the method of interaction with the
student. interaction modes assume different values on the form
of the interaction (expository or inquisitory) and the degree of
learner control involved (learner control or system control).
Five interaction modes have been identified: (1) overview, (2)

presentation, (3) practice, (4) generality assessment, and (5)
instance assessment.

(1) Overview mode presents the knowledge -tructure, as represented in
the EFN. For example, in an Identify transaction, overview shows
the parts hierarchy of an entity in tree format. Text in-
structicn may accompany the diagrams. The overview serves as an

advance oroanizer, and as a review.
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Example Overview mode for an entity component hierarchy.

(2) Presentation mode demonstrates and presents the content
represented by the knowledge structure, in terms of both
generalities and instances. For example, an Interpret
transaction for device operation simulates the operation of the
device, explaining the events associated with the process.

Example Presentation mode for an Identify transaction.

Example Presentation mode for an Interpret transaction.

(3) Practice mode provides opportunity for the learner to work
with the content directly. For example, an Execute transaction
for an activity provides a simulation which can be manipulated by
the student, with the consequences of actions displayed.
Practice for an Interpret transaction allows the student to
adjust controls, regulate inputs, and modify the functioning of
devices, and to predict the consequences of these actions.

Practice mode for an Interpret Shell.

(4,5) Generality and instance assessment modes test at the
generality and instance level, respectively. Test results are
recorded by the delivery system, under parametric control of the
transaction shell.

Interacticn strategy is the combination and sequence of
interaction modes available to the student. There are eight
interaction strategies: (1) overview, (2) familiarity, (3)
basic, (4) mastery, (5) basic remediation, (6) mastery
remediation, (7) summary, and (8) assessment.

(1) O- ,..rview consists of the overview interaction mode.
(2) Familiarity consists of an overview interaction plus a
presentation.
(3) Basic instruction consists of an overview plus presentation
plus practice.
(4) Mastery instruction consists of overview plus presentation
plus practice plus generality and/or instance assessment; if the
2riterion is not met, a new presentation, practice, and
assessment for missed items is engaged until the criterion is
met.
(5) Basic remediation consists of generality or instance
issessment; if the criterion is not met, then basic instruction
.s provided for the missed items.
_61 Mastery remediation consists of generality or instance
assessment; if the criterion is not met, then mastery
:nstruction is provided for the missed items until the critericn
-3 "'et.
,-) Summary is an overview plus presentaricn followed by instance
assessment; both the presentation and the assessment are fcr a
s Ince representative element of the knowledge structure, rather
-3.3n the full knowledge structure.
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(8) Assessment consists of generality or instance assessment.

Interaction of Simulations and Shells. In order to integrate the
shells with the simulations at delivery time, there must be a
communications interface established. This interface establishes
conventions whereby shells are able to:

o query simulations to determine their capabilities
o query status information from simulations
o issue commands to simulations to set the simulation directly

into a state
o replace direct learner input with commands from the shell.

On-line Delivery Advisor. The authoring decisions made at design
time are based on the designer's best estimate of the student
population. During the delivery of instruction, information
about the student -- aptitude, specific goals, motivation,
familiarity, and other factors, as well as the student's
expressed preferences -- may be taken into account to modify
those decisions. An on-line delivery advisor has access to the
domain knowledge base and the configurations. In addition, it
maintains a student model that contains information about the
student. Using the information gathered about the student, the
advisor adjusts design decisions to customize the instruction to
more adequately meet the characteristics of the student. The
advisor also can engage in a mixed-initiative dialogue with the
student which allows the student to participate in this
decision-making.

3.2.1.6 Evaluation

Dr. O'Neil declared that AIDA needs both author management and
course management systems. Without computer-managed instruction
there can be no benchmarks with which to determine progress in
the evolution of the AIDA system, and there will be weak USAF
support.

Furthermore, if XAIDA is to be a research tool, then measurement
and evaluation issues must be confronted directly by adding a
data gathering capability. The built-in evaluation system will
enable users to turn in data to be used in refining AIDA. Data
will be collected on both instructors and students.

3.2.2 System Capability Relationships

3.2.2.1 Major Components for AIDA

The USAF TTCs currently use Zenith Z-248 80286 microcomputers
with EGA monitors for CBI, running under Microsoft DOS 3.0. As a
result of the Desktop III acquisition, it would seem likely that
these will be gradually upgraded to 80386 systems with higher
resolution (VGA/SuperVGA) monitors and additional multi-media
peripheral devices (CD-ROM, interactive videodisk, etc.), running
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1. Microsoft Windows 386 under Microsoft DOS,
2. X Windows under UNIX.
3. IBM Presentation Manager under OS/2, and /or

AIDA will include the following major components, subject to
subsequent changes due to an evolutionary design:

(1) A COTS hypermedia product which satisfies the requirements
for multi-media CBI design, development and delivery, presents
the same consistent user interface of pull-down menu, icon, and
button driven processing of the same input files across the
proposed industry-standard graphical user interfaces (GUIs) on
the proposed platform, and provides an "open architecture", with
"black box" software slot modules for additional peripherals
currently available and to be developed in this rapidly changing
field.

(2) An 80386 hardware platform with:

1. High resolution color graphics input/output, including
Monitor(s), Scanner, Printer, and Projector

2. High capacity rapid access erasable optical disk
3. Interactive videodisk
4. CD-ROM
5. High fidelity audio input/output, including
6. Speech synthesis and recognition
7. Such additional standard input devices as the Mouse, Stylus,

Joystick, and Touch-sensitive screen
8. New technologies at the R&D stage to be announced during the

course of this three-year effort.

(3) Additional peripherals to support system functionality as
required.

3.2.2.2 Common Capability

3.2.3 External Interface Requirements

3.2.4 Physical Characteristics

An AIDA development work station will support at least two
simultaneous users.

3.2.4.1 Protective Coatings (N/A)

This section is not applicable to this specification.

3.2.5 System Quality Factors

3.2.5.1 Reliability

AIDA shall be designed with high quality equipment to provide a
high level of reliability. AIDA shall:
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a. Be capable of performing full system operations except when
power interruption occurs.

b. Ensure that database file and record integrity is maintained
for multiple users.

3.2.5.2 Maintainability

AIDA shall:

a. Be modular in design with easily accessible line replaceable
units (LRUs) and assemblies to minimize maintenance and system
downtime.

b. Keep the use of special tools and equipment for testing and
maintenance to a minimum.

3.2.5.3 Availability (N/A)

This section is not applicable to this specification.

3.2.5.4 Additional Quality Factors (N/A)

This section is not applicable to this specification.

3.2.6 Environmental Conditions

AIDA shall withstand the following environmental conditions during
operation:

a. Normal high and low temperature of an office environment.

b. High and low humidity of an office environment.

c. Standard commercial power supplied at the site including the
following:
(1) Voltage: 90 V - 130 V or 180 V - 260 V.
(2) Frequency: 47 Hz - 63 Hz.

d. Meet power line transient requirements of ANSI/IEEE C62.41-

1980 as a minimum.

3.2.7 Transportability

Ali bulky components shall be configured to enable easy
trans port ability.

3.2.3 Flexibility and Expansion

A:DA shall take into consideration the following areas of growth
t: achieve system flexibility and expansion:
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a. Permit additional standardized equipment to be added by
inserting appropriate interfaces and modifying only system
parameters in the soLware.

b. Accommodate larger databases and additional users.

:. Be capable of providing more than one authoring station
with networking capability.

d. Stress the capability for tailoring the configuration of the
system for unique installations.

e. Utilize common commercial and government interface standards
and common, readily available interface hardware to the extent
possible.

3.2.9 Portability

Each component of the system shall be portable with normal
handling.

3.3 Design and Construction

3.3.1 Materials (N/A)

3.3.2 Electromagnetic Radiation (N/A)

3.3.3 Nameplates and Product Marking (N/A)

3.3.4 Workmanship (N/A)

3.3.5 Interchangeability (N/A)

3.3.6 Safety (N/A)

3.3.- Human Engineering

The Contractor shall take into consideration the guidance in
MIL-STD-1472C to maximize the effectiveness of man/macbine
interfaces and to minimize operator reaction times, actions, and
training requirements.

3.3.3 Nuclear Ccntrol (N/A)

:h.iis sect!2n is not applicable to this specification.

3.3.9 System Security

AL hardware components making up the AIPA and the documentation
:videJ are- unclassified. The systei vlll piovide log on and

3 sswor3 r t in.
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3.3.10 Government Furnished Property Usage

AIDA shall incorporate Government Furnished Property into the
system, to be determined by the contract monitor as necessary.

3.3.11 Computer Resource Reserve Capacity

Computer resource reserve capacity shall be in accordance with
the following:

a. All memory, timing, bus loading and input/output must be
adequate to provide spare and growth capability of no less than
100% above the spare memory installed for preplanned improve-
ments and changes.

b. Spare capacity must be spread evenly throughout the system,
but not simply a system average.

c. At installation, 67 percent of delivered memory capacity and
50 percent of CPU timing must be spare (that portion of the
delivered memory and CPU timing unused when processing the worst
case design load under single failure conditions).

d. Spare memory must be allocated in consecutive memory blocks.

e. All system busses ann timing must be able to accept this
increase in processing capacity without modification.

f. Central processor must also have a 100 percent growth
capability in delivered memory and throughput at the time of
installation.

3.4 Documentation

The Contractor shall provide ohe following documentation in
acor.dance with DOD-STD-21<7A and DCC-STD-2168 if appicable:

a. Commercial Documentao :n:
(i) Commercial technical manuals for all hardware used.
(2) Cmmercial technica'. manuals for softwre operation.

b. Ne w Documentation:
(1) Program Plan.
(2) A:DA System/Seme-- Soce ifcation.
(2) System Archit Prel minary Hardware SecifiCation.
(4' Scf~iwar Mcalifioca- _on Plan/Prelim-inary Soft-ware

Se C fica0ion.
(5 A]A Trainin Les:n Plan.

'es- Plan.
A) pcn~aole e: i:--±Qrir, z drawings.



3.5 Logistics

The USAF will plan for organic maintenance at the organizational
level. Organizational-level maintenance will be conductec in t~n
cper-ational environment and will consist of removal and
rerPlacerment of LRt~s by appropria-tely trained personnel.

The cntac-, 7r I te reErcnsihtle forth cl:n loi~

~war sucor: r teduraioin of the contrart.

:;§rc<ar :~zwrtfo-r contractor supplied I-ems.

- ~ -~ n c r;gan-s-tionaL2 ev el- rsoue~ a

Personnel and Training

Personnel

-ea.r frim~eeti~ A IDA is int-egral to a
o:::::ns s--m. -Recommended personnel' are()a

Im3 i acIa s t, a nd ( 2) a Sofware Syst em Specoao s:.
z esponsibility of each position is described as

ara r "-? '-em S;pe a sr -t Installing, antainti,n

sot-ar comnponents.

Training

s e ~s :c cl ia ns f~or th-e in-,-- cn-s;_
an,_a ocoerator cersonlnel whose craoe

s~'~~will1 have a tackarounc as an ZVE
a The training wll include uc to

~~ooom~esocsan_,- on-the-o training (OJT) per
ao aen r3 be co-nduct_-ed at the u

.. .. .. .. s.l raoee aile d i 4n S truLC t n 4

~->~oo for-~;fte system.

Characteristics of Subordinate Elements

2Precedence

req,'ilremen~s w~t.n th' s spcof ication shall be
3-~r rder of criority:

ro -:ca ra cte r isti'c s (3.'2.) .
ini'l -.Y Relationships (3.2.2).



C. System Quality Factors (3.2.5).

d. All other paragraphs of this specification.

3.9 Qualification

Each system requirement shall be approved for completeness with
the following verification methods:

a. Inspection (I) : This verification method is based on a visual
examination to prove that specified requirements have been met.

b. Analysis (A) : This verification method is based on proving,
by induction or deduction, that specified requirements have been
met. It relies upon a technical analysis and evaluation of data,
equations, graphs, circuit and timing diagrams, coding or
computer simulations. This method is generally applicable where
the design uses hardware or software which is available off-the-
shelf and fur which data are readily available. In addition,
analysis is applicable for new design where a more comprehensive
method shall be used for verification in a subsequent program
phase. Analysis may also be used in lieu of alternate methods of
verification where significant cost savings would result.

c. Demonstration (D) : This verification method does not normally
use any special instrumentation or simulated inputs to prove that
specified requirements have been met. This method shall be based
on one of the following:
(1) An operation, movement, or adjustment which relies on
observation of an action or series of actions and the consequent
results (e.g., on a CRT display or printout) to decide on the
success of the demonstration.
(2) A statistical review of a number of demonstration examples
performed under specified conditions to determine compliunce at a
specified confidence level (e.g., reliability and maintainability
demonstrations).

d. Test (7) : This veri cation method normally involves the use
of special instrumentation, simulated inputs or a combination of
both to prove that specified requirements have been met. This
method is generally applicable where specified external stimuli
(hardware or software) and/or external devices are required to
produce and or measure (record) predictable result.

3.1? Standard Sample N/A)

This secnion is not applicable tc this specification.

3.11 Preproduction Sample, Periodic Production Sample, Pilot or

Pilot Lot (N/A)

This sectivn is not applicable to this specification.
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4. QUALITY ASSURANCE PROVISIONS

Eac'n system requirement in Sections 3 and 5 shall be tested for
q.1a -I ass7urance with, the verification methods specified in
Section 3.9.

11Responsibility For Inspection

Contractor's Responsibility for Inspection

or3i be resncnS~ble for performance of
-,ne AIDA sote at ATHRD as follows:

I i2 nt er c. ,n e c t th1ie A I DA h ar dw a re r e ceiv ec
onesoe plns.
nal'test each AIDA component and rectify al'

th ,-e oiceratl.n svstem.
the IDAsoftware and rectify all ma'fnc

an-d individually test each unit that is not fr
A7, for- compatibility according to the externa'

reurement-s, and rectify all malfunctions.
i oa ntegrar-ion test in accordance with th -ie T es!7

* ~C1'AP).
USAFt tn -te A=C is ready for test.ing.

4,'' (overnment's Responsibility for Inspection

cca_ resconsible for performance of inspectiLons at-
& tALHRD as roli!'ows:

-ecreseno ative must: witness the Pnc:ire process orf tne
anOrina to the TAP.

reoresentatove wril sign off the TAP if the
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6. NOTES
The following is a list of acronyms and abbreviations used
throughout this specification.
AIDA Advanced Instructional Design Advisor
ALHRD/IDC Armstrong Lab (Human Resources Directorate)
AFR Air Force Regulation
COTS Commercial Off-the-Shelf
CPU Central Processing Unit
CRT Cathode Ray Tube
CSCI Computer Software Configuration Item
DOD-STD Department of Defense Standard
FCC Federal Communications Commission
GFE Government Furnished Equipment
IOC Initial Operational Capability
ISD Instructional System Design
LRU Line Replaceable Unit
MIL-STD Military Standard
NDI Non-Developmental Item
OJT On-the-job Training
TAP Test Acceptance Procedure
TRX Transaction
TRXS Transaction Shell
UL Underwriters Laboratories
USAF U.S. Air Force
XAIDA Experimental Advanced Instructional Design Advisor

6.1 Intended Use

6.1.1 Missions

The purpose of the AIDA is to provide intelligent and automated
assistance to subject matter experts (SME) and instructional
designers (ID) throughout all phases of instructional system
development (SD).

6.1.2 Threat

The USAF conducts a vast amount of training in technical areas
that undergo freque-it revisions and increases in complexity.
USAF instructional designers must be able to rapidly incorporate
revisions and complexity into instructional materials without
increases in production time or decreases in student performance.
The USAF has begun to use computers and other interactive
technologies to meet the demands of rapid change and increased
complexity in technical domains. Few guidelines for the
effective and efficient use of these technologies are available,
however, because most instructional design principles were
developed prior to their existence. The research focuses on the
formulation and testing of instructional design principles. It
-il identify and validate instructional design strategies,
orinciples and prescripti<ons that exploit the capabilities of
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interactive technologies (e.g., DVI, IVD, CD-ROM, CD-ROM/XA, CD-
1, etc.) to enhance learning and retention of complex training
materials. Of particular interest are methods of effectively and
efficiently guiding instructional developers, especially novices,
through the process of designing and developing instructional
ma e ria 1s.
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1. SCOPE

1.1 Identification

This Data Base Design Document (DBDD) describes the detailed
design of the data base identified as the Knowledge Base (KB) for
the Computer Software Configuration Item (CSCI) identified as the
Advanced Instructional Design Advisor (AIDA) expert system. The
AIDA expert system itself is under specification by Mei
Associates, Inc., for the Armstrong Laboratory, Human Resources
Directorate (ALHRD/IDC) in accordance with DI-CMAN-80008A,
System/Segment Specification (SSS).

1.2 Purpose

The AIDA.KB serves as the repository of the knowledge required to
support the AIDA expert system (ES) in enabling technical subject
matter experts (SMEs) to produce effective computer-assisted
instruction in their specialty areas, even though they may have
"otle or no expertise in the field of instructional design.

A courrently conceived, the AIDA Knowledge Base (AIDA.KB) consists
vf the following sub-KBs:

a. Domain Knowledge Base (DOMAIN.KB)
b. Transaction Knowledge Base (TRANSACTION.KB)
c. Enterprise Knowledge Base (ENTERPRISE.KB)
d. Student Knowledge Base (STUDENT.KB)
a. Environment Knowledge Base (ENV.KB)
f. Task Knowledge Base (TASK.K3)
g. Session Knowledge Base (SESSION.KB)

.3 Introduction

?nis DBDD serves t; communicate and control data base design
ievisions to the 5overnment. Upon completion of Physical
"niguration Audii (?CA) , this DBDD (and/or its successor
-cjments) will becocme a part of the Product Baseline for the

.!.'PA CSCI

Sention 3 describes the design of the AIDA Data or Knowledge
Ease. Section 3.1 is an overview of the Knowledge Base
Y-anagement System (KBMS) , including the component Knowledge Base
"anager (KBM) , the Knowledge Base Definiti cn Language (KBDL) , and-
-ne Knvwledge Base Query Language (KBQL).

7et:on 3.2 contains a doscription of the Knowledge Base
Siructure and the Knowledge Base Interrelationships, including

SDomain KB, the Transaction KB, the Enterprise KB, the Student
T", the Instructional Environment KB, the Task KB, and the
Session KB.

Section 3.3 explains the design of each of the knowledge bases
jescribed in Secri=n 3.2, defining each frame, slot, and facet.
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2.0 REFERENCED DOCUMENTS

2.1 Government Documents

2.1.1 Specifications
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3. REQUIREMENTS

3.1 Knowledge Base Management System (KBMS) Overview

A knowledge base management system (KBMS) consists of software
for storing, accessing, manipulating, reasoning, and otherwise
controlling the knowledge embodied in an expert system. In the
case of AIDA, the KBMS will manage (1) the knowledge that defines
and drives the instruction configuration and authoring functions,
(2) the instruction configuration and authoring knowledge
acquired from subject matter experts (SME) and instructional
designers (ID), and (3) the knowledge that defines and drives the
instruction delivery functions.

Instructional design knowledge, both accumulated and to be
elicited, is normally stored in prose forms suitable for humans
to conslIt, understand, and apply to the process of course
development. In the AIDA.KB, however, this knowledge must be
appropriately structured for processing by a computer utilizing
expert system technology. As summarized in Marshall (1983), an
acceptable representation for structured knowledge should have
the following characteristics:

a. representational adequacv: It should support the acquisition
of all the aspects of the knowledge in all their subtle y

b. reoresentational efficiency: It should allow efficient
acquisition so that the knowledge is stored compactly and is
easily accessible.

c. inferential adequacy: It should be possible to use the
knowledge in any way that may be appropriate.

d. inferential efficiency: The knowledge should be located and

used rapidly and without the need of excessive computation.

3.1.1 Knowledge Base Manager (KBM)

The Knowledge Base Manager (KBM) is the core component of the
KBMS. It controls the base level storage of the knowledge base.

3.1.2 Knowledge Base Definition Language (KBDL)

The Knowledge Base Definition Language (KBDL) is the "front-end"
syntax used to define/declare the objects in the knowledge base.
Of the various approacnes to representing structurc- 1no.;I-d ~e,
the one proposed for the ADA KBMS is a generalized, object-
oriented (OD) acroach using frames, not scripts, as the objects.

he frame was develooed fr= .. he observation that people dc not
construct their ideas about familiar objects, situations, and
events from scratch, but carry with them a (potentially very
large) set of expectations about these things. Frames have proven
useful in representing what is often referred to as "common
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sense" knowledge, dependent as such knowledge is on many such
unarticulated ("default") expectations.

An object-oriented approach, using frames as objects, has been
shown to be appropriate for representing mechanical devices, such
as automobiles, and therefore suitable for the designated AIDA
task area of equipment maintenance. As may be surmised from the
discussion of an object oriented KB structure above, this
approach can satisfy the requirements for representational and
inferential adequacy.

AIDA will employ a KBDL developed by Mei Associates and approved
by ALHRD. Upon approval of the KBDL, this paragraph and the
descriptions of frames in subsequent paragraphs will be revised
to specify the KBDL. However, for convenience of reference, the
following general terms are herewith defined for use in the
description of the AIDA knowledge base structure:

a. knowledge base (KB) : The structured knowledge stored in an
expert system. In AIDA, a named collection of related frames
viewed as a unit.

b. object: A data structure that contains all the information
related to a particular entity. It might be considered a
frame with additional features allowing it to contain and
invoke methods and to rend and receive messages.

c. frame: A named set of one or more related slots; equivalent
to a record in conventional data base terminology. Frame is
the object in this OOD.

d. slot: A named set of one or more related facets; sometimes
equivalent to a data field in conventional data base
terminology.

e. facet: A variable or a parameter name designating an
attribute (value, constraint, link, procedure, etc.) of a
slot; sometimes equivalent to a data item in conventional
data base terminology.

f. value: The lowest level item of knowledge stored in a KB.

3.1.3 Knowledge Base Query Language (KBQL)

In a KBMS, the Knowledge Base Query Language (KBQL) is the
"front-ens" syntax used to insert, retrieve, update, and delete
the objects in a knowledge base. AIDA will employ a KBQL
developed by Mei Associates and approved by ALHRD. Upon approval
of the KBQL, this paragraph will be revised to specify the KBQL.
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3.2 Knowledge Base Structure

3.2.1 Knowledge Base Structure Description

Reireswertmc
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F Igure D-1I: A T A System/Knowledge Base overview.

AIDA is comprised of 6 major subsystems and 7 knowledge bases as
illustrated in FcieD-1 . The Knowledge Acquisition/'
Representation, Strategy An~alysis, Transaction Authorinq and
Instruction Delivery systems closely correspond to the steps i
the -course develor-men: oroccess: L e., the AICA concepc,'pr-cess
a,- defined in A:DA Phase i. TIhe Evaluation System further
supports the cyclic nature of this process by providing the
capability to analyze an instance of a configured and authored
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course or lesson. And finally, the Courseware Generation System
is available to generate courseware for instruction delivery
systems external to AIDA at some future date (e.g., ATS, ISS,
MERLIN, etc.).

a. The Knowledge Acquisition/Representation System (KARS)
interacts with the subject matter expert (SME) and/or the
instructional designer (ID) to gather information on (1) the
task to be learned, (2) the student who must learn this
task, (3) the environment in which the student will be
instructed, and (4) a model of the subject matter associated
with the task to be learned, as well as supporting
instructional material such as figures, diagrams, and
descriptions. This knowledge is stored in the Task, Student,
Environment, and Domain Knowledge Bases. The KARS may
provide the capacity to accept inputs from an external
cognitive task analysis system at some future date, e.g.,
the ALHRD/MO cognitive task analysis system.

b. The Strategy Analysis System analyzes the content of
Student, Environment, Task, and Domain Knowledge Bases, then
invokes the Transaction Authoring System to interact with
the SME/ID to specify the approach, organization, and
additional content of the curriculum, course, or lesson. The
approach and organization is stored in the Transaction and
Enterprise Knowledge Bases. The content is stored in the
Domain Knowledge Base.

c. The Transaction Authoring System contains a library of
reusable instructional programs, or transaction shells, for
the delivery of instruction. These programs contain
generalized instructional algorithms, each appropriate for
teaching a certain type of content, but do not contain any
content. A transaction shell is a piece of computer code
which, when executed, causes a given transaction to take
place. Each shell incorporates a number of parameters,
configurable by the author, which control the functioning of
the shell during course delivery. Each shell knows what
knowledge it must have in order to execute its interaction
with the learner. It is able to query the domain knowledge
base to find the required knowledge, and thus be able to
instantiate its knowledge slots. If the domain knowledge
base does not contain the necessary knowledge, the
transaction shell can direct the SME/ID to supply the
required content. Once a transaction has been selected or
prescribed, it must then be configured and authored.
Configuration involves setting the parameters, modifying the
strategy, and attaching the content. Authoring involves
attaching domain specific instructional materials to the
instructional structure set up by the transaction. Each
transaction shell has default values for each of its
parameters, including its strategy elements.
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d. The Instruction Delivery System. Authoring decisions made
at design time are based on the designer's best estimate of
the student population. During the delivery of instruction,
information about the student -- aptitude, specific goals,
motivation, familiarity, and other factors, as well as the
student's expressed preferences -- may be taken into account
to modify those decisions. The on-line delivery advisor has
access to the domain knowledge base and the configurations.
In addition, it maintains a student model that contains
information about the student. Using the information
gathered about the student, the advisor adjusts design
decisions to customize the instruction to more adequately
meet the characteristics of the student. The advisor also
can engage in a mixed-initiative dialogue with the student
which allows the student to participate in this decision-
making.

The basic unit of instruction delivery is the interaction
with the student. Transactions are comprised of inter-
actions that are characterized by certain interaction modes,
methods of interaction with the student. Interaction modes
assume different values on the form of the interaction
(expository or inquisitory) and the degree of learner
control involved (learner control or system control). Five
interaction modes have been identified: overview,
presentation, practice, generality assessment, and instance
assessment. Interaction strategy is the combination and
sequence of interaction modes available to the student.
There are seven interaction strategies: overview,
familiarity, basic, mastery, basic remediation, mastery
remediactin, summary, and assessment.

e. The Evaluation System Once the instructor designs a
transaction (TRX), the student, or the instructor playing
the role of the student, goes through the TRX. The
interactions of the transaction are stored in the Session
Knowledge Base. The Evaluation System analyzes the Session
KB and either proposes changes or makes changes in the
transaction shell (TRXS).

Instead of being part of the Delivery System, the Evaluation
System could be part of this and make on-line changes to the
TRXSs.

f. The Courseware Generation System Delivery of instruction
to a large number of students may not be a function of the
AIDA system. Instruction delivery is more likely to be
accomplished via a multi-terminal, multi-media system
optimized for instruction delivery, such as ISS, WISE,
QUEST, PILOT, TENCORE, etc. The Courseware Generation
System analyzes the configured and authored transactions and
generates courseware in a format that can be used by other
instruction delivery systems. XAIDA will, however, have a
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student mode which will enable the SME/ID to view the
instruction sequence as seen by the student in oider to
evaluate it.

3.2.2 Knowledge Base Interrelationships

3.2.2.1 Domain Knowledge Base (DOMAIN.KB)

DOMAIN.KB Functional Overview. The function of the Domain
Knowledge Base (DOMAIN.KB) is to represent all the knowledge
required for instruction leading to [the] acquisition of an
integrated human performance, or enterprise. This knowledge
includes the cognitive model(s) of the domain knowledge as well
as the instructional material associated with that knowledge.

The three kinds of domain knowledge are entities, activities, and
processes. For each of these kinds of domain knowledge, the
DOMAIN.KB must specify the following:

a. Attributes: Attributes represent the characteristics of an
entity, activity, or process such as its name and function.
In the DOMAIN.KB, attributes also represent instructional
material such as figures and explanations.

b. Components: Components represent the constituents of a
frame. For an entity, the components would be parts of the
entity; for an activity, steps; and for a process, events
and causes.

c. Abstractions: Abstractions represent the class/sub-class
hierarchy into which an entity, activity, or process may be
classified.

d. Associations: Associations represent other associations
(relationships) that an entity, activity, or process can
have with other entities, activities, and processes. These
include relations such as (1) analogy for, (2) alternate
for, (3) uses, (4) involves, and (5) applies.

DOMAIN.KB Design and Relationships. The DOMAIN.KB is self-
contained and does not reference other knowledge bases. It is
comprised of the following frames:

Domain Knowledge Frame. The basic unit of the Domain Knowledge
Base is the Domain Knowledge Frame. A Domain Knowledge Frame
describes content, which can be an entity, activity or process.
It specifies the following:

a. Kind: whether the content specified by the frame is an
entity, activity or process.

b. Attributes: the Attributes Frame which specifies the
attributes of the entity, activity, or process.
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c. Components: the Components Frame which specifies the
component hierarchy to which the entity, activity, or
process belongs.

d. Abstractions: list of Abstraction Frames which specify the
class/sub-class hierarchy to which the entity, activity, or
process belongs.

e. Associations: list of Association Frames which specify the
associations (relations) of the entity, activity or process
to other entities, activities and processes.

Entity Attributes Frame. This frame specifies the attributes of
entities. This frame is also used to specify the parts of
entities. Example attributes are Name, Description, Location, and
Figure.

Activity Attributes Frame. This frame specifies the attributes
of Activities. This frame is also used to specify the steps of
activities. Example attributes are Name, Description, Event, and
Sequence.

Process Attributes Frame. This frame specifies the attributes of
Processes. This frame is also used to specify the states and
causes of processes. Example attributes are Name, Description,
Inputs, Outputs, Transformations, Events, and Timing.

Components Frame. This frame specifies the component hierarchies
of entities, activities, and processes. The Components Frame
specifies the following:

a. Knowledge: the Domain Knowledge Frame which specifies the
component.

b. Parent: the Components Frame which specifies the entity,
activity, or process of which the component is a
subcomponent.

c. Children: the list of components frames that specify the
component Domain Knowledge Frames.
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The relationship between Component Frames and Domain Knowledge
Frames is illustrated in Figure D-2.

Campan ntz . ... . .' . e .F~-ara e •. . .-. , S -.

Componer Ccmponen Compner..s

Companert Fomonett Con, ponernts

FaeFrame FrameFre
[j[

Figure D-2: Component hierarchy diagram.

Abstraction Frame. Abstraction Frames specify the class/sub-
class hierarchies of entities, activities, and processes. The
Abstraction Frame specifies the following:

a. Name: the name of the class/sub-class.

b. Description: a description of the class/sub-class.

c. Attributes: the (properties) that characterize the class/sub-
class.

d. Parent: the Abstraction Frame which specifies the super-
class of the class.

e. Children: list of Abstraction Frames which specifies the
sub-classes of the class.

f. Members: list of Domain Knowledge Frames that are members of
the class/sub-class.
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The Abstraction Frame has a second use. It can also be used to
represent "Collections" which are organizations of entities,
activities, and processes that have no relation other than
grouping. (See SS 3.2.1.1)*

Association Frame. The following associations/relations are
described in section 3.3.1.7.

"A' USES "X", "Y", "lZ"

"A" INVOLVES (REQUIRES) "X., "Y", "Z"

"Al APPLIES "X"9, ISY"', "Z"
"A" ANALOGY FOR "B"
"A" ALTERNATIVEFOR "B"

The following generalization can be used to assert USES,

INVOLVES, and APPLIES associations:

OBJECT ASSOCIATION LIST OFASSOCIATEDOBJECTS

For example:

"A" USES [ "X" "Y', "Z" ]
"A" INVOLVES ["X", "Y", "Z"]
"A" APPLIES ["X"., "Y", "Z"]I

The last ANALOGY FOR and ALTERNATIVE FOR associations are used to
assert that a set of objects are interchangeable analogies or
alternatives for one another. The following generalization can be
used to assert these "set" relations:

ASSOCIATION LIST OF ASSOCIATED OBJECTS

For example:

ANALOGY FOR ["A", "B", "C"]
ALTERNATIVEFOR ["A", "B", "C"]

This is far more efficient than asserting each association
separately as:

"A" ANALOGY FOR "B"
"A" ANALOGY FOR "C"
"B" ANALOGY FOR "C"
"A" ALTERNATIVE FOR "B"
"A" ALTERNATIVE FOR "C"
"B" ALTERNATIVEFOR "C"

* Section 3.2.1.1 of the System Specification for the

Experimental Advanced Instructional Design Advisor (XAIDA), CDRL
Seq. No. 31, Contract No. F33615-88-C-0003, Task Order No. 0006.
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However, while these two syntaxes for asserted association are
generalized and powerful, a third, more generalized syntax is
implemented in the Association Frame. It specifies the following:

a. Association: the or label or the association (ANALOGYFOR,
USES, ... ).

b. Objects: list of objects.

c. Associated Objects: list of associated objects.

In other words, this structure implements the following syntax:

ASSOCIATION LISTOFOBJECTS LISTOFASSOCIATEDOBJECTS

Elaborated Frame Network. (See SS 3.2.1.1) Together, the frames
in the DOMAIN.KB are organized into an "Elaborated Frame Network"
as illustrated in Figure D-3.

ge Pi Process P2 Step Al Step A2 Par El Part E2

StS PSttaggP

Figure D-3: Elaborated Frame Network (EFN) example diagram.

DOMAIN.KB and System Relationships. Here we describe how the
Domain KB is used by the system. TRXSs are driven by the Domain
KB, including both the dormain knowledge and the parameters. A
TRXS is a piece of code that says: For a given piece of
knowledge, perform this kind of Lransaction (TRX). The
parameters specify some of the characteristics of that TRX. The
domain knowledge is the content of the TRX. So the Domain KB
drives the TRXs. For example, the Naming TRXS only knows what to
do if it is given a list of components drawn from the Domain KB.
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As shown in Figure D-1, the SME uses the Knowledge Acquisition
System (KAS) to fill the Domain KB. The Domain KB is analyzed by
the Strategy Analysis System (SAS). The Domain KB, along with
the other KBs, i.e., the TRX KB, the Enterprise KB, etc., drive
the TRXSs.

3.2.2.2 Transaction Knowledge Base (TRANSACTION.KB)

TRANSACTION.KB Functional Overview. The function of the
Transaction Knowledge Base (TRANSACTION.KB) is to represent
descriptions of instructional transactions, where a transaction
(TRX) is defined to be a particular interaction with a student.
For each transaction, the TRANSACTION.KB must specify the
following:

a. Transaction Shell (TRXS) : The TRXS is a piece of code which
when executed causes a particular transaction to take
place.

b. Focus: The focus is the domain knowledge required to perform
a particular interaction.

c. TRXS Parameters: TRXS parameters configure the operation of
TRXS. The parameters are Content, Coverage, Guidance Level,
Guidance Type, View, Vertical Sequence, Temporal Sequence,
Trials, Mastery Level, Response Mode, Feedback, Replacement,
Items, Timeout, Item Order, Modes, Strategy, Strategic
Control, and Tactical Control.

TRANSACTION.KB Design and Relationships. The Transaction
Knowledge Base is comprised of Transaction Frames and TRXS
Parameter Frames which describe a transaction by specifying (1)
the TRXS which will perform the transaction, (2) the focus
knowledge of the transaction, and (3) the parameters specifying
the performance characteristics of the particular transaction.

Transaction Frame. The Transaction Frame specifies the following

(see SS 3.2.1.3):

a. Name: The name of transaction.

b. Description: The description of the transaction.

TRXS: The transaction shell (e.g., Denote, Evaluate,
Execute, Design, Interpret)

d. Performance Level: (Denote, Perform for Execute Kind of
TRXS) or (Denote, Explain, Predict for Interpret Kind of
TRXS)

e. Focus: (See SS 3.2.1.3)
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f. Parameters: The parameters of a transaction including
Content, Coverage, Guidance Level, Guidance Type, View,
Vertical Sequence, Temporal Sequence, Trials, Mastery Level,
Response Mode, Feedback, Replacement, Items, Timeout, Item
Order, Modes, Strategy, Strategic Control, and Tactical
Control

TRXS Parameters Frame. The TRXS Parameters Frame specifies the
following parameters:

Content, Coverage, Guidance Level, Guidance Type, View, Vertical
Sequence, Temporal Sequence, Trials, Mastery Level, Response
Mode, Feedback, Replacement, Items, Timeout, Item Order, Modes,
Strategy, Strategic Control, and Tactical Control.

TRANSACTION.KB and System Relationships. The information in the
TRX KB parameterizes the TRXS.

In Figure D-l, it is called the TRX Authoring System. It might
also be called the TRX Configuration System. The TRX Authoring
System parameterizes the TRXSs, and that information is stored in
the TRX KB. The information in the TRX.KB then drives the TRXSs,
resulting in the instruction.

3.2.2.3 Enterprise Knowledge Base (ENTERPRISE.KB)

ENTERPRISE.KB Functional Overview. The function of the
Enterprise Knowledge Base (ENTERPRISE.KB) is to represent
Enterprise Transactions.

Enterprise Transactions. An enterprise is a complex human
performance that requires an integrated set of knowledge and
skills. The goal of instruction is the acquisition by the
learner of one or more enterprises. The primary transaction
shells, described in Section 3.2.1.2 of the System Specification,
facilitate the acquisition of the knowledge and skills which
comprise enterprises, but by themselves cannot accomplish their
integration. This integration must be accomplished by enterprise
transactions.

Transaction Family. The transactions necessary to acquire all
the knowledge and skills associated with a given enterprise
comprise a transaction family. In maintenance, the six
enterprises are equipment operation, equipment calibration and
adjustment, equipment testing, access and disassembly, equipment
repair, and troubleshooting. The type and sequence of
interactions necessary to acquire each of these complex
enterprises are different.

Transaction Manager (TRXM) . A transaction manager is required
for each enterprise. The transaction manager is a program that
calls and sequences the primary transactions identified as
necessary for a particular course or curriculum.
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Equipment Model Transaction Family. In addition to a transaction
family for each of the 6 maintenance training enterprises, an
equipment model transaction family is a component of each of the
other transaction families. The equipment model transaction
family is not a "stand-alone" family, but is a component of the
transaction family required for each of the other 6 maintenance
training enterprises. Two classes of transactions are
represented in the equipment model TRX family: identify to teach
physical & conceptual structure; and interpret - to teach device
functioning, device configuration, fault recognition, and
prediction. The equipment model TRX family also provides for the
integration of the learning facilitated by the primary
transactions, ideally as a performance or simulation of an
activity that is representative of the real-world performance of
the enterprise.

A course is a set of enterprise transactions and their supporting
families of primary transactions. A course organization is a
nesting and/or ordering of the enterprise transactions.

ENTERPRISE.KB Design. The ENTERPRISE.KB is comprised of a set of
Enterprise Frames which specifies a network of enterprise
transactions.

ENTERPRISE.KB and System Relationships. The network of
enterprises describes a course. As shown in Figure D-l, the
enterprise network or knowledge base is the input to the
transaction manager and instruction delivery system. The
transaction manager sorts through the enterprise network and
enterprise frames, and points to transactions to be executed in
the course. In short, the Enterprise KB is the input to the
transaction manager and instruction delivery system.

3.2.2.4 Student Knowledge Base (STUDENT.KB)

STUDENT.KB Functional Overview. Using the Knowledge
Acquisition/Representation System (KARS), AIDA gathers
information about the student, as shown in Figure D-1. Then the
Strategy Analysis System (SAS) analyzes the student, the
instructional environment and the task, and builds an enterprise
network or knowledge base.

XAIDA will be designed with basic information about the students
and the instructional environment already in the system. The
instructional designer will be given the capabilities to be
acquired by the student and will einter them into XAIDA. XAIDA
will then select and configure transaction shells appropriate to
the specified capabilities. The SME/:D will then be prompted to
enter any needed content knowledge to ooplete a frame
appropriate t- the particular knowledge type.

Because we are assuming a fixed instr:tctinal environment (small
class, computer-based instruction, 1oca-ed at a TTC) and students
who are readers and reasonably motivated, information about the
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students and instruction environment will be hard-coded into
XAIDA for the time being.

STUDENT.KB Design and Relationships. The Student Knowledge Base
is comprised of Student Profile Frames.

Student Profile Frame. A Student Profile Frame specifies (1) the
name and description of the set of students being profiled, and
(2) the Control, Motivation, Familiarity, Ability, and Roles
profiles of those students.

STUDENT.KB and System Relationships. Using the Knowledge
Acquisition/Representation System (KARS), AIDA gathers
information about the student, as shown in Figure D-1. Then the
Strategy Analysis System (SAS) analyzes the student, the
instructional environment and the task, and builds an enterprise
network or knowledge base.

3.2.2.5 Environment Knowledge Base (ENV.KB)

(See explanation in Section 3.2.2.4.)

ENV.KB Functional Overview. (See explanation in Section 3.2.2.4)

ENV.KB Design and Relationships. The Environment Knowledge Base
is comprised of Environment Profile Frames.

Environment Profile Frame. An Environment Profile Frame
specifies (1) the name and description of the environment being
profiled, and (2) Delivery Medium, Location, Schedule, Grouping,
and Instructor profiles of that environment.

ENV.KB and System Relationships. Using the Knowledge
Acquisition/Representation System (KARS), the SME/ID AIDA gathers
information about the instruction environment (see Figure D-l).
Then the Strategy Analysis System (SAS) analyzes the instruction
environment, the student and the task, and builds an enterprise
network or knowledge base.

3.2.2.6 Task Knowledge Base (TASK.KB)

TASK.KB Functional Overview.

Task Analysis in AIDA. The first step in the design of any
instruction is a task analysis to determine what should be
taught. A behavioral Analysis is not sufficient; a cognitive
analysis must be performed to take into account the cognitive
processes involved in learning and performance.

In AIDA Phase 2, Halff identified three types of cognitive
structures important to the maintenance enterprise: (1) the
execution of procedures, (2) a mental model of the equipment, and
(3) fault isolation skills. AIDA will identify the information
and skills that must be imparted to the student to support the
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acquisition of these three cognitive structures. (XAIDA will
address only the areas of procedures and mental models,
omitting fault isolation.)

To do a task analysis, AIDA will employ the GOMS (Goals,
Operators, Methods, and Selection Rules) method, in which the
tasks to be accomplished are broken down into a series of goals
and subgoals until a level is reached in which the subgoal can be
achieved by either a primitive level motor or mental act.

Kieras has prepared a detailed guide for doing a GOMS task
analysis. He has also defined a language called Natural GOMS
Language (NGOMSL). (For a more detailed discussion of the
cognitive analysis of procedures, see the System/Segment
Specification, Section 3.2.2.6.)

The GOMS task analysis yields three hierarchically arranged
representations: (1) The steps to be followed in carrying out
activities for operating, calibrating, troubleshooting, or
repairing the equipment starting with the highest level goals and
methods. These are successively decomposed to lower-level
subgoals and methods. (2) The device components that need to be
included in the representation of the device structure, as well
as the declarative knowledge that needs to be conveyed about
them, i.e., function, location, name, etc. (3) The causal and
declarative knowledge necessary to execute the procedures,
support inferences necessary for constructing a mental model of
the equipment, and define the attributes and rules of objects,
etc.

The results of the GOMS task analysis will be implemented in a
working simulation. The device simulation will contain a graphic
representation of the device structure and qualitative
simulations of its functioning. Authoring the simulation will
begin with a temporary sketch derived from the cognitive
analysis, particularly the mental model analysis which entails
inter-relating the GOMS analysis, the explanation hierarchy, and
the hierarchical device structure decomposition. However, the
construction of the simulation will be done from the bottom up,
starting with the lowest level of the device hierarchy. The
lowest level objects - the bottom items in the device structure
analysis - correspond to the objects manipulated by the lowest
level operators in the GOMS model.

The behaviors of objects are defined by attribute handles and
rules drawn from the explanation hierarchy. Once the basic
simulation is complete, procedures which are carried out on the
device are authored by carrying out a sequence of actions which
correspond to the activities which accomplish the goals in the
GOMS analysis. The individual actions correspond to the
operators. The function or purpose, i.e. goals, of the procedure
will be presented in dialogue windows.
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Representing The Task Analysis in AIDA. The device knowledge
necessary to carry out the simulation can be represented using
Anderson's Penultimate Production System (PUPS). In PUPo the
declarative knowledge necessary for compiling the procedures
which model the task performance is represented in schema-based
structures compatible with the AIDA representation. The PUPS
schema include slots for the function of the entity, a form slot
for the physical appearance of the entity, and a precondition
slot which states the precondit.ons necessary for the function to
be achieved.

In compiling the productions which are the basis cf procedural
knowledge, the function slot maps to the goal to be achieved
.4hich will require knowledge of the entity represented; the
preconditions slot maps onto the condition of the condition-
action pair in a production. The form slot holds the form of the
current action to be carried out, such as a particular LISP
function.

As explained in Sections 3.2.2.1 and 3.3.1.3, th2 AIDA Activity
frame has paths or sequences of actions. This frame can also nave
slots for the function, the operators, and the outcome. Later,
the values for these slots may be automatically generated from a
NGOMSL analysis and generate a production rule-based simulation.

Task Analysis in XAIDA. The GOMS task analysis approach will be
used in the task analysis module of XAIDA which includes (1) a
GOMS analysis for the procedural aspects of the task, (2) a
mental model analysis to develop an explanation hierarchy, and
(3) a decomposition of device structure and function, and
relating them to the GOMS analysis.

Shells, paper-based or computer-based, will aid in the task
analysis. A shell will guide the instructional designer in doing
a GOMS analysis of a particular task, using either the
documentation at hand or the knowledge of an SME. The shell will
be based on Kieras' GOMS manual, and may be developed in NGOMSL.
Kieras' rules of thumb will be implemented in a knowledge-based
shell to give guidance to the SME/ID.

In XAIDA, the task analysis module will do much of the
bookkeeping necessary for a GOMS analysis, creating a list of
methods and information that must be either known or taught, sucb
as their location, etc. (Later, in AIDA, a more sophisticated
shell will automatically map the results of the analysis into
the KARS) . XAIDA will employ a paper guide for what should be
hand entered into the KARS. Similar shells will be created for
the explanation hierarchy, and the device structure and function
knowledge.

XAIDA is focused on teaching procedures for electronics
maintenance. An enterprise analysis pertinent to that domain
will be customized for XAIDA, as will an e-.aborated frame network
shell pertinent to procedures used in electronics maintenance.
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Nevertheless, to ensure future compatibility with AIDA, the KARS
in XAIDA will be developed arou-' the concepts of cognitive task
analysis, described in the System/Segment Specification, Section
3.2.2.6.

TASK.KB Design. The Task Knowledge Base is comprised of Task
Frames.

Task Frame. The Task Frame specifies (1) the name and
description of the task to be taught, and (2) the activities that
describe the task.

TASK.KB and System Relationships. Using the Knowledge
Acquisition/Representation System (KARS), AIDA gathers
information about the task to be learnea, as shown in Figure D-1.
Then the Strategy Analysis System (SAS) analyzes the task, the
student, and the instruction environment, and builds an
enterprise network or knowledge base (ENTERPRISE.KB).

3.2.2.7 Sessicn Knowledge Base (SESSION.KB)

SESSION.KB Functional Overview. The performance of the student
in each instructional session will be captured and stored in the
SESSION.KB. The data sto;--d in the SESSION.KB will be used in
(1) student/course management, and (2) formative evaluation
during course development. For example, the student's place in
the course at the end of the session will be used to determine
the starting point in the next session. Other data will be
analyzed in the EVALUATION.KB so that the author can make
adjustments in the design of the course auring course
development. For example, the author may adjust the limits on
learning vs. system control, or delete nondiscriminating test
items, etc.

SESSION.KB and System Relationshios. Data in the SESSION.KB are
analyzed by the Evaluation System, leading to changes in the
Transaction Shells (TRXSs).

3.3 Knowledge Base Design

The follcwing paragraphs describe representative frames in the
AIDA knowledge bases by listing for each knowledge base the
constituent frames, slots, and facets.

3.3.1 KB: Domain Knowledge Base

3.3.1.1 FRAME: Domain Knowledge Frame (see DBDD 3.2.2.1)

FRAME: Domain Knowledge Frame
SLOT: Kind
SLOT: Attributes
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SLOT: Components
SLOT: Abstractions
SLOT: Associations

SLOT: Kind. The domain knowledge frame is a generalized
structure that can specify the three kinds of domain knowledge:
entity. activity, and process. This slot specifies the kind of
domain knowledge.

There are three possible values corresponding to the three kinds
of domain knowledge:

a. ENTITY: A thing. For example, a device, person,
creature, place or symbol.

b. ACTIVITY: A group of related actions to be performed by the
learner.

c. PROCESS: A group of related actions entirely external to the
learner.

SLOT: Attributes. This slot points to an Entity Attributes
Frame, Activity Attributes Frame, or Process Attributes Frame
which specifies the attributes of the Entity, Activity or
Process.

SLOT: Components. This slot points to a Components Frame which
specifies the component hierarchy to which the Entity, Activity,
or Process belongs. The Components Frame specifies -he parent and
sub-components of the Entity, Activity or Process. Refer to the
description of the Components Frame (Section 3.2.2.1) for more
detail.

SLOT: Abstractions. This slot lists the Abstraction Frames that
specify the class/subclass hierarchy(s) to which the Entity,
Activity, or Process belongs. Refer to the description of the
Abstraction Frame (Section 3.2.2.1) for more detail.

SLOT: Associations. This slot lists the Association Frames that
specify the associations (relations) of the Entity, Activity, or
Process to other Entities, Activities, and Processes. Refer to
the description of the Association Frame (see 3.2.2.1) for more
detail.

3.3.1.2 FRAME: Entity Attributes Frame

FRAME: Entity Attributes Frame
SLOT: Name
SLOT: Description
SLOT: Location
SLOT: Figure

FACET: Format
FACET: File
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SLOT: Name. This slot specifies the name of the entity or part.

SLOT: Description. This slot describes the entity or part.

SLOT: Location. This slot is applicable only to components. It
specifies the relative location of the component on the figure
representing the parent entity.

SLOT: Figure. This slot specifies the format and source of the
view (if any) associated with the entity. Note that primary (top
level) entities must have figures, but components may or may not
have figures.

FACET: Format. This facet specifies the graphics format of the
view of the entity. (See Section 3.1.2 (e))

FACET: File. This facet specifies the name of the file (or some
other pointer mechanism) containing the figure of the entity or
component.

3.3.1.3 FRAME: Activity Attributes Frame

FRAME: Activity Attributes Frame
SLOT: Name
SLOT: Description
SLOT: Event
SLOT: Sequence

SLOT: Name. This slot specifies the name of the Activity, Step
or Action.

SLOT: Description. This slot describes the Activity, Step or
Action.

SLOT: Event. This slot applies only when the frame is describing
a step of an activity. It specifies the condition when this step
can be performed.

SLOT: Sequence. This slot specifies the sequence, including
loops and conditions, of the Activity's component steps or
actions.

3.3.1.4 FRAME: Process Attributes Frame

FRAME: Process Attributes Frame
SLOT: Name
SLOT: Description
SLOT: Inputs
SLOT: Outputs
SLOT: Transformation
SLOT: States
SLOT: Timing
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SLOT: Name. This slot specifies the name of the process or

stage.

SLOT: Description. This slot describes the process or stage.

SLOT: Inputs. This slot specifies the inputs to the process or
stage. This should include the name of the input, unit of
measure and range.

SLOT: Outputs. This slot specifies the outputs to the process or
stage. This should include the name of the output, unit of
measure and range.

SLOT: Transformations. This slot specifies the internal
equations that transform inputs to outputs.

SLOT: States. This slot specifies the possible states of the
process or stage. Each state has a name and is described by the
range of input and/or output values that describe the state.

SLOT: Timing. This slot specifies the timing of the process or
stage. It is a special "input" with complex transformations.

3.3.1.5 FRAME: Components Frame

FRAME: Components Frame
SLOT: Knowledge
SLOT: Parent
SLOT: Children

SLOT: Knowledge. This slot specifies the knowledge frame that
describes the Entity, Activity or Process or its components.

SLOT: Parent. This slot points to the parent component frame
which specifies the parent knowledge.

SLOT: Children. This slot lists the children component frames.

3.3.1.6 FRAME: Abstraction Frame

FRAME: Abstraction Frame
SLOT: Name
SLOT: Description
SLOT: Properties
SLOT: Parent
SLOT: Children
SLOT: Members

SLOT: Name. This slot specifies the name of the class/sub-class.

SLOT: Description. This slot describes the class/sub-class.
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SLOT: Properties. This slot specifies the properties that
characterize the class/sub-class.

SLOT: Parent. This slot points to the Abstraction Frame which
specifies the superclass of the class.

SLOT: Children. This slot lists the Abstraction Frames which
specify the sub-classes of the class.

SLOT: Members. This slot lists the Domain Knowledge Frames that

are members of the class/sub-class.

3.3.1.7 FRAME: Association Frame

FRAME: Association Frame
SLOT: Association
SLOT: Objects
SLOT: AssociatedObjects

SLOT: Association. This slot specifies the association by name.

SLOT: Objects. This slot specifies the object or objects of the
association.

SLOT: Associated Objects. This slot specifies the associated
object or objects.

3.3.2 KB: Transaction Knowledge Base

3.3.2.1 FRAME: Transaction Frame

FRAME: Transaction Frame
SLOT: Name
SLOT: Description
SLOT: TRXS
SLOT: Performance Level
SLOT: Focus
SLOT: Content
SLOT: Coverage
SLOT: Guidance Level
SLOT: Guidance Type
SLOT: View
SLOT: Vertical Sequence
SLOT: Temporal Sequence
SLOT: Trials
SLOT: Mastery Level
SLOT: Response Mode
SLOT: Feedback
SLOT: Replacement Items
SLOT: Items
SLOT: Timeout
SLOT: Item Order
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SLOT: Modes
SLOT: Strategy
SLOT: Strategic Control
SLOT: Tactical Control

SLOT: Name. This slot specifies the name of the transaction as
supplied by the SME/ID.

SLOT: Description. This slot describes the transaction to the
user.

SLOT: TRXS. This slot specifies the transaction shell which will
be used to perform the transaction. There will be a TRXS for each
of the twelve primary transactions. They are:

a. Identify: An identify transaction requires either an
instance or class entity frame. It enables the student to
acquire the names, functions, properties, and relative
location of all the parts which comprise an entity. The
student knows what it is.

b. Execute: An execute transaction requires either an instance
or class activity frame. It enables the student to acquire
the steps of an activity. The student knows how and is able
to [perform] the activity.

c. Interpret: The interpret transaction requires either an
instance or class process frame. It enables the student to
acquire the events and causes in a process. This means that
the student knows why it works and can explain the events
which lead to a given consequence, or can predict the
consequence from a series of events.

d. Classify/Decide: A classify/decide transaction requires a
superclass frame with two or more subordinate class frames
each of which have two or more instance frames. These frames
can be entity, activity, or process frames. It enables the
student to acquire the ability to sort or classify instances
as to class membership. It enables the student to know when
to select one alternative from another. Concept identifi-
cation is an example. Deciding among alternative activities
to accomplish some goal is an example. Editing (selecting
the appropriate usage) is an example.

e. Judge: A judge transaction requires an abstraction frame
with two or more subordinate instance frames. These frames
can be entity, activity, or process frames. it enables the
student to acquire the ability to order the instances of a
given class on the basis of some dimension (criterion). The
dimensions can be any attribute or combination of
attributes. Judging the performance of others as they
perform an activity is an example. Ordering a set of objects
is an example.
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f. Generalize: A generalize transaction requires a superclass
frame with two or more subordinate class frames each of
which have two or more instance frames. These frames can be
entity, activity, or process frames. Generalization
transactions enable the student to acquire the ability to
combine instances of two or more classes into a more general
class. Generalization is the inverse of classification.

g. Transfer: A transfer transaction requires a superclass
frame and one or more class frames. These frames can be
entity, activity, or process frames. It enables the student
to acquire an abstraction model, that is, a generalized set
of steps for an activity, or a generalized set of events for
a process, and to apply this abstraction model to a
previously unencountered class or instance of the activity
or process.

h. Propagate: A propagate transaction requires two or more
associated frames. The most common relations between
knowledge frames - uses, requires, applies - all involve
propagation. A propagation transaction makes a deliberate
effort to facilitate the student's integration of
information from two or more associated knowledge frames.
One of the most important propagation associations is the
link between an application activity and tool activity;
another is the link between a method activity and a process.
Propagation enables the student to acquire one set of skills
in the context of another set of skills. While learning an
application activity the student can simultaneously learn
the tool for doing the application. Or while learning a
tool, the student can simultaneously learn application
activities for the tool. Or while learning a process, the
student can simultaneously learn a method activity for
studying or observing the process. Or while learning a
method activity, the student can simultaneously learn the
process for which the method was devised.

i. Analogize; An analogize transaction requires two or more
knowledge frames linked by the relation "analogy for." It
enables the student to acquire the steps from one activity
by likening it to an analogous activity; or to acquire the
events in one process by likening it to an analogous process
or activity.

j. Substitute: A substitute transaction requires two or more
knowledge frames linked by the relation "alternative for." it
enables the student to learn an alternative activity or
process by comparison, elaboration, or extension of a
previously learned activity or process. It also enables the
student to acquire alternative ways to accomplish a given
activity or to explain a given process.
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k. Design

1. Discover

XAIDA will contain TRXSs for the first four transactions:
Identify, Execute, Interpret and Decide.

SLOT: Performance Level. Performance Level is a parameter to
Execute and Interpret transaction shells. For Execute, the values
may be either Denote or Perform; for Interpret, values are either
Denote, Explain, or Predict.

SLOT: Focus. Focus is a pointer to a knowledge frame in the EFN.

SLOT: Content. Indicates how much of the component hierarchy is
available for instruction. Takes one of the following (default
is ALL):

a. All: entire hierarchy.

b. List: a list of frames (subset of the hierarchy) which are
the content.

SLOT: Coverage. This slot indicates how much of the component
hierarchy for the focus is to be instructed. Takes one of the
following (default is Focus):

a. All: entire hierarchy.

b. Focus: the focus, its superpart (the single frame directly
above the focus in the hierarchy), and its first level of
subparts.

c. Levels: requires an additional integer argument, which
indicates how many levels of subparts of the focus are
instructed.

d. Exemplar, label: the focus and a single, specified subpart
are instructed.

e. Random Exemplar: the focus and single, randomly selected
subpart are instructed.

SLOT: Guidance Level. Sets the level of guidance to the learner.

Takes one of the following (default is Full):

a. None: no guidance;

b. OnDemand: guidance presented on learner request only;

L. Full: guidance at all times;

d. Faded: begin with full guidance, fade to OnDemand by end of
transaction.
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SLOT: Guidance Type. Takes one of two values (default is

Verbose):

a. Concise: guidance interactions are short and to the point;

b. Verbose: guidance interactions are detailed and complete.

SLOT: View. Representation of the subject matter. Takes one or
more of the following (default is Structural):

a. Structural: displays the component relation in terms of the
knowledge structures, in tree format;

b. Physical: displays an author-supplied graphic or
illustration of the object whose parts are being instructed,
representing the physical appearance of the object;

c. Functional: displays an author-supplied graphic or
illustration of the object whose parts are being instructed,
representing the functional appearance of the object.

SLOT: Vertical Sequence. Order of introduction of the parts.
Takes one of the following values (default is TopDownBreadth):

a. TopDownBreadth: ordering is from the highest superpart to
the lowest level, breadth first (an entire level is
introduced before any components of the next level are
introduced);

b. TopDownDepth: ordering is from the highest superpart to the
lowest level, depth first;

c. BottomUp: ordering is from the lowest subpart level to the
highest, breadth first.

SLOT: Temporal Sequence. Within the vertical sequence, is the
order of introduction of the parts on the same level. The default
is LeftRight:

a. LeftRight: ordering is accordingly to the representation in
EFN, from left to right;

b. LowHiqh,attribute label: ordering is according to the
ranking of a named attribute, from low to high;

c. HiqhLow,attribute label: ordering is according to the
ranking of a named attribute, from high to low.

SLOT: Trials. The number of times to sequence through the set of
parts. Takes a positive integer value. Default is 1.
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SLOT: Mastery Level. The percent correct for mastery. Takes a
value between 0 and 100. Default is 80%.

SLOT: Response Mode. Type of response performance required of
the learner. Takes one of two values, either Recognition or
Recall. Default is Recognition.

SLOT: Feedback. Timing of feedback. Takes one of the following
values (default is PrePractice):

a. None: no feedback is given;

b. PostResponse: corrective feedback is given immediately after
a response;

c. PrePractice: corrective feedback is given just before the
next opportunity to practice.

SLOT: Replacement Items. Whenever sampling is used in the
transaction, this parameter controls whether a new sample may or
may not include items from previous samples. The default is With.

a. With: a new sample may include items previously used;

b. Without: new samples are distinct from previous samples.

SLOT: Items. Whenever a pool of items is practiced or tested,
this parameter sets the maximum size of the pool. It takes a
positive integer value. The default is 3.

SLOT: Timeout. The amount of time to wait for a user response
before timing out. If the user response involves typing rather
than pointing, the timeout occurs after a base interval, plus a
fraction of the base interval multiplied by a number derived from
the length of the expected response. If the user response is
pointing only, the timeout occurs after the base interval. The
value of the parameter is the base interval, a positive integer.
The default is 3 (seconds).

SLOT: Item Order. Whenever a pool of items is practiced or
tested more than once, this parameter controls whether the
ordering is the same or different. The default is Random.

a. Random: the ordering is random;

b. Same: the ordering is fixed.

SLOT: Modes. The mode is the method of interaction with the
student. One or more of the following may be selected (default is
Overview):

a. Overview: presents the knowledge structure from the
knowledge base in the Structural view;
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b. Presentation: presents an author-supplied graphic in either
the Physical or the Functional view, and demonstrates the
parts to the learner;

c. Practice: provides practice for the learner using the
aui:hor-supplied graphic, in either the Physical or
Functional view;

d. Instance Assessment: tests the student's mastery of the
material, using the author-supplied graphic, in either the
Physical or Functional view.

SLOT: Strategy. Strategy is defined as a sequence of modes.
Because modes are fully determined by strategy, the arguments to
the Mode parameter are ignored unless the Strategy parameter is
None (the default):

a. Overview: the Overview mode;

b. Familiarity: the Overview mode followed by the Presentation
mode;

c. Basic: Overview plus Presentation plus Practice modes;

d. Mastery: Overview plus Presentation plus Instance
Assessment;

e. Basic Remediation: Instance Assessment, followed by Basic
Strategy to remediate errors;

f. Mastery Remediation: Instance Assessment, followed by Mastery

Strategy to remediate errors;

g. Assessment: Instance Assessment mode;

h. Summary: Overview with Coverage set to Focus, plus
Presentation followed by Instance Assessment, with Coverage
set to Random Exemplar for both;

i. None: No strategy.

SLOT: Strategic Control. Determines the level of control granted
the learner over the selection of strategy, mode, and content.
Tdkes one of the following (System is the default):

a. System: the strategy, mode, content, and coverage are
delivered as set by the parameter values;

b. Learner: the learner may select alternate strategies, mode,
content, and coverage.

SLOT: Tactical Control. Determines control over the initiation
and termination of interactions. Also determines whether the
learner may alter the values of the Guidance, View, and Sequence
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parameters. Takes one of two values, System or Learner. The

default is System.

3.3.3 KB: Enterprise Knowledge Base

3.3.3.1 FRAME: Enterprise Frame

FRAME: Enterprise Transaction Frame
SLOT: Name
SLOT: Description
SLOT: Parent
SLOT: Children
SLOT: Kind
SLOT: Focus TRX
SLOT: Sequence

FACET: Primary Sequence
FACET: Secondary Sequence
FACET: Combined Sequence

SLOT: Case
FACET: Class (Optional)
FACET: Sort Attribute

SLOT: PreRequisites
SLOT: Elaborations

SLOT: Name. This slot specifies the name of the enterprise.

SLOT: Description. This slot describes the enterprise.

SLOT: Parent. This slot points to the parent enterprise frame if
the enterprise is a sub-enterprise.

SLOT: Children. This slot lists tbe children, if any, of the
enterprise. Each member of the list specifies (1) the kind of
frame, which can be an enterprise or a transaction frame, and (2)
the pointer or link to the particular frame.

SLOT: Kind. Different types of enterprises can be discriminated
on the basis of the level of performance required and the type of
knowledge involved with the performance. There are six classes
of enterprises: denote, evaluate, execute, design, interpret, and
discover. This class structure may also be used to classify the
enterprise transactions according to the class of enterprise
being facilitated.

a. Denote: A Denote enterprise transaction requires as a focus
one of the following: a primary transaction from the
Component class, either an Identify transaction for an
entity, an Execute transaction at the Denote level of
performance for an activity, or an Interpret transaction at
the Denote level of performance for a process frame; or a
Classify/Decide primary transaction from the Abstraction
class. (Performance level is a parameter to Execute and
Interpret transaction shells. For Execute, the values may
be either Denote or Perform; for Interpret, values are
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either Denote, Explain, or Predict.) Primary transactions
from the component, abstraction, and association classes
will be included to support the focus transaction.
Performance for a denote enterprise is characterized as
knowing about something. With a Component class primary
transaction as focus, the enterprise transaction enables tne
student to describe the parts, their functions and locations
for an entity; describe the steps for an activity; or
describe the events for a process. With a Classify/Decide
primary transaction as focus, the enterprise transaction
enables the student to identify instances or discriminate
kinds.

b. Evaluate: An Evaluate enterprise transaction requires as
focus a Judge primary transaction from the Abstraction
class. The Judge transaction instructs an abstraction
hierarchy of entities, activities, or processes. Primary
transactions from the component, abstraction, and
association classes will be included to support the focus
transaction. Performance for an Evaluate enterprise is
characterized as classifying and ranking the adequacy of an
entity, the performance of an activity, or the effectiveness
of a process.

c. Execute: An Execute enterprise transaction requires as a
focus an Execute primary transaction (at the Perform level)
from the Component class. The content for the focus
transaction is the steps of an activity frame. Primary
transactions from the component, abstraction, and
association classes will be included to support the focus
transaction. Performance for an Execute enterprise is
characterized as performing some activity.

d. Design: A Design enterprise transaction requires as a focus
a Design primary transaction from the Association class.
Primary transactions from th component, abstraction, and
association classes will be included to support the focus
transaction. Performance for a Design enterprise is
characterized as inventing or creating a new artifact. It
enables the student to design a new entity or activity no:
previously instructed.

e. Interpret: An Interpret enterprise transaction requires as a
focus an Interpret primary transaction, at the Explain or
Predict level of performance, from the Component class. The
content for the focus transaction is the events and causal
network of a process frame. Primary transactions from the
component, abstraction, and association classes will be
included to support the focus transaction. Performance for
an Interpret enterprise is characterized as knowing why some
process works.
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f. Discover: A Discover enterprise transaction requires as a
focus a Discover primary transaction from the Association
class. Primary transactions from the component,
abstraction, and association classes will be included to
support the focus transaction. Performance for a Discover
enterprise is characterized as finding a new relationship or
process. I- enables the student to discover a new entity or
process not previously instructed.

SLOT: Focus Transaction. This slot specifies the focus
transaction of the enterprise. The focus knowledge of the
enterprise is specified in the focus transaction.

SLOT: Sequence. There are two dimensions of sequencing at the
enterprise level, yielding seven sequencing alternatives.

FACET: Primary Sequence. The first dimension, Primary Sequence,
includes Encyclopedic, Case Study, and Situational.

a. The encyclopedic sequence systematically calls each primary
transaction to instruct elements of the content, eventually
integrating these at the enterprise level. This type of
sequencing is often found in textbooks and reference
manuals.

b. The case study sequence prplns a sequence of carefully
selected eamples, scenarios, or cases of the focus
transaction and the necessary supporting transactions, with
each case being comp-nte - and of itself. The sequence of
cases is graded on some dimension, such as familiarity,
frequency, or criticality.

c. The situational sequence is characterized as on-the-job
learning, where instruction is delivered on an as-needed
basis. Only that instruction necessary to the immediate
task is presented; integration must occur opportunistically.
The situational sequence is facilitated by an online advisor
system and student modeling.

FACET: Secondary Sequence. The second dimension, which we call
Secondary Sequence, includes Elaboration, Prerequisite, and Flat
sequence.

a. Elaboration sequence starts with a simple, representative
element or elements of the focus content, and progressively
adds layers of detail as the instruction pro-resses. This
is similar in many respects to Riegeluth's Elaboration
Theory.

b. Prerequisite sequence orders elements of subject matter
based on their dependency interrelations. This is based on
Gagne's learning hierarchies. The focus content is at the
top level of the hierarchy.
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c. Flat sequence involves no systematic ordering at the
secondary level.

FACET: Combined Sequence. The primary and secondary sequences
may be combined into seven approaches to sequencing: elaborated,
prerequisite, and flat case study; elaborated, prerequisite, and
flat encyclopedic; and situational.

a. Elaborated case study requires the presence of a number of
cases of the focus transaction, each complete in and of
itself. In our earlier example of a Circuit Functioning
enterprise transaction, the focus transaction was an
Interpret primary transaction to instruct circuit
functioning. Suppose that the specific enterprise involved
the functioning of AC circuits. The enterprise would
require the presence of a set of cases, each of which would
be instructed by the focus transaction. The cases would be
drawn from an abstraction hierarchy of circuits, and would
be ordered on some relevant dimension, such as complexity,
familiarity, frequency of occurrence, etc. Examples might
include specific instances of capacitance reactive circuits,
resonant circuits, and transformers. Each case would be an
instance of a class in the abstraction hierarchy. However,
instructing the abstraction hierarchy is not the focus. The
instructing of the abstraction hierarchy is supporting
instruction of the focus.

As each case is selected in turn, it is introduced by the
focus transaction to the student, following an elaboration
secondary sequence. Other information would then be brought
into the instruction, from the focus and from supporting
transactions, until the circuit had been fully instructed.
The next case would then be presented, refreshing and
reviewing content that had already been introduced in
earlier cases, and introducing additional content.

b. Prerequisite case study selects cases equivalently, but the
secondary sequence follows a prerequisite hierarchy. The
case would be overviewed by the focus transaction, but then
instruction would build bottom-up following the pre-
requisites. Each supporting transaction might be called one
or more times at different nodes in the hierarchy. Then the
next case would be handled in a similar way, refreshing and
reviewing content that had already been introduced in
earlier cases, and introducing additional content.

c. Flat case study has no systematic secondary ordering. Once
a case had been selected, instruction begins with an
overview from the focus, then each supporting transaction
will be called in turn to present all required content for
that case, finally returning to the focus for a full
presentation. Then the next case will be selected.
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The encyclopedic sequences are not built on cases. Any
abstraction hierarchy is taught as part of the supportina
content, rather than being used to generate cases.

d. Elaborated encyclopedic sequence begins with a
representative element or elements of the focus conteni,
introduces supporting content as needed, then builds to the
full focus content.

e. Prerequisite encyclopedic sequence begins with an overview
of the focus content, then goes to the lowest levels of
prerequisite hierarchy and sequences the primary
transactions to deliver instruction for nodes on the
hierarchy, building eventually to full focus transaction.

f. Flat encyclopedic sequence begins with an overview of the
focus, then each supporting transaction is called in turn to
present all required supporting content, finally returning
to the focus for a full presentation.

g. Situational sequencing delivers instructional elements on
demand, either as a result of user request or based on an
online determination by an advisor program of the learning
requirements of the user.

SLOT: Case

FACET: Class (Optional). If a case sequence is selected, this
slot points to the abstraction frame in the DOMAIN.KB which
specifies the cases that can be applied during the enterprise.

FACET: Sort Attribute.

SLOT: PreRequisites.

SLOT: Elaborations.

3.3.4 KB: Student Knowledge Base

3.3.4.1 FRAME: Student Profile Frame

FRAME: Student Profile Frame
SLOT: Name
SLOT: Description
SLOT: Control
SLOT: Motivation
SLOT: Familiarity
SLOT: Ability
SLOT: Roles

SLOT: Name. This slot specifi~s the name of the kind of students
profiled by the frame.
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SLOT: Description. This slot describes the kind of students
profiled by the frame.

SLOT: Control. This slot specifies the focus of control which
may be Internal or External.

SLOT: Motivation. This slot specifies the motivation of the
student to take the course. The possible values are High, Medium
or Low.

SLOT: Familiarity. This slot specifies the student's familiarity
with the subject matter. The possible values are High, Medium or
Low.

SLOT: Ability. This slot specifies the student's
ability/aptitude with regard to the subject matter. The possible
values are High, Medium or Low.

SLOT: Roles. This slot specifies the role of the student with
regard to the subject matter. The possible values are Consumer,
Supervisor, Technician and Problem Solver.

3.3.5 KB: Environment Knowledge Base

3.3.5.1 FRAME: Environment Profile Frame

FRAME: Environment Profile Frame
SLOT: Name
SLOT: Description
SLOT: Delivery Medium
SLOT: Location
SLOT: Schedule
SLOT: Grouping
SLOT: Instructor

SLOT: Name. This slot specifies the name of the environment
profiled by the frame.

SLOr: Description. This slot describes the environment profiled
by the frame.

SLOT: Delivery Medium. This slot specifies the delivery medium
and resources to be used in a particular course. Some
possibilities are Computer-Based Instruction and Interactive
Viueo.

SLOT: Location. This slot specifies the kind of location at
which the course will be delivered. The possible values are:

a. Remote Classroom
b. Local Classroom
c. Job Site
d. Home
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SLOT: Schedule. This slot specifies whether the course will be
delivered with a Fixed or Flexible schedule.

SLOT: Grouping. The slot specifies whether the course will be
delivered in Large or Small groups or Individually. The possible
values are:

a. Large Group
b. Small Group
c. Individual

SLOT: Instructor. The slot specifies the availability of an
instructor during delivery. The possible values are:

a. Full-Time
b. Part-Time
c. Not Available

3.3.6 KB: Task Knowledge Base

3.3.6.1 FRAME: Task Frame

FRAME: Task Frame
SLOT: Name
SLOT: Description
SLOT: Activity

3.4 KnowledQe Base and Library References

Following approval of the ESS for XAIDA, this section will
provide a cross reference of the architectural elements of the
CSCI (e.g., TLCSCs, LLCSCs, Units) to the architectural elements
of the AIDA.KB (e.g., KBs, frames, slots, facets). For each KB
element, the CSCI element directly referencing the KB element
will be listed and the type of reference (set, used, or both)
provided. KB references will be depicted in Table 5: Set/Used
Table. For convenience of generation and maintenance, this cross
reference will be generated by the approved ESS.

4. UNSPECIFIED IN DI-MCCR-80028

5. UNSPECIFIED IN DI-MCCR-80028
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6. NOTES

6.1 Backqround Information

The background of the AIDA project is outlined in (Mei
Associates, Inc.: Specifications for an Advanced Instructional
Design Advisor (AIDA) for Computer-Based Training, Final Report,
Contract No. F33615-88-C-0003, Task Order No. 0006, 31 July 1990,
Section 1). Since this document will be bound separately from
the SSS and thus may be read separately, relevant extracts are
included in this section.

AIDA was first described by Dr. Michael Spector in the final
report for his 1988 Summer Faculty Research Program at ALHRD
(formerly AFHRL). That research was conducted under the
supervision of Dr. Scott Newcomb, Branch Chief for the Training
Technology Branch of the Training Systems Division (ALHRD/IDC).

ALHRD/IDC decided to continue the exploratory development of AIDA
under Work Unit 1121-10-43, Computer-Based Training (CBT)
Software Development and Technical Support. The AIDA project is
primarily a response to the Air Training Command (ATC) MPTN 89-
14T, Research and Development of Computer-Based Instruction
(CBI).

In a follow-on 1989 Research Initiation Program grant, Spector
submitted a further report in which he evaluated the potential
role for artificial intelligence (AI) in the instructional design
process. He concluded that there appears to be a significant
role for expert system technology (EST) in instructional design.

Task 0006 was the first of the two ensuing tasks (including the
current Task 0013) in which the concrete application of EST to
the development of AIDA was explored in detail.

By the conclusion of Task 0013, consensus had been reached that
tbe transaction shell (TRXS) approach to instructional design
should be pursued in the research implementation of the AIDA
expert system.

In light of these plans, and after consideration of the
comparative advantages of the currently available alternate
approaches, Mei Associates, Inc. determined to propose a frame-
based approach for the AIDA.KB in this DBDD.
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6.2 Glossary

Activity: A group of related actions to be performed by a
learner in the fulfilment of a specific task. Examples include
operating a device and using a formula to perform a calculation.

Association: A non-hierarchical link between frames in a
network of frames.

Attribute: A characteristic of an entity, activity, or process.
Attributes are represented by frame slots or by an additional
frame linked to the slot in the original entity, activity, or
process frame. Default values may be supplied by inheritance.

Base Transaction Shell: One of the (currently) twelve basic
building blocks of the ID2 transaction shell approach to
instructional design. There is one base transaction shell for
each of the Primary Transaction Classes: Analogize,
Classify/Decide (Inverse of Generalize), Design, Discover,
Execute, Generalize (Inverse of Classify), Identify, Interpret,
Judge, Propagate, Substitute, and Transfer.

Component: A single item in a particular structural
decomposition of entities, activities, and processes: For an
entity, one of the parts that make up that entity. For an
activity, one of the steps that comprise that activity. For a
process, one of the events occurring during, or one of the causes
resulting in, the occurrence of that process. A component may be
represented by a slot in its entity, activity, or process frame,
or by an additional frame connected to the slot of the same name
in the original frame.

Course: The instriction adequate to support the performance of
one (or several rElated) enterprise(s).

Domain Knowledge Base: A set of one or more related networks of
frames providing the knowledge specific to a particular course or
set of related courses.

Entity: In the most general sense, a thing, such as a device,

object, person, creature, place, or symbol.

Enterprise: An integrated human performance.

Enterprise Class: (To be filled in on the basis of the
completion of Appendix II).

Expert System: A computer program that uses knowledge and
automated inferencing techniques to solve problems or perform
tasks that, if performed by humans, would require acknowledged
expertise in a specific field.
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Expert System Shell: An environment built in a high level
language that simplifies the construction of expert systems by
providing an inference engine and a KBMS.

Frame: A data structure employed to represent knowledge in an
expert system. A frame comprises a named set of one or more
related slots and is roughly equivalent to a record in
conventional data base terminology.

Facet: A variable or a parameter name designating an attribute
(value, constraint, link, etc.) of a slot; equivalent to a data
item in conventional data base terminology.

Inheritance: The assignment of default attribute values to one
or more attributes of a frame as the result of its being linked
to a frame at a higher level in a hierarchy within the network of
frames comprising a KB.

Knowledge Base: A named network of related frames viewed as a
unit.

Link: An inter-frame connection from one frame to another.

Object: A data structure that contains all the information
related to a particular entity. It may be considered a frame
with some additional features, such as the ability to contain and
invoke methods, and the ability to send and receive messages.
Objects can be related to other objects by subclass, instance,
and other relations, just as frames can.

Primary Transaction Class: One of the (currently) twelve
collections of transaction instances by means of which most
enterprises may be acquired. Each transaction class corresponds
to a single base transaction shell. The current primary
transaction classes are: Analogize, Classify/Decide (Inverse of
Generalize), Design, Discover, Execute, Generalize (Inverse of
Classify), Identify, Interpret, Judge, Propagate, Substitute, and
Transfer.

Process: A group of related actions characteristic of an entity
but not strictly performable by a human agent, including physical
and social events in the real or imagined world. Examples of
processes include the functioning of a device, the transmission
of a disease, decertification, cell replication, planetary
motion, and evolution.

Propagation: One of the two principal means by which knowledge
stored in one frame of a network of frames affects knowledge
stored in another frame of the same network. In propagation, as
contrasted with inheritance, the link between the two frames is
not based upon a hierarchical relationship between them.
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Second Generation Instructional Design: The theory developed by
M. David Merrill and his associates at Utah State University upon
which the transaction shell approach to computer-assisted
instruction is based.

Slot: A named set of one or more related facets; equivalent to a
data field in conventional data base terminology.

Transaction (TRX) : A particular, bounded instructional
interchange with a student which facilitates the acquisition of a
specific competence.

Transaction Class (TRXC) : Cf. "Primary Transaction Class."

Transaction Family (TRXF) : The interactions necessary to promote
the acquisition of all of the knowledge and skill associated with
a given enterprise.

Transaction Manager (TRXM) : A high level program that can be
configured to call and sequence the primary transactions
identified as necessary for a curriculum.

Transaction Shell (TRXS) : Cf. "Base Transaction Shell."

Transaction Shell Library: The sub-KB of the AIDA.KB which
contains the base transaction shells.

Value: The lowest level item of knowledge stored in a KB.

6.3 Acronyms and Abbreviations

AIDA Advanced Instructional Design Advisor
AIDA.KB AIDA Knowledge Base
ALHRD/IDC Armstrong Laboratory, Human Resources

Directorate/IDC
Al Artificial Intelligence
ATC Air Training Command
CSCI Computer Software Configuration Item
DBDD Data Base Design Document (DI-MCCR-80028)
DID Data Item Description
EFN Elaborated Frame Network
ES Expert System
ESS Expert System Shell
EST Expert System Technology
GOMS Goals, Operators, Methods, Selection method
ID Instructional Design
ID2 Second Generation Instructional Design
ITS Intelligent Tutoring System
KARS Knowledge Acquisition/Representation System
KAS Knowledge Acquisition System
KBM Knowledge Base Manager
KBMS Knowledge Base Management System
K3DL Knowledge Base Definition Language
KBQL Knowledge Base Query Language
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LLCSC Lower-Level Computer Software Component
NGOMSL Natural Goals, Operators, Methods, Selection Language
OOD Object-Oriented
PCA Physical Configuration Audit
PTC Primary Transaction Class
PUPS Penultimate Production System
RAPIDS Rapid Prototyping Intelligent Tutoring System
SAS Strategy Analysis System
SME Subject Matter Expert
SSS System/Segment Specification
TRX Transaction
TRXC Tran-saction Class
TRXF Transaction Family
TRXM Transaction Manager
TRXS Transaction Shell
TRXS.LIB Transaction Shell Library
XAIDA Experimental Advanced Instructional Design

Advisor
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