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Background

» Effectiveness:

e Much instruction focuses on the most
elementary level of abstraction:
knowledge of facts (procedural
knowledge)

» Engagement:

e Most training derives from a traditional
Instructional approach that places the
learner in a passive role.
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Background

» Effectiveness:

e Much instruction focy#es on the md
elementary level gfabstraction:
knowledge of facys (pre- "«al
knowledge)

» Engagement:

e Most training derivy
Instructional approac\
learner in a passive role:

The learner is NOT a SPONGE!
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Active Learning:

Mastery of complex cognitive performance requires
higher level, more abstract learning and
opportunities for exercising skills in realistic

situations...
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A Cognitive Approach

Effective learning environments should...
» be problem-based (scenarios)
» actively engage students in learning

* Activating prior experience =» Relate to real world

* Demonstrating skills - TELL, SHOW
* Applying skills - ASK, DO
* Integrating skills -» Transfer to real world

Problem: Many instructional strategies focus on more
receptive/directive aspects of instruction (“TELL” and “ASK").
More attention should be directed to SHOW and DO!
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Example: “Ask” Versus “Do”

» Ask: Standard Multiple Choice

What is a hazard?

(a) The item of value

(b) A threat that could adversely affect the state or condition of the target
(c) Anything that prevents an adverse event

(d) None of the above
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Example: “Ask” Versus “Do”

B Do: Interactive “Check on Learning”

Scenario: Unsecured SECRET Document

Mary, a cleared staff member, was a participant in a meeting to be held
In a classified conference room located in a Limited Access area. She
keyed in her security code to enable access to the Limited Access area
and proceeded to the conference room. Finding the door (with omni
lock) ajar, she entered the room, which was empty. On the table she
found an unattended SECRET document. She reported this to security.

Further investigation revealed that a meeting participant, Mark, owned
the document. He had been feeling ill that morning but had come into
work for this meeting to discuss the SECRET document. He had arrived
a few minutes early, but suddenly felt flushed and dizzy, so he rushed
to the restroom for cool water, failing to shut the conference room door

as he left.

11;' 1‘!;
Example 1 Example 2
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Examples of Interactive Checkpoints

Example 1 screen capture Example 2 screen capture

Drag and place

these event Classified
descriptions Conference
to their correct Room Door Open
location on the |
Analysis Chart %
\ Unsecured
> - | Classified
Limited Document
Access Area
Classified
Document
Left Unattended
liiness

Failure
to Close
Classified

Conference
Room
Door

1. In this scene, select the object that represents a Barrer:
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Training Approaches
» Traditional

e Information is presented in a series of lessons, each followed by objective
guestions to test the learner’s understanding
» Interactive, scenario-based e-Learning
e Compel learner to organize and structure responses to problems
e Engage learner using practical exercises that transfer to real-world activities

» Guided-discovery e-Learning

e An innovative form of experiential learning

e Provides coaching and support while learners work on realistic problems
adapted from actual work settings (scenarios)

e As the learner gains knowledge, skill and understanding, the level of
coaching is reduced.
» Game-based e-Learning
e Potential for reaching out to millennial youth/population
e Challenge: to provide educational benefit

Discovery and game-based learning imposes a greater cognitive load on the learner...
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Levels of Engagement

o G s s ity
== {2 ==

Level 1: Basic scenarios¥harrow, focused, independent)

VWWWWWWWW
7 Level 0. Traditional Computer-Based Training /é
Z

WWWWWWWW
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Cognitive Principles for Effective

Instruction
> Stimulate semantic
knowledge y
> Manage the learner’s aman 3
cognitive load /P%/@j”%/@a Cognition cie® ""(\\
» Immerse the learner in iy, 96 P oo
0 RQQ
problem-centered 7
activities lt/l_emtory Organizational
: : . MITS
» Emphasize interactive Processes
experiences G §
: W
» Provide frequent and > BN CAC 4)9@%,7 .
varied practice So =z T a%
. . (@)
» Provide opportunity for S& 2 e
learner to “reflect.” L =
ﬁ

Challenge is to manage cognitive load
»  Control difficulty

Build from simple to complex

Use part-task strategy
Provide coaching
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Example Application 1:
Enhancing Traditional Instruction

» Example: US Army computer based
training on logistics communications
equipment

® Training required for set-up, operation
and maintenance of equipment

» Replaces or supplements 40 hours of
classroom instruction

CAISI—Combat System

® Original training content followed Support Automated
traditional ‘page-turning’ model of Information System
instruction Interface e-Learning

» We transformed the training into an
active learning approach to online
Instruction...
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» Training required for set-up,
operation and maintenance

B Multimedia/lnteractive Features

® 257 rendered images (static or
animated) constructed from 146

individual 3-D models

® 45 movie/interactive multimedia files

® 25 interactive “Checkpoints”

® Integrated exercise tests
major learning objectives,
including troubleshooting
scenarios

Batielle
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CAISI Interactive Scenario-Based
e-Learning

e T e L —————— Ty T 4 =

_ _ CAISI Training
® |evel | (orientation): 5 modules

® Level Il (advanced): 18 modules

eew A (i 33 dllE B

System Support Representative [SSR) Accessory Kit
Capabilities

& Lesson Quiz

A2A - inatak CATH Cyent Woduts [COMG Quwwtisn 4 of &
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Building Blocks for Active Learning

Interaction Elements

¢ o §F © ¢

Did You Heads- Check Interactive Module Integrated
Know? Up Point Quizzes Tests Exercises

» Allow learners to check their understanding
» Guide student practice with “worked” examples

» Re-use interaction elements to exploit familiarity/build on
knowledge acquired (also used in assessments)

» Building blocks for integrated, practical scenarios

When we define learning objectives for these interaction
elements, they become learning objects.
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Conceptual Framework for
Cognitive-based, Active e-Learning

Integrated
Interactio

Integrated
Exercises

Random
selection
from pool

Movies, Animated
Module
ests

Graphics
Intgractive
Quizzes

Test ltams
® o#
Learning Objects % Muttimedia =g
Representations of Interaction I~ |
Critical Concepts and Elements | et
Learning Objectives e

Semantic
Interaction Elements

Hendered Images,
Photos

@D Click for example
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http://wd44732.pnl.gov/cogInformatics/showcase/interactive_assessments/caisi_ie.html

Conceptual Framewc o |
Cognitive-based elLe

“ Did You Know Interaction Elements
provide rich associations to link with

semantic memory

Oid Yoo
Ko 7

CAISMT was used successfully in Haiti and Bosnia in the late
19905, and its use marked the beginning of web-based
logistics. The coawxal cable used by CAISMT limited users to
a distance of 185 meters from Mobile Subscriber Equipment
(MSE) STAMIS users beyond that distance had to use field
wire to establish the connection. The field wire weighed 95
pounds per mile and limited transmission to extremely slow

speeds.

Click background to return...



Human
Cognition

Conceptual Framewc
Cognitive-based elLe

Organizational
Processes

Integrated
Interactiol

Exercises

Handom
selection
from pool

Heads Up Interaction Elements reinforce
material through associations

Semantic Movies, Animated

Interaction Elaments

Module
ests

Intaramive
Quizzes

e

Hezd=s
Up

Light Emitting Diodes (LEDs) are discussed in detail in the troubleshooting
sections. [tis important to know the function of each LED because LEDs
indicate the operational status of each component.
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Conceptual Framewc
Cognitive-based e-Le

> Checkpoint Interaction Elements
chex  €Ncourage active construction/processing i
point  Of information to help build understanding pracs o8 :
B z] (=
g Exercises
Handom
selection
from pool
Learning Objects
Reprasentations of
Critical Concepts and
Learning Objectives
Semantic \ Movies, Animated
. Interaction Elaments Graphics

/.'- "'\\

Module
T ests

Checkpoint: Preventive Maintenance | [NIEIactive
— Quizzes
7S
Portorm a prenrie anisance chack o s scame by clckin on e MNational Laboratory
Ba“e"e Corractad. Canyou find tham? : l'['.lt‘-.!'l."l"}l‘l‘!‘. of r:"l'!""f.f"-'
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Conceptual Framewc
Cognitive-based elLe

S“@Q&m
: : w
Rendered objects to provide i
simulations and 3-D representations s R
that maintain stimulus fidelity %},gﬁmmm
% Elements
GrEn
Random
selection
from pool

Learning Objects $ Multimedia

Representations of Interaction
Critical Concepts and Elements |, 0
Learning Objectives

Semantic
Interaction Elements

Human
Cognition

Exercises

Sample
Animation

Click background to return...
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Rendered, animated graphics
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representations that demonstrate by | Interaction.ggy
system states. g
Random TN
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Critica r,; 1GE [I and Elemeants \

Learning Objectives
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Training Approaches
» Traditional

e Information is presented in a series of lessons, each followed by objective
guestions to test the learner’s understanding
P Interactive, scenario-based e-Learning
e Compel learner to organize and structure responses to problems
e Engage learner using practical exercises that transfer to real-world activities

» Guided-discovery e-Learning

e An innovative form of experiential learning

e Provides coaching and support while learners work on realistic problems
adapted from actual work settings (scenarios)

e As the learner gains knowledge, skill and understanding, the level of
coaching is reduced.
» Game-based e-Learning
e Potential for reaching out to millennial youth/population
e Challenge: to provide educational benefit
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Example Application 2:
Guided Discovery e-Learning

Human Error Awareness and Causal Analysis Training for DOE
Security Incident Inquiry Officials

» Enhanced Security Through Human Error Reduction
(ESTHER) Online Causal Analysis Resources and
Training

» Implemented within a game-like environment

» Context: Learner enters as a “Junior” inquiry official and
performs tasks to advance to higher levels

» Training/resource material available in the learner’s virtual
“office” (on bookshelves, in drawers, etc.)

Pacific Northwest National Laboratory
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ESTHER Causal Analysis
e-Learning Application

» Learner advances by completing
objectives at each level

» Uses both Guided Discovery and
Active e-learning approaches.

e e

“Associate” Office

“Ju io " iCe
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® Difficulty varies by
number of factors (clues)
to be found in the
scenario environment

» Part-task emphasis by
focusing on a subset of
the analysis and reporting
activity

®»> Coaching (scaffolding)
provided early and
withdrawn as
performance improves.

Batielle

Guided Discovery Approach

[T ESTHER - Scenans 1 - Micresett Internet Explorer =2
Ele [k "Maw Fgromtes  Jook el Y
;_'}5:-:! . x| |2 F - sewch Favortes g Meda 2 « g B - H

4 hetocjiPuson. prigav/esther [de [ dscoverfscenancl bl v B e dieagn O 6

&T € = ESTHER seit-Directed Study

A

Rusourca J

Examine Scene
ey Map

Office

Lab
Mall
Room
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Learner “explores”
evidence to discover
observations that apply
to the scenario...

Incident tab provides
description

Batielle

Discover Contributors Module —

Incident Description

#]ESTHER - Improperly Transmitted Mail 1-5/28/04 - Microsoft Internet Explorer

File  Edit Favorites

OBack - ﬂ g r p | Search “_;'_."._;"Favorites £2) i (W -

Address Q httpeffFusion/esther fdev/scenariosfscenariol . hkml?module=discover

Yiew Tools  Help

SETY)
HE 3

v ﬂGo Links > 5naglt & -

b4

@m== ESTHER
r Self-Directed Study

[ Discover Use Master
m Confributors Contributors Contributors

1-5/28/04

Incident Overview

Reported Category: Improperly transmitted material:
Us Mail

Reported Incident: Envelope came open before
reaching its target destination, revealing Secret
Restricted Data (SRD)

Report Date: May 28, 2004

{[ Dane

Instructions

juapfou]

Improperly Transmitted Mail
1-5/28/04
Selected Observations:

Examine the materials
available to you and
select all ohservations,
within the categories
under the Ohservations
tab, that you believe
may have cantributed to
the reported incident.

When you have finished
selecting your
ohservations, check
YOUr answers by
clicking the "Submit
Chservations" button.
au will have three tries
to find all relevant
observations.

aujwexy

(=]
-3
@
o
2
a
=
]
o

Select a tab on the left
to begin.

¥oeqpaay

&J Local intranet
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Learner “explores”
evidence to discover
observations that apply
to the scenario...

Listen tab shows
testimonies

Read tab shows
documents

Batielle

Discover Contributors Module —

Testimonies

[ & ESTHER - Improperly Transmitted Mail 1-5/28/04 - Microsoft Internet Explorer =%
[ Fie Edt Yiew Fpeoeites Jools Help H |
I'l._.) Bk * || ﬁ; ; 4 Search Favoribes ) o= E ﬁ .'_'_i
fddress | 4] hatpef Fusionfrsthende faoananinsfsrenorio ] hbmbmod desdisomes - ﬂ @ L * oiosnsor ER i}. = |
it [T Master
Jn oy [ tome [T couron | comiiion [ Resoue )
P or lislen Lo the selocted leslimeamy .
Mlian e E A
Testimonies Impropery Transmitted Mail
1-5/28/04
‘fus, | ramamber that day. Sus had a lot of stuff to I Sedected Obeorvations
mail and she inspected all the envelopes as she
handed them to me. & few of them had obviously
beaan tapad shut mare than once, but they all
looked property closed and sealed to me. | =
Maliman
T
£
)=
d
Bue's Boss
g
3
:
T
o |
B
&l i Local et |
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Learner “explores”
evidence to discover
observations that apply
to the scenatrio...

Examine tab shows
simulated interactive
re-enactment of one
Or more SCenes

Batielle

Simulation/Animation

Discover Contributors Module

&1 ESTHER - Improperly Transmitted Mail 1-5/28/04 - Microsoft Internet Explorer

SET)

File Edit Wiew Favorites Tools  Help

- . — i ] \
GBack . \ﬂ \g | 2 ! Search . Favories G’-‘e i ﬂ =

Address @j http: fifusionfesther/dev/scenarios/scenariol  htmiPmodule=discover

15naglt ‘@ =

v a Go Links >

Use Master

Y m = E‘Eﬁl.)li.rln;!:EdRstudy

You are in the Mail Room

uaysi] uapiou)

0RRAIBSO

o
m
1]
1]
(=%
o
&
a
=

Examine Scene

Improperly Transmitted Mail
. 1-5/28/04
Selected Observations:

@;‘] Done

& Local intranet
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http://wd44732.pnl.gov/esther/dev/scenarios/scenario1.html?module=discover

Discover Contributors Module — Feedback

u |t| | evel feed b aCk | S | & ESTHER - Improperty Transmitted Mail 1-5/26/04 - Microsoft Internet Explorer =okd

Fle Edt Wew Favorbes  Toos  Help i
provided after learner | @=- © W@ G P fromew @ (2o @ - D E B |
| Fetp: Iifuson esther e scenanos)soananiol hmlimodubssdiscover w ﬂ G : " mosesn [ -

selects observations that

_ V- e . . @ D
apply to the scenario...

oo~
1=5128/04

0 Response Feedback:
Levels Of Feed baCk' ) Same selected observations are not redevant to this scenario, Cne

OF mere relevant obsanvations are missing, Make pour Cormections
and continue o review the matenal lo complele the sl

Feedback

Juapau

Improperly Transmitted Mail
Feedback will appearin = T-528104
thes tab each bme you | Sekected Observations:
click the "Subrma
Obzervations" button.

] Failura in wizual inspeaction
[] Performance concems
Carrect absensations el

are indicated in green.

Incorrect observabions
are indicated in red

General Fealure in wisual nspechion - Comect. Although Sue epparently
/ checked the ervelopes, she laled 1o nobice that the ervelope was
not properly sealed.

Farfarmance concams - Thara dogsn't seem to be enough evidance
for this

Hints:
s Re-coamineg the mailnom scens
» He-read the documents

AT

Correct/Incorrect

A\

=]
o
:
i
g

Hints

&1 S Local intranet
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Feedback

Mailman

Juapiou|

Listen to The learner can review different

Testimonies

tabs to see feedback highlighting
relevant observations and
contributors/factors.

Yes, | remember that day. Sue had a lot of stuff to
mail and she inspected all the envelopes as she
handed them to me. A few of them had obviously
been taped shut more than once, but they all
looked properly closed and sealed to me.

uayst]

envelope.

« Misperception: Wisual inspection failed to reweal an improperly sealed

Examine Scene

S
8
o
i)
=]
E

.y

Mail Room j

)

aupwex3

Batielle

Mail Pickup
3:00 pm

SUORRAIISTO

-
1]
1]
[=%
=3
a
]
=

[ Time Factors: Mail pickup is 3:00 p.m. dally ]
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Observations
are related to
the ESTHER
contributors on
the reporting
form...

Batielle

Discover Contributors Module — Higher

Level Concepts

@ ESTHER - Scenario 1 Solution - Microsoft Internet Explorer g@
1
L)}

File Edit ‘Wew Favaorites Tools  Help

@Back x y \ﬂ \gl ; /.-.’ Search Favorites {f‘ - ",_f ﬂ ' | :F:l ﬁ :‘;

Address 4}3 http:iifusion/esther jdev/scenariosidiscover_report/scenariol _report.htrml v E] Go Links > [80Snaglt

Jﬁ @=—ERTHER oy [ JRETR

Solution for Scenario 1

Congratulations! You have completed this scenario. Click on "Discover Contributors” to try another.

Click ohgervations to highlight ESTHER Incident Reporting Form

clomr@butors. Click cnlntributors tol Incident ID: Scenario 1

highlight corresponding ahservations. Determination of Inquiry: Gontributing Factors

Mote the descriptions entered by the T

Inguiry Official on the incident reporting Data Flow Work Setting Work Planning/Control Employee Readiness
o, nformation [l Job Pressure Freoccupationinattention

Time Factors

Relevant Observations:
Deadline
Inappropriate staffing
Under-staffing
Failure in visual inspection

Description: | ) _ Misperception
Projectwiork-related deadline was not met. Management

You may have felt that some obhservations apply even though they were not considered "correct” This is open to interpretation and cerainly depends upon individual circumstances.
Some cantributing factars may be expected to occur together. See the ESTHER Crosswalk job aid for further insight about patentially related cantributars. Try the following scenarios,
which may help explain why some observations or contributors were deemed significant in one scenatrio but not in another: Scenario 2, Scenario 3

-éj ‘-J Local inkranet
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Learner works
on similar
scenarios, but
must respond
directly using
ESTHER
contributors on
the reporting
form...

Batielle

Use Contributors Module

. = a = ﬁ:ﬁ z
€1 ESTHER - Improperly Transmitted Mail 1-5/28/04 - Microsoft Internet Explorer k___H_EI_JJ|
File Edit ¥iew Favorites Tools Help o
@ Back ~ g )ﬂ E| ; - Search " Favorites £« B W - B jj_ :‘i_
5 -ﬁ] http:Jffusionfesther/dev/scenarios/fscenariod. himl?module =use v! a Go Links *  @80Snaglt Iﬁ‘ l‘_}_ -

A = : P N
AR ER e O ...

Unsecured/Unattended Select appropriate contributing factors in § .
- the incident reporting form. = Incident
Material 1-8/12/04 & .
Y Reporting Form
Data Flow Work Setting Work Planning/Control Employee Readiness
D Infermation D Distractions D Job Pressure D Thisis a dri_m electronic
Precccupation/Inattention representation of the
ESTHER portion of the
e e el | | MaterialResources 1 Time Factors F Stress/Anxiety incident reporting form.
Mote that when you place
D Communication D Environment |:| Taszk Difficulty D Fatigue/Boredom your mouse paointer over a
contributor, a brief
System Management |:| Task Aversion D linessdnjury definition/explanation of the
StatusiFeedback Systems E contributor is displayed.
D Security Practices D Change in Routine D Drug Side Effects 2 .
1 Mark your answers directly
Task Planning [ Misperception on the form. In actual
practice, you will need to
| Management ¥ Memory type an explanation/
description for your
O abiity Reasoning/Judgment answers, but this is not
required here.
[ Experienceiskil [ valesiattitudes
— Click the Check Answer
button for feedback.
Feedback: Some selected factors are not relevant to this scenario. One or more relevant factars are
missing. Make your corrections and continue to review the material to complete the list. Hint: Listen to
the testimonies again. Q
¥
&) %J Local intranet
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Master Contributors Module

€] ESTHER - Unsecured/Unattended Material 1-8/12/04 - Microsoft Internet Explorer At CO nCl USIOn Of the

File Edit ‘Wew Favorites Tools Help

) Back - > x| & ;\J ) Search ‘:\?’ Favorites 6}? - &3 [ - |: b I 1 A
Learner mUSt A(d.iss @jhttp-;;fusionxieri;scenario;cenarios htrlProdule=master2 . :| ﬁ % Scenarlo, a dlagram IS
v < — displayed to show

also identi ﬂwESTHER O3\ Yl
. relationships among

deeper causal Nips
factors and Mitertal 161204 in¢ the contributing/causal

Select appropriate contributing factors in
the incident reporting form.

Data Flow Work Setting Work Planning/Control Employee Readiness Repﬁn faCtO rS
1
CO rre Ctly Information Diztractions Jok Pressure Preocoupsationdnsttertion Thisis ad
ProceduresDirections MaterialResources Time Factors [

describe the

Cloge
hanace
precu rsors e Securly Task Planr“ng
“ Description:
Instructions were missing. Medicatl Procedures/Directions - Know|edge
have adversely affected employee.
System Status/Feedback
Build the appropriate description fo
the lists helow:
\/ Subject | Medication d
\:" Werh: | may hawve adversel IIInessIInjury
v Object [employes * Reasoning/Judgment
Drug Side Effects
> Memory
StresslAnxiety
@;'] Done I
I (Mause over each factor to view associated ohsenvations )
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Training Approaches
» Traditional

e Information is presented in a series of lessons, each followed by objective
guestions to test the learner’s understanding
P Interactive, scenario-based e-Learning
e Compel learner to organize and structure responses to problems
e Engage learner using practical exercises that transfer to real-world activities

» Guided-discovery e-Learning

e An innovative form of experiential learning

e Provides coaching and support while learners work on realistic problems
adapted from actual work settings (scenarios)

e As the learner gains knowledge, skill and understanding, the level of
coaching is reduced.
» Game-based e-Learning
e Potential for reaching out to millennial youth/population
e Challenge: to provide educational benefit
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Game-Based Learning

®» Typically: greater emphasis on gaming, less on learning

» Game Is not motivating/engaging ‘by definition’ — learner
must buy into the goals and context of the story that the
game communicates

» Learner is not guaranteed to acquire the necessary skills by
‘playing the game’ — specific attention should be given to
cognitive e-Learning principles in constructing scenarios

e Careful construction of scenarios helps to match activities to
learning objectives and shape learning

e Informative feedback allows learner to reflect on performance and
develop appropriate skills (vice superstitious behaviors)

e Simulations or virtual environments should support the learning
objectives—otherwise they distract from the instructional goals.
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Summary and Conclusions

» Learning should be problem-based

®» Learning environments should be structured to provide
experiences that meet specific learning objectives

» Learning environments can/should be motivating and fun,
but always should provide opportunities for learners to
reflect on their experiences

» Within this broad cognitive framework for learning, there is
room for an array of training approaches that includes:

e interactive e-Learning
e guided-discovery/scenario-based training
e game/simulation-based training

» Cognitive principles should be applied in all forms of
learning.
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Contact Information

For more information, contact:

Dr. Frank L. Greitzer

Pacific Northwest National Laboratory
PO Box 999, MSIN: K7-28

Richland, WA 99352
Frank.Greitzer@pnl.gov

(509) 372-4251

http://www.pnl.gov/coglnformatics

TThank You. Click-here te end shew:
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