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Supporting Cz Decision Support
Design with Cognitive Work Analysis

= Some Important guestions:

= How do we get CWA results that are relevant te design... that
make a significant impact on the resulting C2 system?

= How do we identify. andl capture the essential cognitive. demanads
of the C2 work domain as:the underlying basis for decision
Support teols?

= How do we conduct an lterative analysis / design process that Is
agile in the face of certain change?

= Boettom line... how can Cognitive Analysis make: a difference in
the C= fight... how! can we support the design of innovative
[Decision Support Systems?
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At the Heart of the Issue...

Mapping Principle

Actual Goals and
Task Context of i
Domain = Mental Model

CSE Approximation
of Domain

Representation Design Requires:

= Jhe decision aid be defined in terms of how data en the state and semantics of the
domainiis mappediinto the syntax and dynamics of Visual forms In erder to preduce
Infermation transfer te the decision maker using the representation

CSEC:i.



Representation Design... Building
Correspondence

Indirect Correspondence

Direct Correspondence

The Representation
Monitored process
| [ ————

. Highlight contrasts or departures from a reference or expected course

. Highlight change and events. Representations should reveal the dynamics,
evolution and future paths for the proc n question.

2. Put data into context, the context of related values and around important
issues in the work domain.

iscover frames of reference that capture meaningful relationships in the
work domain.
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CSE Suppoert Reguirements for Achieving
Highly Effective Joint Cognitive Teams

Observability —

the ability to form insights into a process (either a process in the
work domain or inithe autemation).

Directability —

the ability to direct/redirect resources, activities, and priorities as
Situations change and escalate.

Teamwork withragents —
the ability te coerdinate andi synchrenize activity. acress agents.

Directed attention —
the ability te re-erient focus in a changing werld:

Resilience —
the ability toranticipate and adapt te Surprise and errer.



CWA Evaluation Criteria

Efficiency of the CWA in itself

= _Are the resources being invested in the
CWA activities commensurate with the
value of the results being obtained?

Validity: of the CWA

= Does It capture what it is like to function: in
the field of practice?

Effectiveness of CWA in design

= Does the CWA point torwhat Is likely to be
useful support?

= Does it help generate new aiding concepts
and innevations?

= Does| it generate ideas that can be readily.
conyverted to system reguirements to guide
system design and testing?

Tractability of CWA results in design

= Are the products of the CWA documented in a
way that can be meaningfully reviewed,
tracked, and updated not only throughout the
CWA phase but also throughout the entire
system design life-cycle?

= Do the products ofithe CWA make contact with
artifacts utilized in the software design process
and can the results of the CWA be integrated
Inte the software and product development
process?

Predictive Power ofithe CWA

= Does it help anticipate the Impact ofi the
Introduction off new. technelegies and aiding
CONCEPLS 0N practitioner performance?

= Doees it predict hew new! technoelogical pewer
canichange roles, expertise andl error?

= Dees it help address the envisioned weorld
preblem?



Levels ofi Representation Design

Coordinating Multiple Perspectives —

Coordinating shifts and contrasts among different perspectives over task
sequences and as situations evolve. Coordination of multiple points of
view into the processes of the work domain to create a virtual perceptual
field or a workspace in which practitioners carry out their domain activities.

Making Sense of Change —

Organize and integrate pattern views around classes of events in the work
domain in order to reveal operationally interesting changes. The key is to
transform from changes in individual physical characteristics to changes of
higher-order semantic properties.

Pattern Views —

Organize data to reveal relationships and patterns in the work domain.
Integrated representations inter-relate data to provide a coherent view into
a process. The key criterion is to help practitioners pick up status at a
glance rather than having to read and mentally integrate many individual
pieces of data.




Design Technigues for Establishing
Direct Correspondence

Color CDU

Events — Highlight spatial and temporal
events. Representations should reveal the
dynamics, evolution and future paths for the
process in question. Events are temporally
extended behaviors of the device or process
involving some type of change in objects or
situations.

Frames of Reference —

Discover frames of reference that
capture meaningful relationships in the

work domain. Each frame of reference

is like one perspective from which one

views or extracts meaning from data
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about the underlying process or activity.
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Contrast — Highlight contrasts.
Meaning lies in contrasts — some departure
from a reference or expected course.
Representing contrast means that one
indicates the relation between the contrasting
objects, states or behaviors.

Context — put data into context; the context of related
values and around important issues in the work domain. One
prerequisite is to know what relationships are informative in

what contexts in the field of practice.



TThe ACWA Methedoelogy... Providing an
Integrated Approach to Suppoert Design

Analysis pesign

Virtual
Workspace

Information / Representation Storyboard /
Relationship Design Prototype
Requirements Requirements

Functional Cognitive Presentation

Abstraction Work CDeS|gn
Requirements oncepts

- Functional Processing /

<~ Requirements Transformation

—~ L _ . Requirement
' ’ .

‘Guided’ Knowledge
Elicitation




In Actual Practice... An lterative
Bootstrapping Process

Information Requirements:
Defining information transfer
requirements for effective
decision-making

Representation Requirements:
Mapping domain semantics to syntax and
dynamics of support tools to achieve
information transfer requirements

Transition to
Design:

Explicit linking to
follow-on design

Cognitive Work Requirements: Mapping Principle Ppese

Defining requirements for effective Tk Gortartor
decision-making in work domain

Domain

Representation

CWA Model:
Modeling Fundamental Relationships
and Demands in the Work Domain

Knowledge Elicitation:
Finding demands, decision-making
challenges, expert strategies, etc.
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Walktnrouagin: or an Example:..
Time Critical (ISR) lrargeting
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Walkthrough ofi an Example...
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Walkthrough' of anf Example...

Cognitive Work and Info Rgmts: Representation Design Rgmts:
= Monitor Collection Aim status with = Depict each result as independent
respect to the collection requests symbol of equal screen real estate.
=  Achievement status of individual = Encode status and prierity within each
aims over time. symbol; higher salience for high-priority
= Commander's priority of each aim. ICTs.
= Status of each collection request = Spatially separate planned and
(planned, unplanned, disrupted) unplanned results; higher salience for
based on existence of associated unplanned.
Collection Aim. = Depict reguest time with reference to
= | atest time of collection return current and latest time.

value for each individual coellection mfo.f'maffon Collection Request Set
reguest withi respect to the set. '
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Supporting Cz Decision Support
Design with Cognitive Work Analysis

= Cognitive Analysis must be able to capture the cognitive
demands of the envisioned C= work domain.

= ACWA is based on a rebust framework ofi decision-making in
complex work environments.

= Cognitive Analysis must truly integrate withiand
significantly impact C# develepment efforis.
= ACWA extends well past cognitive analysis... It produces design

artifacts based on Cognitive Systems' Engineering principles that
directly support Decision Support System Implementation;

= ACWA speciiies the mapping from the demands ofi the work
domain to the representation for the warfighter.

= Cognitive Analysis CAN make a difference in the C~ fight
Py SUppertingthe design of Innevative Decision SUpport

........

............



o Read More...

= E. Hollnagel, Ed. Handbook of Cognitive Task Design.
Lawrence Erlbaum. 2003. (ISBN: 0-8058-4003-6).

= Chap 16: Applied Cognitive Work Analysis: A Pragmatic
Methedoelegy

= Chap 27: Case Studies: CWA in the design of Advanced
[Decision Support
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