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As Cognitive Engineering (CE) becomes mainstreaathods are needed to better integrate the unique
cognitive requirements of the target users of a alu@omputer Interface (HCI) into software developme
requirements and testing. This paper discusseslianprary work-centered specification describing Key
cognitive HCI elements of a complex work systent #rthance situation awareness (SA) and decision
making. The specification provides traceabiligrir the cognitive requirements obtained during kieolge
acquisition to specific display elements in thafidesign. This specification approach can be adpb

any CE methodology. We are applying it to a workpmgtotype currently being integrated into an
operational system. We have elicited feedback filewelopers of the operational system regarding the
content and usefulness of the specification aggties to their software development processes paper
highlights critical aspects of our inaugural woeatered specification.

INTRODUCTION

This paper describes an approach for specifyiag th
human computer interface (HCI) requirements of demp
displays designed using cognitive engineering (&) work-
centered design (WCD) principles. In CE analysid AfCD,
the content and layout of the information on theptily and
automation supporting the HCI is purposely desigioed
provide affordances which can reduce cognitive earg.g.
Burns and Hajdukiewicz, 2004; Endsley, Bolte ande3o
2004; Eggleston, 2003; Woods and Roth, 1988; Woods,
1995). However, the rationale behind these inteicksigns
may not be readily apparent to a software engimberis
typically not trained in HCI design, Human Factarsl/or
cognitive psychology.

During implementation, software engineers perform
numerous trade-offs due to technical, cost anddadbe
constraints that account for the software functiona
requirements, but do not explicitly account foresen
accommodate display elements critical to suppoxtiognitive
work. The results are that the HCI is often degdadigring
implementation and key aspects of the design maynage it
into the final product. Due to this “gap” from dgsito
implementation, the HCI of complex work systemnftio
not reach their full potential. Especially in larggstems
development projects, this can result from deficies in
human factors expertise within the development téanich is
often geographically distributed), developers' kiealge of the
target work domain, or developers' sensitivity égmitive
aspects of the target work.

This breakdown is further complicated due to tikufe
of software testing to account for cognitive woekuirements.
Traditional software requirements and testing anetionally
based (Wiegers, 2000), and cognitive requiremearts as
critical display elements and their relationshipes taeated as

arbitrary features not directly derived from fuocial
concerns. As a result, cognitive work requireméiatge not
been explicitly stated or used in software testing.

Traditional HCI specifications such as those used
develop Microsoft Office products and web pagesi$oan
screen layout and control interactions (Torres,2200hey are
rarely based on operator’s cognitive processedsdrtourse of
his / her work functions. They define a desigreimts of
system software requirements to accommodate teeofc
‘user’ (operating the system per se) rather thavogker’
(employing the system in the context of a taskjsTocus is
readily apparent in specifications addressing ayste
manipulations such as form filling and menu setedi(i.e.,
what the user dods the system). Unless such specifications
address what the worker daésoughthe system, the resultant
product may be easy to operate yet unsuited tocstipp a
given task. This prospective deficiency is mostpematical
where a decision support system design fails tormaowdate
critical features of the decision space as addddsgehe
decision maker.

The most sophisticated attempt to provide tradigabi
from cognitive requirements to display elementhiésApplied
Cognitive Work Analysis (ACWA) methodology (Elm, @4).
ACWA is a top-down systems engineering approachubses
a modified abstraction hierarchy called a Funcdastraction
Network (FAN). The FAN is the foundation and stuuet of
the work representation from which cognitive work
requirements and related display requirements enigetl.
However, the products of the ACWA method are gdhera
intended to support display design and traceabilitth less
focus on delivery of a specification to softwareelepers for
implementation.

In the Goal Directed Task Analysis (GDTA) method
(Endsley, et al., 2004), user tasks (including sleni making
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tasks) are represented in a goal structure tonail@signing
HCls for situation awareness (SA). Cognitive reguients are
represented as questions and the information rex)txdr
answer those questions. The actual display laywdit a
relationships among display elements are left éodisigner to
implement using SA design principles.

Eggleston, Roth, Whitaker and Scott (2005) have
described a high level framework for WCD speciiioas that
attempts to convey the cognitive requirements efHICI to
large scale development teams. Their heavy empbasi®rk
context in formulating design rationale formed Hasis for
this approach, in which the HCI is specified iretatevels: a
summary work description, an overview descriptibthe
work support concept and a detailed design spatiific. The
research described in this paper aims to flesltheutletailed
WCD specification and build on selected cognitive
requirements traceability aspects of the ACWA mdtand
the question based decision requirements apprda@DdA.

TECHNICAL APPROACH

In this paper, we will focus on the third leveldetailed work-
centered specification. Our process derives desitipnale
from analysis of the target work activity’s cognéi
requirements, and then applies that rationale tivele
implementation features and requirements. Our fpations
must therefore reflect this line of derivation framgnitive
requirements to system features.

We used a recent work-centered visualization desig
effort as a concrete case to stimulate developwfertdncise
work-centered specifications that can be meanihghainded-
off to a software implementation team from another
organization. The project involved developing atptype
work-centered support system (WCSS) for an Air Eaaiclift
operations center (Wampler, et al., 2005). Theqgtype tool
was recently evaluated and found to reduce repigritne
and errors while increasing SA and reducing thetaten
workload associated with replanning tasks as coetptr
existing tools (Roth, et al., 2006).

Throughout the development of the work-centered
prototype, the design team produced informal prisiior
communicating among themselves regarding the degnit
support requirements that needed to be met andhew
evolving design would satisfy them. In this cabe, products
included an interactive software prototype allowihg team to
inspect and test basic concept features. Oncesittdggved
consensus on the basic design features, they prdduc
materials with which they could present stakehaldie
design concepts, their prospective benefits, andagtos
illustrating how the concepts would be employede phocess
of creating the inaugural work centered specifaraibegan
after these actions had been taken.

We developed an initial specification which lirtke
cognitive work requirements to display elements packaged
it as a deliverable to the airlift planning systdaveloper in
order to transition this technology to the custariée
evaluated the specification with software engineétis

respect to its ability to communicate the key feadwof the
WCD and to provide useful development requiremants
testing criteria. Our goal was to structure theunegments so
they can be added to the software requirementsnaereis and
software test plans.

Our specification contains top level cognitive
requirements derived from the work domain analysis,
associated display elements which directly supihate
cognitive requirements and screen shots exempljfthie
requirements in an implemented solution (FigureAh).
appendix is included in the specification that eamt a list of
mouse-over contents, a list of violation messaigesnded
usage scenarios and a list of the technical tréidezonducted
in the prototype environment that may be considévethe
production system.

Our example focuses on a timeline visualization of
military airlift missions in which the operator muonsider
many factors and constraints when schedule chargses for
example, the aircraft must land when the airfisldpen and
not during quiet hours (a time when aircraft agrieted from
landing and taking off due to noise). Visibility thfese
constraints relative to the mission itinerary ise®sary for
rapid and accurate replanning decisions.

Work Work Work
Work Models Summarv Scenarios Design
Knowledge Amfacts

“ " When are the quiet hours, if lhe airfield has them?

At_a__g_lance - Quiet hour durations (when in effect)
Cognmve Is my mission legal with respect to quiet hours?
Work - Visual cues of quiet hours violations

. How do the quiet hours correlate with the mission i tinerary?
Reauirem ents How much leeway do | have?
- Visual alignment of Quiet Hours duration and
ground/ takeoff/landing events

4t

1. Horizontal indicator depicting duration of quiet hours
Work-Centered 2. Temporal alignment with the core timeline events == =
Display 3. Violation indicator is displayed on the timeline ~ when  E=1 =]
. takeoff or landing occurs during quiet hours e
Reauirements N

Work-centered specifications ensure that work suppo rt and
cognitive/perceptual requirements are articulated a nd not lost in
implementation

Figure 1. Detailed Work-Centered Specification Flow

The top level cognitive requirements are exprebsetthe
“At-a-Glance” Cognitive Work Requirements (CWRShese
requirements are essentially the questions thaigeemust be
able to be answer “at a glance” or without invokatber
screens and performing mental calculations torag&i and
make efficient decisions.

At the next level, the CWRare further refined into
work-centered design requirements (WCDRs). WCDR<lze
visual display elements and relationships betwhese
elements which trace to the CWRs. WCDRs deschée t
interface elements (and relationships among thieseemts)
necessary to permit a user to apprehend the dtiie work
subject matter. These requirements address suaisths
visualization issues (e.g., forms and colors) asghiive
issues (subject matter representational fidelitglarity). The
WCDRSs are organized around the WCSS design pregipl
(Eggleston, 2003) into four categories: centrabldig,
peripheral display, interaction requirements artdmation
requirements. Theentral displaydescribes the primary
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visualization in the center of the display thatresgnts the
visual form or aspects of the “work” to be perfodn&he

peripheral displaydescribes display elements that “frame” the

problem in the work representation and allow ther tis get
situated. Peripheral display elements are typidalhgls in the
workers’ terms and ancillary information contained
mouseovers. Thiateraction requirementare the selectable
items on both the central display and controlshengeripheral
displays involved in dynamic user manipulationghef
interface. Finally, thautomation requirementre display
elements that are generated based on ‘intelligent’
computational processing (e.g., ‘rule-based’ prsices that
augment central display elements to assist theinsgtaining
SA and conducting problem solving. Alerts generdteth
exceptions to business rules are the most comnpendiy
automation.

An important element of the ‘work-centered’ apptoés
that the results of the automated processes gukagésl within
work context visualizations, enabling users todydillow
and evaluate the basis for automation outputs. This
combination of central visualizations, peripheedddls/
controls and automation (alerts) provide a cohéignture”
for framing the problems, attaining SA and makiegidions.

EXAMPLE WORK-CENTERED SPECIFICATION

Our example involves the monitoring and replanmuhg
airlift missions. Figure 2 depicts an airlift nims timeline
visualization with mission itinerary (takeoff, land, time in
air (solid line) and time on ground (dotted linafyoss the
upper portion of the central display.

£ Detailed Mission View for AVYF991YT114

o o i
rMn_usnn N,
jSRu0szasss | iy
i
. Py
\‘ Planning factor “Clusters” it

Figure 2. Airlift mission timeline prototype.

Related planning factors are grouped into “clsstand
displayed directly below the itinerary on a comntiomescale.
This temporal arrangement allows the user to eas#ythe
ramifications of making a change to the itinerdrye
prototype contained the following clusters of pliaugnfactors:
Country crossings (Airspace), crew rest (Crew),imim
ground times (Ground), Aircraft and Airfield avdilty. Our
example focuses on the country crossing data plextémthe
Airspace cluster.

In order to fly across foreign countries, the Rarce
must obtain formal permission from the country lgein
overflown in the form of a Diplomatic Clearance@P. Legal
overflight requires having a DIP whose timeframealidity
covers the period between entering and exitingabantry’s
airspace. The user monitoring the mission is adentken any
border crossing is outside of the DIP coveragéey tan
either adjust the itinerary to fall within the coage or request
an extension to the DIP coverage period.

In the specification, each cluster is describethdtp (a)
the context for and characteristics of the worlvimch these
are relevant as well as (b) the display elementitsrzbntent.
The specification for the airspace cluster is #s\is:

Description: The airspace cluster shows the durations
spent in each country the mission transits. Couatogsings
indicate what countries are transited during a russflight.
Some countries require permissions to be in thgpaice of
that country, called a Diplomatic Clearance (DIRny
available DIP information is provided visually peountry.

Work Characteristics & Context: The airspace cluster
supports work involved with determining if the riuashas the
proper DIP coverage. Any changes in the mission phaist
account for DIP coverage. The user needs to knamyfDIP
is being violated and by how much time the viotatiosolves.
The user also has to be able to determine how rfalabk”
the DIP coverage allows in a replan.

“At-a-Glance” Cognitive Work Requirements (CWRSs)
What national airspaces is this mission transiting?
- Duration of projected time over each country (1, 2)
— Labels of each country transited (7, 8, 9)
« When does the mission enter and exit each airspace?
- Projected country entry and exit times (2, 4, 8, 9)
« What DIP coverage is in effect for each nationaspace?
— DIP permission duration per country transited ()1
- Slack in DIP coverage is graphically depicted (6)
« Are there DIPs violations concerning airspace?
- Visual indication of airspace violation (11)
— Time at which start of violation occurs (14)
- Visual indication of violating country row (12)
- Violation message (15)
« How does DIP coverage line up with national tras®it
- DIP permission duration visually aligned with profed
country crossing duration (5)
« Does DIP coverage exceed or fall short of natiomagr flight
requirements, and by how much?
— Duration of DIP violation is visually distinct. (33

Table 1. CWRs for monitoring Country Crossings.

Our analysis determined that the user must betable
rapidly and accurately answer the questions in& akib
support the cognitive work involved in monitoringda
replanning country crossings. The information reeglito
answer each question is listed with a numberedsaefsrence
to its WCDR (Table 2) and called out in a set sésoshots
(Figures 3 and 4) to help developers understancetipgred
display affordances for the CWRs.
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Work-Centered Design Requirements (WCDRS)
Central Display:
1. Country crossings are summarized at the top otthster with
horizontal lines depicting transit durations.
2. Summary of country crossings has visual indicatmdepict
entry/exit times
3. Vertical stack of countries being transited withual distinction
between rows.
4. Entering and exiting endpoints are clearly showrbeginning
and end of country bars.
5. DIP coverage is shown as a coded sheath arounddbatry
crossing bar.
6. Relative durations of DIP coverage and country digit are
visually present for comparative inspection.
Peripheral Display:
7. Left & Right: Airspace cluster label, vertical skaof acronyms
for countries being transited.
8. Mouseovers — Airspace: Entry/exit times of mousest country
and countries crossed on the leg
9. Mouseovers — Country rows: Entry/exit times Bxlel
permission information
| nteraction Requirements:
10. Clicking on country crossing summary bar exscallapses tp
show individual country crossings and DIPs.
Automation Requirements:
11. Violations in the airspace cluster are visualbded by
outlining the cluster label in red.
12. The violating country row’s country label isriad red
13. DIP violation time duration is visually shown ocountry
crossing bar.
14. The main timeline displays the time at whieghBhP violation
occurs
15. A violation message is displayed in the Violadiportion of the
display

Table 2. WCDRs for Monitoring Airspace and DIPs.
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Figure 3. Example Screenshots Calling-out WCDRs for
Monitoring Airspace and DIPs.
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Figure 4. Example Screenshot Calling-out WCDRs for
Monitoring Airspace and DIPs with Automated Alegtin

INTEGRATING COGNITIVE WORK REQUIREMENTS
INTO SOFTWARE DEVELOPMENT

The developer’s process was examined to identify
potential insertion points for cognitive work recgrnents. In
our case study, the developers of the operatiysatis
receive high level functional requirements from #ieForce
airlift operations center customer. Initial concegte
prototyped to support the functional requiremenis screen
shots of the concepts are refined in Joint Appiicat
Development (JAD) sessions (Hoffer, 1999) with the
customer. The final requirements are documentedestd
procedures defined to verify the requirements $tamdard
Test Description (STD).

We propose to use the specification screen slsads a
guide for JAD sessions. One of the shortcomings of
streamlined software development approaches sugA@ss
the lack of user involvement in the initial protpéd concepts
(Carmel, 1993). Our approach allows the cognitioekw
requirements to become part of the initial requiats, to be
vetted by customers and to become part of the $ottlvare
requirements.

The STD is structured to capture screen levetéctéons
and verification of display entities such as paittc data,
graphics or windows invoked through user interaxgidue to
the user interaction and screen oriented natutieeo5TD, the
WCDRSs lend themselves to being verified in this reanWe
propose that the STD procedures be extended tfy vieei
interaction and display features of the WCDRs. Test
procedures will be extended to account for botmibrenal
condition and the alerted condition. The normaiditon
tests the display when the mission itinerary isdvahd no
automatic alerting is required. It will account the WCD
central display, peripheral display, and interattio
requirements (items 1-10 in Table 2 and FigureT3)e
alerted condition exists when exceptions to theertry’s
business rules are detected by the system anagégpto the
user. It will account for the WCD automation regairents
(items 11-15 in Table 2 and Figure 4). In our cstsely, two
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test procedures were written (normal and alertedgéch
cluster on the primary display.

Finally, the specification will remain in its erdty as a
stand alone document as a reference to the devslupe
provide traceability to the work context during dpment.

DISCUSSION

Our analysis suggests that cognitive work requéns
can be integrated into requirements and testingrgé scale
development systems. Our case study involved by fair
informal documentation process which allowed usésily
extend the current practice to accommodate cognitiv
requirements. It should be noted that each software
development process is different and the challefigeserting
cognitive requirements into software developmeny ma
become more difficult in more formal developmeriogs.

After the developers implement our prototype
functionality into the operational system, we witinduct
interviews to assess the usefulness of the spatditand
cognitive based extensions to the requirementgesid
procedures. The feedback from the developerdavith the
basis for further refinement of both the specifmatand its
influence on software requirements and testing.

There are many advantages of work-centered
specifications over traditional HCI specificatiorSirst, the
developers are provided with richer contextualmabf the
functionalities they are expected to implement amd,
therefore, less ‘isolated’ from the original sowad design
rationale traced to cognitive work. Second, theettepers are
better informed on the ‘why’ as well as the ‘what, there is
arguably less likelihood of misunderstandings reqggi
laborious modifications, missed milestones, etinalfy, the
HCI is documented using a work-centered framewohe
specifications are organized around the work-center
principles to aid the transfer of these princigkeghe final
product. In our case, the work-centered principles
explicitly defined in the requirements and verifibdough
inspections in the STD or similar test procedures.

Some of the disadvantages of work-centered
specifications are the additional documentatiors piie
overhead needed to generate and maintain the ispdioin.
Also, the developers will require additional dissios /
reading time to understand the specifications for
implementation. It is our belief that the advantatg
outweigh the disadvantages for complex work systevhsre
the features supporting cognitive work would othieeanot be
a formal part of the development.

In conclusion, Work-Centered Specifications calp he
developers account for cognitive requirements pfiely
describing the key features of an HCI that musnkect for
effective decision and work support. Fundamentatiig
specification approach may result in a better iratgn of CE
and Software Engineering. Techniques for specifgiognitive
based HCls will help CE based requirements becoore m
mainstream and more easily integrated into software
development antksting. Conversely, this allows system

developers to extend traditional software requirehand
usability to include testing for effective cognéiwork
support.
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