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I.   EXECUTIVE SUMMARY 

This report describes a line of research working toward an integrated, tool-supported approach to 
Cognitive Task / Work Analysis (CTA / CWA) as a means of studying cognitive systems in 
context with the goal of (1) designing support systems (e.g., training system, decision support 
system) or (2) evaluating human performance/cognition in complex domains. Specifically, it 
discusses the development of computer-based tool support for CTA with the goal being to have 
CTA as an integral part of an iterative software/system development process. Thus, this effort is 
not oriented toward automating knowledge acquisition; rather toward supporting the integration 
of results from CTA efforts into system development and/or evaluation efforts. 

The goal of this report is to document the development of an integrated, Cognitive Systems 
Engineering (CSE) based software/system development process supported end-to-end by 
computer-aided tools (as depicted in Figure 1) to build highly effective decision support systems 
(DSSs) within information warfare, command and control, and other complex military (as well as 
commercial) applications. 

Our tool will be referred to herein as the Computer-Aided Cognitive Systems Engineering 
(CACSE) tool and will serve as the integration point between insights gained from an apriori 
CTA and the design artifacts that support the resulting software engineering development 
activities. This is expected to result in a seamless design database, from fundamental cognitive 
demands through software design artifacts to the resulting implementation of the DSS. This has 
the potential to build more effective DSSs, designed specifically to critical cognitive demands. 

This CACSE tool supports cognitive engineers in capturing and maintaining the essential 
cognitive issues and relationships developed through a CTA. It supports a robust CSE 
methodology adapted from Rasmussen (1986) yet is sufficiently flexible to incorporate results 
from multiple, complementary CTA approaches into the design data base. This is designed to 
increase the maturity level of current approaches to Cognitive Systems Engineering and 
Cognitive Task Analysis - especially the weak or non-existent coupling of CTA results to the 
software development process. 

Moreover, this has begun to be a tool for software developers to maintain awareness of the 
"design basis" underlying the resulting system requirements and specifications by forming a 
maintainable, traceable component of the functional design. Thus, our objective was to develop 
a software-based tool that simultaneously and seamlessly aids the experienced CTA analyst in 
the modeling and documentation aspects of the CTA process and the equally experienced 
software developer during the construction of the resulting DSS. 

The primary benefit of an integrated, tool-supported process is expected to be the radical advance 
in the impact of CTA results on the resulting DSS design. The resulting system design, from 
user interface presentation to underlying representations, all the way to sensor placement will be 
based on the apriori CSE analysis.   To facilitate this, the development environment will be 
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Figure 1. The SBIR vision - an integrated, CSE-based DSS development process where CTA products 
directly support software development artifacts resulting in an efficient process for effectively supporting 
cognitive demands identified by the CTA and maintaining these links throughout an iterative design 
process. 

seamless, affordable to maintain, and dramatically improve a spiral, iterative design process. 
This will be in addition to productivity benefits from the introduction of a CASE-like power tool 
for improving the efficiency of the CTA process. 

A second benefit of taking advantage of advances in computer technology (as has been done for 
CASE tools) is the potential for collaborative computing support communication and 
coordination of CTA results among design team members distributed within and across 
development organizations. System developers using the CACSE-supported process would 
deliver fully functional DSSs that embody solutions to the cognitive demands of the domain and 
provide dramatically improved joint (human + DSS) decision-making effectiveness - a critical 
component of information dominance. 

As an approach to this vision, the following sections will include results from the major tasks in 
this development phase of the project, as they instantiate the requirements defined in the first 
phase. These include: 

• A scenario of use of the CACSE tool, describing current functionality; 

• The CSE development process oriented toward supporting software development; 

• A case study of the use of CACSE to support visualization design for a Command 
and Control domain; 

• A Users Manual to describe the features of the CACSE tool. 



II.     SCENARIO OF USE — CACSE IN ACTION 

A. Introduction 

It is difficult to describe a DSS in functional terms that effectively convey the intent. One way to 
provide some description of the "look and feel" of such a system is to describe a hypothetical 
user in front of the system carrying out his or her mission. The user's interactions with the 
system are representative of the operation of the system and the usefulness and impact of the 
system can be visualized. This script is often called a "scenario of use." 

In order to visualize the decision support provided to users of the CACSE tool, one sample 
session is described below. In order to make certain aspects of the system explicit, or to clarify 
certain points, commentary is added to the basic script in the following manner: 

Any commentary will be presented in this style. It is intended to be read in a manner like stage 
directions in a play; i.e., to add clarity to the actual occurrences presented in the main script. 
This style will be used to clarify points about the system, or to point out differences between 
various options. This is particularly important where the "user" in the scenario takes one 
particular action when several alternatives will be possible in the actual system. The alternative 
options can be reviewed in this style, while the primary option will be the one chosen by our 

user. 

Note: the following sections are based on current functionality of Operational Prototype (OP) 
3.0 of CACSE (delivered 31 Jan 2000). This scenario is intended to convey the end result of this 
development phase, while at the same time point to potential enhancements. The performance of 
the system described here exists today, but the actual performance of any implemented system 
may differ considerably based on users' desires and other factors. This scenario is intended 
primarily to help the reader envision the kinds of support possible from the current system. 

B. The Characters: 

WP-CSE: The Wright Patterson Air Force Base Research Lab Cognitive Systems Engineers. 
This is a notional target user base, with an established stable of CSE literate, practiced engineers; 
they have become part of the USAF's program development process. They routinely get asked to 
perform the initial CSE for a new program. They are part of a larger system development team. 

WP-SW: The software engineering team assigned to create the actual DSS. 

WP-PM: The Program Management office charged with building the system. 



C. The Starting Point 

This scenario is designed around a fictitious Information Warfare development project to 
demonstrate potential use within this domain and to avoid any use of classified data required to 
accurately depict real IW applications. 

The WP-CSE Engineers have just started a new project. As part of a larger USAF program to 
develop an "Information Warfare Counterstrike Command Center" (IW-CCC), the WP-CSE 
designers have been asked to define a remarkably challenging DSS design. They received a 
system "mission statement" from the PM: 

"Develop a suitable command center that provides situational awareness and 
supervisory decision-making for monitoring the progress of an enemy attack on 
computers, software, and networking, the automatic counterstrike deployments 
launched by the software protection systems built into the systems, and the high 
level supervisory decisions which must be made by the Shift OIC of the IW- 
CCC." 

While there has been extensive work on C2 centers, network operations centers, etc., the WP- 
CSE team is breaking some new ground - the IW fight unfolds extremely rapidly, placing human 
decision makers at an incredible disadvantage, under incredible time pressures, and highly reliant 
on automatic agents to make what seem to be instantaneous decisions that have a substantial 
impact on the friendly operations themselves. The supervisory decisions to isolate portions of 
networks can have very disruptive effects on friendly operations. The decisions are mission 
critical, expensive, and often have no clear "right answer"... acting too late increases enemy 
damage... acting too soon/or when not warranted creates damage of its own on the friendly 
information systems. 

D. CACSE Comes Online 

The WP-CSE team has spent considerable time learning the basics of the IW domain. From 
discussions with a couple of subject matter experts (SMEs) that not only understand the issues, 
but also have the ability to explain it, the WP team has some ideas for the beginnings of the 
functional structure. 

The CACSE tool now facing them was built to support the underlying science arising from the 
work of Rasmussen (c.f., Rasmussen, 1986; Woods and Hollnagel, 1987; Rasmussen, Pejtersen, 
and Goodstein, 1994; Roth and Mumaw, 1995; Vicente, 1999). It does not replace their 
engineering judgment and skills, but it provides never before possible support features to 
improve the productivity and quality of their efforts. It is a DSS designed to aid the design of 
DSS's. Like any DSS it supports a knowledgeable professional, it does not replace the human in 
the loop. 

It is important to emphasize that the goal of the CACSE tool is NOT to create a tool that 
automates and simplifies the application of CTA methods so that people with minimal expertise 



can use them, but to develop software tools that aid the experienced CTA analysts in the 

modeling and documentation aspects of the CTA process to yield a more useful product that 
makes direct contact with the software development process and supports communication and 

coordination of CTA results among design team members distributed within and across 

development organizations. (Just as a good CAD tool does not make a novice into an architect.) 

E.   The CACSE power tool pays off 

The WP-CSE team comes together for an initial design meeting. One member has volunteered to 
fly the CACSE tool, now projected on the wall to help the discussion along. During this 
meeting, an initial concept map built by one of the team members is used as the starting point and 

a functional structure begins to take rough shape. 

This functional abstraction hierarchy (FAH) is one of the initial design artifacts, forming the 
"skeletal structure" of the information organization to come. It will drive even the navigation 
between screens in the resulting GUI (Graphical User Interface) far downrange in the design 

process. 

As the discussion progresses, the Functional Goals of the IW-CCC domain (and their inter- 
relationships) begin to be recorded and organized in the FAH. The functional structure grows 
and shifts on the wall as the discussion progresses. Over the next few days, the key CSE 
engineers come to a consensus on a reasonable initial design for the functional structure. 

The CACSE tool provides the "CAD-like" features it needed to define the nodes in the functional 
structure. They are automatically numbered for easy reference by the CACSE tool. The editing 
features: to add names, annotations, the "is composed of decomposition relations, and other 
types are key components of this initial CSE step. Similar in many ways to the features of a 
software engineering team's CASE environment's support for defining OMT-style objects, the 
CACSE features' heritage is evident. By reusing many of the same techniques, CACSE was able 
to exploit many of the lessons learned from the CASE tool developers... getting a jump start on a 

mature system. 

Major Williams, a WP-CSE team member, leaves the meeting with a plotter printout of the 
Abstraction Hierarchy that has an area highlighted. This is his portion of the IW-CCC domain to 
complete the CSE design thread from here on out. As he returns to his workspace and logs back 
in to CACSE, he notices several other team members have already begun expanding the analysis. 
It's easy to see from the overall view provided by the tool. Maj. Williams gets started by 
tailoring a view to show just the functional goal nodes within his area. 

As the work progresses, Maj. Williams adds additional depth and breadth to the structure. As he 
works near the 'edge' of his assigned piece of the structure, he opens a "read only" copy of a 
functional goal object from Captain Smith, another WP-CSE member. Since there was an 
explicit relation between the two goals, Maj. Williams needs to understand the two perspectives 
to make sure they come together into one seamless overall design. He gets a read only copy 

since Captain Smith has that object open as part of his design effort. 



The current version of the tool has implemented "ownership" locking to serve as a starting point 
for a distributed / collaborative work environment. SWEngineering experiences have indicated 
that this is too restrictive, as it really impacts the productivity of the team to have to wait for an 

"owner" to make changes. The ideal solution (for future versions) will be to control the access 
administratively. Such collaboration features are critical to having multiple CSE engineers 
working in parallel, as well as working together with the multiple SW engineers. Collaborating 

across the disciplines depends even more heavily on the features of the design environment. 

F.    Integration/Tailoring of the Methods 

Maj. Williams has done CSE on a couple other systems already. He was trained as part of the 
WP-CSE team to dramatically improve the effects of the massive amount of C2 software being 
purchased by the USAF. The CSE methodology being used for the IW-CCC is a 'second 
generation' method, adapted and improved from the original. The "first generation" CSE method 
was very effective at doing CSE, but wasn't exactly suited to an on-line, tool-supported, version. 
More importantly, the first generation method didn't couple well with the software engineering 
design products. When it came time to build the run time DSS the SW engineers had to rework 
the complete design, and then couldn't keep the two perspectives for very long. The second 
generation methodology actually changed both the software engineering and CSE methodologies 
to "meet in the middle". 

Maj. Williams' piece of the design included one of the top-level decisions: "Monitor the 
automatic activation of Software Counterattack measures." Supervisory, high level displays like 
this are where CSE really adds value (the simple data displays at the bottom of the abstraction 
hierarchy are much more straightforward, even though they still profit from good HCI 
visualization practices). So far, Maj. Williams helped define the Functional Node: "Employ IW 
Counter Attack Measures." For that node he then added the following key decisions: "Monitor 
automatic actuations," "Detect failure to automatically initiate," "Manually disable automatic 
initiation," and "Manually initiate countermeasures." (This functional node is a supporting goal 
beneath the higher level goals related to "Monitoring the success of countermeasures.") The 
Functional Goal "Employ counterattack measures" is visible on the screen. It shows explicit links 
to each of the Goals listed above. Maj. Williams selects the goal node, allowing both functional 
processes and decisions to be visible. 

Maj. Williams selects the "Monitor automatic actuations" decision object. There are some 
design rationale notes he added earlier, as well as a couple inserted by Captain Smith about how 
it relates to some similar 'monitor automatic...' things in another part of the system. All of these 
'monitor automatics...' are specializations of the more general 'monitor automatic triggers" 
which in turn are specializations of 'monitor' decision object. These generalizations were reused 
from a library of CSE templates the WP-CSE team maintains. This library is routinely offered to 
other CSE practitioners across the USAF. 

This component library is anticipated to be a part of future versions ofCACSE, as a case-study 
library is built up.    This is an example of the influence of object-oriented methodology on 



CACSE design. Parent-child relationships between objects and inheritance is a major 
advantage of the 00 approach. Exploiting similar relationships forms the basis of the CSE 

templates. 

After selecting the "Monitor Automatic Actuations" decision, Maj. Williams adds an object for 
Information Requirements, giving it the object name of "CounterAttack Method X, Trigger 
Logic." Inside that object he completes the attributes: 

• Description - additional descriptive text; 

• Rationale - underlying reason for the identification of this information requirement; 

• Supporting Data Elements - the data that comprise this information requirement. 

There can be many of these information requirement objects for a particular decision, as it is a 
one to many relation. 

G.    Transition from Modeling to Visualization Design 

After some time, Maj. Williams has been able to fairly well complete the front-end of the 
"Design Thread" for his piece of the design - defining goal / process nodes, annotating decisions 
onto their home within this FAH structure, and specifying information requirements for each of 
these decisions. There are still missing data elements for several of these information 
requirements, but he will fill those gaps after meetings with the WP-SW group next week. This 
does not hinder his ability to make progress in CACSE, however - nodes below "decisions" 
(information requirements and data elements) are not mandatory for completing the design 
thread. 

Throughout this analysis-centered period, there have been (as is the case with any design project) 
visualization concepts proposed by different members of the WP-CSE team. Maj. Williams has 
collected and saved these design concepts (putting together quick mock-ups in his favorite 
drawing application). Now, in CACSE, he has created a representation of these design concepts 
and linked them to their respective files in his drawing application. Working in CACSE, he links 
the visualizations together to represent the workspace layout. 

CACSE is not designed to replace COTS tools for drawing and mocking up prototypes. It can, 
however, in OP 3.0 provide direct links between the supporting design thread and the resulting 
instantiation of the visualization concept. 

Now that the front-end of the design thread is fairly well complete, Maj. Williams starts a more 
disciplined design process. He starts thinking about reasonable boundaries for groups of 
decisions that will be supported by the visualization designs. He then "attaches" these decisions 
to elements in the display space. These connections between decisions and display elements 
define the context and information requirements for the display elements. Now, he has a 
specification (all the information requirements and supporting data elements for each display 
element) to use as his basis for visualization design. In a couple cases, the early sketches serve 
as an excellent starting point for the solution.    Using the information requirements, Maj. 



Williams easily identifies necessary modifications to existing visualizations. In other cases, none 
of the display concepts address specified information requirements, so Maj. Williams begins 
working from scratch to lay out ideas. 

CACSE uses a portion of the display space model of Woods (visualizing function book) in which 
the display workspace is composed of integrated process views that are further decomposed into 

graphical forms. Decisions can be attached to a process view when it is the collection of 
graphical forms that, in parallel, address that particular decision requirement. 

H.    Closing the loop — Design Checking forward and back 

The GUI Lead engineer from the WP-SW team is working on the software already. It's typical 
for the schedule compression to require greater than ideal parallelism. Based on Maj. Williams' 
work, CACSE has generated the basic GUI structure based on the unified CSE-SW Engineering 
methodology (exploiting the 1:1 relationship between DTD and GUI Window Object). The GUI 
SW Engineer picks up the design "on the fly" and begins to expand the software particular 
aspects of the design. 

The critical issue here is that the products of the CTA "end" of CACSE directly support the 
software developers in their modeling, design, and development processes. 

As the IW-CCC initial version is completing system testing, the WP-CSE team receives an alpha 
release to begin decision-centered testing. The CSE team had to wait until the software passed 
unit and system testing, when it was stable enough to be stressed with real users in realistic, 
decision-centered tests. Before the use of CSE in system development, the testing of a DSS 
ended when the software team completed system testing, verifying that the software performed 
the functional requirements. Now that's the starting point for a whole new level of testing: Does 
the DSS, captured in those functional requirements, help human decision-making effectiveness? 
Have we built the larger Human-DSS system well? 

During the execution of the decision-centered test case for "Monitor Automatic Actuation," five 
out of six shift supervisor test subjects expressed some confusion with the display, and the sixth 
misinterpreted the information being presented. In reviewing the verbal protocols from these test 
subjects and in post-test review questioning, the WP-CSE team immediately recognized a classic 
cause. The team realized that the functional map was missing a component of the domain's 
CounterAttack options. Because it had been omitted from the model, the IW-CCC shift 
supervisors were not provided with a key piece of information about that particular option, and in 
searching for it, lost track of the decision they were working. They dedicated too much cognitive 
"work" to the search. 

Maj. Williams goes back to the functional model and inserts the new object into the functional 
abstraction hierarchy. Each of the impacts on functional goal objects, and their associated 
decision objects, information needs, and GUI objects reflect the need to update these objects to 
restore the overall CSE-SW design database to a consistent condition. Maj. Williams has 
responsibility for all the CSE objects and begins to 'walk' the changes across the Decision 



objects, Information Requirements objects, and to the Display objects. He uses the top-down and 
bottom-up query feature to identify functional goals that are not supported by displays, decisions 
that have become "orphaned" (not attached to functional goals) or detached from displays. As 
the size of the model and supporting artifacts becomes large, these query features become 

invaluable. 

He is sure his counterpart on the SW team will be working on the necessary changes to the 
software Object Model to reflect the changes. Already, the CSE testing team has put Maj. 
Williams' storyboard of the new display to a part-scale test with two of the test subjects... they 
got the key decision right this time. These results are entered into the CACSE design database 
on the appropriate storyboard object. 

This kind of consistency / completeness checking is common in CASE environments. CACSE will 
broaden the capability to include the state of the CSE design. This will prove to be a major 
benefit of CACSE - supporting the maintenance of CTA models during an iterative design 

process. 

I.    Summary 

This scenario has demonstrated many of the potential benefits of the development of an 
integrated, Cognitive Systems Engineering based software development process supported by the 
CACSE tool. As indicated herein, this tool will generate a seamless design data base, from 
fundamental cognitive demands through software design artifacts all the way to decision 
effectiveness test cases. This will result in a radical advance in the impact of CTA results on the 

resulting DSS design. 



III.    CSE DEVELOPMENT PROCESS ORIENTED TOWARD 
SUPPORTING SOFTWARE DEVELOPMENT 

A.    Introduction 

The goal of this section is to lay out a CTA process that orchestrates different types of specific 
CTA techniques in order to provide design relevant CTA results and integrate CTA results into 
the software development process. Then, we can describe how our CACSE tool supports this 
CTA process, provides support for the CTA modeling activities, and provides results that can 
integrate into the software development process. A major insight that emerged from the 
development of this CSE framework is that in order to have maximum impact on the software 
engineering process, what is needed are not only software tools to automate aspects conducting a 
CTA or increase its speed or efficiency, but also coordinated methodologies and tools that would 
facilitate integration of the insights gained from conducting the CTA into the software 
development process. The results of this effort have provided the initial target for supporting the 
difficult and far from seamless transition from an isolated CTA effort to an integral and critical 
part of developing useful as well as usable computer systems. 

To support development of computer based tools intended to aid cognition and collaboration we 
have found, first of all, that CTA is more than the application of any single CTA technique. 
Instead, developing a meaningful understanding of a field of practice relies on multiple 
converging techniques in a bootstrapping process. This bootstrapping process has been used to 
model cognition and collaboration and to develop new online support systems in time pressured 
tasks such as situation assessment, anomaly response, supervisory control, and dynamic 
replanning across domains such as military intelligence analysis (Potter et al., 1997), military 
aeromedical evacuation planning (Cook, et al., 1996; Potter et al., 1996; Walters, et al., 1996), 
military command and control (Shattuck and Woods, 1997), commercial aviation (Sarter and 
Woods, in press), cardiac anesthesia (Cook and Woods, 1996), space shuttle mission control 
(Watts, et al., 1996), and nuclear power plant emergencies (Roth et al., 1997). 

Our approach to CTA is best depicted in Figure 3. The left side of this figure is intended to 
convey how CTA is an iterative, bootstrapping process focused on understanding both the 
domain (mapping the cognitive demands of the fields of practice) and practitioners (modeling 
expertise and cognitive strategies) through a series of complementary (empirical and analytical) 
techniques. As indicated by the right side of Figure 3, the CTA process continues into the 
design/prototype development process. The CTA model (the output of the left side) becomes the 
initial hypothesis for artifacts embodied in the design prototypes which in mm are used to 
discover additional requirements for useful support (Woods, in press). 

Critical issues addressed by this framework include the need for: 
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Figure 2. Detailed depiction of an integrated approach to Cognitive Task Analysis within an iterative 
system development process. Phases within the CTA process are represented by vertical columns and the 
domain world / practitioner distinction (within the field of practice) is represented by the horizontal rows. 
Time is on the abscissa and growth of understanding is on the ordinate. CTA products/artifacts are 
represented by the nodes along the activity trajectory. 

• Multiple, coordinated approaches to CTA. No one approach can capture the richness 
required for a comprehensive, insightful CTA. However, in an iterative manner, a 
set of approaches can successively (and successfully) build the required 
understanding. 

• Analytical and empirical evidence to support the CTA. Analytical models need to be 
refined and verified through empirical investigations. Only through bootstrapping 
complementary approaches can a robust CTA model be developed. 

• Tangible products from CTA that clearly map onto artifacts used by system 
designers. CTA must work within a system development process and support critical 
system design issues. This point is expanded in the second phase of this effort. 

• The use of prototypes as tools to discover additional CTA issues. CTA cannot be 
viewed as a standalone, apriori analysis. It needs to be an iterative process that 
learns from subsequent design activities. The initial CTA model as well as resulting 
support concepts are hypotheses that are at best incomplete and must be tested within 

the demands of the application domain. 
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The second critical issue is that, since CTA is a means to support the design of computer-based 
artifacts that enhance human and team performance, CTA must be integrated into the software 
and system development process. Thus, Section V presents two case studies of conducting a 
CTA within military command and control decision support system environment and then 
working with the system development team on designing the system around the insights gained 
from the CTA effort. This phase is from the perspective of a CTA-based system development 
model and is expected to help formalize the requirements for any CTA method or tool to support 
design activity. 

As part this SBIR effort, we have developed a process that orchestrates different types of specific 
CTA techniques to provide design relevant CTA results and integrates CTA results into the 
software development process. The results of this effort is beginning to provide the initial target 
for supporting the difficult and far from seamless transition from an isolated CTA effort to an 
integral and critical part of developing useful as well as usable computer systems. 

B.    CTA as a Modeling Process 

1.    Uncovering Cognitive Activities in the Field of Practice 

In trying to understand and evaluate CTA methods and when to use them, it is important to focus 
on the goals of CTA. CTA is fundamentally an applied activity. The goal of CTA is not to 
capture domain practitioner expertise as an end in itself. CTA is a means to a larger end of 
specifying ways to improve human and team performance in the domain (be it through new 
forms of training, user interfaces or decision-aids). From this perspective CTA is best thought of 
as a process for uncovering the cognitive activities entailed by the field of practice and 
identifying opportunities for more effective support. 

In performing CTA, two mutually reinforcing perspectives need to be considered (as depicted by 
the two "dimensions" on the ordinate axis in Figure 3 and also presented in a more abstracted 
manner in Figure 3). One perspective focuses on the fundamental characteristics of the domain 
and the cognitive demands they impose. The focus is on understanding the way the world works 
today and what factors contribute to making practitioner performance challenging. 
Understanding domain characteristics is important both because it provides a framework for 
interpreting practitioner performance (why do experts utilize the strategies they do? What 
complexities in the domain are they responding to? Why less experienced practitioners perform 
less well? What constraints in the domain are they less sensitive to?) and because it helps define 
the requirements for effective support (what aspects of performance could use support, what are 
the hard cases where support could really be useful) as well as the bounds of feasible support 
(what technologies can be brought to bear to deal with the complexities inherent in the domain, 
which aspects of the domain tasks are amenable to support, and which are beyond the capabilities 
of current technologies). 

The second perspective focuses on how today's practitioners respond to the demands of the 
domain. Understanding the knowledge and strategies that expert practitioners have developed in 
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Figure 3. Abstracted version of the integrated approach to Cognitive Task Analysis within an iterative 
system development process. The first phase - Exploring the Current World -focuses on understanding 
the way the world works and the way people operate in this world. The second phase, then - Exploring the 
Envisioned World-focuses on discovering how to support the way the world will work and for the way 
people will operate in this envisioned world. 

response to domain demands provides a second window for uncovering what makes today's 
world hard and what are effective strategies for dealing with domain demands. These strategies 
can be captured and transmitted directly to less experienced practitioners (e.g., through training 
systems) or they can provide ideas for more effective support systems that would eliminate the 
need for these compensating strategies. Examining the performance of average and less 
experienced practitioners is also important as it can reveal where the needs for support are. 

A comprehensive CTA needs to encompass analysis and modeling of both the domain and how 
domain practitioners respond to it. The focus is on building a model that captures the analysts' 
evolving understanding of demands of the domain, knowledge and strategies of domain 
practitioners, and how existing artifacts influence performance that can be used to guide 
specification of requirements for improved performance. 

In selecting and applying CTA techniques the focus needs to be on the products to be generated 
from the techniques rather than on the details of the method. Some families of methods focus 
more on uncovering specific domain expertise, and other families of methods focus more on 

13 



analyzing the demands of the domain. In performing a CTA it is important to utilize a balanced 
suite of methods that enable both the demands of the domain and the knowledge and strategies of 
domain experts to be captured in a way that enables clear identification of opportunities for 
improved support. The goal, however, must be to model the interconnections between the 
demands of the domain, the strategies and knowledge of practitioners, the cooperative 
interactions across human and machine agents, and how artifacts shape these strategies and 
coordinating activities, so as to generate concepts for more effective support. 

The goal is to aid cognitive task analysts in developing CTA products that make contact with the 
software development process. The goal is to become integrated into the software development 
process and to have CTA viewed as on the software development critical path. Products of CTA 
should feed into system developments requirement and quality assurance testing criteria. 

Thus our vision of the goals of a CTA tool suite is not to create tools that necessarily simplify the 
application of CTA methods so that people with minimal expertise can use them, nor to create 
tools that dramatically increase the efficiency of the CTA methods so that a CTA can be 
completed dramatically faster, but rather to develop software tools that aid the CTA analysts in 
the modeling and documentation aspects of the CTA process to yield a more useful product that 
makes direct contact with the software development process and supports communication and 
coordination of CTA results among design team members distributed within and across 
development organizations. 

2.    An Opportunistic Bootstrap Process 

CTA is fundamentally a modeling process focused on understanding the domain (the cognitive 
demands of the fields of practice) and how practitioners cope with domain demands (modeling 
expertise, cognitive strategies, errors) with the objective of generating concepts for support. A 
question arises as to how to start the process and how to gather the knowledge necessary to 
evolve this model. 

CTA is best conceptualized as a bootstrap process. While Figure 2 and Figure 3 provided an 
overview of this process, Figure 4 illustrates additional details of this idea. One starts from an 
initial base of knowledge regarding the domain and how practitioners function within it (often 
very limited). One then uses a number of CTA techniques to expand on and enrich the base 
understanding and evolve a CTA model from which ideas for improved support can be generated. 
The process is highly opportunistic. Which techniques are selected, whether one starts by 
focusing on understanding the domain or by focusing on the knowledge and skills of domain 
practitioners, depends on the specific local pragmatics. The key is to focus on evolving and 
enriching the model as you go to ultimately cover an understanding of both the characteristics of 
the domain and an understanding of the way practitioners operate in the domain. This means that 
techniques that explore both aspects will most likely need to be sampled, but where one starts, 
and the path one takes through the space will depend on what is likely to be most informative and 
meet the local constraints at any point in time. 
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Figure 4. Detailed depiction of the first phase of an integrated approach to Cognitive Task Analysis within 
an iterative system development model. The critical issue is the mutually reinforcing analyses that, in 
combination, work toward an understanding oj'the practitioners) and the domain. 

The phrase 'bootstrapping process' is used to emphasize the fact that the process builds on itself. 
Each step taken expands the base of knowledge providing opportunity to take the next step. 
Making progress on one line of inquiry (understanding one aspect of the field of practice) creates 
the room to make progress on another. For example, one might start by reading available 
documents that provide background on the field of practice (e.g., training manuals, procedures), 
the knowledge gained will raise new questions or hypotheses to pursue that can then be 
addressed in interviews with domain experts, it will also provide the background for interpreting 
what the experts say. In turn, the results of interviews may point to complicating factors in the 
domain that place heavy cognitive demands and opportunities for error. This information may 
provide the necessary background to create scenarios to be used to observe practitioner 
performance under simulated conditions or to look for confirming example cases or interpret 

observations in naturalistic field studies. 

In Phase I of this effort, we reviewed a number of specific techniques that have been offered to 
support the CTA modeling process. The techniques vary on a number of dimensions. Some of 
the techniques focus primarily on eliciting knowledge from domain practitioners.    Other 
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techniques focus more on understanding the inherent characteristics of the domain. Some of the 
techniques are empirical, involving observations or interviews of domain experts. Others are 
analytic involving reviews of existing documents (training manuals, procedures, system 
drawings). Some techniques involve structured interviews outside the context of practice (e.g., 
in a conference room); others involve observations in realistic work contexts (e.g., ethnographic 
methods, simulator studies). We believe that all these techniques are valid, and can contribute to 
the CTA modeling process. 

The selection of which technique(s) to use and how many techniques to employ should be 
motivated by the need to produce a model of the field of practice and how domain practitioners 
operate in that field. In practice the modeling process generally requires the use of multiple 
converging techniques that include techniques that focus on understanding the domain demands 
as well as techniques that focus on understanding the knowledge and strategies of domain 
practitioners. The particular set of techniques selected will be strongly determined by the 
pragmatics of the specific local conditions. For example, access to domain practitioners is often 
limited. In that case other sources domain knowledge (e.g. written documents) should be 
maximally exploited before turning to domain experts. In some cases observing domain experts 
in actual work practice (using ethnographic methods or simulator studies) may be impractical, in 
those cases using structured interview techniques (such as concept mapping) and critical incident 
analysis may be the most practical methods available. Still in other cases domain experts may 
not be accessible at all (e.g., in highly classified government applications), in those cases it may 
be necessary to look for surrogate experts (e.g., individuals who've performed the task in the 
past) or analogous domains to examine. 

It should be stressed that studying the practitioner vs. the domain are merely different access 
points that provide complementary perspectives. We present them here as distinct to stress the 
importance of considering both perspectives, but in practice the lines are not so clearly drawn. It 
is possible to uncover characteristics of the domain through interviews with domain practitioners 
or field observations. It is also possible to gain perspective on expert strategies by understanding 
the affordances provided by structural characteristics of the domain. 

A point to emphasize is the CTA process is necessarily opportunistic and involves the use of 
multiple converging techniques. As a heuristic, if resources are limited, it is likely to be more 
effective to utilize several techniques that sample from both portions of the space (analysis of the 
domain and analysis of practitioner) even if done cursorily, that to expend all resources utilizing 
one technique. Unexpected complexities and surprises are more likely to be uncovered when 
multiple techniques are employed than when the focus is on only on one technique. When the 
results using several techniques reinforce each other and converge, it increases confidence in the 
adequacy of understanding. If differences are found it signals the need for a deeper analysis. 

A second point to emphasize is that the goal of the CTA is to develop a productive model that 
points to contributors to performance difficulty, opportunities for improved performance and 
concepts for aiding. The focus of the CTA throughout the process must be on developing 
concepts related to the goal of the project/system. If the goal is to develop support systems then 

16 



the focus needs to be on disentangling inherent complexities in the domain that system needs to 
deal with, from more superficial aspects that result from characteristics/limitations of existing 
artifacts. This requires differentiating features of the existing environment and essential artifacts 
that need to be preserved from non-critical features that can be changed or eliminated. 

C.    Tool Support for the CTA Modeling Process 

1.    Understanding the Way the World Works 

As a foundation for this tool-development effort, the Logica Carnegie Group team has extended 
the state-of-the-art in cognitive systems engineering by adapting the function-based cognitive 
task analysis (FB-CTA) methodology to the CPOF domain environment. The FB-CTA output 
artifacts serve as the unifying framework for the integration of decision-centered design 
methodologies. The FB-CTA approach has roots in the formal, analytic goal-means 
decomposition method pioneered by Rasmussen and his colleagues as a formalism for 
representing cognitive work domains as an abstraction hierarchy (Rasmussen, 1985, Lind, 1993). 
This approach centers on a formal analysis of the application domain to uncover the inherent 
cognitive demands together with an assessment of the range and complexity of decisions facing 
the crewmembers (e.g., Rasmussen, 1986; Rasmussen, Pejtersen & Goodstein, 1994; Roth & 
Mumaw, 1995; Vicente & Rasmussen, 1992; Vicente, 1995; Woods & Hollnagel, 1987). It has 
been shown that an explicit functional abstraction model closely parallels the mental models of 
some of the best human problem solvers, faced with high-stress, high-value, uncertain 
(naturalistic) decision making conditions. This representation is robust enough to support 
analysis of a variety of decision making strategies, from Recognition Primed Decision Making 
(RPD) (Klein, et.al. 1989) through knowledge based strategies for new situations (Vicente & 
Rasmussen, 1992). 

This analysis begins with a function-based goal-means decomposition of the system. High-level 
goals, such as impacting a critical function, are decomposed into supporting lower-level 
subgoals. The objective of performing this analysis is to develop a structure that links the 
purpose(s) of individual controllable entities with the overall purpose of the system. This 
includes knowledge of the system's characteristics, and the purposes or functions of the specific 
entities. The result of the first phase of this process is a functional abstraction hierarchy - a 
multi-level representation of the structure of the work domain defined as a recursive means-ends 
relation between levels. For example in the case of engineered systems, such as a process control 
plant, functional representations are developed that characterize the purposes for which the 
engineered system has been designed, and the means structurally available for achieving those 
objectives. In the case of military command and control systems, the functional representations 
characterize the functional capabilities of individual weapon systems, maneuvers, or forces and 
the higher level goals relate to military objectives. 

For process control applications, five levels of abstraction have been found to be useful: 
functional purpose - the purposes for which the system was designed; abstract function - the 
intended causal structure of the system; generalized function - a description of the system in 
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terms of standard functions that instantiate the abstract functions above; physical function - the 
components and their interconnections that carry out the system functions; physical form - the 
appearance and physical location of components (Rasmussen, 1986). Current research efforts 
have begun to adapt these same techniques to representing the critical command functions. 

Typically, this function-based representation is used to organize the critical domain knowledge 
and relationships to enable the person-machine interface system design team to identify and 
answer questions regarding the information and display requirements to support operator 
monitoring and control (an off-line, manual tailoring of the information presentation workspace). 
The FAH can be used to: 

• serve as the framework for inferring decision context; 

• identify critical information requirements for supporting the current decision 
context; 

• identify critical collaboration regions; 

• map and identify the assigned roles and responsibilities of crew members 

• identify requirements for the human-system interfaces to facilitate effective 
performance; 

• provide a framework for interpreting and evaluating individual as well as team 
operational performance data. 

An example of such a work environment might be a commander of air combat power who has the 
objective of conducting a Successful Ground Attack with Kinetic Weapons (i.e., munitions). The 
commander has three types of air borne resources available, which are functionally different, 
with which to accomplish this objective. These are 1.) close air support resources, 2.) air 
interdiction resources, and 3.) strategic attack resources. The close air support resources are 
aircraft capable of low altitude flight equipped with munitions and using tactics which are 
effective against enemy ground forces that are in close proximity to friendly ground forces. The 
air interdiction resources are aircraft whose flight characteristics, weaponry, and tactics make 
them effective against enemy ground forces which are not in close proximity to friendly ground 
forces. The strategic attack resources are aircraft whose flight characteristics, weaponry, and 
tactics make them effective against enemy ground forces without the expectation or need of 
friendly ground forces ever occupying or being near the area of attack, e.g., the recent all-air 
campaign in Kosovo. 

Each of these three types of air bome resources can use two functionally different types of 
munitions, those which are guided and those which are not guided. Therefore, supporting goals 
are Successful Ground Attack Engagements with Guided Kinetic Weapons and, similarly, 
Successful Ground Attack Engagements with Unguided Kinetic Weapons. Each of these 
supporting goals has its own resources which can be used individually or possibly in combination 
to achieve the goal. For the Guided Kinetic Weapons, examples of these resources include 
Electro-Optical Bombs, Electro-Optical Missiles (e.g., Hellfire, IR, Maverick), laser Guided 
Bombs, and Navigation Guided Bombs.   Examples of the Unguided Kinetic Weapons goal's 
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Figure 5. A portion of a Functional Abstraction Hierarchy for an Air Combat Power work domain. The 
functional relationships indicate the functionally different ways to accomplish the higher-order objective. 

available resources are: Dumb Bombs, Aircraft Cannon - Machine Gun, and Cluster Bombs. 
Figure 5 depicts these functional relationships. 

19 



2.    Understanding the Way People Operate in Their World 

From this model of system functioning, it is possible to derive and preserve the critical decisions 
required for achieving goal success. These decisions center around goal-directed behavior, such 
as monitoring for goal satisfaction and resource availability, planning and selections among 
alternative means to achieve goals, and control of process initiation, tuning, and termination. All 
subsequent data sources and complementary methodologies can then add depth and substance to 
the model (e.g., critical decisions overlaid on the relevant goal/process relationship, strategies 
represented as paths through the hierarchy, collaborative work as represented by overlapping 
regions of responsibility within the hierarchical model). By organizing the specification of 
operator information, decision, and control requirements around nodes in the goal-means 
structure, rather than requirements for predefined task sequences (as in other approaches to 
cognitive analysis), the representation helps insure that the resulting person-machine systems 
explicitly reflect the decision centered perspective. 

Rasmussen (1986, 1994) models decision-making as a decision ladder - a template or generic 
representation of the steps that may be involved in decision-making. It is a "template" because it 
allows the analyst to show how a particular step is instantiated in the specific case, and how, for 
that particular decision, some steps may not be needed. It is a non-linear, opportunistic modeling 
tool that contains: 

• Information processing activities; 

• States of Knowledge; 

• Multiple entry and exit points; and 

• Opportunistic movement via "leaps" and "shunts". 

Decision ladders can be used in either a descriptive or formative manner. As a descriptive tool, 
the template provides a systematic way of parsing verbal protocol data. As a formative tool, it 
provides a means of focusing on designing support systems that will foster and support expert 
performance (e.g., by providing for information processing leaps). Figure 6 presents the decision 
ladder framework. 

As the underlying framework for the CACSE-supported analysis, we have modeled our decision 
modeling processes based on the work of David Woods, Emilie Roth, and Randy Mumaw (see 
Roth and Mumaw, 1995) in which the types of decisions in a goal-directed system are 
decomposed into the following categories: 

Goal Monitoring: 

• What are the Goals? (e.g., Win the Battle vs. Sustain Minimal Damage?) 

• Goal Satisfaction: Are the function-related goals satisfied under current conditions? 

• Margin to Dissatisfaction: Are goal limits/restrictions being approached? 

• Consequences of goal dissatisfaction: What higher-level goals are supported by this 
function, and what are the consequences if this function is not achieved? 
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Figure 6. Decision ladder framework for modeling problem solving behavior in operational contexts. 

Process Monitoring: 

• Active processes: What resources are currently active? What is the relative 
contribution of each of the active resources to goal achievement? Are the resources 
performing correctly? 

• Process element monitoring: Are the individual resources and their components 
working as they are supposed to? 

• Automation monitoring: Are automated support systems functioning properly? What 
goals are the automated support systems attempting to achieve? Are these 

appropriate goals? 

Feedback Monitoring: 

• Procedure adequacy: Is the current procedure achieving the desired goals? 

• Control action feedback: Are the CO's battle actions achieving their desired goals? 

Planning: 

• Battle plan goals priority: Which goal has the highest priority? 
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Figure 7. Decision ladder framework for modeling problem solving behavior in operational contexts. 

• Battle resource availability: What alternative resources are available for achieving 
the battle's goals? 

• Choices among alternatives: Can an alternative resource be deployed? 

• Consequences and side-effects of actions: What other battle resources and functions 
are affected by the current battle actions? 

Control: 

• Battle resource control: How is the battle resource controlled for resource 
deployment, tuning for optimum performance, terminated? 

These decision categories are simplifications of the decision ladder, yet capture the critical 
aspects (or regions) of the ladder template. Figure 7 represents the mapping between decision 
categories and Rasmussen's decision ladder. 

Within our example above of the "Air Combat Power" portion of the work domain, suppose that 
the commander's decision in question is the one of 'Choosing the Resource(s) necessary to 
accomplish the goal of Successful Ground Attack Engagements with Guided Kinetic Weapons'. 
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The set of surrounding or supporting decisions is as follows, based upon the partial Functional 
Abstraction Hierarchy (FAH) that was created above: 

Primary Decision: 

• Dl - "Choose the combined combat power (resources) necessary to accomplish the 
objectives of a Successful Ground Attack using Guided Kinetic Weapons. 

Secondary Decisions: 

• Dla - "Monitor the enemy ground forces to determine their survivability of air 
attack." (Goal Satisfaction Monitoring) 

• Dlb - "Determine which of the Kinetic Weapons resources can be available for 
delivery to enemy ground forces consistent with known time constraints (e.g., 
consider time schedule for delivery platform, etc.)." (Planning - process availability) 

• Die - "Determine which of the available Kinetic Weapons resources, either 
individually or in combination, would be most effective against enemy ground forces 
defensive positions and weapons." (Planning - choice among alternatives) 

• Did - "Determine how the selected Kinetic Weapons resources delivery are initiated 
and executed". (Control - process control) 

• Die - "After execution/delivery of the selected Kinetic Weapons on enemy ground 
forces positions, determine the effectiveness of the weapons had on achieving the 
objectives of a Successful Ground Attack using Guided Kinetic Weapons." 
(Feedback Monitoring) 

Side Effects (other impacted goals): 

• What will be the impact of using/diverting these kinetic weapons (munitions) and 
delivery platforms (aircraft) to the current objective? Are these weapons and 
platforms already engaged or scheduled to be engaged on other missions at the time 
they are needed to accomplish this objective? 

D.    Designing Support for the Envisioned World 

1.    Using Prototypes as Tools for Discovery 

In the development of advanced joint cognitive systems (i.e., a system including human and 
machine agents where each work toward the same goals), one main caution with any CTA 
approach is the potential for focusing on and capturing only attributes of the "as-is" world. This 
is especially difficult in the development of an innovative decision support environment that 
enables revolutionary changes in the (decision) business processes. In designing an "envisioned 
world" type of system, it is critical to build on the strengths of the current world and focus 
technology development on supporting weaknesses in the current processes. Within this 
challenge, it becomes essential to be able to discriminate between aspects of task performance 
that result from "surface" characteristics of the current work environment and fundamental 
cognitive demands that will carry over to the new environment.   The FB-CTA approach 
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explicitly models the fundamental goals, processes, and relationships within the domain and the 
cognitive demands and strategies of the operators in response to these functional properties (Roth 
and Woods, 1989). It has been shown to be a powerful, generative methodology for identifying 
arid understanding aspects of the current world that effectively support difficult decision-making 
while at the same time identifying needed decision support for the to-be world. The result is an 
innovative yet well grounded solution to the essential, underlying demands of the domain. The 
technique has proven robust enough to be used across a wide spectrum of domains: Nuclear 
Power, Military Airspace Control and Air Defense management, Logistics Distribution, Medical 
Evacuation C2, NASA Ground Control, and is currently being used to support the FAA transition 
to Free Flight Operations. 

Based on this fundamental grounding, it is possible to: 

• Analyze existing technologies to understand the positive aspects of current 
approaches; 

• Explore a variety of implementation technologies, while evaluating them against a 
consistent fundamental set of decision effectiveness criteria. 

As conveyed in Figure 8, the FB-CTA process continues into the design/prototype development 
phase. The CTA model (output of the first phase of effort) becomes the initial hypothesis for 
artifacts embodied in the design prototypes which in turn are used to discover additional 
requirements for useful support (Woods, in press). A variety of techniques exist to use design 
artifacts (prototypes) as increasingly robust hypotheses about cognition and collaboration within 
the target domain. This is based on one of the fundamental findings of Cognitive Science - how 
a problem is represented influences the cognitive work needed to solve that problem (e.g., Zhang 
and Norman, 1994). As indicated by the figure, each opportunity to assess the utility of the 
design artifacts provides additional understanding of requirements for effective support but also 
additional understanding of our initial CTA model. Thus, designs - among other levels of 
analysis - embody hypotheses about how technology change will shape cognition and 
collaboration. 

One critical distinction between these two phases of CTA is the shift from 'exploring the current 
world' to 'exploring the envisioned world.' While some techniques for CTA provide natural 
links between the two phases (e.g., functional abstraction modeling is grounded in the 
fundamental goals, constraints, and complexities of the domain; those which will remain 
unchanged in the envisioned world), there is a distinct shift in thinking about how new tools will 
play a role in supporting practitioners operating in their world. In this perspective, the CTA 
model becomes a basis to express how these design artifacts would improve performance. 

Based on this, the critical issue becomes how to link CTA research to design. This can be 
expressed in several different ways, including: (Woods, in press) 

• How do we close the gap between user-centered intentions and technology-centered 
actual design practice? 

• How do we get research that is relevant to design? 
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Figure 8. The transition to the second phase ofCTA. This figure indicates how prototypes are used as 
tools for discovery and enrich the understanding achieved through the initial phase. 

• How do we focus more on discovering requirements, what would be useful, and 
innovating new support concepts and less on polishing usability? 

• How can one achieve a balance between short term pressures and long term learning, 
between the needs of particular projects and the broader goals of building up a 
research base to drive more useful designs and innovations? 

An important issue from this perspective is that the vision of CTA as an initial, self-contained 
technique that is handed-off to system designers needs to evolve into a process of modeling not 
only the interconnections between the demands of the domain, the strategies and knowledge of 
practitioners, but also the cooperative interactions across human and machine agents, and how 
artifacts shape these strategies and coordinative activities. 

A second equally important claim, then, is that it is only when we are able to design appropriate 
support that we truly understand the way the world works and the way people will operate in this 
world. This is the flip side of the claim by Winograd (1987; p. 10) that designing 'things that 
make us smart' depends on ".. .developing a theoretical base for creating meaningful artifacts and 

for understanding their use and effects." 
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One of the important roles that prototypes as tools for discovery can serve is that it allows one to 
discover design constraints and requirements for effective support that you might otherwise have 
overlooked. Examples of this include: 

• information that should be available in parallel, yet contending for the same display 
space; 

• tasks that should require minimal effort to achieve, yet are taking too much time or 
attentional resources (e.g., in nuclear power plant anything that requires more than 
one click to navigate to, becomes too resource intensive to employ under rapidly 
evolving plant disturbances). 

Insights gained from designing, developing, and testing are critical in the iterative approach of 
this program. In this manner, ethnographic data can be useful at a variety of levels, including: 

• as a mechanism to validate the cognitive models (how well did the model capture the 
critical functional properties and cognitive/decision demands of the domain); 

• as an evaluation of operators' understanding of the critical relationships and 
functioning of the system; 

• as an evaluation of operators' understanding of the roles, responsibilities, and 
information availability of the different crew members; 

• as an evaluation of the operators' skills and strategies in response to the domain 
demands; 

• as a mechanism to define the interactions between intelligent agents (human-human, 
human-machine, and machine-machine); 

• as an evaluation of support concepts - current as well as envisioned (how well does 
the decision support system support these properties and demands). 

Once the FAH has been augmented with critical decisions to form a "decision map" of the work 
domain, the process of building the "design thread" (i.e., the end-to-end connection from goal 
nodes in the FAH to supporting visualizations in the workspace design) can begin along two 
directions. First, information required to satisfy the critical decisions can be identified and 
documented. At this point in the analysis, the focus is on the "envisioned world" information, 
not "as-is" data-centered information. In some cases, the information requirements specified 
may not currently be able to be satisfied; this suggests data collection, transformation, or 
processing requirements. If the data sources for satisfying the identified information 
requirements are known, they can be captured in the CACSE tool. In this manner, a complete 
specification of data requirements can be handed off to the software developers. 

Secondly, user interface objects (i.e., components of the user interface workspace) can be defined 
and linked to the associated decisions that they are designed to support. In this manner, decisions 
become the critical "lynchpin" between the functional analysis and the resulting visualization 
design. 

Back to our example of the "Air Combat Power" portion of the work domain, the following are 
sample information requirements to satisfy the decisions related to 'Choosing the Resource(s) 
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necessary to accomplish the goal of Successful Ground Attack Engagements with Guided Kinetic 
Weapons'. For the most part, this information is based on "sensed" data or access to databases: 

Supporting Information Needs 

• IR la.l Physical location of enemy ground forces. 

• IR la.2 Characteristics of enemy ground forces' defenses, e.g., heavily fortified 
bunkers vs. hastily dug trenches, anti-aircraft missiles vs. rifle or artillery fire, etc. 

• IR lb.l Determine inventory of guided kinetic weapons, i.e., how many of each type. 

• IR lb.2 Determine which weapons in the inventory are not assigned to other 
objectives. 

• IR lb.3 Determine the availability (i.e., schedule) of appropriate guided kinetic 
weapons' delivery platforms. 

• IR lc.l Determine the characteristics (e.g., armament penetration capability, 
explosive power, guidance accuracy, etc.) of the guided kinetic weapons that have 
been determined to be available (see items Dlb, above). 

• IR ld.l Determine which delivery platform(s) can be used with which guided kinetic 
weapons. 

• IR ld.2 Determine weapons' guidance needs/requirements. 

• IR ld.3 Determine weapons' firing sequence and timing requirements, i.e., arming 
sequence, necessary permissions for weapon actuation, etc. 

• IR le.l Enemy defenses destruction data, e.g., damage to fortifications, enemy killed 
and wounded, damage to enemy weapons systems, etc. 

Once the FAH has been augmented with critical decisions and information requirements, a target 
region of the FAH can be identified and appropriate visualization(s) designed to reflect these 
information requirements. The focus of this task is to develop the mapping between information 
on the state and behavior of the domain (i.e., critical decision and information requirements 
uncovered) and the syntax and dynamics of the support system being developed (i.e., the form 
and behavior of the visualizations). The goal is to reveal the critical information requirements 
and constraints of the decision task through the user interface in such a way as to capitalize on 
the characteristics of human perception and cognition. 

Along these lines, the following products can be a critical part of the design process: 

• Display task description - a definition of the ideal information (not data) needed to 
fulfill the decision requirement(s) and an explicit description of the goal(s) of a 
particular display to meet these requirements. While this is partially a result of the 
CTA, the emphasis in this second stage turns to display units instead of function and 
decision units. This provides the link between the CTA and the graphical depiction. 

• Information space map - within the context the display task description, this is a 
definition of the data requirements to satisfy the information requirements. This 
includes a description of the context that the information must be represented in 
(time, geographical, organizational, etc.) as well as any necessary informational 
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relationships that must be conveyed. The important issue here is the impact that the 
information requirements will have on the underlying data processing portion of the 
system in terms of critical computations, transformations, and integrations to be 
performed. 

• Graphical depiction - based on the content of the display task descriptions and 
information space maps, decisions can be made on how to most efficiently depict in- 
formation within the necessary context. Initially this usually takes the form of off- 
line sketches, grouped together to form a storyboard representing various states 
corresponding to events in the process or user tasks. To characterize or design a 
graphic form one must consider how the form behaves or changes as the state of the 
referent changes. A successful mapping from domain semantics to visual 
representation must help the practitioner extract relevant information under 
conditions of actual task performance. 

• Workspace model - As the graphical depiction expands to address the decision and 
information requirements, a workspace model is also constructed. This defines the 
relationships between displays and identifies how the entire suite of displays will be 
used as an orchestrated system to satisfy the information needs of the user. For 
example, this may include orienting cues that indicate in mentally economical ways 
whether something interesting may be going on in another part of the process as well 
as combinations of displays that, in concert, provide a total picture of the situation. 

The Decision Requirements inform the interface designer as to the critical user issues that must 
be reflected in the interface design, The Information Requirements and Supporting Data 
Elements provides the interface designer with the raw data that must be available upon which the 
dynamics of the display can be built. A comparison between the two sets of requirements 
enables the interface designer to begin to understand what synthetic variables need to be created 
to enable the interface to show the user the impact on his/her critical issues as the raw data 
changes. For example, one can see from looking at these sets of requirements that there is a need 
to match guided kinetic weapons destructive characteristics to the characteristics of the enemy 
ground forces' defenses characteristics. The requirement sets along with this type of analysis of 
them is the bases for the Cognitive Systems Engineer to formulate the interface design 
requirements. Such design requirements are then used by interface designers to create one or 
more suggestions as to an appropriate interface design. The interface design requirements are 
also used as the basis for evaluating the success of the proposed interface designs (i.e., do the 
designs meet the requirements?). 

Typical approaches to CTA/CWA struggle with the transition from analytical modeling to 
system design, where insights gained from the cognitive analysis effort must be crystallized into 
design requirements and specifications in order to impact the characteristics of the resulting 
system. An integrated, tool-supported FB-CTA methodology explicitly links object-oriented 
software engineering practices with the decision centered, innovative cognitive engineering 
'preamble'.  The CACSE development effort is aimed at extending this current manual design 
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practice into an on-line, runtime, embedded FB-CTA forming the heart of the decision support 
solution. 

An important side note - the functional abstraction hierarchy and associated decision map has 
been shown to be a very effective tool for integrating disparate elicitations from multiple Subject 
Matter Experts (SMEs). Insights from different perspectives actually serve to refine and deepen 
the model into a more robust representation of the domain. 

In order to demonstrate one approach to this issue of linking CTA to design, the following 
section outlines a case study in which a CTA was performed on an 'envisioned world' problem 
with the critical need of providing design concepts for developing requirements for a decision 
support system. This case illustrates how prototypes serve two roles. First, they are 
instantiations of hypotheses about aiding concepts; second, they exist as partially refined final 
product. The focus, however, was on discovering requirements - what would be useful to 
enhance decision-making in this domain and reduce the paths to ineffective decisions. While 
considerable detail and scope has been omitted, it is hoped that this will be useful in 
demonstrating the value of the type of tool support CACSE provides for this process. 

29 



IV.    REFERENCES 

Bonar et al., Guide to Cognitive Task Analysis, Learning Research and Development Center, 
University of Pittsburgh, October, 1985. 

Cook, R. I., Woods, D. D., Walters, M. and Christoffersen, K. (Aug., 1996). Coping with the 
complexity of aeromedical evacuation planning: Implications for the development of 
decision support systems. In Proceedings of the 3rd Annual Symposium on Human 
Interaction with Complex Systems. Dayton, OH: IEEE. 

Cook, R. I. and Woods, D. D. (1996). Adapting to new technology in the operating room. 
Human Factors, 38(4), 593-613. 

Hollnagel, E. and Woods, D. D. (1983). Cognitive systems engineering: New wine in new 
bottles. International Journal of Man-Machine Studies. (18), pp. 583-600. 

Klein, G. A., Calderwood, R., and MacGregor, D. (1989). Critical decision method for eliciting 
knowledge. IEEE Transactions on Systems, Man, and Cybernetics, Vol. SMC-19, No. 3, 
May/June, pp. 462-472. 

Pawlak, W. S. and Vicente, K. J. (1996). Inducing effective operator control through ecological 
interface design. International Journal of Human-Computer Studies, 44, pp. 653-688. 

Potter, S. S., Ball, R. W., Jr., and Elm, W. C. (Aug., 1996). Supporting aeromedical evacuation 
planning through information visualization. In Proceedings of the 3rd Annual Symposium on 
Human Interaction with Complex Systems. Dayton, OH: IEEE. pp. 208-215. 

Potter, S. S., Elm, W. C, Roth, E. M., and Woods, D. D. (1997a). Intelligent cognitive 
engineering suite for information warfare domains. Unpublished technical report. 
Pittsburgh, PA: Carnegie Group, Inc. 

Potter, S. S., Elm, W. C, Roth, E. M., and Woods, D. D. (1997b). Cognitive task analysis as 
bootstrapping multiple converging techniques. Unpublished technical report. Pittsburgh, 
PA: Carnegie Group, Inc. 

Potter, S. S., McKee, J. E., and Elm, W. C. (1997). Decision centered visualization for the 
military capability spectrum project. Unpublished technical report. Pittsburgh, PA: 
Carnegie Group, Inc. 

Ranson, D. S. and Woods, D. D. (1996). Animating Computer Agents. In Proceedings of the 
3rd Annual Symposium on Human Interaction with Complex Systems. Dayton, OH: IEEE, 
pp. 268-275. 

Rasmussen, J. (1985). The role of hierarchical knowledge representation in decision-making 
and system management. IEEE Transactions on Systems, Man, and Cybernetics. Vol. 
SMC-15, pp. 234-243. 

Rasmussen, J. (1986). Information processing and human-machine interaction: An approach 
to cognitive engineering. New York: North Holland. 

Rasmussen, J. Pejtersen, A. M. & Goodstein, L. P. (1994). Cognitive Systems Engineering. New 
York: Wiley. 

Roth, E. M., Brockhoff, C. S., Rusnica, L. A., Kenney, S., Kerch, S. P., Thomas, V. M. & 
Sugibayachi, N. (1997).    Rapid prototyping and simulator evaluation of a wall panel 

30 



overview display. Proceedings of the 1997 IEEE Sixth Conference on Human Factors and 
Power Plants, June 8-13, Orlando, Florida, 1997. (pg. 18-14 -18-19). 

Roth, E. M. & Mumaw, R. J. (1994). Cognitive engineering: Issues in user-centered system 
design. In J. J. Marciniak (Ed.), Encyclopedia of Software Engineering. New York: Wiley- 
Interscience, John Wiley & Sons, 110-123. 

Roth, E. M. & Mumaw, R. J. (1995). Using cognitive task analysis to define human interface 
requirements for first of a kind systems. In Proceedings of the Human Factors and 
Ergonomics Society 39th Annual Meeting, October 9-13, San Diego, CA. (pp. 520 -524). 

Roth, E. M., Mumaw, R.J., Vicente, K. J. & Burns, C. M. (1997). Operator monitoring during 
normal operations: Vigilance or problem-solving? In Proceedings of the Human Factors 
and Ergonomics Society 41" Annual Meeting. September, 1997. Albuquerque, NM. 

Roth, E. M. & Woods, D. D. (1988) Aiding human performance: I. Cognitive analysis. Le 
Travail Humain, 51 (1), 39-64. 

Roth, E. M. and Woods, D. D. (1989). Cognitive task analysis: An approach to knowledge 
acquisition for intelligent system design . In G. Guida and C. Tasso (Eds.), Topics in Expert 
Systems Design. Elsevier Science Publishers B. V. (North Holland). 

Salas, E., Prince, C, Baker, D. P., and Shrestha, L. (1995). Situation awareness in team 
performance: Implications for measurement and training. Human Factors, 37 (1), pp. 123- 
136. 

Sarter, N. and Woods, D. D. (in press). Teamplay with a powerful and independent agent: A 
corpus of operational experiences and automation surprises on the Airbus A-320. Human 
Factors, in press. 

Shattuck, L. and Woods, D. D. (1994). Critical Incident Technique 40 Years Later. In 
Proceedings of the 38th Annual Meeting of the Human Factors and Ergonomics Society, 
October, 1997. Nashville TN. 

Shattuck, L. and Woods, D. D. (1997). Communication Of Intent In Distributed Supervisory 
Control Systems. In Proceedings of the 41st Annual Meeting of the Human Factors and 
Ergonomics Society, September, 1997. Albuquerque, NM. 

Smith, P., Woods, D., Billings, C, Sarter, N., McCoy, E., Denning, R., and Dekker, S. (1997). 
Human-Centered Technologies Arid Procedures For Future Air Traffic Management. 
Cognitive Systems Engineering Laboratory Report. Columbus OH: The Ohio State 
University, March 1997. Prepared for NASA Ames Research Center. 

Vicente, K. J. and Rasmussen, J. (1990). The ecology of human-machine systems II: Mediating 
direct perception in complex work domains. Ecological Psychology, vol. 2, pp. 207-250. 

Vicente, K. J. and Rasmussen, J. (1992). Ecological interface design: Theoretical foundations. 
IEEE Transactions on Systems, Man, and Cybernetics. Vol. SMC-22, pp. 589-606. 

Vicente, K. J., Christoffersen, K., and Hunter, C. N. Response to Maddox critique. Human 
Factors, 38 (3), pp. 546-549. 

Walters, M., Woods, D. D., and Christoffersen, K. (Aug., 1996). Reactive replanning in 
aeromedical evacuation: A case study. Presentation at the 3rd Annual Symposium on 
Human Interaction with Complex Systems. Dayton, OH: IEEE. 

Watts, J. C, Woods, D. D., Corban, J. M., Patterson, E. S., Kerr, R. and Hicks, L. (1996). Voice 
loops as cooperative aids in space shuttle mission control. In Proceedings of Computer- 
Supported Cooperative Work. Boston MA, 1996. 

31 



Winograd, T. (1987). Three responses to situation theory. Technical Report CSLI-87-106, Center 
for the Study of Language and Information, Stanford University. 

Woods, D. D. (in press). Designs are hypotheses about how artifacts shape cognition and 
collaboration. Ergonomics. 

Woods, D. D., Elm, W. C, and Easter, J. R. (1986). The disturbance board concept for 
intelligent support of fault management tasks. In Proceedings of the International Topical 
Meeting on Advances in Human Factors in Nuclear Power. American Nuclear 
Society/European Nuclear Society. 

Woods, D. D. and Hollnagel, E. (1987). Mapping cognitive demands in complex problem- 
solving worlds. International Journal of Man-Machine Studies, 26, pp. 257-275. 

Woods, D. D. and Roth, E. M. (1988). Cognitive systems engineering. In M. Heiander (Ed.), 
Handbook of Human-Computer Interaction. Elsevier Science Publishers B. V. (North- 
Holland). 

Woods, D. D. and Roth, E. M. (1988). Cognitive engineering: Human problem solving with 
tools. Human Factors, 30 (4), pp. 415-430. 

Zhang, J. and Norman, D. A. (1994). Representations in distributed cognitive tasks. Cognitive 
Science, 18. pp. 87-122. 

32 



V.    CASE STUDY: NAVAL COMMAND AND CONTROL 

A.    Introduction 

This section is designed to walk through a case study in which we, through a FB-CTA, provided 
an analytical foundation and the development of design concepts for the next generation decision 
support system (DSS) to a Naval Command and Control Center. The primary motivation for this 
project is the need for decision-centered technologies to support information superiority within a 
mid-life upgrade to a Naval war ship. 

This FB-CTA effort has focused on establishing the initial, innovative concepts required to 
transform a data-centered approach into powerful decision-centered visualizations of the target 
domain. The primary focus of the resulting analyses and design concepts is on the critical 
information necessary for rapid assessment and prioritization of threats from the various contacts 
identified by the ship's sensor equipment. 

This target domain of building a Threat Assessment Decision Support System (TA-DSS) is a 
tangible example of C4I decision support applications comprising complex human-machine 
systems wherein success depends heavily on the human operator's ability to efficiently cut 
through large amounts of data, visualize the state of the world and courses of action, and 
collaborate in a fast-paced, multi-person environment. In these types of domains, the critical 
need focuses on understanding and providing for the information needs of the operator, 
supporting the collaboration needs of the environment, and providing effective decision support 
in order to transform the environment from an inefficient, data-intense, high cognitive demand 
situation to an efficient, information-rich, high-performance human-machine system. 

1.    Function-Based Cognitive Task Analysis Overview 

The Logica Carnegie Group team constructed a function-based Cognitive Task Analysis of the 
threat assessment portion of the Command and Control. This decision-centered analysis 
consisted of: 

• building a Functional Abstraction Hierarchy to identify and model critical domain 
relationships; 

• identifying decision requirements and the resulting information requirements; 

• defining the relationships between information requirements and user interface 
design concepts; 

• exploring techniques to implement these design concepts into powerful, flexible, 
visualizations of domain semantics. 

This effort was accomplished by a goal-directed analysis in which the domain was structured in 
terms of goals to be accomplished, relationships between goals, and the means to achieve these 
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goals. This approach consists of an analysis of system objectives that determine higher-order 
functional properties that need to be conveyed to the human operator. The result is a functional 
decomposition of system behavior, a description of decision requirements to achieve these 
system goals, and information requirements for assessing goal state, and determining courses of 
action. 

2. Visualization Design 

We then created a set of display designs to illustrate the manifestation of the FB-CTA analysis 
into support concepts. The product of this effort was a storyboard consisting of screen mock-ups 
and supporting design rationale. 

The focus of this task was to develop the mapping between information on the state and behavior 
of the domain (i.e., critical decision and information requirements uncovered in the first phase) 
and the syntax and dynamics of the support system being developed (i.e., the form and behavior 
of the graphical user interface) in order to establish the "breakthrough" concepts to move to 
decision-centered visualizations. 

Along these lines, the following products are a critical part of the design process: 

• Display task description - a definition of the ideal information needed to fulfill the 
decision requirement(s) and an explicit description of the goal(s) of a particular 
display to meet these requirements. 

• Graphical depiction - based on the content of the display task descriptions and 
information space maps, decisions can then be made on how to most efficiently 
depict information within the necessary context. 

3. Scenario Development 

As a parallel effort, we developed a realistic, operational scenario to provide a basis for design 
decisions. This operational scenario contains hypothetical input data, potential starting points 
into the TA-DSS, and strategies and paths through the information and data space as well as 
through the control structure of the user interface. The value of this scenario-based approach is 
that scenarios are used not only to provide data for future prototype development, but also to 
create incidents to address the predefined cognitive demands of the domain (identified in the FB- 
CTA) and to identify potential modifications to the user interface mechanisms which are used to 
interact with the domain. 

B.    Functional Abstraction Hierarchy Development 

1.    Approach 

In this FB-CTA, the first step was to build an initial functional model of the domain. This was 
based on the benefits of this approach as a means to represent the underlying, unchanging system 
functions and relationships that form the basis for system complexity and goal achievement as 
well as the limited opportunity for interviews and observations of practitioners. This underlying 
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Figure 9. Functional Abstraction Hierarchy for Naval Command and control, focusing on threat 
assessment and response management. 

model of system function is critical for understanding the context (in terms of goals to be 
achieved, strategies for achieving these goals, etc.) in which practitioner(s) must perform. 

In addition, this approach allows one to identify, a priori, the information needed to cope with 
events which are unfamiliar to operators and which may not have been anticipated by designers. 
Thus, it is intended to define person-machine and inter-person information requirements to 
support operator decision-making and problem solving in unanticipated situations (as opposed to 
approaches based on predefined task sequences or incidents). Thus, it is a means of constructing 
a robust model for a complex environment independent of specific events, tasks, and strategies. 

2.    Results 

Figure 9 presents the FAH after several opportunities to interview with domain experts and 
observe training simulations. At the top of this Functional Abstraction Hierarchy (FAH) is the 
primary goal, which is to "Execute the Mission." This goal is decomposable into two objectives, 
namely "Manage Combat Power" and "Manage Combat Objectives". The first element of the 
decomposition has to do with assembling and applying one's available resources so as to 
accomplish the mission, using the commander's decision-making abilities to drive the process of 
assembling and applying the resources. The second goal, related to managing combat objectives, 
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From higher (?)... specified and implied tasks = our mission 

Figure 10. Top three nodes of the Functional Abstraction Hierarchy for Naval Command and control. 

allows the commander to monitor the situation as his decision(s) is implemented and to adjust the 
moment-to-moment objectives as the situation dictates. These three goals, executing a mission 
by extracting one or more objectives from it and assembling and applying available resources in 
an attempt to accomplish the mission, serve as the core of the FAH. They form a continuously 
on-going process to which all other goals present themselves as interrupts as the situational 
context demands. These three nodes are shown in more detail in Figure 10. 

Immediately under the "Manage Combat Objectives" is a set of goals that are required to 
synthesize objectives. These goals are presented in Figure 11. The primary goal in this section 
relates to the "Synthesis of Data" from various intelligence sources, and organizing that data such 
that a commander is able to distill desired objectives from it. Implicit in the distillation activity 
is the notion of prioritization of the possible objectives. Such a model depicts the one-to-many 
mapping of datum to objectives, i.e., a single piece of data may well relate to or provide 
additional information about more than one possible objective. The "Synthesis of Data" goal is a 
decomposition of "Manage Combat Objectives", while the second goal in this area, 
"Communicate Objectives", is a supporting function of "Manage Combat Objectives". 
"Communicate Objectives" relates to the transmission of the commander's intent and other 
objective issues to subordinates, rather than to the formulation of the objective(s) itself, hence 
the notion of "supporting" rather than of "decomposition". Beneath "Synthesize Data" there are 
three supporting goals "Manage Unplanned Aggressive Threats", "Manage Unplanned Non- 
Aggressive Demands", and "Assess Risks." Each of these goals has the potential of dynamically 
changing the priority and relationship of the objectives that need to be managed, and of changing 
the effectiveness of the assembled combat power. The first two goals are self-descriptive. The 
third, "Assess Risks", involves the comparison of factors, which, depending upon the context, 
may compete with each other. Under such circumstances, the commander is expected to weigh 
the competition between these goals and to decide or select those goals that are to be satisfied 
and those that are to be denied. Such potentially competing goals include, but are not limited to, 
"minimizing collateral damage" and "maximizing self-protection". 
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Figure 11. Decomposition of the "Manage 'Combat' Objectives" node. 

Below the "Manage Unplanned Aggressive Threats" area is a series of four increasingly 
decomposed goals that relate to a commander gaining a better understanding of the threat, 
"Identify Each Sensed Object and Determine Degree of Threat", "Resolve Sensed Object", 
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"Determine Degree of Threat" and "Provide Threat Data Synthesis." The first decomposition 
attempts to determine what a sensed object is and whether it represents a threat or not. Specific 
characteristics of the sensed object inform that goal which, in turn, is informed by data collected 
and synthesized about the threat. Note that the goal of "Identify Each Sensed Object and 
Determine Degree of Threat" affects not only the "Manage Combat Objectives" goals but also 
many of those associated with the "Manage "Combat" Power for Achieving 'Combat' 
Objectives". 

C.    Identifying Decision Requirements and Supporting Information Needs 

Just as the insights gained from user interviews provided input for refining the functional model, 
they also helped to identify critical decisions within the work domain. These decisions must then 
be supported by the resulting visualization design. In this step, the critical decisions for each 
node in the "threat assessment" region of the FAH were defined and attached to that particular 
region of the model. 

1. Critical Decisions: 

From this FAH framework, four critical decisions were identified (decision number in 
parentheses): 

• Process Monitoring: 
Monitor all contacts (Dl); 

• Goal Monitoring: 
Determine degree of threat for all contacts (D2); 

Determine available response time for all aggressive threats (D3); 

• Control: 
Determine appropriate response, including priority and order of response, to 
aggressive threats (D4). 

2. Supporting Information Requirements: 

In order to support the critical decisions listed above, the following information requirements 
were identified (associated decision in parentheses): 

• Availability and functionality of contact sensing equipment; (Dl) 

• Contact characteristics (e.g., type, location, capability); (D2) 

• Contact behavior (e.g., course, speed, response to warnings); (D2, D4) 

• For incoming aggressive weapons; time until impact; (D3) 

• For incoming aggressive platforms; time until likely weapon release (e.g., CPA); 
(D2, D3) 

• Contact characteristics vs. Degree of Threat vs. Characteristics of On-board weapons 
database; (D2, D4) 
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Figure 12. Resulting visualization design for the "Threat Assessment" node within the functional model. 

D.    Visualization Design 

Figure 12 and Figure 13 presents the visualization design to support the information needs for 
each of the critical decisions identified in the previous step. Based on the identified decision 
requirements, the goal is to have a functionally-organized visualization (organized around time) 
of the state of those contacts identified as potential aggressive threats to provide an integrated 
means to achieve situation and threat assessment and response management. Critical issues 
include: 

• Functional distance to threat defined as a function of: 

• time to closest point of approach, 

• CPA transformed into units of time; 

• Threat state defined as a function of: 

• contact classification (i.e., unknown / suspect / hostile); 

• threat identification (i.e., missile / aircraft / torpedo); 

• threat ranking from automated system (DREV work); 

• planned response (i.e., weapon of choice); 

• engagement status (i.e., assigned / engaged / fired); 
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Figure 13. Annotations describing behavior of threat assessment visualization. 

• availability of response (i.e., time until threat is in arc of fire of weapon of 
choice); 

• Based on these parameters, critical contacts to focus on include: 

• unresolved contact functionally close to ship; 

• hostile / unengaged contact close to ship; 

• hostile contact outside ship's arc of fire; 

• At the highest level, need a clear indication of the presence of threat(s)! 

E.    Summary — Critical Needs for Design Support 

One of the primary results of this case study is an identification of the critical issues in the 
transition from CTA to system design. The next section contains presentation material related to 
this case study indicating the impact of tool support for this process. The issues addressed by 
this case study include the need for: 

• CTA to go well beyond an initial CTA model. A CTA needs to provide concrete, 
decision-centered design concepts (e.g., information requirements, proof-of-concept 
storyboards) to provide sufficient support for system design. Initial CTA artifacts 
such as semantic maps, functional models, decision requirements are inadequate by 
themselves for software developers. 
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an understanding of the artifacts used by software engineers (e.g., system 
requirements, object model) and how results from a CTA can be integrated into these 
artifacts (and effectively support system design activity). Given these artifacts form 
the underlying specification for system development, they are the critical targets if 
CTA is to effectively impact design. 

a mechanism for capturing design rationale in order to provide underlying basis for 
design concepts resulting from CTA effort (in order to separate the design concept 
from the instantiation). This is important from several dimensions. First, to separate 
the information from the presentation (in order to isolate the source of the problem in 
an ineffective design). Second, given the inevitable tradeoffs within implementation, 
to identify the critical aspects of the design concepts. 

scenario development to be a central part of CTA. Scenarios become a critical part 
of system development (e.g., concept of operations documents, event trace diagrams, 
test case generation) and need to be designed around complexities, variability, and 
complicating factors of the domain. 
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VI.     CASE STUDY PRESENTATION MATERIAL 
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INTRODUCING THE CACSE TOOL 

The Computer-Aided Cognitive Systems Engineering (CACSE) Tool was created by 
Logica Carnegie Group to facilitate the development of effective decision support 
systems. Its purpose is to integrate cognitive work analysis (CWA) and cognitive 
systems engineering (CSE) methods and approaches with the system development 
process. 

Functional and decision analyses created using multi-layered CWA methodology are 
generated during the modeling and analysis phase. System design requirements are 
generated during the creation of information requirements, which lead to display task 
descriptions, and functional requirements, which lead to processing-transformation 
requirements. System design requirements lead to the visualization design, where 
graphical depictions and storyboard/prototypes can be developed using the workspace 
design. This combination of these system and workspace design leads to decision- 
centered test case generation. 

Successful application of the CACSE Tool allows you to generate human-centered 
systems requirements by capturing all of the output from a multi-layered CWA 
methodology. CACSE provides the ability to assess current support tools and 
technologies for specific users within the context of a CWA while assessing ongoing 
technology development to support decision requirements.   The results of the CWA may 
be applied to the definition of visualization and processing requirements for advanced 
human-system interface design technologies. 

At the completion of an analysis, CACSE Tool users will feel more completeness in 
reaching the goal of "Have I covered everything?" The analysis results then can be given 
directly to the system developers in hopes of building the ideal program. By generating 
CSE results in mainstream software development activities, analysts can provide 
effective and timely support to system developers. 

Getting to Know CACSE's Components 

The CACSE Tool is composed of three critical components: 1) CWA modeling tool; 
2) system design tool; and 3) workspace design tool. The CWA modeling tool provides a 
functional modeling environment for capturing critical relationships within the domain. 
A template also is provided for documenting underlying cognitive demands and 
performance requirements, as well as for capturing critical decisions in relation to 
functional relationships. The system design tool provides a mechanism for identifying 
information requirements and supporting data elements linked to the critical decisions. In 
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addition, the system design tool provides a mechanism to define the workspace design 
and link individual displays to the underlying decisions that the displays are designed to 
support. 

Getting to Know CACSE's Key Features ■■■■■■■■■■i 

The Functional Abstraction Hierarchy (FAH), the Design Thread and Workspace Design 
comprise the three key features of the CACSE Tool. The FAH is a graphical modeling 
tool which stores goal-process relationships, supporting goals, constraints and side- 
effects, and allows you to iterate and refine the model. The Design Thread supports 
documenting, including goals, processes, cognitive demands (decisions), information 
requirements and data elements for downstream artifacts. The Workspace Design is a 
tool for modeling the organization of the user interface, including navigation between 
different views and hierarchical relationships between user interface components. 

Understanding the FAH 

The FAH allows you to create and modify nodes in the hierarchy, define "properties" of a 
goal node, place nodes at the desired level of abstraction, expanding or collapsing the 
abstraction levels, all the while automatically updating goal numbering. 

The FAH window can be viewed three different ways, as icons, showing detail and 
viewing process.  Three types of relationships, supporting, competing, and 
decomposition may be defined between nodes in the hierarchy; these may be defined as 
goal-goal or as goal-process. Relationships may be ANDed or ORed. 

Understanding the Design Thread 

Multiple levels of analysis are supported by CACSE which build on the underlying 
framework provided by the FAH. Using the "Properties" region within the Design 
Thread window, a hierarchical tree becomes the organizational structure. 

Unique processes can be attached to goals, and unique decisions can be attached to 
processes or goals. Shareable information requirements may be attached to decisions, 
while shareable data elements may be attached to information requirements; each artifact 
can have a description and rationale using free form text fields. 

CACSE's graphical tool provides checks for identifying gaps in the design thread, 
allowing you to assess "functional coverage" of displays defined in the design thread. 
Finally, you may output the analysis to a text file in systems requirements specification 
(SRS) format. 
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Understanding the Workspace Design 

To support multiple levels of visualization design, the CACSE Tool provides you with a 
graphical tool for defining workspace design. This graphical tool has the capability to 
model parallel (information presented together within a coordinated view) or serial (total 
replacement of one coordinated view with another) display of data. It allows you to 
define graphical forms that comprise coordinated views. 

Meeting Equipment Requirements 

At a minimum, the CACSE Tool runs on any personal computer equipped to run JAVA 
and Microsoft Windows, with an ability to connect to a database. In order to run the 
CACSE Tool the following hardware and software are suggested: 

Win32 Release for Windows 95, Windows 98 and Windows NT 4.0 
on Intel hardware: 486/DX or faster processor minimum, 
Pentium processor recommended 

32 MB of RAM 

• 1024x768 color monitor (minimum 16 bit color) 

• Double-speed CD ROM drive (or higher) 

Understanding Terms Used for Instructions 

The following terms are used throughout this manual to give instructions. 

Click/Click on means to position the mouse over an item, press down the left 
mouse button, then.   Instructions will indicate those times when 
you should press down the right mouse button, then release. 

Double-click means to click the left mouse button, twice, quickly. 

Drag means to position the mouse on or over an item, press down the 
left mouse button, keeping the button pressed, move the cursor to 
another location, then release. 

Highlight means to change the shade of the background in a data entry field 
(by clicking on it or dragging). 
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Installing the CACSE Tool 

Installation instructions are provided on the inside cover of the CACSE CD case and are 
as follows. 

If Microsoft® Windows is not already running: 

• Start Windows. 

Insert the CACSE CD disc into the CD ROM drive. 

The installer should run automatically. 

If the installer does not run automatically, assuming the D drive is the CD 
ROM drive: 

• Run D:/setup.exe. 
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RUNNING THE CACSE TOOL 

The CACSE Tool is a stand alone system. To run the CACSE Tool locate the CACSE 
OP-3 icon on the desktop. 

Starting CACSE 

To start the CACSE Tool: 

Double-click on the CACSE OP-3 icon. 

A JAVA window appears and then the 
CACSE OP-3 

CACSE open 

CACSE Opening Display 

You may now choose to create a new application or open a previously 
saved application. 

Creating CACSE Applications I 

Applications, or analyses, may be created, saved and queried. Saved applications may be 
modified, and application data can be output to an HTML file in SRS format. 
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To create a new CACSE application: 

• Click on the radio button preceding "Create a new application" 
in the CACSE window. 

Click on the OK button. 

<*§D      If you click on the Cancel button, the CACSE window closes and the 
desktop is empty. 

The New Application window appears. 

fog New Application 

$:• .Narnef 

Summary 

-•.■■iy'vv-* • --Vi'-'??'""?^'."''''-*""™-'- •  .       .■■!•■ 

New Application Window 

Type a Name for the application you wish to create in the field provided. 

Type a Summary description, if you wish. 

Click on the OK button. 

<^D       If you click on the Cancel button, the CACSE window closes and the desktop 
is empty. 

The FAH and Design Thread windows appear. (See the illustration on the 
following page.) 
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FAH and Design Thread Windows 

Opening a Saved Application 

To open an existing CACSE application: 

• Click on the radio button preceding "Open an existing application" in 
the CACSE window. 

Click on the OK button. 

<^D      If you click on the Cancel button, the CACSE window closes and the desktop 
is empty. 

The Open Application window appears. (See the example on the 
following page.) 

• Click on the name of the application you wish to open to highlight it. 
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I[g*Open Application 

Trac2es 

CPOF 
Threat Assessment-2 

test-1 

Choose Combat Power 

New Analysis 

Threat Assessment-1 

■■.';' Open Cancel! 

Open Application Window 

Click on the Open button. 

<^D       If you click on the Cancel button, the Open Application window closes and the 
desktop is empty. 

If you receive an error message stating that you cannot open the application 
because it is in use, you may need to remove the folder with the name of your 
data set and the extension ".ODX". 

To do so: 

• Locate the c:\CACSE\bin directory using your file manager. 

• Delete the respective ".ODX"file. 

The FAH and Design Thread windows appear. (Refer to the illustration 
on the previous page.) 

You are now ready to begin building the FAH. 
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Changing Applications 

Using the Application menu, you may move from an application you are working on to 
one you have saved previously. 

To do so: 

• Click on the Application menu. 

• Click on Close. 

If you have made changes to the application and have 
not updated it, the Application window appears. The 
Application window prompts you to save the 
application. 

To save application changes: 

• Click on the Yes button. 

Otherwise, to close the application without saving 
the changes: 

• Click on either the No or Cancel button in 
the Application window. 

The application closes. You may now 
open another application. 

To open another application: 

• Click on the Application menu. 

• Click on Open. 

• Follow the instructions on page 7. 

Application Menu 
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Deleting Applications 

To delete a CACSE application: 

• Click on the Application menu. 

• Click on Delete. 

The Delete window appears, prompting you with the question, "Are you 
positive that you wish to delete this application?" 

fl Delete? 

Delete Window 

To delete the application: 

• Click on the Yes button. 

Otherwise, to cancel and return to application: 

• Click on either the No or Cancel button in the Delete window. 

Quitting the CACSE Tool I 

To quit the CACSE Tool: 

Click on the Application menu. 

Click on Exit. 

If you have made changes to the application, you will be prompted by a 
dialog asking whether or not you wish to save the changes. 
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To save changes: 

• Click on the Yes button. 

Otherwise: 

• Click on the No or Cancel button. 

The program closes and the Finished CACSE window appears. 

• Click on the close box on the Finished CACSE window. 
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BUILDING THE FAH 

Building the Functional Abstraction Hierarchy (FAH) serves as the starting point to the 
analysis. The FAH is a graphical modeling tool designed to allow the analyst to capture 
goal/process relationships, supporting goals, constraints and side-effects within an 
abstraction hierarchy, and iterate and refine the model. 

Using the FAH, you may create and modify nodes in the hierarchy using the tools in the 
toolbar to the left of the FAH window. You define "properties" of a goal node, e.g., 
decisions, processes etc. in the right side of the Design Thread window. 

Understanding the Levels of Abstraction, 

The five sections that divide the FAH window horizontally are levels of abstraction; these 
abstraction levels provide the framework for the means-ends relationships.  The levels of 
abstraction are explained in the table below. They help explain a path taken by a user 
through a workspace by depicting the complexity of the workspace taken together with 
the goals and resources of the user. 

Functional Purpose The Functional Purpose level should contain objectives; concepts of purpose and 
value necessary to establish relations between system performance and reasons 
for design. 

Abstract Function The Abstract Function level should contain those concepts necessary for setting 
priorities and allocating resources to various general functions and activities 
necessary to establish priorities. 

Generalized Function The Generalized Function level should contain general work activities and 
functions; activities or functions at this level are independent of the underlying 
processes involved, including their physical implementation. 

Physical Function The Physical Function level should contain specific work processes and physical 
Processes needed to create and maintain generalized functions. 

Physical Form The Physical Form level should contain appearance, location and configuration 
of objects for navigation of the system. 

Abstraction Levels Explanation Table 
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Changing the Size of the Abstraction Level 

You may expand or collapse the abstraction levels to vary the size of the section 
(vertically). 

To change the size of a section of the FAH window: 

• Click on the Selection tool. 

• Position the Selection tool (mouse) over the separator (line at the bottom 
of the section) you wish to expand or collapse until the cursor takes the 
form of a crosshair. 

Drag the separator to the desired location. 

Placing Nodes in the Abstraction Level 

You may place goal nodes at any level of abstraction. 

To do so: 

• Click on the goal node to highlight it. 

Highlighting is indicated by solid red squares surrounding the perimeter of 
the goal. 

Drag the node to the desired location. 

<^§D       Goal numbering is updated automatically. 
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Using the FAH Tools 1 

Along the upper left side of the FAH window is a toolbar containing five tools used to 
build the FAH. These tools are explained in the table below. 

m Selection 
Tool 

Click on the Selection tool to highlight goals in the FAH and Design Thread 
windows. 

B u  

8 

New Goal Tool Click on the New Goal tool to create goals in the FAH window. 

New Inclusive 
OR Tool 

Click on the New Inclusive OR tool to establish that one of any number 
supporting goals must be satisfied to achieve a supported goal. 

New 
Relationship 

Tool 

Click on the New Relationship Tool to link one goal to another in order to show 
support: supporting, one requires the other; competing, one or the other; 
decomposition, expanding upon what's there in order to reduce the process 
(multiple steps or greater level of detail).  

Ism 
Graphic 

Overlay Tool 

Click on the Graphic overlay tool to depict decision/goals used for a specific 
visual display (defined in the Workspace Design window). 

FAH Toolbar Explanation Table 

Generating a Goal 

To create a new goal: 

• Click on the New Goal tool to the left of the FAH window. 

• Click inside the FAH window where you wish to place the goal. 

A goal node appears in the FAH window, and is automatically given a 
number in the hierarchy of the display. 

You may either continue creating new goals or define the properties of the 
goal you have just placed. (Refer to the instructions on page 20.) 

<^D       You must click on the Selection tool or another tool in the toolbar to 
discontinue placing goals, (i.e., turn off the New Goal tool). 
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Deleting a Goal 

Edit Menu 

To delete a goal from the FAH window: 

• Using the Selection tool, click on the goal node you 
wish to delete. 

The goal will become highlighted (solid red squares). 

• Click on the Edit menu. 

• Click on Cut. 
The goal node is removed from the FAH window, goal 
numbering is automatically updated, and any property 
information for that goal is removed from the Design 
Thread window. 

<^D       You also may use the Cut option on the Goal pop-up menu. Seepage 55. 

Selecting & Moving Nodes        

To select all the nodes in the FAH window, perhaps to move them as a group: 

• Click on the Edit menu. 

Click on Select All. 

All of the nodes and their relationships in the FAH window become 
highlighted (solid red squares). 

To move the nodes: 

• Using the Selection tool, click on one of the highlighted nodes and drag 
them. 

All of the nodes are moved. 

To deselect the nodes: 

• Click anywhere in the FAH window, except on a node. 
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Defining Relationships ^■■■■■■■■■■^■^^^■■■■■■■■l 

You define relationships to make one goal support another by connecting the goals using 
the New Relationship tool. Relationship may be defined between goals (goal-goal 
(default)), or between goals and processes (goal-process), by expanding goal node to 
"process view" and then defining the relationship to a process. CACSE supports 
relationship multiplicity; the default relationship is "and", or you choose to "or" the 
relationship using the New Inclusive OR tool. You also may define relationships 
between goal nodes and inclusive OR nodes. 

To define relationships between nodes in the hierarchy: 

• Click on the New Relationship tool to the left of the FAH window. 

• Click on the supporting goal node. 

• Click on the supported goal node to complete. 

<^§D       You must not move the cursor AT ALL when you click. 

A relationship cannot be drawn to itself. 

You must click on the Selection tool or another tool in the toolbar to 
discontinue placing relationships, (i.e., turn off the New Relationship tool). 

To define relationships between goal nodes and processes node: 

• Click on the New Relationship node in the toolbar to the left of the FAH 
window. 

• Click on the supporting goal or process node. 

• Click on the supported goal or process node to complete. 

(See notes above.) 

Defining a New Inclusive OR ■■■■■■■■■■■■■^ 

CACSE supports relationship multiplicity. When defining a relationship using the New 
Relationship tool, the default relationship is "and". You may choose to "or" the 
relationship using the New Inclusive OR tool with the New Relationship tool. The 
inclusive OR establishes that at least one of any number of supporting goals must be 
satisfied to achieve a supported goal. Use the New Relationship tool to link supporting 
goals to the inclusive OR and then link the inclusive OR to the supported goal. 
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To create a new inclusive OR: 

• Click on the New Inclusive OR tool to the left of the FAH window. 

• Click inside the FAH window where you wish to place the OR. 

A node appears in the FAH window. You may either continue creating 
ORs, or connect them to goals using the New Relationship tool. 

<^D       You must click on the Selection tool or another tool in the toolbar to 
discontinue placing "or"s, (i.e., turn off the New Inclusive OR tool). 

To define relationships between goal nodes and the inclusive or: 

• Click on the New Relationship node in the toolbar to the left of the FAH 
window. 

• Click on the supporting goal or process node. 

• Click on the inclusive OR node. 

This defines the first of the supporting goals in the OR relationship. 

• Repeat this process for additional goal nodes that are to be included in the 
OR relationship. 

• Click on the inclusive OR node. 

• Click on the supported goal or process node to complete. 

(See notes on the previous page.) 

Deleting an Inclusive OR  

To delete a relationship from the FAH window: 

• Using the Selection tool, click on the relationship arrow you wish to 
delete. 

The arrow becomes highlighted (solid red squares). 

• Click on the Edit menu. (See page 15.) 
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Click on Cut. 

The relationship arrow is removed from the FAH window. 

<^D       You also may use the Cut option on the Relationship pop-up menu. (See 
below.) 

Changing the Relationship Type 

The CACSE tool allows you to set three types of relationships: supporting, competing 
and decomposition. A supporting relationship means that one node provides a supporting 
function to the higher-order goal node; it appears solid black. A competing relationship 
means that one node works against the function of the higher-order goal node; it appears 
dashed-red.  Finally, a decomposition relationship expands upon what's there in order to 
reduce the process (multiple steps or greater level of detail); it appears solid gray. 

To change a relationship type: 

• Using the Selection tool, position the mouse on the relationship (line 
with arrow) you wish to choose and click the right mouse button. 

The Relationship pop-up menu appears. 

Cut 

P" Supporting 

r. Competing 

C Decomposition 

Relationship Pop-up Menu 

Click in the radio button preceding the type of relationship you wish to 
select. 

The selected relationship indicator appears.   (See the example on the 
following page.) 
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FAH Window Showing Relationship Types 
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DEVELOPING THE DESIGN THREAD 

Using the Design Thread window, unique processes can be attached to goals, and unique 
decisions can be attached to processes or goals created in the FAH window. Shareable 
information requirements may be attached to decisions, while shareable data elements 
may be attached to information requirements. 

<^D       Each object may have a description and rationale using free form text fields. 

Defining Properties of a Goal Node 

To define the properties of a goal node: 

• Using the Selection tool, double-click on the goal node. 

The properties of that goal node appear in the right side of the display in 
the Design Thread window. (See the example on the following page.) 

<^D       You also may select the Properties option from the Goal pop-up menu (See 
page 55). 

• Click in the text field provided and type a Keyword for the goal. 

• Click in the text field provided and type a Description. 

• Click in the text field provided and type a Rationale. 

You also may enter decisions and processes in the sections and fields 
provided. 

If you do not wish to enter decisions or processes: 

• Click on the Update button at the bottom of the Design Thread 
window. 
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Opened application: Threat Assessment-2 

Properties of a Goal Node Shown in the Design Thread Window 

Entering Decisions 

To enter a decision: 

Click on the Add button in the Decision section of the Design Thread 
window. 

The text field area below the field Name appears white. 

<^D       Ensure that the Design Thread radio button is selected in the Design Thread 
window; otherwise, you will view decision or object lists. 

Click in the text field provided and type the Decision. 
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Press the Enter key on the keyboard. 

Once you have added a decision, you may categorize the decision in the 
master decision list, as well as enter information requirements for the 
decision. 

If you do not wish to enter additional detail: 

• Click on the update button at the bottom of the Design Thread 
window. 

Entering Decision Details  

Once you have entered a decision, you may select it and enter details concerning that 
decision. 

To enter decision details: 

• Click on the name of the Decision you wish to edit. 

<^D       If more than one decision is in the list and you do not select one, details are 
provided for the last item in the list. The pull down arrow at the end of the 
field provides you with the full list 

That selected item in the list appears highlighted in the Decision text field. 

• Click on the Edit button under the Decision section. 

The Decision section is brought to the top of the display, and shows two 
additional fields, Description and Rationale, and two additional sections, 
Master Decision Category and Information Requirements. (See the 
illustration on the following page.) 

• Click in the text field provided and type a Description. 

• Click in the text field provided and type a Rationale. 

If you do not wish to enter additional detail: 

• Click on the Update button at the bottom of the Design Thread 
window. 
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Decision Section of Design Thread Window 

Entering a Master Decision 

When entering decision details, you may subscribe to 
the section for entering the decision selected into the 
master decision category. 

To do so: 

Click in the text field provided, or 
on the pull down arrow at the end 
of the Master Decision Category 
field. 

Goal Monitoring 

Process Monitoring 

Planning 

Control 

Feedback Monitoring 

Master Decision Category 
Pull-down List 

A pull-down list of categories appears. 

Click on the name of the category in the list. 

That name appears highlighted in the Master Decision Category text field. 
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If you do not wish to enter additional detail: 

• Click on the Update button at the bottom of the Design Thread 
window. 

Entering Information Requirements 

Information requirements may be entered for a selected decision. 

To enter information requirements: 

• Click on the Add button in the Information Requirements section of the 
Design Thread window. 

The text field area below the field Name appears white. 

• Click in the text field provided and type the Information Requirement. 

• Press the Enter key on the keyboard. 

Once you have added an information requirement, you may enter 
additional detail, including data elements. 

If you do not wish to enter additional detail: 

• Click on the Update button at the bottom of the Design Thread 
window. 

Entering Information Requirement Detail  

Once you have entered an information requirement, you may select it and enter additional 
details. 

To enter information requirement details: 

• Click on the name of the Information Requirement you wish to edit. 

<^D If more than one information requirement is in the list and you do not select 
one, details are provided for the last item in the list. The pull down arrow at 
the end of the field provides you with the full list. 

The selected item in the list appears highlighted in the Information 
Requirement text field. 
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Click on the Edit button under the Information Requirement section. 

The Information Requirements section is brought to the top of the display, 
and shows two additional fields, Description and Rationale, and one 
additional section, Data Elements. 

cDataS¥raenfs- ZZZÜXZ3X, 

Data Elements Section of Design Thread Window 

• Click in the text field provided and type a Description. 

• Click in the text field provided and type a Rationale. 

If you do not wish to enter additional detail: 

• Click on the Update button at the bottom of the Design Thread 
window. 

Entering Data Elements  

Data elements may be entered for information requirements. 

To enter Data Elements: 

• Click on the Add button in the Data Elements section of the Design 
Thread window. 

The text field area below the field Name appears white. 

• Click in the text field provided and type the Data Element. 
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Press the Enter key on the keyboard. 

Once you have added a data element, you may enter details for that data 
element. 

If you do not wish to enter additional detail: 

• Click on the Update button at the bottom of the Design Thread 
window. 

Entering Data Element Details 

Once you have entered a data element, you may select it and enter additional details. 

To enter data element details: 

• Click on the name of the Data Element you wish to edit. 

<^D       If more than one data element is in the list and you do not select one, details 
are provided for the last item in the list. The pull down arrow at the end of the 
field provides you with the full list. 

That selected item in the list appears highlighted in the Data Element text 
field. 

• Click on the Edit button under the Data Element section. 

The Data Element section is brought to the top of the display, and shows 
four additional fields, Description, Rationale, Type and Constraints. 

Click in the text field provided and type a Description. 

Click in the text field provided and type a Rationale. 

Click in the text field provided and enter the Type of data element. 

Click in the text field provided and type Constraints for the data element. 

Click on the Update button at the bottom of the Design Thread window. 

CACSE Tool User's Manual 26 



Entering Processes 

Use the scroll bar to the right of the Design Thread window to view the process entry 
field. 

To enter a process: 

• Click on the Add button in the Processes section of the Design Thread 
window. 

The area below the field Name appears white. 

• Click in the text field provided and type the Process. 

• Press the Enter key on the keyboard. 

Once you have created a process description, you may enter process detail 
and create a process diagram. 

If you do not wish to create a process diagram: 

• Click on the Update button at the bottom of the Design Thread 
window. 

Entering Process Detail  

To enter process detail: 

• Click on the Edit button under the Process section. 

The Graphical Form section is brought to the top of the display, and shows 
three additional fields, Description, Rationale and Process Diagram. 

• Click in the text field provided and type a Description. 

• Click in the text field provided and type a Rationale. 

If you do not wish to create a process diagram: 

• Click on the Update button at the bottom of the Design Thread 
window. 

CACSE Tool User's Manual 27 



Creating a Process Diagrams 

Once you have created a process description, you may create a process diagram. The 
Process Diagram section of the Design Thread window contains five tools that allow you 
to create the properties of the process. See the table below. 

fäSfss^*^^ Selection 
Tool 

Click on the Selection tool to highlight process nodes in the Process 
Diagram section. 

New Source 
Tool 

Click on the New Source tool to enter a process source. 

o New Transport 
Tool 

Click on the New Transport tool to enter a process transport. 

New Target 
Tool 

Click on the New Target tool to enter a process target. 

□ 
New Relationship 

Tool 
Click on the New Relationship tool to link one process to another in 
order to show support. 

Process Diagram Toolbar Definition Table 

Entering a Process Source 

To enter a process source: 

• Click on the New Source tool. 

• Click in the Process Diagram display. 

The process source node is displayed. You may now change the name and 
enter detail for the process source. 

If you do not wish to enter additional detail: 

Click on the Update button at the bottom of the Design Thread 
window. 

Entering Process Source Detail 

To enter process source detail: 

• Double-click on the process source node. 

The Source section is brought to the top of the display, and shows two 
additional fields, Description and Rationale. 

• Click in the text field provided and type a Description. 
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Click in the text field provided and type a Rationale. 

You may wish to create additional sources, targets, transports or 
relationships. (See the previous and following sections.) 

When you are finished with the process diagram: 

• Click on the Update button at the bottom of the Design Thread 
window. 

To return to the top of the Process section: 

• Double-click on a goal node in the Design Thread list. 

Entering a Process Transport  

To enter a process transport: 

• Click on the New Transport tool. 

• Click in the Process Diagram display. 

The process transport node is displayed. You may now change the name 
and enter detail for the process transport.   - 

If you do not wish to enter additional detail: 

• Click on the Update button at the bottom of the Design Thread 
window. 

Entering Process Transport Detail   

To enter process transport detail: 

• Double-click on the process transport node. 

The Transport section is brought to the top of the display, and shows two 
additional fields, Description and Rationale. 

• Click in the text field provided and type a Description. 
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Click in the text field provided and type a Rationale. 

You may wish to create additional sources, targets, transports or 
relationships. (See the previous and following sections.) 

When you are finished with the process diagram: 

• Click on the Update button at the bottom of the display. 

To return to the top of the Process section: 

• Double-click on a goal node in the Design Thread list. 

Entering a Process Target 

To enter a process target: 

• Click on the New Target tool. 

• Click in the Process Diagram display. 

The process target node is displayed. You may now change the name and 
enter detail for the process target. 

If you do not wish to enter additional detail: 

• Click on the Update button at the bottom of the Design Thread 
window. 

Entering Process Target Detail 

To enter process target detail: 

• Double-click on the process target node. 

The Target section is brought to the top of the display, and shows two 
additional fields, Description and Rationale. 

• Click in the text field provided and type a Description. 
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Click in the text field provided and type a Rationale. 

You may wish to create additional sources, targets, transports or 
relationships. (See the previous and following sections.) 

When you are finished with the process diagram: 

• Click on the Update button at the bottom of the Design Thread 
window. 

To return to the top of the Process section: 

• Double-click on a goal node in the Design Thread list. 

Defining Process Relationships  

You define relationships to make one process node link to another by connecting them 
using the New Relationship tool. Click on the New Relationship tool to link one process 
to another in order to show process flow. 

To define relationships between process diagram properties: 

• Click on the New Relationship tool in the Process Diagram section. 

• Click on the up-stream process node. 

• Click on the down-stream process node to complete the relationship. 

The process diagram nodes are connected. (See the explanation on the 
following page.) 

^D       You must not move the cursor A T ALL when you click. 

A relationship cannot be drawn to itself. 

You must click on the Selection tool or another tool in the toolbar to 
discontinue placing relationships, (i.e., turn off the New Relationship tool). 

CACSE Tool User's Manual 31 



<jiUMAHIWTERfc> 

Process Diagram Explanation 

Adding Decisions to Processes 

By adding a decision to processes at this point in the hierarchy, you may use this a key 
way to access the different levels of details. 

To enter a process decision: 

• Click on the process node in the left side of the Design Thread window. 

• Click on the Add button in the Decision section of the Process Properties 
region of the Design Thread window. 

The text field area below the field Name appears white. 

• Click in the text field provided and type the Decision. 

• Press the Enter key on the keyboard. 

Once you have added a decision, you may categorize the decision in the 
master decision list as well as enter information requirements for the 
decision. 

If you do not wish to enter additional detail: 

• Click on the Update button at the bottom of the Design Thread 
window. 
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Entering Process Decision Details 

Otherwise, to enter process decision details: 

• Click on the name of the process decision to highlight it. 

• Click on the Edit button under the Decision section of the Design Thread 
window. 

The Decision section is brought to the top of the display, and shows two 
additional fields, Master Decision Category and Information 
Requirements. 

Entering the Process Decision as a Master Decision 

To enter the process decision into the master decision category: 

• Click in the text field provided, or on the pull down arrow at the end of the 
Master Decision Category field. 

A pull-down list of categories appears. (See page 23 of this user's 
manual.) 

• Click on the name of the category in the list. 

That name appears highlighted in the Master Decision Category text field. 

If you do not wish to enter additional detail: 

• Click on the Update button at the bottom of the Design Thread 
window. 

To return to the top of the Process section: 

• Double-click on a goal node in the Design Thread list. 

Entering Information Requirements for a Process Decision  

To enter Information Requirements for a process decision: 

• Click on the Add button in the Information Requirements section. 

The text field area below the field Name appears white. 
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Click in the text field provided and type the Information Requirement. 

Press the Enter key on the keyboard. 

Once you have added an information requirement, you may enter a data 
element for it. 

If you do not wish to enter additional detail: 

• Click on the Update button at the bottom of the Design Thread 
window. 

Entering Data Elements 

To enter Data Elements: 

• Click on the Add button in the Data Elements section. 

The text field area below the field Name appears white. 

• Click in the text field provided and type the Data Element. 

• Press the Enter key on the keyboard. 

Once you have added a data element, you may enter details for that data 
element, including a description, rationale, type and constraints. 

If you do not wish to enter additional detail: 

• Click on the Update button at the bottom of the Design Thread 
window. 

Entering Data Element Details 

To enter data element details: 

• Click in the text field provided and type a Description. 

• Click in the text field provided and type a Rationale. 

• Click in the text field provided and type a Type. 

CACSE Tool User's Manual 34 



Click in the text field provided and type Constraints. 

To save all the detailed information: 

• Click on the Update button at the bottom of the Design Thread 
window. 

To return to the top of the Process section: 

• Double-click on a goal node in the Design Thread list. 

Updating Information 

At many points while you are adding information to an object that you wish to keep for 
the analysis, you should update the information.   You definitely should update it once 
you entered additional details concerning the goal. 

To save Design Thread information: 

• Click on the Update button at the bottom of the Design Thread 
window. 

To return to the top of the hierarchy: 

• Click on a goal node in the left side of the Design Thread 
window. 
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EDITING THE DESIGN THREAD 

To edit text entries for Decisions, Processes, Information Requirements and Data 
Elements: 

• Click on the name of the Goal, Decision, Process, Information 
Requirement or Data Element (in the left side of the Design Thread 
window) that contains the object you wish to edit. 

<^D       Since the Information Requirements and Data Elements fields are shareable, 
the pull-down arrow at the end of these fields provides you with the full list. 

That name appears highlighted in the text field. 

• Click on the Edit button for that section. 

You may now change the information for the object that you are editing. 

Editing a Process Diagram IMMHHHHHBHHHHMM^HHH 

To edit a process diagram for a selected process: 

• Click on the •-^ (process diagram icon) in the left side of Design Thread 
window. 

<^SD       A process is entered at the goal level 

The Process Details section of Design Thread window appears. 

• Click in the text field you wish to edit and type. 

Or: 

Edit the diagram. 

<^£)       If you delete a relationship in the Process Diagram section of the Design 
Thread window, then click on the Update button, it will not show the updating 
ofthat removal in the FAH window automatically. 

To see the changes via the FAH window: 

• Close the FAH window by clicking in the close box 

• Click on the Open Functional Abstraction Hierarchy button in the 
display toolbar. 
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Saving Edit Changes 

To save the editing changes: 

• Click on the Update button at the bottom of the Design Thread window. 

Deleting 

To delete text entries for Decisions, Processes, Information Requirements and 
Data Elements: 

• Click on the name of the Decision, Process, Information Requirement 
or Data Element you wish to delete. 

<^Cl      Since the Information Requirements and Data Elements fields are shareable, 
the pull-down arrow at the end of these fields provides you with the full list. 

That name appears highlighted in the text field. 

• Click on the Delete button for that section. 

The Delete? window appears. 

To delete: 

• Click on the Yes button. 

The property is deleted and the Design Thread and FAH windows 
are updated automatically. 

If you do not wish to delete: 

• Click on the No button. 
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WORKSPACE DESIGN : BUILDING THE USER INTERFACE STRUCTURE 

To support multiple levels of visualization design, the CACSE Tool provides you with a 
graphical tool for defining work space design. This graphical tool has the capability to 
model parallel (information presented together within a coordinated view) or serial (total 
replacement of one coordinated view with another) displays of data. It allows you to 
define graphical forms that comprise coordinated views. 

The Workspace Design graphical tool provides you with a way to incorporate your 
analysis into the display design by using the Workspace Design window to: 1) build and 
modify process views in the workspace; 2) define the layout of these views; 3) define 
graphical forms that comprise the coordinated process views; and 4) define the 
information content of the process views or graphic forms (using the data you entered in 
the Design Thread).   A process view is a single window or display; however, the display 
has multiple components. The layout level allows you to place where these parts will 
appear on the window/display. Finally, the graphical form section allows you to identify 
specific components of the display. 

When you are ready to design the workspace: 

• Click on the Workspace Design button below the menu bar. 

Or 

Click on the View Menu. 

l^oSM 

fcVw'?fifeS^*^V;-- '-;«|-.-;?.,'-;':'7;.-'. 

View Menu 
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Click on Workspace Design. 

The Workspace Design window opens in the left side of the display. The 
Design Thread window should be concentrated on the folder for 
Workspace Design. The Workspace Design window depicts its first level, 
Work Space, and contains six tools: Selection tool, New Process View 
tool, New Process View Layout tool, New Graphic Form tool, New 
Inclusive OR tool and a New Relationship tool 

Understanding the Workspace Design Levels 

The three sections that divide the Workspace Design window horizontally are display 
levels. There are essentially three types of levels; however, because process view objects 
may be placed in the Process View Layout level, the Process View and Process View 
Layout levels may appear more than once. These display levels are explained in the table 
below. 

Work Space This level exists via programming and cannot be deleted, moved or selected. Only 
process view objects may be created in this level. 

Process View This level becomes visible when once the Show Level option is selected from the 
Process View pop-up menu; this menu is accessible once a process view object is 
created in the Work Space level. Only process view layout objects may be created in 
this level. It is possible to have multiple Process View Levels. This level may be 
resized (smaller/larger). 

Process View 
Layout 

This level becomes visible when once the Show Level option is selected from the 
Process View Layout pop-up menu; this menu is accessible once a process view layout 
object is created in the Process View level. Process view, inclusive OR and graphic 
form objects may be created in this level. Because a process view object may be 
placed in this level, it is possible to have multiple Process View Layout levels. This 
level may be resized (smaller/larger). 

Display Levels Explanation Table 

<^3D       Seepages 42, 46 and 47 of this user's manual for instructions on using these pop-up 
menus. 
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Changing the Size of the Display Level 

The Process View and Process View Layout levels of the Workspace Design window 
may be resized (expanded or collapsed) vertically. 

To change the size of a level of the Workspace Design window: 

• Click on the Selection tool. 

• Position the Selection tool (mouse) over the separator (line at the top 
of the level) you wish to expand or collapse until the cursor takes the 
form of a crosshair. 

• Drag the separator to the desired location. 

<^D       When you resize a level, if the resizing is too small for the object, the level will 
reset to its previous size. Also, if you size an object vertically larger than the 
space provided for the level, the level will grow in size to accommodate. 

Placing Objects in the Display Level  

You may move certain objects into certain display levels. Refer to the Display Levels 
Explanation Table for restrictions. Levels may appear nested. For example, you may 
place a process view in the Process View Layout level; therefore, another Process View 
level would appear below that Process View Layout level. 

To place an (allowed) object in a display level: 

• Click on the object (Process View, Process View Layout, Graphic 
Form, or Inclusive OR) in the Workspace Design window to highlight it. 

<^Tl       Highlighting is indicated by solid red squares surrounding the perimeter of 
the object. 

• Drag the object to the desired level. 
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Using the Workspace Design Tools 

The six tools shown along the upper left side of the Workspace Design window are 
defined in the table below. 

Selection Tool 

New Process View 

Click on the Selection tool to highlight items in the Workspace 
Design window to select, move or resize (PVL only) an object. 

Click on the New Process view tool to create views in the 
Workspace Design window. A process view may be created only 
in the Work Space and Process View Layout levels. 

öT Click ön the N6w PfoCfess View Layout tööl lö cfeäle ä layout 
the process view.  A process view layout may be created only in 
the Process View Layout level. 

New Process View 
Layout 

Cliik uu the New Giaphic Fonu tuol lu ueate a graphic form in 
the layout. A graphic form may be created only in the Process 
View Layout level. 

New Graphic Form 

äfaMa 

New Inclusive OR 

Click on the New Inclusive OR tuol to crate an inclusive OR. An 
inclusive OR may be created only in the Process View Layout 
level. 

New Relationship 
Click on the New Relationship Tool to link either a process view 
or graphic form to an inclusive OR in order to show support 

Workspace Design Window Toolbar Definition Table 

Creating a New Process View I 

To create a new process view: 

Click on the New Process View tool. 

Click in the Work Space level of the Workspace Design window. 

A rectangle appears containing the name ProcessView#. 

<^D       The number is updated based upon how many process views you have created, 
i.e., ProcessViewl. 

If you at least one process view object already exists in the Work Space level, 
and one process view layout object already exists in the Process View level, 
you also may place process view objects in the Process View Layout level. 
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Defining Properties of a Process View 

To define the properties of a process view: 

• Using the Selection tool, click on a process view node using the right 
mouse button. 

The Process View pop-up menu appears. 

Properties... 

Cut 

Show Level / 

Process View Pop-up Menu 

Click on Properties.... 

The properties of that view appear in the right section of the Design 
Thread window, with the Process View section appearing at the top of the 
display. (See the example on the following page.) 

Click in the text field provided and type a Name for the view. 

Click in the text field provided and type a Description. 

Click in the text field provided type a Rationale. 

You also may enter choose to create a depiction of the view by attaching a 
Microsoft® PowerPoint file via the VIZ button, as well as define the 
decision coverage. 

If you do not wish to add additional detail at this time: 

Click on the Update button at the bottom of the right side of the Design 
Thread window. 
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Workspace Design Window & 
Process View Section of Design Thread Window 

Creating a Visual Display 

To create a visual display for a view: 

• In the text field provided next to the Viz button, type a name for the 
display you wish to create, or enter the name of one already created to 
modify it. 

• Click on the Viz button. 

<^D      If you do not type the name first and click on the Viz button, the "Viz 
Filename Missing" window appears, prompting you to enter a name; if this 
happens, simply 

• Click on the OK button and enter the name first. 

If the file is new, the New File window appears prompting you to remember to 
save the file. 

• Click on the OK button. 
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You are prompted to save the file with the ".ppt" extension; then the 
Microsoft® PowerPoint program is opened allowing you to create and link 
a graphic file to this view. 

<^D       You also may search for a ".ppt" already created to link to this view. 

Defining Functional Coverage for a Process View  

The Decision Coverage section of the View display provides end-to-end support for the 
design thread. To define functional "coverage" for each display, move decisions (only) 
from the Decision Lists to the Covered Decisions. This "move" shows which decisions 
will be covered by the selected view. 

To cover decisions in a view: 

• Click on a Decision in the Decision List in the Decision Coverage section. 

<^D       Only decisions may be moved. 

• Click on the » button to move the decision to the Covered Decisions list. 

The decision now appears in the Covered Decisions list 

;»«»•■»■■■«. HI 

fOeefafön Cover» 08- 
? Petition Ltet ■    ,' 1 

tsr^n 
beware rförosic 

gj Goal/Decision 
ffHB Execute Mission 
S'lH Manage"Combaf Objectives 
&-'■ Manage "Combat Power 
H-flS Manage Unplanned Aggressive Threats 
!--■ Satisiy Demand for Human Aid 
H"H Determine Degree of Threat 
l"ü Electrartic Signal Collection 
j-H Acoustic Signal Collection 
| ■ Visual Signal Collection 
h«m Coordinate Combat Power 
&-■ Deliver Combat Power 
iä-JH Apply Combat Power 
a-M Destructive Weapon Systems 
H-H Nondestructive Weapons Systems 
|-m Oceanographic 

rrMWarner      .._._............   ...; 

Un'flat»k.|    ,. 

(>*,""^i 0Monitor all contacts 

'"!&'" •■'■lDetemline degree! of threat for all contacts 
i&Li" V Determine available response time for all aggressive threats 

m £j£?i iftS 

Decision Coverage Section 

To remove a decision from a view: 

• Click on a Decision in the Covered Decisions list in the Decision 
Coverage section. 
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Click on the « button to move the decision out of the Covered 
Decisions list. 

The decision is removed from the Covered Decisions list. 

Click on the Update button at the bottom of the right side of the 
Design Thread window. 

Creating a Process View Layout 

To create a Process View layout of the new view: 

• Using the Selection tool, click the right mouse button on a process view 
node. 

The Process View pop-up menu appears. (See page 42.) 

• Click on Show Level. 

The ProcessView# level of the display appears below the Work Space 
level. A teal rectangle appears containing the name ProcessViewLayout#. 
(See the example on page 43.) 

<^D       The number is updated based upon how many process view layouts you have 
created, i.e., ProcessViewLayoutl. 

Resizing the Process View Layout Object  

When you create a process view layout object, it is placed in the display at a 
predetermined size by programming. The process view layout object's size may be 
resized (enlarged or reduced); this is the only object in the workspace design display, 
which may be altered in his way. 

To change the size of a process view layout object: 

• Using the Selection tool, click on the process view layout node that you 
wish to resize. 

The node becomes highlighted (solid red squares). 

• Position the cursor over one of the red squares until it takes the shape of a 
double-headed arrow. 

• Drag the red square until the node is the size you desire. 
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Defining Properties of a Process View Layout 

To define the properties of a layout region: 

• Using the Selection tool, click on a process view layout node using the 
right mouse button. 

The Process View Layout pop-up menu appears. (See the following 
page.) 

• Click on Properties.... 

The properties of that view appear in the right section of the Design 
Thread window, with the Process View section appearing at the top of the 
display. 

Properties.. 

Cut 

Copy 

Show Level 

Process View Layout Pop-up Menu 

Click in the text field provided and type a Name for the view. 

Click in the text field provided and type a Description. 

Click in the text field provided type a Rationale. 

Click on the Update button at the bottom of the display. 

Creating the Graphic Form 

To create a Graphical Form of the new view: 

• Using the Selection tool, click the right mouse button on a process view 
layout node. 

The Process View Layout pop-up menu appears. 
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Click on Show Level. 

The ProcessViewLayout# level of the display appears below the Work 
Space level. A green oval appears containing the name GraphicForm#. 

32D       The number is updated based upon how many graphic forms you have 
created, i.e., GraphicForml. 

Defining Properties of a Graphic Form  

To define the properties of a control: 

• Using the Selection tool, click on a graphic form using the right mouse 
button. 

The Graphic Form pop-up menu appears. 

£ -^ropieftles;.; 

Graphic Form Pop-up Menu 

Click on Properties.... 

The properties ofthat view appear in the right section of the Design 
Thread window, with the Graphical Form section appearing at the top of 
the display. 

Click in the text field provided and type a Name for the graphical form. 

Click in the text field provided and type a Description. 

Click in the text field provided type a Rationale. 

You also may enter choose to create a depiction of the graphic form by 
attaching a Microsoft® PowerPoint file via the VIZ button, as well as 
define the decision coverage. 
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If you do not wish to add additional detail at this time: 

• Click on the Update button at the bottom of the right side of the 
Design Thread window. 

Creating a Graphic Form Visual Display 

To create a visual display for a graphic form: 

• In the text field provided next to the Viz button, type a name for the 
display you wish to create, or enter the name of one already created to 
modify it. 

• Click on the Viz button. 

<^|D      If you do not type the name first and click on the Viz button, the "Viz 
Filename Missing" window appears, prompting you to enter a name; if this 
happens, simply 

• Click on the OK button and enter the name first. 

If the file is new, the New File window appears prompting you to remember to 
save the file. 

• Click on the OK button. 

You are prompted to save the file with the ".ppt" extension; then the 
Microsoft® PowerPoint program is opened allowing you to create and link 
a graphic file to this view. 

<^D       You also may search for a ".ppt" already created to link to this view. 

Defining Functional Coverage for a Graphic Form 

The Decision Coverage section of the Graphical Form display provides end-to-end 
support for the design thread. To define functional "coverage" for each display, move 
decisions (only) from the Decision Lists to the Covered Decisions. This "move" shows 
which decisions will be covered by the selected view. 

To cover decisions in a view: 

• Click on a Decision in the Decision List in the Decision Coverage section. 

<^SD       Only decisions may be moved. 

• Click on the » button to move the decision to the Covered Decisions list. 
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The decision now appears in the Covered Decisions list. (See the example 
on page 44.) 

To remove a decision from a view: 

• Click on a Decision in the Covered Decisions list in the Decision 
Coverage section. 

• Click on the « button to move the decision out of the Covered 
Decisions list. 

The decision is removed from the Covered Decisions list. 

• Click on the Update button at the bottom of the right side of the 
Design Thread window. 

Understanding Automatic Relationships 

Automatic relationships are defined by programming. They are relationships that are 
"automatically" drawn by the Workspace Design tool once certain objects are place in the 
Workspace Design window. Automatic relationships exist between the following pairs of 
objects, as depicted in the illustration on the following page: process view to process 
view layout; process view layout to graphic form; process view layout to process view; 
inclusive OR to process view layout. 

<^D       These relationships cannot be selected, moved or deleted. 

Defining Relationships for the Display 

You may define relationships between certain objects by drawing them using the New 
Relationship tool in the Process View Layout level of the Workspace Design window. 
Only two object pairs may have supporting relationships, process view to inclusive OR 
and graphic form to inclusive OR. Once you have defined relationships between objects, 
the automatic relationships become hidden from view; however, if you delete the 
relationships you have created, the automatic relationships are revealed again. 

To define relationships between views: 

• Click on the New Relationship tool in the Workspace Design window. 

• Click on either a process view node or an graphic form node. 
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TSISFES 

Workspace Design Window Explaining Automatic Relationships 

Click on an inclusive OR node to complete. 

The nodes are connected. 

<^D       You must not move the cursor AT ALL when you click. 

A relationship cannot be drawn to itself. 

You must click on the Selection tool or another tool in the toolbar to 
discontinue placing relationships, (i.e., turn off the New Relationship tool). 
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Defining a New Inclusive OR 

You may choose to "or" the relationship using the New Inclusive OR tool with the New 
Relationship tool. The inclusive OR establishes that at least one of any number of 
supporting process views or graphic forms may occupy the specified region in the 
process view layout. Use the New Relationship tool to link supporting views or forms to 
the inclusive OR; the inclusive OR is automatically linked to the supported view layout. 

To create a new inclusive OR: 

• Click on the New Inclusive OR tool to the left of the Workspace 
Design window. 

• Click inside the Process View Layout level of the Workspace 
Design display where you wish to place the "or". 

A node appears in the display. You may either continue creating "or"s, or 
connect either a process view or graphic form to the inclusive OR using 
the New Relationship tool. 

<^D       You must click on the Selection tool or another tool in the toolbar to discontinue 
placing "or"s, (i.e., turn off the New Inclusive OR tool). 

To define relationships between process view or graphic form nodes and the 
inclusive OR: 

• Click on the New Relationship node in the toolbar to the left of the 
Workspace Design display. 

• Click on the supporting process view or graphic form node. 

Click on the inclusive OR node. 

This defines the first of the supporting view/form in the OR relationship. 

• Repeat this process for additional nodes that are to be included in the OR 
relationship. 

• Click on the inclusive OR node. 

The nodes are connected. 

(See notes on the previous page.) 
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Deleting a Relationship 

New and inclusive OR relationships that you have defined (i.e., not automatic 
relationships) may be deleted. 

To delete a relationship from the Workspace Design window: 

• Using the Selection tool, click on the relationship arrow or inclusive OR 
node you wish to delete. 

The arrow/node becomes highlighted (solid red squares). 

• Click on the Edit menu in the menu bar. 

• Click on Cut. 

The relationship arrow is removed from the display. 

^D       You also may use the cut option on the pop-up menus. 

Moving Workspace Design Objects ■■■■■^■■i^^^^HMMMBi 

The Workspace Design objects may be moved to different levels of the display, as long 
as the rules displayed in the illustration on the following page are applied. 

To move an object: 

• Click on the object to highlight it (solid red squares). 

• Drag the object to the position or level you desire. 

The object along with any relationship connected to it is moved. 
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Process view objects may be moved to either the Work Space or other Process 
View Layout levels. However, a process view may not be moved to a "child-level" 
of itself, e.g., ProcessViewl cannot be moved to the Process ViewLayoutl level: 
however ProcessViewl may be moved to Process ViewLayoutl. 

ProctssVUvitayoütl 

ProcessViewLayoutl 

Process view layout objects may be moved to other Process View 
levels. However, a process view layout may not be moved to a 
"child-level" of itself, e.g.. ProcessViewLayoutl cannot be moved 
to the ProcessViewLayout3 level: however ProcessViewLayout2 
may be moved to Process ViewLayout3. 

Proc«sVJ«w3 

rrooassviawa 

V Graphic form objects may be 
moved to other Process View 
Layout levels. 

Inclusive OR objects may be 
moved to other Process View 
Layout levels. 

Object Movement Limitations Explanation 
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EXPLORING VIEWING OPTIONS TO TRACK COMPLETENESS 

CACSE supports several ways of displaying the information you have entered into the 
FAH, the Design Thread and Workspace Design windows. By viewing the information 
in different ways, you can track the completeness of your analysis. 

Viewing Detail in the FAH 

The FAH window can show the properties of a goal using three different views: icon 
view, detail view, and process view. The icon view displays the name of the goal 
preceded by its hierarchical numbering.  The process view expands upon the icon view, 
to include the process diagram for the goal. Finally, the detail view expands upon the 
icon view, to include the icons for each of the properties of the goal. (See the explanation 
below.) 

1.6 Goal Title 

Process Visualization 

Decision 

Information 
Requirements 

Data 
Elements/Feeds 

Explanation of Detail View Icons 

Once a property has been entered for a goal, the representing icon in the detail view 
shows an outlined red check mark. This indicates that some information has been filled 
in. 

Once you feel the information is complete: 

• Click on the outlined checkmark. 

It will become filled in, indicating completeness; this is a user-defined 
object. Once you have selected to fill in the check mark, a dialog prompts 
you with "Completed?". 
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To confirm: 

• Click on the dialog box. 

The series of five circles shown on the Icon View represent, in a compact 
form, the same information as in the Detail View. A half-filled circle is 
the same as an outlined red check mark. A solid circle is the same as a 
filled-in check mark. 

^D       You cannot make changes in the completeness at the Icon View. 

You will not_ be able to select "Process View" if a process diagram has not been 
defined. 

Changing Views of the FAH Window  

To change the "view" of the goal node: 

• Position the mouse on the goal node you wish to view. 

• Click on the right mouse button. 

The Goal pop-up menu with Properties, Editing and Viewing options 
appears. 

Properties. 
■ ■ :..--: 1^1 it- 

■-■'■:cb?y .■:•■;•''' 

r;;DetäiMew: 

Goal Pop-up Menu 

Click in the radio button preceding the view you wish to use. 

The selected view appears. (See the following page.) 
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EM3] 

0p8n8|j application: Threat te8essmBnt2 

FAH Window Showing CACSE's Three Views 

Using Graphic Overlay to View Visualization in the FAH I 

The Graphic overlay tool allows you to highlight goals that contain decisions covered by 
a specific visualization in the workspace. These decisions were defined into the display 
using the Decision Coverage section of either a Process View or Graphical Form display. 

<^D       For more information, refer to the respective sections Workspace Design: Building the User 
Interface, beginning on page 38 of this user's manual 

To highlight the graphic overlay: 

• Click on the Graphic Overly tool in the FAH window. 

The display background color turns gray, with highlighted circles of white 
surrounding goals containing decisions covered by a display. (See the 
example on the following page.) 

CACSE Tool User's Manual 56 



Graphic Overlay Example 

To turn off the graphic overlay: 

• Click on the Selection tool in the FAH window. 

Viewing the Design Thread 

The default view in the Design Thread window for the listing of objects in the application 
is the Design Thread view; this view shows each object and its properties according to 
the object hierarchy. You may choose to view the objects according to their category or 
grouping by selecting the Objects view, or, you may view the decisions according to the 
master decision category by selecting the Decisions view. 
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To change the view of the Design Thread window: 

• Click on the radio button in the top left side of the Design Thread 
window representing the view you wish to have displayed (either Design 
Thread [default], Decisions or Objects). 

The selected view is displayed. (See the examples below.) 

<^D       You also may select the respective view from the View menu. 

P De'sign:Thr8äd. P". Decision's^riObJe'cts'.- £•'Design Thread H Decisions'"*5, objects} 

Si Master Decisions 
EHÜ Unassigned 
EHJl Goal Monitoring 
Ifl-il Process Monitoring 
j---* Planning 
B--H Control 

--•■♦ Feedback Monitoring 

B-Pl Functional Abstraction 
4HE£1 Goa| 

ÖHÜ2 Decision 
aCJ Process 
B-Sä Information Requirments 
$-Ei Master Decisions 
$"Hi Process Source 
$'•11 Process Transport 
B-Si Process Target 

,i- ..-..'.■■/   ; .  -f-fflml^ Teil •':.;•■    _:   ■'      ::.HTML.-.   | ,.Tead...   } 

•: ■    :-   '"'-v.. ■_.:.. •■„,•, __ ■•;••■ 

^JMct;"' Jl 'X'defetF~ • j ..^.^\ •     ■ -.::. ':■ '. '-vtöd ■s|-:"'W'e»"^' j .?-"'■ ■;"'■ 

Example Decision and Object Lists 
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Adding & Deleting Master Decision Categories 

You may not add or delete items to the Design Thread or Objects lists. However, the 
Add and Delete buttons which appear inactive (grayed out) when viewing the Design 
Thread and Objects displays become active when viewing the Decisions list. 

To add a Master Decision Category: 

• Click on the radio button for Decisions in the top left side of the Design 
Thread window. 

The Decisions view is displayed. 

• Click on the Master Decisions folder. 

The Add button at the bottom of the display becomes active. 

• Click on the Add button. 

A new decision category appears at the bottom of the list. 

To add a decision to that new category: 

• Click on the Add button again. 

A decision is added to the category you have created. You may 
now edit that decision by clicking on it in the list to display its 
properties. (Refer to the "Entering Decision Details", "Entering a 
Master Decision" and "Updating Information" sections of this 
user's manual, on pages, 22,23 and 35 respectively.) 

To delete a Master Decision Category that you have created: 

• Click on the name of a Master Decision Category (folder) that in 
the Decisions listing in the left side of the Design Thread window. 

The Delete button at the bottom of the display becomes active. 

• Click on the Delete button. 

The category name is removed from the list as are any decisions 
placed under that category. 

<^D       The categories that come with CACSE cannot be deleted. 
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Querying the Database 

CACSE's graphical tool provides checks for identifying gaps in the design thread by 
providing you with a way to identify 1) decisions not associated with a goal, 2) goals and 
decisions not covered by displays and 3) displays not associated to decisions.  You may 
view this graphically in a "top-down" manner in the FAH window by using the Detail 
view of the goal, and looking for indicators. Or, you may query the design thread using 
the "bottom up" view arrow on the right side of the Design Thread window. Queries may 
be done beginning at the following levels: goals, processes, decisions, information 
requirements and data elements. 

To query the design thread for gaps in the analysis: 

• Click on any of the following objects in the left side of the Design Thread 
window to show its properties: Goal, Process, Decision, Information 
Requirement or Data Element. 

• Click on the S££(up arrow) on the right side of the Design Thread 
window. 

The arrow's color changes to red, indicating that the "bottom up'VQuery 
view is now being displayed. The (Object) Information section appears at 
the top of the display. It contains Search Results and Search Criteria 
sections. (See the example on the following page.) 

To return to the "top down" display (and end querying): 

• Click on the down arrow. 

The down arrow will appear red, indicating the top down view is 
displayed. 

Otherwise, to query the design thread: 
•' ~*\ 

• Click on the HH(upside down triangle) to the left of the statement 
representing the query you wish to select. 

The triangle's color changes to green, indicating that the representing 
statement has been selected. 

• Click on the Show Coverage button at the bottom of the display. 

The queried results appear in the Search Results section of the display. 
(See the example on the following page.) 
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iMlFAH 

j   l*HH Execute Mission 
!   i-H Manage "Comber Objectives 
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 Determine Degree ofThreat 
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Opened Work Space'Diagram 

Example Query of Process Displays 

Viewing the Workspace 

To view the Workspace Design window: 

• Click on the ljlli(0pen Workspace Design button) in the display toolbar 
across the top of the CACSE displays. 

Or: 

Click on the View menu. (See page 38.) 

Click on Workspace Design. 

The Workspace Design window appears on top of the FAH window. The 
Design Thread window should be concentrated on the folder for 
Workspace Design. 
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OUTPUTTTNG THE CACSE APPLICATION RESULTS 

The CACSE tool supports the generation of the text (ASCII format) and HTML files via 
the buttons at the bottom of the Design Thread window. It also supports outputting files 
in systems requirements specification (SRS) format and document view, via the options 
in the Tool menu. 

Creating a Text File 

You may create a text file of everything in the object hierarchy, or of a specific (selected) 
object node and its "children". 

To create an ASCII text file of the entire CACSE object hierarchy: 

• Click on the FAH icon in the left side of the Design Thread window. 

Or, to create an ASCII text file of a selected (highlighted) object node in the 
CACSE object hierarchy: 

• Click on the icon representing the specific node (and it's "children") in the 
left side of the Design Thread window. 

• Click on the Text... button at the bottom of the Design Thread window. 

A window appears prompting you to name the file for placement in the 
CACSE/bin folder. 

• Click in the text field provided and type a Filename. 

• Click on the Save button. 

The file should be saved in the CACSE/bin folder with the name you've 
given it. 
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Creating an HTML File 

You may create an HTML file of everything in the object hierarchy, or of a specific 
(selected) object node and its "children". 

To create an HTML file of the entire CACSE object hierarchy: 

• Click on the FAH icon in the left side of the Design Thread 
display. 

OR 

To create an HTML file of a selected (highlighted) object node in the CACSE 
object hierarchy: 

• Click on the icon representing the specific node (and it's "children") in the 
left side of the Design Thread window. 

• Click on the HTML... button at the bottom of the Design Thread window. 

A window appears prompting you to name the file for placement in the 
CACSE/bin folder. 

• Click in the text field provided and type a Filename with a ".HTM" 
extension. 

• Click on the Save button. 

The file should be saved in the CACSE/bin folder with the name you've 
given it. 
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GENERATING AN SRS 

The Tool menu contains an option for outputting the CACSE results called Generate 
System Requirements. If you generate systems requirements, they will be output in SRS 
format. 

To output your CACSE application analysis in SRS format: 

• Click on the Tool menu. 

• Click on Generate System Requirements. 

A window appears prompting you to name the file for placement in the 
CACSE/bin folder. 

• Click in the text field provided and type a Filename with a ".HTM" 
extension.. 

• Click on the Save button. 

The file should be saved in the CACSE/bin folder with the name you've 
given it. 

Printing CACSE FAH   ■■^H^HB 

You may print the FAH to either a regular printer or plotter. 

To print the FAH: 

• Click on the Application menu. 

• Click on Print. 

The Page Setup window appears. 

^D       You may wish to check page specifications and printer 
selection. 

• Click on the OK button. 

The Print window appears. 
Application Menu  

jplication m 

wmmm 

HP; Delete- 

i.^1 Print 
jü =-: 

Exit 

Click on the OK button. 
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APPENDIX: MIGRATING THE DATABASE 

As new versions of CACSE are released, there will become a need to update any 
application files created in a previous version of CACSE to the most recent. This is 
accomplished by using the "Migrate Database" feature. 

To migrate database files 

• Close any open Applications. 

<^SD       You cannot migrate the database when an application is opened. 

• Click on the Application menu. 

• Click on Migrate.... 

The CACSE Database Migration... window appears. You may "browse* 
the CACSE/bin folder to locate the name of the database you wish to 
either use as your source or destination. 

E«CACSE Database Migration.. 

j^Selectlhs Source batsibasd to; jtogritei ; x-.'V.nnr^ff-rt-^ w. 

CACSE Database Migration Window 

Or: 

Click in the text field provided and type the name of a Source Database/ 

Click on the Browse... button to locate one. 

<^D       For all applications created in CACSE, there are three files created. Each has 
the same filename with different extensions: ".ODB", ".ODF", and ".ODT". 
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For migrating a database: 

Click on the filename with the ".ODB" extension. 

• Click in the text field provided and type the name of a Destination 
Database. 

Or: 

• Click on the Browse... button to locate one. 

<^D       For all applications created in CACSE, there are three files created. Each has 
the same filename with different extensions: ".ODB", ".ODF", and "ODT". 

• Click on the filename with the ".ODB" extension. 

Once you have entered the database names: 

Click on the OK button in the CACSE Database Migration... window. 

Upon successful database migration, a confirmation dialog appears. You 
now are able to open the database with the current version of CACSE. 

CACSE Tool User's Manual 66 


