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ABSTRACT

This study evaluates the usability of a U S. Navy
Deci si on Support System (DSS). The DSS was devel oped to
enhance the performance of tactical decision-makers
within a Navy Conbat Information Center. The goals of
this study were to test the DSS against wusability
criteria and objectives to track future redesign efforts
and system inmprovenents. The purpose of this analysis
was to (1) assess the system s usability, (2) identify
problens areas in the graphical wuser interface, (3)
report trends in user feedback, and (4) provi de
recomendati ons addr essi ng maj or usability I ssues
encountered by participants. The study tested whether
the DSS nmet the wusability objectives of (a) 90%
successful task conpletion, (b) ease-of-use ratings of
somewhat easy or better, and (c) satisfaction ratings of
somewhat satisfied or better. The DSS did not nmeet these
usability objectives for task conpletion or ease-or-use,
however the DSS did nmeet the usability objective for
user satisfaction. All participants reported that they
enjoyed working with the DSS and believed that it would
be a significant step forward in information management.
Based on the wusability data gathered in the study,
recommendations are provided to address the wusability

i ssues.
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EXECUTI VE SUMVARY

This study evaluates the usability of a U S. Navy
Deci si on Support System (DSS). The DSS was devel oped to
enhance the performance of tactical decision-makers
within a Navy Conmbat Information Center. The DSS is
still in the devel opnment phase and has continually been
i mproved based on enpirical studies and subject matter
expertise. The nost recent prototype version, known as
the DSS-2, is the focus of this study. The goals of this
study were to test the DSS-2 against usability criteria
and objectives to track future redesign efforts and
system i mprovenents. The purpose of this analysis was to
(1) assess the system s usability, (2) identify problens
areas in the graphical user interface, (3) report trends
in user feedback, and (4) provide recommendations
addr essi ng maj or usability I ssues encount er ed by
partici pants. The study tested whether the DSS nmet the
usability objectives of (a) 90% successf ul t ask
compl etion, (b) ease-of-use ratings of sonmewhat easy or
better, and (c) satisfaction ratings of sonmewhat
satisfied or better. The DSS-2 did not neet these
usability objectives for task conpletion or ease-or-use,

however the DSS-2 did nmeet the usability objective for

XV



user satisfaction. All participants reported that they
enjoyed working with the DSS-2 and believed that it
woul d be a significant step forward in CIC information
managenent. Based on the usability data gathered in the
study, recommendations are provided to address the
usability issues.

The met hodol ogy applied in this study was useful in
the evaluation of the DSS-2. This study denonstrated
that traditional human- conputer interface usability
met hods could be directly applied the evaluation of
synthetic environments. The DSS-2 is a sinple synthetic
envi ronnment represented on two conputer nonitors. G ven
t he success of this methodology with the DSS-2, it would
be appropriate to use this nmethodology in evaluating

more conpl ex synthetic environnents.
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| NTRODUCTI ON

A. OVERVI EW

The United States Navy and Marine Corps strategy of
forward presence suggests that they will be first on the
scene in times of crisis. Furthernmore, since a mpjority
of the world' s population lives within 200 mles of the
ocean, nost future contingencies are likely to involve
l[ittoral warfare (Mundy, 1994). This strategy wll
increasingly place Naval forces in coastal areas where
they will be forced to operate in confined and congested

areas (Hutchins, Kel ly, & Morrison, 1997). These

constraints will result in operational scenarios that
will require both increased information processing and
accel er at ed deci si on- maki ng. These chal | enges are

exacerbated by the fact that current real-tinme battle
managenent systens are primarily effective in dealing
with all-out conflicts and not particularly capable in
situations, such as Ilittoral <conflicts, where human
intervention in deci si on- maki ng S nor e critical
(Hutchins, Morrison, and Kelley, 1996).

Two unfortunate and well-known incidents involving
the U S.S. Stark and the U. S.S. Vincennes highlight this

chal | enge. The U.S.S Stark incident <centers on a



deci sion made by the commander not to engage an inbound
aircraft. The aircraft was not considered a threat by
the commander, however it was a threat. The aircraft
significantly damaged the U S.S. Stark and nunmerous
lives on board were |lost. The commander of the U S.S.
Vincennes faced a simlar problem yet believed the
i nbound aircraft he faced was a threat to his ship. As a
result, the inbound aircraft was destroyed by the U S.S.
Vincennes. The aircraft turned out to be a commerci al
passenger airline and all I|ives onboard the airliner
were |lost. The Tactical Decision-Mking Under Stress
(TADMUS) program was initiated to address these types of
probl ems. The principle product of the TADMUS programis
t he Deci si on Support System (DSS). Due to the
criticality of these issues and the need to correctly
identify threats, it is inperative that the design of
t he TADMUS DSS system be intuitive and easy to use. This
study will evaluate the wusability of the TADMUS DSS

graphi cal user interface.

B. BACKGROUND

The DSS system was developed to enhance the
performance of tactical decision-mkers. It was derived

from current cognitive theory. This derivation first



analyzed the cognitive tasks perfornmed by decision
makers in a shipboard Combat Information Center and
second, developed a set of displays to support these
tasks based on the underlying decision making processes
(Morrison et. al., 1997). The DSS is currently a

prototype and is planned to be formally tested onboard a

Navy ship in 1999, see Figure 1.

Figure 1: TADMUS DSS | ntegrated Display

The DSS is still in the devel opnment phase and has
continually been inmproved based on enpirical studies and
subject matter expertise. The nmost recent prototype
version, known as the DSS-2, is the focus of this study.
A usability test was conducted on the DSS system to
eval uate human performance and user preferences. This
test also identifies wusability issues that focus on

future design and redesign efforts.



C. PROBLEM STATEMENT

G ven the critical nature of the tasks supported by
the DSS system and the inplications of a difficult to
use design, a usability study was conducted on the DSS.

The goals of this study were:

Conduct a usability study to test where the DSS-2

product Is today in regards to usability
criteria.
Track usability measur es (e.qg., successful

conpl etion of tasks, error rate, tinme to conplete
task, ease-of-use, and wuser satisfaction) in
order to track product inprovenent.

| dentify wusability issues to address future
design iterations.

Provi de user feedback to DSS devel opnment team

Provide recomendations to address usability

i ssues encountered by users during testing.

D. OBJECTI VE

The purpose of this study 1is to assess the
usability of the human-conputer interface of the TADMJUS
DSS. The long-term objective is to provide a methodol ogy
and baseline information for the evaluation of future

systemns.



E. SCOPE AND LI M TATI ONS

To narrow the scope of the thesis, only human-

computer interaction performance and preference will be
anal yzed. | ssues concerni ng concept ual cognitive
deci sion-making will not be addressed.






1. LITERATURE REVI EW

A. OVERVI EW

The review of literature for this research included
journals and textbooks covering the subjects of
usability evaluation, human-conputer interaction, and
synthetic environments. The purpose of this literature
review is to provide an overview of the historic and
current theories and practices relating to wusability
evaluation and to provide information on the nmethods

used in this study to evaluate the DSS.

B. BACKGROUND

There has been significant growth in the fields of
synthetic environments and wusability engineering. The
term synthetic environnment is used to refer to virtual
reality, vi rtual environnments, t el eoper at or system
telerobotic systenms, augnented reality and synthetic
environnments in general. However, these two fields have
experienced growt h i ndependent | y. " An under | yi ng
assunption anong bot h (synthetic envi ronment s)
researchers and devel opers sonetines seens to be that
(synthetic environments), because they are a novel and

i npressive technology, are inherently good and usable



(Gabbard and Hi x, 1997, p.3)." The tools devel oped and
the |essons learned in the field of usability
engi neering have yet to be significantly applied to
synthetic environnents and those that have been applied
typically have not addressed the broad issues of

usability throughout the system (National Resear ch

Counci |, 1997; and Gabbard and Hix, 1997). The
integration of these two fields will nutually benefit
both. Usability engineering will gain a technologically

savvy custonmer and devel opers of synthetic environnents
wi || drastically i mprove the usability of their

technol ogically conmplex, and frequently difficult to use

systens.
Usability engineers will need to nodify existing
met hods and tools as well as develop new ones

specifically for synthetic environnents. For exanple,
typical human-conputer interaction wusability studies
focus on standard graphical user interfaces where there
is a single user. In the synthetic environnment,
i nnovative and non-standard nmethods of interaction as
well as a multi-user capability call for a redefinition
of the current wusability paradigm To facilitate this

transition, Gabbard and Hi x (1997) have outlined the



f our primary usability characteristics related to
synthetic environments. These are:

1. Users and User Tasks in Synthetic Environnments -
general wuser and task characteristics and types
of tasks in synthetic environnments.

2. The Virtual Model - usability characteristics of
generic conmponents typically found in synthetic
environments.

3. Synthetic Envi r onment User Interface | nput
Mechani sns - usability characteristics of
synthetic environment input devices.

4. Synthetic Environnment User Interface Presentation
Conmponent s - usability characteristics of
synt hetic environment output devices.

Gabbard and Hix have developed a conprehensive

t axonony based on these four areas in order to nove
beyond the "let's build it and see what happens" nethod
that is often enployed in synthetic environnments. This
t axonony S a classification, enuner ati on, and

di scussion of usability issues in synthetic environnents

and was developed to ensure that wusability wll be
i ntegrated into t he devel opnment of synt hetic
envi ronnments. In addition to this work, additional

analysis of wusability engineering and its integration
9



into synthetic environments through wusability testing
needs to be wundertaken. The first step in determ ning
how this can be acconplished is to exam ne usability,

usability engineering, and synthetic environnments.

C. USABI LI TY

Usability engineering is a systematic approach to
usability. In general, usability means that the people
who use the product are able to do so quickly and easily
to acconmplish their own tasks (Dumas and Redish, 1994).
This definition is based on four essential points, they
are:

1. Focus on users.

2. People utilize products to be productive.

3. People have Iimted time to acconplish tasks.

4. Users deci de when a product is easy to use.
Usability is concerned with the sum total of a product.
Usability should not only be considered an issue for the
primary system functionality, but should also be applied
to training materials, hel p packages, and ot her
associ ated features of the system |In order to inprove
the ease-of-use of a product, usability should be
consi dered throughout the devel opnent of a system from

initial design through final deploynment of the system

10



Dumas and Redish (1994) provide seven principles

for ensuring usability:

1. Engineering it into a product through an iterative
desi gn and devel opnent process.

2. I nvol ving users throughout the process.

3. Allowing usability and users' needs to drive design
deci si ons.

4. Wrking in teanms that include skilled wusability
speci al i st s, I nterface designers, and technica
conmuni cat or s.

5. Setting quantitative usability goals early in the
process.

6. Testing products for usability, but also integrating
usability testing with other nethods for ensuring
usability.

7. Being conmtted to making technology work for
peopl e.

This integration of usability into a product is commonly
called wusability engineering, (Good, 1988; Whiteside,
Bennett, and Holtzblatt, 1987). Simlar to software
engi neering, usability engineering includes identifying
users, anal yzi ng t asks, setting speci fications,
devel oping and testing prototypes, and the iterative

cycles of developnment and testing (Dumas and Redish,
11



1994). Gould and Lewi s (1985) highlight four principles
to facilitate designing usability into products.

1. Focus early and continuously on users.

2. Integrate consideration of al | aspects of

usability.

3. Test versions with users early and continuously.

4. Iterate the design.
| dentifying usability requirements prior to design can
save tinme and noney for the designer as well as increase
the |ikelihood of wuser satisfaction with the product.
Systens are developed to help individuals acconplish a
task. In order to provide a usable system what the
i ndi vi dual needs and how they are to acconplish this
must be ascertained. The primary requirement is to
under stand the prospective users and the audience for a
system Dumas and Redi sh  (1994) have identified
techni ques that can be used in a usability engineering
process. These techniques highlight the inportance of
descri bing what a person does in their job in ternms of
tasks. When the tasks are analyzed, how the person does
the job, can do the job, or should do the job are
descri bed (Drury, Paranmore, Van Cott, Grey, and Corlett,

1987) .
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Table 1: Usability Engi neering Process Techni ques

Techni ques for Planning, |nplenenting, and Eval uating Usability

Uncovering usability needs before you design
Identifying users’ jobs and tasks
Conveni ng focus groups
Interviewi ng and observing users in context
Conducting usability tests of existing versions
Conducting usability tests of conpetitors’ products
Setting quantitative usability goals
ng designs on expertise in human-conputer interaction (HC)
Under st andi ng the HClI and docurent desi gn approach
Using HCl and docunent design principles and gui del i nes
Setting and using local rules
Eval uati ng usability throughout design and devel oprent
Getting experts to review the design
Havi ng peers or experts wal k through the design
Havi ng users work with static prototypes
Havi ng users work with interactive prototypes
Getting user edits on early versions of docunentation
Conducting iterative usability tests
Aski ng users about their satisfaction

Bas

Redi sh and Dunas (1994)

In addition to wunderstanding the principles of
usability and the usability engineering process, it is
i mportant to set quantifiable usability goals early in
the design process. By setting quantifiable goals, a
product devel opment team will have a concrete way to
measure usability success. A series of quantitative
goals with rel ated objectives should be identified prior
to system development and wll facilitate subsequent
anal ysis. A team may have a goal to design a product to
be easy to learn and operate, however this is not a
quantitative goal and would be difficult to neasure. The
design team needs to define quantitative goals to nore
easily nmeasure wusability. Subjective criteria can also

be defined to help evaluate a products’ usability.
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Subj ective criteria are often easily derived, yet it can
be difficult to determne if the criteria have been net.
Typically, it is easier to determ ne when objective
goal s have been nmet. However, they may originally be
more difficult than the subjective criteria to devel op
For instance, in an air traffic-control synt hetic
environnment, a usability goal m ght be that users should
be able to detect and identify a new track in less than
5 seconds. Measures such as these are inportant in that
t hey provide a basis for evaluation on whether the goal
was achieved, they allow systens to be conpared, and
provi de baseline information against which revisions can

be eval uat ed.

D. USER | NTERFACE DESI GN

The wusability of a product is inherently tied to
the user interface. If the user interface is intuitive,
easy to learn and use, a product wll have favorable
usability ratings. Gui del i nes and user interface
heuristics have been established by academa and
i ndustry experts to best design wuser interfaces for
usability. Shneiderman (1997) proposes eight golden
rules of interface design to best maxim ze the usability

of an interface. These include:
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. strive for consistency
. enabl e frequent users to use shortcuts
. offer informative feedback

. design dialogs to yield closure

. permt easy reversal of actions

1
2
3
4
5. offer error prevention and sinple error handling
6
7. support internal |ocus of control

8

. reduce short-term nenory | oad

If followed, these rules should foster a sense of
comprehension and conpetence anong users. This is
particularly inportant because users prefer systens with
which they feel famliar and conpetent. Furthernore, if
a user has positive feelings toward a system they are
more likely to highly rate the performance of these
systens. These rules were originally devel oped primarily
for the standard graphical wuser interface. However,
t hese general underlying principles of interface design
can be interpreted, refined, and extended to synthetic
environments.

Striving for consistency can be problematic in that
consistency can relate to many aspects of the system
(i.e., termnology, color, layout, input and display

formats). For examl e, consi stency in a virtual
15



wal kt hrough of a house could refer to consistency of the
visual representation of objects in the environment or
could refer to consistency of human interaction wth
t hese features. It is not always possible to maintain
consi stency across all dinmensions of a system but
identical synmbol ogy and nmet hods of interaction should be
empl oyed t hroughout.

Shortcuts enable frequent users to reduce the
number of interactions required to obtain a desired
result and al so increase the pace of interaction. In the
synthetic environnment, unique nmethods of input and
di splay need to be inmproved to take better advantage of
shortcuts. For instance, there may be times when a
t hree-di nensional virtual environment could be sw tched
to a two-dinmensional map on which the wuser could
navi gate. When the user reaches a desired location, a
return to the three-dinmensional wor | d coul d be
initiated. Other shortcuts could include gestures or a
series of gestures, which are not directly relevant in
the current environment, but offer a shortcut to another
envi ronment .

Offering i nformation feedback facilitates the
user's I Mer si on In synt hetic environments. Thi s

f eedback can vary in degree with infrequent and m nor
16



actions resulting in smll <changes in the synthetic
environnment, whereas critical and major actions result
in substantial changes in the visual presentation.
Wt hout substantial information feedback users may not
be able to fully conplete actions or wunderstand their
current status. For exanple, in an air-traffic control
system the selection of an aircraft should be indicated
t hrough a state change (i.e., the display alters and an
obj ect becomes highlighted).

Usability of a system can be further maxim zed by
designing dialogs to yield closure. This can be achieved
by grouping a set of actions to provide a natural flow
through a wusers’ tasks. This sequencing of actions
provides the user better awareness of the actions taken
and gives the user a sense of closure of the sequence.
An exanple of this concept is virtual kitchens where a
user can pick up a dish, manipulate the dish, and break
the dish. If correctly enployed, the user will clearly
know the status of the dish and the associated action.
At the conclusion of the sequence of actions, the user
will clearly see the dish replaced on a counter or
broken into several pieces and be rewarded through this

sense of closure and awareness.
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Whenever practical, users should be permtted to
reverse actions if they choose. Users tend to make
m st akes, therefore a system should be designed to all ow
users to recover fromerrors easily. This may reduce any
stress or anxiety the user has when operating within a
synthetic environment. In the virtual kitchen exanple
menti oned above, a user my have selected the "wong"
di sh. The user should be able to recover fromthis error
and replace the dish in the same place as before.
However, the virtual Kkitchen example also suggests when
this would potentially not be allowed. For exanple, if
t he user has broken a dish, there is no recreation of
the dish. Simlarly, if in a mssile fire-control
station a mssile is accidentally fired there is no
ability to call it hone.

The design of a system should al so support a users’
“internal | ocus of control.” Users should be the
initiators of actions not the responders to actions
(Gai nes, 1981). When appropri at e, a synt hetic
environnment should be designed with the users in
command. Whereas the status of obj ects in the
envi r onment woul d be appropriately updat ed and
mai nt ai ned wi thout user action, the autononmous novenent

of the user within the environment or a drastic altering
18



of the visual orientation would be inappropriate. The
issue of system interruptions arises in this context
(McFarl ane, 1998). If a user is engaged in the synthetic
environnment, when is it appropriate for the user to be
interrupted with a conpeting task? How should that
interruption mani f est itself? Thi s I ssue of
interruptions needs further study, in particular within

t he context of virtual environnments.

The reduction of short-term nmenory | oad i's
essential for optiml integration of a user within a
synthetic environnment. Humans are |imted in their

ability to maintain excessive anounts of information in
their short-term menory. Desi gns of synt hetic
environments shoul d i nclude cues, nmmenoni cs, and
st andardi zed sequences of actions. Whenever possible,
access to integrated assistance information should be
provi ded. For instance, in an air traffic-contro
environnment, the history of the air tracks should be
made available to the user. If a task requires a series
of actions, a list of those actions should be avail able.
When designing systens to reduce short-term nmenory | oad,
t he designer should renmenber that humans have been shown

to be able to renmenber seven itens plus or m nus two.
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These rules of interface design, which are based
upon existing usability nmodels, can be nodified for the
synthetic environnent. However, the Ilimtations of
exi sting usability nodel s shoul d be under st ood.
Synthetic environnments have many unique characteristics
and understanding these is essential in addressing the
overall wusability. Unique characteristics of synthetic
environments not supported in existing usability nodels
include perceived presence and perceived real world
fidelity and exi sting model s do not support
gquantification or qualification of a user’s perception
of such characteristics (Gabbard and Hix, 1997).
Traditional wusability nodels are also limted in scope
in that they typically focus on a single user at a
single site. Oher 1issues involve the nmultiple and
uni que methods of interaction and display that are

continually being devel oped for synthetic environnments.

E. USABILITY TESTI NG

A usability test primarily neasures ease-of-use.
According to Dumas and Redi sh (1994), "usability testing
is a systematic way of observing actual users trying out
a product and collecting information about the specific

ways in which the product is easy or difficult for them
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to use (p. 12)." Dumas and Redish (1994) also identify
three basic tenets of wusability testing. The first is
that usability testing should be wused to diagnose
problems and not to determne that the product is
flawl ess. The second is that usability testing should be
empl oyed early in the developnent of a product and
often. Lastly, that wusability testing is part of a
process that focuses on usability throughout design and
devel opnment .

In order to best incorporate wusability into the
devel opnment process, a thorough testing plan needs to be
devel oped. There are several determ nants that need to
be addr essed in devel opi ng an eval uati on pl an
(Shnei derman, 1997; Nielsen, 1993; Hix and Hartson,
1993; Preece et al., 1994; Newman and Lanm ng, 1995). A
foundational determnant is the current stage of the
design. The requirenments for testing an early design as
conpared to a late design will differ in that genera
concepts of user interaction with the design need to be
tested early, whereas testing of a |ate design may be
targeted nore at identifying consistency wthin the
environment and task conpletion. In addition, t he
criticality of the environnment Is a significant

determ nant in deciding the objectives of the test. The
21



| evel of task conmpletion rates and nunber of errors
allowed in a test wll vary depending on whether an
environment is being developed as part of a life-
critical system or as an entertai nnent system Finally,
factors such as the novelty of the project, the nunber
of expected users, the time avail able, the costs of the
product, the available resources (i.e., tinme and noney
avail able for testing), and the experience of the
usability testers themselves play a role in shaping the
usability test.

Usability testing of a system has becone essenti al
not only to maximze the usability of the system but
also to verify that contractual requirenents have been
met and to docunent that testing has been conducted in
case legal 1issues or Jlawsuits arise concerning the
operating of the system (Shneiderman, 1997). This 1is
best illustrated when one considers that perfection is
not possible in any system particularly systens that
i ncorporate human users. The varying degrees for which
errors wll be tolerated relates directly to the
requirements to bring the systemto full operational use
and the inpact that the errors may have during
oper ational use. However as Shneiderman (1997) suggests,

systems which require high levels of input such as
22



nucl ear-reactor-contr ol or air-traffic-control
emergencies are very difficult to test. However, testing
met hods to deal with stressful situations, which include
life-critical applications, are increasingly needed.

Anot her usability testing method enployed to
i mprove a product’s usability is an expert eval uation of
the system Nielsen and Mack (1994) argue that formal
expert reviews can generally provide nore wuseful
information as conpared to informal denonstrations to
col l eagues or custonmers. This requires that expert
reviewers are available to the usability testing team
| f avai | abl e, expert revi ewers can be empl oyed
t hroughout the design and testing of a system The
typi cal product of an expert review is a report
outlining identified problems and recomendations for
i nprovenment. The forns these reviews may take include
heuristic evaluation, gui deline review, consi stency
i nspection, cognitive-wal kt hrough, and formal wusability
i nspection. Expert-reviews do face challenges. For
i nstance, expert-reviewers may be confronted with new
systens and technol ogy they are not conpletely famliar
with and for which they may not fully understand the

design rationale or devel opnent history. However, expert

23



reviews typically provide a fresh look at a system and
are useful in evaluating system devel opnent .

Tabl e 2: Expert Review Met hodol ogy

Expert - Revi ew Descri ption
Met hod

Heuristic Expert-reviewers critique an interface to

eval uati on determ ne conformance with a short |ist of
desi gn heuristics such as the eight gol den
rul es.

CGui del i nes The interface is checked for conformance

revi ew wi th the organi zational or other guidelines
docunent

Consi st ency Experts verify consistency across a famly

I nspection of interfaces, checking for consistency of

term nol ogy, color, layout, input and
output formats, within the interfaces as
well as in the training materials and
online help

Cogni tive- Experts sinmulate users wal king through the

wal kt hr ough interface to carry out typical tasks.
Sinmulating the day in the life of the user
shoul d be part of the eval uation.

For mal Experts hold courtroomstyle neeting, with

usability a noderator to judge, to present the

i nspection interface and to discuss its nerits and
weakness.

Shnei der man, 1997

For mal usability testing 1in |aboratories can
provide information concerning user needs and abilities
that an expert-review may mss. Usability testing and
usability |aboratories have been developed to capture
the user experience directly. The information gained is
used to confirm progress in the design of a system and
to obtain recommendations to inprove upon the system
Typically, a formal wusability study is conducted in a
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usability laboratory in a controlled setting with a set
of tasks for the user to undert ake.

Usability studies do take other forms, such as
Ni el sen’s (1993) discount wusability engineering which
are “quick and dirty” approaches to task analysis,
prototyping, and testing (Shneiderman, 1997). Field
studies are another type of wusability study which are
conducted in actual work environments in order to
achieve realistic, user evaluation. A different approach
to these traditional nmethods is to challenge actual
users of the systemto try to break the system comonly
called beta testing. By offering rewards to individuals
who find flaws in a system developers can speed up the
devel opnment process and correct errors that may have
been m ssed through conventional testing. Two serious
flaws with wusability testing in general are that it
enmphasi zes first-time usage and |acks a conprehensive
evaluation of the system due to time constraints
(Shnei der man, 1997). These flaws necessitate that
usability testing be supplenented with other nmethods of

eval uation such as expert-review.
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F. PLANNI NG FOR USABI LI TY TESTI NG

When planning a wusability test, often the nost
i mportant question, besides what is required, is how
long the test should take. If the usability testing is
an integrated part of the design process and is not
simly being conducted on a conpleted system then the
test needs to be as short as possible to obtain the
necessary information — and short enough so that the
test 1s not burdensone. This wll facilitate the
iterative nature of proper wusability testing. Testing
| engt h depends on many factors, including how nuch prior
testing has taken place, how conplex the systemis, and
the scope of the system to be tested. Dumas and Redi sh
(1994) suggest that traditional testing lengths fall
into one of four categories. Organizations that follow
formal testing and generate conprehensive test reports
allow eight to twelve weeks. Shortened testing periods
of four to six weeks are frequently used when there
exi sts a strong col |l aboration between team nmenbers and a
shortened formal report is used. VWhen only a particular
aspect of a system is to be studied wth well-
establi shed procedures, one week can suffice. Just-in-
time testing is discouraged, but <can still provide

useful information in a couple of days if necessary.
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St udi es conduct ed by experi enced and dedi cat ed
i ndi vidual s who take the necessary tinme will nost often
achieve the best results. Furthermore, proper planning
entails the definition of goals and concerns, deciding
who shoul d participate and recruiting these individuals,
devel oping and organizing tasks and task scenarios,
deciding on wusability measures, preparing the test
materials and test environnment, and conducting a pil ot
t est.

Dumas and Reddish (1994) suggest that defining
goal s and concerns for wusability testing can be viewed
as a three-stage process. The first stage is making
choi ces anmong goal s and concerns. For instance,

s your main concern whether new users

will be able to get up and running to

do basic tasks quickly, or whether

users who have had the product for 6

months can figure out nore advanced

functions? You may be concerned about

both, but you'll have to plan two

different tests to Ilearn about both

(Dumas and Redi sh, 1994, p. 111).
The second stage is nmoving from general concerns to
specific ones. This helps determne the type of subjects
necessary and begins to shape concerns into quantitative
objectives. Lastly, understanding the sources of these

goals and concerns allows the wusability engineer to

better develop the testing scenarios and tasks. Sone
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sources include expert-reviews, user feedback, and
previ ous tests.

The deci sion on who should participate in the study
should be based on developed user profiles. ldeally,

user profiles should have been devel oped prior to design

of the system and usability testing. If this has not
been done, a user profile can be developed by
identifying all the relevant characteristics that an

i ndi vi dual using the system should have. The two primary
characteristics of concern are those that all the
i ndi viduals have in comobn and those that may make a
di fference between the individuals. For exanple, if a
command and control synthetic environment were being
depl oyed onboard a US Navy ship for the first tinmge,
certain questions need to be addressed, these include:

1. WIl many wusers be working wth abstract or
sinmul ated environnments for the first tinme?

2. WII many i ndi vi dual s be experienced wth
personal conputer applications, but new to the
synt hetic environment?

3. WIl many users already be adept at wusing the
i nput devices?

4. Who will be wusing this system -- commnding

officers, junior officers, or enlisted personnel?
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The decision on how many subjects are required for
a study can also be a challenging question. Usability
engi neers are often delighted to have ten to twelve
subj ects participate in a study, whereas a statistician
m ght insist on no less than thirty-six to forty-eight.
The realities of time and budget constraints often
result in wusability studies having six to eight
subjects. A sinple answer to the question of how many
subjects to use is enough participants to conplete the
study as efficiently as possible.

A method of determ ning subject size proposed by
Bailey (1997) is based upon a variation of the binom al
probability formula,

1-(1-p)°
wher e,

p probability of the event occurring

n nunmber of test subjects

For this method, a subject matter expert or team of
experts must first derive the I|ikelihood, an estinmate
for p, that an elenment of the system will confuse any
one test subject. For exanple, suppose that it has been

determ ned by a panel of experts that the |ikelihood of

any one test subject having difficulty identifying a
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confusing air-track icon in a synthetic environment is
0.5, that is to say using a single subject in our study
there is a 50/50 chance of the subject having a problem

If two subjects are tested, the probability that the
confusing air-track icon be identified rises to 0.75

This probability 1is calculated wusing the binom al
formula presented. Furthernmore, if three subjects were
used, this probability rises to 0.87 and with seven
subjects to 0.99. Therefore, by basing our calculations
on the original |ikelihood, we can determ ne sanple
size. Table 3 provides a chart for determ ning sanple
size. Problem probability can be roughly assumed to be a
rough estimate of problem severity (Bailey, 1997).

Tabl e 3: Likelihood of Performance Test Subjects Having

Probl ens

Pr obl em Nunmber of Test Subjects

Probability 1 2 3 4 5 6 7 8 9 10
.05 .05 .10 .14 .19 .23 .26 .31 .34 .37 .41
.10 .10 .19 .27 .34 .41 .47 .53 .57 .61 .65
.15 .15 .28 .39 .48 .56 .62 .68 .73 .77 .80
. 25 .25 .44 .58 .68 .76 .82 .87 .90 .92 .94
. 50 .50 .75 .87 .94 .97 .98 .99
.75 .75 .94 .98 .99

. 90 .90 .99

Bai | ey, 1997

After determ ning the nunmber of participants and
the length of the study, the test can be devel oped. Once
t he goals and concerns of the test have been defined,

the initial tasks to test should be selected and
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organi zed to best address these goals and issues. The
tasks then need to be placed in a context that is
under standable to the user. It is through the
devel opnment of task scenarios that this is acconplished.

These scenari os serve as the basis for the test.

G. CONCLUSI ONS

Synthetic environnents are an energing technol ogy
that will enable individuals to perform new functions
and acconplish older functions in a new way. Usability
engi neering and wusability testing tools have recently
been developed primarily in conjunction with standard
graphical user interfaces. If synthetic environnents are
going to mature and become integrated into our society,
they nust be easy to use and enable individuals to
acconplish tasks more efficiently. This maturation can
only take place if these fields can be integrated so as
to establish systematic and standardized nethods of
eval uati on. Thi s evolution wll begi n by basi ng
synt hetic envi r onnment desi gns on human- conput er
interaction principles.

Thi s t hesi s argues t hat t he application of
principles of human-conputer interaction derived from

existing literature and research can be applied to
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synthetic environnents. There is significant enthusiasm
surroundi ng synthetic environnents, but Ilittle effort
has been mde to mature the field of synthetic
environments and wutilize existing nodels of wusability
and user interface design. This can be best addressed by
demonstrating what is acconplished when the nethods of
usability are applied to synthetic environnents. It wll
only be through a significant devel opnent and successf ul
i mpl enmentation of an existing or energing synthetic
environment wusing usability principles throughout its
design and inplenmentation that this integration will be

t aken seriously.
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LT METHODOL OGY

A. RESEARCH APPROACH

This study involved the analysis of an existing
deci si on support system and t he devel opnment of
eval uation net hods based on this system The purpose of
this analysis was to assess the extent of the systems
usability, to assess the effect of the interface on the
user, and to identify any specific problems with the

system (Di x et al, 1997).

B. DATA COLLECTI ON

Participants. 12 participants for this study were
recruited at the Naval Postgraduate School (NPS) in
Monterey, California. All participants were mlitary
of ficer instructors or students at NPS and had
previously served as Surface Warfare Officers (SWO). Six
of the participants had served aboard Aegis ships and
six had not. The participants were further divided by
experience |level into one of two categories, |ow and
hi gh. Experience |evels were based on a conbination of
nmont hs spent at sea and the nunber of deploynents. The
| ow experience |level group on average had 44 nonths at

sea and two deploynments; the high experience group on
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average had 58 months at sea and an average of 2.7
depl oynments. Participants were distributed across four
cat egori es. Tabl e 4 shows t he di stribution of
partici pants across these categori es.

Tabl e 4: Subject Distribution

Low Hi gh
Experi ence experience
Non- Aegi s 3 3
Aegi s 3 3

Al'l participants had experience as Conbat |Information
Center (CIC) Watch Officers. Five participants had
addi tional experience as Tactical Action Officers. Two
of the subjects were U. S. Navy Lieutenant Commnders and
ten were Lieutenants.

| nstrunment . This study will provide a benchmark
across usability objectives. A usability task script and
post -t ask guestionnaire were adm ni stered to al
subjects. At the conclusion of the study, a post-test
guestionnaire was adm nistered to the participants. See
the descriptions below for specific definitions of
obj ecti ves.

90% Successful completion of tasks.

90% Error free rate.
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90% score of 3 or better on a 7 pt. scale (e.g.
l=easy, 3=sonewhat easy, 5=sonmewhat difficult,
and 7=difficult) in ease-of-use.
90% score of 3 or better on a 7 pt. scale (e.g.
l=sati sfied, 3=sonmewhat sati sfied, 5=somewhat
di ssati sfi ed, and 7=di ssati sfi ed) In user
sati sfaction.
| deally, by the time a Decision Support System is
released to the fleet, these objectives should be net
and/ or exceeded in order for the system to neet high
ease- of -use standards.

Procedur e: Partici pants conpleted an I nf or med
consent form and denographic questionnaire (Appendix A
and B). The participants also received a usability task
script along with a brief description of the eval uation
scenario (Appendix C). Participants sat directly in
front of two 21-inch computer display nonitors and
controlled the DSS-2 wth a conmputer nouse. The
begi nning of the usability evaluation consisted of the
participants responding to a series of questions
concerning their initial reaction to the DSS-2 graphical
user interface (Appendix D). Participants were then
directed to read aloud and execute the tasks provided

themin the task script. Follow ng each series of tasks,
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gquestions concerning the wusability of the DSS-2 were
presented. Additional questions concerning participant
satisfaction as well as current understanding of the
DSS-2 were al so presented. Upon conpleting this phase of
the study, participants were timed on the conpletion of
tasks wusing the DSS-2. The study concluded with the
adm ni stration of a post -t est questionnaire.
Partici pants received no training on the DSS-2 prior to
the usability study. The DSS-2 conponent nanmes, such as
track profile and response manager, were not used during
interactions with the participants. These conponents
were addressed in respect to the |ocation they would be
found on the display nonitor. For exanple, the track
profile conponent would be referred to as the area in
t he upper left side of the right nmonitor.

Thr oughout each wusability session, the follow ng
measurenments were taken during the performance of user
tasks. These neasurements were used to assess whether or
not each usability objective had been net. These

measurements i ncl ude:

Task Conpletion Rate: The proportion of participants
who conplete the task successfully and i ndependently
w thout critical errors. A critical error has

occurred when the participant either requests
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assistance fromthe usability engineer or commts an
uncorrected error that results in an incorrect
outconme for the task

Error Free Rate: The proportion of participants
conpleting the task without any errors, critical or
non-critical. Non-critical errors include any error
corrected by t he t est partici pant wi t hout
intervention by the usability engineer or an error
left wuncorrected, but which does not affect the
correctness of the outcone of the task.

User Satisfaction: The User Satisfaction rating is
derived from a series of questions which the user
rates on a 7-point scale, ranging from very
dissatisfied to very satisfied. The questions
solicit wuser opinions with regard to ease-of-use,
sinplicity of the human-conputer interaction, system
functionality, and general satisfaction wth the

pr oduct .

DATA ANALYSI S

The occurrence of each of the nmeasurenents |isted

above was recorded in a spreadsheet. These data included

any associ ated user-feedback informati on associated with

t he measurenment. Frequencies of the various neasurenents
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in the database were determ ned, both in aggregate and
by neasurenent type. The categorization of participants
by experience I|evel and whether they had previously
served onboard aegis ships was used in presenting the
results. However, due to small sanple size and no
noti ceabl e differences between categories all subsequent

anal ysis was performed on all participants as a single

group.

38



V. USABILITY EVALUATI ON RESULTS
A BACKGROUND
The results of this usability evaluation are
presented in the same order they were collected. The
participant’s initial inmpressions of the DSS-2 graphical
user interface are presented along with the participants
initial impressions of the six mpjor conponents. The

DSS- 2 conponents include the Figures 2 through 7:

Fi gure 2: Tool bar

Figure 3: Geopl ot
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Figure 4: M nicros

Figure 5: Track Profile

Figure 6: Response Manager

Figure 7: Track Sunmary

40



The participant’s task conpletion rates, post -t ask
gquestion responses, and the answers to the post-test

gquestionnaire are al so provide.

B. I NI TI AL | MPRESSI ONS

Overall, participant’s first inpressions of the DSS
were positive (Table 5). Participants generally found
the DSS to be a famliar interface that contained nore
information than they were accustomed to in existing
shi pboard systens. In addition, participants stated that
their initial inpression of the DSS-2 was that it aided
si tuati onal awareness and is wused to consolidate
information. In particular, participants were famliar
with the geoplot map display and understood that the
t ool bar woul d be used for manipulating the geoplot map
(Tables 6 and 7). Participants generally understood that
the mnicros were summries of I ndi vi dual track
information and that this information was ordered in
some manner (Table 8). Three participants either did not
know what the m nicros would be used for or incorrectly
identified the meaning of the mnicro functionality.
Participants had difficulty identifying the track
profile conponent of the DSS-2 (Table 9). A mpjority of

participants incorrectly believed the Track Profile
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component to be a weapons status nonitor that reflected
the status and quantities of weapons available. The
response manager was unfamliar to all participants
(Table 10). However, the concept of the response manager
was generally under st ood by al | partici pants.
Partici pants stated that the response manager woul d deal
with engagenent orders, doctrine, rules of engagenent,
reconmended actions, or a checkl i st. Generally
participants <correctly identified the track summary
conponent, however three partici pants I ncorrectly
assunmed that the track summary information pertained to

own-ship status (Table 11).
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Tabl e 5: What is your first inpression of what you see?

Fam | iar Geopl ot.
Like it, layout. Black and white stand out.
Simlar to JOTS displ ay.

Where we are and where our battlegroup is. Focus on
si tuational awareness, where we are.

Difficult.

Si tuati onal Awareness.

A lot of crap on the screen, cluttered, overwhel m ng.
Lot of information, used to pick out synbols.

Consol i dated a | ot of info.

| medi ately obvious, right sight.

Looks cool. Intimdating.
Like it, used to one screen. Get nore info with this.

Tabl e 6: What does the far left side of the |eft nonitor
represent to you? (Tool bar)

Control panel for display and tracks.
Power point.
Vi ew of situational picture.

Track contact info, select track synbol ogy, nake
deci sions for you.

Legend.

Filter setting.
Legend for map.

NTDS not ati ons.

Tool bar for geopl ot.

Al ter geopl ot.
Sel ect what you want to | ook at.
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Tabl e 7: What does the upper left area of the left
moni tor represent to you? (Geopl ot)

Map.

JOTS di spl ay, NTDS.

VWhere | am and what ny radar knows.

Vi sual display of geographical picture.

Operating area, tactical area.

Ceopl ot .

Nort hern Persian Gl f.

Ceopl ot of surface and air contacts.

Threat access, radar responsiveness in a certain area.

Big picture, where we are.
Topogr aphi cal map.

Tabl e 8: What does the bottomrow on both npnitors
represent to you? (M nicros)

Quick Summary to what you are seeing.

Classification of targets, not sure howit classifies.
What | know of the tracks in ny area.

Contact information, track # s and nanes.

Weapon enpl oynent ar eas.

Cont act s.

| nformati on of ships.

Current tracks. Air and merchants set as priority time or
t hreat.

Cont act bearing range, speed, and sensor types.

One for each track
Not hi ng, sel ection buttons?
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Tabl e 9: What does the top left area of the right
moni tor represent to you? (Track profile)

X axi s questions and range.

What our weapons are.

St at us of weapons systens.

Weapons status, a horizontal bar chart.
TAO stuff. Order of steps, things to do.
Not hi ng, weapons st at us?

My weapons and how nuch | have.

Qur weapons.

How nmuch | have, status, and range.

Not quite sure, our weapons status?
Weapons st at us.

Tabl e 10: What does the mddle-left area of the right
moni tor represent to you? (Response Manager)

Engagenent orders.

When t hi ngs happen, what shoul d happen at CO/ already
t aken pl ace.

Never seen anything like it. A decision matrix for ROCE
possi bl e def enses, weapons posture. Wiere we are and what
we shoul d do.

Deci si on- nmaki ng. Decisions | need to nake.

| don’t know, naybe doctrine statenent.

Doctri ne.

Di stance tine line, envel opes. Need to do sonet hing.
ROE’ s.

Priority of actions, Recomended actions by system

Don’t know, a continuum of todo’'s?
Time |ine.
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Tabl e 11: What does the top right area of the right
nmoni tor represent to you? (Track Sunmary)

Track details.

Cl ose control, nore information, emtter age.
Contact CO .

Has a tracks detailed information.

Specific track information. Don’t know how it is
different from (mnicros), maybe nore specific.

Al | need to know to | aunch.
Own ship, don't |Iike presentation.
Shi p status.

Contact information.

Blow up of mnitrack status. Active/intel/last known
posi tion.

Qur own ship status.

Shi ps informati on and dependent on current sel ection.

Once data was gathered on the participants initial
i mpressions of the DSS and its conponents, a series of
tasks were presented. Participants conpleted the tasks
and answered post-task questions concerning ease-of-use
and satisfaction. Task conpletion errors were recorded
and task conpletion percentages were calcul ated. Task
conpletion rates which were below the usability
criterion of 90% are highlighted in Table 12 and

di scussed in Chapter five.
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C. TASK COMPLETI ON

Tabl e 12: Task Errors and Conpl etion Rate

TASK Errors Corrg;tet; on
Task 1: Display the track numbers of all contacts in 4 67%
the map displ ay.
Task 2: Locate and select track number 7012. 0 100%
Task 3: Change the map to display the directions all 1 92%
tracks are noving.
Task 4: Remove all unknown tracks from the map 0 100%
di spl ay.
Task 5: Display all surface unknown tracks. 3 75%
Task 6: Display all tracks. 0 100%
Task 7: Change the size of the map to better see the 3 75%
tracks displ ayed.
Task 8: ldentify the range of map sizes that are 12 0%
avai |l abl e.
Task 9: Explore these two buttons. When finished 0 100%

expl oring, select

T~

map size of 128 nm
Eange Scale

0o o o “r,———————

Task 10: Pl ease point to own-ship on the map displ ay. 1 92%
Task 11: ldentify which tracks are potential threats. 6 50%
Task 12: Determ ne whether track 7013 is within its 3 75%
weapons rel ease range.

Task 13: Determ ne whether track 7013 is within own- 1 92%
ship’s weapons envel ope.

Task 14: Identify the bearing and range of track 0 100%
7016.

Task 15: Check and see what the npst recent warning 3 75%
information is regarding track 7011.

Task 16: Ildentify the nmost recent warning information 2 83%
for track 7011.

Task 17: Select track 7016. 0 100%
Task 18: Locate own-ship position on the right 2 83%
noni t or.

Task 19: Using information available on the right 3 75%

moni tor, determ ne whether track 7016 is within its
weapons rel ease range.

Task 20: Using information available on the right 0 100%
nmonitor, determ ne whether track 7016 is within own-
ship’s 5/54 guns weapons envel ope.

Task 21: Select track 7017. 0 100%
Task 22: Click on verify airspace, issue a level 1, 1 92%
and change CIWS to auto/ready.

Task 23: Select track 7012. 0 100%
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Figures 8 through 26 show participant responses to
each of the post-task questions. Each figure shows
either ease-of-use or satisfaction ratings for all 12
partici pants. The bars in the figures represent
i ndi vi dual participant ratings. These bars are grouped
according to the category of wuser and the bars wthin
each grouping are order according to relative experience
|l evels within the group. Tables 13 through 43 summari ze
partici pant comments and what participants thought could

make the conpletion of the task easier.
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D.

POST- TASK QUESTI ON SUMMVARI ES

Figure 8: How easy/difficult was it to display the track

nunmbers? (Question 1)

Tabl e 13: Coments & what would make this easier?
(Question 1)

Had to look for it. Training.

Clutters display, |ose visual reference of contacts.
Just a little nore tine to study screen.

Very easy considering 1st time use. Change buttons to
read easier (e.g.) "Display all track # s".

Shift click or nousedrag over all contacts.

D fferent col or background to make it standout add to the
"show' title for instance "Display on Map".

| was not sure what | was doing was going to work the
first tinme. Experience with the interface.

Took a step and had to decide if it was a collective
action or serial. Pre-know edge.

Easy once | knew what to do.

Advanced training, change | abel to "show all tracks" or
sonething |i ke that. Experience.
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Figure 9: How easy/difficult was it to find track nunber
7012? (Question 2)

Tabl e 14: Comments & what would make this easier?
(Question 2)

Put track # s in order on bottom displ ay.

VWhat will happen to display win traffic zones, >20
cont act s.

No probl em

Need a 10 key to enter track #.

Experience with the interface.

Track nunber hides synbol. If the tracks exceed the
di splay. Area, may need a sunmary list that is

cat egori cal

If | understood the ordering of the track # s at the
bottom
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Figure 10: How easy/difficult was it to read the track
nunmber on the map display? (Question 3)

Tabl e 15: Comments & what would make this easier?
(Question 3)

Possibility of having #' s separate. This has its

di sadvant ages t oo!

On | arge scale chart hard to distinguish individual #'s
Make | arger.

Looking for track # highlighted. Arrange tabs by other
‘sorts'.

Fl ashing contact # or sonething to make it stand out — gets
| arger for exanple.

How far fromscreen will the user be? Mre than one user
may have to use a displ ay.
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Figure 11: How easy/difficult was it to display the
course leaders in the map display? (Question 4)

Tabl e 16: Coments & what would make this easier?
(Question 4)

Used history function first.
Di splay all buttons.

Experi ence.
Experi ence.

52




Figure 12: How easy/difficult was it to renove unknown
tracks fromthe map display? (Question 5)

Table 17: Comments & what would make this easier?
(Question 5)

Had to click to determne if on/off.

Did it individually by air, sfc, sub, not in one step.
Little tine needed to understand there were toggle
but t ons.

Very easy since | had the experience of the previous

t ask.
Experi ence.
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Figure 13: How easy/difficult was it to display al
surface unknown tracks on the map display? (Question 6)

Tabl e 18: Coments & what would make this easier?
(Question 6)

Synbol ogy is a plus.
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Figure 14: How easy/difficult was it to understand when
the track type buttons were sel ected? (Question 7)

Tabl e 19: Comments & what woul d make this easier?
(Question 7)

Tr ai ni ng.
Noi se was good indication, but won't work in shipboard

environnment. Distinct col or change woul d be better, (e.qg.
bl ack vs. white).
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Iiill\
Question 8: How woul d you explain what this does?

Tabl e 20: Coments & what woul d make this easier?
(Question 8)

Zoons by factor 2.

Goes down to next pre-selected button and increases by
1/2 the current range.

Decreases range scal e.

Decreases map size, snaller range scale.
"+" = Zoom I n.

Zoom i n.

Zoom i n.

Zoons out, |owers scale.

Zoons in range on increnent per click.

| ncrease zoom

Zoons in range on increnent per click.
Zoom i n.

Question 9. How would you explain what this u does?

Table 21: Coments & what would make this easier?
(Question 9)

Unzoons by factor 2.

Decreases by 2 the current range.

| ncreases range scal e.

| ncreases map size, |arger range scale.
"-"=Zoom Qut .

Zoom out .

Zoom out .

Zoons i n.

Zoons out range on increnment per slide.
Decrease zoom increase size of area covered.

Zoons out.
Zoons out.
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Question 10. Does the positioning of these buttons
(plus on the left / mnus on the right) neet your
expectations? Five participants responded yes, seven
subj ects said no.

Tabl e 22: Comments & what would make this easier?
(Question 10)

Nunbers decrease to the left, therefore sign should be to
the left.

Expect mnus on left associate small wleft, large

w right.

At first | had themreversed.

"+" on the R ght?

| expected the normal "-" to the left though | saw after
trial that it means to increase the scale. For ne it was
a conpatibility error.

Wul d help to have a drag zoomto center and zoom

Seens like "+" should be on the right, "-" on the left.
Prefer to be able to select ny own choice of

magni fication
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Figure 15: How easy/difficult was it to identify own-
ship on the map display? (Question 11)

Tabl e 23: Comments & what would make this easier?
(Question 11)

St andard NTDS synbol ogy used.

Hook sel f.

Provide legend in Track types for own ship or the
different nodes show that this is a geo-center display.

| assuned that the viewer could al ways choose the center
of the screen wherever he wants.
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Figure 16: How easy/difficult was it to identify whch
tracks were potential threats? (Question 12)

Tabl e 24: Coments & what would make this easier?
(Question 12)

Standard NTDS Threats are red, unknown white, etc.

Col or on nodel is yell ow expected NIDS standard of red.
Ei t her use NTDS col ors and synbols or nore tine and
famliarity with nodel.

Color is deceiving, | was drawn to col ored icons, not al
threats a TGI that had not had any additional eval uation,
woul d not be colored, and could be m ssed. What is a
threat in this scenario, can | change that criteria and
t hen di spl ay thenf?

This is anbiguous at best. In Gulf all tracks are
potential threats.
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Figure 17: How easy/difficult was it to determ ne
whet her track 7013 was within its weapons rel ease range?
(Question 13)

Tabl e 25: Comments & what woul d make this easier?
(Question 13)

Conparing to left screen nade it clearer

Mul tiple envel opes are going to be hard to see.

This information is only based on an assuned
configuration, may |lead to wong deci sion making.

Not sure what the red and gray grids nmean. This is really
just a training issue, but easily |earned.

Experience with the interface.

Pre know edge of red versus white would nake it easier.
Difficult to figure it out the first time. Renanme button
to say "weapons ranges".
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Figure 18: How easy/difficult was it to determ ne
whet her track 7013 was within own-ship's weapons rel ease
range? (Question 14)

Tabl e 26: Coments & what would make this easier?
(Question 14)

Conmparing to left screen nade it clearer

Mul ti pl e envel opes are going to be hard to see.

This is known info, easy to decide.

This is really just a training issue but easily |earned.
Because | was guided to the weapons button on the |eft
screen.

Pre know edge of red versus white would nmake it easier.
Difficult to figure it out the first time. Renanme button
to say "weapons ranges".

Experi ence.
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Figure 19: How easy/difficult was it to identify the
bearing and range of track 7016? (Question 15)

Tabl e 27: Comments & what would make this easier?
(Question 15)

Famliarity.

Bottomtab not so clear. Bearing =??, Range=?7?.

| need conpass display, not for this, but relative
positions for ship's head for weapons envel opes.

Not readily recogni zable, but it is only due to
famliarity with the display.

Titles for course and range displ ayed.

Unsure whether 312/16.6 represents range/ brg or cse/sro.
Label the nanes.
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Question 16. Do you think there is any nmeaning to
the ordering of these itenms? Eleven participants said

yes, one said no.

Table 28: If yes, what do you think the ordering neans?
(Question 16)

Range and threat.

Thr eat .

Threat level. Unsure of ordering within categories
(Threat, Unk, Nuet) no apparent categorization by
platform Appears to list closest contact first.

Organi zed from higher potential threats to | ower
potential threats.

Yes, excellent quick reference for track data. Ordering
according to threat?

Don't al ways know what is driving the ordering.

Hi gher threats on left.

Threat priority.

Potential threat order.

| think they are ordered in ternms of threat.
Ordered by threat/unk/friend and then by contact order.
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Fi gure 20: How easy/difficult was it to identify the
nmost recent warning information for track 70117
(Question 17)

Tabl e 29: Coments & what would make this easier?
(Question 17)

Fam liarity and knowing "alerts" had to be clicked on the
synbol .

Tr ai ni ng.

Unfam liar with pull down nenu. Not require continued
user interface with nouse to view alert nenu.

My Under st andi ng of Question? Button to read "Warni ngs"
Track updated, | did not see and called wong

i nformation!!!

VWhat are those nunbers, if its tine in needs to be in
00: 00: 00 format.

Easily found and under st ood.

Except | had to hold the nouse button down to view
alerts. Menu should stay up after clicked.

Pre know edge.

Didn’'t know where to find it. Maybe a flashi ng warning
[ight.

Experi ence.
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Figure 21: How easy/difficult was it for you to sel ect
the alert button and view the alert w ndow? (Question
18)

Tabl e 30: Coments & what would make this easier?
(Question 18)

Famliarity.

Unfam liar with pull down nmenu. Not require continued
user interface with nouse to view alert nenu.
Didn't catch ny eye right away.

Couple tinmes to learn to hold down.

Kind of snall. Keep alert up, let any button close
w ndow.

Easily found and under st ood.

Except | had to hold the nouse button down to view
alerts. Menu should stay up after clicked.

| would like it to stay in view when clicked.
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Question 19: Click and hold the alert button. What
do the nunmbers on the right mean to you? Seven
partici pants bel i eve t he nunmber on t he right
corresponded to the tinme el apsed since warning occurred
and one the time the warning occurred.

Tabl e 31: Comments & what would make this easier?
(Question 19)

Blue is significant, gray contact updates.

Lt. Blue neans increase threat issue.

Wi te: general info, Blue: ROE specific info.

Green appears to be a nore serious alert.

Bl ue=Warni ng or threat, Gey=neutral info.

Bl ue i s associ ated attack/ def endi ng.

Col or nmeans new al ert, use red.

Bl ue neans what affect if has on ne. Gey is general

i nformati on.

Contact w thin weapons range, | would expect that the
col ors woul d change (maybe to red) as the contact gets
cl oser.

Wi te general, blue warning, red? Perhaps hostile action.
Bl ue nmeans hi gh significance.

White-narrative, Blue-threat.
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Figure 22: How easy/difficult was it to understand what
the nunmbers in the alert w ndow mean? (Question 20)

Tabl e 32: Comments & what would make this easier?
(Question 20)

| just didn't know when | saw them tinme since report is
new to ne.

Tr ai ni ng.

Still unsure. Famliarity with systemor standard use of
zulu time on all areas.

Col um header = Ti ne El apsed.

Bot h actual and el apsed tinme on target.

00: 00: 00 format.

Use a plus synmbol next to the tinme to indicate how | ong

since tinme zero.
No indication of what they nean. Labeling.
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Figure 23: How easy/difficult was it to understand what
the colors in the alert w ndow nean? (Question 21)

Tabl e 33: Coments & what would make this easier?
(Question 21)

| amstill not sure. Famliarity, if |I used the system
the colors would be easy to renenber.

Add a feature for contacts weapons rel ease range in RED

Need to find pattern. Use nore than 2 color if it is
going to colori ze.

Use red.
| had to think about it.

Yellow is a better warning color, blue is too passive.
No indication of what they nean. Labeling.
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Figure 24: How easy/difficult was it to determ ne
whet her track 7016 was within its weapons rel ease range
using the infromati on displayed in the right nmonitor?
(Question 22)

Tabl e 34: Coments & what would make this easier?
(Question 22)

Famliarity.

Tr ai ni ng.

| need a representation giving weapon's maski ng areas
unl ess I know the graphs account for it.

History is less inportant than current velocity for
weapons.
|"mnot sure how to interpret the graph. Training.
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Fi gure 25: How easy/difficult was it to determ ne
whet her track 7016 was within own-ship's weapons rel ease
range using the information displayed in the right
moni tor? (Question 23)

Tabl e 35: Comments & what would make this easier?
(Question 23)

Tr ai ni ng-but by now | have sone.

Have avail abl e weapons as a pull down nenu. dick
weapons, rel ease nouse, see choices, nmake choice by
clicking desired weapon.

Sel ect and drag is hard, select/select.
Easi |y under st ood.

Make weapons wi ndow a pop down and stay vice hold down
and find.

|"mnot sure how to interpret the graph. Training.
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Tabl e 36: What do you expect the ASPECT button to do?
(Question 24)

Show angl e on bow for TGT and TGI angl e

Show highlighted CO target angle, heading, altitude, etc
| don't know

2=D shift by 90 degrees or 180 degrees. 3-D view
possi bl y?

TGI aspect

Target wrelation to ship's head.

Change fromcenter on ne to a center on him

Pl ace threat contact at (0,0) axis.

Weapons rel ease envel ope of current velocity of contact.

| don't know
Tar get aspect.

Question 25: The aspect button only net one
partici pants expectations, ten said that it did not.

Tabl e 37: Comments & what would make this easier?
(Question 25)

It tells own ship aspect to TGI, which is easy, and now
expected target angle.

It's a good tool, but w "aspect”, | expected to see "nhose
on" "crossing", etc.

It give whether your weapons engagenent criteria are net
or not.

Took me a few seconds to understand what it was telling
me. Al so, the weapons button is hard to use.

VWat's it mean?

Needs to be a | ot bigger, should be scalable |ike map,
shoul d be primary weapons displ ay.

No reason, |'mjust off.

| did think that it would do what it did until | tried
it, and then it nade sense.

It is a weapons engagenent aspect for own shi ps weapons.
Because | didn't know what it was for.

Does not give ne target aspect, provides weapons | can
use against target with my present headi ng.
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Figure 26: How satisfied/dissatisfied are you with the
ASPECT button feature? (Question 26)

Tabl e 38: Comments & what would make this easier?
(Question 26)

I like it!

Satisfied with the information it is giving me, not with
its ease-of -use.

Excel l ent! Renane button to "Arc of Coverage".

Bad button nane, it is show ng weapon cut outs, we all
worry where we can not shoot and how to maneuver to
shoot. Change color if in and out, edge discrimnation.
Once | understood what it neant, this feature is
excel | ent.

Needs to be in a bigger wi ndow and maybe a different
nane.

Shoul d be bi gger.

Not what | expect ed.
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Tabl e 39: What would you expect to do with this area
based on the track sel ected? (Question 27)

Use it for reports and ROE

Go down the check Iist to see what's been done

Time line for deconfliction, verification of CO, weapons
status upgrade, counterneasures and reports. Basically
how to classify or fight this target according to ROE

| nt eract/ war ni ng

Li ne coincides with doctrine packages (l.e. follow these
doctri ne)

Checkl i st.
Conduct doctrine based query factors.
Performthe actions that the vertical line is in.

| think that | can click on what warnings | have given
and the display will change colors to remnd ne |ater.

Respond to recommendati ons.

Do the action when the line reaches the left side of the
bubbl e.
Actions can take at this range.

Tabl e 40: What did clicking in the Response Manager nean
to you? (Question 28)

Orders were given to do the three task clicked
Only that the task has been conpl eted by soneone el se
Actions have been taken.

| ssued track a warning, took a self-defense neasure with
CI W5, checked for territorial airspace.

Told CIC that were in level 1 & switch to CIW5s aut o.
It has been done.
Shoul d be being carried out.

| amverifying that ny airspace is clear, issuing a |leve
1 warning to the contact and setting CIW5 i nto auto.

Menory aid not a command to change CIWS5 status a display
of current status.

Cick: issue order to appropriate station.

No i dea.
When within range the selected actions wll take pl ace.
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Tabl e 41: What does the greyed-out area, change CIWS to
aut o/ ready nean to you? (Question 29)

Al ready ordered.
Only that the TAOthinks it's done.
DSS is recommending this course of action.

Means the systemis standing by to fire on a potenti al
t hreat.

That doctrine is being followed -active.

That is a ship system it is already in that state or
been cli cked.

Means it is already conplete wregard to 7013.

The CIWs will automatically track and the systemis
oper ati onal .

Means that ny CIW5 status is auto/ready.
The CIWS is still in auto/ready.

It's been acconpli shed.
Places CIW5 i n auto/ready.

Tabl e 42: VWhat is the relationship between the Track
Profile and the Response Manager? (Question 31)

They are on sanme scale

Range of contact, engagability vs. defensive steps taken
by own ship

Range of CO is the sanme top shows physi cal engagenent
limts bottom shows RCE and weapons, posture
recommendat i ons.

One di spl ays possi ble decisions to nake on a track and
the other provides a visible aspect of that decision.
Top-gi ves threat envel opes and the track bottom gi ves
what doctrine to follow according to the track

Show points in relative distance that require/suggest or
nmove points of action.

D stance axis.

Spatial in that as the contact further progresses in the
envel ope certain tasks nust be conpl eted.

They show that a contact is within ny weapons range and
tracks the ROE that | have foll owed.

Range of contact to ship. Range of Recommended acti ons.
They are covered by range of target to own ship.
Represents the actions that need to be taken.

Bot h di splay range to target ship.
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Tabl e 43: \What does the Response Manager white |ine nmean
to you? (Question 32)

Act ual range.
Range to own ship
CA range.

Range of contact to ship, also gives an indication of
where you should be in your decision making process.

The doctrine to follow according to that specific track
Present di stance.

Di stance target is fromship

D stance |i ne.

Decreasi ng range of contact.

Range of contact in question.
Range to target ship.

Figure 27 shows the post-task rating average for
each of the participants. For exanmple, the bar farthest
to the left of Figure 27 shows that the average rating
gi ven across all post-task questions by this participant
to be 3.0. Figure 28 shows the average post-task rating
for each post-task question. For exanple, the bottom bar
representing question one indicates that the average
rating for this guestion was approxi matel y 2.5.
Questions for which the rating exceeded the wusability

criterion of 3.0 include questions:

13 - How easy/difficult was it to determ ne
whet her track 7013 was within its weapons rel ease
range.

17 — How easy/difficult was it to identify the

nmost recent warning information for track 70117

20 — How easy/difficult was it to understand what
t he nunmbers in the alert w ndow nmean?

21 — How easy/difficult was it to understand what
the colors in the alert w ndow nean?
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Figure 27: Average Participant Ratings with Standard
Devi ati on

Fi gure 28: Average Question Rating wth Standard
Devi ati on.
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| mmedi ately following the usability evaluation
participants were given a post-test questionnaire.
Fi gures 29 through 42 show participant ratings for ease-
of -use and satisfaction for the DSS and its’ conponents.
Al | ratings were wthin the established wusability
criteria with the exception of the Track Profile. The
Track Profile conponent received an average ease-of-use
rating of 3.2 and participant satisfaction rating of

3. 2.
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Fi gure 29: How easy/difficult was it for you to use the
Geopl ot? (Question 1)

Tabl e 44: How coul d the Geopl ot be inproved?

Om ship speed | eader.
Switch +/- on range scal es.
Good geoplot, detailed digital maps woul d be excellent.

Declutter button Iike the one on the JMCS. Add synbol ogy
to the plot.

Zoom area option. Center ship option. Speed | eader on own
shi p.

Be able to choose center instead of always own-ship.

Figure 30: How satisified/dissatisfied were you with the
Geopl ot ? (Question 2)
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Figure 31: How easy/difficult was it for you to use the
M nicros? (Question 3)

Tabl e 45: How could the Mnicros be inproved?

Limt information on Mnicro so nore can be displ ayed.

Hol d training on capabilities.

Use | abels for course, speed, range, altitude, and
associ ated units.

Did the bearing and range represent CPA data or the
contacts bearing and range?

Threats need nore markers, anything w closing CPA needs
to be marked in sonme manner.

What happens if list is too nmuch?

Label i ng of Range/Di st or CSE Speed.

Di splay track course and speed.

Figure 32: How satisfied/dissatisfied were you with the
M nicros? (Question 4)
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Figure 33: How easy/difficult was it for you to use the
Track Proflile? (Question 5)

Tr ai ni ng.
Make own shi ps weapons a pull-down nenu w o conti nuous
user control of nouse.

Aspect and weapon buttons were a little difficult to
understand at first.

The “aspect” picture seens to be the better one to use.
Suggest switching the two pictures.

Need weapons envel opes on top down |i ke aspect. Needs to
be primary interface.

Renove history, add speed | eader. Use different color for
hi story and speed | eader.

Unsure how to interpret. Training.
Too many choices. Al weapons on 1 display.

Figure 34: How satisified/dissatisfied were you with the
Track Profile? (Question 6)
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Fi gure 35: How easy/difficult was it for you to use the
Tool bar? (Question 7)

Tabl e 46: How coul d the Tool bar be i nproved?

Conpl et e NTDS synbol ogy.

Needed trai ni ng.

Make threat color red.

+ and - range buttons.

Change clicks into distinct visible color changes.
Add a select all, renove the sound when sel ecting.
Be able to conbi ne background el enents.

Make it so | can choose ny own magnification

Figure 36: How satisified/dissatisfied were you with the
Tool bar? (Question 8)
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Figure 37: How easy/difficult was it for you to use the
Response Manager? (Question 9)

Tell me if these are directives or recomendati ons.
Excel | ent doctrine tool.

| think feedback on tinme action conplete could be added
to each line, so TAO knows it’s done.

| f distance line passes into the area, have the area
color stand out until task is conpleted.

Unsure what it is used for. Training.

Figure 38: How satisified/dissatisfied were you with the
Response Manager? (Question 10)
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Figure 39: How easy/difficult was it for you to use the
Track Summary? (Question 11)

Tr ai ni ng.

Al'l ow user to manually type in track # Need to add tine
to CPA and/or time to CO at weapons rel ease range.

CPA was a little difficult to catch at first.

| had trouble finding the CPA

Track selection is hard to di scover needs marker, so you
can tell it’s a button.

Add for keyboard nunerical pad change of contact. Further
expl ain CPA by addi ng CPA bearing and CPA range |i nes.
Cicking and holding on the track # to display
info/select a new track did not seemnatural to ne.

| ncrease size of own ship CRS and SPD. Add own ship speed
| eader.

Figure 40: How satisfied/dissatisfied were you with the
Track Summary? (Question 12)
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Figure 41: Overall, how easy/difficult was it for you to
use the DSS? (Question 13)

Tr ai ni ng.
Pul | -down nenus for alerts and own shi ps weapons.

Trai ning, nore use of color or shape as indicators,
rat her than sound.

Very high | earning curve. Vast inprovenent to tactical
di spl ay and managenent.

Ensure track nunmber does not bl ock synbol ogy.

Figure 42: Overall, how satisfied/dissatisfied were you
with the DSS? (Question 14)
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Tabl e 47: \What changes woul d you like to make to the
DSS? (Question 15)

Faster response to “weapon” (upper right) and have an
alert to the right of mnicro that says “nore contacts”.
Can you nodi fy the Response Manager for changi ng RCE

opt asks, or m ssions such as anphi bi ous assault or
maritime interdiction ops?

+ and — on range scal es reversed.

Col ors are “eye-catchers” and even have neani ngs. Use
very descriptive words. Change track profile picture to
the “aspect” picture that was clearer to ne. Place track
data in table format (this may save space and be easier
to | ook at).

Change weapon envel opes i nto geographi c aspect display to
account for weapon’s maski ng.

Al'l ow keypad input for the contact nunber in Track
Summary. Add titles to CPA BRNG and CPA RNCE and add an
estimated tine to CPA. Add a plus or mnus to the alert
times, not how long after the alert was posted.

Slight interface change. For exanple, have the nenu stay
up after you click the alerts for a contact.

Tabl e 48: What were the worst aspects of the DSS
interface and why? (Question 16)

Split screen.

No time to CPA. No tine to CO win its weapons rel ease
range or win your weapons rel ease range.

| ncrease the size of the “CPA” indicator. Wapon pull -
down nenu is difficult to use.

Track profile picture is still a little confusing. Keep
t hi ngs si npl e.

No i dea about sone features because they give no

i ndi cations they are buttons.

Too much reliance on the nouse. Wth 2 screens and
| ooking in other areas besides the 2 nonitors, the nouse
arrow is easily |ost.

Weapons button was difficult to find and under st and.
Hi story in weapons display, aspect display.
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Tabl e 49: What were the best aspects of the interface
and why? (Question 17)

Ease- of - use.

Good data, lots of info displayed here.

Easy to see threats and weapons envel opes.

The deci sion making process tine line with target range.
Use of colors. Al on “1” screen. It was all right there.
CGeographic w map display is nice.

Mnicro-1 like the quick and pertinent information on the
contact. Response Manager-excel |l ent doctrine aide.
Aspect-all ows for quick maneuvering recomrendati ons to
OQD.

Overall | think it was an easy to use interface.

Li ked having so nmuch information sinultaneously visible.

Tabl e 50: Where there any parts of the interface that
you found confusing or difficult to understand?
(Question 18)

Mul tiple threat displays possibly pop-up, sizeable

W ndows.

No, not really.

Not really, difficulties primarily due to unfamliarity
w syst em

It took nme a few m nutes to understand aspect.

Track profile picture — it showed weapon engagenent
envel opes but I'mstill a little confused by it. The
“aspect” picture was clearer to ne. I’mnot sure what the

track profile picture axes were?
Time late on the alert box needs to be 00:00: 00 fornmat.

Addi ng new contact as far as reporting one that is not on
the mnicro. It is easy to get used to the display and
not | ook at the geoplot.

Weapons button. Track sunmary.
Track profile area.

86




V. SUMVARY, CONCLUSI ONS, AND RECOMMVENDATI ONS

A. SUMVARY

The DSS did not neet these usability objectives of
90% across all tasks for task conpletion. The overall
task conpletion rate across all tasks was 84% 6% bel ow
the wusability criterion initially established. When
exam ned by individual task, on 13 tasks the DSS
surpassed the 90% usability criterion level and on 10
tasks the DSS-2 did not nmeet the usability objective.
The only task on which all participants commtted an
error was the identification of the map’s upper and
| ower range scale. Half of the participants were unable
to properly identify potential threats and one-third of
the participants had difficulty displaying all the track
nunbers on the map display. A quarter of al |
participants commtted errors on five different tasks

These tasks wer e:

Di splay all surface unknown tracks;

Change the size of the map to better see the
tracks displ ayed,;

Check what the nost recent warning information is
regarding track 7011;

Determ ne whether track 7013 is wthin its
weapons rel ease range;

Determ ne whether track 7016 was wthin its
weapons release range using the track profile
conmponent .
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Two participants incorrectly identified the nost recent
warning i nformation for track 7011.

Overall, the DSS-2 did not neet the 90% usability
objective across all tasks for ease-of-use. Eighty-two
percent (8% bel ow the 90% objective) of the ease-of-use
gquestions averaged a rating of somewhat easy or better.
The four questions that did not neet the ease-of-use

usability objective goals were:

How easy/difficult was it to determ ne whether
track 7013 was within its weapons rel ease range?

How easy/difficult was it to identify the nost
recent warning information for track 70117

How easy/difficult was it to understand what the
numbers in the alert w ndow nean?

How easy/difficult was it to understand what the
colors in the alert wi ndow nmean?

Four ease-of-use questions received a rating of six or
hi gher by at |east on participant, where a rating of
five corresponded to sonewhat difficult and a rating of

seven corresponded to difficult. These questions were:

How easy/difficult was it to display all tracks?
How easy/difficult was it to identify whether track
7013 was within its weapons rel ease range?

How easy/difficult was it to understand what the
nunmbers in the alert w ndow nean?

How easy/difficult was it to determ ne whether
track 7016 was within it's weapons release range

using the information displayed in the right
nmoni t or ?
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The wusability objective for satisfaction was net, 100%
of satisfaction ratings were below a rating sonmewhat
sati sfied.

During the usability study, partici pants were
questioned about the functionality and user interface
design of some conponents of the DSS-2. The foll ow ng
information was conpiled from participant’ responses.

The range scale feature presented sone difficulty
to participants. Participants were able to correctly
explain how the range magnification buttons functioned
after exploring the button. However, seven participants
stated that they believed that the I|abeling of the
buttons was reversed.

When questioned about the ordering of the m nicros,
all but one participant believed the mnicros were
ordered in sonme manner. Of the eleven participants who
believed the mnicros were ordered, nine correctly
assunmed that they were ordered by threat. When asked to
select a track that did not have a corresponding
m nicro, four of the 12 participants commtted an error.
A majority of participants expressed surprise that sone
tracks did not have a correspondi ng m nicro.

All 12 participants had difficulty selecting the

alert button on the mnicro. In addition, although
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el even participants correctly identified the nunbers
found in the alert w ndow, every participant expressed
frustration that these nunbers were not | abeled. Four
partici pants stated that additional or different formats
for these nunbers m ght be nore appropriate. In general,
partici pants expressed significant dislike for the way
the alert buttons had to be selected. The interaction of
having to <click and hold the button to read the
information contained within the pop-up w ndow caused
frustration. Many partici pants felt t hat this
interaction would be inappropriate during shipboard
oper ati ons.

The aspect button surprised al nost al |
participants. Ten participants stated that this button
did not nmeet their expectations, however, nearly all
partici pants i ked t he feature. The predom nate
criticism of the aspect button was its size, many
partici pants expressed that it was too small.

The post -t est guestionnaire exam ned t he
participants overall experience with the DSS-2 and wth
each individual conmponent. Overall, results of the post-
test questionnaire suggest that the DSS-2 met the
usability objective criteria initially established of

somewhat easy or better for ease- of -use and
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satisfaction. The average DSS-2 ease-of-use rating was
2.6 and the average satisfaction rating was 2.3. The
only DSS-2 conponent that did not neet the ease-of-use
and satisfaction usability objectives in the post-test
guestionnaire was the track profile conponent. This
conmponent recei ved a 3.2 for ease- of -use and
sati sfaction. Al | participants reported that t hey
enjoyed working with the DSS-2 and believed that it
would be a significant step forward in CIC informtion

managenment .

B. RECOMVENDATI ONS

Table 51 details the usability issues encountered
by study participants during this wusability evaluation

and provides correspondi ng recommendati ons.

Tabl e 51: DSS Component |ssues and Recommendati ons

COMPONENT | SSUE RECOMVENDATI ON
CGeopl ot Track synbol ogy
1. Some participants did not like |1. Conduct further
t he col oring of potential research to
threats and unknown tracks. determ ne the
Partici pants stated that opti mal use of
unknowns were potenti al track col or
threats.
Tool bar Track Numbers
1. Sonme participants wanted the 1. Change exi sting
track number button’s nane to button | abel
be changed to “Di splay al
tracks # s”.
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Range Magni fication

1. Al participants had Renove button
difficulty discovering the option and
upper and | ower bounds of the replace with a
range scal e. slider w dget.

2. Many participants chose the Change the range
i ncorrect range magnification magni fication
button to resize the geopl ot. icons relative

positions.

3. Some participants wanted to be Provi de nuneri cal
able to enter any range using keypad capability
a nunmerical keypad. to enter a

speci fic range
magni ficati on.

4. One participant wanted to be Provi de this
able to use the nouse on the dynam ¢ map range
geopl ot to select an area to sel ection
be magnified by clicking and capability.
draggi ng across the area.

M nicro Gener al

1. Many participants wanted Provi de nore
abbrevi ated | abels on the | abel ing within
i nformation displayed. the alert w ndow.

2. Several participants were Mai ntai n the

surprised when the sel ected
m ni cro changed. A few users
| ooked at another area of the
DSS-2 and did not expect the
sel ection to change when the
priority did.

Alert Information

1

Many participants expressed
frustrati on when they could
not bring up the alert

qui ckly. Participants clicked
on the alert button and didn't
realize they had to click and
hold it to bring up alert

wi ndow.

Many participants wanted the
information contained in the
alert window to be | abel ed.

Some participants wanted the
time of the alert, as well as
the time since the alert, to
be di spl ayed.

Many participants did not |ike
the light blue color and
preferred for red or yell ow

sel ected state of
the mnicro, even
if a priority
changes.
POTENTI AL
DANGEROQOUS.

Redesi gn t he

al ert selection
mechani sm so
that one click
will open alert
wi ndow and a
second click
will close it.

Label
i nformati on.

Test the
feasibility of
havi ng both
opti ons.

Addi ti onal
research on
col or.
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Track

Weapons Envel ope
Profile 1.

Some participants had
difficulty identifying which
weapons envel ope, red or bl ue,
related to the selected track.

One participant wanted the
ability to have nultiple
weapons envel opes di spl ayed
si mul t aneously.

One participant had difficulty
identifying the location of
own- shi p.

Aspect Insert

Provi de training
and easily
accessi ble help
feature.

Provi de the
capability to
have multiple
weapons

envel opes.

Tr ai ni ng.

1. Many participants stated that Redesi gn and test
t he aspect button should be alternative
| abel ed “Weapons Cut-QOut” or | abel i ng.
“Cut-OQut”.
2. Many participants wanted the I ncrease size of
Aspect Insert to be | arger. Aspect Insert.
3. Some participants preferred Tr ai ni ng.
t he Aspect Insert to the Track
Profile.
Response Cener a
Manager 1. Many participants stated that Tr ai ni ng.
t hey were unsure whether the
options in the Response
Manager were recomendati ons
or requirements.
2. Many participants wanted to be Exi sting feature
able to edit the Response t hat was not
Manager . tested.
Track Gener al
Summary 1. Some participants had Redesi gn and test

difficulty reading the

i nformati on contained in the
Track Summary due to poor
background and text col oring.

alternative
colors to
facilitate
readi ng.

C. CONCLUSI ONS

This study exam ned the usability of

systematic

product

I's t oday

manner and established

agai nst
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Furthernore, participants identified wusability issues
that can be addressed in future design and research
efforts. Based on the information obtained from this
eval uation, recommendations to address the wusability
i ssues were made. Overall, in terms of ease-of-use and
satisfaction, participants reacted positively to the
DSS-2. Participants felt the DSS-2 would assist themin
mai nt ai ning situational awareness and was a tool that
woul d be useful onboard Navy shi ps.

The met hodol ogy applied in this study was useful in
the evaluation of the DSS-2. This study denonstrated
that traditional human- conputer interface usability
met hods could be directly applied the evaluation of
synthetic environnments. The DSS-2 is a sinple synthetic
envi ronnment represented on two conmputer nonitors. G ven
t he success of this methodology with the DSS-2, it would
be appropriate to use this nmethodology in evaluating

more conpl ex synthetic environnents.
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APPENDI X A: CONSENT FORM
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CONSENT FORM

Usability Evaluation of the Decision Support System

Principal Investigator: LT Dylan Schmorrow
Operations Research Department
Naval Postgraduate School
Monterey, CA 93943

I, , consent to my participation in the research project titled
Usability Evaluation of the Decision Support System.

I understand that | am free to withdraw my participation in the research at any time and that if | do
I will not be subjected to any penalty or discriminatory treatment.

| have been given the opportunity to ask questions about the research and received satisfactory
answers.

I understand that any information or personal details gathered in the course of this research about
me are confidential and that neither my name nor any other identifying information will be used or
published without my written permission.
| understand that if | have any complaints or concerns about this research | can contact:

George Conner

Operations Research Department

408-656-3306

Signed by:
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APPENDI X B: DEMOGRAPHI C | NFORMATI ON FORM
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DEMOGRAPHI C | NFORMATI ON

Name: Rank: Designator:
Years of service: Time in rank (months): Curriculum:
Previous Command: Primary billet:
Months onboard: Months in shipyard (if applicable):
Months standing CIC watch: Months standing TAO watch:
Hours spent on computer each week: Operating system primarily used:
Qualifications: Circle One Date

CIC Watch Officer? Yes No

SWOS Department Head Course? Yes No

SWC Qualified? Yes No

STWO Qualified? Yes No

TAO Qualified? Yes No

Aegis Qualified? Yes No

Other?

Experience Summary -- List assignments relevant to SWO experience
(include Combat Systems)

Command Mont hs

Deployments Frequency

LANT
PAC

MED
PERGULF
Others
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APPENDI X C: TASK SCRI PT
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Backgr ound

This project was spawned by the 1988 USS Vi ncennes
incident where an Aegis cruiser engaged in a littoral
war fare peace-keeping mssion shot down an |Iranian
Airbus. Investigations following the incident suggested
that stress may have affects on decision mking, and
that these effects were not well understood. Thi s
project was established to address these concerns.

This prototype Decision Support System (DSS) was
devel oped to enhance Navy tactical decision making based
on “naturalistic” decision processes. Di spl ays were
devel oped to support critical decision nmaking tasks by
Naval watch officers operating in a shipboard Conbat
| nformati on Center.

SCENARI O

This scenario has the ship operating independently
in the northern Persian Gulf 50 nmto the east of Kuwait
City. You are on a presence patrol and have been
directed to remain within 5 nm of your current position
to denmonstrate US resolve. Wapons and warning status:
Yellow and Tight. At scenario start you are on course

020, speed 7 knots. Visibility is reduced to
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approximately 4 to 5 nmin dust and haze. Local tinme is
1100.
Task 1

Di splay the track nunbers of all contacts in the map
di spl ay.

Task 2

Locate and sel ect track number 7012.
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Post Task Questions

1. How easy/difficult was it to display all the track

nunber s?
I I I I I I I
1 2 3 4 5 6 7
easy sonmewhat sonmewhat difficult
easy difficult
Comment s:

What m ght have made this task easier?

2. How easy/difficult was it to find track nunber 70127

1 2 3 4 5 6 7
easy sonmewhat sonmewhat difficult
easy difficult
Comment s:

What m ght have made this task easier?
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3. How easy/difficult was it to read the track nunber on

the map di splay?

1 2
easy

Coment s:

3
somewhat
easy

5
sonmewhat
difficult

7
difficult

What m ght have made this task easier?
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Task 3
Change the map to display the directions all tracks are noving.

Task 4

Renove all unknown tracks fromthe map di spl ay.

Task 5

Di splay all surface unknown tracks.

Task 6

D splay all tracks.
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Post Task Questions

4. How easy/difficult was it to display the course | eaders
in the map di splay?

1 2 3 4 5 6 7
easy sonmewhat sonmewhat difficult
easy difficult
Comment s:

What m ght have made this task easier?

5. How easy/difficult was it to renove unknown tracks from
the map display?

1 2 3 4 5 6 7
easy sonmewhat sonmewhat difficult
easy difficult
Comment s:

What m ght have made this task easier?
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6. How easy/difficult was it to display all surface unknown
tracks on the map display?

1 2 3 4 5 6 7
easy sonmewhat sonmewhat difficult
easy difficult
Comment s:

What m ght have made this task easier?

7. How easy/difficult was it to understand when the track
type buttons (i.e., surface, unknowns) were sel ected.

1 2 3 4 5 6 7
easy sonmewhat sonmewhat difficult
easy difficult
Comment s:

What m ght have made this task easier?
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Task 7

Change the size of the map to better see the tracks
di spl ayed.

Task 8

Identify the range of map sizes that are avail able.
Read al oud the upper and | ower range |evels.

Task 9

Expl ore these two buttons. Wen finished exploring, select
map size of 128 nm

Range Scale

nma
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Post Task Questions

Iiill\
8. How woul d you explain what this button does ?

9. How woul d you explain what this button does u’?

10. Does the positioning of these buttons (plus on the
left / mnus on the right, neet your expectations?

Yes / No

| f no, why not?
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Task 10

Pl ease point to own-ship on the map displ ay.

Task 11

I dentify which tracks are potential threats?

Task 12

Det erm ne whether track 7013 is within its weapons rel ease
range.

Task 13

Det erm ne whether track 7013 is within own-ship’ s weapons
envel ope.
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Post Task Questions

11. How easy/difficult was it to identify own-ship on the
map di spl ay.

1 2 3 4 5 6 7
easy sonmewhat sonmewhat difficult
easy difficult
Comment s:

What m ght have made this task easier?

12. How easy/difficult was it to identify which tracks
were potential threats?

1 2 3 4 5 6 7
easy sonmewhat sonmewhat difficult
easy difficult
Comment s:

What m ght have made this task easier?
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13. How easy/difficult was it to determ ne whether track
7013 was within its weapons rel ease range?

1 2 3 4 5 6 7
easy sonmewhat sonmewhat difficult
easy difficult
Comment s:

What m ght have made this task easier?

14. How easy/difficult was it to determ ne whether track
7013 was within own-ship’s weapons rel ease range?

1 2 3 4 5 6 7
easy sonmewhat sonmewhat difficult
easy difficult
Comment s:

What m ght have made this task easier?
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Task 14

| dentify and read al oud the bearing and range of track
7016.
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Post Task Questions

15. How easy/difficult was it to identify the bearing and
range of track 70167?

1 2 3 4 5 6 7
easy sonmewhat sonmewhat difficult
easy difficult
Comment s:

What m ght have made this task easier?

T013 F037 =l Y001 = Y023 m Y020 m
La Super Puma Unknown P-3 Hela/Lt Air
Combattante Helo

0709°/15 2 161°/27 190°/8.9 0F1521 041°/34

Surface = 3000 Surface = 5000 = 3000

Caztar 1l Primuz—40 Decea—1226 APS-11% N ES
No IFF N IFF No IFF Mo IFF Mo IFF

16. Do you think there is any neaning to the ordering of
t hese itens?

YES / NO

| f yes, what do you think the ordering neans?
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Task 15

The DSS is continually updating information on the behavi or
of all tracks. Check and see what the npbst recent warning
information is regarding track 7011

Task 16

Identify and read al oud the nost recent warning information
for track 7011.
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Post Task Questions

17. How easy/difficult was it to identify the nost recent
warning information for track 70117

1 2 3 4 5 6 7
easy sonmewhat sonmewhat difficult
easy difficult
Comment s:

What m ght have made this task easier?

18. How easy/difficult was it for you to select the alert
button and view the alert w ndow?

1 2 3 4 5 6 7
easy sonmewhat sonmewhat difficult
easy difficult
Comment s:

What m ght have made this task easier?

19. dick and hold one of the alert buttons.
A. What do the nunbers on the right nmean to you?

Ti me el apsed since warning occurred.

Ti me war ni ng occurred.

O her, please described

B. What do the colors nean to you?
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20. How easy/difficult was it to understand what the
nunbers in the alert w ndow nean?

1 2 3 4 5 6 7
easy sonmewhat sonmewhat difficult
easy difficult
Comment s:

What m ght have made this task easier?

21. How easy/difficult was it to understand what the
colors in the alert w ndow nean?

1 2 3 4 5 6 7
easy sonmewhat sonmewhat difficult
easy difficult
Comment s:

What m ght have made this task easier?
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Task 17

Sel ect track 7016.

Task 18

Locate own-ship synbol ogy on the right nonitor

TASK 19

Using information avail able on the right nonitor, determ ne
whet her track 7016 is within its weapons rel ease range.

TASK 20
Using information avail able on the right nonitor, determ ne

whet her track 7016 is within own-ship’ s 5/54 GQuns weapons
envel ope.
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Post Task Questions
22. How easy/difficult was it to determ ne whether track

7016 was within its weapons rel ease range using the
information displayed in the right nonitor?

1 2 3 4 5 6 7
easy sonmewhat sonmewhat difficult
easy difficult
Comment s:

What m ght have made this task easier?

23. How easy/difficult was it to determ ne whether track
7016 was within own-ship’s weapons rel ease range using
the information displayed in the right nonitor?

1 2 3 4 5 6 7
easy sonmewhat sonmewhat difficult
easy difficult
Comment s:

What m ght have made this task easier?
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24. What do you expect the ASPECT button to do?

25. dick it. Does this neet your expectations?
Yes/ no

| f no, why not?

26. How satisfied/dissatisfied are you with the ASPECT
button feature?

1 2 3 4 5 6 7
satisfied somewhat sonmewhat di ssati sfied
sati sfied di ssati sfied
Coment s:
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Post Task Questions
Task 21

Sel ect track 7017.

Question 27: What woul d you expect to do with this area
based on the track sel ected?

Task 22

Question 28: Cick on verify airspace, issue a level 1, and
change CIW5 to auto/ready. Wat does it nean to you?

Task 23
Sel ect track 7013

Question 29: Pl ease describe what the dark gray area, “CIWS
to auto/ready”, neans to you.

Did you expect the “CIW5 to auto ready” to be dark gray?
YES / NO

Are the actions listed here REQU RED or RECOMVENDED?
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Question 31: What is the relationship between the two areas
above?

Question 32: What does the white line represent to you?
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APPENDI X D: POST- TEST QUESTI ONS
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OVERALL PGCST- TEST QUESTI ONS

Figure 43: Geo-Plot with Desaturated Map and Vari abl e
Coded Synbol ogy

1. How easy/difficult was it for you to use the Geo-Pl ot?

1 2 3 4 5 6 7
easy sonmewhat sonmewhat difficult
easy difficult
Comment s:

How could this area be inproved?

2. How satisfied/dissatisfied were you with the Geo-Pl ot?

1 2 3 4 5 6 7
satisfied somewhat sonmewhat di ssati sfied
sati sfied di ssati sfied
Coment s:
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7013 037 nml 001 o J023 m 020 m

La Super Puma Unknown P-3 Hela/Lt Air
Combattante Helo

0709°/15 2 161°/27 190°/8.9 0F1521 041°/34

Surface = 3000 Surface = 5000 = 3000
Caztar 1l Primuz—40 Decea—1226 APS-11% N ES
He IFF Na IFF Mo IFF Mo IFF Mo IFF

Figure 44: Sanple M ni-CRO

3. How easy/difficult was it for you to use the M nicros?

1 2 3 4 5 6 7
easy sonmewhat sonmewhat difficult
easy difficult
Comment s:

How coul d this area be inproved?

4. How satisfied/dissatisfied were you with the M nicros?

1 2 3 4 5 6 7
satisfied somewhat sonmewhat di ssati sfied
sati sfied di ssati sfied
Comment s:
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Figure 45: Track Profile with Aspect Inset

5. How easy/difficult was it for you to use the Track

Profile?
I I I I I I I
1 2 3 4 5 6 7
easy sonmewhat sonmewhat difficult
easy difficult
Comment s:

How coul d this area be inproved?

6. How satisfied/dissatisfied were you wth the Track

Profil e?
I I I I I I I
1 2 3 4 5 6 7
satisfied somewhat somewhat di ssati sfied
sati sfied di ssati sfied
Coment s:
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7. How easy/difficult was it for you to use this area?

1 2 3 4 5 6 7
easy sonmewhat sonmewhat difficult
easy difficult
Comment s:

How could this area be inproved?

8. How satisfied/dissatisfied were you with this area?

1 2 3 4 5 6 7
satisfied somewhat somewhat di ssati sfied
sati sfied di ssati sfied
Coment s:
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Figure 46: Response Manager

9. How easy/difficult was it for you to use the Response

Manager ?
I I I I I I I
1 2 3 4 5 6 7
easy sonmewhat sonmewhat difficult
easy difficult
Comment s:

How coul d this area be inproved?

10. How satisfied/dissatisfied were you with the Response

Manager ?
I I I I I I I
1 2 3 4 5 6 7
satisfied somewhat sonmewhat di ssati sfied
satisfied di ssati sfied
Coment s:

128



Figure 47: Track Summary
11. How easy/difficult was it for you to use the Track
Summary?
I I I I I I I
1 2 3 4 5 6 7
easy sonmewhat sonmewhat difficult
easy difficult
Comment s:

How coul d this area be inproved?

7
di ssati sfied

12. How satisfied/dissatisfied were you with the Track
Sunmary?
I I I I I I
1 2 3 4 5 6
satisfied sonmewhat sonmewhat
satisfied di ssati sfied
Coment s:
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Figure 48: TADMUS DSS | ntegrated Display

13. Overall, how easy/difficult was it for you to use the
DSS?
I I I I I I I
1 2 3 4 5 6 7
easy sonmewhat sonmewhat difficult
easy difficult
Comment s:

How could this area be inproved?

14. Overall, how satisfied/dissatisfied were you with the
DSS?
I I I I I I I
1 2 3 4 5 6 7
satisfied sonmewhat sonmewhat di ssati sfied
satisfied di ssati sfied
Coment s:
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Question 15: If you could inprove the DSS system what
changes woul d you |like to make?

Question 16: Overall what were the worst aspects of the DSS
interface and why?

Question 17: Overall what were the best aspects of the interface
and why? Pl ease descri be.

Question 18: Where there any parts of the interface that
you found confusing or difficult to understand. Pl ease
Descri be. Pl ease descri be.
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