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EXECUTIVE SUMMARY

The use of natural language human-computer
dialogue has been a subject of much discussion in
racent years., Meanu-based natural language (MBNL)
provides a form of constrained natural language
dialogue fer human-computar interaction where
natural language words and phrases are displayed on
the screen as menu items,

Previous research on cursor devices has provided
mixed results concerning the "bast" cursor device
and no firm recommendations were available for wuss
with menu-based natural language interfaces.

This study was developed to determine the best
input device for MBNL intexfaces to Naval command
and contrel databasas,. Three different cursor
control and input davices (trackball, keyboard
cursor keys, and search keys) wera evaluated for
use in MBNL interfaces. Another joal of the study
was to investigate the effects of scrolling and
query length on user performance.

Eighteen Operation Specialists £from the Nawval
QOcean Systems Center performed ¢typical database
quary tasks wusing MBNL. A within-subjects design
was used to evaluate their peaerformances and

praeferaences while using each of <three input

daevices, for three menu lengths, with scrolling and
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no scrolling, over six trial periocds.

The dependent maeasures 3included total task time,
error fraequency, ratings of the input devices, and
rankings of the input devices. The subjaects were
given the exact quarias they were to enter since
queary formulation time was not a goal of this
study.

All main effects wera found to be statistically
significant. The performance times for the three
input devices showed the search keys to ba slower
than the cursor keys and the trackball. The
performance time for the no-scrolling condition was
significantly faster than for the scrolling
condition. Therae was also a significant difference
in pearformance time dua to query length.

The trackball was the most praeferred device,
while the cursor keys ware least preferred.
Ovearall, query construction times were faster with
the cursor keys and the trackball than with the
search keys. Performance with the trackball was
apparently asymptotic by the end of the first trial
block, and consequently the trackball had an early
advantage over the curscr keys.

The results suggest that users perform equally

well with the trackball and the cursor keys and

that a beginning, intermittent, or infrequant
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system user could more dquickly

with the trackball than he c¢ould with the c¢ursor

keys.
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INTRODUCTION

Natural language human-computer dialogue has been
a subject of much discussion in »recent years.
Proponents of natural language human-computer
dialogue c¢laim that it has several advantages over
formal command language dialogue in that natural
language dialegue is versatile, is easy to use,
does not require much up front training, and
permits the possible use of speech recognizers for
input. Furthermore, users do not have to learn a
command syntax or new syntactical rules, thereby
accommodating the inexperienced user, Shneiderman
(1987) argues that natural 1language human-computer
dialogua "...can be effective for the wuser who is
knowladgeabla about some task domain and comput.r
concepts but who is an intermittent user who cannot
retain the syntactic details" (p. 166).

Saveral applications of restricted scope, such as
LUNAR, SOPHIE, ELI2ZA, CHECKBOOK, BASEBALL, MARGIE,
and INTELLECT, have demonstrated that it is
possible to dasign computer programs that will
accept natural language instructions to accomplish
particular tasks (Bobrow & Collins, 1975; Brown,
Burton, & Bell, 1¢75; Ford, i981; Green, Wolf,
Chomsky, & Laughery, 1963; Petrick, 1976; S8chank,

1975; Schank & Colby, 1973; Suding, 1983;

8



é Weizenbaum, 1966; Woods, 1970). Experimental
} studies of natural language dialogue have included
comparisons baetween natural Jlanguages and query
languages, laboratory studies of prototype natural

query languages, and field studies of prototype

PILT ST v St S SN e)
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systems (see Damerau, 1981; Egly & Wescourt, 1981;
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Hershmun, Kelly, & Miller, 1979; Kaplan, 1982;
Krause, 1979; Miller, Hershman, & Kelly, 1978;
Shneiderman, 1978; Small & Weldon, 1983; Tenanant,
1980; waltz, 1977). Encouraging results have been

raported, but most of the studies also indicate

LA

usability problems.

A number of disadvantages and shortcomings of

e At

natural language dialogue have been described (seea
Biermann, Ballard, & Sigmon, 1983; Hauptmann &

Green, 1983; Lowden & DeRoeck, 1985; Ogden &

Al Al s e,

et dpe NN PV N

Brocks, 1983; Shneiderman, 1980, 1987; Tennant,

FEA L et i L

e

RoSS, & Thompson, 1983; Wweizenbaum, 1966, 1976;

e sty

Winograd, 1972). Ralatively high failure rates,

high error rates, ease of use problems, and user

PV
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Fand

frustration have bean noted. Some have argued <that

——

natural language dialogue leads to ambiguity in the

e atietd

. formulation of Gqueries and requests and that
- natural 1languages are not only ambiguous but overly
verbose, Natural language systems are noted to be

mystericus about their coverage and capabilities,
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and natural language dialogue, it has been argued,
leads to an overestimation of computer capabilities
and intimidation of the user. Features of natural
language systems are thus often not used because
users are unaware of them or do not trust them.

The desirability of natural language systams for
use across the user spectrum and user-system task
variety has been questioned. Daspite the

user

interface problems, natural language dialogue 1is

generally considered preferable for

inexparienced
users. For knowledgeable and frequent users who
are thoroughly aware of available functionality,
however, a concise command language seems

praferable. Experts, it has has been noted,

generally prefer terse, formal command languages.

From the software development perspective, there

are also raeservations about natural language

systems. The programs must handle relatively large

grammars and lexicons, and the code required to
parse and translate the natural language input can
bs extensive and complex. The programs typically

require "best guess'" algorithms to handle spelling,

syntactic, and semantic variations. System

resources must consaquently be allocated for

racognizing the wvariant syntactical structures and

synonymous terms. Additionally, raesources must bae




allocated for error checking and clarification

procedures. Conventional natural language systens

are thus expensive to build and maintain, and they

T UL T

ragquire large amounts of computer memory.

e

; Menu-Based Natural Language
3 : As an alternatae form cf human-computer

interaction, menu-basad natural language (MBNL)

L

stands at the middle ground betwaen the restrictive

e TS

formal command languages and unconshrained free-

form natural language. MBNL provides a form of

constrained natural language dialogue for human-

computar interaction. With a MBNL interface,

natural language words and phrases are displayed on

a screen as menu items., The user constructs a

G LA e

pran

natural language sentence by selecting the menu

.

items with a pointing ‘device. As the menu items

are selected, the natural language sentancae 1is

formed in a window, and when the command santence

A i

[

is completa, the sentence is sent to the underlying

application program for execution.

Work in the area of MBNL dialogue has shown

S B OALA . N

promising rasults ({Osga, 1984 ; Tennant, RoSsSs,
o Saenz, Thompson, & Miller, 1983; Tennant, Ross, &
v Thompson, 1683, Thompson et al., 1983) . MBNL
interfaces can be developed relatively quickly and

requira fewer memory resourcas than a conventional

11
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, natural language systam,. The covarage and
limitations of an MBNL system are made more
apparent to the user due to the use of a restricted

natural language. Thae user can thus avoid the

frustration of over extending bayond the limits of
systam functionality. Since MBNL interfaces are
closed and manageable, they also allegedly
encourage exploration and uwse of the full range of
systam resources. Furthermore, MBNL intaraction
requires only the use of a pointing device, such as
a mouse, trackball, or lightpen. If a keyboard is
used for input, only the cursor keys and enter key
are required. Typing is thus eliminated and the
user is guaranteed a semantically and syntactically

correct query or command input.

Cursor Coptrol and Input Devices
Cursor devices may be indirect, such as the

cursor key, Jjoystick, trackball, or touchpad, or

RS hm e el e et —a "t mn emes an e A N it M e o Attt et

direct, such as the lightpen or touch screen
(Ohlson, 1978) . The few studies that report

experimental comparisons of two or mora cursor

NN

devices generally indicate that the direct devices,
such as the 1lightpen and touch screen, perform the

baest of all devices in terms of task completion

Ll AL e

time. The trackbhall, howaver, appears toc be the
best device in terms of accuracy. Overall, it
12
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appears that the mouse and the trackball are the

t
Y
1
B
1
-\| best devices across a varieaty cof tasks (Epps,
‘i 198¢) .

i

( English, Engelbart, and Barman (1967) performed
\

the first notable study aimed at the comparison of
3 cursor devices. The devices included a maechanical

'ﬂ mouse, a displacement Jjoystick (absolute and rate

modes), a lightpen, a graphacon, and a kneaa-control

‘ devica. For experiaenced subjects, the mousa had
1 the fastest time to target and lowest arror rate
Yl

for beoth character and word targets. For

3

i: inexpariencaed subjects, the knee-controcl was the
!

y best device for time to turget, while the mouse had
|

the lowest errxor ratae.

g Mehr and Mehr (1972) compared several Jjoystick
and trackball configurationrs for a simple target
acquisgition task. The joystick was studied under

four configurations, including force (rate mode),

force (rate mode with thumb oparation),
y displacenment (ratae mode), and displacamant
(. (absolute moda). Thae trackball was also studied

under four conditions with pulses per trackball
revolution/grams of drag force ratios of 299/50,
t | 209/35, 409/57, and 409/35. The rasults showed
‘{: that the 409/35 <¢rackball configuration and the

force (rate mode) joystick were the best devices on

o 13
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time to position, error, and learning curves.

J Goodwin (1975) comparad a lightpen and a 1lightgun
ﬁ to keyboard text kvys for three simulated word
J processing tasks, including arbitrary cursor
positioning, sequential cursor positioning, ang

check reading. The reasults showed that the two

PR F T V- NN DU

PEETMEEREE A S

i A, s

lightpen devices were sgignificantly faster than
keyboard text keys for trial completion time.

Cazd, English, and Burr (1978) performed an

fe experimental compariscn of a mechanical mouse, a

-

force Jjoystick (rate mode), cursor keys, and text

FaE R

keys for a simulated word processiang task,. Target
size and target distance were also manipulated.
" There were four tarxget sizes of 1, 2, 4, and 10
characters, and five target distances of 1, 2, 4,
: 8, and 16 cm. The results showad that the time to
| target was significantly faster for the mouse and
i joystick than for the step keys and text keys

acress all target sizes and distances. Across

target size, the mouse had the lowest error rate of

tha fou:r devices.

et igamg

ST g S PP

Gomeaz, Wolfe, Davenport, and Colder (1982}
compared a trackball and touchpad (absolute mode)
in a study performed at the Naval Ocean Systems
Canter (WNOSC). Half the subjects were trained on

- the system with a trackball and half hed no

14
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experience on saither device. No difference was
found between the touchpad and trackball for time
to target, The eaerror (distance f£from target center)
was significantly lower for the trackball across
both groups. 2dditionally, the trained subjects
had a significantly lower error xate across both
devicas.

Albert (1982) performed a comprehaensive
comparison of devices on a simpla target
acquisition task. The daevicaes included a touch
screen, a lightpen, a touchpad (with "puck"), a
trackball, a displacement joystick (rate mode), a
force Jjoystick (rate meode), and cursor keys.
Although thaere were significant differencas among
the devices, no post-hoc test results were
reportaed. Basad on means for positioning speed,
the order from baest to wovst cursor device was
touchscreen, lightpen, touchpad, trackball, force
joystick, displacement 3joystick, and cursor keays.
For positioning accuracy, the order was trackball,

touchpad, force Joystick, dispiliacement Joystick,

and cursor keys. Subjective ratings were also
collaectad, but no statistical analyses wvare
performad on the data. Rowaever, an inspection of

the mean ratings indicates that the touchscrean,

ligatpen, and touchpad were considered the most

15




comfortablae, easiest to learn, and least tiring to
use.

Following the development of a touchpad for use
in the Royal Signals and Radar Establishment (RSRE)
for air traffic control tasks, Whitfield, Ball, and
Bird (1983) comparaed the RSRE touchpad with a
trackball and a touchscreaeen. Only the £findings
from one of three reportad experiments are
dascribaed herae. The factors of interest were
device type and target size. Target size was
varied from 1.5 €to 12 em in 1.5~cm increments.
Statistical test results for time to target
indicated significant differences among devices.
Although no post-hoc¢ test results were givan, the
authors repoxted that the touchscreen was rankaed
the fastest and the trackball the slowest. Again,
though no post-hoc tasgst results were raeported, the
trackball had the lowest parcentage of errors and
the touchscreen had the highest.

Struckman~-Johnson, Swierenga, and Shieh (1984)
compared a displacement joystick (absolute moda), a
trackball, a lightpen, and non-repeating keyboard
keys on a simulated text eaediting task. Gender was
also included as a factor in the study. For males,
the 1lightpen and trackball vyielded faster trial

completion times than either the Jjoystick or

16
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keyboard keys. For females, the 1lightpen yielded
faster trial completion timaes thamn all other
devices. Males performad better than £females when
using the cursor keaeys, joystick, and trackball, but
not the lightpen. Tha keyboard keys and trackball
resulted in lower error rates than the Jjoystick
acrost all subjacts. Furthermore, the lightpen and
trackball were preferred over the joystick and
cursor keys,

Haller, Mutschler, and Voss (1984) compared a
lightpen, touchpad (absolute), mouse, trackball,
repeating cursor kaeys, and a Speech recognition
device o¢n a simulated word ©processing task.
Subjects were allowed to choose their own preferred
control/display gain for the touchpad, trackball,
and mousa, The 1lightpen was fcund to be superior
to all other devices and vnice input was found to
ba inferior to all other devices on time to target.
In addition, the lightpen and cursor keys showed
the smallest aerror rate. Cf all devices in the
study, the lightpen was the most preferred.

Karat, McDonald, and Anderson (1984) compared a
touchscreen, an optical mousae, and kaeyboard keys.
Subjects performaed a menu-type target acquisition
task embeddoa within two applications, including a

computer-based telephone aid and an app.intment

17




aid. For target acquisition, the touchscreen was

superior for speed and the keyboard was superior

B e L leerd _-_ A,'_"x__; e

for accuracy. For the applications tasks, the

a

P SRS

touchscreen was superior to the mousa and the

keyboard for menu selection. Subjects preferred

o ey

the touchscreen and keyboard over the mouse for

r

S

vy T

performanca of the applications manu selection

tasks.

Cas

Epps (1986) compared the pyperformancas of an

absolute touch pad, a relative touchpad, a mouse, a

Loy

- trackball, a force Jjoystick, and a displacement
K Joystick. Prior to comparison, the devices were
optimized for display/control dynamics in
independent exparimentsa. The devices ware than

taested on threa types of tasks: target acquisition,

VIR P

LA

text editing, and graphics. Eppas found a wide

variation in the cursor positioning performance of

the devicas on the three types of tasks. In

general, the two Jjoysticks performed worse on the

LG ST

target acquisition and graphics tasks than the two

.fﬁ touchpads. On the text editing task, however, the
. E rate-controllad joysticks performed better than the
';%j touchpads. The mouse and tha trackball peaerformed
+ﬁ the best, without exception, across all tasks
L4
‘;é Additionally, these devices were the most
-%ﬁ preferred,
- 18
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Bregent SJtudy
?j Research on cursor devices has provided mixed
rasults concerning the "bast" cursor device. Thare
is general agreement that touch entry devices
;}‘ (e.g., touch screans, lightpens) are best whan £ast
( acquisition of relatively large targets is
é : required. In other words, touch entry devices are
typically fast but inaccurata. There is a lack of
agreement on the most accurate daevice, but the
,! mousa or trackball appears to ba the recommendad
device. The ressarch of ELpps (1986) indicates that
d the mousa and trackbkall are the overall "best"
’ davices for a variety of task environments.
’! Nevertheless, no f£irm conclusions can be drawn
ﬁ that would warrant generalizations +o menu-based
i natural language (MBNL) interfaces, particularly
| MBNL interfaces to Naval command control databases.
Furthermore, the shipboard environment adds its own
unique 2zat of raegquirements, For example, a
physically stable cursor device is required. Thus,
a mouse can be ruled out as an alternative since it

will tend to slidae around under unstablae

P

P i WP SUD R I

conditions, Consequently, there was a need to
‘i ' determina the appropriate cursgor device to meet the
. unique requirementa of the NOSC MBNL interface.

This study was conducted to compare thrae

19
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different cursor control and input devices, namaly,
é a trackball, keyboard cursor keys, and search kays.
I Search keys move the cursor to the first menu item
i that Dbegins with the keyed letter. For example, if
a wmenu contains the items "Count", "Pisplay" and
K "List", an< the user types an "L", the cursor will
Jump to the menu item "List",.
Additicnally, tho effects of scrolliing and quary
length waere invaestigated. Tha effact of scrolling

was investigated with a scrolling versus no-

- scrolling manipulation. Tha affect of query length
J

;;} was avaluated by requiring subjacts to select two,
I

[

i three, or four menu items to comnstruct queries.

20
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I Subjects

" Therae wera 18 Operation Specialaists from the
Naval Ocean Systems Canter who participated in the
experiment. The subjects were male and ranged in
age from 24 to 43. All subjects had experience on
a microcomputer and 15 ¢to 18 months of tactical

console expariance.

Materialg

y Ouary dinstructions. There were six sets of query
instructions developed for the experiment, with 36
quary instructions within each set. Each
W instruction set was produced Dby a factorial
4 combination of three query lengths (1, 2, or 3 menu
f; itams) and two menu langths (scrolling/no-
scrolling). The query instructions ware wordec
without ayntactic or semantic wvariation from the
i actual menu items (Table 1, Figures 1 and 2). Full

listings of the queries and menu items are

ﬁ availzble in Appendices A and B,

b s . . .

3 Subjective evaluatiopns. Subjects rated the input

i

‘ devices on five bipolar scales. The scale anchor
P

[ points includead accurate-~inaccuratae, fast~slow,
- consistent~inconsistaent, comfortabla-uacomfortabla,

! and acceptable-unacceptabla {seea Appendix CC).
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Subjects rank-ordered the input devices on four
dimensions. The ranking dimensions included most
preferred-least prefarred, fastest selection spaed-

slowest selection speaed, highest accuracy-lowest

T A T e

accuracy, and most comfortable-least comfortable

. (see Appendix D).
' TABLE 1

J Example Queries for Each Combination of Query
; Length and Scrolling

Query Length 2

T .
[ SRR

No-scrolling:

al

e a

\ Count Soviet air

fﬁ Scrolling:

.j List downed aircraft

L

9; Query Length 3

'J(

i

fJ No-scrolling:

& List EA2B raported by U.S. Ticonderoga

e Scrolling:

{% Count downed aircraft within 50 nautical miles
Query Length 4

14

i No-scrolling:

B .

{i Display dot blinking U.K. air controlling jammer

Y mission whose location is hook 1location

& Scrolling:

;: Display symbel normal spacial point with remote

ch data source

~

i 22
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_ figure 1. Menu Items Visible on the Work Screen
(o Without Scrolling.
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Softvware. The menu-basaed natural 1language
interface was devaloped using NaturalLink™ (Texas
Instruments, 1985a, 1985h). NaturallLinkTM combines
an interactive menu~based system with a semantic
grammar analysis approach to natural language
processing (where sentences are parsed accoxding to

semantic rather than syntactic categories).

Count Blink Air

Display Brightl Soviet air

List Bright2 UK air
Dot Blinking US air
Dot Normal EA2B

| ENVIRONMENT | Inverse E2
Sizel F-14
Size2 S3A
Symbol Normal Platform
X

On barcap
Received by Link 11

|
_ [ arTTrRIBUTES ]
Controlling friend air whose location 1s quadrant 4

Controlling jammer mission whose location is hook location

Received by US Ticonderoga
Reporting hostile air whose location is quadrant 4




g

'J'_t
3
= The interaction batween the user and application
i .

A

X software is handled by a4 window manager, a parser,
l\.l
‘:tﬂ a translator, and a sassioner (driver), The window
AT

o manager runtime controls the screen displays and
‘.I

4

(o

(“‘.‘

i

L_vers | | SETTING | [_uniTs |

| Dot g Soviet surtace

4 Count Dot normal US surface

(3 Display Inverse CV-64

(A List Sizel Ticonderoga
) Size2 Track

" [ ENVIRONMENT | Symbol blinking Hooked track

ot Symbol brightl Track 7526

h4 Symbol bright2 PU number 24
,‘;-;?( Symbol normal Unknown
e
-,::;3, A 1
o o L__ATTRIBUTES

P Whose Jocation is quadrant 1 and contro y CV-67
4 Whose location is quadrant 1 and reported by FF-1023

] Whose mission is AEW
4 Within 50 nautical miles
e With remote data source

With Tomahawk missiles

5 #

5‘.'3
A

iy Figure 2. Manu Items Visible on the Work Screen by
'{ Scrolling to the Bottom of the Windows.
e
=~
. returns inputs from the windows when menu itewms ure
-, selected. The parser receives the inputs £from menu
A
:"3 salections, consults grammar and lexicon ¥files, and
e

4 builds a parse tzue. The parse %tree is than passed
:1 to tha translator when the user completes and
b

A 24
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anters the query. The translator receives the
parse tree, maps it to the elements of the
underlying application program, and passes it to
tha sessioner. As the user builds and exacutes
the gqueries, the sessioner coordinataeas the
interaction among the ©parser, translator, and
window manager, passing control amoung these
software components and the application. The

application finally calls the window smanager ¢to
display the results of the query.

Calls to the NaturallLinkTM runtime software were
made by a program written in Microsoft FORTRAN
version 4.0. Additionally, the FORTRAN =routine
raceived kay cocdes raturned from the window manager
and performed DOS time calls on @each return. The
time-stamped key codes were writtn to a buffer and

wara subsequently written to disk whenever the user

aexecuted a query.

Egquipment

computer svstem. The MBNL software and keystroke
capturing software ware run on an NCR PC8 computer
with 8 MHz clock speed, 640K memory, a 20MB hard

disk, an EGA araphics board, and a monochrome NEC

Multisync monitor. The "return" key was used to

"saelect"” the particular menu item highlighted by

the cursor. The FB key was designated as the "back
25
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up” key, used to back up, erase a previously
selected menu item from the query, and returm the
cursor to tho manu from which the item had been
selectad. fhe Trl0 kay was used to "execute" the

completed cuaerlies.

Trackball. h Maasurament Systems Model 621
trackball (4-cm diametur) was used in the present
study. The trackbal! was set to operate at a 0.8
display/control gair (10 cm of cursor movement par
360 deg of trackball ravolution (trackball
circumference of 12.5 cm)). The gain selectad for
the trackball had been found by Epps (1986) to be
best for text editing tasks. Also, in the pilot
testing phase of the present experiment, four
subjects ware askad to use the trackball with the
gain varied over a wide range. The median
prefeired gain among the four pilot subjeacts was
0.8, corroborating the desirability of the selected
trackball gain.

A three-button custom kaypad was used with the
trackball. The left button was designated as the
"return" key, the middle button was designated as
the "axecute" key, and the right button was

designated as the "back up" key.

26

P WGE

YR NE YW W A A TR T ™ ol MWK 2B

L A




T

e TN A —= =

R va P

Es A . oo

P

P gy

E . tal Desi

The exp¢riment was conducted as a 3 X 2 X 3 X 6
within-subjacts design. vhe first factor wag input
devica type with three levels represaanting the
three devices, namely, the trackball, the keybcaxd
cursor keys, and the search keys along with the

cursor keys. The sacond factor was menu length with

SCROLL

NO SCROLL

2 3 4
QUERY LENGTH

TRA( KBALL

CURSOR KEYS

SEARCH KEYS

1 2 3 4 5 6

TRIAL BLOCKS

Figure 3. Expaerimental Design.
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two levels represanting scrolling and no-scrolling.

The third factor was query length with three levels

representing queries constructed from two, threae,

Ll

and four menu items. Finally, theé fourth factor

was replication, with six levels representing the

Loalal et

six replications or trial Dblocks. The 8ix

T - e~ T

LR Lt SR SOV

conditions prodaced by the query lengthk aad

scrolling/no-scrolling factors were balanced across

input device and the 8ix raeplications of each

conditiorn were randomly assigned in six different

-~

sequances. These 8ix suguencas comprised thae 8ix

2" Al

sets of guery instructions which were assigned at

ey

random for three saries of sgix subjacts each. The

R}

exparimental design is daplicted in ¥Figure 3.

[

The dependant measures included total task time,

TS e

error frequency, ratings of the input devices, and
rankings of the input devices. Total task time was

defined in terms o©f query construction tima as tha

=

O Rmuia

time from when a query was initiated to when a

S

query was exacuted.

Erocedure

R S

Subjects were first given general instructions to

raad,. These instructions included all of the

Yetlety 1T e

pertinent information about the experiment, with
! the exception of information pertaining to the

input devices. Following the general instructions,

28
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subjacts were given the instzxuctions for the £first
input daevice, followed by four practice trials for
that daevice. Subjects were then givean the
instructions for the second input device, and were
allowad four practice trials with that devics, and
likewise with the third input davice, for a total
of 12 practice trials.

The notebook containing the practice quaries and
tha queries for the experimental trials was
positicned on thae 1left side of thae subjacts'
workstation. Subjects warae instructed to turn the
page in the gquery instruction notebook and become
familiar with the query before initiating query
construction. The purpose of this instruction was
to exclude the time to prepare for quary
construction from actual query construction time.

The first screen presented to gsubjects was an
initiation screen, which promptaed thae subject to
"Press Enter to Continue." Pressing "entar"
started the timer embedded in the calliiyg progranm
and brought wuwp the work screen with the cursor
positioned on the first menu item in the VERB
window (Figures 1 and 2). Construction of the query
required the selection of appropriate menu items,
which was accomplished by moving the cursor with

tha input device to highlight the desired item and

29




then pressing "raeturn." When a menu item was
saelected, it was added to the query in the results
window at the top of the screen; then depending on
the grammar rules in effact, the cursor
automatically moved to thae first menu item in the
next appropriate window whers the subject could
continue constructing the query. Once a gquery was
constructed, the subject c«¢ould then executa the
quaery by pressing the "exsecute" key. Exacution of
the query signaled the end of the trial, stopped
the timer in tha calling program, and brought up
! the initiation screen again.

During query construction, subjects could back up

i to previous selactions by praessing the "back up"
| key which, as daescribed earlier, would erase a
previocusly selected menu item from the query and
return the cursor to the menu from which the item
had been selected. This option allowad subjaects to
corract any erxxors they may have noticed during

query construction. Once a query was exacuvtad, the

subjacts could not back ug. Brror correction time
was included in the total query construction time.
After the 36th trial with a particular davice,
the subjects were instructed to stop, at which tims
they completaed the rating scale for that devica.

Upon completing the rating scale, a 10 to 15 minute
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- rest break was allowed. After all 108 trials were

completaed, the deavices wara rank-ordarad,
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lotal Task Time

- .
e o

A four-way analysis of wariance (ANOVA) was

o
EEN

conducted on total task time (Device by Menu Length
by Query Leangth by Replication). All main effacts

weére found to be gignificant (Table 2). Most

PP N

importantly, there was a significant difference
,J among the performance times of the three input
o devices (p = 0.0073) (Figure 4). A Newman-Keuls
test showea that the search keys ware sglowar (13.73

8) than the cursor keys (12.14 s, p < 0.01) and tha

W et PO

trackball (12.17 s, p < 0.01). Howaver, there was

no reliable difference betwean thae cursor keys and

PRSP TEL LS

the trackball.

3 The performance time for the no-scrolling

;j condition was significantly faster (9.81 s) than

<.,~l for the scrolling condition (15.55 s, p < 0.0001)

' (Figure 5). Thera was also a significant diffarenca

b‘ in performance time dua to query length (p <

:5 0.0001) (Figurae 6). A Newman-Kauls test showed

"*j that two item guezries (6.43 s) were performed more |
quickly than three-item (12.61 8, p < 0.01) and ' i
four-item (19.00 s, p < 0.01) queries, and three- i
,E’E item queries were performad more quickly than four- ]
1; item queries (p < 0.01). |
y .2
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TABLE 2

ANCVA Summary Table for Total Task Time

SOURCE NS df F P
BEIWEEN

SUBJECTS 2703.23 17 ———— | mm————
HITHIN

DPEVICE 555.07 2 5.70 0.0073
DEV x SUB 93.49 34

SCROLLING 16049.98 1 76.37 0.0001
SC x SUB 210.1¢ 17

QUERY LENGTH 25610.71 2 51.23 0.0001
QL x SUB 489 .87 34

TRIAL BLOCK 369.10 5 8.84 0.0001
TB x SUB 41.74 85

DEV x SC 33.82 2 0.62 0.5414
DEV x SC x SuUB 54.12 34

DEV x QL 68.29 4 1.97 0.1089
DEV x QL x SUB 34.67 68

DEV x TB 36.43 10 0.91 0.5226
DEV x TH x SUB 39.90 170

SC x QL 818.94 2 15.14 0.0001
SC x QL. x SUB 54.10 34

SC x TB 47.74 5 1.71 0.1409
SC x TB x SUB 27.91 85

QL x TB 77.30 10 2.95 06.0019
QL x TB x SUB 26.22 170

DEV x SC x QL 43.84 4 0.99 0.4181
DEV x SC x QL x SUB 44.20 68

DEV x SC x TB 45.89 10 1.02 0.4269
DEV x SC x TB x SUB 44.90 170

DEV = QL x T8 53.15 20 i.e8 0.0355
DEV x QL x TB x SUB 31.72 340

SC = QL x TB 27.66 10 0.85 0.5825
SC x QL x TB x SUB 32.59 170

DEV x SC x QL x TB 43.45 20 1.12 0.3252

DEV x SC x QL x TB x SUB 38.75 340

TOTAL 1943

33

SR e e TR AR S WO Y A R RS AR R R RS A A TR A R AT R 7 UM 40 AdUAN LS A V\\\"- RS V) \-\.‘ '-’ A r‘-l
w -

Y
FHIVEIV IRV RV STV Y WV ST SIS IRV W [ LY [ AN LV O BV LU BN ROF RN IR I R VE NN e R Ry R N P N IR W N L Y P N W



20 4

(s)

10 -+

TIME

(
{
|
1

0 v v
TRACKBALL CURSOR SEARCH

INPUT DEVICES

Figure 4. Main Effect of Input Device.
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e Figure 5. Main Effect of Scrolling.
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QUERY LENRGTH
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Fiqura 6, Main Effect of Query Length.

Performance time was further observad to differ
‘, across trial blocks (p < 0.0001) (Figure 7). A
{l Newman-Keuls test showed that performance times on
trial blocks three (12.13 s), four (12.28 s), five
(11.77 8), and six (11.89 s8) were significantly
faster than performance times on trial blocks one
- (14.37 s, p < 0.01) and two (13.64 s, n < 0.01),
i Subjects had apparently reached asymptotic
parformance by thae third trial block.

Thera was a significant interxaction between trial
% block and query length (p = 0.0019) (¥Figqure 8). For

threae- and four-item queries, performance times

35
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(S)

101

TIME

1 2 3 4 5 6
TRIAL BLOCK

;3 Fiqure 7. Main Effect of Trial Block.

diffaerad across trial blocks (Table 3). A Newman-
Keuls test showed that thraee-item gquerias weare
! significantly faster on trial blocks five and six
than they were oan trial blocks one through four.
Further, four—-item queriaes were observed to Dbe
significantly faster on trial blocks three through
%E six than they were on trial blocks one and two
%f (Table 4). In general, then, for three- and four-
3: item queries, there was a measurable decrease in
' task performance time with practice while no
o improvemant was obsarved for queries requiring only

twe menu selaections.
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Figure 8. Trial Block by Query Length Interaction.

TABLE 3

Simple-Effect ¥-Tests on Trial Blocks for Each
Quary Length

Query Length MSQL F P
Two 33.87 1.29 > 0.05
Three 114.90 4.38 < 0.01
Four 374.92 14.30 < 0,01
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TABLE 4

O

q' Newman~Keuls Tests on Trial Blocks for Query
B Lengths Threae and Four

li:

.J Query Length 3 Quaery Length 4

i Trial Block Maan Trial Block  Mean

ni, 1 14.03 (A) 1 22.27 (A)
A 2 13.44 (AB) 2 20.18 (AB)
53 4 12.89 (AB) 4 18.16 (BC)
:3 3 12.27 (AB) 6 18.14 (B")
\%. 6 11.58 (B) 5 17.41 (C)
:f' 5 11.44 (B) 3 17.85 (C)

i NOTE : Means for thae same query length sharing a

common letter in parentheses arxe not significantly
different (g > 0.01}).

TN e h

A St e, e AR M e SR

o S E N

There was alsd a siganificant interaction batwaen

T o

scrolling and quexy 1length (p < 0.0001). The

fastast perfoxmance times wera observed on two-item

quuéries that did not require scrolling while the

pope———

slowast performance times were observed on four-

(ﬁ item queries vraequiring scrolling,. As c¢an be seen
Fi\“}% in Figure 9, queries without scrolling were
tj consistently faster than queries with scrolling,
‘!351 and perxrformance times increased with increasing
Qi’; query length. The eaffect o©f scrolling was
is\ significant for all gquery leangths (Table 5), while
“,;] the effect o©of query length was significant for both
$ 38
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- N TABLE 5

B Simple-Effact F-Tests on Scrclling for Each Query
R Length

;‘1..:, Query Length MSscC F P

O Two 1749.36 32.33 < 0.01
Y Three 6348.14 117.33 < 0.01
Four 9590.36 177.26 < 0.01
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n TABLE 6
{
¥,
a Simple-Effect F-Testa on Quaery Lengtbh for Each
:% Scroll Lavel
A
[ Scroll MSQL F P
y
; Yas 17695.30 327.06 < 0.01
- No 8734.35 161.44 < 0.01
‘('
3 TABLE 7

R

Newman-Kouls Tests on Query Lengtlk for Scroll Leval

g
':}i Scrolling No-scrolling
23 Query Length Mean Query Length Maan
4 22.85 (A) 4 15.15 (&)
3 15.74 (B) 3 9.48 (B)
2 8.07 (C) 2 4.78 (C)
NOTE : Means for aeither scrolling 1level sharing a

commen letter in parentheses are not significantly
different (p > 0.01).

vol SIS AN

J'J scroll conditions (Tabla 6). A Newman-Keuls test
ol

N snowed that within each scrolling <comndition,

e

< performance times increased with increasing query

?

s length (p < 0.01) (Table 7).

i Finally, there was a significant three-way |
£

N |
R interaction between input device, query length, and |
b {

- l

& trial block (p = 0.0355). For each device, a two- 1
/ - !
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item query was faster than a three-item query,

o

.
LIS S I
e e

which, in turn, was faster than a four-item query

(Figuras 10-12). There were significant

differsnces in task performance times across trial

P
AP LA A

blocks for three combinations of 4uery length and

input device (Table 8). For four-item quariaes with

IR

the cursor keys, there was a ganeral decrease in

task performance time over the trial blocks {(Figure

AT RN Iy
/&. I.‘{':‘v‘-&i

- A

10). There ware no significant changes in

ol

parformance time over the trial blocks for any

)

OO

41

(.

Y

y P O R L I D I )
ﬁr'r_-_v_-_‘.-‘r._-.-r.- [ AL I SR I SR IR A VI QA R} LA L A LS T Tl [Nl
T SR S B . N S S R N S L R NS S S o

.

«.d

a_




30

20 -

‘\\‘/\” ;o
—
10

LR P N P Y S

-

< :: ) -/__’._ '._ Lot
1

TIME (S)

oL 2

\“ ] & B
.‘-1

= 0 T T T 7 |
'--_lg 1 2 3 4 5 6
< TRIAL BLOCK
o, 1

3

o Figure 11. Trial. Block by Query Length
A

o Interaction, Trackball.

query length with the trackball (Figure 11). For
the search keys, there was an improvamuant in task

performance time over trial blocks for four-item

&

ovalet il ol

.
- queries (Table 8, Figure 12). A Newman-Keuls tast
Pise

L%E showsd that for <four-item queries with the search

Qf keys, performance time was significantly slower in

‘}; the first trial block than in any other trial block

52 (Table 9). There was no significant change in

o

E% performanc, time across trial blocks for three-item
\

queries with the search keys.
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¥

i Ecxxor Frequencies

' Lrrors wera arranged by frequency of occurrence
L for each of the 18 cells. Tha data met the
- requirements for a Chi-Square test; howaver, the
f total Chi-Square was ncot significant (Chi-Square =
2 17.86, df = 17, p > 0.05). Thus, there were no
. differences in erxror frequency attributable to any
{ of the aexperimental factors of interest.
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'

Bating. Scales
i For the input device rating scales, a one-~way
! ANOVA was performad on each o¢of the scale
. dimensions. There were no raliable differences
li found.

A Friedman One-Way XAnalysis of Variance by Ranks
was performaed on each dimension of the device rank-
“‘ order measure. Thexre was a giqnificant differencae
o in device praferaence (p < 0.02). The trackball was
l the most preferred device, while the cursor keys

were least preferred. Finally, a rank order
L differenca was found for the speed dimension, with
the trackball ranked as the fasteat device and the

.J cursor keys as the slowaat (p < 0.001) (Table 10).

TABLE 8

Simple-Effect F-Tests on Trial Blocks for All
Combinations of Device and Query Length

5 Device Quaery Langth MSTR F P

g Cursor Kays 2 17.37 0.55 > 0.

{ Cursor Keys 3 63.53 2.00 > 0.05
¥ Curscr Xsys 4 204.50 6.45 < 0.
Trackball 2 3.80 0.12 > 0.
Trackball 3 38.62 1.22 > 0.05
I Trackball 4 65.70 2.07 > 0.05
g Search KXays 2 §7.18 1.80 > 0.05
,_g;] Search Keys 3 78.12 2.46 < 0.05
" Search Xeys 4 280.31 8.84 < 0.01
44
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TABLE 9

b Newman-Keuls Testa on Trial Blocks for Query
Lengths Thxee@ and Four, Search Keys

j Query Length 3 Query Length 4
1
3 Trial Block Maan Trial Block Mean

i 1 14.97 (A) 1 25.49 (A)
i 2 14.41 (A) 2 22.81 (AB)
: 1 3 14.15 (R) 3 19.43 (BC)
ﬁg 4 13.12 (A) 4 13,40 (BC)
A 5 13.11 (A) 5 19.01 (BC)

|

6 10.82 (A) 6 18.18 (BC)

NOTE: Means for the same query length sharing a
common letter in parentheses are not significantly
different (p > 0.01).

e AT e e

[ T

> TABLE 10

Friedman Analysis of Variance for Rank-Order

pyma——————e ]
P

[N )

Dimensions
]
Rank Suus
i
v Dimension Cursor Trackball Search Chi-Square P
i Prafaraence 45 27 9.00 < 0.020
3 Spead 49 28 31 14.30 < 0.001
SQ Accuracy 35 38 35 0.33 > 0.800
! Comfort 41 30 37 3.44 > 0.050
i
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RDISCUSSION

Overall, guery construction times were faster
with tha cursor keys and the trackball than with
5} the search kevs. An initial improvement in the
performance of longer queries with the search keys

was obsaxrved (from trial block 1 to trizl Dblock 2),

[

but query construction time showed no further

i improvement with practice and never reachaed the

lavaels obtained with the other daevices. Although

Lot

errors did not occur any more frequeatly with the
search kays than with the cursor keys or trackball,

the reliably slower gquery construction tims with

‘j the search keys would appear to rule them ocut as a
z} primary meang of cursor control. If search keys
i; are paermitted as an option, their wuse should
%} perhaps be limitad to c¢ircumstances where there are
}f no time-dependent performance requirements. Underxr

mora time-critical conditions, the usa of search

S keys are predicted to result in some performance

decrement.

e~ -
PR Nt 3]

In terms of overall performance timas and error

- e R

fraquencies, neither the cursor kays noxr the

trackball displayed any relative disadvantaga.

R L Ll
I '

Initially, though, queaery construction was slower

LA A

using the cursor keys to build longer quaerias.

Performance with the cursor kays on the longer

.-11
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queries did, howevar, quickly improve (from the
firat to the sacond trial block). Interastingly,
there waa n¢ significant chauge in performanca time
across trial blocks for the trackball with any
queary length. It would thus appear that
performance with the trackball was asymptotic by
the first trial Dblock, and, consequantly, <the
trackball had an early advantage over the cursor
keys. This might be relavant for any beginning,
intermittent, or infrequent system user, insofar as
he could more quickly "get up to speed"” with the
trackball than he could with the cursor keys.
Significantly, even though the trackball was not
objectivaely faster than the curscr keys overall,
the subjects pserceived thae trackball to be a faster
davicae. Also, since the subjects preferred the
trackball ovar the cursor kays, use of thea
trackball may facilitate nuser acceptance of the
systam,

The finding that queries requiring scrolling took
iz consistant
with findings from studies on menu breadth/depth
tradeoffs. These studies have shown, in general,
that menu s8selection time increases with greater
search depth. In effect, scrolling for menu itens

is an instance of saarching at a deeper leval in a

47
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menu than is the case when searching for a menu
item that does not require scrolling. As query
length increasaes and the search for menu items
requires aven more scrolling, the total search
J "depth" increases and, as a consequence, quary

= construction time increases. Ganerally, then, the

o
LY

menus should be limited in 1length, to the extent

-;J possible givan tha siza of the vocabulary required

%’: by the dcmain.

.g The finding that 1longer quaries take longer tc

>Q construct is, of course, predictable. Howevear, as

4;.)1 nsted, this effect will be exaggerated as the task

;’Z of locating the target items requires scrolling.

*\4’ Consequently, there is a tradeoff between quary

"’*::. length and menu length.

A‘j To decrease query lengths, semantically related

f‘] items from different maenus might be merged togaetherx

’_' where possibla, yielding fewar manu items requirad

’:‘; for building some quaries. The drawback will be

* that the length of at least one menu nust increase,

i and, conseguaently, more scrolling will be ragquirsd

.

?. to build queries with that menu. On the other

.« hand, to derrease the length of a menu, those menu

E iteams that can be separated into different

E categories could be placed into separate menus.

* Alternatively, one might consider the frequency

4

-A

3 a8

- ‘
.’:.-":j-;

By ‘
2-.'-3\':*ﬁﬂi*kﬁ"ﬁﬁ‘?f’é*l-"aﬂ“l‘“&%%}'}7'}?3-?}?‘}?{-?:\.‘3-?}53?.‘:{'Z-}?-t'."".-f';- RRREIRRCRR S Ay A M e CONt L"',«'.'\‘ﬁ’:.u".'d.--f»'.~-".\-is‘§ﬂ-".k’C#‘C‘&'j'&i

B un. A & SR A A A AU St B i A s O i, Sl ks 2 e it G T




with which menu items can be included as a part of
longer querxies. Manu items frequently included in
longer queries might then be placed within separate
shorter menus, and lass scrolling would
consequently be required for Dbuilding longer
queries. Thus, a tradeoff betwaan query length and
menu length would be achieved, with a reduction in
the length of some queries, a reduction in the
length of some menus, and an overall decrease in

tha amount of scrolling required to build 1longer

queries.
;
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SUMMARY AND CONCLUSIONS

The significance of this study 4is in the human
factors recommendations for the dasign of
workstations for Navy Operations Specialists who
will wuse menu-based natural language interfaces.
For these workstations, the input device tradaoffs
should consider the relative performance of the
cursor keys and tha trackball to be the same.
Howaver, the users' preference for the trackball
and the early performance benafits in learning the
menu-basad natural language task givaes the
trackball an advantaga.

The sgcreen design of the MBNL is a difficult
task at best. While design issues of menu size and
query length wera not the prime focus of this
rasearch, their interaction with input device
performance was evaluated. The trackball
demonstrated an initial advantage on the longer
queriaus, The search key performance improved over
time@ <reaching asymptote at the third session.
Raegearch to provide guidelines for quantitative
tradeoffs between menu langth and query laeangth is

recommanded.

If a workstation design allows use on only one of

these input device, the clear choice is the
trackball. If the task requires keyboard entry,
50




tha combined input options of trackball and cursor
keys should be provided. Optionally, providing
search keys may be usaeful o certain experianced

individuals peaerforming highly learnad tasks.
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o Appendix A: Maenu Ttems
S VERB Window
ij] Count
o Display
':1 List
" "
2, ¥ ~
d blink
N brightl
o bright2
o dot blinking
e dot normal
s inverse
‘J sizel
. gsizal2
-ﬁ symbol blinking
jq symbol brightl
g symbol bright?2
4 symbol normal
NS DNIT Window
o air
@ Soviet air
ﬁ UK air
: ﬂ US air
E EAZB
A E2
- F-14
o 83A
. platform
= special point
o ASW search center
by downed aircraft
™ subsurface
™ surface
! UK surface
o neutral surface
‘ Soviet surface
® US surface
f.;n_ Cv-64
o Ticondsroga
B track
S hookad track
e track 7526
M#ﬁ; PU number 24
‘ Q unknown suspect
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Appendix A

AITRIBUTE Window
controlling friend air whose location is quadrant 4
controlling Jjammer mission whose location is hook
location
on barcap

received by link 11
reported by US Ticonderoga
raporting hostile air whose

designation is force
designation is force
location is quadrant
location is quadrant
location is quadrant
migsgion is AEW

within 50 nautical miles
with ramote data source
with Tomahawk missiles
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continuad

location is quadrant 3
BRAWC

ID

1

1 and controlled by CV-67
1 and raeported by FF-1023



Appendix B: Queaerias
g'} = =

Count air

Count Soviat airxr
Count UK air
Count US air
Count E2

Count EAZB

: Count ¥-14

P Count S3A

h Count platform

\ List air

Iy List Soviet air
. List UK air

N List US Air

B List E2

5 List EA2B
' List F-14
e List S3A

. List platfornm

Count ASW search center
Count downad aircraft
Count subsurface
Count surface

Count British surface
Count neutral surface
Count Soviet surface
Count US surface
Count track

List ASW search canter
List downed aircraft
List subsurface

List surface

List British surface
List neutral surface
List Soviet surface

List US surface

.
List track
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List air controlling friend air whose location is
quadrant 4

List air controlling jammer mission whose 1location
is hook 1location

List US air reporting hostile air whosa location is
quadrant 3

List EA2B reported by US Ticonderoga

List platform controlling friend air whose location
is quadrant 4
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Appendix B continued

List platform on barcap

Count air on barcap

Count air reported by US Ticonderoga

Count US air controlling friend air whosa location
is quadrant 4

Count US air reported by US Ticonderoga

Count platform controlling jammer mission whose
location is hook location

Count platform raeporting hostile air whose location
is gquadrant 3

Display brightl airx

Display size2 UK air

Display dot blinking US air

Display inverse E2

Display dot ncrmal F-14

Display blink platform

Display symbol brightl ASW search center
Display symbol bright2 subsurface
Display symbol normal neutral surxface
Display brightl US surface

Display symbol bright2 hooked track
Display symbol normal PU number 24

List 9gpecial point whosa location is quadrant 1 and
raported by FF-1023

List ASW search caenter within 50 nautical miles

List subsurface with raemote data s=scurce

List surfaca with Tomahawk Missilas

List US surface whosa designation is foxce ID

List neutral surface whose location is quadrant 1

Count spacial point whoze location is quadrant 1

Count downed aircraft within 50 nautical miles

Count UK surfacae whose designation is force ID

Count neutral surface wvwhose designation is force
FAARWC

Count Soviet surface whose location is quadrarc 1
and reported by FF-1023

Count track whose mission is AEW

= 3 (V==

Display brightl air controlling friend air whose
location is quadrant 4

Display sizel aix on barcap

Display dot blinking &air reported by US Ticonderoga

Display dot normal UK air controlling friend airx
whose location is guadrant 4

Display dot blinking air controlling Jjammer mission
whose location is hcok location
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Appandix B continuad

Digplay size2 US air controlling jammer mission
whose location is hook 1location

Display blink US air on barcap

Display bright2 US air reporting hostile air whose
location is quadxrant 3

Display brightl E2 reported by US Ticonderoga

Display symbol blinking EA2B reportad by US
Ticondaroga

Display inverse EA2B reporting hostile air whosa
location is quadrant 3

Display sizel F-14 on barcap

Display dot normal F-14 reporting hostile air whose
location is gquadrant 3

Display bright2 S3A reporting hostile air whose
locaticon is quadrant 3

Display size2 platform controlling friend air whose
location is quadrant 4

Display inversa platform controlling jammer mission
whose location is hook location

Display blink platform on barcap

Display symbol bright2 special point whose 1location
is quadrant 1 and controlled by Cv-67

Display symbol normal special point with remote
data source

Display symbol brightl ASW search center within 50
nautical mileas

Display symbol bright2 downed aircraft whose
missjion is AEW

Display symbol normal subsurface whose designation
is force 1ID

Display brightl subsurfaca with remote data snurce

Display symbol normal surface whose location is
quadrant 1

Display symbol bright2 surface within 50 nautical
miles

Display symbol brightl UK surface whose designation
is forcs 1ID

Display symbol normal UK surface whose designation
is force FAAWC

Display symbol brightl US surface whose location is
quadrant 1

Display symbol bright2 US surface with Tomahawk
missiles

Display bright2 neutral surface whose daesignation
is force 1ID

Display symbol normal neutral surface with Tomahawk
migsiles
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Appendix B continued

Display symbol bright2 Soviet surface whose
location is quadrant 1 and reported by F¥F-1023

Display symbol brightl track whose location is
quadrant 1 and controlled by CV-67

Display symbol brightl track whose mnission is AEW

Display symbol normal track within 50 nautical
miles
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Appendix C: Rating Form for Devices

Please rate the device you have just used on the

following dJdescriptive scales:

ACCURATE

FAST

INCONSISTENT

COMFORTABLE

UNACCEPTIABLE

SCALES FOR DEVICE

: INACCURATE

Gt t__t__ &t :__:__: SLOW
: CONSISTENT
O ST SR S S SN UNCOMFORTABLE
SR S S ACCEPTABLE
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Appendix D: Ranking Form f£for Davices

RANKINGE OF . INPUT . DEVICES
Please rankx tha input davicas you have usad based on the
following criteria. Simply place thae appropriate letter in

the desired spaca.

C = cursor kays

T = trackball

Z = zoom/cursor key combination

Most Preferred
Least Praferred
Dastest Selaection Spaad
Slowast Selection Speaed
Highest Accuracy
Lowast Accuracy
Most Comfortable

Least Comiortable
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