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Lockheed Electronics Company

/ ‘ 1.0 Introduction

!

p 7

The purpose of this contract was to “examine the soldier-rachine
interface of automated battlefield intelligence/C2 systems including
optimization of operator-computer protocols.™ The work statement
tasks to support this effort were:

Q r/storyboard the application demonstration based on the scenario
developed by HEL/AAAD. This shall include the selection of one or
twvo operator tasks and shall use the specific data presented in
the scenario;

2): analyze the operator tasks to determine the possible alternative
protocols which could be used to execute them. Ideally, the
chosen tasks are ones for which more than one protocol can be
used;

~,

3)f design data display formats, corresponding to different protocol
types, for the operator tasks; ’

4)~ write the graphics routines and author the GHMI system to provide
for the demonstration of the tasks. This shall include being able
to demonstrate the alternative protocols for the same task;

S)Z'integrate. test and debug the demonstration;

host a one-day meeting with HEL/AAAD; and

7fj document the effort, providing descriptions of the operator tasks,

the alternative protocols used, pictures (or photograpks), and
recommendations for future studies. <=

The first five tasks are discussed in Sections 1.0 through 5.0 of this
report. Specific regsearch questions, raised during the deronastration
development effort, are discussed in Sections 3.0 and 4.0; general
considerations for future regsearch are described in Section 5.0. A
summary of the one-day meeting held at Lockheed on 7 Decemk=r 1984
appears in Section 7.1 (Appendix 1).

2.0 Data Analyses, Task Selection, Demonstration Spa2cificition

To support development of a8 protocol demonstration, the HEL Aviation
and Air Defense Directorate (HEL/AAAD? provided a one-half r~our
"slice” of a Short Range Air Defense»System Command and Con-rol
(SHCRADS C2) scenario. The data provided by HEL/AAAD conei:tecd of
friendly and enemy air tracks, t deployment of an ADA Hoawvy Civision
SHORAD battalion (reduced by 20% Bue to battle attrition) ir the arca
of interest, and chronologically-cordered mzssage traffic tc -rd from
the Air Battle Management Operatinng Center (ABHOC). The t;, 0 and
quintity of the ABHOC messages vwere developed in wocorlanez <ith th2
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benchmark requirements specified in MIS 34585, "SHORAD C2 System
Specification®” (10 October 1983).

The initial task on this contract was the analysis of these data to
understand the battlefield situation (deployment of friendly fire
units, sensors and other assets, unit organization, battlefield
geometry), and the wessage flow in and out of the ABMOC during the
half-hour period. Due to the limited funding available for execution
of this contract, it was decided that it would not be possible to
include air track data and track-related messages in the
dewmonstration.

A picture of the battlefield situation specified by the scenario data
is presented in Figure 1. The breakdown of TO-ABMOC messagesa
(messages sent from other SHORADS C2 nodes to the AMBOC) and
FROM-ABMOC messages (messages composed at the ABMOC and addressed to
other nodes) during the half-hour period, and a few examples of each
type, are shown in Tables 1 and 2, respectively.

It became obvious after plotting the battlefield situation that a
means for selectively displaying different battlefield features would
be important. This would allowv the user to declutter the display of
information so that only those data that were relevant at some
particular moment would be presented. Therefore, a method for
decluttering the gituation display was designed and demonstrated. As
ve were developing this part of the demonstration, it became apparent
that details of the situation display, such as unit designations,
vould not be discriminable when the full battlefield (a 70km-X-70km
area) was presented, and, if shown on the full map, would only add
clutter wvithout adding any information. This led us to developing a
method for "blowving up®" a smaller section of the map where detailed
information would be provided. Details of this part of the
demonstration are described in Section 3.0.

Based on the data that were provided (gituation display and messages),
prior discugsions with former AD personnel, and previous experience
vith the SHORADS C2 operational concept, it seemed that the situation
display was the most important piece of information to ABMOC personnel
and that a user would be assisted if his wessage procesging tacks
could be performed without requiring that he look someplace other than
at the display (such aa at a keyboard). VWe also imagined that the
vser "thinksg® primarily in spatio-temporal terma: he is most often
concerned with elements and events occurring at some location at some
point in time. All scenario meccsges provided to us as data were
repreccnted in alphanumeric form., If a user actually had to read and
compoee alphanumeric meesages, we anticipated that he would expericence

the following problems:
- convereion of location inforration (e.g., FH368243) from

alphanumerics into an x-y coordinate on his display, and vice
versa, would be 3 cognitively difficult and deranding tacsk,

;:--------n--—-------liﬂ..iﬂ“-
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- 8ince he could not be looking simultaneously at tvo places, reading
or composing a message would require that he take his eyes away
from the situation display, and

- the user’s "mental wvorkload"” would be increased by having to
rentally correlate a particular (graphically displayed) unit with
the mezsage it sent, or was to receive.

These considerations led us to focus our protocol design efforts on
m2thods which would represent message information in graphical forms
and would minimize both the distance and the frequency with which the
ugser would have to move his eyes from the the situation display.

Since it was not possible to demonstrate processing for all message
types, the subset selected and their implementation order were
determined by the fregquency of message type, the relative importance
of the neasage type, and the opportunity provided by the message type
to demonstrate certain interactive protocol features that we consider
to be important. (Appendix 2 contains R. E. Knox and R. Brandau
*Interactive protocols for generalized human-machine interface;" ‘t
presents a general discussion of protocol design issues.) In the time
provided, it was possible to demonstrate all TO-ABMOC messages for
vhich an implementation order is shovn in Table 1 (Message 1D #1, 4,
12, 20, 29); of the FROM-ABMOC messages, only Movement Order
composition was demonstrated.

No alternative protocola were demonstrated for the same message type,
though different protocol types (e.g., "picking®*, "locating®") are used
for different tasks. A discussion of possible alternative protocols
and analytic arguments for why they would be less desirable (i.e.,
human performance would suffer) are presented in Section 4.0.

3.0 Description of Demonstration
The hardvare and software facilities used for this demonstration were:
- a DEC PDP-11/70 (used for the simulation of message traffic
describred in section 3.2); simulation software is written in Pascal

2 (Oregon Software, Inc.,) and runs under the RSX-11M-PLL3 (DEC)
operaiting system;

- a Codata 68000-based system (used for control of the "AEXOC"
console); software developed on this system runs under the UNIX
(B21ll Laboratories) operating system; some application p-ocessing
code is written in the €C language; all interactive graphics
software ig written in Easel (Interactive Images Incorpcrated);
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Figure 1
Scenario Battlefield Situation.
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Table 1
TO-ABMOC Messages

ID Count Warninga ACK
# TYPE OF MESSAGE (#) IMPLEMENTED VIS/AUD Reqt. ?
1 (Air Defense Warning): 1 4th X X X
4 (Battlefield Geometry): 1 3rd - - -
S (Data Link Reference Point): 2 X - -
S (Enemy Activity Report) 1 X - -

12 (Kill Report): 8 2nd X - -

19 (Pointer): 1 X - X

20 (Reporting Unit Location): 44 ist - - -

23 (Supply & Equip. Status Rept.): 3 X - -

24 (Track Management): 6 NO - - -

27 (Unit Operational Report): 3 X - -

28 (Warning Report): S X - X

29 (Weapon Control Order): 1 Sth X - X

- = -, e mm o = - an = . - = . M R MR W e v e e M e T e G e m R E R L R e M M e G e T M e e e Y M A e W e e

Examples

104S (Scenario Time)

1. FROM: FAAR A
TO: ABMOC
MESSAGE TYPE: 20 (Reporting Unit Location) (PLRS))
MESSAGE: GRID FH215354 ALT 299

R N e L T N T E T k]
CT RS S S TS oSS N ST S T ST T TSRS AT T S SR oIS SIS ESS IS TEERSsSZISE=S=ES=ES=S=s=S=S

1046
2, FROM: 1/4/A
TO: ABMOC
MESSAGE TYPE: 20 (Reporting Unit Location)
MESSAGE: 1/74/A to FH200332
1046
3. FROM: 2/4/A
TO: ABMNOC

MESSAGE TYPE: 12 (Kill Report)
MESSAGE: FW 1 DTG 231046 (F/S)

P I T I I R A A T R E R Y -
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Table 2
FROM-ABMOC Messages
IDd Count
# TYPE OF MESSAGE (#) IMPLEMENT
6 (Data Management): 1 2nd
11 (IFF/SIF Effective Code): 1
13 (Movement Order): 9 1st
21 (Sensor Management): 1l
22 (Summary Unit Status): 1 3rd
24 (Track Management): 9 NO
Examples
FROM: ABNOC
TO: FAAR A
MESSAGE TYPE: 13 (Movement Order)
MESSAGE: FAAR A from FH 215354 to FH 116360 at 2321800, GS
FROM: ABMOC
TO: E Btry
MESSAGE TYPE: 13 (Movement Order)
MESSAGE: Move weapons to FH 538082
FROM: ABMOC
TO: A Btry
MESSAGE TYPE: 6 (Data Management)
MESSAGE: Data Update Request: Supply/Equip Status

ZTE=TT=SSs=Z=S=Tz=-Sm=Zz== =

e e e e e T B N e
TS TS D T T RS CSCSTESEZoCoS TS ESCSEZsSSSESSsS=ESESTD ZZ=E=E=Ss=S===

O Tl R e e P e e T T
T I I T S ST ST EC. S ST oS RS IS RS-SRSz DEmzZS===2===E=z=m==
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- the Gezneralized Human Machine Interface console; the devices used
for this demonstration were the Mitsubishi 1024-X-1024 color
display, overlaid by a high resolution Elographics touch screen,
and a Prose 2020 Text-to-Speech synthesizer (Telesensory); the
Motorola monochrome display was used only to display a "trace" of
the incoming alphanumeric mecsages that were being convsrted and
displayed on the color monitor.

The following sections describe the demonstration and the protocol
conventions used for the different tasks that were implemerted.
Obviously, to control the length of this document, the description is
not exhaustive; rather, ve will provide more detail where important
issues of interactive protocol design arise.

3.1 Situation Display

Figure 2 showvs a photograph of the beginning display screen for the
demonstration. (All Figures which are photographs are included as
Appendix 7.3 of this documentl]. The dedicated and variable-assignment
regions of the softwvare-programmable interactive display screen are
defined in Figure 3. The weapons control and air defense warning
(ADW) states at the beginning of the half-hour slice (time is 1045)
are shown at the top right of the screen; note that redundant coding
of the ADW is accomplished through color.

We have adopted the convention that binary-function keys (e.g.,

on-off, display-no display) are coded by a box surrounding the
function label (whether that label is alphanumeric or graphLic);
functional state changes are accomplished by directly touching the
software key on the display screen. The enabled state of the function
(e.g., "on," "display®) is coded as a change from white lettering on
different colored backgrounds (used to code other information, as
discussed below) to reverse-video black lettering on a green
background. 1In Figure 2, the main-menu at the bottom of the screen
indicates that the "SET-UP-DISPLAY" function is active.

The SET-UP-DISPLAY menu is shown in the variable function area on the
right of the screen. For demonstration purposes, we chose a default
starting state in which no friendly assets are displayed; this
decision, of course, was arbitrary and could be modified tc show those
elements that are m=2aningful at system initialization.
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! Figure 3
Softvare-programmable interactive display screen layout.
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The top section of the menu shows a breskdown of 3zsets by unit type
(i.e., DIVAD-"DVAD", STINGER-"STNG", CHAFARRAL-"CHAP", and COCHNI'AND
PC3TS-"C FP") and Task Organization (Brigades-"BDE®", Task Force-"TF
ELY", and Division Troops-"DIV TRP"); cells within the matrix show the
breakdcwn to the battery level organization. The asset and task
crgirization main levels are differentiated from the kattery-level
tr2ar{own by using white keys on a blue background; it als> provides
visual emphasis to the fact that pressing row or column keys will
cause all elements within a row or column to be displayed. If the
user wished to see all units, he would press the ALL key in the
upper-left of the matrix and all units would be displayed as shown in
Figure 4. If, at this point, he wished to display only DIVAD units,
he has at least twvo methods of doing so: (1) press the ALL key once
again to eras= all units, and then press the DVAD key to d:isplay only
DIVADs, or (2) press the STNG, CHAP, and C P keys to return them to an
off state (i.e., erase those units from the display), leaving only the
DIVADs displayed. This final state is shown in Figure S. In terms of
the number of key presses required, method (1) is more efficient; on
the other hand, if the user wished to see each unit type az it was
being removed in the process of displaying only the DIVADs, he would
use method (2). The point is that one cannot define efficiency simply
in terms of the number of key presses required.

The lower section of this menu allows the user to selectivsly display
ASSETS and Battlefield Geowmetry (BTFLD GEQO) features. The full
battlefield situation with all features displayed is shown in Figure
6. Note that the FLOT label appears in the BTFLD GEO submznu, but no
box surrounds it. Following our convention, this would imply that the
user cannot display the FLOT. In fact, in this scenario, the FLOT is
not defined until it arrives as a Battlefield Gecmetry meszage at
about 1055; we describe in Section 3.2 how the FLOT key is made
available to the user when the information is available for display.

The symbols used for representation of battlefield geometry features
follovw the conventions specified in FM 21-30, "Military Syrbols." For
unit symbols, we had originally used the symbology defined in Appendix
V of MIS 34585 (sece Reference [11), This symbology does nct
differentiate among the different kinds of fire units; we “hink zuch
differentiation is necessary. We did not want to color-coce the
symbols because of the limited number of colors available t%at can be
2asily distinguished. Therefore, we adopted a simplified ehape-coding
z:hene: DIVADS were rectangles, STINGERs were triangles, and
C:ZAPLRRALs were squares; all friendly fire units were color -coded
arjua. The four FAARsS vwere shape-coded as diamondsz. A pict:re of the
tattlefield situation using this coding is shown in Figure 7. During
the demonstration meeting with HEL/AAAD percsonnel, it was z.ogg:coted
that we use the standard air defense symbology; the battlef:eld
3itustion using this coding is chown in all preceding phot-icaphs
other than Figure 7. While our subjrctive irpreccion is th=t the
cirplified, goeonetric shapes are ruch easier to dio-riminate, tho uue
of a “tandard symbolcqgy would be regquirzd in ~n op.r=ticnsl ->tting.

A OGN MMM ANO NP ’,“,‘. RORGAOA LS AT IBO K

1 A
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RAGUN LAY B AME
W ¥ X t;k:tu:."'_.‘..‘ DY 5‘1\1“1&1323‘.%“‘, o

ghey

a.

oYY




Reszarch on Interactivz Frotocols
Lockheed Electror.cs Company
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The lirge situation display only shows unit designation lz-2ls for the
Battz=ry Comnand Posts; adding the three- to four-character
alphanureric unit labels to the large display wculd have zZded a great
d=al of clutter. Yet, in an operational setting it will c=srtainly be
recezsary at times to know specifically who a unit is, or o inspect
an ar<a of concern in greater detail. With this in mind, .2 added the
INSFEICT funciion which expsands an area of the sitvaticn iz and
displays it in the variable function area. Figure 8 shcwz the user
prc-pt after the INSPECT function key has been presezd. Tr2 user now
touchess an area on the situation display and an approximatsly

9 km-by-9 km area, centered on the touch location, sppears in the
auxiliary map area, as shown in Figures 9a ({(geom=2tric shagp=2 coding)
and Sb (standard AD symbology). Note that map symbols are enlarged
and unit designation labels are added. It haz been suggestied that we
might have shown the blow-up of the situation display directly on the
large map; we chcocse not to do this as the detailed map would obscure a
large s=2ction of the current situation; we judged this to be
undesirable from an operational point of view.

3.2 TO-ABMOC Message Processing

All TO-ABMOC messages were converted to an on-line data base residing
on a PDP-11/70. A small "communicationg network" simulaticn program
was written; it reads the time at which TO-ABMOC messages =re
"received"” (from the message data base), and s2nds the set of messages
occurring during each one-wminute interval to another computzsr (a
Codata 68000 system) where the ABMOC "console"™ demonstraticn was
implemented.

Five message types were selected for demonstration; these accounted
for 55 of the 76 incoming ABMOC messages during the half-hcur
scenario. The principles guiding the design of message regresentation
were:

- to reduce the amount of alphanumeric data to be read,

- to develop graphic represcentations of messages that were integrated
with the situation display whenever possible, and

- to spatially intograte (i.e., co-locate) new information and
uszr-input regueosts with existing information.

T .
17

OO0
-

My

r:ntation of those principles are described in the nzxt five
: ons.

2.21 F:sorting Unit Location

1f the 76 r>-zayg~s received during the half-hour interval, <4 w=re
undstes on friendly azset positions. An example of a "repcoting unit
1ocation® wec:-g3e i3 shown in Table 3 (for clarity, most ba<tl-field
situation foztures that are irrelevant to this and sub zgqu=z:t cxkawnplos
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of message processing, have been removed from the screen). In
representing position changes graphically, we chose to indicate both
the old and the new locations (or, in the case of FAAR updates, old
and new altitudes); if it is important to know hov far and from vhere
a fire unit has moved, both locations would have to be indicated. If
both locations are to be observed, they must be displayed for sowne
period of time., Finally, the usz2r nust be able to distinguish baztween
the old location and nev location indicators; hence, they rust be
codad in a discriminable fashion.

M e s Mt e e e mm e o e M mm = e o M e S e e M M M M ME P M M M mr Er S EE Y3 AR M T Mr S N W M s s M e M M Te W e Mmoo A e e o ar m m o
S I T IS S-S =SS =SS S-SRI S ST CSCSESE=EECS S =SENSIS==S=EsZSS=SZ=SsEEZsSs=oT=z=E==S===S3==

e e tm e e  mm o e em e v T e v N m EE e e e v mm Em SR e e M e mr Er e W M MR n m mr Tk W M M M am o Mr e ot e = a e = W == m e
ST T S S ST TS TSI IS ST S oo T oIS RET TSI CS oSS oSS =ESS=SCSSS=sZT=ZSTST=S==zZ===Z==3S ==

Table 3
Example of Reporting Unit Location Message

1046 (Scenario Time)

FROM: 2/4/B
TO: ABMOC
MESSAGE TYPE: 20 (Reporting Unit Location)
MESSAGE: 2/4/B to FH473215

o O T TN e M e mm o e m M e e mm em e TS mm Am Em Em Er TS NP M ke M Em Er E WE S G L ae M Em m ER O 4 AR M M M mm Er M s M M MR E e Er e i = = e =
I I S S S S S S ST T S L ST R ST SR oS RS S STE S LSS ETSE=RSESSES=ES=zZESSSSSRI=Z=Z=SZ==So =SS sS=Z=S====

o e e st M et e e e e M e e fm A o e M E M e e AR am e I = Sm T e m E Er W e e Sr M MR MmN m = e e o e T W = e =
ST I T T I I I S S ESECSISS S-S SS ST oo S S SIS CS SIS S SECSoESESIZSR®OoRIZSoS==S=ZS==S======

Figure 10a shows an example of an old and new location of a STINGER
unit; the old location is indicated by the green STINGER symbol and
the new location is8 indicated by the oversized (relative to other
symbolg) green square. Green was used to highlight the two symbols.
It was chosen because of the eye’s greater sensitivity to vavel~-ngths
in the mid-range of the visible spectrum; yellow was not used b=zcause
its widespread use to indicate cautionary states. Both syrbols remain
visible for about five seconds; afterwards, the aqua STINGER symbol is
dicplayed in the new location, as shown in Figure 10b.

3.22 Kill Report

Kill reports specify the unit reporting the kill(s), the type (fixed
or rotary wing) and number of aircraft dowvned, and the datz-time group
(DTG) of the report; an example of such a message is shown in Table 4.
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Table 4
Example of Kill Report Message

1046 (Scenario Time)

FROM: 2/4/A
TQ: ABMOC
MESSAGE TYPE: 12 (Kill Report)
MESSAGE: FW 1 DTG 231046 (F/S)

- m A A w e s e SR e e A S A MR R o e o e e e Tm e e Sm mm wr e S S M o e m m mm mr e o M e A e e mm mr e mm M e M e W tm e e me m ar m m= Em e
I TS T RS S S ST TS SR TS S SRS S S TS OoENRASISSESE=SoSo oSS TEISSE=Z====SS

v e mr o T R Em Em e — m m mr mm e M e EE e e At M Em e A R AR Tm e mm e mm P S SR MR ME v M e e T e N SR S M M Ar M Se W S A Em MR M M mr e ws we m m o T
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Figure 11 presents an example of a graphics representation of such a
message. The STINGER unit (2/4/A) reporting the kill is surrounded by
a yellow box. The °*report® itself is displayed in the upper right of
the situation display: the AD fixed-wing aircraft symbol dznotes the
type of the downed aircraft, the X above it is the conventional
*destroyed"” indicator, and the DTG of the report is shown at the
bottom of the composite symbol. The yellow color coding was used for
distinctiveness, to associate the unit reporting the kill with the
report itself (this may, in fact, add information about the
approximate location of the kill), and for its implication of a
cautionary state.

A kill report remains displayed until a new one is received (see
Appendix 1 for a brief discussion of when data should be removed from
the display screen). Kill reports would not necessarily always be
displayed in this portion of the display (we put it there Lecause it
vould occlude no other data); rather, we anticipate that "=mart*
software would "find" the sparsely used portions of a situation
display, and would plot such data to minimize the overlay of other
relevant situation information. Kill reports, then, would probably be

presented at different locations as the scenario progressed. Rather
than creating confusion, we expect that such shifting in lczation
would call attention to the arrival of new inforwation. (In fact, one

criticism of the demonstration wasg that it was hard to tell when a nev
kill report had been received since the data always appear=sd in the
same location.)

3.23 Battlefield Geonetry

The one Battlefield G=ometry message received during the hzlf hour
provides a ten-point definition of the FLOT; the message is chown in
Table S. In the dermongtration, this message was converted o the FLQAOT
contour and plotted on the situation map; it is color-code< blue to
si1gnify that it borders friendly anasets and to differcntia~e it frcm
the r>d FEBA. Figure 12 showsa this reopre=zntation,
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Table S
Example of Battlefield Geometry Message

- - v

1053 (Scenarioc Time)

FROM: (D)AME
TO: ABMOC
MESSAGE TYPE: 4 (Battlefield Geometry)
MESSAGE:

e REFERENCE NUMBER: ADA4

A EFFECTIVE TIME: Upon Receipt

e, TYPE: FLOT 10 POINTS

i LOCATION: From FH270430 to FH270365 to FH270298

- to FH350254 to FH407244 to FH468214
to FH520178 to FH522158 to FE327097

FHS10068

ﬁ
(u}
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At the same time, the FLOT key in the BTFLD GEO submenu of the Set-Up
Display function has been enabled and set to the display-state (as
indicated by black lettering on a green background); this is also
shown in Figure 12. The key is now fully functioning and allows the
user to display or erase the FLOT from the situation display as
necessary.

> e e T
5 Cen T Ve

[
»

3.24 Air Defense Warning

o One Air Defense Warning (ADW) is received during the scenario; the
i message is shown in Table 6. When an ADW is distributed, visual and
{ auditory alerts must be issued to the user; he, in turn, is required
2 to manually (i.e., explicitly) acknowledge that he has received the
megsage.
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Table 6
Example of Air Defense Warning Message

1055 (Scenario Time)

FROM: HIMAD

TO: ALL
MESSAGE TYPE: 1 (Air Defense Warning Report)
MESSAGE: AIR DEFENSE WARNING CONDITION: RED

P R R R B R R R el G ey o Am e M s ek A M W M R R e e N tm o A A ey mr E o a = oE
LR S - R B AT - A A E A Rt A R EEEEE R aEBEtEt N

Figure 13 shows the change to the ADW indicator in the status region
at the upper right of the display screen. The instruction to
acknowvledge receipt of the ADW is pregented in the reserved message
region Just below the status region. The auditory alert, presented
simultaneously with the ADW change and annunciated by the
text-to-speech voice synthesizer, consgists of the following message:

"Warning! Air Defense Warning: Condition Red. Please Acknovledge.*

Notice that the visual and auditory alerts carry explicit information
about the message requiring the uger’s attention; often, visual and
auditory alerts simply consist of non-specific flashing indicators and
auditory "beeps®, respectively. We think an explicit auditory
megsage, in particular, is advantageous: the information can be
received without requiring a shift in vigual attention. Of course,
there could be drawbacks to the use of such auditory messages in a
battlefield environment, and assegsment in an operational context
wvould be necessary before we could unequivocally recommend their use.

User acknowledgement of ADW receipt was accomplished in the following
manner. Note that the "RED" ADW is presented in revergse-video in the
rectangular shape of a key; the user acknowledges the message by
directly touching the ADW status indicator. Once he does so, the
"key®” is digabled (i.e., the box disappears) and the instruction to
' acxnowledge the message is removed from the reserved messags region.
o] BEoth of thece changes are shovn in Figure 14.

On many systems, all operator acknovledgments are accompliched by
pr—233ing a single key; no unique response i8 required to differentiate
arong the different messages that are received. We think our
approach, requiring unigque, specific responses, vhich also force the
uc?r to look directly at the new information he is acknowledging, is
prefsrable; '-hen a non-specific response is required, we irsgined that
a user could often is3ue an acknowledgment without even lociring at the
m.ri5:2age, and would be particularly likely to do 30 when mezzige lcad

.
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and the stress of the situation increase. Messagea that reguire an
operator’s acknowledgment are presumably important; precluding the
possibility of his ignoring them reduces the potential for subsequent

human error.
3.25 Weapon Control Order

One Weapon Control Order (WCO) message, shown in Table 7, vas icssued
during the scenario. V¥WCOs are accormpanied by visual alerts, and, as
wvith an ADW message, user acknowledgment is required.

- A e o TP R T M e D om A W AP m e mn B T TR M W rm Er SR P M W m e v mm e ST TR MR I e M TR MR W M e MR SR MR M mr ot Em M Sm e mr mm A e e s = W
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Table 7
Example of Weapon Control Order Message

1056 (Scenario Time)

FROM: HIMAD

TO: ALL
MESSAGE TYPE: 29 (Weapon Control Order)
MESSAGE:
ORDER NO. 23-12 AREA NO. 2A
PRESENT STATUS NEW STATUS
FW Hold FW Tight
DEACT TIME 1210 EFF TIME 1211
RW Hold RW Tight
DEACT TINME 1210 EFF TIHME 1211

STATE OF ALERT: Asgume Battlestations

B I A P - I e I
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For demonstration purpos=s, we showed the WCO change as tho.ugh it had
just become effective (rather than using the effective time sp2cifind
in the message, which was outside of th=2 half-hour period of <onzern).
In a fashion similar to the changes effected by the ADW, theo roeceipt
cf the WCO caused the "FW®* and "RW" values dizplayed in the ¢ zrved
status area to change from *HOLD" to "TIGHT". The visual prz-. pt to
acknovledge receipt of the WCO is8 displayed in the recerved - .+ 2ge
arca, along with the state of alert mecozge to "Ac~ume
Eattleztations. "™ This display of WCO information is shown 1 Figure
16.

Though an auditory warning is8 not required for WCO reoc-agzs, we
provided one to give a ce2cond exarple of an explicit auditory
indication. The auditory alert annunciated by the tuxt-tc-. ... h
synthesizer is:
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"Note: Change of Weapon Control Status;
"Fixed Wing: From HOLD to TIGHT;
*Rotary Wing: From HOLD to TIGHT;
*Please Acknowledge.

*Alert: Assume Battlestations.*

Operator acknowledgment is entered the same way as acknowlsdgrent to
an ADW: the new values are displayed, enabled as keys, and the user
must touch both the FW and RW values to indicate he has scen them.
The change in the displayed information following operator
acknovledgment is shown in Figure 16.

3.3 FROM-ABMOC Message Procesgsing

FROM-ABNOC message processing refers to message composition by the
ABNOC operator. This function can be activated by selection of the
*COMPOSE MESSAGE" function in the Main-wmenu; the submenu of all
messages that can be created by the ABMOC appears in the
variable-assignment region of the display screen (see Figure 17).
Messagea have been grouped into related-topic clusters. By touching
the appropriate name, the user would select the message to be created.
Only movement order message creation wvas developed for this
demonstration; this is reflected by the presence of a box arocund *MOVE
ORDER®™ -- gignifying that it is8 an enabled key -- and the absence of
bcxes around all other message labels. The movement order wvas
selected for implementation because it presented an opportunity to
demonstrate a number of interactive display techniques for data entry.

3.31 Movement Order

Samples of various movement orders are presented in Table 8. The
message fields and field-values used in the demonstration were based
on the particular examples provided in the scenario; methods for
entering the data of other message types can be predicted by
generalizing from the example we have provided.




FROM:

TO:

MESSAGE TYPE:
MESSAGE:
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Table 8

ABMOC

FAAR A

13 (Movement
FAAR A from
GS

Examples of Movement Order Message

Order)
FH 215354 to FH 116360 at 231800,

TSI T T TSI =SS =SS S-S SIS SSESSSSESESSsE=SE=SsS=SEI=S=S=S=I=S==SzZ==®

FROM:

TO:

MESSAGE TYPE:
MESSAGE:

ABMOC
B Btry
13 (NMovement
Move weapons

FROM:

TO:

MESSAGE TYPE:
MESSAGE:

ABMOC
E Btry
13 (Movement
Move weapons

FROM:

TO:

MESSAGE TYPE:
MESSAGE:

ABMOC
D Btry
13 (Movement
Place PLT DS

Order)
to FH 4222 to FH 4422

Order)
to FH 538082

-t w e o m m m  we = = P T L ] -
S-S S=S=S=STSsSI=2TS=E=T=S=S=T====@®S

Order)
to DISCOM EFF 231200

The sequence of operations for generating a movement order (described
b2lov) was determined by analysis of the movement order messages
piovided, We considered, but did not address a number of issues,
including: '

- allowing the user to vary the order in which he enters the
parameters of a movement order message,

- piraneter field "ekipping® (i.e., null fields),

- how to provide fcedback to alert the user to the fact that he has
~wipped a field, in case he has done s0 accidently, or L3s mide an

0 entry that is "tactically questionable®™ (this would reqg.ire

' intelligent software that would not "blindly*® report on ~iesing
firlds or blatant errors, but would parse and assess a r-ssage for
"rraningfulness”; such assessment would depend, for exa-2le, on a
Ynowledge bage that describes how assets can move over “h2 given
terrain, whzthazr the move is "reasonable®™ given the cur. -nt
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situation and the location of recent kill reports, vhet:er the move
will introduce vulnerabilities in the defense, whether the
specified units are "robust®" enough -- based on evaluation of
supply and equipment reports -- to achieve the specified mission,
etc.), and

- revision of a composed, but not yet released message.

Clearly, the definition of an interactive protocol for movzment order
and other message creation would require that these and other issues
be examined.

The first movement order parameter to be specified is the rame of the
unit who is to move his assets. Following selection of the NMOVE
CRDER message type, a menu of the potential candidates app:zars, as
shown in Figure 18a. Notice that the menu is specific to the ABMOC
echelon. Again, for demonstration purposes as well as to alleviate
remory demands placed on the user, an alphanumeric representation (a
"trace”) of user inputs is displayed at the top of the
variable-assignment region; this conversion to the more stzndard
megsage format is demonstrated in parallel with the data ertry
functions described below.

The user is prompted for an entry by the green-coded "Move Who" above
the menu (folloving the conventions of this demonstration, it is
apparent that only Movement Orders for Batteriea (BTRYs) and FAARS
vere implemented, as indicated by the key-indicator surrour.ding their
labels, and the absence of a box around the other SHORADS C2 units who
can be commanded by the ABMOC to change location). Suppose the user
selecta A BTRY; as shown in Figure 18b, a submenu of A BTRY acscets
appears below the BTRY column. Had the user selected a FAAR instead,
no such submenu would have appeared since such a breakdown is
recaningless for sensors.

In this example, the user presses the WPNS key (indicating that wve
vantsa A BTRY to move we=apons), as shown in Figure 18c; both uwaleoctions
are indicated by the green reverse-video coding. After the u:zer
pres3es the WPNS key, an ENTER key is displaysd to the rigrk< of the
submenu. The availability of this kiy is suppresced (by nc<
dizplaying it) until after the user has entered sufficient -aforr.ation
for the addressed unit to be specified. When it is posasibls,
inhibiting the availability of keys vuntil they are logically
m2>aringful will prevent inadvertent orission of reguired da- a.

Until the user presses the ENTER key, it is pco.:ible for hi- to <l siage
his celwections for either the primary unit name or the unit'g . 3.

The next menu of choices to appear allows the uuser to spscify +v! re

the designated asset is to move. Thia "new location®” menu 13 . -.n in
Fijure 19a. Two sets of choices were indicated by the rove ot . ':r
2xamplea in the scenario, and are visually clustered on the 20 [y,
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POINT and LINE allow the user to specify location(sg) on the situation
digplay; the listed names allow entry of an AD unit, wvithout
specification of the unit’s location.

Azcsume the ABMOC wants the A BTRY weapons moved to cover a line near
the FEBA. He presses the LINE key and ENTER key (=see Figure 19b), and
a nev display appears. Figure 20a shows a prompt for selection of a
battlefield area. Rather than entering positions as UTM alphanumeric
dzsignations, the user wvwill specify a battlefield location in the
"language” of the situation display itself by directly touching a
location. Because he cannot sufficiently resolve locations on the
full-scale map, a blow-up of the desired area is provided in the
variable-assignment area. The user touches the general area of the
battlefield vhere he wanta the A BTRY weapons to be deployed. As vith
the INSPECT function (described in Section 3.1 above), a 9 km-by-9 km
area is displayed, centered on the location of his touch (see Figure
20b); at the same time, h2 is given a prompt to "Select first
location® (two points are required to define the LINE). The area
shovn in the high-resolution situation digplay is indicated on the
full-scale map by the green border.

The user touches the high-resolution display to designate the first
point, and a green dot, indicating the location of his touch, appears
on both the high- and low-resolution displays (see Figure 2J2c). This
location is converted to UTM coordinates (e.g., FH368243) and
displayed in the alphanumeric representation of the message. The user
can change this first location until he presses the ENTER kay.
Folloving entry of the first point, the user is prompted for entry of
the second point (see Figure 20d). When a second location is touched,
a second green dot and a line between the two points are displayed.
Again, the user can change the location of the second point until he
presses the ENTER key. (Note: the scale of the high-resolution
situation display 18 sufficient to specify the two-kilometer lines ve
observed in the data; 1if it were necessary to specify shorter lines --
i.e., tvo points with less than a two kilometer secparation -~ a higher
resolution "blowv up* would be provided.)

Following dasignation of the line to which A BTRY 18 to move veapons,
@ mission mugat be gpecified., Thiag i3 accompliched with the mznu shown
in Figure 21, u=ing the same data entry protocol described for all
pi«coeding menu - :lections.

The final entry i1.quired is sjp~ecification of the Date-Time “roup (DTG)
at which the rovero2nt order is to *ake place, These data ase entered
ussing the low-recolution (hour intervals) "digital® clock se-own in
Figure 22; an analog clock, allowving entries to minute r:solution is
nece.Cary in an operational situation, and, hence, preferable; one
vould have been developed had rore time b:en available. No*e that the
roverent is assured to be required sometime during a twvo-day [ :oi0d,
»0 only day 23 and 24 choices are dicplayed. Movement ord:r DTG
Fr-zification at .-:-helrn3s other than A3MNOC would rcqgquire that the
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"day-window®” be widered (for higher echelons) or narrowed (for lowver
echelons).

Regardless of which Main-menu function is being used, the cperator can
alvays change functions; in composing a movement order, for example,
the user might want to move acsets that have been inhibited from
display during the SET UP DISPLAY op2ration. The user would select
this main-menu function, display the necessary units, return to the
COMPOSE MESSAGE operation, and would be returned to the exzct point of
movem=nt order creation where he had left off to change the situation
display.

-~ -
> T T

T
- -~

4.0 Discussion of Alternative Protocols

“t There was insufficient time to demonstrate an alternative protocol for
m2ssage creation. Our decision to demonstrate an interactive display
screen protocol, however, was not arbitrary; in our opinion, the
rethod is preferable, for the tasks performed, to both form-filling
. and "natural® language using a keyboard. (A more extensivez discussion
wvould also cover voice input, used both in "key" replacement and
*a natural language modes.) We briefly present our assumptions and

' Justification for this position.

, (1) Ve assumd that a user would directly select a location for a movement
g order, a3 opposed, for example, to simply performing data =ntry of a

. specified UTM coordinate. In this latter case, data entry would

N require a numerical keypad and a special alpha-matrix to d=signate

" cnordinates for the area of interest. This form of data entry could
still be accomplished with a modified data entry keypad displayed
dir-ctly in the variable-assignment area of the screen; an example of
o such a data entry "device®* is shown in Figure 23.

. {Kote that the convention of using co-located display and input
z-ntrol surfaces does not imply the use of a touch screen cverlay to
_ the di~play; any cursor positioning device, such as a mouse or
; trnickball, could be used in lieu of the user’s finger.)
1

)
' (2) Th=> d.vice nust be distinguished from the protocol used for input.
. ir:y*ards 13y be uced for renu-selection, form-filling, an< natural

4 1 nqu-~:7; +.snu-celection, form-filling, and natural languaz2 ray all
L2 i pls onteed with voice recognizers. The use of a particular d:ovice

'$ ! ;: rot wniguely irply the use of a particular protocol; <:-nvoer-»ly,

o Ve uwra of a porticular protocol does not imply the use of 3

" it oular Zovice,

A AT A e o M AL W LR A AL "
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Figure 23
Example of modified data entry "keypad"
for UTM coordinate specification.
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The use of a wenu-selection protocol iwplies that there are a linmited
rurber of choices for some parameter’s value; the user selects cne
item from a "list®” of choices. [A ®"list®" ig an enumeration of
cptions, arranged in some spatio-temporal organization; op*tions may be
rzpresented graphically, alphanumerically, aurally, etc.] inalysisg of
the scenario d-ta indicated that, with the ewception of lc-aticn and
time specifications (for which none of the ztove mentioned prcotcoccols
would suffice), there were very fev value choices for each of the
F3ranmeters of a Movera2nt Order. Whether or not this is true for other
r>ssages created by the ABMDC, for all other nodes of the SHORADS C2
system, or for message communication in any system, would require
detailed analysis of possible parameter values for all mescsages in a
system. {We are familiar with Appendix II ("Information exchanged by
the SHORAD C2 system®) and are avare that certain parameters of
ca2rtain mzssages (e.g., "Air Track Report: AC Type") show long lists
of possible values. It may be possible to break down these lists into
rnore logical groupings; further analyses would be necessary to
dz2termine if this is operationally beneficial.

To make a meaningful distinction between form-filling and
renu-selection, a definition of form-filling must be specified. For
example, the Movem=snt Order creation demonstration showed an
alphanumeric representation of the data being entered; the entries
w2re placed in fixed fields of an invisible template. Had the
te2mplate been m=zde visible, the operation would have locked very much
like form-filling. But the entry of data was accomplished by
m2nu-selection and "locating” operations.

We redtrict the definition of "form-filling®" to mean the following:
the different fields of a message may be gpecified, but the possible
values for at least some of those fields is extremely large; the
atructure of the meszsage, then, is fixed and gpecifiable, but value
choiceg may not be practically enumerated (as is possible with m=nus),
The list of options is generated in, and selected from, the mind of
the user. Selection of a value from a (virtual) continuum (e.qg3.,

¢ -tting a voltage, naming a particular individual in a group of 2000
Frople) i8 an inztance of form-filling.

vy did we avoid use of a keybcard? First, if the user had koen

r -quired to fully type out hig selectionz, keyboard entry w=>uld have

t .zn much slover than the direcct s2lection wethod. No effec-tive entry
(».g., "A BTRY", °"WPNS"®", "DIRECT ZUrPORT", etc.) was one letter in
l-ngth; but only a single keypreos was roquired to inake the :ntry. In
211 cazes, multiple keypiesses would have booen required if the

© >lections had been typ?d out; obviously, such an approach v3uld have
t2k2n more time, and introduced errors which vould hive had to be
corrected. The apprcach we adopted i1s superior to full keyih-ard

entry.
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2cond apprcach would have bzen to match the number of ksyboard

23 to the single button presses required in the direct touch
screen eselection. This could have bezen accomplished by latelling
(e.g., "1", *"2", or "a", "b", etc.) each option displayed on the
screan. The user would press the key on the keyboard corr=zsponding to
his d:sired chice. Both data =ntry methods require a keygr-eczz, but
the t.t3l activity regquired of the usz2r in the two cases is not
identizal. A comparison of the cequznce of "mental®, "perceptual”,
and ":otor" activities required by the two methods is preszntesd in
Table 9. This approach to the deconmposition of tasks has Es=sen
dzscribed by Card, Moran, and Newell (see Reference [2]). we note
that

the particular breakdown of choice data entry into the s.ubtacsks
presented in Table 9 is supported by their research; each of the
operations listed can be empirically isolated and differ=ntiated
from the others, and

there is overwhelming evidence from their research (and from the
experimental literature, in general) that each of the su:tasks
enurerated take real time (varying from a few hundred milliseconds
to a second or more).
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Table 9
Comparison of Keyboard and Interactive Screen Methods
for Data Entry of Parameter Choice
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Action ¥eyboard Interactive Screen
Find Choice (read options) X
Fiord Labte2l of Dzsired Choice
i"ove Eyes to Feyboard

Find K>y Matching Label
Finger to Key

Frocs Key

R=-turn Zyes to Display

E R -

rilitary p-eroonnel are poor typists; it would take ther longer to
43 heyvo.rd d-t3 ~ntry than interactive screen data entry. ‘Wrhizther
or not it veould take longer for ckilled typists is an empiriczal

ue,) Tinzce the wilections and data entry to be made by th=z u:zzr do
ot ro quire a k- yhnoard (i.e., all tazks can be accomodated by the
int-ra<tive .or. 2n s sthed), thore is no justification for itz u-e. In
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fact, the prediction of longer data entry times are an argunent
agsinst its uvce.

Note, by the way, that the superiority of the interactive screen
method does not depend on the use of a touch screen overlay, which, as
others have quite legitimately argu=d, can result in fstigua of the
usar’s arm if uszd for extended periods of time. A nouze, which does
not preduce such fatigue, could have been used for dirwect =crcen
interaction for selecting options or designating locations. The
critical difference between interactive screen and keybcocard entry
techniques is that the latter requires the user to look awvay from the
display screen while the former does not. It is the time lost in
shifting visual attention, and in performing cognitive, perceptual,
and motor reorientation to different display/control devic=3 that
argue against the use of a keyboard when the tasks to be p=srformed do
not reqguire one.

5.0 Future Studies

We sugg=2st that future gstudies on interactive protocols adZress the
requirements of a particular application (i.e., a system, like SHORADS
c2). That is, a detailed functional specification of the user tasks
must be available to determine which kinds of protocols and
input/cutput devices should be considered. 1In the preceding section,
our justification of an interact. ' display, menu-selection, and
locating approach depended on analyses of the specific data that were
made available. 1If, for example, the SHORADS C2 system had a
requiremrent for free-format message construction, some level of
"natural” language procesgssing and use of a keyboard and/or voice
recognizer would be required; analysis of a natural languagz? protocol
vould be meaningful in such a context.

Sezcond, the experimental context in which protocols are evzluated will
determine the generalizability of the results to an operational
context. The results of an experiment in which many subjects are
zampled for short periods of time will be quite different Ir-om a
canple of a fevw subjects who are run for extended pzriods cf tire,.

The latter methodology is appropriate if it is on-going opzrational
n21 forrmance, rather than novice behavior, that is to be preZictead.

The collection and analysis of data from such an opz2rationsl contoxt
~2uld rizguire:

- cn-line (i.e., computer-based) data collection and analy:is
gsogramrs, and

- an nprrational testbed which simulates the activities of the
wpzrational situation with a high degree of versimilitucd-=.
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¥
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mote that on-line data collection and analysis routines would have
general applicability: they could also be used ag one coi on2nt
ddzd training. They would also be usecd during ongoing

ion3 to provide a quantitative basis for d:ztermining when

k

u

o

should be given to a ucer. (A rore ext:nsive discussion of
juir:rents of in-line "huran gecrformanse rsnitoring® may be
sod in R:zferences [31 and (41.)
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An cperaticnal testbed could be effectively constructed from nodes
rexziding at different geographic locations. Such nodes would be
lin%ed by a commercial network; data transmiszion rates wcoculd be no
worse than those currently anticipated for military systers. Such a
distributed system would include the following advantages for the
design, developrant, and evaluation of experimental systers:

(1) no single laboratory would bear the burden of constructing the
entire system, yet would en)oy the benefits of evaluating a node
within a larger system context,

(2) demonstration of the system would be possible at a number of
locations (thus reducing travel requirements),

(3) development work at different sites would be available to all
researchers on an almost inztantaneous basis, which would
effectively extend the research cowmunity of all groups involved;
sharing of resources (e.g., technical expertise, coftwzre
capabilities, etec.) and critical interchanges would be a cantinual
process, rathzr than events that take place only occasionszlly at
technical m=etings, and

(4) it is representative of the real situation in an operational
environment.

Our last comwent is concerned with the tools that are available for
prototyping and evaluating human-rachine interface d2signs. Tono often
the najority of design and evaluation time is spznt on tasks that are
irrelevant to the i:sues at hand: hardware interfacing problens,
Z2vice drivers, coftware dzveloprznt of screen formats, etc.
Zonczzjquently, the empirical evaluation of dzsign alternatives is
curcory, at best, and design errors beconz apparent wvhen it is
“utrenzly difficult, tiw=-consuming, »nd expensive to corrasct +*heomg
that i3, after the system has b:2zn developrsd and fielded,

“he developrent of the exteonsive dumonstration described in this
rzport was only poc3ible through the uce of 3 very high-level
interactive display prototyping language; noct of our time vas spant

3n arnilyses and thinking about the interaction betwean the cornater
~ad th2 huiran, not on software doevolopn :nt or hardware concorna. The
dirorstration development took shout 120 hours; we think we hoauld be

“hle to prototype aystems even faster (e.g., reduce the 120 hours wo
T#nt to about 40),
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KX Such ragid dzvzeloprant is only poi~ible if "rapid protoitysing® tools
:W. are availazble. We are bkz2ginning a nurboer efforts to d:velzp su:h
§$ tools. Or=2 tool would accelerate the devzlopriant of c:inszle "dsta”,
oﬂe such as th2 interactive display screzns descritbted in S:zt.:n 2.0.
i zzentially, time would be saved by allewing the davelsper to
) rorogran” Jdiroctly ia interactivz craphic terrs -- e.g., Jdroav thinc3
?ﬁ directly ca ti.2 di-p»liy scroen -~ rathzr thin having to s:2uslly write
‘ﬁj =oftware c:zda. This tool (an 2xtension and enhznc: 2nt of Ez-31, the
*5 interactive orziphics language currently in use in ocur labcrztzory)
ﬁh would b2 doveleopzd in a way that gave it both davice indegp:ndiace and
ol pcrtability to different op2rating systems (e.g., RSX, VMS, UNIX).
The end result would be that, r:jardless of devices or corputing

:ﬁ: ernvironwsnt, a single high-level development ®"language® could be u:zed
%? to €zvelop hunan-raichine transactions. Since this dzvelop~-2nt would
&- b2 s0 svift, alternative protocols could be prototyped and erpirically
zm 2valuated within short periods of time.

v

R

- Our other "rupid protolyping® activities address the data Zeveloprent
1b‘ rz3uirenznts of the Cznsralized Hurman-Machine Interface, a system
%&' undr develspront at Lockheed for the past four years., A <2zcription
" of thoze tools can be found in tvo propricetary reports (se2 References
K {31 and [61).
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Appoendix 7.1
Sunrary of HEL/AAAD and LEC l-day reeting: 7 Decerber 1534
"zeting Date: 7 Dez2rber 1584
Location: lLLockhe2d Electronicg Company, Plainfield, !Y=w Jerscy

Purpcze: Show Interactive Protocols demonstration ard hold
diszcucsions

Attendeessg: HEL/AAAD Lockheed
Sgt. Jim Bevins ¥r. Joseph Barletta
Dr. Jon Fallesen Mr. Richard Brandau
Major Marcus Cox Mr. James Coburn
Najor Roger Duckworth Mr. Paul Corr:igan
Major Roger Parks Mr. William Guyton
Mr. Christopher Smyth Ms. Merryll H=zrran

Mr. Jules Kaplan
Dr. Rita Knox
Mr. Don Rowan
Dr. Eric Sigman

Certain revisions were requested during the morning demonstr-ation

< »s31i0n. The revisions were the changes in symbology coding described
in Section 3.1 above. These revisions were incorporated and
demongtrated in the afternoon. Such rapid changes are made possible
by the high-level development tools used in the Human Machine
Interface program.

During the afternoon gossion the following issues were discussed:

o Symbology Should users be able to zpecify their own,
personalized syrhol =2ts? Should one standar-d
zymbnolngy set be used, or are rultiple sets
(differing in conplexity as a function of the
cp>ration in which they are used) roequired?

o Primraer Entodded training is a requiremesnt of
rnew systens under doveloprent.  Operational sy:tems
ﬁﬁ will be requiic=d to have extensive help fac:litiecsz,
D';:t
ﬁ} o Data VWhen chould different data be displayed?
ﬂt Di:play Hzw and when will data be selectively filtered

firom displays as a function of the current
«ctivitics of a uvoer?

‘hen chould dicsplayed data be removed from
the display? Shnuld there be built in "time-out®
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o Input

Devices

o vho’s the

User?

Research on Interactive Protocols
Lockheed Electron:cs Coupany

functions? Should the displayed data be replaced when
updates of the same type are received? Should the user
b2 able to specify that he wants data to be ramcved?
How doeg he accomplish this?

What are the candidate alternative protocels?

Can they be compared through analysis? Are
demonstrations necessary? What quantitative data
should be collected? What is the appropriate context
for the collection of the data (can generalizations
be made from data collected during half-hour
experimental sessionsg, or must data be collected in
an operational context)?

Does the separation of display and control surfaces
(such as is found when information is display=d on a
screen and inputs are entered from a keyboard)
impair performance? What should the input device be
(mouse, Joystick, touch screen overlay, etc.) when
display and control surfaces are co-located?

Will the Officer-in-Charge (0OIC) ever want

to directly control communications (e.g.,

directly interact with the display screen) or will
communications always be mediated by a subcrdinate
(an operator who is making data entries baz=2d on the
0IC’s directives)?

What is the appropriate user profile? What time frame
is being considered for implementation of new systems?
Will fewer individuals, each having higher averag -
capabilities than the current average military
personnel, be using these systemsa?

Will there be more than one user of each system?

Will individual ugse be tazk-dependent and vary asgs a
iscenario developg? Should the system be adz=ptable and
.ndifiable ags a function of who the uger i=?
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TALIUED MO¥AK-MATKIKE INTIRFACE

Pita E. XKnox &¢nd Riczhard Brandau

Lzzv*z2d Eleztrorica Cosjpany, Inc.
1501 U.S. ¥Faighvay 22, CS 01

F.ainfield,
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P A

Joes.micaticn rej.itevitte to e Buj;ifted by tre
Cereralized Humap-Macrine Interface (GRNI) fall into
tvo general categor:es: coe~v.nization in'elligence,
vrach incluZes asauwptionse w®ale by ccarunicators,
t:pical ccrtext, style, and versatility of inforsation
representaticne, and the represzntaticrg thesselves,
v :ch are the irforsation-to-cdats and
csta-to-:nforsation trarslation rules. This pajer
Z:scusses the representation probless of huran-sachine
cremurication vithin the context of w3re general
features of human cceasunication.

Introdustion

Irteractive ccewunication Letveen husan and machine
(1.e., corputer) has, for the mzst part, been vrediated
by keyboard and display screen: the user issues s
stateeent vhich wsust otey the rules of sore
vell-defired cossand language and the rachine ansvers
by sending a staterent to the screen and/or by changing
scee 1nternal state.

An alterrative approach, vhich allcvs hurans to
scrr.nicate vwith cosputer Bystees in much the same vay
as they coerunicate vith each other, is adopted by the
Cereralized Human-Fachine Interface prograa (Knox (9)),
Szse peopie have argued that an inter-huzan rodel ray
be 1rappropriate for husan-eachire cceasunication. They
print out, for exasple, that there is no inter-huean
erchange that is anal:cgous to certain graphics
c-erands, or the manipulstiors of graphic syebols on a
display vhich thoae cor:ands achieve.

F.rat, our uee of ‘“husar-huran cz1tunication® as
v el for husan-zschine cor3irization 1s cverly
reatriztive. Himang interact with cach otler and vwith

itanivate chiecte; features of sanipulating iranieate
cb_ vite m.gt be captured in kuwan-zazhine
c---.7ization, Tie corzept of rotating an cbject on a

e:r¢en 18 n=% foreign to huwan teinge vhe have rotated
real chrecte in space thourcands (milliuns?) of tires
d.rirg their lifetivegm. The arp-srance of rotating
ct;vcte 1n the tvo cares 18 Ccdi1ffzrent, as are the
a;ecific azticne taken to accoeplish rotation in the
tvo vorlds. Central i1mcues of the re;reizntation
pr-hlem are (1) how Z1ffe;ent the visual Z:iatures of
trhe *vo evernts can be ard still retain a c-rres;snZence
tetwrer tre real and artificial vorids te »;;arent and
(2) vhat should te the relaticiehip tetvomn motor
act:i_'s to sove resl objects 254 m2ior attl:icra to sove
artificial objezts.

Second,  tho.gh there are cceputer--+diated aztizne for

vhich tlere are no real-vorld araling.es (e.g.,
mari-ulatiicre that viclate ‘re lave 0f g}, rice), dicg

-
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tris mean that tte rules of resl vir.Z interaztiiva are
tirelevant to human-ccwputer irnteraz.on?

Third, there are features of irter-r._.-an ccesunication,
such as our ability ¢to follov -“rsreitione tL:tveen
topics, vhich are not gererally avallatle 1n
husan-sachine cossunication (Bannon, et al.ll]); ‘their
atzence linitse husan exploitat.on of ccasuter
capabilities. These features, euch as t.san
attentiornal abilities, are overlocszed vlen crit.:cisgss
cf the inter-husan sodel of husan-sichine intersction
arise.

Increasing esphasie 1is being placez on the is,ortance
of natural language processing {ar humsan-rachine
ccrrunication (see Strategic Computir; (14)). V¥hile ve
agree that natural language is an 1®;:rtant capabdility,
it is only one vehicle of inter-r.wan cossunication.
If and vhen full natural langua;e proceasirg by
rachires is achieved, it vill not sL?fice as the redium
of expresaion for all ideas ve might vant to exchange
vith »achines.

¥hen pecple ccawunicate, they selez: and use (albeit,
not necessarily wvith any avarereza! an array of
cosrunication tonles that are ap:-cpriate for the
inforsation being communicated sand .:eable under the
constraints of the ccemunication env.-oneent. Ve talk,
listen, vrite, drav, gesture, pzint, add vocal
exshagls, and s0 on, as the =::-nditions of the
cornunication event varrant and allce. That is, there
is a relationship betveen the .-forsation to be
corsunicated and the vays it ca- be represented;
»oreover, the circuestances governir; the cossunication
ray iwpcee limits on the variety =! representations
that wvill prove useful. For er:wple, draving and
g=sturing are useful in direct coewm.-_Zation, but are
ireffective during a phone convereat.zn.

To erploy the tools of hurar ccraunication in
b.-an-rachine cormunication ve wm.zt wunzZerstand hov
turang ®ap tazk-relevant infor-ation into cata
1eprezentations, such as sentences. pictures, and
¢ Btures. Although ve are prima-.ly concerrned here
vith the repre-zntat:on problem, ve :.rrnot ceal wvith 1t
irnZzpendently of other huvran inf--=a%ion proceesing
cipabilities,

pr-hles of

Puny reegearchers are studying ~he

huran-rachine interface (HNI, and, variously,
*ran-rachine interface,® ‘user-cows;.‘er irterface, ®
ete. ). ¥e note here that in wcat - _es the dcrain of

ir.3uiry 18 narrcver than ours in tha. tre cefinition of
Furan-vrachine interface extends --ly to the data
represartation problenm, Since o tere tLave not
a?4d:ensed the problem vithin the c--text ve tave u.ed
for the developrent of the GHRMI, - e correacindonce

tetween treir Zefiniticn of pictocc.l fi2tuied and curs
:8 rot clear cut. Ve will at* %, l-eever, o
Z .crite the —relatizrsrap botecen -L7 work and ollere

v, e a;;iupriate,
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- mes.cting woatry for irforasticn whizh {8 relevant
1o %te c.irent taswk of the c.uirent topic

@.v:tin-a8 Jimczvering theat i1rf.rsaticn le wisdling,

- eelezting ‘or dycasizally Sutiding - see Chafe (95))

tre 1dea-path through tre larger stcre of

ves sy-reaident itnfcrestion (1. e., semantic mesary,

er a-dic rozury - see i “say and Forman (103,

Voorek T3, pes,-Ivtiaely) et LTh o will te e» fes.-d

te ar .- ' cr & rej.est for
+f rwaticn,

Ci,e izi"g %@ b.3..nc® 1n which the 1cd-as are to be

vhich can be
thes (i.e.,

- T.zliving tte icdeas in & fors
czrs.ricated, and then exterralizing
Tes, “a@ S 2rationd,

Ar ex':_ative lieting of huran repi.cntation prenoe:ns
19 not j.oreltle tere. Hovever, there sere certain
saltent <Cs,atilities that have been corsicered in the

Zeg.gn 2! the THARILL

- the ecene f{or se:siler) wecaning i@ captured by
4:4ferent physical representations. Consicer, for
e-an;le, the various exernsl fores that can be
auo.m-d by the concept of a *rose.”

- v-ile wve have the ability to extract a ccsson
colept frem different external repregentations, vwe
L E-] not discard the modality- or

eyresentsticn-s;es1fic inforeation about how the
circept was coassricated., That is, ve are capsble
c! rer stering the particulars of hov ve learred a
sertic.lar plece of inforsation. 1f seked hov you
krew kzw to get scezplace, you vould probably

-+ wter 1f you had teen given instructions on the
7 2-e or 1f scwx.cne tad dravn you a msp.

- Forsally ejuivelent repres-rtations do not

: arily c.rvey the fise wianing, &8 wany of us
s;Tience when loccking at sn ejuation as opposed to
Lc¥irg at s graph of the sawe ejuation.

L 14 TvCte (or evcn'm) tave sulti-e-“al
attrt tes. A roe hasg coior, form, ecent, ar.oth
text .res; a wuving autnschile thas

- Terp

P et 2 s fitory and viewal featuris wnich change

IeeT tlse.

It ve ar

e to irsI;jurate troge humen reprosentation
ALV DR A ST

® in 8 husar-wazhire irterfeoce cur deeign

st s ot ‘et leenat) e follovirg reyiireaznts:

- Tre rpt of different ri;rcacntations for the
trre trforwvaticn e @t be prcuent. A e:rpie of
;oo th.e eslter-ative reprer-ntaticrns i@ preconted

tn Fro.re ). Tre 1nterface mwuest Le capable of

ro:-rating mlter-ative reprementaticie for output
‘o e r.aan, and of reiu~ing different, Dbut
tsuivalent data tryute to the saise internal

“fiation. Tzeally, the cre-to-sany and
1y ts-cre Tazpinge vould be sfecified
algi it eizally, At least for the preaent,
Yiwecver, the varicue regpiv.e2n%aticns wvwill Dbe

t e1e st~ce a gereral
rejitres an urtergtading
vhizh ie

. & vasz-by-cane
4« _ription

Lt ie cntation L tilities

cutsently u:nvatlable. tIn fazt, 1% & .n a:ee
t*st i@ in recd of ro- arzhy)
| L ;,j .
X :
» H [ l - -
roo b V‘l ;
- SUAL = :
beoeerat On - — [}
- LRAPeD - - - -
Fizure |
- Foltiezcal attritutes of @ particu.ar vs¢nt @nhz.ud
Le captured. For exasple, {t @'-.'2 e

{or scaeone to say °*Rove this cre® 1 2 “ive e
sachine understard thet the cbject 2:e 's pointirg
at is the referent of “‘thie’ <(see Scrsardt ard
Hulteen, (12)).

- The interface sust delersine vhitr of tlre
resresentations for some inforeatic- a -..4 be vi21d
at any particular time. Ve don’t *-.-~x *‘e clr3il:@
sre arbitrary, but depend on 8 nus:2r <f thinge.
Firet, vhile wore than one repre:-~tation can be
used, 8 particulsr representation ssy e the acre
nstursl choice for certasin informs-.on. Noreover,
the representation selected wsay ::,eond on the
particular user; o0 the systes s.s" »~Cv vhat the
relevant user attributes are in ce'::#.73 the use
of s particular representa’ .on. Second,
input/output (1.e., husan/cospuyter! :re;resentstions
during a particular task should te °*catched.® For
exasple, vhile 1t might be pcesible 20 ccseunicate
certsin inforwation either by “elking or by
vriting, it eould be @ peculiar =z:r.ercation in
vhich one party talked and the othe:r party vrote.

Relevant GHMI Cosponents

The GHNI systea under developrent sLpporte
husan-sazhine cossunicetion by perZ-rsing ratural
lanpuage proceesing, attention wonitor.-g to provide

context and eequencing to user inputs ‘and eventually
host or externsl inputme), dynasic cevic:= asaigneent to
reconfigure the use of conaocle ce ices in nesr
real-tise, and humsan performance sonits-:ing to detect,
categorize, analyze, and provide {e¢--“tack on user
errors. The trarnslatiun tetveen devic:-s;ecific cats
and internsl GHMI representatiore :s gferforesed by
de-nde and encode eodules 0of the s rtewm. A Cats
v . rajesent structure (aee Brandasu and ¥--x (3)) ali-vs

a-.ng other things, the entry of uger-~+‘.r«d cc-uardm
to off-lcad data eonitoring and eertal -3l:.:laticns to
tha sachine. All application-spezific -:-ta ui~d by the
C:.M] system 48 repre.ented entirely as Z:ta; this
allovs nev applicstiors to be devels;:2 th-ough tre
authoring of data tables, and vithou® e 3 f:-a%1nn of
procesaing code. A diagram of the m;8.:9 a:CliteTture
s;;ecars in Figure 2,

.

In the GHMI, protocol end reprer-rtat. ‘9 are p-v-:red
by the ULCe-ode wmodule (of vwhich XNa .ral Lag.age
Procesaing is & part), the Enccde s-du e, the /ttention
Ronitor, and the Dynamic Cevice Asaigre. -t - dule.

Cecode accepte an input froe the w.ae:-, »t, ;8 asay
device-mpecific inforwation, corve:ts * » s%3'-.ent to
s atandard interral foreet, and par-ce -~ e ¢ - 4nd tO
tte Attention Younitor. Thie wmoZule - ° e - ® v iZN
trr1c the *ob;:iz%* cf the coveand .8 o A
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Figure 2

;1 i@ defined as 8 collection of ¢asks that can be
foreed on ob)ects. Topic 11dentification rejuires

t>at things are talked about in a particular s>g3uence.
T
are
n.sber of objects may be talked about in any order.)

e s-Juential constraints that are active at any tise
path-de;cndent and, may, in fact, spzcify that any

the cbject of the comsand 4is part of an active

tipic, the topic identifier is appended to the cossand
*. fore 1t im fpaesed to the Data Base Interpreter for
execution. If the object is part of a nev or deferred
tcpic, continued conversation vill only be pcesible if
the topic can be (relactivated. This depends on a

e-wiration by the Dynamic Device Assignmsent sodule
tc whether or not virtusl devices (e.9., different

3-1irarte of a diwplay!) required by the topic can be

e avsi.stle. Briefly, the cecision deprendes on the
rently sctive tocpics, their priorities, the virtual

“evices 1h use, alternative virtusl devices that say be

4 by esch of the topics, snd the °*diaruption® vhich

‘.a, deviies, and, scre’is>@, rev representaticne.
c:_-:a. point here 1@ thast the activation of &
a~d tre reprerentation of the information of that
;vnd or. the srder in  which preceding t-pice

g

. t:en wszti:vated, and on the particular a:r:ay of
:ice tc vhich a rev topic say be adcded, am vell a9 cn

‘Tert proerties of the topic 1teelf.
the ti;1C muiTeods irn being activated, the virtual
cze Lawigreent {nforeaticrn and activation ‘trigger’
rasuwed to the Ercole se-dule. All @2 3.ent
«:ti2~e on thie tipic are se+diated by the

stiTu.ar catas represertaticra defired and procersed

tte I 2e w~d Er--de mudules.
Trreraztyve Frotosal Inales
** @ eect1n ve Ze-cribte 8 fewv Yrusan-eachine
cortation foatures that have besn propoeed by

‘ere, a-d diwcuse th=ar terite 1n ‘errs of the

it ns sade In the rapigr of the TrYI.L

A major advance in human-sachine cctv.iicatlicn was the
developrent of the wmultiple vindov :tznzept; it allove
the =aterisl for & nusber of urer-act.vated ta-ve tc be
simultareously presented on a dieplay. Tre “is_-3:cns
of windovs ssay be i.er-cefined a-d tte vinLcve
trereclves may be “stacked.® Yhile tlre arility to
pizultareously disnlay &nd access wu.":ple Y. _ .8 18 @&
f.ature of the GHNMI, the overlapring 2f t- %X-vird-ve (@
d=liberately prevented for ® nurler -f ren:xrne.  Firet,
the GEMI is a mecdiator betveen tve pz-ti:® (a2  “own in
Figure 3-s3). Traditicnal ®vindoving® gives cuntrol of
the display, and, hence, the torics cf ccrveriation, to
gne party of the conversatioral dyad: the hiuan sitting
at the ccnsole. If the huwan snd ma=-ine tor hiusan and
hu=an 1f the “wachine® is a corputer-safiste? ratvork
of hurans) are engaged in vork «ehire t'cy lave
coreplerantary assigneents, there --.ld be cvrious
consequences 1f the w®achine’'s prior.-:cB8 are not given
congideration in the configuration <! tcrice on  the
d:gplay. Corsicer, for era=ple, tte wituation

1lliustrated in Figure 3-b. Plar*.-1;+4n%)l’8  tepic
priority orcdering e a-bt-c-d; F2'e e c-L-a-d. If
virdove are arra-;od ez 21dirg to Ple [ - ‘o5 m, P2
vill not be able to . t.nica'e Tt oite vutoat
p-ierity topic - c¢; 1f perfeoesnze cf a o ot cw t. o e
cr b:zth participant’s wocrk, we wooo Dot it to Le
£ rioraly ir;alred by Pl'e 13 e ~1 FZ's
irforeation. (In otter wo.ds, P2 .- --ti-2ly v Tving
ot. tcpic-c and the <ce's on the = “iI-T viiiiy 1w
ctsnging; hovever, 1f the wirZive 8°: a:: -t 'c Pl's
crdering he will be urivare cf P2's - e

€recond, even 1f the CHMI 18 svdiatir; @ "¢ on @& *_san
ard & @Bysltes “gplaved® ta that t. . 'e cotts, tte
traditionas vinZzving appreazh pute * - Y L len oun the
hu~an to reacnber where topic-; - 02 ais [ “oled (ust
as te or the sust egeearch for or - er o vIcie  an
t-;ortant elip of gfpiyer tzs > oono v L d oL@ othok).
Third, the vork to rearrarnze the top.c . ;v to L:ing
thore of current irte. ot *0 ‘te ceupt
(*recinfigurtation®) ~.at te ;ocf -0 Ly 2'2 er.
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ey 91 B nlrply ditermired by hov the uner wiy e ter cata to ttre
// ? C.ter,  tut owlat alao oo ider iy the roLcoolr
S fe ja 1 3 ¢ ‘e to tra tuson, Even vt »ore t'.n e
7 </ﬁ . fy [ e p.2twool is logitally  fesoltle, 1t cagp e
! o eialt it o doLrable (2.¢., to a.nivize erscie) ot allow cnly -2
! ’ l) ] 4 Fi2t2Tal tize to te ured; for exarple. to rui.i.e tue
i V4 at - - » L I PR
N Y er;licit ro.cnse to te celected frcw @ well-Z=fired
. rvap -oe set.
LiR
Even as the set of differert Gprotcccis for !
3}
2 v t.ean-sazhire irter . ctions grcve, scme tLta2gic protliess |
Tevain to te stulied:
Figure 3
- ¥:at 1s the relaticnship betweern e “a%a rej.ired
Irce tte tuxan or machine & J tre ;:otrIol to te

v orit-l-irle;ping vioZdive are allzved in the G:NM]
tehing prectu’ip the Use of cverlazping
~2:vs; ttey miwply ace not ca2fired in tre D;ravwic

Tiioize hooigraant Zats tatles). Tre work cf cetesting

Lped?

- Yhat 1e the relaticrship tetween a Zierlay foreaq,
for exanjple, ard the iwplied prctz:2] to te veed?

re3-e5°8 fzr or irferrirng the cuirerntly fertirent

ipiT i n crres;ondy ‘spLay-cin

!""'; :'i”:“t’?g’(‘ht! Evi;iigért n?c: :i ‘Zac‘ :::; - Y-at are the tehavioral ard operat.cnal ccocnditions

v.n2zva, acd activatirg’e.spent < .ecer Cmn v o

.8 Carried out by :he A;tentxcn H;pitor and Dyramic 'h‘fh ;“’;e't‘b'hen t:ereh shou;- :e sany or fav

levice Aesigreant solules. ¥e have anticijated the protozcle for the user to chocse from

rej.ir-rent but not yet xplemented a facility that . - e

v=..d a.lov the h.sman to override thise wolules’ Interactive Larguages

Ce .B3i2°8; fter wall, since husans can saye errcrs in

,f e a a'"’;er'l d,yranic priorities, the GENI can be There hkas Leen wuch recent vork on <he use of fcreal

JuL gt rot Ixs rior . H ) e o

ra'r-t:d to wake sictakes, too. Hovever, the ternefits g-ameirs as the specification largiage  for e

o!’ ".v_ne the C'-“ut;r take cnr; of the protocols of husan-mackine interface (Feiener [(12];
e - Jazob (71; Bles } d:gcuesions of

*azairietrative® details of keeping informaticn at the ;he b relativi er':::tFolgz (2;*}£e:2:t :u:B';or:llly

Le2r’e firgertips outveigh the occasional cdelays  that ' '

H h E ( f ).
vill te :introduced vhen the user wust rejeat (or equivalent representations (Jacob (6]

er»-~licitly atate) that a particular topic is reguired

Roisner has argued for and dewcnstrated the predictive
1as ftately.

{zportance of epecifying the cogn:tive operations
(e.g., ®zrory search) along vith the cteervable actions

Tre s-at cowsonly vead forms of huszarn-ccsputer )

e et . N le.g., tutton pressem) rTeguired to perform poOze
proto2tle have bezen senu-gelection, fcre-filling, )

function. This modelling of cognitive cperatione 1in

ciev:nd languages, and, m=ore recently, liwited )
v ral® laeeoan Clearl this is not a C:.«nlete the aralyeis of bhuear-ccrputer interaction has teen
'.“J ;: :{:::"'.F ‘P‘. Zi A:a- 1 3i:t';n a duvelcred eore fully and described Lty Card, et al.
e f cptionm. FOr wxneple, BpRTllying @ poin [4); their °*Kodel Husan Processor® 18 defined by

display s2reen 1p rneither fcre-filling nor ratural
iarg.aze, aithough gra hic ranipulaticre may te eimilar
to raturel language in certain foreal rez;ects. Ve
vould .20 argue that 1t is not wscnu-eslection,

ietouzh 1t could be foowalized as a *pick 1-of-n
piaels® c;eration. r_scver, even on very lcw
ceasivtiun diaplays it is8  Zoubtful  that the alcan
et _3llzen the pretbles am 8 v -u-celecztion

para-zter@ of human inforwation proceszing vhich have
tren diecovered through basic research. These wrodels
are extrewely ur=ful in ass»eming alternative protocol
dea:gna {for vell defined taske suct as text-editing:
hovever, they do not capture wmany husan capabilities
¢-ucrited an the preceding eections.

Foreal Cdescriptions of the ‘user-cciputer interface’
rave included the specification of sewantic, syntactic,
and lexical levels.

E.ern 1n the case of an input teing clcarly

3% . e v g~ - ‘ 3 £~ Yoo 1oLt

tat - 7rizatle anto cre of the four ol . ’: ali e & The sizantic level sp>zifive the actiz-® to be enecuted
o ) ot 1tezl sdentiza hotan

ot ‘.;?"1419 ;YV' co Tj . th“' . e all ty the ci-;uter upch receipt of particular ccr-ands,
ratiLos. or  Erave.e, ‘he TT..twang ace 1t de;ondiat of the fors in vhich the cceazainds vere

craapnly 3 28 menysgelection: tr-.cd by the u.ar

gra;hiz 1,einle,

TR ’ Ti+ zyntastic lovel de.critcs eoguential ccmstraints on
ToETe alpranueeric cptivre. ) *vorde® (or tchens) vwhich, when sstisfied, uniquely
@ ) F - z;t;;;.n '»:n[‘:‘:;a? rre B ATe 2 fine a ~ystcm a=t{on., The idea 1 %-at a "vcrd® can
X ;)’: Y"“:'. pf:,. '. . u e the tave rore ttan cre interpretation ba:z:=d on the context
e t in whack it a,;-ar@; wiresver, 3 meque~Ce of wvisde (a
aual ‘8 are cotermired by @ pievio:s fovntonce®) ray have an interpretation ! sed on
b ¢ juences that have preceded 1.
Poeceer, the protlies Zoivaira, the cognitive procer-ta, The lextrel lovel deacribes the device - jestfic
1td tve ceogocae proofares drecived an e four cincs real:zaticn of the °*vorde® at the : t:orfs-e. It
are f.ffereat. Sroulc tre sy foeate differ? 1n=lu<za the deszription of graphic elc.irtme, their
fsrition on e diegplay ezrean, tteir color, etc.; the
Tre rat.re nf tre irf-reaticn tc te co3ir.tinated plates * ntrulmtisn of trput Zevicca le.g., -..qe, Foyriard)
Tirlrélite onothe pootooole o ttat cen ote uoedy  for to focre irput tohers; the vozsbulary of 8 zcr.oand
exas;le, e responee aet for an e-try may te ‘oo large Virg.age.
tg vare e~y precectaticn feuoible. Tre way in vhich
“ata e d.crlayed way lefly whrat prctoo3l rptioce may vile ve u-Zisterd ¢him 3;,.23zh tz foirealizetaon,
o te . w2 v oray ecern pocclude Teftalm CitLnCl in "t ole Lrat i@ o rot rapture all ‘o4t ioa of tlsan
tter w.o:tam, e prLt. o 3lote Ri-Zir Lyl oatt ole s conoct.an wtien TEM] attieoeg to Lv.tate.




+fiaticn within the context of GAMD  »ust
a-yilatle reprezrtations for the

NS This, 1n t1.c2:¢
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foriatinn o 0w o pasticular ta
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(8 ot cnt werio. r.rl-es or tho 2 fcreal
MRS | difficulty ari.es in specifying tte
s .ri1tione the wele:ticn of 8 particular protosol
sith 8 fpar lar rep:ez: .taticn.  The state uzcn which
tte eale: de;yen?s w 3t inclule other sctive teive
s 2 the fe;Cc.2r%atize (tence, the virtual cdeviczal
trey uwee. Tnim configuraticn of astive tasks cepernds,
in turn, on the e33.ence in  which the tacks vere
a:tivated, thelr priorities, the srray of

:ntaticre avarlatle to each of the tasks, and
‘veen tzcxs for the grparticular devices
trzlr Zata regresittaticns. At sBlre
Bra%e z; cificaticn vill inclule
tizr ¢ the .:sr; Lntg Aeoiription will not cnly
sLat1c atirit tes te.g., the traditional
< xzort®), t.t will provide a dyrasic

cf a u.2r’n ;-.‘*--31 e at a particular tirme
1zolar day. TroE statea are corngiderably
.ex than thoue d“'rzted Ly previous research.
cint ve do not kxrov 1f forsal grassars are
te predictive, analytiec, or descriptive tools
z.nting the ARl systes.
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nterface

In this e22tion ve briefly describe scse of the
rrcblens to ke aolved in the explicit represzntation of
infsreation. ¥e vill restrict this discussion to
interacztive display scresns; a wore general treatsent
vould itr-lude euch thinge as keybcard and voice entry
and voice re3pense.  Ye vill not be concerned here vith
s,ecific device technologies.

It tas tcen argued that e-ftvare prograunrable controls
‘suld tzth lock end be o;zrable like the hard-control
counterparts  they are replazing (Nakatani and Rohrlich

111}). 7Tre liwitation to this apprcach is that there
are wapny n2v processes  that rave no hard-control
prefeceessrs; 1t i not clear that an interactive

language cesigred to scccirsZate all dialogues vithin a
rev gystes vwill allov the incorpcration of the
hard-controal analogues.

The cata on an interactive display screen (i.e., one
tta% w-diates both dieplay and caontiol functiona) wuat
nst only convey the inforeation of a topic, but msust
a.90 ccysunicate protocol rules and the current state
cf the systenm.

tte JCHMI ve use the cunvention that
reys =-diate on-off (more
tinary state) f_rztiors, and thig coding is
r ard Foley 1(2]); Nakatani
Ve crazirally ccZed the cff-atate
lire, tre cn-state as a eolid line (gee

Ap 1t turred out, the two states vere not
dimtirctive, Y2 rave since chzrzad the
‘ich tc that etowva in Figure 4-b: the
ffentisted frcw the cff-state Lty the
3¢ tar szrcss the top of the key. So,
wroticn 18 1enlied by the shape of the key,
ate is indica‘ed bty the presence or abaerce

-otate ey wexasrple is fairly gieple.
furzticral pioperties of thre cperation
in Figure S, Y.re ve lave a Cata

tack vhzre a Lo -7 may r-j.uat the Cistance
~bject fe.g., & ta;zet cr land s2338) and
* (-, .;ator "f{®) a-4/or tre prajected
cir el t-;urator gt
and e o 1 and

! the cijezt 1n five

e .. w.at mpotify Btk tre tplrates

for the calculation to be er:=-.ted. LY the
slternstive tyutax-g that czuld e 7:oll-¢ 4 are:
alect cne c;:cater folitees y Lre

(1) The vueer wvg 1o
I nteace 13 coaiclete '8,

A ]
ofzrand and the ke

——— -

k1 : CFE D [_ * '
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() figixh
Figure 35

(2) The user wust select one operatzr follcved by one
or w®more operands. The eenterce is cceplete vhen
operand selection is encded (b).

(3) The uper may select ore or wcre operators btefore
selecting & single operand. T:re interpretation of
succesgive, contiguous selectizn of cperators is &
composition function (c).

(4) The user may select one or wore operators (as in 3)
folloved by one or more operan<s f(as in 2). The
interpretation is a cospositior function applied to
wultiple objects (case not shcwn).

The calculated results of the four syntaxes vill be
dif{ferent (provided, of course, tha® wsultiple operators
and/or operands are chosen vhern the optichn Y )
availzble). Asause they are a.. meaningful to szae
system. Do ve design the task anc the display =screen
to allov any of the four syntact.cal structures to be
u.2d (as opposed to cdesigring four :zeparate ta.cks, each
cerreeponding to one of the ge--%tax:s)? Hov are the
;ntactical conatraints made apparent ain the visusl

-

2tures of the interactive d:aplay?

L

S.ppcae ve have cdesigned @ ta:r ueing the =.r;lest
8;atax: one operator follcved by ¢ = cperand (1), In
tte exarple shovn in Figure 6-a, °*-ELP® and *®ZIAL-DUT®

are operators, °"A,* °*B,* °C,* and °D* are oj:rinds.
Cr2ratora are coded e circles. The uvser cdecziZ-a to
azk for help (i.e., "picks® the KE.F key); thia oscoves
the task into the state vhere an c;-rator 18 active ard
an operand wmust be selected.

In Figure 6-b, the
present:

folloving s&-as%e anfcreatisn  1sm

- *“HELP® 1@ active (inricated
tte l-ver rigzht of *hre key).

by ~he filled ej.ace %o
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(s)
A 8
. g
(b)
A [ l
[« b
(c)
Figure 6

- Lezal operands of the HELP cperator are A, B, C, D,
ard READ-OUT ae indicated by the open aquare in the
lcver right of the respective keys.

*2 user chocees B as the operand. As ehown in Figure
6-c, the e»all sguare vithin the B key is filled and
tre sjuares to the lover right of other keys are
rezoved. Although not shown here, the help information
vould be displayed. The positioning of the filled
#3.are in the lover right has significance: it °®labele’

t-» diaplayed informatinn as help inforsation (rather
t>ar read-out inforsation) by using the folleoving

visLsl aralogy:

Position of : Task Frawme.

Help Key

P-eition of
“3.are in
2 Yey

B Key ::

Tre ;rmaZer z—an isagine far sore ccyplicated operations

“an  *te one Zeazrited here. The point to be sade is
-at “re Z:ioign of the interactive syntaxes and of
-;lay w®zreens vhich 2zupport thewm can be terribly
splex.  Scasthing l:ike the foreal grassars descrited
the freceding section will te required to describe

a. If ve are rtight, ¢though, 1in rTeguiring stlate
cZ -1 2f the sart ve have describted, =uch ecre

;e ful aralytic deaign tonls must te cevelogped.

Con=lveion
se 2f thie pager tas teen to deez=ribe scre of
ERY that vill reguire solutions 1f
czasunication is to capture the rachreoes
£ {rter-l.van cowsunication. VYhile ve krov that the
c2pt® antroduced @0 far in the develcpeent of the
rslized MHisan-Yachine Interface are only the
.serte cf what will te required, ve are certain that
apyrzazh cffers greater potential than those vwhich
B8 tte rezresertation of (nfirwation withcut
a%eration of tre intelligernce that 1ntrrprets {t,

(1

(2)

131

[4)

(5]
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t9)

1101
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Appzndix 7.3

Demonstration Photographs

zplay of friz>ndly units.

_play of DIVAD fire units.

E;ttl :field situation display.

Unit symbology using g2ometric shape coding.

User prompt to select battlefield area for INSZECTion.
Auxiliary map display with geometric shape coding.
Auxiliary map displsy with stz:ndard AD symbolozy.
Feginning of update of friendly unit location.
Completion of update of friendly unit location.

Display of Kill Report.

Display of Battlefield Geowetry FLOT definition message.
Display of Air Defense Warning.

LD status dizplay following user acknowlzadgm2nt of message
receilipt.

Display of Weapon Centrol Order.

WCO status following user acknowledgnent of mezzage
receipt.

Activation of COMPOSE MESSAGE function.

Selection of addrercsed uvnit for HMOVE O=DER.

Subirenu of A BTRY assets.

Selection of A BTRY weapons.

M2nu for s=2lection of new location.

Entry of LINE selcction.

User prompt to celect battlefield area for nev poncsition.
High recznlution display for point cpecification.
Deaignation of first point of line.

User prowpt for cntry of sccond point of line cefinition.
Mic=zion selection.

Time =pzcification for MNovew2nt Osder.

glnnl .g display < _.r2oen of deronstration.
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