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IWTRUDUCTION
\nw Human Enginecring Division of the Air Force
Aerospace Medical Research Laboratory (AFAMRL) has used
man~-in-the-loop simulations to investigate human factors
prodblems posed by manfcomputer interactions in proposed
weapon system concepts, Two ot the system contexts in
which computer—~based simulations have been used are com-
mand=control and digital avionics. Two command-control
experiments and one cockpit deslign experiment will be
suamarized in this paper. The final section of the paper
is concerned with generic principles for user-oriented
man-computer system design.

SURVEILLANCE FUNCTION SIMULATION

aljowed up to four operators to perform the survell lance
function simultaneously via the four graphic display units.

Siculation parameters which could be manlpuliced as
independent varliables included time of radar return entry,
location of entry and exit, speed of trail, length of trall
or “nistory,” and type of return, i.e., friendly aircraft,
search (unidentified aircraft), or false report (clutter).
The parameters could be combined to represent different
eneiy attack strdteygies, target introduction rates, and
false report densities, Radar ieturn errors and blip/scan
ratios also could be varied statistically. Survelllance
crew size and workload allocation could also be changed as
inagependent varlables,

of university students extenslively trained on the simula~
tion to investigate the effects of trall leagth, blip scan
ratio (number of scans on whlich a return was received from
a target alrcraft divided by the total number of scans),
and crev size (2). The experiment design vas a three-
factor factorial with four replications. Three levels of
each were lnvestigated: trall lengths of five, seven, and
nlne returns; bllp scan ratlos of .3, .7, snd .9; crew
sizes of one, two, and three operators.

Each experimental trial was comprised of a 28-minute
alssion, Sinulated aircraft entered a 200 x 200 nautical
mile surveillance ares at an average rate of two per alnute
(standard deviatlion = .75 per minute) at an average speed
of 500 knots. Radar return error was programaed as &
Rayleigh distribution with & standard deviation of one
nautical mile. Probability of track failure (drift out)

survell lance area. Percent of scans with good tracking vas
the ratio of the number of scans with good tracking (correct
track and signature block, correct heading, etc.) on each
sircraft, suamed across all aircraft passing through the
surveil lance area, to the number of scans made on each
alrcraft summed across all alrcraft entering the area during
the session,

Results

Analyses of varjance were used to test for significant
effects of the Lndependent varlables. The effects of crew
size and bilp/scan ratlo were statistically significant for
all dependent messures. The effect of trall length was not

Background vas .13 and the false report, or "clutter" rate was two per
This simulation was programmed on an 1BM computer scan per polat of trall hlstory. -
complex which included four graphic display units and an 1
lﬂ‘ilol-t:diuul conversion capability. The complex was ‘l‘h: :f:‘:““! o(o:tl ::::.:::::lr;r:::::;\:: ::;enden( ) 1
‘i‘::ui:‘:‘;m";oz":‘;:i:rz:‘l"r‘:::"’:‘:;"d“;"“"“ 'YLTI“ varisbles. These measures Included: fnitiation time for 1
: " purp . e survelllance each trail, percent of trails initfated, percent of tralls R
b - unct :: program used approximately 145K bytes of core and reinitlated or maintained correctly, and percent of scans 4
::::::rad:: :n:O-:-seCond recurrence cycle, which approxi~ with good tracking. First good (nitistion vas calculated by .
enna scan rates. subtracting the time of the scan on which the return from an
A sircraft appeared on the display from the time of the scan
“1‘: purpose of this slaulation was to represent alr during which an effective initlation of sutomatic tracking —d
surveil lance capabilities based o: u-n':’o-pruud. digl=- wvas achieved. These values vere summed and divided by the d
tized radar returns which formed "traiis” corresponding to total aircraft entering the "surveillance srea™ to cbtain s - 4
alrcraft' flight paths. Through paramstric control the sean Initlation time score for each 28-minute session.
5mul::AW could be tailored to represent a variety of Percent of alrcraft correctly Inltisted was determined for
::‘:: “L:::!’y“ubecon‘ xguiat:onl. The conf iguration used each session by dividing the total nuaber of aircraft trails
ne Ug:; Mro:n:o Har":““’ :°c°b¢l°\l' ;“ P‘“C‘:nﬂ; after on which automatic tracking vwas effectively initliated at J
e Warning and Control System (AWACS). It least once by the total number of alrcraft which entered the ]
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The sitwlated radsr teturns took the form of “blips.” significant for any dependent variable. There was only one -
or snort dasnes, illuminated on the CRT display. Radar signiflicant interaction. In terms of percent of scans with
tralls were preseated in ripple fashion, with the oldest good tracking, increasing the trail length improved per-
return in the history presented first and fol lowed succes- formance at the lower bllp/scan ratlos.
sively by more recent returns. The operator was required
to inltlate automatic tracking on "target” returns by "light- The surveillance simulation study was subsequently
penoing® the most recent retufn and sssigning a numeric veplicated with similar results using experlenced military
sigoature via keyboard entries. A vector, or track, was alr survelllance personnel (3). The principal dlfference
autosatically displayed at the last return to indicate was that statistlical significance of main effects was found
neading (by orientation) and velocity (by length). for more dependent measures with the civilian sub jects. -
The main effects of crew size and blip scan were statis=
when automatic tracking falled (in accordance with tically significant for civilian subjects but not for the
- programmed statistical parameters), the operator performed military for the percent of slrcraft iInitlated variable.
"track malntenance” by repeating the initiation procedure. On the other hand, In terms of the same dependent measure,
The need for track maintenance occurred when the track trail length produced s significant effect for the aili-
(vector) "drifted” out of associstion with the trsil. tary, but not for the civillian subjects. The difference in
crew size effects was largely attributable to fallure of
Experiment Design the milltary to use g third crew member to as much advan-
tage as civilisns did. Effective allocation of survell=
One of several humsn factors studies accomplished with lance subtasks was better achieved by the civilians, -——
the computer-bssed surveillsnce simulation involved the use ~_ __-probably because they had wore experience in working in :
/ three-man groups at the surveillance task. . 1
e e e e ; 5'74 - }
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In terus of the grand msses, the military subjects
took 53 seconds to detect and iaitiste automatic trackiag
on aircraft trails. The range was from 40 sacoads for s
three~asa crew vith a .9 blip/scen ratio to 76 seconds for
a one~man crew vith g .5 blip/ecan. Comparable values for
civilisn subjects ware a grand msen of 58 saconds and &
vangs of 37 to 86 seconds for the corresponding crew
size=blip/ecen ratic combinations.

Por overall perceat of scans with good tracking the
grand means vere 41 and 43 perceat for military and civil-
lass, respectively. Again, the extremes for the ranges
occurred at the same crew sisa=blip/ecsa ratio combinations
as for first good ilnitiate times snd were 46-314 percent for
the military versus 48-)6 pesrcent for the civilians.

In tearms of perceatage of targets detected and Ini-
tiated, the best performance was achieved by the civilians
and occurred at the .9 bilp/scen ratio. The percentages of
targats detected ware 9%, 95, and 98 for one~, two=, and
thr crows, tespactively. The worsat performance
occurred with a .5 blip/ecan at which civilian end milltary
one— and two-men teams wvere equivalent (87 and 90 percent,
tespectively). Nilitscy th teana d ed only
91 perceat of the targets at the .5 blip/scan level, vhereas
civilian three=man teams detacted 94 percent, which, you
will note, is squivaleat to one—man team performance with a
.9 blip/scan ratio.

Even though there were discrepancies between milltary
and civilian subjects, the aature snd extent of the varias-
tions were not sufficleat to invalidate coaclusions drawn
from research based on performamce of trained clvilian
subjects using the surveillance systen simulator. The
differeaces ware attributed to the civilian subjects’
greater familiacity with the sisulation. Therefore, the
exper imsats confirmed the u’ility of resesarch with the
simulstion for detersining oy tisus aixnes of hardware sad
crew capabilities and methods Cor effactively allocsting
fuactions amsag crev msmbers.

WEAPONS D ON_SINULAT
Jachgrouad

The sams cemputer simsistion compien described above
also vas used to ilavestigste humen engineering design ques~
tions related to man=computer interactiom in the weapons
divection fumctios of Alr FPorce commamd coatrol systems.
The relaticaships between workioad end dats entry mode wvare
of specisl comcern to systam designers and users. Users had
stromg preference for "light guns™ or light-emitting pens
tor linking dats to targsts at the graphics iaterface. On
the other hend, the use of a cutsor, depicted on the graphic
display and controlied via a track ball or joystick, offered
possible advantages in accuracy of indications aad hardware
coets. C queatly, & P direction task simulation
was developed and weed to experimentally evaluate the
alternatives (4, 3).

The weapons direction scenaric was developed by an
experienced wespons director workiang with computer pro=-
grammers and research scieatists. The task which resulted
required the weapons director subjscts to direct ss msny as
10 friendly interceptors or, fighters, against attacks by
enemy, ot "fakar," bombers. Three levels of attack were
lavestigated: a single “wave" of 16 bombers, two wvaves of
20 bombers eoch, and one vave of 40 bombers. Bombers
eatered from the west, or left, of the 200 200 mile
surveillsnce ares represented on the CRT and flew easterly
toward a bomb relesse Line (BRL) on the right about 185
siles from the entry line. Bombers entered at 500 knots
airspeed and 40,000 feet sltitude. (Bomber altitude varied
from time to time according to & "canned” program.)

Five interceptors were "in the air" at the simulation
stert and ware flying at 10,000 feet altitude and 300 knots
alrspeed. Flve additionsl laterceptora were availabdle to
the weaposs director (WD) “on the ground” end were repre~
seated by sn appropriate symbol to the right of the BRL.
To "scramble™ a fighter the WD had to designate it with the
Light pea or cursor. The WD couid also "call for” changes
is fighter altitude or airspeed via appropriate keyboard
entries and light pen/cursor designations. Such changes

§75

ware sccompanied by appropriste varistions in fuel wee -
rate. BRach fighter had 4500 pounds of fuel st simmlation
onset. A computer programmed slgorithm controlled the fuel
wse rate vhich varied as s function of fighter speed and
sltitude {n such s way that the maxisum flying time of

44 minutes vas achieved at 10,000 feat altituds and

180 knots. The minimum flying time was 15 minutes st
40,000 feet and 1030 knots. One minute bhefore fuel level
resched the minimus required for return to BRL, an F
appeared in the fighter's symbology block.

The WD primsty task was to use the fighter to
latercept end destroy the attacking bombers. In doing his
job, the WD could insert data which would result in heading,
altitude, or valocity change; commitment or decommitment to
ioterception of a particular bomber; or display of remaining
amount of fuel and current veloclty in the alphanumeric
sysbology block.

Upon being paired with a bomber, an interceptor was
maintained on course automatically by a programmed intercept
algorithe until within "kill"™ range, vhich included the
requiremsnt that both aircraft be at the same altitude.
Altltude dlscrepancies resulted In automatic "de-commlt-
ment.” Othecwise, s "kil1l" vas credited with s probsblility
of .75; L.e, in a random manner, one out of every four times
"kill™ range requirements were met, a de~commitment occurred,
in sccordance with expert estimates of the frequeacy with
which "misses” might be expected. A "kill" was signalled by
an "X" at the bomber position.

Experiment Design

The principal independent varishle was data entry wode:
Light pea, track ball- or force stick-controlled cursor.
The Light pen used was the conventionsl device provided with
the IBM 2250 grsphics display system. The track ball and
force stick were standard control devices procured from "off
the shelf” stock. The principal dependent variables
included number of bombers "killed,” average distance from
BRL ot kill, amount of fuel used, and number of operator
actions. Four experienced Air Force weapons directors
served as subjects in a repeated messures experiment.

Results

Anslysis of varisnce showed that the main effect of
data eatry mode was significant (p < .01) for 3 of the &
principal dependent varisbles. The main effect of workload
(nusber of bombers) was significant for all four dependent
vacisbles.

The light pen consistently shoved advantages over the
other two data entry modes and the track ball was better
than the force stick more of ten than not. The superiority
of the light pen was greatest wvhen the workload vas
heaviest, i.e., vhen there were 40 bombers to be intere
cepted, The advantage vas attributable to the grester
speed with wvhich data entry actions could be taken with the
light pen mode.

Mean numbers of tha bombers destroyed prior to
reaching the BRL are shown in Table !. Averaged across the
three workload levels, the WDs obtained, on the average,
91, 83, and 75 percent “kills™ under the light pen, track
ball, and force stick conditions, respectively. The WDs
vare lesst effective in dealing with one wave of 40
bombers, obtainiang, on the average, 78 percent kills as
compared to 32 parcent and 99 percent kills for two waves
of 20 and one vave of 16, respactively.

Table 2 shows the average distance (miles) from the
BRL at vhich "kiils" were made for each experimental condi-
tion. Again, note that the greatest advantage wes for tife
light pen over the track ball was at the two higher
workloads.

Table ) shovs means for pounds of fuel used by the
interceptors. The incressed spend vith which Information
vas transmitted to fighters via the light pen mode was
veflected in less flying time, fewer instances of high
speed chases, and hence, reduced fuel use. The differences
were statistically significant between light pen and track
ball end between light pen and force stick.
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Means for the number of actions initiated by WDs per TABLE 5. AVERAGE WEAPONS DIRECTOR ACTION
- expar imental comdition are shown in Table 4. It was pri- INITIATION RATE
‘. asrily the increased tims required to execute Cursor move- (Actions per 10-Second Interval)
™ msats which restricted the effectiveness and efficlency of
WDs in achieving the mission objective vith the track bsll Horkload (No. Waves/Bombers per Wave)
- and force stick modes. DMNote that under the l6-bomber
attack, vhere effectiveness varied little across data entry Data Entry Mode 1/16 2/20 1/40
wodes, the sumber of operator sctions varied little acrass
wodes. Light Pen 1.2 1.1 1.2
- The added efficiency of the light pen Ls reflected Track Ball 0.9 0.8 0.7
- better, perhaps, by Table 5, which shows the average action
o rate (number of actions per l10-second computer update Force Stick 0.7 0.6 0.6
- interval) for each condition. The track ball and force
" stick actlion rates were, respectively, 32 perceat and
v 46 percent less than the average light pen rate. COCKPIT=DIGITAL AVIONICS SIMULATION
F Obviously, the speed with which the data entry modes Background
ars uged could have deen, and, in fact, wes, evaluated
< without benefit of the weapons direction simulation. The The evolutlon of P digital puters has sade
. advantage of accomplishing the test within the context of possible the development of digital svionlics information
the system simulation wvas in belng able to relate dif- systams. Such systems promise a number of advantages to
- ferences to overall system effectiveness in terms of both atircraft designers and users (6). For example, vhen
R critical system performsnce criteria and operating costs and interfaced with multlpurpose cathode ray tube displays sad
vader a range of eavironmental conditions. multifunction switches, digital computation and storage
capabilities can be used to reduce the number of dedicated
TABLE 1. PERCENT OF BOMBERS DESTROYED instruments competing for cockpit panel area. Information
vhich is not required by the pllot on a continuous or fre-
Morkload (No. Waves/Bombers per Wave) quent basis can be stored and presented on demand either
automatically, as related programmed mission events tran=
Date Entry Mode 1/16 2/20 1/40 spire, or in response to msnual control actions., And with
reduced demands for panel space, it will be esaier to locate
Light Pen 16.00 36.75 34.75 the multipurpose controls and displays ia prime reach and
vieving areass.
Track Ball 16.00 33.00 30.75
- However, experienced pilots have been troubled by the
Force Stick 15.75 28.25 28.00 prospect of possible added activity~=both sental and phys~
lcal==required to gain access to Information which 1s
) normally on dedicated instruments. Should the demand for
L - such activities occur during peak operator workload, the
3 TABLE 2. AVERAGE DISTANCE FROM BOMB impact on mission success might not be offset by increased
- RELEASE LINE AT "KILL” (miles) calculating pover, speed, or accuracy afforded by the
digltal processor. The need for data indicative of the
Worklosd (No. Waves/Bombers per Wave) relationship betwveen multifunction switching and primary
alrcraft control tasks and the impact on pilot workload
Date Entry Mode 1/16 2/20 1/40 occasioned the sdaptation of the AFAMRL computer complex to
similate s digital avionics equipped cockpit (7). Of parcti-
Light Pen 107 78 1z cular interest was vhethaer or not the maintenance of kmow~

ledge of procedures assoclated vith sultifunction keyboard

Track Ball 9 59 35 operation reduced the operstor's reserve capacity for making
choices or decislons such as aight be required to handle
Force Stick 82 47 50 contingency slituations during & mission.
The computer=based simulator incorporated three types
of tasks. Of the three, two-=flight control and communice~
TABLE 3. AVERAGE AMOUNT OF FUEL USED tions/IFF svitching functions—~represented actual taske in
(Thousands of Pounds) alrcraft systams. The third vas an information processing
task vhich served as a test to measure cognitive reserve
Worklosd (No. Waves/Bombers per Wave) capaclity under various primary task condlitions,
Data Entry Mode i/16 2/20 1/40 The front panel of the cockpit was equlpped with three
CRT-type displays. The center display was used to present
Light Pen 11 24 24 information concerning basic flight parameters in a woving
tape format. The cockpit also contsined a throttle with
Track Ball 18 33 27 afterburner switch (left side panel) and a center=-mounted
Joystick control, vhich were used, in combination with the
Force Stick 19 3l 29 displayed flight information, to "fly" various mansuvers.
Printed computer outputs of simulator performance datas
included both mesn sbsolute and root mean square error
telative to specified control values based on “fly to"
TABLE 4, AVERAGE NUMBER ACTIONS INITIATED lastructions for altitude, heading, bank angle, pitch,
BY WEAPONS DIRECTORS lndicated airspeed, vertical velocity, angle-of-attack, snd
load.
Worklosd (No. Waves/Bombers per Wave) =
Betwveen the front instrument panel and left side panel 1
Data Entry Mode 1/16 2/20 1/40 wvas a multifunction keyboard (MFK). This NFK, in cosbloa- L
tion with the CRT on the upper left of the front panel and -1
Light Pen 85 161 152 & numerical entry keyboard, slso located on the instrumeat !

panel (lower left), wes uwsed to simulate a multifunction
interface with digital avicnics subsystems. Suvbsystews,
functions, and states vere displayed on the CRT to comple-
Ffozrce Stick 86 104 9% ment the feeddack afforded by back-projected legends on the
MNIX pushbutton faces. The NMIX was used to control communi-
cation and IVF functions called for by scenarios programmed
on the simulator.

Track Ball 2 130 107
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The teserve cspacity test used Was & varistiom of the
Staraberg choice reaction task (8, 9). This particular
task was selscted on the basis of ite valus for studying
divided atteastios effects, i.e, the teudescy for subjects
who perfora two tasks simultanecusly to be less proficient
on one (if not both) than they are when perforaming the
tasks separately (10, 11). The Sternberg task facilitates
localization of the divided attention effect within a
four-stage model of human information processing: encoding
of stimsulus ilaformstion; centrsl processing; response
decoding; snd respoase execution. The Steraberg task
sllows the researcher to vary ceatral processing dessnds
while holding input and output requiremsnts constsat. The
data obtalned from the task are used to develop a linear
equation indicative of the relationship betveen response
iatency aad the amount of uncertainty which must be resolved
ia order to select a response.

Briggs and Swanson (12) found a linear relatiounship
betwean Sternberg task reactlon fime (RT) and the amount of
central processing uncertainty (He) thus:

l'l"l’b(llc)

Hc values used ia che study of multifunction svitching were:
1700, .50, 2.00, and 2.3l bits.

In the equation for reaction time (RT), the intercept
constant, a, reflects the time required for stimulus
encodlog, sampling, and preprocessing at the lnput stage of
humsan informstion processing plus the time to decode and
execute a response La the output stage; the slope, b,
reflects the time per test to complete stimulus classiflca-
tion functions at the central processing stage. Therefore,
if s task perforsed sisultaneously with the Sternberg task
interferes with encoding or decoding processes, its effect
should be refiected by a change in the intercept value.
Conversely, Lf the interference occurs at the central pro-
cessing stage, the effect will de revealed by a change in
the slope of the function.

Experiment Design

Dats ware derived from the perf of four d
subjects in the simuiator. Prior to the experimesat proper
sach subject was trained on all three tasks. Tralniag
sessions lasted 2 hours snd were scheduled two to four
times per veek. fach subject was tralned until task per~
forasnce measures appeared to asymptote.

Bach sub ject was tested under six different
conditions: three single-~task conditlons and three dual-
task conditloas: Flight control, MFK, and Sternberg cholce-
reaction task, alone; and flight control plus MFK, flight
control plus Stermberg task, and MFX plus Sternberg task.
When the Steraberg task was comblned with MFK, it occurred
only during perlods vhen the subject was swaiting instruc-
tion for an MFK task of a given difficuity fevel. This was
cons isteat vith the interest in msasuring coguitive loads
associated with saticipating, rather than actually per-
foruing, MFK tasks. Independent varisbles included two
lavels of flight control task difficulty (“easy" and
“difficult™) and four levels of MFK task difflculty mea=-
sured in terms of the sverage amount of information trans-
mitted vig the keybosrd ia sccomplishlng communications/IFF
functions.

Results

An analysis of variance (repssted-measures design) wvas
applied to scores obtained for esch condition. Results
from the single task conditions ware as follows: The
differsnce between sasy and difficult flight control was
statistically sigaificart (p < .05). The sffect of MFX
task difficuity also was significant statistically
(p <.00l). Meen task times (in seconds) and stendard
deviations (is parentheses) for the four difficulty levels
vere: 1=3.97 (0.32); I1=5.95 (0.5)), LI1-7.43 (0.68),
Iv=9.87 (0.83). The aversge rate of information transais-
siom vis the MFX system varied from 1.8 bits/sec to
2.6 bits/eec across the four levels of MPX task difticulry.
The switch action rate was siightly greater than one per
socend on the sverage. The method of lesst equares was used
to fit a straight Line to the bsseline (single task)
Sterabarg dats.

Dats snalyses for the desl-task conditions showed that
although msan flight control error was greater whea flight
control vas combined vith NFK tasks, the differeaces ware
not statistically significent. Similerly, NPK task timss
facreased under dual task conditicas, but the increases were
not statistically significant. Flight coatrol error scores
were virtuslly ideatical for flight coatrol alons as compared
to flight control with the Steraberg tssk. And the Sternberg
task had no statistically significant impact on NFX task
time. Linear equations also were fitted to Steramberg
response time dsts for each dual-tssk condition to permit
comparison of intercept and slope vaslues with thoss obtained
for the Sternberg task baseline condition. P=tests (1))
Indicated that slopes and intercepts for the flight control
conditions differed significantly from those for the base-
line condition, and intercept value varied significantly
between the baseline and MFX laplicit rehearsal condition.
Intevpreted ln the traditional manner, these results Indi-
cated that the effect of MFK "implicit rehearsal,” i.e.,
msintaining a readiness to perform anticipated tasks, was in
the Lnput or output stage of informationm processing only.
Following the empirical evidence and logic of Briggs et al.
(11), the effect i{s probably in the fnput stage. The dif-
ference In Intercept values ed to a 12 p average
Increase in lnput time attributable to NFX "lmplicit
rehearsal.”

Active flight control, on the other hand, Lavolved both
input and central processing as evidenced by differences
from baseline in both Intercept and slope values for the
regression equation. Moreover, there was an [ncrease in
input-output time (28 percent and 55 percent for easy and
difficult flight control, respectively) and an lacrease in
central processing rate. The increase in central proces-
sing rate under the dual-task condition, vhich was consis-
tent with results obtained by Lyons and Briggs (Briggs et
al.. 1972), was attributed to the subject's conducting
fewer or less complete tests of the probe stimulus under
the greater loading conditions. This apparent switch in
mode of operation In the Central processlag stage, between
single= snd dual-task conditions, could be a valuable aid
to Ldentification of significant worklosd changes.

A comprehensive analysis of information transmitted
via the Sternberg task indicated that difficult flight
control reduced reserve information processing capacity of
the pilot by 54 percent; sasy flight control, by 45 percent;
anticipation of difficult MFK tasks, by 31 percent; and
easy MFK tasks, by 20 percent. Thus, although MFK tasks
may be compatible with soderately difficult flight control
requirements, they do place significant demands on cogai-
tive abilities and may detract from the pilot’s ability to
cope with high workloads in criticsl combat situations.
Therefore, concerted efforts to simplify the control/dis-
play interface to digital avionics subsystems are warranted
and are probably best accomplished in computer=based system
simulations vhich facilitate development and evaluation in
an iterative manner and under a wvide range of mission
conditions.

USER-ORLIENTED SYSTEM DESIGN

Although generic design principles may be derived from
simulstion experiments like those described above, the
studies were designed to address speciflic lssues In parti-
cular systeus. Systemespecific simulations sust meet at
least tvo important criteria: timeliness and cost-effec-
tiveness. Requiremsnts must be identifled early In the
design process if large system simulations are to be
developed and applied in a tisely sanner. Cost-effective=-
ness may de difficult to assess with conf idence prior to the
actual simulation results. Even vhen cost-effectiveness is
assured, system simulation may be prohibited by limited ~
funding. A recent workshop (l14) on man=computer (nterface
design provides some useful suggestions with regard to
meeting system design goals within schedule and cost
constraints.

To, coach

The application of a "user-oriented” top=down approach
to computer system design will facilitate identification end
cesolutlon of human m’lmﬂng design issues (n a timely
manner. The essence of such an approach is outlined in
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Figute L. Note that the approsch entails three basic pro-
cesses: analysis, synthesis, and evaluatlon. Sisulation is
the vehicle by which models of system functlions are exer-
cised to obtaln inferences, predictions, and evaluations
prior to production. It is suggested that current computer
system design and evaluation techniques are largely emplri-
cal and highly dependent upon the experience and skills of
those who apply them. The top-down approsch is the bridge
to more objective and systematic msthodology, but It
tequires an adequsate technology base.
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Processes of the user-oriented top—down approsch cannot
be accomplished successfully without benefit of relevant
data inputs and structural aids. For exsmple, analysis of
system requirements depends upon the capability to identlfy
component tasks and associated input-output relationships.
Hence, the first requirement to be met in technology base
development is a standard taxonomy of Information processing
functions Including a generlc set of user tasks and algo-
rithas definitive of inter-relationships. The same tech-
nology base also would support the synthesis and evaluation
processes Including modeling and simulstion. It would also
ba generally applicable to a wide variety and nusber of
computer=based systems (15).

Man-computer interfece design technology development
requires a long=ters effort, but significant beginnings
have been made. Computer functions are relatively easy to
analyze and measure in terms of informstion theory concepts
and metrics. Behavioral scientists also have applied
information theory to the analysis and quantification of
certain humen capablilities (16). Some of the probiems yet
to be overcome in relating human and mschine inforwatlion
processing capablilities have been ldentified and discussed
by Crawford, Topmiller, and Kuck (17). Rudimsntary efforts
to apply humen performsnce theory to the development of a
generic set of human Informstion processing functions have
been susmarised by Crewford (18).

T -

The advent of micropr | P jve graphics,
and distributed processing now facilitates esphasis on
adaptation of computer to man. The costs and complications
of user errors and extensive user training programs, which
result from over reliance upon adsptation of msn to
computer "ldiosyncrasies,” cannot be justified indef-
initely. The "zeitgeist” is right for concerted efforts to
fac(litate man-computer symbiosis in future systems.
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