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COIU:-BA SIMULATIONS POR H-COP-rER D T IC
Billy M. Crawford. William H. Pearson, and Robert F. Bachert

Air Force Aerospace Medical Research Laboratory E E T

Wright-Patterson Air Force flags. Ohio17

A 0
INTRODUCTION of university students extensively trained on the Simula-

tion to Investigate the effects of trail length, blip scan

THe human Engineering Division of the Air Force ratio (nuaber of scans on which a return was received from

Arospace Medical Research Laboratory (AFARL) has used a target aircraft divided by the total number of scans),

.an-in-the-Loop simulations to Investigate huwan factors and crew size (2). The experiment design was a three-

problem posed by man omputer interactions in proposed factor factorial with four replications. Three levels of

weapon sytema concepts. Two of the system contexts in each ware Investigated: trail lengths of five, seven, and

which computer-based simulations have been used are com- nine returns; blip scan ratios of .5. .7. and .9; crew

mand-controi and digital avionics. Two commnd-control sies of one, two, and three operators.

experiments and one cockpit design experiment will be
suarized in this paper. The final aection of the paper Each experimental trial was comprised of a 28-mlnoute

* •sconcerned with generic principles for user-oriented mission, Simulated aircraft entered a 200 x 200 nautical

man-computer system design, mile surveillance area at an average rate of two per minute

(standard deviation - .75 per minute) at an average speed

A Fof 500 knots. Radar return error was programmed as a
SUIV£ILIACE FUNCTION SIGULA ZON Rayleigh distribution with a standard deviation of one

nautLcal mile. Probability of track failure (drift out)
Bwas .13 and the false report. or "Clutter" rate was two per

scan per point of trail history. .

This simulation was programmed on an IBM computer

complex which included four graphic display units and an The efficiency of surveillance performance was

analong-to-digital conversion capability. The complex was easessed via a number of automatically recorded dependent

configured to provide real-time command-control system variables. These measures Included: Initiation time for

simulations for research purposes (1). The surveillance each trail, percent of trails initiated, percent of trails

function program used approximately 145K bytes of core and reinitlated or mintaied correctly. and percent of scans

operated on a iO.d-second recurrence cycle, which approxi- with good tracking. First good Initiation was calculated by

meted radar antenna scan rates. subtracting the time of the scan on which the return from an

aircraft appeared on the display from the time of the scan
The purpose of this simulation was to represent alt during which an effective Initiation of automatic tracking

surveillance capabilities based on time-compressed, digi- was achieved. These values were summed and divided by the

cLzed radr returns which formed "trails" corresponding to total aircraft entering the "surveillance area
m
" to obtain a

aircraft flight paths. Through parametric control the man Initiation time score for each 28-minute session.

simulation could be tailored to represent a variety of Percent of aircraft correctly Initiated was determined for

surveillance system configurations. The configuration used each session by dividing the total number of aircraft trails
in experiments to be summarized below was patterned after on which automatic tracking was effectively initiated at
the USAF Airborne Warning and Control System (AWACS). It least once by the total number of aircraft which entered the

Pmo allowed up to four operators to perform the surveillance surveillance area. Percent of scans with good tracking was
4 function simultaneously via the four graphic display units. the ratio of the number of scans with good tracking (correct

track and signature block. correct heeding, etc.) on each
Simulation parameters which could be manipulated a aircraft, summed across all aircraft passing through the

independent varlables included time of radar return entry, surveillance area, to the number of scans made on each - "

location of entry and exit. speed of trail, length of trail aircraft summed across all aircraft entering the area during

or "history," and type of return, i.e.. friendly aircraft, the session.
search (unidentified aircraft), or false report (clutter).

The parameters could he combined to represent different Results
senJ en'- V attacK StrAteg e . target Introduction rates, and

false report densities. Radar return errors and blip/scan Analyses of variance were used to test for significant

LuM ratios also could be varied statistically. Surveillance effects of the Independent variables. The effects of crew

crew size and workload allocation could also be changed as size and blip/scan ratio were statistically significant for

inaependent varLables, all dependent measures. The effect of trail length was not

*The suiulated redar returns took the form of "blips," significant for any dependent variable. There was only one

or snort dasnes, illuminated on the CRT display. Radar significant interaction. In terms of percent of scans with

trails were presented In ripple fashion, with the oldest good tracking, Increasing the trail length Improved per-

return in the history presented first and followed succes- formance at the lower blip/scan ratios.

sively by more recent returns. The operator was required

to initiate automatic tracking on "target" returns by "light- The surveillance simulation study was subsequently

penning" the mst recent return and assigning a numeric replicated with similar results using experienced military

signature via keyboard entries. A vector, or track, was air surveillance personnel (3). The principal difference

automatically displayed at the last return to Indicate was that statistical significance of main effects was found

heading (by orientation) and velocity (by length), for more dependent measures with the civilian subjects.

The main effects of crew size and blip scan were stats-

" When automatic tracking failed (In accordance with tical ly significant for civilian subjects but not for the

* programmed statistical parameters), the operator performed military for the percent of aircraft Initiated variable.

"track maintenance" by repeating the Initiation procedure. On the other hand, in terms of the som dependent measure,

The seed for track maintenance occurred when the track trail length produced a significant effect for the mill-

(vector) "drifted" out of association with the trail. tary. but not for the civilian subjects. The difference In

crew size effects was largely attributable to failure of

Experiment Ossain the military to use a third crew member to as much advan-
tage as civilians did. Effective allocation of survell-

One of several human factors studies accomplished with lance subtaesk was better achieved by the civilians,
the osiate-baed urvillnce imuatin Ivoled he se probably because they had more experience In working to

etree-msn groups at the surveillance task.
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Is team of the grad mom. the military subjects sae accompanied by eppropriate variation. In fuel wse
tok55 "aeed to detect and Initiate astomatic tracking rate. Seek fighter had 4500 pound. of fet at slneties

on aircraft trells. lb. rng me from 40 aecoads for a mest. A computer progranan algorithm control led the fuel
three-am crew with a .9 bilp/ecan ratio to 76 ecoede for see rate which variedasa fncton of fighter speed and

a=-biiplwce ati cominations. 40,000 feet and 1060 knots. as e e before fuellel
reeched the mintm.n required for return to 11L. an F

For overall perceet of scms with good tracking the appeared In the fighter.s symbology block.
Sgrad men. were 41 and 43 percest for military and civil-
*team, reepectively. Apein. the extreme for the renes The WID primary teek was to wse the fighter to

occurred at the saw crow sise-blip/scan ratio combination. Intercept and destroy the attacking bombers. Tn doing his
a for first good initiate time and were 46-34 percent for job. the lID could Insert data which would result in heading.
the military versus 48-36 percent for the civilians. eltitude. or velocity change; commitment or decommitment to

Intercsption of e particular bomber; or displey of ranaining
In term of percentage od targets detected and Lai- mant of fuel and current velocity In the alphanumeric

tiated, the beat performace wa achieved by the civilians symbology block.
endl occurred at the .9 bIp/scan ratio. The percentages of

*targets detected =are 94. 95. sui 98 for one-, two-, and Upon being paired with a bomber, an Interceptor was
three-an. crowe. respectively. The meret performance maintained on course automatically by a programmed intercept
occurred with a .5 bILp/ecee at %Mich civilian and mitatry aigorithm until within "kill" range, which Included the
one- sod two-mn toam were equivalent (87 and 90 percent. requirement that both aircraft he at the seen altitude.
respectiveiy). glittery three-sm towm detected oniy Attitude diecrepancies resulted in automatic "de-comet-
91 percent of the target. at the .5 blip/scan Level, whereas mat." Otherwise, a "kllI" was credited with a probability
civilian three-sm tow detected 94 percent. which, you of .7S; i.e. in a randoe manoer. one out of every four times
wiii note. Is eqsivaieat to nae-mn teom performance with a "kili" range requiremnts were mt. a de-comnitmat occurred.
.9 bilp/mean ratio, in accordance with expert estimate. of the frequency with

which Ndsiaseight be expected. A "kill" was signalled by
twa. though there were discrepancies between military an "X" at the bomber position.

ad civilian sobjects, the nsatre and attent of the vanea-
tiom were not sufficient to Invalidate conclueLona dran Experlment Desian
fin. research based an performance of trained civilian
eubject* using the surveillance system simmiator. The The principal Independent variable was data entry sod*:
differeeces wate attributed to the civilian sobjects' light pen, track bell- or force stick-controlled curnor.
granter famiLiarity with the simlatioa. Therefore, the The Light pen used was the conventional device provided with
experiments coanfirmed the u'lity of research with the the IBM 2250 graphics display system. The track ball and

: Isoation for determining ovtimm aims of harwre ad fores stick were standard control devices procured from "off
Ca capabilities and cathode tor effectively allocating the shelf* stock. The principal dependent variables
functions mug crew members. Included namer of bombers 'killed." average dista&ce from

ULI at kill, mont of fuel used, and number of operator

WarmU D!RBCFIO SIMULIONl actions. Four experienced Air force weapons dlractora
served as subjecte in a repeated measures experinst.

Results

als e wa e" cto nesigatenm saglae desid aboes Analysis of variance showed that the meln effect of
elime reed to inveetigater hesce en inrn dhe s qse data entry mode was significant (p < .01) for 3 of the 4

tim elaed o mec~uer nterntl. i theweaonsprincipal dependent variables. The main ef fact of workload
direction fagcting of Air Fores cinmd Control system. (number of bombers) wee significant for ell four dependent

* The reliationships between workload amd data antry mode ware variables.
* of spacial concern to system deeigmere and seers. Users had

stron preference for "Light guns" or light-emitting pem The Light pen consistently showed advantages over the
foir iiskmg data to targets at the graphics interface. Om other ta data entry modes and the track bell wes better
the other hand, the se of a cursor, depicted en the graphic than the force stick mere often than not. The superiority
display ad controlled via a track ball or joystick, offered of the light pen wee greatest when the workload ws
possibie advastages in accuracy of indication ad hardware heaviest, I.e., when there ware 40 bombers to be inter-
costs. Cosaequently. a Weapons direction teask slimiaton cepted. The* advantage as ettributable to the greater
was developed end mod to experimetally evaluate the speed with which data entry actions could be taken with the
alternatives (4 ) light p* n*

The wapons direction acenatlo was developed by an snnmroftebbrsdtoydpiro
oseperlanced waepome director working with computer pro- reaching the IRL are shown in Table 1. Averaged across the
growers and research scientiats. The teask which resulted three workload levels, the lID. obtained, on the average,
roquired the wapem director subjects to direct as may as 91, 03, and IS percent "killIs" under the light pen, track
10 friendly Interceptors or. fighters, against attacks by ball, and force stick conditions, respectively. The lI0s
saemp or "fae."r, bombers. Three levels of atteck ware ware let effective In dealing with one wave of 40
Investigated: a single *wave* of 14 bombers, two waves ofbo er.btnngonhearg.75pcntklss
20 bombers each, and one wave of 40 boosers. Bombersbobr.btingonhearg. 8pcntkl*n
entered from the west, or Left, of the 200 200 mile compared to 62 percent and 99 percent kill* for two waves
surveillance area represented on the CRT and flaw easterly of 20 and one wave of 16, respectively.
towrd a bomb release Line (RU.) on the right about 185 Table 2 shown the average distance (sillo) fram the
miles from the "ntry line. Bobrs entered at S00 knots RU. at which "killIs" ware mde for each experimental condi-
airspeed and 40.000 feet altitude. (Bomber altitude varied tion. Again. note that the greatest advantage was for tWe
from ties to ties according to a "canned" program.) Light pen over the track hell wee at the two higher

rive Interceptors ware "15 the air" at the simlation workloads.
start and ware flying at 10,000 feet altitude and S00 baots Table 3 shows smn for pounds of fueltseed by the

lightpee orv addiiona The tcepitalo "all for"lable- tttsialoig~iat. .lih rc
airsped. i edi t io a iV) " n te r oun " w re a be* toInterceptors. The increased spe.-d with whch Information
ste d bpees direcor it ) "ymo te o u d and wartof te repr. was transmitted to fighters via the light pen mde was
Tontd be an apfite symbolha to hesrighat of t the reflected in iess flying ties, fewer Instances of high
Lto are carfger The lD haud tlo desilt itr wihthe speed chis,* and hence, reduced fuel use. The differenc**
in fighter altiude or airspeed via appropriate keyboard ball sad tclysinfcn between light pen aad foreacick
entries and light pen/cursor designations. Such chanessl n ewe ihtVnadfresik

575



Meam for the ember of actione initiated by 1). per TABLE 5. AVERAGE WEAPONS DIRECTOR ACTION
experimatal condition are shaow In Table 4. It me pri- INITIATION RATE
wrily the increased tim required to execute cursor move- (Actions per 10-Second Interval)

mate which restricted the effectiveness and efficiency of
WDs In achieving the ieson objective with the track ball Workload (No. Waves/Bombers Per Wave)
and force sttck indes. Note that under the 16.-bomber
attack, where effectiveness varied little acroes date entry Data Entry Node 1/16 2/20 1/40
modes. the eumber of operator actions varied little across
odes. Lieht Pon 1.2 1.1 1.2

The added efficiency of the light pen a reflected Track ball 0.9 0.8 0.7
better, perhaps, by Table 5, which show the average action
rate (number of actioe per 10-sacond computer update Force Stick 0.7 0.6 0.6
interval) for each condition. The track ball and force
stick action rates were. respectively, 32 percent end
46 percent less then the average light pen rate. COCKPIT-DIGITAL AVIONICS SIMULATION

Obviously, the speed with which the data entry modes Background
are used could have been, end, In fact, was, evaluated
without benefit of the weapons direction eimulation. The The evolution of compact digital computers has made
advantage of accomplishing the test vithln the context of possible the development of digital avionics information
the systm simulation was in being able to relate dif- system. Such system promise a umber of advantages to
ferences to overall systen effectiveness in ters of both aircraft designers end users (6). For example, wha
critical system performance criteria and operating costs end interfaced with multipurpose cathode ray tube displays end
under a rnges of environmatal conditions. mltifunction switches. digital computation and storage

capabilities can be used to reduce the number of dedicated
TABLE 1. PERCENT Of 0HDBERS DESTROYED Instrumnts competing for cockpit panel area. Information

which Is not required by the pilot on a continuous or fre-
Workload (No. Waves/Smbera per Wave) quest basis can be stored and presented on demand either

automatically, as related programmed missin events tram-
Date Entry Node 1/16 2/20 1/40 spire, or in response to manual control actions. And with

reduced demands for panel space. it will be easier to locate
Light Pen 16.00 36.75 34.75 the multipurpose controls and displays In prim reach and

viewing areas.
Track Ball 16.00 33.00 30.75

However. esperienced pilots have been troubled by the
Force Stick 15.75 28.25 28.00 prospect of possible added activity--both mantel and phys-

ical-required to gain access to Information which is
normally on dedicated Instruments. Should the demand for
such activities occur during peak operator workload, the

TABLE 2. AVERAGE DISTANCE FROM DOS impact on mission success eight not be offset by increased
RELEASE LINE AT "KILL" (miles) calculating power, speed, or accuracy afforded by the

digital processor. The need for data Indicative of the
Workload (No. Waves/sombers por Wsve) relationship between multifunction suitching and primary

aircraft control tasks and the Impact on pilot workload
Date Entry NM*d 116 2/20 1/40 occasioned the adaptation of the AFAIUL computer complex to

a mlate a digital avionics equipped cockpit (7). Of pertil-
Light Pee 107 78 72 cMlar interest use whether or not the maintenance of know-

ledge of procedures associated with multifunction keyboard
Track Ball 98 59 55 operation reduced the operator's reserve capacity for making

choices or decisions such as might be required to handle
Force Stick 82 47 50 contingency situations during a misaion.

The computer-based simulator incorporated three types
of tasks. Of the three, two-flight control and cammunics-

TABLE 3. AVERAGE AmDUlT OF FUEL USED tloae/IFF switching functions--represented actual tasks is
(Thousands of Pounds) aircraft systems. The third wes an infomation processing

task which served as a teat to masure cognitive reserve
Workload (No. Waves/Bombers per Wave) capacity under various primary task conditions.

Data Entry Mode 1l 2/20 1/40 The front panel of the cockpit us equipped with three
CRT-type displays. The center display ws used to present

Light Pen II 24 24 information concerning basic flight paranters in a moving
tape foreat. The cockpit also contained a throttle with

Track Ball 18 33 27 afterburner switch (left side panel) and a center-mounted
joystick control, which were used, in combination with the

Force Stick 19 31 29 displayed flight information, to "fly" various maneuvers.
Printed computer outputs of simulator performance data
included both man absolute and root wn square error
relative to specified control values based on "fly to"

TABLE 4. AVERAGE NUNBER ACTIONS INITIATED instructions for altitude, heading, bank angle, pitch,
BY WEAPONS DIRECTORS indicated airspeed, vertical velocity, angle-of-attack, and

8-load.
Workload (No. Waves/loambers oar Wave)

between the front instrument panel and left side panel
Data Entry Node 1/16 2/20 1/40 ws a mitifunction keyboard (NFl). This M, In combine-

tin with the CRT on the upper left of the front panel and
Light Pen 8 161 152 a numrlcal entry keyboard, also located on the instrument

panel (lover left), was used to simulate a multifunction
Track Bail 93 130 107 interface with digital avionics subsystems. Subeystems,

functLos, and states were displayed on the CRt to couple-
Force Stick 86 104 96 mat the feedback afforded by back-projected legends on the

NWP pashbutton faces. The NP was used to control counsel-
cation and IF? functions called for by cemaries progprmmed
on the simulator.
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Ue tese capacity test used ws a variation of the Date analyses for the dul-task ceeditios showed that
Sternberg choie ceactis task (8, 9). Thin particular although mn flight centrol error me greater shem flight
task me aelected on the bai of Its value for studying coetrol was combined with NK tashs. the differesces wver
divided attention effects, L&a, the tendescy for subjetes sot statistically signifLcant. Silarly. Ni$ task time
wdo pi form two tasks simultaneously to be lss proficient Iscreased under dual task coeditios, but the iacreasea were
os one (11 not both) tha they are ehen performing the not statistically significant. Flight control error scores
tasks separately (10. 11). The Sternberg task facilitatee wore virtually Identical for flight control alone as compared
LocallsatLon of the divided attention effect within a to flight control with the Steraborg task. And the Sternberg
four-stae model of umarn Information procesaing: encoding task had no statistically significlat impact on NFK task
of atimulus Informatioa; central procesing; response ties. Linear equatlons also were fitted to Sternberg
docdIng; sad respone eascutiom. The Sternberg task respone time data for each dual-task condition to permit
alows the researcher to vary central processing dema- comparison of intercept and elope values with tho" obtained
while holding input and output requlrement* contant. The for the Sternberg task baseline coedltion. P-tests (13)
data obtained from the task are used to develop a linear Indicated that elopes and Intercepts for the flight control
equation Indicative of the relationship between responese conditions differed significantly from those for the base-
Latency and the amount of uncertainty which must be resolved line condition, and Intercept value varied significantly
in order to select a response. between the baseline and NFW implicit rehearsal condition.

Interpreted In the traditional mner. theas resulte LndL-
Briggs and Swenson (12) found a linear relationship cated that the effect of MIX "Implicit rehearsal," i.e..

between Sternberg task reaction fina (RT) and the amount of maLntainLnS a readiness to perform anticipated tasks, wa In
central procesing uncertainty (H ) thus: the Lnput or output stage of information procesLng only.

c Following the empirical evidence and logic of Brlggs at &l.
IT - a + b (H) (IL), the effect is probably In the input stage. The dLf-

c ference in Lntercept values amounted to a 12 percent average
H values used In the study of msultifunction switching were- Increase In Input time attributable to NMX "Implicit
1.0, 1.50, 2.00, and 2.3L bits. rehearsal."

In the equation for reaction time (RT), the intercept Active flight control, on the other hand, Involved both
constant. a, reflects the time required for stimulus Input and central processing as evidenced by differences
encoding. sampling. and preprocessing at the input stage of from baseline in both intercept and slope values for the
human Information processing plus the tim to decode and regression equation. Moreover. there me an increase in
execute a response in the output stage; the slope, b, input-output time (28 percent and 55 percent for easy and
reflects the time per test to complete tlaulus classifics- difficult flight control. respectively) and an Increase in
tio functions at the central processing ste. Therefore, central processing rate. The increase in central proces-
if a task perforsed slultaneously with the Sternberg task sing rata under the dual-task condition, which mas consis-
interferes with encoding or decoding processes, its effect tent with results obtained by Lyons and Briggs (Briggs et
should be reflected by a change In the Intercept value. al. t 1972). me sttributed to the subject's conducting
Conversely, if the Interferen=e occurs at the central pro- fewer or less complete tests of the probe stimulus under
ceosig stage, the effect vill be revealed by a change in the greatar loading conditions. This apparent switch In
the elope of the function, sods of operation In the central processing stas, between

single- end duel-task conditions, could be a valuable aid
Experimnt Design to Identification of significant workload changes.

Data were derived from the performance of four student A comprehensLve analysis of Information transmitted
subjects in the simulator. Prior to the experiment proper via the Sternberg task indicated that difficult flight
each sbject ma trained on all three task&. Tralning control reduced raerve Information processing capacity of
sesLons Lasted 2 hours esd were scheduled two to four the pilot by 54 percent; esay flight control, by 45 percent;
time per week. Eech subject was trained until task per- anticipation of difficult NFK tasks, by 31 percent; and
focmee ueasures appeared to asymptote. eany MF tasks, by 20 percent. Thus, although NIX tasks

may be compatible with moderately difficult flight control
Each subject wes tested under six different requirements, they do place significant demands on cognL-

conditions: three sinlSe-task conditions and three dual- tLve bilLtIles and may detract fro the pilot's ability to
task coodItioae: Flight control, NIX, and Sternberg choice- cope with high workloda In critical combat situations.
reaction task, aLon; and flight control plus NFI, flight Therefore, concerted efforts to simplify the control/dis-
control plus Sternberg task, and NIX plus Sternberg task. play interface to dlgital avLoncs subsystem are werranted
When the Sternberg task ma cobined with NIX, It occurred and are probably best accomplished in coeputer-based system
only during periods when the subject mae salting Lstruc- slmulations which facilitate development and evaluation in
tin for as Nl task of a gLven difficulty Level. This wes an Iterative manner and under a wide range of mission
coaistent with the Interest in measuring cognitive loads conditions.
seancated with anticipaJting, rather then actunlly per-

forminS, NIS taska. Independent variables included two USER-ORIENTE S
levels of flight control task difficulty ("easy" and
"difficult") Sad four levels of NlX task difficulty mea- Although generic design principles may be derived from
mured in term of the average amunt of information trans- simulation experiments like those described above, the
mitted via the eyboard in accomplishing communications/IFF stues wer e deific issue t -
fuettlons. studies were desned to address specific Issues In patl-

cular system. System-specific simulations must meat at

Resuits least two important crtterLa: tLmelLess and cost-effec-
tiveness. Requirements must be Identified early In the

analysis of veriance (repeated-smasures design) was design process If large system simulations are to be
apled to ser obtained for much condition. Reslts developed and applied In a timely mnner. Cost-effectLve-

Iran the sLogle task conditions were as follows: The ness may be difficult to assess with confidence prior to the
dfro te tlen tasy on difficult fliht otrol e actual simulation results. Even whe' coat-effectLveness is
dtifer alc y besmee y ad difficult flht conetrol mae assured, system simulation may be prohibited by Limited -
statistically alAfaoat (p - .05), The effect Of M funding. A recent workshop (14) on man-computer interface
teak difficulty als man significant statistically dsg rvdssm sflsgetoawt eadt
(p ( .001). Nas task time (in seconds) and standard desin provide smg useful sigestions with egard to
devLatkons (is parentheses) for the four difficulty Levels coeting syt. dsign se within schedule and cost
were: 1-3.97 (0.32); 11-5.95 (0.53), 111-7.43 (0.66),
lV-9.87 (0.83). Ike trage rate of Information trasnsis- Top-Down Approach
sins via the NWK system varied fro 1.9 bits/*ec to
2.6 bits/am across the four levels of P!F task difficulty. The application of a "user-orLented" top-down approach
The switch ection rate es slightly greater than one par to computer system design will facilitate Identification and
sesei as the average. The method of least squares me moed resolution of human engineering design issues in a timely
to fit a straight Lime to the beeLlne (sLnSin took) manner. The essence of such an approach is outlined in
Stergdot data.
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figure 1. Note that the approach entails three basic pro- The advent of microprocessor*. inexpensive graphics.
cesses: analysis. synthesis, and evaluation. Simulation Is and distributed processing now facilitates empasis an
then vehicle by which wmde of systm functions are exer- adaptation of computer to men. The costs and complications
cised to obtain inferences, predictions, and evaluations of user errors and extensive user training program. which
prior to production. It Is suggested that current computer result from over reliance upon adaptation of we to
syste design and evaluation teclhniques are Largely empiri- computer "idiosyncrasies." cannot be justified indef-
cal and highly dependent upon the experience and skills of initely. The "zeitgeist" Is right for concerted efforts to
those whmo apply then. The top-don approach is the bridge facilitate man-computer symbiosis in future systems.
to wrs objective end sysematic methodoiogy. but it

* ~~requies* an adequate techrnology base.AHW QHT

The research reported In this paper we conducted by
personnel of the Air Force Aerospace Medical Research

cownv VNA 0" CPASK"OkLaboratory, Aerospace Medical Division. Air Force Systems
Commend. Wright-Patterson Air Farce Base. Ohio.
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