
[ 
~O—AOIO flS NAVAL WEAPONS CENTER CHINA LAKE CALIF F/S 1/k

EXPER!P€NTS WITH COLOR CODING ON TELEVISIONaU)
JAN 77 D W W A S N E R

UNCLASSIFIED NWC 1P 5952 Pt

H _.fliU
_ _  

U_U
H U11

E



I’ I .c ~~ ~ 2.8 ~ 2.5

_______ 

2.2
~~~~~~ 3o ==

I I ~ IllI~°

fl~fl 
I 25 ~I.4 ~pfl i .o

MICROCOP T RESOLUTION TEST CHART
‘~~N~ i~ I j c ~i A



- -~~~ -~~~~~

NWC TP 595~~~~

H
ci

Experiments W ith Color Coding
on Television

by
Dan W. Wagner

Systems Development Department

JANUARY 1977

ApOr oved for pubflc release; d,st rlb utl On unlimited. T \

JUN to 1911
J I

~~~~~~~~~~~~~~~~~~~~ 

•;i~ 
~‘

1
’ 

~~~~ Nav IWeaponsCenter~~~~~~~ :
CHINA LAKE. CALIFORNIA 93555 

tlI l.,PI’~~~

‘U-

~~~~~~~ ~~~~~~~~~~~~~ ~~~~~~~~~~~~ — — . . ~-~-—-.-— ~~~~~~~~~~~~~~~~~~~~ al~~~~_j~i



Naval Weapons Center
AN ACTMTY OF THE NAVAL MATERIAL COMMAND
R. G. F reeman~ Ill , RAdm., USN Commander
G. L. Hollingsworth Techni cal Director

FOREWORD

These experiments with color codi ng on television were conducted at the Naval Weapons Center ,
China Lake, ~alifomia, between February and October 1976 . The task is part of a Naval Air Systems
Command program on Human Factors Engineering. it is supported by AirTask No.
AO3A-3400/0081 3/7F55.525.OO() under the direction of CDR Paul Chatelier (AIR-340F).

This report has been reviewed for technical accuracy by R. A. Erickson.
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China ake . Calif., Naval Weapons Center , January 1977 . 18 pp. (NWC TP
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(U) Three experiments were conducted to investigate the effectiveness
ol color coding in a potential cockpit application. The expe riments measured
t he subject s’ ability to monitor random malfunction indications, shown in

p 
either color-coded, single color , or black-and-white conditions on simulated
engine nunageIi~eni displays. The subjects were simultaneously engaged in a
dynanit

~ target detection task on an adjacent display during the monitoring
task. Ambient illumination color and subject experience were additional
‘.ar iahles.

i t )  The result s show that response time on the target detection task
was faster w hen the engine display was color-coded than when it was
black-and -whit e . Time to report malfunctions was Slowe r with red or green
Itlunochronle displays than with the other colors. The reSpOnSe time in

re port ing malfunctions on the black-and-white display was tot affected 1w the
choice of color on t he adjacent displa) . Finall y, performance on target
detection and malfunction reporting was not af fected h~ a m bient illumination
or ti m e experience of the subjects.
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. INTRODUCT ION

I

Aircraft coc kpits of the future very likely will contain visual displays capable of conveying the
informat ion from the many existing gauges. dials, and discrete ~idicators onto, perhaps, two , three, or
four programmab le multifunction displays. This integrated approach to coc kpit instrumentation is being

- 

- 

I 
pursued by the Navy with its Advanced integrated Display System (AIDS) (see Figure 1). while the AirI: Force is working on a similar program called the Digital Avioni cs Instrumentation System. The Army is
deve loping fiberoptic displays and solid-state electronics to rep lace conventiona l helicopter engine dials
and gauges.

It is conceivable that this work may eventually lead to a standardii.ed cockpit control and display
arrangement common across the military se rvices and even comrneT cial airlines. For example. the
right.hand instrument, such as a cathode ray tube (CRTI or liquid cr~ sta l disp lay. might present
preflight and take-off checklists as well as warning and cautior, .idv isories together with suggested
corrective actions , thus eliminating most of the warning and advisory lights scattered throughout the
cockpits of sophisticated aircra ft . The goal of the effort is to incrc:~se the efficiency of the pilot and

- -

~ aircraft by eliminating errors of indicator interpretation and reducing the response times for ‘he various
• contingencies.

$
‘2 1 3 ? ~ 22 

-

I ‘~ T~~Ti~ N
_ _

•

FIGURE I - Advanced Dkp t a~ Concept. 
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One of many questions to be answered in deveIi-~ping the integrated display concept is, “Should
the displays be capable of presenting the information in conventional black-and-white (B&W), a single
color (monochrome), severa l colors, or perhaps some combination of the above?” The state-o f-the-art for
monochromatic and B&W displays is we ll advanced--at least , for CRT representations—and would require
only moderate developmental effort. Color appears to offer an attractive alternative. Although the
technology is less advance d, it provides another dimension—color—to the form and luminance
presentations of the other displays. It is to this added dimension of color and its potential uses in
aircraft cockpits t hat the remainder of this report is addressed.

BACKGROUND

Several recent literature reviews have been concerned with the use of color in visual displays.’
Color has been studied both as a method of presenting realistic or natural imagery and as a means of
coding information. Only a few studies involving natural color representations on displays are reported.
Studies using color compared to MW film tend to show that color reduces response time and errors
while increasing the number of target detections .4 ’5 ’6 However , experiments designed to simulate
air-to-ground target detection and recognition tasks with color compare d to B&W television have fai led
to show that color consistently improves performance.7 ’5 ’9

I Na val Weapons Center. color Coding - An Annotated Ribliograp h, ’. by Dan W. Wagner . China Lake , Calif ., NW(
March 1977 . ( NWC TP 5922 , publication UN(’LASSII IED.

2 Army Hunian En~iinc ering Laboratory Color C’odi, ’~ A Rev iew of the Liferat~re, by Thomas C. Cook
Aberdeen Provii~ Ground . Md., HFL. November 1974. (Tech No te 9-74 , publication UNCLASSIFIED.)

3 l~. F.. ( hrist ,mnd i~. H. Teichner . Color R eseareh (or l - i ~ia! Di.cplars. New Mexi~ State Universit~, Las ( rfl. ~‘ s
N Ju ? ~ 1973. (JANA IR Report 73073 . publication UN( I.ASSIFTFD.)

4 Army Behio.mnr and Systems Research Labora tory. Intellrgcnce !nJormatkrn From TolalOptical Color Iinage~ - -
by F F.. Jeffrey and I - J. Heck. Arlir~ ton. Va.. AJISRL, Nov~’mher 1972. t Research Memorandum 72.4 . puhlu-aI~ ,n
UN( I.ASSIFIF:1 .)

~ Honeywe ll, Inc . Target Recognitio n F’l - ’-for,nance Wit h (‘hro ma,j e and ‘lchromaric Displars . by J. I. Mai ko~t
Minnej pot uc . %Iinn .. I l l .  197 2 (SRM- l4 K . publI~.~IIon UN( l ~SSIFlEt) .t

6 \ .  H. Fic kner and I C Pmiltun. W.Il~ hing for P~opIr ~d Ac t ions,” b.ri ,’onornmcs, Vol. 18 ( 1975 1. pp. .15 ~
~‘ \avat Wea pon s ( , T l ( ~ I Tar~ -‘ ~~~~~~~~~~~~~~ Wit!, (c ) f l , r  i 1 -rSUc Black and iI’/~ip, Televirion . by Dan W . tV .i1’~ r i( hina t ake . ( .~l ,I .. NW( -

, A pril 975 tN\~
( FP 573 ! , pubims on F NCLASS IFILD.I

K Mj r~ i~i-M ar ICti .I ( . ) rp l) rJ lIOfl. Tweet !i ~jui~iri,~~ S-~ iiI1~ S (2, target Acquisit~~n PcrJormanee - (‘u/n v I
.Wonvrhrn ,ne Ti f l i c p l a i s. l’s I - F). I ow ler m d  1., It. ton s Ivilt lmI,re , Md.. January 1972. (OR II, p. 768 . j ’ u ’~t ’ 2 . - t  ‘fl
UNC l ASS Il-Il- . I)

~ \.ms j l %~cupons (e n ter .  7argc t . teqi i i cOiun b it!, ( Innr t s. lJ!ac~ and Whit e 7’eIer~sion, by DaI W. Wagn er. ( n .
take. ( a l i t . ,  NW( . (ktohcr 1975 . iN’,~( 1P SMOO , puh li. ls ” , t, NCI.ASSll UD.)
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a
The literature on color-coding displays is considerably ~nore abundant . It gc’Iiera lly indicates that .

as a coding method, color is helpful for search-a~ .-iocate tas ks, but numbers are more effective for

• identification tasks. For example, Christner and Ray ’ 0 investig~ited colors, numbers, and shape-tar~ct
codes in combination with a variety of backgrounds for tasks involving locat ing, counting. identif~ ~~~
comparing, and veri fying. They found that color provided the best performance for locate-and-count

- tasks, while numbers were best for identification tasks , and no significant difference was found amu-Ig
the three coding methods for comparison and verif ication tasks. Hitt ’ ‘ studied these tasks also. hut
included the two additional coding methods of letters and configurations (i.e., t he placement of small
squares w ithin large r squares). He found that numbers and colors were the superior coding methods,
with no significant difference between the two except for the symbol identification task , for which

2
’ numbers were better .

If color can be used to effectively locate or call attention to objects on a display , as the literature
suggests. then what display colors will provide the best performance? A number of studies Itave
investigated the question, with the result being that from 4 to 60 colors can be encoded, depending
upon training and practice time , performance measure , type of display, and the task. ’ 2 ,1 3 ,1 4 . 1  5 . 1 6

Usually, however , four to six colors are considered practical with red, green, yellow, blue, and white
frequentl y mentione d as the most likely candidates.’ ~~,j 8.1 ° 2 0

I

( .  A. (1~ristn er an d II  W Ra~ , “An Evaluatio n of the F.ffc-ct of Selected Co mhin ati o ns ,l Target m d
B~ek~~ound Coding on Map-Reading Performance,” Ftp. I , Hum. Factur~ Vol. 3 (1 961 t. pp. I~ 1 14(~I I  W 0. Hifi, “An (- va luation of Five Different A bstract Coding Methods. ’ Exp 11’ . Hum i - em-! . .. -

l96 1 ). pp 120 130.
12 Wright -\ r I)eseto pun enl 1)ivision . A h~a1uge lde,,iilicar~~n nj co/or ;m,r l ’argetc ~r, sent& ,Igauot il/ .t -

( ‘oloremj fiaikm ’rou,.-/ ~ by II P. Bishop :1- LI 51 N. Crook. Wright -Pattcr .~~n Air I oret’ Base . ( ) h nn . % -‘s l~ l) . March I
~1 :mhincat Repor t 611-/mI! . publication F N( I \SSIFIFD.)

13 
~~, (‘hapanis and R. M. 1lalsc ’~ ‘Absolute Judgnim- n t .  I Spectrum Colo rs .1 P.m ( - I ’ - V. .l 41 9561 .

~
p. 99 - 1(3 3.

• 14 Wright Air Development (‘enter. 71,c (‘cc of ( u/ or (~ m nJ i ’ n Displays, by D. \5 ( ‘ s.r  and I Kraf t
Wright-Patterson Air force Base. Ohio. WADC, 1958. WIsD(’ 1 R-5~-4 7 1 . publtca t ion UNCLASSI) Il l)

15 Bunker-Ramo Corporation. Guide to h uman b,~ inem r iug Desig n for I- ’i,cual Di.cpla r-~. hs I) Meis~m - ari d
0. W. Sutlisan. (‘anoga Park , Cal if.. ltR( . August 1969. (AD 643 23’ . pub hmali on t’ NCLASSIfll:D

16 S. L. Smith and 0. W. Thoma s , “ (‘olor Versus Shape Coding in Information Displays.” J. ~-lppl . P~sc h.. ‘s . I
(1964 . pp. 137 - 146.

17 Federal Av ia t ion Aditmi nlctrat j on . Department of Ira nsportation. Color Displa y F,. ‘Uariun for .11, I r,~ lii,
Control, by D. W . Co nnolly . G. Spanie r . and F.CI~ mpion. Wash ington , D.C., FAA . Ma~ 1975. (Repori No
FAA -RD-75 -39 , publication t J N( ’ FASSIFII- D)

18 National Aeronautics and Space Ad ministration . Response Time to Colored Stimu li I’ . ‘i c  l &1 I mSUC/ 1-
R. F. Hain es , L. Markham Da~~s m n . ler y e ( alva n . and Lo rr ie M. Reid . Wash ington . 1) F - N \ s ’. . 974 . NA~ \ ] N
D-7927 , publication I NFl -\ SS II II 9.1

19 Air I-ore ,,’ Sy stem .~ (‘m , mnmna n d . R u n e A i m  F-. .-Il , mIncfl 1 ( enter , Rcse ar eh m d  Ic in. ‘I .,, ‘. t ) m v m s i ,  ~ ( .  I
Specification for .4ddgtñ’c’ ( ‘n /rn.  (mroup l>Isp / am - s . Iw I I Ri, y. 1 ,  t~ isc ‘si r I nm’  It ~n . N ‘3 - K ‘ s l i m  F :m.i 1
(RALX- -rR-65-2m , Al) 621 (*14 . n i h t mcat  ‘1 I N( ’t - ‘sS S l I  ll l’ . I

20 R. Tyte , 3. ‘#1)-tart. m m !  II I ll’. ‘Visua l Rcs rr m msc I lines in iligh -\mhicnt IIIIunhmn, - I l u ’~~ ~~‘ (1m ‘
• lnJurniark tn Dirp las ’ D~~esi . 1 117ç 
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A further consideration , if color displays arts to be used in cock pits, is t he color of the
illumination. Newer aircraft have used red or white lighting for coc kpit illum,iiation during night
operations. Red lighting has been used since WW 11, since it was known that night (s~m1t opic) visio:i was
better maintained by red light than typical white light. While this fact is well established, t he operational
significance of it is questionable. because the values were established at or near threshold levels tha t have
little bearing on applied situations. Johnson and Poston2’ recent ly studied the issue in relation to
helicopter pilot visual acuity and peripheral vision performance under red or white illumination. They
found that cock pit lighting color was not a significant fact or for legibility levels or peripheral vision
performance. The interest for the present studies is to determine whether either color a ffects
per formance with color displays.

One other variable of interest for studies involving basic airborne target acquisition and
monitoring tasks is subject experience. Pilots or other aircrew members are the preferred subjects for - !
these studies, since they are the eventual user population. However , since most studies are parametric
and do not require the sophisticated level of training achieved by pilots, and since relatively few pilots -
are available in comparison with the engineers and other professionals accessible to the groups usually
doing these investigations, it would be worthwhile to determine how well several of these groups
compare wit h the pilot group.

OVERVIEW

Three laboratory experiments were designed to investigate the effectivs’r’~ss of color coding in a
potential cock pit app lication. Experiment I measured the subjects ’ ability to monitor random
malfunction indications on one simulated engine management display while engaged in a target detection

- 
task on an adjacent display . Response time and error scores were used to compare performance between -
color-c oded and B&W presentations o f 10 engine malfunctions, Experin ent II was conducted to
deter m ine whether fewer malfunction s per~unit-of-tiine would increase the relative effectiveness of color
coding. The second e’.oerimenl was simi lar to the first except that only 3, instead of 10, nalfunct im Ih
were presented over t he sante time period.

The relative effectiveness of -a B&W. single.color , or two-co lor coded display was investigated in
Experiment Ill. A second engine management display , shown in black and white, was added to t t ie
equipment used in the first and second experiments. This display provided the means of both increasing
the monitoring task workload and evaluating the simultaneous use ot color and B&W displays.
Additionally, t he display conditions were seen under red or white illumination to determine if disp lay
color interacted with ambient illumination color.

21 Army llmima n Engineering Laho rato r~ -1 (omparixon of Red and Wh ite Cockpit Lighting L ose r
Quosi-Oprra!ivnal (‘o~ Jj iH.wm h} Nm -il -‘i. Johnson and A m m ’  M. Poston. Aberdeen, ‘std. , 111.1 . Januar~ 1976. (TM 6.76
pub licatio n I ~M I A SS I I l I - 1 1  I

_ _  _ _ _  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _ _ _
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, METHO DO lO GY

I

APPARATUS

The equipment used for these experiments is described below. Figure 2 provides a sketch of the
apparatus as arranged for the experiment.

s UPP

7/ EQUIPMENT ROOM
(I 

_____  _____  ____  _____

RED OR WH ITE
ILLUMINATI ON

-

~ SCENERY 
____________

• DISPLAY

MA LFUNCTIO N
RESPONSE

ENGINE BUTTONS
DISPLAYS m g ~

TAR GET
RESPONSE
BUTTON

SUBJECTS ROOM

~~~~ 

‘
... - • FIGURE 2. Sketch of Experimental Apparatus.

7
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Recording Equipment

An A m pex 5800 color/B&W video tape recorder and a Cohu 1230D color television camera were
used to record terrain model scenety containing scale model targets and engine management displays.
Full descriptions of the terra in model . targets , and te levision camera are contained elsewhere. 9

Electrical contacts were attache d to the back of the engine display in such a manner that, when a
malfunction occurre d, a circuit would close , initiating a 1600-Hz tone from an audio generator. This
audio was recorded on the tape along with the video. A tone was also recorded on the targe t scenery
tape to prov ide a determination of when targets were within view on the TV monitor.

Playbac k Equi pment

Two video playback units were connected to two TV monitors for the first two experiments. Art
Ampex VPR 5800 color!B&W video recorder transmitted engine management information to a Conrac
5022C 12 color/B&W TV monitor, while an Ampex VR 6000 trans m itted the terrain model imagery to a
Conrac RND-9 B&W TV monitor.

For the third experiment , three video playback units were connected 10 three TV momtors. The
Ampex 5800 trans m itted engine management informatiom’ to the color TV monitor , while an Ampex
VR 660 transmitted B&W engine management informat ion to a Conrac R\[)-9 TV monitor. The
Ampex 6000 transmitt ed t he target-scener y information to another RND-9 TV monitor. The video Fires
played on the B&W recorders and monitors were duplicated from the original color tapes.

The recordcr plavback units were ad itis ted t i’ original specifications by Ampex tec hnicians. The
TV mol;!tors were adj usted for matc hing geometrY and linearity. The larger color monitor raster was

reduced in size to provide t he same viewing area as the smaller B&W monitors .

Recorded Imagery

The recorde d scene r moved from the top t e  the bottom 01 the disp lay simu lating level fli~h~
ove r t he terrain which resembled moderate1~ foliate d foothills. The tan k and truck tat gets were located
along thc test track at irregular intervals. They were in view on the subject ’s monitor for (,.6 seconds
and subtended an angle of 20 minutes of arc to him, as calcu lated from the maxt imiuni v~css mg distance

of 30 inches (762 mm).
.

The recorded engine management display consisted of ’ five engine-performan..e n:1rameters shown
in one linearly formated display (see Figure 2). The markings were white on t black back ground. while
t he indicator arrows were light green when in-tolerance, changing to red w hen o .n-oi- tole rance
(mal function~. A white line located under a portion of each engine parameter was used to  indicate the

in-to leran ce range. ‘the marking colors on the color engine display were varied by coniroUin:c ‘ ‘ 1. red
blue , and green beams of the color monitor (e.g.. switching off the blue beam provided yellow nt:irkings
wit h a red arrow when art out-ol-tok rance cot.dit ion occurred). B). additionally switching from im’C co lor
to a monochrome si~ iaI. monoc hromatic yellow markings were provided (i.e., I.he arrow did no~ change

from ye llow to red, but staye d yellow when out.of .tolerance). The marking arid arrow color
combinations and chrotnaticity coordinates are provided in Tables I and 2. The ls’minances the
m a r kings were adjusted to 5 liL (17. 1 cdlm y- I) for all conditions. The underlines and a’ ows
subtended visua l angles, respective ly, of 4.5 x 35.7 and 11.2 x 15.7 minutes of arc a t  the max~mum

viewing distance.

8
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TABLE I - Engine ‘~~ .j.iay Colors.

. . Arrows
• Experiment Markings

In-to lerance Out-of-tolerance

— I and II White White White
S White Green Red

Ill Red Red Red
Green Green Green
Blue Blue Blue

Yellow Yellow Yellow
W hite White White
White Green Red
Yellow Yellow Red

TABLE 2. Engine Display Color Specifications.

Chromaticitv Wavelength. Saturation.
Color ________ ‘

x v rim

Red 0.656 0.322 630 94
Green 0 323 0.594 550 77
Blue 0.146 0.045 450 97
Yellow 0.434 0.505 572
White 0.31 S 0.290 — — -

Response Buttons

W hen a subject saw a target . he pushed a hand-held response button. W hen he saw a naltunction
indicated on one of t he engine management displays . he first pushed one of two butto ns to indicate
w hether the malfunction w -l s occurring on the right or left display (these two buttons s~ ~re not used in

• the initial two studies) and then pushed one ot f ive buttons to indicate which one of five parameters

~sas out of tolerance. These buttons were mounted on a panel in tront of the d isplays. All buttons were
wired t~ a Honeywell 906C I 2~Channel \ tsicordei - The printout rum this recorder provided a l  the
required respon se time and accurac y data for analysis.

Subject Area Lighting

The subjects ’ monitors were viewed tinder conditions oI ted and white illumination for tt ,i t third
experiment. The light incident on the color monito m was measured with a Techtroni\ J (.-6503
illuminance probe. The lighting for the expe riment s~as as follows:

I
Red 0.4 ftc (4.3 lox) I IOV ( .I - SOW , l l 5 \ ’

White 0.4 ftc (4.3 t i x )  (,lV ‘A ll. - 5W 0V

a

9
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General Equipment

Additional equipment used to calibrate and monitor the experimental apparatus included.

Gamma Scientifi c IC’ 2000K te lep hotumeter to adjust the luminance and measure the c hromatic ity a
t he subj ects ’ monitors: a lle llige IRT Mark 3 coloi comparator to color-balance the color UIspla~ a
6500K: Visii:il Information Institute 2 16 test pattern and 306 5). nchronu,ation generato rs to cO !ttpar
and adjust t he linearity nd geometry of the subject s ’ monl’urs: and a circuit designed and built at \Vi(
to convert the audio signals to e lectronic si gnals f ’or disp lay on the Vis icu rder .

E XPER IM E N T . -~L DES I GN

Three studies were designed to compare colo’-coded to non-color-coded informm.~t ion dynamicall:
disp layed on TV . The first experimen t used a 2 ‘. factorial design to investigate eo~or-eo ded ve rsu
B&V. displays and ex perie nced subjects compared to naive subjects. For this experiment , an eng in
displa). monitoring task contained 10 malfunctions presented over a 22-minute period. Color-codei
versus B&W displays were evaluated with a single ‘actor design for the second expe rimcm tt in which ‘‘I:
3 malfunctions were presented over a 22-minut e period.

For t he third study, seven display-color conditions, four experience levels , and two colors o
illumination were investigated with a 7 x 4 x 2 repeated measures design. Illumination, t he repeatc i
factor , was counterbalanced across all subjects. Each display condit ion was seen by one of seven gi oups

• The groups were composed of one subject from each of the four experience levels. In this experiment
13 malfunctions and 33 targets we re displayed over each of two 22-minute test periods. The design fo
this study is shown in Figure 3.

____________ ______________ 
Markings 

__________________

— 
tight Blk , white Red’ w hite Red/yellow Red 

1~~
een Buc Yellow

Red S~ 5 c S., S1~ S . _  S 2 .
S S5 I S~ ~ S 1 S. 2

.— 
S3 S~ s 1 S 1 ~ 

S ,,~ S 2 3  S~ -

S4 S8 S .  S 1,, S. S24 S’ .

White S 1 S. S . S1, 5,, S~1 S.,
S2 S6 S 1 ~ 

S1 S 8 S2 2 6
S 3 S7 S 11 S1 S, S2 S.
S4 S9 S 1. S,1, S. ,, S ., S. .

FIGURE 3. Experimental Design.
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SUBJECTS

All of the subjects (
~~) for t hese studies were \aval Weapons Center personnel oCi weeti 01 ages

of 22 and 43. The first experiment used 12 civilians in profess iona t occupations who were divided in to

two groups of naive and experienced Ss based on their prior participa tion in targe t acquisition stud ies
- Six civilian professionals of sa r~ ing experience levels served as Ss in the second experiment . In the th nd

experiment. 28 Ss were assigned to seive in one of four groups: (I ) civilian professionals expe rienced
target acquisition stu dies (termed as “Test- Wise ” subjects ) : (2 )  civilian professiona ls wtthout e\ per !e’e. e
in targe t acquisition (terme d “Naive Civilian”): (3) military pilot and bombardier/navigator of fic e rs
experienced in target acquisition (termed “Pilots-B/Ns”): a id  (4) military enlisted m e n  inexperienced ‘i

target acquisition (termed “Naive Military”). All Ss were rested on the Bausch and Lomb Armed I n  ces
Vision Tester and had 20/20 or better visual acuity. Additionally, those Sr who participated in an~ ‘I

the conditions involving color had normal color vision as determined with the Dvorimie
— Pseudo-Isochromatic Plates.

PROCEDURE

Each S was shown the experimental apparatus and then seated at a viewing distance of 30 inches
• (762 mvii) from the displays. lie was allowed to lean forward , if he wished , but was not allowed to

move back beyond the stated viewing distance . Recorded Instructions (see Appendix A) then described
t he required task and explained the procedure. Next followed 4 minutes of practice involving only the
target video and target response button. If the S had difficulty in detecting targets , t he video tape was
rep layed. Then 4 minutes with just t h e  engine management display was piacticed , followed by 4 minutes
of practice using all displays and response buttons. The experiment was begun when a S could perform
t he last 2 minutes of practice wit hout error . The experiment proceeded with the S viewing one ot the
prescri bed conditions. W hen the S had completed this portion of the experiment , the video tapes were
rewoun d in preparation for the next condition . Each portion of the experiment required 22 minutes to
comp lete plt:s a 5-minute break while the tapes were being rewound. The total time required of a S was

— typically 70 minutes.

ANALYSIS

Both targe t detection and malfunction detection times were recorded. Detection time was defined
as t he interval between t h e  on3et of a malfunction or the appearance of a targe t and the suhiect ’s
response. Misses were scored as 8 seconds and 12 seconds, respective ly, for targets a rid malfunctions.
Errors of omission and commission were also recorded arid may be found in A ppendix B. Analysis of
variance was used to anaiyze t he response time data , while levels within a significant fact ,,, we e
evaluated w ith Newnian-Keuls comparison tests. The t statistic was used to anahze the second
experiment , as well as to compare t he results between the fi rst and second experiments . 2 2  Amid. ‘ irla!I).,
re lative scores were calculated from the response time data. This was done to provide a perfor ’iance
baseline with B&W displays as a standard of comparison for performance with color and color-cod id
displays. Percent performance change was calculated from the formula

22 
~~, j. Wine r .  Sla thi ice! Principle s in Exp er:nn ,ual Des ign . 2.1 ed. San Franci~ro . Mc Graw-Hil l. 197 1.
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RB - R C
-~~ 

- .

. 

Change (~ - )  = — — x 100
RB

where RB is the B&W mean response time and RC is t he response time to a display under the specified
co lor cotidition .

RESULTS AND DiSCUSSION

Three expe riments were conducted in which Ss were required to detect targets on one TV display
while monitoring one or two engine management 1V displays under various display-color conditions.
The results of these experiments generally indicate tha t there is a slight advantage to color-coded
displays over B&W displays (Figures 4 and 5). It was found tha t an engine display in certain colors (e.g..
yellow t can be used with B&W displays without degrading performance and that the color of the
low-level ambient illumination (red or white) has no effect on performance . regard less of display color

B&W TARGET DISPLAY

COLOR ENGINE DtSPLAY
— 2 0

-25 -

~~~~~~~~~~~~~~~~~~~ 
3 J ::T0. ! ! i r l ri 1 1 1 TI

10 —  
- LJ~~~~~~~1:~P I [X P II - L___,

- I • .2 0 -
. 

-
I

- • 25
1 0 a YE L L Ow BLuE RD WHT RD ‘i’ LL GRN RED
MAL ~~tJ NC IONS y~ P[ AV COLOR

FIGURE 4 . Percent Per fo rmance Change FIGURE 5. Percent Performance Change With
and Respo nse Time t’or Experiments I Color Relative to B&W Displays for Experin~’nt
and II. Ill (Abe-raged Across Three Displays).

The p,
~’ ‘ ‘ ,flanc ~~~~~~~ •n 5 • . e 0%I ‘ s ‘“ .‘ n’ .~a,. response t .me fo und fo. th~ QX DPr-rfl i ’r”

whe n all disp 1 ayc vv”  shown ri t1&W

_ _  
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. DISPLAY COLORS

- 

- .  

The anal ysis showed that display color had a significant effect on performance for all
experiments. For Experiments I and II (one engine display atid one scenery displa) I there was ru
difference in performance on the engine display whether it was color-coded or B&W . However, when it

was color-code d, target detection time on the scenery display decreased significantly (p < 0.0 1 and
p <0.025 , respective ly, for E.\ periments I and II). No significant difference in response time was found
between the 10 malfunctions presented in Experiment I and the 3 malfunctions presented in
Experiment II.

The findings for the first and second experiments su~~est that subjects were more attenti ve to the
scenery display when the engine display was color-coded than when it was not. Additional l ) .  “te
extreme ly low error rate (< 2’/ missed targets) suggests that Sr had little difficulty with the task in
eit her color or B&W.

The analysis of Experiment III (one scenery display and two engine displays) showed that the
display color affected performance on both the target display and the color engine display (p <000)),
but not on the second B&W engine display . Figure (~ shows how each of the display colors compared to
B&W TV in terms of percent performance change relative to response time. The mean response time
(3.33 sec~ when all three displays were shown in B&W TV provides t he performance base line (O’7).

it can be seen that monochromatic yellow, blue, and color-coded red-on-white provide d an overall
$ higher perfonnance level than did B&W TV. On the other hand, monoc hromnatic red and green degraded

performance while color-coded red-on-yellow was comparable to performance with B&W TV .

1 0
B & W ENGINE DISPLAY

COLO R E N G I N E  DI SPLAY

B & W T A R G E T  DI SPLAY

40 - - 2 0

U

w : i:f llfl~4i 
.T1~~~~~~~~~~~~~H~~~~

~~~~~

YELLOW BLUE R DW - I T RD/YEL GIIN RED
- D SPLA Y COLOR

FIGUR E 6. Color Relative to Achromatic TV Mean Response Time
Performance for Each of Three Displays.

The performance baseline in th is I gure (0%) is tb -e - r i  response time found to, ‘5’ ,‘e~)et-r ’ ie ”
when all dis ptay s were sho w n in B&W.
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These expe riments have shown (1)that a color-coded TV engme display, compared to a B&W TV
• engine display, offers some improvement in .erall response time performance, and (2) that

- 

- monochromatic colors on TV differentially affect performance . The rather weak performance
improvement provided by color-coding may be due to the apparent easiness of the task. Error (omission )
rates cont inued at less than 2’3~ even when the third display was added for the final experiment. This
suggests that ample time was available for subjects to accomplish the task and that their
information-handling capacity was not taxed. There is some evidence to support the view that
color-coding becomes more effective with increasing work loads.2 ~ Although it was believed the addition
of a second engine display for Experiment 111 would test this view, clearly it did not. Also, there is the
view suggesting that, with extensive practice, the initial benefits of one coding method over another ,
including color-coding, tend to become minimal.3 Research is needed to simultaneously test both views.

DISPLAY ILLUMINATION

The displays for the third experiment were illuminated with low levels (4.3 lux) of either red or
white light. The color of the ambient illumination did not have a significant main effect on
performance. However, illumination interacted with experience to affect performance on the color
engine display (p < 0.005). Figure 7 depicts this significant interaction. It shows that both naive subject
groups performed better under white light, pilots-B/Ns performed better under red light, and the lighting
made little difference to the Test-Wise group. Since performance was relatively poor for the
monochromatic red condition , scores for this display color were checked against both red and white

$ illumination. There was no difference . The performance of subjects using the red display was relatively
poor under both red and white illumination.

4.0 —

—. TEST—WISE
—O PILOTS—B/ Ns

3.8 — — — A  NAI VE CIVILIAN

~~~~~~~~~~ NAIVE MIL ITARY

3.6 —

~~~~~~~~~~~~~

I
FIGURE 7. Illumination by Experience

2.8 — Interaction for Color Engine Display.

2.6

2.4 —

0
RED WHITE

ILLUMINATION COLOR

2~ Honeywell . Inc . “ Color Coding Resear ch . ” by Maj o r ie J.  krcb.. Minneapolis . Minn. , 1976 (U npu hlu ’hcd oap~ i I

14

--—- . -‘ -

~

— —,-~~~~~~~~~
-- .- . .- - -.-

~~~
- --.--

~~



- —, — -.- - —.- — ..—. - --. -- - .- - -~‘r ----~ ~~~~~ - ~‘-‘- 
—

~~~ —--- - -.--- —.-,—-—--— - — --- - - 
-~~~~

NWC TP 5952

Within the limits investigated , the experiment indicat es that illumination color does not inherer i fy
affect the performance of detection or monitoring tasks on television. However , t he illumination by
experience interaction suggests tha t , with color displays, people used to working tinder one light color
need some amount of additional practice to work as effectively under the other light color.

-~~ 
. 

OBSERVER EXPE RIENCE

Civilian subjects experienced in target acquisition tasks were compared with civilian su btects
inexperienced with target acquisition tasks in the first experiment . No significant differcn~es in
performance were found between the two groups. Experience level was again investigated in the third
experiment. Here , experience was split into two groups : (1) civilian (Test-Wise ) and (2) military
(pilots-B/Ns). lnexp’ rience was also split into two groups: (I) civilian (naive)and (2) military (naive). No
difference in malf’inction detection performance on the engine displays was found between the four
groups. However, experience was found to affect target-detection performance (p <0.001). Application
of the Newman-Keuls test to the experience factor shows that the performance of the naive militar~group was significantly different from the performance of the other three groups.

Inspection of the data indicates that , when the naive military group saw the targets , they had
response times similar to the other three groups. but they missed three times as many targets. This
suggests that, with additional practic e on a target-detection task, this group would perform on a level

$ compara ble to the other three groups.

SUMMARY

The results from these three experiments investigating color-coding on television displays are
summarized as follows:

1~ Target detection response time on the scenery display was faster when the en~tine d~srlav
was color-coded than when it was fbI .

2. Color-coding on ilne engine display did not affect performance on an ad iac.’nt B&W eii~~ne -
disp lay of identical format .

3. Response titne performance with yellow or blue monochrome eneine d sp ia~ s ‘~:‘c r~)t
signif icantly different than with co’or-coded displays. w hile performance with red ot green nionoclt rotne
displays was significantly s lower than with color-coded displays.

4. Performance with the various display colors was not a ffected by the color (red ot white) of
the ambient illumination.

5. Experience level was tot an important factor for these experiments.

6. Too few errors were made on both color and B&W displays (< ‘ ~ ) t o ttdcq uatck test he
percent correct pertormance t i leas ur e.

7. The statistically sign ificant improvement in response time performance wi ’h son’e ~t’I i-
disp lays is not necessaril~ signi ficant in an operati onal sense. Additiona ’ studies eniph’~ rig w ~ et .in
of work loads and training are recommended and required to validate this point.
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Appendix A

SUBJE CFS ’ R ECORDED INSTRUC TI ONS

S

The purpose of this experiment is to help us determine how well people perforni Iwo tasks undet
varying conditions. Your primary task is to detect vehicular targets—a pair of tanks or trucks--like these
on the upper TV. (.~ shows tandem arrangement of target-pair). When you see targets, push this button
(L provides hand-held response button). If the targets appear in Sector One, push the button once : if
they appear in Sector Two , push it twice, and if in Sector Three, push it three times.

Your secondary task is to monitor these indicators on the bottom two TV screens. Whenever one
of these pointers exceeds the tolerance limits shown by these markers , in either direction, push the left
or right button corresponding with the left or right TV , and then push the button corresponding with
the out-of-tolerance indicator. If, at any time, you make an error , simply call out, “ERROR”, t hen
make the correct response and continue with the task.

Now there will be several minutes of practice - First, you will see about 4 minutes of scenery with
$ the targets on the upper monitor.

• For this part of the practice , you will hear a tone indicating that a targe t is present. Practice your
response. Ignore the lower TVs for the moment, Ready? (L  runs for 4 mittutes of scenery video tape .
checking the subject ’s responses). Now you will see 4 minutes of tape containing malfunction indications
on the lower monitors. Again , practice your responses. Ignore the top monitor for the moment. Ready?
(
~~ 

runs 4 minutes of video tape containing malfunction indications and checks the subject s responses) -

During the last part of the practice , all three TVs will be operating. For the first portion, a short
beep wi ll sound when a target is in the middle of the sc reen. There will be no tones the last 2 minutes
of practice. Remember to watch all three screens, and make the proper responses. Ready? (L plays the

a next 4 minutes of the video tapes, observing the sitbject~s rcspotlscs . If any errors are made during t he
last 2 minutes of practice , the tapes arc rerun until no errors occur curing the final minutes.)

There will be no more tones. l’his portion of the experiment will last about 22 minutes. There
will be a short break , and then we’ll complete the last 22 minutes. We are read y to begin. Arc there any
questions?

~~~~ 16 
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• Appendix B
— 

ERRORS

Three types of errors were committed during these experiments: (l)momentary (M)—S realized
his mistake and self-corrected; (2) commission (C)—S reported targets that were not , in fact, rea l targets,
or responded incorrectly; and (3) omission (0)—S did not respond to targets that were, in fact , present.

- - The errors are noted by each experiment below. No further attempt was made to analyze the errors due
to the paucity of data.

- Experimental conditions
Experiment Error - _____________________ ___________________

Color-coded B&W

(C) False targets I
(0) Missed targets 2 4

II (C) False targets 2 0 -

(0) Missed targets I

Experienced Naive 
__________

• Test-Wise Pilots-B/Ns Civilians Military

III (C) False targets 0 3 4 27
(0) Missed targets 4 6 5 17
(0) Missed malfunction 3 l I 5

‘I. 
(C) Pushed wrong hutton 0 0 I 6

- - (M) Pushed wrong button 4 6 4 9

17
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