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Introduction 
With th e likel ihood of pilots acq uiring more 
responsibility for rea l-time flight-path 
replanning, designers face new difficulties in 
creati ng advanced flight deck displays that 
provide the required ituation awarene sa nd 

d~cision support tool s. In particular, a Cockpit 
DIsplay of Traffic Info rmation (CDTI) must 
dep ic t s ufficient information to provide 
ituat ion awarenes , while keeping attentional 

demands and time- to-sea rc h a t a minimum. 

There a re several poss ibl e approaches to this 
problem. One is to u e visual fea tures to 
egrega te information on a display into more 

and les important ite m , and using these 
feat ures to direct attention. Such features may 
vary in terms of inherent sa lience (involuntaril y 
a ttract ing attenti on), or impl y in terms of a 
visua l codi ng that is cogniti ve ly mapped to 

differing levels of importance. Therefore, 
di splay e lement features and knowledoe about 

. b 

target a ttributes can both play important roles 
in enha ncing v isua l search performance within 
an informati onall y-dense display such as a 
CDTI. 

The e concepts have prev iou Iy been exam ined 
in theore tical and app lied ett ings, and are 
commonl y refe rred to a diffe rences between 
top-down and bottom-up attenti onal control in 
visua l search task. At the theoretical level, 
research has shown that sa lient ite ms may be 
involuntarily processed f irst in visua l search 
tasks, indi cati ng that bottom-up processin o is 
. b 

Important in the deployment of attenti on (e.g., 
Joseph & Optican, 1996; Kawahara & 
Toshima, 1997). By way of example, Pas hl e r 
( 1988) howed that w hen co lor was irre levant 
in a vis ual search task, participants still took 
longer to locate a target when di stractor color 
sing leto ns appeared. Similarly, Theeuwes 
( 1991 a, 1992) fo und that irrelevant inole tons b 

could att ract parti c ipants' attention w hile 
performing visua l tasks. 

On the o ther hand , research has shown that 
what appears to be an in vo luntary, or 

automatic, capture of attenti on is often the 
result of top-down processing, w here a pri or 

mental set tunes the attenti onal ystem to 
respond auto matica ll y to spec ific features (e.g., 
Folk & Re mington, 1998; Jonides & Yantis, 
1998; Gibson & Ji ang, 1998). For instance 
Folk and Remington ( 1998), in a mod if ied ' 
spatia l cue ing paradig m, demonstrated that 
top-down "control e rrings," such as the 
defining fea ture of a ta rget, could direct 
participants ' attenti on w ithin a display . 

At a more applied level, how hig hli ghting can 
direct a user· s initial a tte n t io n to ta rgets , in 

turn reduci ng search ti me, has a l a been 
studied (e .g. , Morse, 1979; Smith & Goodwin 
197 1, 1972; Stewart, 1976) . However, the ' 
benefit of such highlig hting appeared to be 
contingent on e ither bottom-up facto rs, such as 
the type of hi ghlighting (e.g., co lor, bri ohtness 
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blInkll1g), or top-down factors , such as the leve l 
of highlig hting va lidity, and the probability that 
operators attend first to the hi g hlighted opt ions 
(Fi sher & T an, 1989). Therefore , w hile top­
down and bottom-up processes have both 
shown the ir indi vidual impact on control of 
attention, their interact ive effec ts on attentio n 
contro l and visua l earch perfo rmance may be 
equa ll y important to a sess. Accordinoly the b , 

present tudy inve ti gated the s imultaneous 
impac t of both top-down and botto m-up co ntro l 
of attention during vi ua l search within a 
CDTI. A CDTI depicts the locati on of a ircraft 
proximal to one 's own a irc raft (Ownship). An 
effic ient COT] ensures the pilot pays greate r 
attenti on to aircraft that are like ly to conta in 
important infor matio n, and one method to 
accompli sh this is to u e a discriminative 
feature to di s ting ui sh which se t of a irc raft are 
potential ly important , and which are Ie s like ly 
to be important. 

The present study used re lative intens ity, or 
brightne s, as the di sc riminati ve or , 
highlig hting fea ture, and examined whether 
brightness, pe r se, would influence attentio n in 
the absence of any info rmation about the 

re lati on between the brightness of a st imulus 



and whe ther th at stimulu s was the target (zero 
va lidity). Thi i a n examinat ion of a pure 

bottom-up effect. In additi on, the effec t of 
brightness was exam ined when participants 
were g iven info rmati on about thi s re lation 
between the bri ghtness of a s timulus and 
w hether that stimulus was the target (full 
va lidity). Thi s is an exami nation of a top-down 
effec t, but one that may be influenced by 
bottom-up effects ( i.e. , search may be faster 
w he n directed to bright targets than when 
directed to dim targets) . 

For the current in vest iga tion, aircraft prox imal 
to Ownship were presented on a C DTI. 
Participants were instructed to detect a s ing le 
target ai rc raft on a co llis ion course w ith 
Ownship. Depending on experimental 
conditi o ns, all of the a irc raft could be dim , all 
could be bright , o r ha lf could be dim and half 
bri ght (Mi xed conditi on). Highlighting va lidity 
was tested in 2 experi ments, one w here the 
participant was informed in the Mixed 
co nditi on if the target a irc raft would be bright 
or dim (full validity), and a second experimen t 
where the participant was not informed of 
target intensity in the Mixed cond iti on (zero 
va lidity). The primary depe ndent mea ure was 
response time fo r the detect ion of the target 
a irc raft. 

Method 

Stimuli and Design 
The experiment utili zed a COT} with one 
Ownship symbol depicted by a white f illed 
triangle (chevron) located at the bottom of the 
di play, and 8 other a irc raft sy mbo ls (unfilled 
chevrons) pseudo-random ly placed throug hout 
the re t of the di splay (Figure I). C hevron 
o ri entation corresponded to the direction the 
a ircraft were traveling. 
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Figure t. A CDTI show ing Ownship and 8 
a irc raft. 

The CDTI was part itioned into fo ur eq ua ll y 
s ized x-y regions w ith either one or two a ircraft 
random ly located in each reg ion, generat ing a 
total of fo ur o r e ight ai rc raft on the d isplay 
(depending on experi menta l condi ti on, 
di sc ussed later) . The target appeared equally 
often in each region in order to minimi ze 
poss ible location effects. When the target 
a ircraft appeared in a particu lar region, it 
replaced a non-targe t a irc raft; thu s, there were 
always three o r seven non-target aircraft paired 
with one target a ircraft on the display. The 
placement and head ing of each non-target 
ai rcraft was designed to mi ss O wnship by a 
vi uall y wide margin. The a lti tude and speed of 
a ll a ircraft were the same. Thus, it was obvious 
when an a ircraft was a targe t. 

T wo w ithin-participants variables were 
manipulated, Mixture and Target Intensit). 
Mixture display cond iti ons inc luded: the 
Homogenous-8 condition (where a ll eight 
a ircraft had the same intensity, e ithe r bri ght or 
dim), the Mixed conditio n (where fo ur a ircraft 
were bri ght and fo ur were dim), and the 
H 0l11ogenous-4 cond iti on (where onl y fo ur 
ai rcraft were depicted on the di splay, and a ll 
had the same intensity, bright or dim). The 
luminosity (intensity) levels for bright and dim 
ai rcraft were 1.8 J cd/m ~ and 0.28 cd/m~, 



respectively, against a black background of 
0.0014 cd/m2

. Table 1 shows a matrix of the 
conditions. 

Table 1. A matrix of the conditions. 

Target 
Intensity 

Bright 

Dim 

Mixed 

3 Bright Aircraft 

4 Dim Aircraft 

I Bright Target 

4 Bright Aircraft 

3 Dim Aircraft 

I Dim Target 

Condition Type 

Homogenous-8 Homogenous-4 

7 Bright Aircraft 3 Bright Aircraft 

o Dim Aircraft o Dim Aircraft 

I Bright Target 1 Bright Target 

o Bright Aircraft o Bright Aircraft 

7 Dim Aircraft 3 Dim Aircraft 

I Dim Target I Dim Target 

The "Directions" manipUlation distinguished 
the two experiments. In the Undirected 
experiment, participants were not told whether 
the target would be dim or bright prior to 
Mixed condition trials . In the Directed 
experiment, participants were told ahead of 
time whether the target would be dim or bright 
during Mixed condition trials. 

The Undirected experiment consisted of six 
blocks of trials, one for each of the 
combinations shown in Table 1, with the 
exception that trials from Mixed conditions 
were intermixed to form two blocks with equal 
numbers of intermixed bright and dim target 
trials. 

The Directed experiment consisted of six 
blocks, with one block of bright target trials 
and one block of dim target trials. Participants 
were informed about the target intensity at the 
beginning of each of the bright and dim 
Mixed blocks. 

Participants 
Forty-eight NASA-Ames employees (17 
females, 31 males) volunteered their time to 
participate in the experiments. Each 
participant had normal or corrected-to-normal 

vision and was na·ive as to the purpose of the 
study. 

Apparatus 
An Intergraph Pentium 200 system with a 20-
inch (51 cm) diagonal SVGA (1024 x 1280) 
display was used . Viewing distance was 
approximately 48 cm, and the display updated 
at 60 Hz. 

Procedure 
The experimenter explained the main aspects 
of the task and procedures to each participant. 
Participants then read detailed instructions and 
began with 48 practice trials before 
proceeding to the experimental trials. For each 
trial, participants were asked to detect the one 
(target) aircraft on a collision course with 
Ownship. Once detected, participants pressed a 
button on a keypad indicating the target had 
been found . Detection times represented the 
time that elapsed between the onset of the 
aircraft in the display, to the time when the 
keypad was pressed. After the keypad was 
pressed, non-directional circles replaced the 
aircraft symbols, and the participants were 
instructed to use a mouse to select the circle 
where the target aircraft was previously 
located. This procedure assured that detection 
time was measured without contamination 
from the time needed to move the mouse to 
the target, and served to verify that participants 
had found the correct aircraft. Visual and 
auditory feedback was provided for incorrect 
target detections. For each trial, participants 
were asked to detect the conflicting aircraft as 
quickly as possible, without sacrificing 
accuracy . For each experimental condition 
participants responded to 48 trials , with 
optional self-paced breaks between each of the 
six blocks. Each participant completed a total 
of 288 trials . Participants were debriefed and 
thanked for their participation. 
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Results 
The overall error rate for both the Undirected 
and Directed experiments was less than 1 %. 
For each participant, detection times beyond 
three standard deviations from the mean were 
considered outliers and excluded from the 
analyses. Overall , 0.6% of trials were 
discarded . 

Undirected Experiment 
A repeated measures analysis of variance 
CANOY A) was conducted for the Undirected 
experiment group. Mixture condition (Mixed, 
Homogenous-8 , Homogenous-4) and Target 
Intensity (target being bright or dim) were the 
two within-participants factors (Figure 2). A 
significant main effect of Mixture (F(2,46) = 
29.917, p < .001) was found. Follow-up 
analyses showed that the mean detection time 
of the Mixed condition was not significantly 
different from the Homogenous-8 condition, 
but was significantly slower than the 
Homogenous-4 condition (F(1, 23) = 52.56, p 
< .01). Mean detection times for the Mixed, 
Homogenous-8, and Homogenous-4 
conditions were 1737, 1587, and 1145 ms, 
respectively. 

In addition, a near-significant main effect of 
Target Intensity (F(l,23) = 3.524, p = .07~) 
and a significant Mixture by Target IntensIty 
interaction (F(l, 23) = 6.719, p < .01) were 
found. The main effect of Target Intensity 
showed that, on average, bright targets were 
responded to faster than dim targets (mean. 
detection times for the bright targets and dIm 
targets were: 1462 ms and 1517 ms). Follow­
up analyses also showed that participants 
responded faster to the bright targets than to 
the dim targets in the Mixed condition (F(1, 
23) = 17.08, p < .01). However, there was no 
significant difference between bright and dim 
conditions for the Homogenous-8 or 
Homogenous-4 conditions. In addition, there 
was no significant difference in the mean 
detection times for the bright targets in the 
Mixed condition, and either the bright or dim 
targets in the Homogenous-8 condition. This 
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suggests that the mixed presentation hurt the 
detectability of dim targets, but left the 
detectability of bright targets unchanged, and 
equal to the Homogenous-8 targets. 

f 500 I 
'; 2000 +1 ----IHl29----------­
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-;; 1500 
.:: 
~ 1000 

" '0 
C 500 .. 
~ 0 

Mixed Homogenous-8 Homogenous-4 

Mixture condition 

Figure 2. Mean detection times as a function 
of Mixture condition and Target Intensity in 
the Undirected experiment. 

Directed Experiment 

A repeated measures ANOV A was conducted 
for the Directed experiment, with Mixture and 
Target Intensity as the two withjn-partjcipants 
factors (Figure 3). Main effects for Mixture 
(F(2,46) = 41.741 , p < .001 ) and Target 
Intensity (F(I,23) = 16.287, P < .001) were 
found. Overall, the Mixed condition yielded a 
significantly lower mean detection time (M = 
1262 ms) than the Homogenous-8 condition 
(F(1, 23) = 14.32, P < .01, M = 1497 ms), yet 
a significantly greater mean detection time 
than the Homogenous-4 condition (F(1, 23) = 
38.08, p < .01, M = 1001 ms). The main effect 
of Target Intensity showed that bright targets 
were responded to faster than dim targets (M= 
1088 vs. 1175 ms). Furthermore, there was a 
significant Mixture by Target Intensity 
interaction (F(l, 23) = 18.46, P < .01). It was 
evident that bright targets were responded to 
faster than dim targets in the Mixed condition 
(F(1, 23) = 13.88, p < .01) and Homogenous-
8 condition (F(l, 23) = 12.08, p < .01) but not 
in the Homogeneous-4 condition. 

The Target Intensity effect in the 
Homogenous-8 condition was surprising since 
it did not occur in the Homogenous-4 
condition, or in the two homogenous 



Unfo rtuna te ly the re wa no apparent 
inte rpre tati on fo r why this effec t hould occur 
fo r e ight , but not four ta rgets; or why it should 
be di ffe rent between the two ex periments. 

-;;;- 250 

E. 
~ 2000 +---------------- ~_---, 
:: 
~ 

" 50 
'" .,.. 

£ 
O +-...l....--

Mixed HCm0fl":t10l6-8 Hall0~t1olls-4 

iVI ixtl.llt' condition 

Figure 3. M ean de tecti on times a a func ti on of 
M ixture cond iti on and Targe t Inten ity fo r the 
Directed ex periment. 

Comparing across experiments 
To examine the inte racti ve effects of Target 
Intens ity and Directions (direc ted vs. 
undirec ted), A NOV A ' s were conducted fo r 
each of the M ixture conditions - w ith Target 
In tensity as a within-parti c ipant va ri able, and 
D irecti ons as a between-parti c ipants va ri able. 
For the M ixed condition, there was a 
s ionificant main effect of T arget Intensity ( F ( I , 

'" 46) = 30.49, p < .0 I), whi ch showed that, on 
average, bright targets were responded to fa te r 
(M = 1405 ) th an dim ta rgets (M = 1594). There 
was a lso a s ig ni f icant ma in effect of Direc ti on 
(F( 1,46) = 7 .36, p < .0 I) w ith the directed 
group (M = 1262), on average, responding 
fas ter than the undirected g roup (M = 1737) . 
There was no s igni fica nt inte rac ti on. Similar 
ana ly is of the Homoge nous-8 and 
Homooe nous-4 conditi ons showed no 

'" ignif icant effects. 

Fina ll y, we note that if pa rti c ipants were able to 
complete ly ignore a ircraft w ith the irre levant 
bri oh tness level in the Mi xed condition, then 

'" perfo rmance in the Mi xed and Homogenou -4 
cond itions should have been approx imate ly the 
same . However, thi s did not prove to be so. In 

the Directed ex periment, where the a ircraft w ith 
irre levant brightne s levels were removed ( i.e. 
the Homogenous-4 conditi o ns), there was an 
average of 496 ms improvement re lati ve to the 
Ho mogenous-8 conditi on. However, when 
parti c ipants were g iven directions perta ining to 
the intens ity set amo ng which th e targe t should 
re ide , the re was onl y an ave rage 26 1 ms 
improvement. That is, onl y 53% (26 1/496) of 
the potenti a l improvement was rea li zed. 

Discussion 
The present s tudy investigated the effects of 
ta rget intensity and hig hli ghting va lidity, and 
the ir pote nti a l inte racti on on visua l search 
performance with a CDTI. It was found that 
there was an improvement in target detection 
perfo rmance w hen parti c ipants were informed 
ahead of time which inten ity level - bright or 
dim - to focus the ir attention o n when 
searching for a ta rget. Thi s supports the idea 
that top-down process ing a ids search and 
de tecti on pelfo rmance. 

However, thi top-down effect was only about 
half what might have been ex pec ted if the re was 
a substantia l botto m-up, ' pop-out ' effec t. It is 
poss ibl e the dif fe rence in brig htness was not 
grea t e nough (though the bri ght ta rgets were 
et at the max imum poss ible fo r our CRTs, 

bri ghte r targets could be po ible on other types 
of monitors). Furthe rmo re, in pre limin ary 
eva lu ati ons it was determined that the dim 
taroe ts could not be made dimmer with out 

'" . d making the m di fficult to pe rceive. The applI e 
re levance of thi s finding is that it may take a 

la rge brig htnes di ffe rence to generate 
additi onal sav ings in earch time. 

On the other hand , Figures 2 and 3 show tha t 
fo r both the direc ted and undirected 
ex periments, targe t inten ity in the Mi xed 
condition seemed to independentl y influence 
search performance, caus ing the de tecti on of 
d im targets to be s lower than detec ti on of bright 
o nes . Thus, there was a bottom-up effect of 

inten ity on perfo rmance. 
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One questi on to ask is whe ther thi s is a re lati ve 
intens ity effect, o r if bri ght targets are s im ply 

eas ie r to di scriminate than dim targets. Three 
out o f four of the homogenous conditi ons in 
the two experiments fo und no effec t of 
brightne s on detecti on time. In examining the 
numbers (three o ut of fo ur), one could 
conclude that bri ght and dim are equal ly 
discriminable . Therefore, the effec t seems to be 
one of re lati ve intens ity. This is what would be 
expected if attenti on were be ing preferentia ll y 
deployed to brig ht targets before dim targets . 

This imple expl anation doe not, however, 
account fo r a ll of the data. In the Undirected 
ex periment , detection of the bright targets in the 
Mixed conditi on was no fa tel' than the 
detecti on of dim or bri ght targets in the 
ho mogenous condi ti ons. ] nstead, the effec t of 
mi xing the ta rget intens ities appears to slow 
down de tec tion of the di m targets. 

It should be po inted out that thi s could not be 
accounted fo r by s impl y pro po ing a mask ing 
effect of the bright targets on the d im target . 
The reason fo r th i is that app rox imate ly ha lf 
of the targets (actua ll y three out of seven) 
searched for pri or to findin g the brig ht ta rge t 
would have been dim . If detecti on of the dim 
targets was slowed due to bright target 
ma king, then th i woul d have lowed the 
overa ll detection of the brig ht targets too. Thi s 

is not like ly since the brig ht target Mi xed 
conditi on in the Undirected ex periment was 
responded to at a s imilar ra te a the bri ght and 
dim Ho mogeno us-8 condit ions in the 
Undirected ex periment. 

On the o ther hand, if the dim ta rgets are looked 
a t but not recogni zed a ta rgets, overall search 
time would be ex tended until the dim targets 
were re-sampled and perce ived correctl y . Thi s 
would be a pure perceptua l effect. An 
a lte rnati ve to thi s expl anatio n that foc uses on 
dec is ion processes would be tha t pa rtic ipants 
rejected di stractor at the sa me rate fo r the 
bri ght or dim timuli , but took longer to 

confirm a dim ta rget. In e ithe r ca e, bright 
targets would be de tected equa ll y fas t in the 
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ho mogenous conditi ons, while detection of dim 
targets would be de layed . 

Another ex pl anati on of thi s would be to 
assume two simultaneou effect in which the 
mi xture condi tion s imultaneously slowed down 
the overall search peed, while g iving 
preferenti a l attenti on to the brig ht s timul i. 

F in a lly, the anomalous f inding of a Target 
In te nsity effec t in the Homogenou -8 conditi on 
in the Direc ted ex periment remain a pu zz le. It 
may be due to some asymmetrical order effect, 
w ith the Mi xed conditi on in the Directed 
experiment causing parti c ipants to change 
att ent ional contro l setting (see Fo lk and 
Remington, 1998). However, pre liminary 
a ttempts by the present authors to f ind such an 
expl anati on have fa iled to reveal any 
convincing ev idence for thi s hypothes is. 

Other po s ibilities invo lve the re lati onshi p 
be t ween the inten ity level of the bright a irc ra ft 
and O wnship. Tha t is, the bri ghtness of 
O wnshi p always matched the inten ity level of 
the bri ght a ircraft, thus a bi a toward group ing 
the bright a ircraft and O wnship together could 
have occurred. In future work , O wnship will be 
presented at an intens ity level that represent 
mid luminos ity between the bri ght and d im 
targets on the d isplay. 

Futur work w ill foc us on ex pl oring the cause 
of the lower detection of dim ta rge ts when 
mi xed with brighte r di strac tor . The three 
hypotheses outlined above, missed dim-target 
de tec ti on , di ffere ntia l conf irmati on of dim and 
brig ht , and two s imultaneous effects w ill be 
eva luated. Current efforts are focu ed on 
conduc ting an experime nt us ing Sig na l 
De tecti on Theory methodolog ies to de te rmine 
w he ther dim targe t a re respo nded to more 
s low ly because of pure perceptua l, or additi onal 
co nf irma ti on processes. 
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