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Ecological Interface Design for Air Traffic Control Display
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ABSTRACT

The purpose of this study was to evaluate an effect of the new air traffic control display designed by Ecological Interface
Design [EID]. The methodology of EID has not been applied to the development of the air traffic control display so far. To
design a new air traffic control display by EID, We implemented Work Domain Analysis about the air traffic control
domain and made the Work Domain Model that consisted of the five levels of the Abstraction Hierarchy. We extracted the
Information Requirement from the completed Work Domain Model and the extracted information requirements from the
model were used to design the new air traffic control display. We evaluated an effect of the new air traffic control display
designed by EID. Participants for evaluating consisted of 14 active military air traffic controller of the Republic of Korea
Air Force. Experiment was designed two factors within subject. Factors manipulated in the experiment included displays
type to compare the existing type with the new ecological interface type and included complexity to compare the effect of
the high complex situation with the effect of the low complex situation. Response time about questions with relation to air
traffic collision situation, accuracy, and subjective work load were measured. The results reveled that EID type's display has
a significant effect on response time, accuracy, and subjective work load and verified that EID could be applied to the air
traffic control domain that is more complex and dynamic.

Keyword: Ecological Interface Design(EID), Work Domain Analysis(WDA), Abstraction Hierarchy(AH)
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2.6.3 Apparatus

7 g aEYo] typed 337] THA lgaﬂol*ﬂ A2 El2
C++ Zradoz Ay on A3 1921%] RYE )
e 4 HFEHZ AN

E 6 FHE tiaBeol Belu 3EUR) Balw
7} EEAEA FEAe o el 7HA e A

o
(Response Time: RT), @ g%
-4 NASA TLXAg] 2
919 ANOVA 443 T8l

__ri

H# 6. P value summarized from ANOVA

Source Response Score NASA
Time TLX

Display Type <.0001™ <.0001™ <.0001™

Complexity <.0001™ 0.1329 0.0055

Display Type*Complexity — 0.2802 0.9846 0.0288




o5 %, BA%E, 2006. 11. 30 st@m)| 2H CIAZHI0IQ) MENSHS QIE{HIOIA CIXIQI0 28t &1 111
2.7.1 EHHAIZHResponse Time: RT) 2.7.2 EHHO| MEte (Score)

X 6oA B F5Ed GHAZRD O gs)] g ¥ 604 B o] “Ltﬂ/\]{hﬂr w7 2 g el
Z# o] et (Display type) ¥ 5432 53 % (Com— % (Score) AT HaEFo] Y 357353 S3 %
plexity) Ztell TZ#-go] Foatx] FO B2 (p—value= 7o) w5 A-go] %OloPXl %2 Ao 2 YERYTH(p—value

0.2802) & &3 4 (Main effect test) = A= A

ol olul7k gleka ¥ 5 givk. webd,

a3 %24 (Main

effect test) S AAI3H A3}, Z42be] S5H4E (Display

type, Complexity)©]
G3o] 23]

olah).
2Z&#o] BFjo] HHAIZFRT) ©ll
itk 212 o] s }‘?i 7

e o
o7k
GRD)NA FroleA w
4@ﬂ:£tﬁ%%@%¢

Analysis&
E=x] E]i—é— o] 5.

sh lolnk

FTEHHF SAATFRT) ol
Fst A2 YelH(p—value E5F

TR
0.001

folg mvke v

%J ﬂ**ﬂﬂ 19} & =l

%ﬂﬂﬂ~

o
=}

Il
=}

=
=)

w
=}

ra
o

=1

---&--- Complexity &

s

—8— Complexity ¢+

Rezponse Time
=
g

w
=}

Ta

=1
=}

-
o

m
=}

JIE Type HEE Type

Display Twpe

8 6. Typezt Complexityol L2

Time #H3}

=0.9846). w2hA 5= &7} 4 (Main effect test) & AA|
o A7, YRl tiAEY o] ERYo] FEHHR TS
A Eo) wH= JFo] FAHOE Fog Aow e
S (p—value<0.001 oJsh FFdse] EdEs Hwe
A E(Score) ol H|A|= GEo] FAF SR FLJEHX
R0 & Yepdth(p—value=0.1329).
2Zdo] Blo] BHe FEE(Score) ol SAIA]
et avs JepdokE 2 :L‘jJ 7oA A
AEEa taZgolrt 71&
= st A glo] 473 0}71] *‘3 ZJ&kst 99 (Score)

(SIS
15

< 7Y FohE Aola o= g taEYlo|rt 71&
o] gAZgolrt 9o FF (Score) % F25HA
w2HARl faZdolgle As Y5k Aolth
T 3l SEETE 9wl FEwel folsk &y
= UEhA] geths AL g7 794 B 5 Qo] 3%
o] B3 % (Complexity) 7} 31 sh&oll whef 2t tjasg
dlolelld S8 TS Y= (Score) 7F 25k AfolE B
o)F] th= AL Tl T Ak 1 ol A F 71K
SHelA 243 & 5 ed e 535G dol® Ao
7t APAR stolw AAIE BEEL Aol WAYAIA v
T 2el7F et olal - HiAlE ofd BAIE i o &
HE = A7 49 AE T AlolollE= 43 trade—off3
A7 A= gith= Aotk A WA, & AN FF
At ERE 2ol fd] AEst % e A o
A BAFA A 2RF BAALS} AT TAAE e
IO R A Sl taZdolitel vt e 57
o g VTR A7) wiiel] AAZ dolEe] Aol
e AoR WdE = qirt wpebA], F A S A
100
40
20
70 -
uw B0 ——-a-- Complexity 7
(}JOJ ig E/ —m— Complexity <]+
30
20
10
0
IE Type HEEF Tvpe
Display Type

T8 7. Typel} Complexityoll 2 Score #H3}



REABISE

iin
>
)
=3
oX
Jg
ki
S
3
1o
=
fob)
a
i
S,
-
r:;l,
X
il
fd
1,
%
s
£
.

30 o o my
rlr o ktl
N o

2

>
>
i
il
H
ne.
ol

2.7.3 NASA TLX

NASA TLXE 3 69149} o] taZdle] e 3%
43 BERERe] nsAgo] SAAOR folsh Ao
YERITH p—value=0.028). webr], w28 Favte] 42
< A Loty g8 19 8% o] 1Y =ZE YERL

O% 88 HH 7E faZdols 3] 5wt
ol whgl NASA TLX7F S7Fete A8 & F Qv W
dofl, Aejets taZeols o4 BXwr) S
NASA TLX7} A8 fA5 3 Q= 2s

=
TE o HuAE B FoRA 7 5
o] g 1l AYA FEago] SR A 3§
o
70
60
50
240
= P <o-ae-- COmplexity 75
%0 | S
= T T, —=— Complexity /|1
20
10
0
7|2 Tupe MZ2 Type
Display Type

18 8. Display Type X Complexity| m&=h& g}

2Zgo]9 7+ RSl
o BiHEY) 7 SEE ol Ao veTans) B
A Aoz yehtou % slgt
o] LJebd Complexity+Display Type (2138) o] <387}
5, taZdo] ¥ls Adisty faZdelE uYAIZ|
B
[e)
S

Y
o
il
o
1o
o
2
o
il
jad
o
rlr

= WA ZS W NASA TLX ghelx EA8ow
gk 2polE HolA o= AR YehgtH(p-value=
0.2856). o2 Display Type X&) =, Aejerd gAZ

Aol TF4ae) BHEE WA
ojgt Aol wol) Stk A& thEha gl A0% A
dats UaBelols $54R Bt kS BAl
2 Sl ol B QA BAH F5HE A {44
Fe B Pes BT ek o2 T HaEeol
urh GES el Ul WS AFE v
o7k B% Eatdolehs A& thal B AFeks Zlolth

E 7. U321 2MZ 1} (Display type*Complexity)

Contrast DF SS MS F p

308.89 308.89 41.89 <0.001"
730.32 730.32 99.05 <0.001"

Display Type*Complexity /}) 1

Display Type*Complexity (&) 1

Display Type*Complexity
&)

Display Type*Complexity -
(213 1 9.14 9.14 1.24 0.2856

1 155,57 155.57 21.10 0.0005

AT A3, BEEHE QE Aol YAl W
< ARES WA HaEZolrt 71 YaEgoldl vlE| HW
ANZHRT) 2 932 F& % (Score) oA 731, NASA
TLXNAE #AAFe] AAlA Jats o= A& A4
FAANA =5 237 e A2 Yelgtt od A7
Vicente7} The J9&S tidor s A7AzelA dhal
(Vicente, 2002) AJeeHz] IE]#o] 2 tixlelo] 2¢ied el
EAS AN V)& gRl AR 2Zdxte] 43
T A F 7 e A7AIE 7] A9l
T A& o dvkE AE 583 sl ol Flovh wsh
AEsHA QlEjglo] A txl WS Fa FEH ST E
o] RSl AFEY ARES BT A AEE AH
g2 gAZYol7l F2 35T

;(6]
o] A vlaZeolel vlsl ALY A FREM 57

I

Ol

2 e Tl FES AR due el 4

&)
N
rhu

oo = i AvolA AEierA QlEfHo] A vt
/A S A7 Al A &2 a7 dAG e
Agsto] A2 BFle BAl gAaEeolE tAklsiaL



$B25%, B43%, 2006. 11.30

SJ| 2K CIA 20|12 MEHSHH 9

OIE{H|IO|A CIRFOI 28 212 113

71ZE "zl

7] Slal FAE %

B7hE AAs,

AZAs), REA QlEisols tiAel WS Bal A
& A2 tlaBeolst /129 BAl tlaBeold] vls) #
R e i S s
tARE BE T 5 AT A QlEsels W
F57] BAYGIE A8+ T E e 5 Asich

webd, B ATANE Fa 5, 337 BAQ 2
o H% BASA AFH JHE UaEdols A
shodl AEEA QdEsols Wile] B4 & 5 rke

AzE 7P BAT 5 A9

=g

Ao
rgk

Burns, C. M. and Vicente K. J., Physical and functional displays in process
supervision and control(CEL 95-11). Technical Report, Cognitive
Engineering Group, University of Toronto, Department of Industrial
Engineering, 1995.

Bennett, K. B., et al. Visual display. In: Salvendy G, editor. Handbook of
human factors and ergonomics, New York: Wiley, p.659-696, 1997.

Burns, C. M., Bryant, D. J. and Chalmers, B. A., Scenario mapping with
work domain analysis. Proceedings of the 45™ Annual Meeting of the
Human Factors and Ergonomics Society 424-428, 2001.

Burns, C. M. and Hajdukiewicz, J. R., Ecological Interface Design, New
York: CRC Press, 2004.

Burns, C. M., et al. Chalmers. Boundary, Purpose, and Values in Work-
Domain Models: Models of Naval Command and Control. IEEE
Transactions of System, Man, and Cybernetics- Part A: Systems and
Humans, Vol.35, No.5. 2005.

Gibson, J. J., The ecological approach to visual perception. New Jersey:
Lawrence Erlbaum Associates, 1979.

Goodstein, L. P, Discriminative display support for process operators. In:
Rasmussen J, Rouse WB, editors. Human detection and diagnosis of
system failure, New York: Plenum Press, p.433-449, 1981.

Ham, Dong. Han and Yoon, Wan. Chul. The Effect of Presenting Func-
tionally Abstracted Information in Fault Diagnosis Tasks. Reliability
Engineering and System Safety 73. p.103-119, 2001.

Wickens, C. D. and Hollands, J. C., Engineering Psychology and Human
Performance, Prentice Hall, 2000.

Rasmussen, J. and Vicente, K. J., Coping with human errors through system
design: Implications for ecological interface design, International
Journal of Man-Machine Studies 31.p.517-534, 1989.

Rasmussen, J. and Vicente, K. J., The ecology of human-machine systems
11: mediating direct perception in complex work domains. Ecological
Psychol 2(3), 207-249, 1990.

Vicente, K. J. and Rasmussen J., Ecological interface design: theoretical
foundations. IEEE Trans Syst, Man, Cybernet 122(4), 589-606, 1992.

Vicente, K. J., Ecological Interface Design: Progress and Challenges.
Human Factors, Vol.44, No. 1. p.62-78, 2002.

Woods, D. D., The cognitive engineering of problem representations. In:
Weir GR, Alty JL, editors. Human-computer interaction and complex
systems, New York: Academic Press, p.169-188, 1991.

O A 270 B

f

R

1+ % smgo6@naver.com

ety AT FAEY

s s AAZRA RS AL A EE
X
h=

ok T, T2Beo] vzl

2=
°©

*

T

)~

A
o

et ofd
2

Mo
o

13
)

X3
)

% ™ & 3% rmyung@Kkorea.ac.kr

FE Yy A3t A=Y

Ph.D. in Industrial Engineering, Texas Tech University.
Al: wejTjeta AR 2R Rt} Y
TAE-ok ACTR, 9lx1 2w

o

o)

i
méi

] (Date Received) : 200613 09¢¥ 19
: 2006 109 16

\=
L

i

7 A (Date Revised)

ol

A=
LU

i

AU Y (Date Accepted) : 20061 11€ 13



