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~i16. Abstta ct

The II . S. N a t  i ona l  Ocean Survey has issued an e x pe r i m e n t a l  copy of l~nrout e  Low
A l t i t u d e  C ha r t  L—3/4  dat ed  Ap r i l  21 , 1977 , as pa r t  of a program to exp lore the
f e a s i b i l i t y  of introducing terrain dep iction on the  charts. The FAA ’ s Air
T r a f f i c  S e r v i c e  ( A A T — l )  r e q u e s t e d  the O f f i c e  of A v i at  ion M e d i c i n e  to de t e rmine
what  der o gat o r y  e f f e c t s  such a change mi gh t  have on the  u s a b i l i t y of the  c h a r t s .

I t  was found  in the  s t u d y t h a t  shaded t e r r a i n  dep i c t  t on reduces  r e a d a b i l i t y  of
al phanumer i c  d a t a  as measured  b y i nc reases  in r e a d i n g  e r ro r s  and r e a d i n g  t ime .
Losses are  a t t r i b u t e d  to the  low f i g u r e — t o — g r o u n d  c o n t r a s t  r at i o s  between the
c h a r t  legends  and th e  t e r r a i n  back ground . Losses are most  pronounced fo r  al pha-
n u m e r i c  d a t a  p r i n te d  in sma l l  c h a r a c t e r  s izes  and w i t h  l i ght  i n k i n g  d e n s i t i e s .
Losses are  a l so  ev iden t  fo r  some large c h a r a c t e r  s i zes  and heavy i n k i n g  d e n s i t ie s
where m o u n t a i n o u s  t e r r a i n  is dep i c t e d  by heavy i n k i n g  d e n s i t ie s .  Losses are
pa r t  j et ,  t a r  ly ev iden t  under  low l u m i n a n c e  l eve l s  h u t  a 1 s~ occur  t o  a l e s s e r  e x ten t
at e l e v a te d  l u m i n a n c e  l e v e l s .  D i f f e r e n c e s  b etween the  e x p e r i me n t a l  and s t a n d a r d
v er s i on s  of the  c h a r t s  are le a s t  pronounced when the  t e r r a i n  dep i c t i o n  i n t r o d u c e d
onl y a modera te  r e d u c t i o n  in f i g u r e — t o — g r o u n d  c o n t r a s t  leve l and t h e  i t ems  were
viewed at  e l e v a t e d  l u m i n a n c e  l e v e l s .

$1. K.y Wor ds 18. Di,tribut,on Stot.n. .o V

Char t  R e a d ab i  I i  v Document i s  avai  ab le  to  t h e  p u b l i c  t h r o u g h
Cont r. is t L t t t ’c  t s t h e  N a t i o n a l  T e c h n i c a l  In fo rma t  ion S e r vi c e ,
T e r r a i n  Dep i c t i o n  Sp r i n g f i e l d , V i r g i n ia  7~’I M .

It . S.tor.t y C(as. ,I . (o f th.a ,.p,rt ( 
-
~ ~~~. S•c~~~ y ~~~,,,f . (of thi s pag.~ 2). Na. of ~~~~~~~~ 3~~~ Poe.

( I nc lass  i f  ie ,I  1’ ii~ l a s  sj  f t ed 13

Form DOT F 1700.7 t 2 ’ R.pto duc ti o n of com p l.i.d pug. o utho tfo .d

~~~~ ~~~~



-• .• — -  —~—---•-r- —-——.~ - ---- •— ~~~~~ ~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

I 1111 ww,, ~~~~~I Sift ecttu

~ J.flhICgl”

U . .. . • . .,

COMPARATIVE READABILITY OF ENROIJTE LOW ALTiTUDE •I STStIUTID1 J*,I,(a,t:yr ~ODEI I
CHARTS WITH AND WITHOUT TERRAIN DEPICTION

I. Introduction. L~4Ti~The U.S. National Ocean Survey has issued an experimental
copy of Enroute Low Altitude Chart L—3/4 dated April 21, 1977 ,
tha t dep icts terrain features in shaded relief and , addition-
al ly, provides Maximum Elevation Figures (MEF). In addition
to soliciting user comments , the FAA Air Traffic Service
(AAT—l) requested the Office of Aviation Medicine to conduct
a study to determine how introduction of terrain dep iction
might affect usability of the charts.

The most obvious effect of shaded relief terrain depiction
might be to impair readability of alphanumeric data on the
charts. Where mountainous terrain is dep ic ted as back ground
to such data , the contrast ratio is considerably red uced from
ratios found on standard charts.

A limited study of the comparative readability of selected
categories of data appearing on the charts was conducted by
the Vision Research Unit of the FAA Civil Aeromedical Institute ’s
Aviation Physiology Laboratory (AAC—ll5). The study was restricted
to consideration of simp le readability as a discrimination task and
did not address such factors as search time for specific informa-
tion or the ability to use the charts in flight.

II. Methods.

Five categories of information appearing on the experimental
terrain dep iction versions of Enroute Low Altitude Charts L—3 and
L—4 were selected as being representative of the alphanumeric con-
tent of the charts. The five categories UL O  as follows : (i)
UHF/VHF Airway and Route Data , (ii) Aerodromes Without Published
Instrument App roach Pro ced ures , (Iii) Air/Ground Communication
Boxes , (iv) ARTCC Remoted Site Boxes, and (v) Maximum Elevation
Fi gures.

Six samp les of each of the first four categories were selected
from the experimental charts. Three samples in each category were
chosen as representative of a dense terrain background (low terrain
contrast) and three as representative of an intermed i ate terrain
back ground (moderate terrain contrast) . In addition , 12 MEF f i gures

I
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were selected from the terrain dep iction char t to provide four
samples at each of three relative contrast ratios (hi gh , medium ,
and low). No attempt was made to quantif y the con tras t ra t ios
or equate them within categories on other than a subjective basis.
A listing of the test items (samp les)  is given in Table I.

The selected test items were cut from the experimental
versions of the charts in rectangular sections. Corresponding
samples , excep t for MEF numerals , were cut from standard issues
of. the charts. fixtraneous data appearing on the 60 test items
were deleted to minimize confusion with the data to be evaluated .
The items were then mounted in four random sequences on a dis-
p lay drum. Items were presented sing ly through a 2 . -~-- by 3.0—cm
(0.9— by 1 .2—in) viewing aperture in  a neutral—gray eec hider p late.

The viewing aperture and the  surrounding area  were  i l l u m i n a te d
by a 60—W incandescent bulb (General Kl ’ct ri~. Dayli ght Blue)
mounted in a stainless steel reflector. Luminance levels of O..~S ,
1.00 , and 4.00 fL were achieved by regulating the voltage app li ed
to the  bu l b .  Luminance  in t he  a p er t u r e  w i ’~ m e a s u r e d  by a
P r i t c h a r d  Sp ec t r a  P h o t o m e t e r  t r em a w h i t ’  ox i d e  d i  I t n s t ’r p laque
i m m e d i a t e ly b e h i n d  the ap er t u re .

Test subjects were Il malt’ and female non—pilot volunteers.
Non—p i l o t  su b je c t s  were  used in order t o  av o i d  the  c o n f o u n d i n g

• f a c to r  of v a r i a b l e  exp er i ence  l eve l s  f o un d  in t h e  p ilot population.
A l l  s u b j e c t s  had .‘O/2 0  nea r  v i s ua l  a c u i ty  7 - ar r e S ted 1w reading
g l a s se s  or b i f o c a l  lenses wh en n C e e s s . I t v . S ub j e c t s ’ ag es ranged
from ~7 to 58 years  w i t h  a me an age ~ t ~S yea rs . The s u b j e c t s
viewed the disp lay from a di stan ce at ~O cm ( l n i . 7 in~ as measured
from the  apex of t h e  cornea to t h ’  c e n ter  ot  the  a p e r t u r e .

The s u b j e c t s  were read the i n s t r u c t i o n s  and shown a repre-
s e n t a t i v e  samp le of each ca tegory  of t e s t  i t e m s . I t  was
emphasized that they should respond as q u i c k l y as was ‘ens istent
with accuracy and comp le tenes s and shou ld no t spend und ue t i me
on diffic ult items . The disp lay illum i nation was adjusted to
the level specified for the first trial and the room lights
were extinguished. A 2—minute adaptat ion period preceded t h e
beg inning of  the first series of test items . The 60 items
were presented with a short i n t e r r u p ti o n  a f t e r  eve ry  15th pre-
sen ta t ion  t o  reposition the drum for the next list. When sub-
j e ct s  had comp leted the l a s t  i tem , the i l l u m i n a t i o n  was a d j u s t e d
to the next l eve l  and the procedure repeated . A t h i rd  t r i a l
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TAI ~Lt I . ( a s  I I I  ‘ r I M (S i t  I ) ( h  i c  t Loc a t i o n s

I! ~~T i i- i: ~i CHART Rl ;F l~RENC E

t I I I F / V H F A i  i w.iv .ind Roi t  t a f l a t ,  a

a T er r a  i n  ( ‘ o u t  r a s t

\ ‘ —‘ .‘S () l o~°oO ’ (4 13°O0 ’ r~
V— .’ S I ~0°I) 0 ‘ (4 (4°ti 0 ’ N
\‘~~l 9 7  115 0 .10 1 (4 35000 1 N

Low Ta ira  in  C o n t r a  St

1 l .~° l 5 ’  W 34 0 15 1 N
\—190 110 ° 15 ‘ W 34°OO ’ N
V— ,’ .3 7 1l~f °~~0 ’ (.4 .l5 ° l0 ’ N

t(.t’rodome l e g e nds

M o d e r a t e  ‘I ’ ar r , t i n  t e n t  r a st

t o n c h i a s  St a t e  Pa rk  104 ° 1 Y W 35°20 ’ N

Gr an t s— I- l i  Ian  lO~~°O0 ’ W 15° 1 5 ’ N
Diamond  ~\ .  Ranch  l0~~° l 0 ’ W 33°20 ’ N

Low Terra in Cont rast

Iranswestarn l09°15 ’ (.1 35°3O ’ 
~
‘

St . Johns I(V-(°3O’ W 34°30’ N
l(ag dad 11 3 ° 10 1 W 34°.’i 0 ’ N

A i r / G rou n d  Cornmuii ic a t  t on

Mode r i  t a Ti’ ir a  i n  C o n t ra s t

0 . , ,  , 0 _
~~therma l 1 l(  - ‘~ I N

San ta  Rar l ’ :t r a  119 0 15 1 W -Y 7 
35 ’ N

San Lu i s tTh i Spo iO O 3 (1 W I 5’ N

Low Terra ~t1 .,i ’,nt  rast

S t .  Johns I09 °~’0 ’ L’ l!,° 1 5 ’ N

Sa u l  a F7 - I (~h ° 10 ’ W S°-’~ 5’ N
Zun i 107 10 1 S~ I5 °,~0 ’ N
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TABL I ’ I .  Ti ’s t I t em s  N i t h  C h a r t  Local i o n s  ( C o n t

TEST ITEM CHART R E FE RL NC E

AR1’CC Remoted Sites

M odera t t ’ Te r ra  in Cent  r a st

- 0 , , 0 ,
Al htiquerque — Tucumc i i i  103 - 5  W 35 •

~ S N

Los Aag * ’ las  — Jul  ian 11 6°25 ~~°° N
Albuquerque — CI tn t ’s ti . 1 0~ .~ 5 W 35 1 ~ N

Low Terrain Contrast

Albu querque  — Cl ch~ i i  I °dO ’ 14 3°0S’ N
. 0  • 0

Los Ange les  — Sel .~gman 113 00 W 3~ . ‘) N

Albuquerque — Tru th  or
Consequences 107°50 ’ N 1( 0 05 1  N

• M a x i m um Elevation Figures

H ig h Ter ra in  Con t r a s t

6 — 104~~l05
0 (.4 J4— l 5~ N

10 — 4 1 17— 1 1 8 ° W (~‘~~ iS° N

4 — 8 102— 103 ° W 3 5— l b° N

5 — 7 103_ 104 0 N 36—3 5 ° N

Moderate Terrain Contrast

9 — 1 104— 105 ° (.4 3 l — 3:~
° N

ho — 0 105—106 ° N . 3 2 — 3 1 ° N
11 — 2 l16~~117 0 W .33—34 ° N

6 — 9 116— 117 ° N 1~ -33° N

Low Ter ra in  C o n t r as t

9 — S l l O_ 1 1 1
0 W .3 2— 33° N

11 — 8 l09~~1100 N 11~~ l4
0 

N

11 — 1 109— 110 ° W .3 2 — 1 1 ° N

/ — 7 110— 111° N 35—lb° N

14



w~ s t h e n  r u t  wi th t h t i ’ l a st  i t l u i i i i i i a t . io n l ev e l  f o r  a t o t a l
7 it thre .’ prasantat ions of  the  ( ‘ l  i t ems . I l l u m i n a t i o n  le v e  I ~
and l i s t  :~t q U t  l ice s We rt ’ cou l l  t a rb a  1 ance t l  I o mini i zi’ sv st em.i i c
bias.

• Subj t’c t s r~’ s p ond ed by r e ad  iu t~ a l o u d  all the  a 1 p i t anume  r i c
d a t a  ap p e a r i n g  in  o .k -h ~‘st  i t e m .  R a s p o i i ’ t ’s were  t a p e —
recorded for subsequent scoring of error content ~nd re S~~O11 Si ’

t ima

t i l  R e s u l t s .

( ‘lie t -~’su 1t  s f o r  the  f ou r  c a te g o r i e s  of i n f o r m t t  ion ap p a a i ’i ng
on bo th  ver s i o n s  ~ t the c h a r t  a re  p r e sen t e d  in T ab l e s  2 5 . l’ha
in t r o d u c t  it ’ii of t e r r a i n  dep i c t  ion r e s u l te d  in a v , i r i a h l a  d e er e e
of loss of r aad ab  i i i  t v of  a 1p hi ~inum er i c d~ t a  as t l e i ; i on s  t i’at  ad 1’
in c r e a se d  I r e q u e nc v  ~ f e r r ot ’s and i n c r e a s e d  i-e I t f  i n~~ t inn’s. ‘(‘lie
lo ss  of r e a d ab i  l i t  v was m i n i m a l w h e r e :  ( i ) t he  t t ’r r a in  dep i c—

t tOi l  j i lt  [‘O dU c  ad O n Iv  a p iodt ’ 1’3 La  r t ’~lu 5’t ion in  f i gti r e— I O— gi ’otIi l t l
c o n t r a st  lava  I s  , ( i i )  c h i a r ~i c I  - i’ sj,~t ’ s we U t ’ re I a t  Vt ’ l v  i i  r L~’’
a nd/ or  p r i n t e d  w i t h  a h e a v y  i n k in g  ilt - u s i  t v , and ( i i i )  t h e
ii  l um i n a t  ion  was at l e , i s t  1.00 f l .

‘three typ e s  of r e a d i n g  er r o r s  are  i d e nt  i Ned i n  the ’ t~~b los .
‘‘ -t i. s r ead  ing ’’ or  rors a i-c I h OSt ’ in wli i cit t h e  t e s t  i t  em was r e ’ ,id
c o r r e c t  i v  ex c ep t  t o r  one or m et e  d i g i t s  i n  a l a rg e  gr o u p .
‘‘M a j o r  ( 1m i s  S i  O i l ’’ er i e  r s a r a t ( lo se  ~ il  wIt i cli a comp l ~ ‘ a I i no ,
in c luding  a p l act’ name or d ig  i t  g roup  • we i’e orn i t t  O t t  . ‘‘ No
Re Spouse ’’ e r ror s  are t lie 5,’ f o r  wit i ch t tie stib~ t’c t rt’por t ed
in nb i  1 i t v  t o  road any  p a r t  of  t h i ’ t e s t , i t e m .  T u e  ‘‘ I i ’ i’o i’
exp r t ’ s St ’S t lie t at  a l  t i t i r ih i ’ r of  a r ro r s as a pt r &’on t e t lie t e t a l
number  ,~ t r e  spen st ’ ii . Pa i c  eu t va I U t’S Ii av e  bet -u r ou i td t ’tl 1 e u,
n e a re s t f i t i I p e r c a ut gt ’ p o i n t .

In ~t~it i  i t  i oh t W O  t %‘ p t ’S t i t  ‘‘‘1’ inn ’ S~’o h a  s ’ a r ’  p i e - ‘ l i t  t ’~l i l l

t h e  t a b le s .  “Ret - ‘gi~ i t  i On  t i m e ” i s  t I i ~ ’ I t i- ia I i p n t ’ b e t  is ’, ’ t ’ i i  t l i t ’
p r t ’ Sent  .11 t O f l  o f  t he  t t ’ s t  i t am and 1 lie i n  i t  i a t  i on of  t t i e  v~ ’ ( ‘a
i ’ e sp o u s~’ . I i  su bj e t ’t s  i~~-p o t - t a d  in a hi l i t t o  l , h (  h i t ’ i t

roe ~~gui  i t  iou I I ne v~l l i i t ’~ we it ’ I’’ ~‘t e ~ I as  I S SO t ’ t ’u I t l  ii t 0 pt ’ t ’v th t ’
a ut n nt - u i t - a l  v a lu e  to l ’ s t a t  i _ s t ical c o mp t i t  ~~( io n . ‘ R~’ . .1

i s t lie ’ t i me Ia  p s~’ bet Wet - l i  p i t ’ S t n t  a t  ion o t  t he t t -~ ; t i t  ~‘ ‘~ an d
t lie c ~mtp h e  I ion o f  t h e  v~- r l~ i I t ’a spouse .  i f  sub e t t  s r a p~si t ad
i u t a h  i i  i t  ~‘ t o read t he i t  am , read j ug  irna va I no  s we I t ’ 5 7 ’ 7 ’ - 1

3(1 s e c o n d s . S c o r es  of 15 and  3(1 5t ’ C O I I t i S  I I , ’ I ~‘ i  ‘ ‘ “‘‘i’ t~O l t ’

s~~l,- t- t et( t o  u - p r e sen t  “ Re -co  n i t i o n  l i e ” a n - (  R t ’ :i, !  i - ~~g (‘ l in t ’s ”

S
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literature addressed to the general problem of readability
of the printed word and graphic material. A good summary
of map and chart design for aviation has been issued by the
Australian Department of Civil Aviation that also includes
an extensive reference section providing coverage of the
pertinent literature (1).

All subjects in this study had good vision and were viewing
the chart elements under ideal laboratory conditions . Common
in—fli ght factors such as degraded visual acuity, vibra tion ,
turbulence , distraction and stress would log icall y be expec ted
to reduce chart readability below the levels found in this stud y .
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