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• THE EFFECT OF ACTIVE AREA ON THE LEGIBILITY OF DOT MATRIX DISPLAY S

INTRODUCTIO N

There is a trade—oft between reduced constraints in construction
desi gn and degree of legibility for dot matrix displays. Although con-
struction constraints may be greatly relieved and legibility greatly
changed by reducing display active area, the actual effect on legibility is
unknown. The supposition that reduced active area would decrease legibility
should not be accepted without quantitative evidence.

An experimental study to quantitatively ascertain the functional
relationship between active area and legibility for dot matrix flat panel
displays was conducted. Error rate and reading rate were the criteria used

• in experiments with human subjects. These were determined as a function of
the percentage of active area of dot matrix alphanumerics with other vari-
ables such as contrast and letter size held constant. With this information
available , designers of display devices will better understand the trade-

• of fs, and hopefully can minimiz~ production costs and power dissipation
without sacrificing legibility .

EXPERIMENTAL DESCRIPTION

Randomized alphanumeric assemblies , as in Figure 1, were prepared for
experimental tests with human subjects. It was decided that custom drawn
characters, photographically reduced, were preferable to electronically
generated characters for reasons of stability,practicality,and exactness in
determining the actual active area . The following characteristics were
selected for the dot matrix alphanumerics :

Type — 5 x 7 elements

Font — Lincoln/Mitre

Size — 0.2 inch height

Active Area Percentage — 4.9,16.25 ,36,49,64.81

The 5 x 7 dot matrix was chosen a~ having the least number of dot elements
consistent with good legibility . Although there is no standardization on
dot matrix fonts In the display field , “he Lincoln/Mi t re fon t was chosen
kec’ause It is relatively well—known .3

1. R. J. Vanderkolk, J. A. Herman , and M . L. Hershberge r. “Dot Matrix
Display Symbology Study, ” Wright—Patterson AFB , Ohio; Air Force
Flight Dynamics Laboratory . USAF-AFFDL’-TR-75-72 , (AD—016—470),

• July 1975.

2. D. A. Shurtleff , “Legibility Research .” Proceedings of the S.I.D.,
Volume 15 , Second C~~arter , 1974.

3. G. C. Kinney and D. J. Showman , “Studies in Display Symbol Legibility;
VT The Relative Legibility of Selected Alphanumerics in Two Fonts ,”
Mitre Technical Report MTR 205 , \F 1°(628)5165 , 7 April 1966.1
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Eight sets of master drawings (one for each active area percentage)
for the 36 alphanumerics (26 letters and 10 digits) were made. These
master drawings with 7—inch high characters were photo—reduced to 1 3/4 inch

characters. The 1 3/4 inch characters were assembled for each active area
in a random order, utilizing a pseudo—random number generator. Each char-
acter appeared three times on the matte white painted metal base used for
these assemblies. Eight assemblies of 108 characters , one for each active
area percentage (numbered from 1 to 8), were made available for final photo
reduction. These were photo reduced from the 1 3/4 inch high characters to
0.2 inch, the desired size for the legibility experiments. Active area
assemblies , number 2 and number 6,were randomized again for use in subject
training .

Before any testing could be done , the percentage of active area and
the contrast of the photographic prints with 0.2 inch high alphanumerics
had to be ascertained.

The contrast for the black dots on the white background of the photo—
• graphic prints had to be uniform for all alphanumerics on any one assembly

and the same for all assemblies. A Spectra brightness spotmeter , model
UB 1/4, was used to measure brightness of the light and dark areas. The
contrast ratio was defined as follows :

White Background Illuminance — Black Dot Llluminance

Black Dot Illuminance

A satisfactory set of photographic prints was made using vacuum suction in
the contact printing process. All prints of this set had a uniform contrast
ratio of 7.5.

The prints were then measured for meeting the design values for percent—

• age of active area as shown in the sketch below :• h_d~~ 1

Microphotographs of a few adjacent elements on a dot matrix alphanumeric for
each percentage of active area were made . The active area percentage was
computed as follows: 

~rtIve area percentage = —
~~

—‘ where A is the dot matrix

element area , and d is the distance between equivalent locations on two adja-
cent dot matrix elements.

3~ .
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With these measurements taken , the design active area percentages
compared with the measured active area percentages as shown in Table 1.
(For simplicity, the measured active areas will be identified as active
areas Number 1 to 8).

TABLE 1

Design and Measured Percentage of Active Area

Active Dot Matrix Dot Matrix Difference % Difference
Area Design % Measured % (~Design 

%_ (Difference!
Number Active Area Active Area Measured ) 

—~~ Design %)
8 81.0 71.6 9.4 11.6

7 64.0 58.7 5•3 8.3

6 49.0 46.8 2.2 4.5

5 36.0 38.5 2.5 5.9
4 25.0 33.0 8.0 32.0
3 16.0 23.9 7.9 49.4

2 9.0 15.0 6.0 66.6

1 4.0 11.9 7.9 198

As can be seen above, the photographic process changed the drawn
active area; however, the importan t thing for this study is that the
actual percentage of active area is accurately known.

Physical requirements for the test subject were as follows : •

(1) Vision of 20/20 Snellen in both eyes, either uncorrec ted
or corrected with glasses

(2) norma l color vision

(3) subjects shall not have or require bifocal
corrections.

The various alphanumeric assemblies with a different percentage of
active area for each assembly have been given a randomized order for presen—
tation to test subjects. This use of the randomized order of presentation
was intended to avoid bias from continued learning and from avoidable
fatigue due to repetition .4’5 Subjects were tested under four groups of
test conditions , hereafter referred to as Condition A , B , C , and D

4. T. N. Cornsweet , Visual Perception, Academic Press ,
New York, 1970.

5. D. Y. Cornog and F. C. Rose , Legibility of Alphanumer ic
Characters .nnd Other Symbols , A Reference Handbook , US
Government Printing Office , Washington , DC , 1967

4
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as follows :

Contrast 7 .5  7.5 7.5 3.2

Reading Distance 18” 18” 24” 24”

Character Viewing Angle 34.2’ 34.2’ 28.6’ 28.6’

Background Illuminance 1.2 fc 0.12 fc 0.12 fc 0.97 fc

Condition A is considered an unstressed situation with regard to reading
distance and illuminance . Condition B is an increased constraint upon
Condition A by decreasing illuminance by a factor of ten. Condition C
is a constraint upon Condition A where both the reading distance has be-en
increased and illuininance has been reduced by a factor of ten. In
Condition D the cont rast has been changed by a combination of f ront and
back lighting of the alphanumeric assembly photographs and the background
illuminance is greater than in Condition C.

The alphanumeric assemblies were presented to the test subject in a
light—tight chamber with a viewing port (Figures 2 and 3). The ambient
light level in the chamber was controlled with a filtered daylight fluo-
rescent light source for front lighting and back lighted with a second cc’~—
trolled incandescent source. A tape recorder and an electric timer were
used for measurement of the correctness and reading time metrics.

The procedure used with each test subject was as follows:

1. The subject was given an enlarged copy of the Lincoln/Mitre
5 x 7 dot matrix alphanumerics to study until the subject
felt that he was sufficiently familiar with the font.

2. The subject was seated at the light tight box for training
• in viewing the alphanumeric assemblies. Two randomized

dot matrix assemblies were “~~esented to the subject in apractice session .

3. The subject was then presented with active area assemblies
No. 1 to No. 8 in a random order, and the subject ’s reading
timed and t ape recorded for future  analysis .

RE SULTS

The error rate and reading time for the unstressed condition A , for
the stressed condition B (decreased illumination) , for further stressed
condition C (decreased illumination and increased reading distance) , and
for condition D , with contrast ratio decreased to 3.2 , are presented in
Table 2. All data are plotted in Figures 4 and 5.
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DISCUSSION

A rev iew o:’ t h e  r o s i dt s  in t h i s  experimental study indicates that the
error rate m’ici re-’adiniz t L C ~C.’ remaine (1 essentially unchanged for the unstress-
ed cond i t i ons  (co~’,f ortab1e reading distance and illumination ) throughout
t he  variation of percentage of active from 11.9 to 71.6 percent.

For stressed cond i t ions  such as decreased i l luminat ion,  increased read-
ing distance , and decreased contrast , the experimental results for the

• c o n d i t i o n s  used in t h i s  St udv  in d i c a t e  a t h r e s h o l d  at the  30 percent activ ’-
area l eve l .  \ho v e  t h i s , dep endenc e  ap p e a r s  to  he m i n i m a l .  Below 30 p erc cn~
.a c t i ve ar ~~,i e r r o r  r a t e  and r e : i ( i i ) I g  t i n e  i n ( ’ r ( a - ~e r n n i d l v .  I t  is i n t e r e st in
to no te  t h a t  IL i f  t H’ :‘i n l i i c t  ion LI) cen t r ~st f r o m  7 .  5 t o  3. 2 , e r ror  ra t-
and r e a d i n g  t i ” i ’ :‘ r I ’ ’nd i t i on  [) I~ - o I i d i t i e n s  d e f i n e d  on page 5 > , indica tes
g rea t e r  l e g ib i ~ i t ’  t h an  f i r  I ’ n d l t I o n C ;  B Crnd C below the  30 pe rcen t  ac t ive
area. A g r e a ter  h ,~5 ’ .::reun d i i i  i m i n a t  ion  was used in C o n d i t i o n  0 and th i s
appears  to have c”~i n t e r , ’ted t he  ef f e e t  o f  reduced con t r a s t  upon leg ib i l i t’  -

Only in C o n d i t i on  .\ . ~5~~~re t h e  v a r i a b i e s  of r ead ing  d i s t a nc e , background
i l l u m i n a t i o n . and c on t r a s t  a r c  mer e f . i v ~’r a h i  e f o r  l e g i b i l i ty , is the  legi-
b i l i t y  g r e a t e r  in t he  less t h a n  30 p e r c en t  a c t i v e  area r ange t h a n  fo r
Condi t ion  0. These r e s u l t s  h ;c ’ i ’ been :~ ‘1 ije~’ed w i t h  a sp e c i f i c  fon t
( L i n c o l n / M i t  ct I • u n d er  ‘ i p e c i f i 4 - n i  I rn’ t e s t  c o n d i t i o n s , and w i t h  photo-
graphs  r a t h e r  ~i . in i1~~h t  e m i t t i n g  e l e c t r o n i c  d i sp l a y  devices . Fur the r
expe r imen ta l  ~5’ ’r k  is re commended in o rder  t o  suppor t  the  r e s u l t s  of this
s t u d y  fo r  a p p l i c a t i o n  t o  d i s p l a y  de ’ :i ces.

However , f u r t h e r  suppor t  of these r e su l t s  may have i m p o r t a n t  imp lica-
tions to the designer of d i s p l a y  dev ices .  A g r e a t e r  f r eedom in the choice c°
percentage  of a c t i v e  area u n d e r  unstressed and stressed conditions may give
the designer anoth ..r parameter for lower cost , high reliability display
devices  w i t h o u t  r e d u c i n g  l e g i b i l i ty .

CONCLUSIONS

• The conclus ions  below are limited to the specifics used in this experi-
menta l  s tudy  such as 5 x 7 dot matrix al phanumerics , the Lincoln/Mitre
fon t , i l l u m i n a t e d  photograp hs as the display device , and the  illumination
and reading  d is tance  levels  used.  W i t h i n  these  bounds , the following con-
cl usions may h e made :

1. It  seems c lear  t h a t  at u n s t re s s e d  viewing con d i t  ions , t ha t  is ,
condi t ions  in which characters are basically recognizable, the trade—off 01
increased active area for other parameters does not p;lv , recardless of
impressions by casua l o b s e r v a t i o n . A l t h o u gh  ‘5 to 80 pe rcen t  act ive
area c h a r act e r s  would seem to  he more l e g ih L  , in many cases 12 to
25 pe r cen t  a c t iv e  area w i l l  suf fi •’c f or  l e g i bi l i t y .

L 2.  The r t ’su l  t s  t h i s  st u d ~ p o i n t  to  backg round  i l l u m i n a t i o n  as
an i m p o r t a n t  I , a , ’ to r  th d e t e r m i n i n g  l e g i b i l i ty .  T r a d e — o f f s  hetweeen con—
t r ,-ist and h a e k g r o l l n d  I I I  i t m i n a t  ion s h o u l d  he c a r e f u l l y  c o ns i d e r e d  in d i sp lay
d e v i c e  d e s i r n .
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3. Further studies should be conducted on p o rn  n t a g c -  of active
area e f f ec t s  for  other  f o n t s  and o the r  types  of display , and further study
should be made of the dependence of legibility on contrast and illumina-
tion . No such studies are planned at present.
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