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\‘ ABSTRACT

The leqivility of selected military map symbols on a
CRT display was determined by testing a symbol set of nine-
teen primary role desctiptors symbols for military units
using a tachistoscopic presentation technique. Simpler geo-
metric symbols cumposed of fewer line components were more
quickly tecognized than complex ones, and were also the
source of fewer errors. Symbols with circular or cucrved
components were more likely to be confused with each other
than with symbols composed of linear components.
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INTRODUCTION

Automated data processing (ADP) is recognized as having
great potential in the tactical command and control environ-
ment. Its use has been accelerated by the availability of
more compact and powerful processors, new technigues Of mass
data storage, and new types of displays. Recognizing the
JNCteasing potential for automating the display of
map-related 1nformation, the Military Symbology Working
Group of the NATO Army Armaments Group Panel XIII has formu-
lated a new set ot standatd symbology to accomciate ADP dis-
play techniques (7). DCIEM has undetrtaken to study the le~
gibility of the proposed symbols on different types of elec-
tronic displays, and wunder a variety of conditions. This
treport describes the firs: stage in that investigation - - a
study of the legibility of the primar, tole descriptor sym-
bol3 on a CRT display. These sysbols comprise the most fre-
quently used set of military map-marking symosls. Only
those role duscriptor symbols considered to be applicable to
Canadian Porces units were stuclied --- a total of 19 syme-
bols, shown in Pig. 1.
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PIGURE 1
PRIMARY ROLE DESCh.?TOR SYMBOLS

Although much of the research on symbol legibility has
been carried out uaing alphanumeric symbols, soae work has
been done on the r~lative discriminability of cectain geome-
tric symbols, Early work on geometric forms was motivated
by Gestalt theory and was oriented toward finding the “dent®
or most easily r1ecognized form, These studies were not con-
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clusive, siace recognition of a form depends not only on its
s1ape, but on its similarity to other forms in the tested
group, the numbor of such forms, and the observer's fasili-
atity with them (Honigfeld, 1964).

Later experimenters, using larger sets of symbols, at-
tempted to determine absolute rankings of symbol shapes on
the basis of discriminability. Again, thete was a lack of
agreement, altnough a (eview by Vanderkolk et al., (1975)
states that the triangle, square, citcle, X, and rectangle
{the simple geometric forms) are generally ranked highest in
legqidility. T™hese authors suggest that cne possible exgpla-
nation for the diversity of (indings concerns the coafound-

ing of symbol size and symbol actea.

Davis (1969) concluded that several faccors have limit-
ed the applicability of the studies on symbolic coding:

1. Some studies included a Dbiased representation of
form families (e.g., many circular or elliptical
forms, and few linear ones))

2. Pevw expetiments were run using a realistic display
aituation, either in terms of the hardware, or in
terms of exact symbol design and presentation;

3. In some cases, conclusions were drawn from limited
sets of symbols; total codes were not tested.

Marsetta and Shurtleff (1966) have investigated the le—-
gibility of military map symbols to detersine the minimums
acceptable resolution for symbol legibility on a television
monitor. Thirty military unit symbols with different combi-~
nations of role and size designation were studied. Pour of
these roles wele the same as the ones used in the current
study. More recently, a large study on the ctelative dis-
ceiminability of 218 tactical air symbols was cattied out by
Williams and Teichner (1979). Accuracy of response and res-
ponse latency were used to provide information on the dis-
criminability and confusability of the symbol set.

These evaluations of symbol codes have produced only
vety qeneral gquidelines for the design of legible sywbdols.
The lack of specific recosmendations on asymbol design re-
yuires that any particulsatr sysbol set under consideration de

exper imentally tested for legibility.
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METHOD

Sudbjects

Eight subjects volunteered to participate in the cur-
tent experiment, They were all eaployees of DCIEM who had
nO experience with militery maps or symbology. All had nor-
mal or corrected vision of at least 20/2@, as tested using 2
wall chart.

Apparatus

No specific design standards are avajilable regarding
the exact shape or size of the symbology for the primary
tole descriptor. Although the nature of some symbols pre-
cludes wmuch variation in design (e.g., symbols with lines
drawn between certain points within the rectangle: symbols
2,3,7 in Pig. 1) others can be drawn in 2 variety of ways,
by changing the size and position <f symbol components with-
in the tectangle. The design details of the symbols used in
this experiment are given in PFig, 2.

Symbois were presented on a monochrome vector graphics
display (Digital Egquipment Corp. Model VR17) with a resolu-
tion of 1824 x 1324 points in a display area of 24.5 x 2).8
cwW. Stroke drawiny techniques were used to generate the
symbols on the display. Symbols were .56 cm high (25.3' arc
subtense at the 76 cm viewing distance) and .89 cm wide (49°
arc subtense). Appandix A describes the rationale wused in
deternining sy;mbol subtense,

Since a CRT (s a light-emitting display, sywdbol lumi-
nance depends on the numbet of points or lines used to draw
the symbol. Thus symbols with only a few lines 3irawn inside
the unit rectangle (e.9., Pig 1, symbole 1,3,12) will have
lower luminance than symbols with many lines (e.g., fymbols
14,18), assuming that they are all drawn at the same inten-
sity setting. Since this luminance difference could be used
as a weans of differentiating between svmbols, symdol lumi-
nances vere equated under software control to decrrase the
intensity of symbols with more lines and to increase the in-
tensity of those with fewer lines. Only the role descriptor
portion of the gymbol was ~djusted. The unit trectangle was
left at wmedian intensity, Average symbol luminance was 2.73
ft-L with a tange cof ./ ft-L (see Appendiu A for » descrip-
tion of the luminance measurement technigque and data on in-
dividual symbol luminances). Symbol contrast ratio wus 261
measured as des~tibed (n Appendizx A,
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Subjects were seated in front ot the display screen in
a small pooth ccnstructed of moveable pactitions, which pro-
vided both acoustic shielding from equipmen* noise (soun?
pressure level=6d dbA inside the booth) and . uniform visual
background to minimize reflection from the d.iplay screen.
Since tne maximum expected distance between an observer and
the display screen in the operational situation ({s 76 cm
(3°), this viewing distance was used in the experiment.
Head fixation was maintained by use of a chin rest.
Response selection was effected by indirect cutrsor position-
ing from a Summagraphics digital tablet placed in front of
the display.

Experimental Design

The experiment was a factorial design: !9 (symbols) x
2 (sessions) x 8 (subjects) with 18 ooservatioans per cell,
{.e., 198 observations per session, with the symbols randoms-
ly distributed over the 198 observations.

Procedure

‘he legibility test used in this experiment was a ta-
chistoscopic recognition task in which a symbol was randomly
selected and presented briefly at a fixed location on the
CRT display. Each subject had an initial practice session
of 6@ trials for familiarization with the equipment, symbol
set, and procedumsg. A ahort refamiliarization period (con-
sisting of 20 tria¥8) started each experimental session.
Experimental sessions were about an hour in leigth, with a
five minute break in the middle to alleviate boresom and fa-

tigue.

Each trial began with the presentatinrn of a rectangular
fixation symbol for 4 seconds. There was a 9.5 scc. blank
interval to announce the test symbol which was presented for
8.832 sec. A solid rectanqular mask then appea.ed for 2
sec. at the locatjon of the test symbol, followed by a ran-
domly-ordered matrix of the 19 symbols for 13 sec. The ma-
trix was positioned on the screen below the test symbol lo-
cation and was arrarged in four row3s of 4 sy. buls and one
row of three. The cursor symbol (a box with an ‘'X* {in 1it)
was displayed simultanecuslvy with the matrix. ‘ihe subject
moved the cursor symbol over the desired matrix symbol using
the cursor “ontroller and then pushed a button on the cursor
conttoller to indicate his choice to the computer. The cho-
sen symbol (flashed for 2 sec. after which the matrix was
tremoved from the screen.

The subject initiated the next trial by selection of
the word ‘NEXT' that was displayed to the right of the
screen (or to the left for left-handed subjecis) after the
cemoval of the matrix. This technique also fixed the start-




- ——

PAGE 9

ing position of the subject's symbal acjuisition movement.

Data collected during eacn experimental trial consisted
of the symbol presented, the symbol chosen and the time (ac-
curat2 to 1,63 sec.,) betwcer. the start of presentation of
the matiix and the subject's response.

RESULTS

Time Data

A four-way analysis of variance was carried out on the
data on tesponse times, treating subjects as a randoe factor
and the remaining factors as fixed. In the entire experi-~
ment, there were ten trials in which the subject did not
make a response, probably because of involuntary eye m®Bove-
ment at che time of the symbol presentation. These {n-
stances represented only #.3% of the data pnints a.d were
distributed over subjects, symbols and sessions. The value
used for each missing data point was the value of the cell
mean, and the ertotr degrees of freedom were reduced accord-

ingly.

P spcnge time in this experiment can be considered to
consist of a variable decision time plus a fixed delay due
to mccor response. This is reflected in the positive skew
of the response time data. In order to reduce the correla-
tion between the mean and standard deviation, and so Dbetter
satisfy the assumptions of the analysis of variance model, a
transformation, log(z-8.8), was applied to the data (Winer,

1962).

The analysis of variance is shown {a Table 1. All
two-way interactions and main effects nnt involving replica-
tions, eacept fo. the symbol x session interaction, were
significant at the §.8]1 level. Al]l other interactions were
not significant at this level. The subject x session inter-
action {s plctted {(n Xi1y. 3. Por all subjects but one,
average response time dropped in the second session, Dby
about 7%,

The existence of a symbol x subject interaction (indi-
cates that the pattern of subjects' response times was not
the same across symbols. However, it should be noted that
the main effect P catios are considerably lacger than the
interaction ratios, thus suggesting that this {intecaction
;g?trtbutol little to the varjance in respc .0¢ times to syw-

'l
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TABLE 1

ANALYSIS OF VARIANCE OF TIME DATA
SUOURCE OF VARIATION or SS mSs r
Sy (symbol) 18 30.1909 | 1.672 Jo.l8e*
Su (3ubject) 7 16.534 | 2.1362 40.68°**
Sy a Su 126 15.767 1 0.12% 2.16°*
Se (Session) 1 2.9231 2.92% 52.76%*
Sy x Se 18 1.881 | 0.104 1.80
Su n Se 7 1.769 | 9.2%2 4.36°*
Sy = Su x Se 126 7.%29 { @.98%9 1.8
R (Replicat:on) 9 1 498 | 0.122 2.20
Sy = R 162 €.931 ] 8.05% 1.01
Su x R 63 “.689 | 9.074 1.28
Sy x Sa = R 1134 64,3878 | A.0% .98
Se © R 9 0.666 | 0.074 1.33
Sy = Se z R 162 8.977 | #.0%% .95
Su & Se . R (3] 4.01) | 0.0¢6) 1.09
Sy ® Su x Se z R 1124 65.2%1 | 0.058
*® gignificant at 0.1 level

Pigqure 4 shows a gqraph of the corrected response times
{mean untransformed time for symbols named correctly) for
each symbol avetraged over subjects and sessions ana ordered
on the basis of increasing time. The mean response times
range from just under 2 sec. for symbol 19 to 1.7 sec.
for symbol 11.

Errocs

Percent ertors for individual symbols are given In
Table 2 in order of increasing ertor rate. They ranged from
under 1% for symbols ) and 6 to just under 188 for eymbols
1 and 18. Mean errot for all symbols was 4.47%,

An appropriate way of presenting error data from a le=
gibility experiment is in a confusion matriz (Table }).
Here the columns represent the symbol presented and the rows
represent the symbol named. It all the symbols had been
correctly named, only the diagonal entries would De
non-geto, and in this case those entries would be 168, since
each symbol was presented 160 times over subilects and ses-
sions, The non-gero entries outside the diagonal provide
information on the confusions made. Column ercor totals
(the bottom line (in the matrix) are the number of times that
a presented symdol was wrongly named, while row error totals
give the total number of times that a particular symbol was
called instead of another which was presented.
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FIGURE 4
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TABLE 2
ERROR RATES FOR SYMBOLS

{‘.BYNBCL 8 ERROD SYmMBOL § ERROKR
] 0.62 172 | .37
= 0.62 —— .
N 1.88 (o] s.62
[ 2.50 .62
£} 2.50 = ’.62
N 2.58 =] 7.50
=~ 3.12 8.12
[(m] 3.73 [we] .37
@ 3.79% Bz 9.37
4 3.73

The confusions between symbols occuring two or more
times are illustrated in a directed graph (Pig. S). The ac~-
rows between symbols :cepresent che direction and strenqth of
the confusions, based on number of occurrences. Analysis of
the confusion matrices for {ndividual subjects (ndicates
that confusions Dbetween certain pairs of symbols are not
distributed evenly over subjects. Por many pairs, one sub-
ject was responsible for the majority of the confusions
made. These links are marked with a star (*) in Pig. S.

A high positive correlation (r=.96) exists betwesen res-
ponse time and error rate. A t-test indicates that this
correlation is significantly different from sero (teld.l, 17
a.£.).

DISCI'SSION

The orJdering cf symbols on the basis of response time
(Pig. 4) seems to indicate that the simpler symbols ({i.e.,
those composed of fewer line components) were recognized
more quickly than those with a more complex geowmetric pat-
tern. Por example, symbol ) required less time for recogni-
tion than any other symbo) except the blank (symbol 19).
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SY.ADOL

NAMED
R SR R S
[S] 1 1510 0 0 0 0 8 3 0
Ej—_ 2 21560 0 0 0 4 0 1
(13 o 01550 0 2 ¢ 8 0
Bod 4 5 s 81518 5 9 8 @
S 0 8 0 01540 0 0 9
(©] ¢ 1 0 0 0 01591 1 2
FH 7 o e 0 0 0 01530 8
(@] s 7 0 0 0 0 9 01350
9 9 0 0 0 0 0 2 0148
19 0 0 0 6 0 0 0 0 0
11 6 1 6 86 0 6 8 0 3
(12 o 0 00 0 0 002
)13 o 6 0 06 00 00
14 0 0 9 0 3 0 6 00
(ajis &9 8 8 0% 4008
NJis o0 01 0 00 00
17 1 0 0 0 8 0 0 0 0
[Slie ¢ 20 01 0181
[l s 0 3381 8 w0

TOTAL
ERRORS 9 3 1 2 S8 1 7 411

TABLE 3
MATRIX OF SYMbOL CON2USIONS SHOWING THE
NUMBER OF TIMES A GIVEN SYMBOL WAS NAMEO POR ANC[HER

SYMBCL PRESENTED TOTAL
ERRORS

16 11 12 13 14 15 16 17 18 13

1 9 01 2 0 4 0 9
9 2 0 0 0 @ @8 0 1 0 8
¢ ¢ 1 90 2 @ 1 9 8§ 9 2
¢ 2 0 0 0 0 % 0 0 3
o 0 0 0 0 0 06 0 0 0 [
¢ ¢ ¢ 0 ¢ 3 0 0 5 2 2
s ¢ 8 8 9 ¢ 8 1 8 1 2
s 0 8 0 0 2 0 0 0 0 9
o 0 0 1 0 0 0 0 9 9 1
1456 0 0 2 ¢ ¢ 7 1 6 19
#1511 2 ¢ 6 & & 6 0 15
® 0135590 0 2 0 0 90 ) ]
e 1 o153 0 0 0 0 ¢ ° 1
3 0 0 1158 ¢ ¢ 8 ¢ 7
2 8 1 & 81518 0 98 2 S
e 0 0 0 6 01560 0 0 1
2 0 6 1 0 0 01470 0 4
g 1 8 8 0 68 6 11459 7
2 1 3 1 3 1 1 % 115 1%
1S 8 8 6 6 8 213 14 5§
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Cymbol 18, a complex symbci, tequitred moce time than did ei-
ther of its subcomponents alone (symbols 2 and 6). Current
theories of pattern recognition based on feature extraction
fLindsay and Norman, 1977) predict this result; as the
numbet of i1ndividual featureu of a symbol (nCreases, mcre
time is required for their extraction and processing.

The high positive correlation between responsc time and
errors indicates that subjects were not sacrificing accuracy
in otder to be able to recognize symbols more crapidly.
Symbols which took longer o recognize --- the wore complex
~nes --- were also the sour :e of more errors. Other re-~
searchers have found the same correlation (Williams and Te-
ichner, 1979). It is a well-established principle that
simpler forms are easier for the human to process (Zusne,
1979). It 1s preferable, therefore, that symbols for coding

be kept sisple in form.

Although it is difficu . to state acceptable 1limit
for error in these kind: of experiments, Honigfeld (i364)
claims that a criterion of 9% accuracy in responding to a
code under lab conditions .as been agreed as adequate. The
overall error rate in this experiment satisfies thir criter~
fon. The confusion matrix gives an ind.cation of the nature
of the ercors. It is notable that confusions were not ne-~
cessarily symmetric: for example, symbol 11 was named for
symbol 18 in 6 instances, but the reverse efroc occurred
only once. A particularly striking example of non-symmetric
confusion in this experiment involved symbol 6 (the ellipti-
cal symbol); although it was misnamed only once (ertor rate
0.62%), it wis named instead of other symbols a total of 21
times. A tendency for imperfectly-perceived forms -0 appear
tound is a well-documented phenocaenon (Zusne, 1978).

A distinction can be made between symbols which are re-
peatedly the source of errors (i.e., ate misnamed), such as
symbols 1,9,16,17, and 18 and those which are the recipient
of such errors, like 6,16,11, and 19, It is possible that
redesign of symbols in the latter set would reduce the over~
all error, although these symbols are not themselves the

ones misread.

The fact t!at confusions between _.rticuler pairs of
symools are often confined to one or two subjects makes it
impossible to generalize these findings to a wider subject
poyulation, However, from Pig. 35 it can be seen that the
confusions fall into two main groups: those involving cic-
cular or curved symbols (e.g., symbols 1,6,8,15) and those
involving sngular or more linear aymbols (e.g., symbols
2,9%,11). Anothe:r separate subgroup of confusiona pechaps
could ba defined by the alphabetic-like symbols (3,10,17).
Confusions tend to occur within groups, and do not cut
across geroup boundaries, except through aymbols 9 and 18,
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which have both cutved and linear components. This finding
18 consistent with Davis' (19€9) conclusion chat for maximua
coding efficiency, aymbols should differ strongly in shape.
Zusne (1978, has provided a prelinminarr classification of
important form pararmeters, based on factors such as ateas,
center of gravity, number of sides, angularity and symmetty.
Futther exrerimentation will be .ecessary, however, to de-
termine the exact parameters that should be varied to maxim-
12e the differences i1n shape of the role descriptor symbols
in this symbol set,

In this experiment, tecognition is based on the role
descriptor portion of the symbol, which is sometimes consid-
erably smaller than the overall target., In the case of sym-
bols 1, 13, and 17 the role descriptor subtends only 9' arc,
which may be toc little for reliable identification (Gould,
1963). It is possible that increasing the size of the role
descriptor portion of these symbols might aid their recogni-
tion. However, it {s also possible that the size of the
tole descrintaor (33 well as its snape) is being used as a
redundant cue to assist discrimination Detween symbols of
similar form, and that elimination of this cue would have a
neqative effect. Davis has suggested that redundant size
ceding may be advantageous for coding radar symbois.

Application of these results to symbols in an opera-
tional environment would have to take intoc account the fac-
tors of semantic content, ot meaning, of the sywbols, and
the tactical context presented in conjunction with the syms-
bols on a map display.

CONCLUSIONS

In agreement with previous studies on the legibility of
geometric forms, the experiment has shown that the asimpler
tole descriptor symbols are more quickly {dentified, with
fewer errors, than are more complex symbols. Patterns of
confusions between symbols are related to the natute of the
primary role descriptor form (linear vs. curved). Purther
study can determine the parameters of symbol form which ate
important for symbol recognition, and can indicate possible
tedesign that might avoid some ronfusions hat presently
occur.
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APPENDIX A

STINULIL
Svabol Size

Syadbsl size is of primary importance in designing leqi-
ble symbols. Prom a practical point of view, it is prefer-
able that the uni: symbols be no larger than necessaty,
since <his will mavimize the number of symbols that can b3
displayed simultaneously without overlap.

Recommendations for symbol height, ‘n terms of visual
angle sudbtend.d at the viewer's eye, vary widely, depending
on the type of symbol studied, the display system used, the
environmental condition® and the criterion of performance.
A symbol subtense of 12' arc is the typically accepted aini-
mal visual angle for alphanumeric data presented on televi-
sion and other electrunic d'splays (Van Cott and Kincade,
1979). MOwever, a major review uf legibility research Dy
vanderholh et al. (1979 concludes that a symbol subtense of
22-26' arc is required under normil operating conditions.
uUnder ideal conditions a subtense of 16' is tnlerable, but
not recommended. Sub-optimal operating eavitonments (e.g9.,
extremes of illumination, vibration) necessitate lasger sym~
bols.

ve

In operational use, there is & requirement for up to
three lines of optional alphanuseric text to be sitioned
beside the unit symbol. If the alphanumeric sysbols subtend
12' actc, and there is 1' atc between each line the total
spece requited (s 18' arc. A trade-off can be made, there-
fore, between the requiremant to have symdols ac ssall as
Jeqibly possible, and the requirement to have enough asyace
adjarent to the symbol for associated text. Since the text
can be allowed to extend tn some deqree above the top and
below the bDottom of the unit symbol, a symbol subtense of
2%’ actc was used in this experiment.

Sysbol Luminsnce and Contrast

Besider ! »ing regqulated by the intensity level set |n
the displey swoftware, luminance on the CRP used in this ex-
petiment was conticllel ov 1 7in3 1 constant software dis-
play list length to fix the refreeh rate of the display, and
by having the viewer~activated Drightness control at & fized
position,

Luminance wrs measured in two ways:

1. Dby measuring the luminance of the spots ot lines
vesed to construct the symbols,
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2. by measuring ovetall luminance of tae entite sym~
bol.

From these meas''rements, plus & measure of the background
luminance, contrast ratio (C) was calculated as:
C = Bs - RO
Bo where RPo = background luminance
Bs = spot or symbol luminance

Recommendations in the literature for these parameters
are typically 29 ft-L (3ould, 1968) for symbol luminance and
between 4:1 and 1@3:1 for contrast (Howell and Kraft, 1959).

A Gamma Scientific photometer with a nicroscope attach-
ment was used to measure spot luminance. A single spot of
so‘twate intens..y level 3 (the same as che unit rectangle)
was positioned below the location of the prompt symbol on
the display screen. The photome.er probe was placed at the
center of the spot, where the maximum luminance would occur
{assuming that luminance is distributed in a Gaussian manner
across the spot). Because the spot tended to drift continu-
ously, six teadings were averaged, giving a spot luminance
of 409 fe-L. A similar reading taken on the blank screen
gave a background luminance of 8 ft-L, for a spot contrast
tatjio of S#:1.

Symbol luminance was measured within a teticle ring po-
sitioned around the unit symbcl so thar the circle just
touched the corners of the unit rectangle. The luminance »f
each symbol measured in this way is given in Table A-l.
Average symbol luminance was 2.75 ft-L. Jhe range of 1lumi-
nances was .4 ft-L or 158 of the average. Background limi-
nance of the screen, measured over the same area under the
ambient light conditions used {n the experimert, was s |
ft-L. This gave a mean symbol contrast ratio of 26:1l.

TABLE A-l
SYMBOL LLMINANCES
SYMBOL TSMINANCE (ft-L) SYMBOL LUMINANCE (ft-L)
o

1 2.6 11 .6

2 2.7 12 2.7

) 2.6 1) 1.7

4 2.8 14 2.7

S 2.9 1% 2.9

6 2.8 16 2.6

? 2.7 17 2.8

8 2.8 18 i.0

9 2.8 19 2.7
10 2.9
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