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A COMPARISON OF LOWER CASE AND CAPITAL LETTERS FOR HIGHWAY SIGNS T. W. FORBES, Institute of Transportation and Traffic Engineering, University of California, KARL MOSCOWITZ, Traffic Department, AND GLEN MORGAN, Materials and Research Department, California Division of Highways
SYNOPSIS During the last two years the California Division of Highways has experi- mented with the development and use of lower case letters for overhead destina- tion signs on freeways. Recognition of word patterns is known to be fundamental in close reading of ordinary printed material and it was thought that habit
and pattern factors might also make this form of letter desirable for highway signs. Opinion as to their effectiveness has been varied, however. The problem therefore was to measure the distance at which lower case signs could be read as compared to rounded capital letters. Experiments were undertaken jointly by the
California Division of Highways and the University of California Institute of Transportation and Traffic En- gineering, to determine the distances at which signs of each kind of alphabet could be read. Letters from 5 in. to 18 in. in height were mounted on a bridge 17 ft. above the ground and a total of 75 observers made 3939
individual observa- tions under daylight and artificial illumination. White on black, series E capital letters and lower case letters of approximately the same average width-height ratio were used. These letters represented the development of this form of letter for freeway signs by the California Division of Highways. The stroke
of the series "E" capital was widened slightly, also to correspond to the letters used by the California Division of Highways. By means of a prearranged series of positions, each size and form of letter was presented an equal number of times on right and left and at top and bottom of the sign back- ground to balance out



356 TRAFFIC AND OPERATIONS The California Division of Highways has been using for some time on its new freeways large size destination signs mounted overhead on special standards. For about two years a lower case alphabet has been in the process of development and use on these large size overhead signs, as
illustrated in Figure 1. Experiments with type forms for the or- dinary printed page have shown that lower case printing gives more rapid reading than solid block printing with capital letters. This advantage has been at least in part attributed to more definite pattern characteristics of the Figure 1 Anaheim Telegraph Rd.
distances at which the two forms of letters could be seen when used for highway signs, "Distance seen" was analyzed on the basis of known psychological factors into (1) recogni- tion by overall word pattern and (2) actual discrimination of letters, as the two extremes. Since there were indications that letters may have a
different effect in small size than when presented at full scale against an outdoor back- ground, measurements were carried out in full scale. OBSERVATION METHOD Types of Observation-It would be expected that any advantage from the use of lower case letters would arise from a greater variety of overall word patterns
as compared with the same words in capital letters. For this reason, test material consisting of familiar names would be expected to show the greatest bado advantage. However, if the test material is too familiar to the observer, reliable measure- saments will not be obtained since the observers 9137 may "recognize" the
signs far beyond the we point where they can see the letter at all. In lower case words. It has therefore been sug- gested that the lower case form of letter might be of advantage on highway signs.1, 2 contrast, the "scrambled letter" technique used in previous studies, 4 allows the control of such psychological factors as



ers ns. of mi- al Les. ay hen ck- full ted wer ety with this liar test l is ure- vers the . In ique trol g on lizes • all sible case ell as ypes ypes ions, and were para- with gular ornia o the de to sis of Jour. ert S. nation Letter ghway FORBES, MOSKOWITZ, AND MORGAN-HIGHWAY SIGNS select names having the same number
of letters, this was found to be impractical and those finally used ranged from six to nine letters in length. However, comparisons should not be affected since they were between ob- servations of the same words in the two dif- ferent forms of letter. Twelve place names "without knowledge" were presented first. The
observers were told only that certain well-known California place names would be used. The same twelve words were then used again, the observers being told that the same names would be used but in different combinations and locations. These latter were the observations "with knowl- edge". Thus the former
observations might be similar to the reading of signs by drivers who are familiar with the territory in general. The latter might represent the performance of drivers, such as commuters on freeways, who go over the same highway every day and therefore are very familiar with all place names and signs. Procedure by
Observers-Distance from the sign bridge was marked by stakes at 25-ft. intervals up to 1500 ft. and at 100-ft. inter- vals from 1500 to 2000 ft. The observers started at a distance where none could identify the test words and approached on foot until they could read the first word. Each observer made his own record of the
distance at which he thought he could read the word and the exact spelling of the word as he "read" it. The observers were instructed to make their own independent observations, scanning each of the six words which were presented at the same time, stopping and recording the next distance marker ahead each time that



358 TRAFFIC AND OPERATIONS CONSTRUCTION OF TEST SIGNS The test signs consisted of white letters on a black background and represented the de- signs of lower case and capital letters result- abcdefghij klmnopqrs tuvwxyz A bet was a standard Series "E" rounded letter alphabet, but with the stroke widened to
correspond to that deemed most satisfactory from experience of the Highway Division as shown in Table 1. For purposes of greatest economy and versa... tility individual letters were constructed from which the various names and scrambled com- binations were assembled. This allowed pre- liminary tests of spacing
between letters for selection of the value to be used during the TABLE 2 WIDTH AND SPACING OF LOWER CASE LETTERS Vertical Strokes 0.22-0.25, Horizontal Strokes 0.20-0.22-in. per Inch of "Loop" Height, Depending on Letter. Stem Height of "b", "d", "k" = 1.415 In. per Inch of "Loop" Height. Width in Inches Per
Inch of "Loop" Height Figure 3 TABLE 1 WIDTH AND SPACING OF CAPITAL LETTERS U. S. Standard Series E Rounded Capitals with Stroke Thickened From 0.172 to 0.20 In. per Inch of Letter Height Width in Inches per Inch of Total of Right Neat Letter plus Left Added Constant Width Margin plus Spacing a 0.85 0.23
0.17 1.25 b 0.86 0.23 0.17 1.26 0.85 0.14 0.17 1.16 d 0.84 0.23 0.17 1.24 Letter Height 0.85 0.14 0.17 1.16 0.55 0.10 0.17 0.82 0.85 0.23 0.17 1.25 Total of 0.84 Right 0.34 0.17 1.35 Neat Letter plus Left Added Constant Width 0.25 0.34 0.17 0.76 Margin plus Spacing 0.47 0.12 0.17 0.76 0.83 0.23 0.17 1.23 0.25 0.34 0.17
0.76 Ι J ABCDEFGHLUTINNOPORS 1.02 0.08 0.15 1.25 1.42 0.34 0.17 1.93 0.81 0.22 0.15 1.18 0.85 0.34 0.17 1.36 0.80 0.11 0.15 1.06 0.88 0.12 0.17 1.17 0.81 0.20 0.15 1.16 p 0.84 0.23 0.17 1.24 0.77 0.21 0.15 1.13 0.86 0.23 0.17 1.26 0.74 0.17 0.15 1.06 r 0.65 0.20 0.17 1.02 0.80 0.11 0.15 1.06 0.83 0.09 0.17 1.09



FORBES, MOSKOWITZ, AND MORGAN-HIGHWAY SIGNS 359 S m - e- por e RS n. m ■■■ of ■ 4 1647028 g place ters rds. by etter rent was this - the nade ouble weight, semi-matte, white photographic paper. This process required considerable care to insure the correct size and undistorted letter form after the
photographic paper dried. Each of the letters so made was then mounted by means of dry mounting tissue on a piece of -in. masonite which was cut to include a margin allowance for each letter as shown in Tables 1 and 2. The resulting signs gave much the same appearance as the matte finish lain enamel signs used on
California freeways. porce- Letter Spacing-Each of the 26 letters was provided with its own individual spacing by mounting it on its masonite backing so as to allow varying margins. A further spacing (con- stant for each letter size) was added to this as shown in Tables 1 and 2. In assembling a word this spacing was made
uniform by use of a spacing block for each size of letter. In this way, an attempt was made to obtain a fairly good looking letter spacing which took due account of spacing areas produced by different letter forms. For the capital letters, the spacing was originally similar to that described by the Texas Highway Department,6
modified for California use and with the added proportion. For the lower case letters very little precedent was available but a similar approach was used. Margins on each side of the letter on the rectangular block were worked out in an attempt to equalize the spacing area produced by the different forms of adjacent letter
strokes. Here again a constant proportion was added. Sign Bridge, Assembly and Mounting-An ex- perimental sign bridge was designed consist- ing of two telephone poles as uprights to 5 Special acknowledgement is due to the per- sonnel of the Photographic Laboratory of the Division of Highways for their careful prepa-



360 &DIN TATRAFFIC AND OPERATIONS 20 following the careful schedule which is de- scribed below. Figure 4 shows operations in progress. PRESENTATION SCHEDULE Enough individual letters were made up to form eight different words in each letter size. The same words were available in both forms of letter for
each size. Thus there were eight words available for lower case and for capitals in the small size, the medium size, and the large size. In order to make a valid comparison, it was necessary that observations of the same words be made in lower case and in capital letters. But at the same time, in order to preserve the
"unknown" character of the names to be used, it was necessary for half of the observers to see the words for the first time in lower case and the other half to see them for the first time in capitals. Therefore of four words of each size used for the day observations, two of the words occurred in lower case first and the other
two in capitals for the first day's observers. How- ever these words appeared first in the other form of letter for the second day's group of observers. Four of the words were reserved for the night observations and were similarly reversed as to form of letter presented first to the two night groups. In order to control guessing as
much as possible in the observations "with knowledge" it was also necessary to work out carefully a previously prepared series of positions for each of the test words so as to present a dif- ferent combination each time. This series also equalized the number of times each word and form of letter occurred on the right and left
or on the top and bottom of the sign bridge. The purpose of this was to eliminate well known factors which might tend to favor words in certain of these positions. Each afternoon or evening observation series included two six-word combinations of "scrambled" letters in which the same type of position schedule had been



cions com- two ation r by each while tions. dial FORBES, MOSKOWITZ, AND MORGAN-HIGHWAY SIGNS plotted against distance were made showing 361 of the capital letters including spacing. Al- be exactly of the same width and height, comparisons can be made by plotting these variables against distances seen. the
medians for each word and also the though the resulting letters did not prove to median values from the four word totals. Although least squares lines of best fit were also calculated, trend lines were finally fitted by inspection since linearity and equal weight- ing of deviations in long and short distance observations could not
be assumed with valid- ity. A simple analysis of variance was carried out to see whether the place names were suf- ficiently different to represent more than chance. Plots of sign area per letter as against distance seen were carried out with a view toward practical applications. In previous studies, 3, 4 it was shown that
observations of legibility distances of highway signs resulted in a rather symmetrical fre- quency distribution of distance values, and here again similar distributions were obtained. As a measure of group tendency for such a distribution, either the arithmetic mean or the median value can be used. In this case the median was
chosen since it is less affected DISTANCE IN FEET 2200 2000 1800 1600 FAMILIAR WORDS WITH KNOWLEDGE FAMILIAR WORDS WITHOUT KNOWLEDGE 1400 1200 1000 800 600 P DISTANCE IN FEET 2200 2000 FAMILIAR WORDS WITH KNOWLEDGE 1800 FAMILIAR WORDS WITHOUT KNOWLEDGE
1600 1400 1200 1000 800 600 s series furnish scram- ledge", wledge" of the of letter ral aim tionship ch type r under Histribu- ach test and letter rvations e, letter and for median ere com- d width 400 200 0 2 4 6 8 400 SCRAMBLED LETTERS 200 10 12 14 LETTER HEIGHT IN INCHES RESULTS Figure 6 In the



DISTANCE IN FEET DISTANCE IN FEET DISTANCE IN FEET 362 TRAFFIC AND OPERATIONS case of the true legibility measurement (scram- bled test letters) and a much wider spread ■■■ word total observations appear to fall more definitely on a line of relationship. 2200 2000 1800 1600 FAMILIAR WORDS WITH
KNOWLEDGE 1400 FAMILIAR WORDS WITHOUT KNOWLEDGE 1200 1000 800 600 400 200 0 2 SCRAMBLED LETTERS D 6 8 10 12 14 LETTER HEIGHT IN INCHES DISTANCE IN FEET 2200 2000 1800 1600 FAMILIAR WORDS WITH KNOWLEDGE 1400 FAMILIAR WORDS WITHOUT KNOWLEDGE 1200 1000
800 600 400 200 Figure 7 ■ SCRAMBLED LETTERS 2 4 6 8 10 12 14 LOOP HEIGHT IN INCHES NUMBER OF CASES NUMBER OF CASES 0 10 20 0 10 20 ■ 10 20 10 20 0 10 10 20 20 2000 2000 1500 1000 500 N=111 2 4 6 N=1II 8 MEDIANS 85 PERCENTILE N=112 10 12 14 LOOP HEIGHT IN INCHES NUMBER
OF CASES DISTANCE IN FEET 1500 1000 500 ■ 10 200 10 20 0 10 20 2000 2000 1500 1000 500 MEDIANS DISTANCE IN FEET 1500 1000 500 MEDIANS 0 10 20 85 PERCENTILE N = 110 N=112 N = 111 2 4 6 8 10 12 14 LETTER HEIGHT IN INCHES NUMBER OF CASES 0 10 20 0 10 20 o 10 20 MEDIANS 85
PERCENTILE 85 PERCENTILE N=109 N=107 N=112 32 2 4 6 8 10 12 14 O 2 4 LOOP HEIGHT IN INCHES N = III 6 8 10 LETTER HEIGHT IN INCHES N=109 N=112 12 14 Figure 8 RDB of the individual word medians in the case of place names (both "with" and "without knowledge"). Also the medians for the four Figures
6 and 7 also show that the median distances were shortest for "scrambled" let- ters, longer for familiar names "without



more S FORBES, MOSKOWITZ, AND MORGAN-HIGHWAY SIGNS knowledge" and still longer for familiar names "with knowledge". This relationship held for both lower case and capital letters. 363 These distributions illustrate the increased variability of observation which occurs with greater distance "seen". Again the
greater variation of the more familiar test material as compared to the scrambled letter material Figure 8 is an illustration of the distribu- tion of distance values obtained when all observations on the four test words of a given is illustrated. NIGHT 7-25-50 15r N = 29 10+ S5- CASE O 7 8 9 10 X EYE TEST SCORE (e) 15r ■■

N=28 DAY 7-25-50 10 S5- CASES 0 7 8 9 10 X EYE TEST SCORE (f) 14 ■ 10 20 ENTILE N = III 14 o 10 20 RCENTILE N=112 14 NUMBER O F 15r2 10- 5- N=25 7-26-50 0 7 8 9 10 X EYE TEST SCORE O F 7-26-50 15r N=28 10- 5 1 0 7 8 9 10 X EYE TEST SCORE (d) (c) TOTAL 50 25■ N=54 20- 15- UMBER TOTAL
25■ ≤20 N=56 20- 15- N 10 10 5- 5- 1 0 0 7 8 9 10 X EYE TEST SCORE (a) 7 8 9 10 X EYE TEST SCORE (b) Figure 9 RDB e median bled" let- "without Visual Acuity of Observers-It is important for the purpose of comparison with results size, form and familiarity were thrown to- gether. The distributions shown are for
scram- bled letter determinations and for familiar from other studies to know the range of visual names "without knowledge". The lines of acuity of the observers. Eye tests were given, median values shown correspond to the lower two trend lines of Figures 6 and 7. therefore, by means of the usual Snellen Eye Charts, to the
majority of observers. Figure 9



364 TRAFFIC AND OPERATIONS shows the distribution of eye test scores. A score of 8 represents so-called "normal" or 20/20 vision and "x" indicates those on whom no test was obtained due to their not being available when the eye tests were given. Tests were given with the subject wearing glasses if these were
habitually worn and were worn during the time of the sign observations. Figure 9 shows that the majority of the group had better than normal vision and that the 85 percentile represents about 20/20 or "nor- mal" vision. Distances for Normal Vision-This result in- dicates that the 85 percentile line shown in Figure 8 should be
used for comparing the TABLE 3 TBY ACTUAL MEDIANS AND 85 PERCENTILE VALUES FOR "SCRAMBLED" LETTER OBSERVATIONS BASED ON TOTAL DISTRIBUTION FOR FOUR WORDS OF EACH SIZE Capitals 08 - Lower Case Comparison of Lower Case and Capitals- Comparison Since median values are
in general more relia- ble statistically than 85 percentile values, medians were used for comparisons between lower case and capital letter determinations; but it should be borne in mind that the dis- TABLE 4 APPROXIMATE MEDIANS AND 85 PERCENTILE VALUES FOR THE THREE TYPES OF OBSERVATIONS
(Estimates read from trend lines on original plots) Letter or DAYLIGHT Distance in Feet Capitals Lower Case "Loop" Height Median 85 Percen- tile Median 85 Per- centile Scrambled in. 405 320 445 370 560 450 595 500 885 700 910 755 Place Names "Without Knowledge" 530 445 610 480 745 605 830 640 1190 950
1280 960 1682 682 682 Distances Distances Letter Height "Loop" Height Median 85 Per- centile 85 Per- Median centile Daylight Observations N = 109 to 112 Place Names "With Knowledge" in. ft. ft. in. ft. ft. 620 500 760 635 6.0 401 327 5.3 399 325 870 720 1030 850 8.5 604 469 8.0 607 470 12 1390 1150 1590 1255



itals- e relia- values, etween ations; he dis- FORBES, MOSKOWITZ, AND MORGAN-HIGHWAY SIGNS letters respectively. In Figure 10 the two lower curves represent legibility distances de- termined from the scrambled letter observa- 2200 365 lines, and became considerably greater for familiar names "with knowledge"
as shown by the upper pair of lines. 2200 2000 2000 ENTILE lots) 1800 1600 FAMILIAR WORDS WITH KNOWLEDGE FAMILIAR WORDS WITHOUT KNOWLEDGE Case 85 Per- centile FEET 137 1400 DISTANCE 1200 1000 800 600 400 370 500 755 200 -Q --- FEET 1800 FAMILIAR WORDS WITH KNOWLEDGE
1600 FAMILIAR WORDS WITHOUT KNOWLEDGE 1400 Z 1200 DISTANCE 1000 800 600 400 SCRAMBLED LETTERS 200 0 2 4 480 640 6 10 LETTER HEIGHT IN INCHES-CAPITALS LOOP HEIGHT IN INCHES-LOWER CASE 8 12 14 960 Figure 10 2200 635 850 1255 2000 255 355 545 DISTANCE IN FEET 1800
1600 FAMILIAR WORDS WITH KNOWLEDGE 1400 1200 1000 420 560 855 800 600 480 400 640 200 960 FAMILIAR WORDS WITHOUT KNOWLEDGE 2200 2000 1800 SCRAMBLED LETTERS 2 4 6 8 10 12 14 16 WIDTH OF LETTER PLUS SPACING IN INCHES 1938 Figure 12 1600 FAMILIAR WORDS WITH
KNOWLEDGE DISTANCE IN FEET 1400 FAMILIAR WORDS WITHOUT KNOWLEDGE Z1200 1000 800 600 400 SCRAMBLED LETTERS 200 ting "nor- 10 and 11 and capital median dis- ng day ob- ting night and letter and capital 0 2 4 6 8 10 12 14 0 2 LETTER HEIGHT IN INCHES-CAPITALS LOOP HEIGHT IN
INCHES-LOWER CASE Figure 11 tions. Thus for daylight the lower case letters showed a slightly greater median distance than did capitals. This advantage increased somewhat for familiar names "without knowl- edge", as shown by the middle pair of trend 4 6 8 SCRAMBLED LETTERS 10 12 14 WIDTH OF LETTER



366 TRAFFIC AND OPERATIONS knowledge" was very much reduced for both lower case and capital letters. When plotted against width of letter plus spacing (weighted for frequency of occur- rence), a somewhat similar relationship was found (Figure 12 and 13). Since the width of the different letters varies considerably it
was necessary to use an average value for width. Looking toward application to highway signs, the letter widths were weighted by their fre- quency of occurrence in California place names. However, an unweighted average, computed for the neat letter width, did not change the relationship markedly. (c) (b) (a) Berkeley
Telegraph Ave. BERKELEY = TELEGRAPH AVE. Berkeley Telegraph Ave. Figure 14 Distance "Seen" and Sign Area-Where large numbers of porcelain enamel signs are in- volved, the amount of sign area required per letter is of importance in determining cost. An analysis was therefore desired of median "distance seen"
in terms of sign area required per letter. In order to make such a determination, assumptions as to minimum vertical spacing between words and vertical spacing for mar- gins were necessary. In the case of capital letters, California experience seemed to indi- cate that a border width equal to the letter height above and
below each word is satis factory to eliminate blur from the brightness of the sky or fusion between two words when arranged one above the other. For a two line sign, this gives a vertical spacing of 2.5 letter heights per line as illustrated in the middle example in Figure 14 (b). For the lower case letters, however, the vertical
spacing required to obtain an equiva- lent isolation of words was not clear. If the same factor were used on the basis of stem height of the letters, it would result in a greater effective area of vertical spacing for the lower case words, since only a relatively few of the letters involve rising stems or de- scending strokes. Two



367 en ine ter dle the wa- the em FORBES, MOSKOWITZ, AND MORGAN-HIGHWAY SIGNS degree, recognition of words by their overall pattern. On the other hand, reading of scram- bled letters requires the actual discrimination of each letter and therefore depends more directly on the legibility of the different forms of
letter design. Observations of familiar names 1800- esses and therefore to result in recognition distances somewhere between those for the other two. (However, it should be noted that studies of printing involve close reading of a mass of material whereas our signs consisted of separate words "read" at long distance.)
1600- (c) FAMILIAR WORDS WITH KNOWLEDGE a for ely de- 1400- re- 1200- rst ac- Ign 1000- ure as- " 800 r1400- m uld the me wn eat ce) ons 15 re- ge" S of OW- dif- Cers f a "" m IN FEET DISTANCE (b) 600 1200 FAMILIAR WORDS WITHOUT KNOWLEDGE 400- 1000 PP 200 800. 0 600 (a) SCRAMBLED
LETTERS 800 400 600 200 ters ost wer 400- LO 2001 ith- de- were cept the Sof iliar able 300 400 200 100 SIGN AREA PER LETTER IN SQUARE INCHES Figure 15 "with knowledge" should be very largely a matter of recognizing the overall word pattern and therefore it is preferable to speak of rec- ognition distance
rather than legibility dis- tances in this case. The observations of famil- iar words "without knowledge" would be 500 The results indicated that this was the case and that recognition of word patterns proba- bly entered in the "distance seen" of place names in both the lower case and the capital letters. The advantage in
recognition distance of expected to involve some degree of both proc- the familiar names "with knowledge" over



368 TRAFFIC AND OPERATIONS those "without knowledge" was much greater for day observations than for night observa- tions. This may indicate that the extreme recognition distances obtained when the ob- servers were familiar with the list of test tance values for the familiar words "without knowledge" and the
scrambled letters was similar for both lower case and capital letters and was not markedly changed under night conditions. Approximate median values for DISTANCE IN FEET 1800 1600- 1400 1200- 1000- (c) - FAMILIAR WORDS WITH KNOWLEDGE 800 1400- (b) BJWG BY 600 1200 FAMILIAR WORDS WITHOUT
KNOWLEDGE 0031 400-1000. 200 800 0600. 800-400- 600 200 400 LO 2001 0 (a). SCRAMBLED LETTERS 400 100 200 300 SIGN AREA PER LETTER IN SQUARE INCHES Figure 16 500 words depended upon very slight visual cues which could not be seen as far at night. Some extremely long individual observations
were obtained which were correct but other ex- tremely long ones were obviously wild guesses, a fact which agrees with this interpretation. The relationship between the median dis- scrambled capitals as compared to names "without knowledge" were 70 and 95 ft. per inch respectively for day observations and 55 and 80
respectively for night observations (See Figures 10 and 11 and Table 4.) It seems preferable to give approximate values rather than expressing relationships in



words "without ed letters was d capital letters ed under night ian values for red to names 369 FORBES, MOSKOWITZ, AND MORGAN-HIGHWAY SIGNS terms of an equation since the results suggest a slightly curvilinear relationship between dis- tance "seen" and letter height, especially for the capital letter material. Such
a curvilinear characteristic was also found in a previous study. This slight non-linearity is of no prac- tical importance if full scale determinations are made but would cause a substantial error if determinations were made on small scale ters. Since the present series "E" letters were somewhat wider such an increase of
legibility distance is consistent. signs and then "blown up" on the assumption of a linear relationship. Although the lower case observation dis- tances were consistently longer than those for that the 85 Table 4 also gives 85 percentile legibility and recognition distances for capitals and lower case letters. These represent the
dis- tances for so-called normal vision, while many drivers on the road may have only 20/40 vision. It is suggested therefore percentile values for names "without knowl- edge" should be used for practical purposes, rather than the longer median values or the longer recognition distances for the names the capital letters,
when expressed in terms of "with knowledge". distance "seen" for a given loop height or A recent study using rounded capital width of letter, the situation was reversed if letters reported "legibility distances" of from average "stem" height was used. Since over 58 to 62 ft. per inch for series "E" (black on half of the letters
have neither a "riser" nor white and white on black) letters in daylight. a "descender" it might be expected that an These distances fall about halfway between intermediate value between "loop" height and our distances for "scrambled" and for names "stem" height could be derived to serve as an "without knowledge" in



370 TRAFFIC AND OPERATIONS vanced placement of signs can be calculated as desired.12 The presentation of different combinations of six different words each time is desirable in order to control as much as possible the factor of guessing where familiar names are used. When wild guesses do occur they usu- ally
show up in the error column and if not corrected by the observer himself they can be thrown out in processing the data. The occurrence of statistically significant differences between the medians for certain of the familiar names but not between those for scrambled combinations indicated greater dif- ferences in the pattern
characteristics of famil- iar names. Such differences indicate that use of larger numbers of words and of observers is desirable where familiar names are used as the test material. In order to compare the recognition dis- tances of the two forms of letter for the famil- iar names "without knowledge" it was nec- essary to have
half of the observers see one form of letter first and other half see the other form of letter first, and then to com- pare these results for the two halves of the group. This procedure would introduce an error unless the two groups of observers are equated as to visual acuity and familiarity with the region from which the names
are selected. Equating of the two groups was fairly satisfactory as shown by the distribu- tions of eye test scores (Fig. 9). Unfortunately, it was not possible to have all of the individuals who acted as observers present for both the day and the night obser- vations, but 36 out of 55 were present for both. The level of
illumination obtained from fluorescent tubes above and below the sign was reduced to give a brightness of 12 to 18 foot lamberts for night observations. This was the result of preliminary observations at 30 to 40 foot lamberts which gave definite blur- ring at longer distances. It was possible to demonstrate that glare from



to conduct the lower compromise ed the need y sign illu- y per letter rmation on definite was assumptions cal spacing as to which in terms of est observa- in informa- and recog- for the pur- and capital gns. White e developed artment for eways were nded stand- tly widened as one based t. three types mbled letters
termination ornia names ames which ames "with capital let- of observa- er. The first e actual dis- second type cter discrim- ttern recog- volves more second type the driver ory and the The highway h scrambled etter control e more relia- mbled mate- observations > them. The FORBES, MOSKOWITZ, AND
MORGAN-HIGHWAY SIGNS method was otherwise similar to that used previously by Forbes and Holmes and is felt to be advantageous in controlling variables which may otherwise introduce errors. 4. For both lower case and capital letter signs, the median and 85 percentile distance increased as the degree of familiarity
(repre- sented by observation types (1), (2) and (3)) increased. The longest recognition distances (for the third type of observations) however, were reduced more nearly to those of the sec- ond type under night conditions. 5. The legibility distances from "scram- bled" letters were in line with those obtained by Forbes and
Holmes, and decreased at night for the capital letters in similar fashion to their study. Somewhat different distance values reported in another previous study can be accounted for by certain uncontrolled vari- ables in the method of recording used in the study. 6. Median legibility distances from the scrambled material proved
to be roughly three-fourths as great as the recognition dis- tances determined with familiar names when observed "without knowledge" of the names to be used. This relationship was also approxi- mately the same for night observations. 7. Letter height has been used rather gen- erally as a basic index of capital letter size



372 TRAFFIC AND OPERATIONS about 10 percent. The actual range in dif- ference for both median and 85 percentile values is 1 to 13 percent for daylight and 7 to 14 percent for night observations. This com- pares the full height of the capitals to the loop height of the lower case letters. In each case the lower case letters
were the better. In a broad sense this minor distinction of only 10 percent does not seem significant enough to warrant immediate widespread use of the lower case letters. Direct comparison of capital letter height to the loop height of the lower case letters is not strictly correct. In usual use, the lower case letters for names
involve a higher or capital initial letter, which requires more board space. Use of a larger initial letter in the all-capital names very likely could have stepped up the distance seen by about 10 percent. If such were the case the lower case letters have no advantage. Considered other- wise, it might be more logical to compare
names with all-capital letters, say 9-inch height, to those with initial letters of the same height and lower case letters of about two- thirds that height, or 6 inches, roughly the proportion used in most printing. In such a comparison these data show that the all- capital letter names would be seen for dis- tances 30 to 40 percent
greater than those with lower case letters. Recognizing the con- trols of board size and space, a somewhat higher ratio than two-thirds may be in order for highway sign legends with lower case letters. This would reduce the percentage of difference but the advantage obtains for the all-capital letters, according to these data.
It would be helpful if the authors brought out practical conclusions in these respects. T. W. FORBES, Closure-Mr. Loutzenheiser is quite correct in pointing out that our results indicate about 10 percent advantage for lower case letters when medians or 85 percentible values of "scrambled" or "without knowl- edge"



ver alts HOOPER-PHOTOGRAMMETRY IN PLANNING paper such narrower letters will be legible for a shorter distance than the wider Series E letters used in our study. Thus, the claimed advantage would not be valid. The use of tall and wider capitals immediately involves 373 a longer sign and greater area than required
for the lower case, and therefore is not a fair comparison. Thus, the question of how to compare the two forms of letter is much more complex than it may appear at first glance. ore, Ever rec- ust ion an m- ere ed" let- cers ore er) ing rly The een ble wn so, as lid. ned ug- ady ter- ign me wer rea age ers ops (or ow) Sis ver s
of the ich hat al- 15, the ual e a ous PHOTOGRAMMETRY AND ITS USES IN HIGHWAY PLANNING AND DESIGN CURTIS J. HOOPER, Director of Traffic-Planning-Design, Connecticut State Highway Department SYNOPSIS Photogrammetry might be described as the process of converting photographs into contoured
topographic maps. Formerly ground survey methods were con- sidered the only reliable means of obtaining accurate topographic information. It is now possible to develop topographic maps of specified accuracy by means of aerial photographs which are then subjected to a series of photogrammetric processes so that
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