
360 TRAFFIC AND OPERATIONS proper type of grit is used. Even the best grit reduces braking distances at low temperatures only 5 to 10 percent using a lock wheel stop. For maximum effectiveness with sanders, the pumping braking technique should be used- under this condition, the best grit reduces braking distances 30 to 40 percent below the locked wheel stop, depending on whether sand- ers are used on the rear wheels only or on all wheels. 7. Acceleration time with an empty (15,670 lb.) four whee

l drive truck through a speed range of 10 mph. on glare ice is about half that obtained with a standard truck. This indi- cates approximately the advantage of four wheel drive trucks over standard trucks when climbing hills on icy roads. 8. Pumping the brakes can reduce braking distances as much as 20 percent, providing the proper technique is used. Because of the in- creased steering control possible by pumping, this method of braking is recommended even for the inexpert driver. 9. Power Brakin
g (applying power without accelerating with the right foot while braking with the left) can reduce braking distances about 20 percent for a truck equipped with hydraulic or electric brakes; with air brakes this technique is not effective. 10. Natural road ice may closely approach glare lake ice in slipperiness. 11. Glare ice braking distances with natural rubber tires range from about 20 to 30 percent less than with synthetic tires. Acceleration time through a speed range of 10 mph. is about 25 
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ise of the in- by pumping, mended even ower without while braking ng distances uipped with h air brakes ely approach with natural o 30 percent Acceleration ph. is about s than with PROVING llege arch s ob- In tain time , and ve a cord- dy of , the Ad- using let- cs of ome- that that cimal Iowa State Administra- LAUER-STOP SIGN LETTERS Controlled studies of letter background combinations showed that black let- ters on a white background are almost invariably superior to white letters on a black b

ackground. In this connection it was shown that the fewer items on the background the higher the efficiency of the sign. Experiments were then made with signs having only STOP and designed to fit on to forms of octagonal signs in order to obtain the largest possible letters in the space available. Since the octagonal sign has only about 81 percent of the surface of a square or diamond-shaped sign of corresponding size, some modification in symmetry makes it much easier to discriminate from a rou
nd sign and also allows for much larger letters. Samples of the new type were shown with data on the performance of each. Some data on the relative merits of different colors of reflectorized back- grounds were presented. Laboratory studies under controlled conditions show some advantages of red background over standard yellow or white for color dis- crimination under low levels of illumination. This is contrary to findings on non-reflectorized painted signs since the Purkinje phenomenon causes 



362 TRAFFIC AND OPERATIONS being contemplated in the final stages of this investigation. TABLE 1 FACTORS OF LEGIBILITY Variable Beta Value a Width-height ratio. .3592 Legend-background ratio .2435 Stroke width.. .2407 Spacing of numbers. .2167 Stroke-width ratio.. .1942 Wave difference.. .1145 Items on the plate.. .0977 Interpretation Block type superior Less legend better Number strokes were too broad More spacing needed An optimum of about .20-.25 was obtained Greater difference bet- ter Fewer

 items best a The beta is an index of the relative importance of each factor studied. It is not to be interpreted as a percentage. block or square type numerals for license plates. He also found a stroke of } in. on a numeral 1 in. wide to be superior to 1-in. stroke. This agrees in general with our ear- lier findings. He also found digits having a width at least half the height to be superior to those of more slender characteristics. In our laboratory, Uhlaner (1941) made a careful study of the
 relationships between spacings as well as height, width, and stroke. His findings were obtained from several thousand observations made on typical rounded and square type letters and words commonly used on traffic signs in which the stroke, width-height ratio, and spacings were studied. 2897530 IOWA 0.75" 11146 STATE 2.5" 020" 1.5" Figure 1. Modified Form of Numerals Which Increases Legibility Distance-Since the upper half of characters is of most value in such discriminations, an effort should



cense on a -in. rear- wing a ior to ade a tween troke. everal ypical words ch the s were per half them as ors and co about e letters troke of ers to be the basis dth as a r studies andles of e of other increases es unity, LAUER STOP SIGN LETTERS or as the latter approaches a square or block design. Next, the relation between width of letter, percentage of height and stroke was studied using the same letters. It was shown that as the letter widens in relation to its height the width of stroke mus

t be increased. A three- axis graph was constructed to show the rela- tionships between legibility, stroke, and rela- tive width of letters. It is shown in Figure 2. Further studies were made of spacing of letters in nine typical words found on highway WIDTH / HEIGHT RATIO 0.8 0.6 0% 0.06 STROKE WIDTH, in. 0.12 50 100 LEGIBILITY DISTANCE, ft. 0.18 Figure 2. Three Dimensional Graph Showing Relationship between Width-Height Ratio, Stroke, and Legibility. signs. The results indicate that wider spac
- ings of the letters used are best and, according to Forbes (1939), specific formulations of measurements, spacing around 50 percent of the letter width showed satisfactory results. Any gains above this spacing would hardly justify the increased size required for most signs. With this background as a basis, the present problem was set up in an attempt to develop a more efficient STOP sign than that found in common usage and to develop letter combina- tions which would best fit on the octagonal 



364 TRAFFIC AND OPERATIONS been shown to reduce the efficiency of a sign or plate. An exception may be that of re- flectorizing the outline of the border which would appreciably raise the target value at night. This remains to be shown by experi- mental study with certain types of material, although many states are finding reflectorized borders very successful. In such case, the background color used might need be re- versed. As a result of these considerations, the immediate problems set for ex

perimental investigation may be summarized in general by the following questions: 1. Do the letters S, T, O, and P differ in difficulty? 2. What size and shape of letters can be used to give the greatest efficiency for a given size of sign? TABLE 2 STOPPING DISTANCE UNDER DIFFERENT ROAD CONDITIONS (A composite index based on various published tables) Ice or Sleet Speed Con- crete Dry Ordi- Wet nary Pave- Gravel ment Packed Snow mph. ft. ft. ft. ft. ft. 20 42 65 70 94 210 or more 30 84 129 140 18
5 415 or more 40 143 223 242 322 740 or more 50 220 339 366 490 1190 or more 60 317 486 526 700 70 436 670 723 970 1535 or more 2170 or more RODR 3. How close can letters be spaced in a pattern and yet retain their original efficiency as isolated characters? 4. Is a dark background with light legend as satisfactory as the reverse? 5. How will reflectorization affect target value and the discrimination of the shape of the sign at night? 6. When reflectorizations are used, how will this modify the



This means a more than 500 5. According the distance action is not is and similar 2. A perusal action is poor ond warning y some that pe of the sign mary study of a shows that as the legend d before the ble. On the r of diamond ly twice the signs can be f the octago- From a round ng signal is dy has been reflectorized sibilities for e sign more statement of nd color will tion arises as ation for re- e signs since en area will actory solu- studies are e best possi- eem feasible 5. per will be a s

eries of es 1 to 8, are briefly Statistical ints where "y. In all s given are gnificantly of Certain LAUER-STOP SIGN LETTERS Problem-To determine the differential 365 spacing and legibility. A preliminary check perceptibility of the standard Snallen letters of sample letters was constructed and tested S, T, O, and P used for visual tests under con- trolled conditions. These letters are square with a stroke of 20 percent the width of the letters. The criterion used for vision charts is that each 
member of the letter subtend an ings using angle of 1 minute and the characters as a spacings. whole subtend an angle of 5 minutes. Method and Procedure-Since it was desired to have the visual acuity of all ob- servers used, those taking part in Series 1 and 2 were subjected to an additional set of observa- tions using only the letters S, T, O, and P which were presented separately. This was done at the time the vision test was given. Apparatus The Clason Acuity Meter was used for testing vision



368 TRAFFIC AND OPERATIONS and sizes of letters to be used as a basis for the final selection of letters to be made for the word STOP in further studies. Problem-To determine the singly ex- posed types of letters which give highest legibility under low levels of illumination. Method and Procedure-The same gen- eral methods were used to separate letters of the various combinations of styles and char- acteristics as were made in the previous Series described. Some modifications of letters were mad

e to test their legibility value. Apparatus Same as that in Series 2 and 3. Results The results were synthesized into a generalized STOP that seems to give the best all-around legibility. It is shown in Figure 4. Further modifications will need to STOP Figure 4. This figure represents an idealized type of stop sign constructed according to princi- ples derived from the study. Slight artists modifications were made to equalize the legi- bility of letters in the Gestalt of the word STOP. Dimension
s: 25 Percent Stroke, 25 Percent Modification on "S", "T", and "O", 50 Percent Spacing. be made for reflectorization and fitting on to the background finally selected. The height may be increased but with diminishing re- turns in terms of legibility. The letters will increase in legibility distance by increasing the height. Certain minor modifications need be made in such case. Conclusions-Rounded letters with height and width equal, having a stroke of 25 percent of the letter width, and spaced 



lem which is presented igation only. termine possible modi- colors, which will give alue and provide for the legend on a STOP ocedure-The first step gonal sign and consider only 40 percent of the gn is utilized, five possi- the shape were con- e were modifications to ng the diagonal corners. having a height of 80 while two were modified rcent as high as broad. blank signs embracing across were constructed d and three colors of low, and red. These idually to six trained at what point the shape rc

eived accurately. shown a sample of the given the following in- ead of you in the booth point you see a shape or se on the card." Then ted, "As soon as you see e, tell me." The light ed until a shape or color reading was made and ed. he apparatus is the same the previous experiments malysis was made of the Fired for accurate percep- ry low levels of illumina- 0.40 f.c.) the yellow re- e difficult to discriminate act has resulted in higher Ch white and yellow, than It if discrimination of only ma
de. The results are Table 8 gives the results rimination. -In general, it may be Lond and square are easiest e the most difficult are the As the octagonal shape ght it becomes easier to LAUER-STOP SIGN LETTERS distinguish from the circle and to be identified as a characteristic shape. Red is easiest to distinguish as a color but this experiment did not indicate clearly whether it showed up equally well at very low levels of illumination. Series 7-Comparison of Thresholds for Visa- bility, Color,



370 TRAFFIC AND OPERATIONS analysis for more nearly complete evaluation. Some of the best designs so far devised are and out observations were made and the average taken as an index. Two trained sub- STOP STOP 4 STOP 7 STOP 2 STOP STOP 5 STOP 9 STOP 3 Figure 5. Types of Sign Studied-The sign at the lower left (No. 7) is a scaled reproduction from Neal of 30-in. stop signs used in Ohio. The sign at the lower right (No. 3) is a scaled reproduction of an older form of 24-in. stop sign used in Iowa.

 These are typical of signs being subjected to further analysis in various forms of reflectorization. shown in Figure 5 and will indicate the prog- ress that has been made so far. These basic designs can probably be greatly improved by some further modifications. It will be noted that modified forms of the octagon sign, the diamond and the square sign all have the same area. The legend on the square sign could be raised in height to increase its legibility distance somewhat. The special elongate
d sign at lower center represents an artists con- ception of balanced letters. It was not studied experimentally. The matter of backgrounds and reflectoriza- tion for best results still remains to be solved but we expect to build further work on the principles already derived for the generalized form of the letters in STOP with modifica- tions which are found necessary as the work progresses. To make preliminary evaluations of the ex- perimental forms of STOP signs shown, tests were made with th



made and the wo trained sub- reproduction from aled reproduction eing subjected to CIENCY OF SIGNS ge ce Rank 1 Com- bined Rank 205135 4761235 y which is to be Table 10 for the sign as shown in the same area and argest letter of a The two standard gh neither was of that preliminary e valid enough to LAUER-STOP SIGN LETTERS proved by a change in shape. 371 warrant their usage considering the advan- as a precautionary sign, could be much im- tages gained in experimental controls. Thus number 4 ran

ked highest in both indoor and outdoor tests, and 2 was nearly at the bottom. In no case was the placing off more than four rankings, while most were but one or two. Some of the designs shown would be more effective if the letters were taller but they represent specimens of types to be reflectorized for further study. GENERAL SUMMARY Studies of the most efficient form of STOP sign were based upon previous work done by the writer and others. Beginning with evaluation of letter difficulty, stroke,
 width- height relation, spacing, letter formation, and fit on the conventional, as well as a modified octagonal STOP sign, the study indicates possible improvement in legibility up to 50 percent of STOP signs now found on the highways. It was found the rounded letters are su- perior and that the letter T needs to be strengthened to make it equal to other letters as a part of the STOP Gestalt. Strokes of about 25 percent of the letter width were found best. Ovalizing the O seems to im- prove it 



A ■■ TRT Terms: Design g=&d erms DESIGN irection) the signs identical with those of the old standard th some phabets, with the "gas pipe bend le include sign layouts there was no difference, h Street the letters themselves, between the st Since these were the controlling dimensions roaching the signs of the first and the later gr g traffic e route, lation was prepared for each of the thres For use in designing the sign layouts a tab ses the n both e more serves LOUTZENHEISER-PENTAGON ROAD SIGNS 

be the only dimension given the sign painter. He could then vary the several spacings within the word as he saw fit to best letter the word in the prescribed length. Narrow spac- ings would result in a cramped and hard-to- read word whereas wide spacing would unduly 213 approach to the desired end. They expressed letter spacing in terms of adjacent strokes, in effect balancing the open spaces within and between letters by use of four spacing dimen- sions for each alphabet. Their values were deri
ved for the standard alphabets and it was ABCDEFGHIJKLMN OPQRSTUVWXYZ shields, used, listing the width of letter or me earness, letter and proportional widths for scaled on the guide tracing for a 2 be or both heights of 3, 4, 5, 6, 8, 10, and 12 in. The several 2 is the alphabet tabulation for the D s led to which was the most frequently used. If ngton" assumed that stroke, width, curves, spin and legibility of letters of the same series me in direct proportion to their height. Needles to say t


