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CHAPTER I 

INTRODUCTION 

Recent research in the area of visual information 

displays indicates that color coding is useful in the 

reduction of search and location time in visual tasks. 

The job of mail sorting performed by the post office is a 

complex task, one of the operations of which involves the 

search and location of the cells of a mail sorting case. 

Therefore, it is possible that employing color coding 

in the mail sorting task could increase the efficiency 

by reducing the search and location time, 

A reviev; article by Jones (1962) on color coding 

reveals that research in this area is only recent and 

somev;hat limited. Studies applicable to the subject of 

color coding of information displays involve three areas: 

(1) information transmission of color, 

(2) absolute and relative identification of colors, 

and 

(3) color coding in search and location type tasks. 

First, concerning information transmission, Miller 

(1956) has shown that human channel capacity is rather 

small, and that absolute judgments of stimulus values that 

vary in one physical dimension are usually between t\jo and 

three bits (four or eight categories). This suggests that 

y^'rirwr: 



for absolute recognition, a one dimensional color code 

should not contain more than about eight colors. Most of 

the work on color coding before 1960 ̂ r̂as related to infor

mation theory, such as the Miller (1956) study, where the 

emphasis v;as on accuracy rather than speed. Therefore, 

the number of usable code values might be greatly differ

ent under conditions other than single stimulus identifi

cation. Color code utility could depend on the measure 

desired (speed or accuracy) and the type of response 

required (simple or complex). 

There is also evidence that a complex or multi

dimensional code is more efficient than a unidimensional 

code, Weitz (191-1-7) found that reaction time to control 

levers was less, if the knobs differed in both color and 

form, than on either one of these continua alone. In a 

study on information transmission, Anderson and Pitts 

(1958) found a color-numeric code to transmit more infor

mation than either the numeric or color code alone for any 

unit of time. They also found the complex code more 

accurate than the color or numeric codes alone. Their 

explanation of this vjas a more efficient use of central 

vision during brief exposures. These studies indicate 

that color coding is a powerful means of enhancing discrim-

inability among classes of items presented in visual dis

plays. 



From these studies on information transmission, it 

is suggested that for absolute recognition judgments, a 

color alphabet should not contain more than about eight 

colors. More colors than this would lead to inaccuracy 

where the color is the only dimension coded. But there is 

also evidence that color works more effectively in a 

multi-dimension code. In this case, the color code would 

^® redundant. In other words, if the color code were not 

present, there would still remain sufficient coding 

information in the form of another code dimension (numeri

cal, alphabetic, shape, position, etc.), so that absolute 

recognition of each display unit is still possible. In 

this case, the addition of a color code would be in the 

form of a secondary code or a backup code, the purpose 

of which is to supplement rather than replace the primary 

codes, and is therefore redundant. 

A second area of research is in the area of absolute 

and relative identification of colors. Color alphabets to 

be used for coding have been developed by many investiga

tors* Chapanis and Halsey (1956) tested several color 

alphabets containing from 10 to 17 colors, which could be 

identified accurately when presented one at a time. They 

found that using more than 17 colors increased inaccuracy 

of the judgment. Hanes and Rhodes (1959) agree, but found 



also that with training, subjects could absolutely 

identify 50 colors accurately. Bishop and Crook (1961), 

varying hue, lujtiinance, surety, target size, and target 

shape, found that 30 to 60 colors could absolutely be 

identified. In a relative identification task v:hen colors 

can be compared with each other, V/right (I9I4-I) found that 

150 colors could be accurately identified. It thus 

appears that color as an undimensional code could contain 

more than eight colors, as many as 30 or more absolute 

colors, and up to 150 relative colors. One explanation 

for the success of color codes containing more than eight 

colors is that color itself is a multidimensional, having 

not only wave length, but also qualities of saturation and 

luminance. 

The third area of study relates to experimentation 

with color coding in search and location performance 

tasks. The first works in this field are a study by Green 

.and Anderson (1956) and a replication by Smith (1962), 

which indicate that color as a supplementary or redundant 

code is valuable in improving performance of visual search 

tasks. In a sim.ilar study. Smith (196[|.) studied the 

effects of shape and color coding on a search counting 

task. The task involved densities of 20, 60, or 100 

objects of different shape and/or color, randomly located 

in a 20 X 20 matrix. The experimenter would name a color 



or shape, and the subject was timed as he searched the 

display field, located, and counted the named item. 

Accuracy of the count was also measured. He found that 

counting time and errors increased as display density 

increased. Counting time was faster for a five valued 

color code than any of three five valued shape codes. 

There were also fewer errors with the color code. The 

effectiveness of the color code was superimposed on the 

shape code. Smith (196I4.) says further that when super

imposed on other codes, color will dominate in the visual 

separability it provides. Smith (196[|.) suggests that the 

effectiveness of color coding may be diminished by 

increasing the number of colors in the code. 

Smith (1962, 1963) suggested that if more different 

colors v:ere added to a display, one vjould expect that there 

would be diminishing improvement. Brooks (1965) tested 

this hypothesis. The display contained 50 items, randomly 

arranged in a 1i|. x M\. array, consisting of one of five 

letters followed by a three digit number* The task was to 

find the ten items beginning with one of the letters, and 

record the three digit number following that letter* The 

items were coded by underlining them with 0 to 5 colors. 

The subjects were told which letter they were to search 

for and what, if any, was the underline color code. He 



found the search time for all color conditions shorter 

than for no-color coded conditions, but he found no 

difference due to increasing the number of colors in the 

code • 

These studies by Smith and others have used an 

unformatted or random display. This means that for a I|.00 

unit field (20 x 20 matrix), only 20 to 100 units viill be 

filled with a target, and these will be randomly arranged 

within the l\.00 unit field. The remaining units of the 

field were left blank. Such unformatted displays are 

rarely found in real situations. In most real location 

situations involving matrix type display, the displays are 

formatted. That is, the matrix has a fixed size, and each 

of its cells has some piece of information in it. Using 

this type of formatted display, Smith (1965) investigated 

the effect of color coding, underline coding, and sub

script coding for row comparison and item counting tasks 

in a formatted type display. The formatted display con

sisted of tv;o digit entries in a tabular matrix of variable 

densities of 20, 60, or 100 items. Auxiliary color coding 

of the tabular entries was l\.7 percent faster for rovj 

comparison than no coding and 13 percent faster for super

script coding. For the counting task, color coding was 72 

percent faster than the uncoded. Underline and superscript 

codes were not faster for the item counting task* For both 



tasks, color coding yielded fevzer errors than any other 

situation. In view of the differences in color coding 

efficiency for the two tasks, Smith suggests that the 

value of color coding is very dependent on the nature of 

the task and may even be ineffective in a complex task. 

The reason for this is that color coding reduces the 

search time by adding discriminability to the display. 

Unless discriminability is a major part of the task, color 

coding may not increase the efficiency any noticeable 

amount. 

Another approach to code efficiency v/as suggested 

by Hitt (1961). His research indicated that it is not 

complexity alone that determines whether color coding vrill 

be effective in a certain task, but 5s for the most part 

the type of task itself that determines the effectiveness 

of the code. Hitt found that if the task involved identi

fication of one of eight objects, numerical coding V7as 

better than alphabetic, geometric shape, configuration, 

and color coding. On the other hand, vrhen the task was to 

locate one of eight objects in a random array, color coding 

V7as the most efficient method. This is consistent with 

other findings that tend to indicate that color coding has 

a limited effectiveness V7hen applied to information trans

mission or identification tasks, but a superior effective

ness when applied to location tasks. Although other 
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experimenters have found no evidence that the performance 

efficiency due to color coding would decrease as the 

number of colors in the code increases, many authors have 

suggested that this could occur as a result of their work 

on information theory* The majority of these studies use 

a five color code* Hitt (1961) found that color coding 

was superior for location tasks using an eight color code. 

Another task uses color coding where the objects 

being sorted are coded to match a display, in which they 

are to be placed. Harris, Kolesnik, and Teel (196I4.) 

compared speed and accuracy of wire sorting using colored 

and nurabered v/lres. They report that while the military 

ordinance requires all wire to be coded, preferably by 

color, there were no previous studies to indicate that 

color coding of wire was superior to any other type. 

Wires vjere coded by either numbers or colored bands 

one inch apart on the v/ire surface* The wires were 

mounted in a circuit board jig and sorted as to destina

tion* Sixty wires in each case were first routed into two 

paths: A (I|.0 wires) and B (20 wires)* Then each wire 

went into l\.0 terminals from path A and 20 terminals from 

path B. The time measured was total time for the above 

three operations. There were 60 number codes corresponding 

to similar codes on the wiring jig, and 55 color codes (5 

repeated in the case of wires of different lengths). 

> « = • 



Subjects worked both wiring jigs three times in alter

nating sequences, half starting with number coded and 

half with color coded wires. Wire sorting v/ith color 

coded wires was found to be twice as fast as sorting with 

number coded wire. Coding by trials interaction was not 

significant* A reduction in errors was also found, but it 

was not significant* 

Probably the most common sorting task is the sorting 

of mail at the post office. There are hundreds of thou

sands of clerks employed for the sole purpose of routing 

mail to its correct destination. Much research has been 

done by the post office on simplifying routing of mail, 

and automated machinery is playing an ever increasing role 

in sorting the mail. These machines can be used only in 

the largest offices, however, and then only for a limited 

size and thickness of mail. But for offices that do not 

rate machines to sort the mail, and for the oversize mail 

(large envelopes, magazines, and thick letters) the multi-

cell sorting case remains the most practical answer. 

Limited research has been done on the size and shape of 

the sorting case, and on the code labeling above the cells, 

but there have been no studies relating to secondary or 

redundant coding as an aid to sorting the mail. 
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Sorting the mail at the post office sorting case can 

be divided into cycles consisting of three component opera

tions: reading the address (Figure 1), locating the proper 

cell in the sorting case (Figure 2), and putting the mail 

in the proper cell (Figure 3). Smith (1962, 1963, 1961̂ ., 

1965), Hitt (1961), Brooks (1965), and others have shown 

that a redundant color code is useful in reducing location 

time, such as in the second operation of the above task. 

The experienced clerk moves through the three operations 

of the cycle without a break in the action. V/hile he is 

locating the proper cell, he moves the mail tov/ard the 

geographical position of the case V7here he has found that 

address in the past. As soon as the cell has been located 

and as the mail is being guided into the cell, the clerk 

looks down again (Figure 1) to read the next address, so 

that the path of his eyes is just ahead of the path made 

by his hand. The actual location time is short, so that 

even if an auxiliary color code were successful, it would 

be only a slight improvement. Smith (1965) said that the 

effect of such a color code depends on the complexity of 

the task. Mail sorting is a complex task, and for this 

reason, might have little to gain from color coding. The 

size of the gain is not important. Any significant im

provement over time translates into a large number of 

man hours saved. 
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Fig. 1---Reading Address Fig, 2—Locating cell 
vrhile ca,rd is moved 
to general location 

Fig. 3~'"Pl9-cing card in 
located cell. Cycle re
peats vzith figure 1. 
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In summary, the work of several investigators tends 

to show that color coding is an aid to search and location 

tasks with the consequence that the color code increases 

the discriminability of the display, thereby reducing the 

search or location time and in most cases reducing the 

number of errors. It was the purpose of this study to 

design an arbitrary color code scheme for post office 

sorting cases, and to test this color code scheme according 

to the inferences of previous studies regarding increased 

efficiency and fev/er errors. Although learning has not 

been measured with regard to color coding in connection 

with a search and location task, it was a dependent 

variable in this study. 

Three hypotheses were actually tested to determine 

in which respects performance on the color coded sorting 

case differed from the non-color coded sorting case. The 

first hypothesis was that learning time (or familiariza

tion of a naive subject with the sorting case layout) for 

a mail sorting task would be shorter in the color coded 

condition than in the non-color coded condition. The 

second hypothesis was that the performance time for the 

mail sorting task would be shorter in the color coded 

condition than the non-color coded condition. The third 

was that fewer errors would be made in the color coded 

condition. 



CHAPTER II 

PROCEDURE 

Desip;n of Color Code 

The purpose of the color code was to add another 

coding dimension to the alphanumeric code, thus increasing 

the discriminability am.ong the cells of the sorting case. 

It vms also necessary that the information characteristic 

of each colored cell be unique, so that V7ith practice, a 

clerk could sort mail rapidly and accurately, even if the 

primary alphanujneric code were removed from the sorting 

case* For this reason, the code could not have repetition 

to the consequence that any two cells could be confused, 

when using the color code alone. The largest sorting case 

in use at the post office is a 77 cell case (7 down x 11 

across), which requires 77 distinct coding units. The 

use of 77 colors was prohibited for two reasons. First, 

the number of colors that can be absolutely discriminated 

accurately is small (up to 17 colors according to Chapanis 

and Halsey, 1956; and 30 according to Bishop and Crook, 

1961). For practical purposes, if tvro colors cannot be 

absolutely discriminated, then there is no advantage in 

having two colors over one* 

The purpose of having each cell a different color 

was to add contrast to the cells. For this reason if the 

13 



colors repeat, similar colors must not occur in any manner 

in which they might be confused* Since the sorting case 

is a formatted display (the case is rigid and the cell 

designation does not change from time to time), the 

position of the cells in the case is a meaningful dimen

sion along which a discrimination can also be made. For 

example, an experienced clerk could never confuse an 

address to the top left corner cell with any other cells, 

because that address has a distinctive position that no 

other cell has—the top left position* The borders and 

corners of the case form geographical "landmark" cues, 

besides the regular alphanumeric code above each cell. 

Other than this alphanumeric code, each cell has the same 

general appearance of every other cell on the case. For 

this reason, the learned position cues become less 

distinct in the central areas of the display (Figures 1-3)« 

This author's basis for these statements comes from 

extensive personal experience at the mail sorting task, as 

well as extensive observation of clerks sorting mail* After 

reading the address on a piece of mail, the clerk decides 

almost immediately where he should put the piece of mail. 

The hand is moved toward the desired location, and unless 

as described above, there is some "landmark" cue to 

immediately isolate that cell, it must be searched out among 
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those in the vicinity of the position chosen by memory. 

This vicinity is almost never more than one cell distance 

above, below, left, or right of the desired target cell. 

Frequently, the target cell is hit on the first attempt* 

But more often it is not. This means repositioning the 

hand and piece of mail vertically, laterally, or diagonal

ly until the target cell is located* Sometimes this 

behavior takes the form of rapid movement back and forth 

between two or three cells, giving an appearance analogous 

to stuttering, until the target cell is located. Again, 

this motion usually takes place vrithin one cell distance 

of the correct cell, the correct cell often being passed 

over in the "stuttering" motion. In any case, the result 

is that the effective display area for any given target 

cell is not the total display, but approximately a nine 

cell display is shown in Figure ij., including the target 

cell. 

Coding up to 77 cells with 8 to 30 colors would 

necessitate repetition of colors. In a repetitive 

location task, as previously mentioned, a clerk quickly 

associates position with the objects to be discriminated. 

This was not considered in previous experiments, because 

even when a formatted (fixed size and density) display was 

used, it has not been used as a repetitive type task, so 
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Fig. 4—Effective Display Area. An 
experienced clerk does not search the 
entire sorting case to locate a cer
tain cell. Experience allows him to 
estimate the general position "X" of 
correct cell and in almost every case, 
the correct cell is found in either 
this estimated position "X" or one of 
the eight cells surrounding it. 
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that the subject could learn to associate a general 

"position" cue with the target to be located. In the 

mail sorting task, the opposite is the case* The target 

to be located does not change position, size, shape, or 

density, so that a clerk can and will use this position 

cue as the primary learned cue to locate the target. 

Learning the mail sorting task involves trial and error 

searching for the name and number codes until these 

position codes can be established, and then the alpha

numeric code becomes secondary and position becomes the 

primary cue. 

Only after the clerk learns the approximate 

position of each of the target cells, can he display any 

proficiency vjhatsoever at the mail sorting task. This 

position cue never gives absolute information, because the 

subject is not in a fixed reference frame with respect to 

the sorting case. But again, this position cue is gener

ally accurate to within one cell distance of the target 

cell. For this reason, it was felt that the colors of the 

code could repeat without violating information judgment 

of the total display, by breaking the total display up 

into these effective display units. Another advantage of 

this procedure is the modification and maintenance of the 

sorting case itself* Increasing the number of colors 
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above the minimum necessary multiplies the cost of appli

cation and maintenance. If a color coding scheme was to 

be practical, this had to be considered. 

The pressing problem then was to compromise as much 

as possible, so that the practicality of a few colors would 

not in any way hamper the absolute identification of every 

cell solely on the basis of the color code. 

Therefore, for the color code to have a unique 

information characteristic, the color code had to be such 

that the eight cells around any approximated target cell 

give unique information as to the identity of those cells. 

This 8 + 1 color code would, however, necessitate the 

repetition of colors every three cells distance, and the 

same arrangement of the 8 + 1 colors repeating over the 

entire surface of the case. The disadvantages of this 

arrangement can be illustrated by an example. Consider 

a certain cell A v;ith color code red. This cell is sur

rounded by eight other cells of colors not only different 

from red, but also different from each other. If the 

number of colors is less than the number of cells, then 

some colors must repeat. Consider another cell B, also 

colored red. This cell also is surrounded by eight other 

colored cells. The first cell and the second are differ

ent, in that they have different addresses and different 
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positions. But if the eight surrounding cells are color 

coded the same for the A and B cells, based on the color 

code dimension alone, there would be no difference between 

cells A and B, as each of the eight colors v/ould be adja

cent to the red cells. This violated the condition that 

each cell have unique coding characteristics. 

A 17 color code ( 2 x 8 + 1 ) permits the display 

to be arranged so that the colors around any cell V70uld 

have no set order. Colors v;ould repeat with a minimum of 

five cells distance, thus increasing the position effect 

by setting each 5 ^ 5 surround of any cell apart from the 

surround of any other cell as opposed to the 3 ^ 3 sur

round demanded by a nine color code. Also, a set pattern 

of the color scheme would not be required, allov/ing the 

order of the colors to be random, except for the minimum 

spacing between colors. This satisfied the condition of 

unique cell identification and the condition of practi

cality, as 17 colors would be much easier to apply and 

stock than would 77-

Color Blindness 

Any time color coding is considered for a practical 

application, with a general population, color blindness is 

a major concern. Only about 6 percent of the male 
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population is color blind. However, it is not well known 

that only three thousandths of one percent are totally 

color blind (Morgan, 1965). This figure is far less fore

boding than the originally mentioned 6 percent. This 

means that most of those people that are classified as 

color blind are only suffering from a partial color 

deficit. Even though they have a color deficit, they can 

discriminate nearly all colors when lighting is suffi

cient. This reduces somei-jhat any objection to color 

coding in the mail sorting cases. 

This, however, still does not ansvxer the original 

question. There v/ould still be some small fraction of 

the v7orkers that would not benefit from the color coding 

to a total extent. But this does not mean that they vjould 

in any v/ay be hampered by the color coding. It must be 

remembered at all times that the color code proposed is 

strictly a secondary code. The original alphanumeric code 

will still appear above each cell. The colors are simply 

a supplementary code to improve contra-st betvreen the 

cells. 

Because the original address code will appear above 

each cell as usual, the question of color blindness does 

not have relevancy in this case. On the contrary, it is 

more relevant to say that the person with a color deficit 



21 

will benefit partially by the color coding, because he 

will still be able to discriminate some colors and dis

tinguish between others by their relative brightness 

(Figure 5). 

Procedure for Testing the Color Code 

In order to eliminate the variables of the complex 

workplace, a simulated workplace has been designed. The 

sorting cases were placed in separate rooms of approxi

mately 6 x 6 feet, with central air conditioning, and 

illuminated by four, forty watt fluorescent lights. 

In order to remove the variability of the mail 

itself, sim̂ ulated letter cards vrere printed. These cards 

were white cardboard, the size of IBM type computer cards. 

Since in the actual situation only one line of the address 

contains the relevant information for any single sorting 

operation, the simulated m.ail cards contained only one 

line addresses. Further, since most of the sorting 

involves outgoing mail (outgoing mail is sorted at every 

route intersection while city mail is sorted only once at 

the destination), this type of address was selected for 

the task* 

The scheme list is shown in Table 2, and the simu

lated letter card appears in Figure 6. The scheme list 

consists of lj.9 Texas towns chosen from a post office 

.^v-
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Pig, 5"-Color Case in Black and VJhite. 
This illustrates the brightness con
trast as seen by by the totally color 
blind. 
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Table 2 

CARD ADDRESSES (as 

Acala, Texas 79828 

Anson, Texas 79501 

Aransas Pass, Texas 

Ballinger, Texas 76821 

Baytown, Texas 77520 

Beaumont, Texas 

Big Springs, Texas 

Canyon, Texas 79015 

Dalhart, Texas 79022 

Denton, Texas 76201 

Edmonson, Texas 79032 

El Paso, Texas 

Friona, Texas 79035 

Ft, Stockton, Texas 79735 

Ft. VJorth, Texas 

Garland, Texas 750^0 

Greenville, Texas 75^01 

Happy, Texas, 790^2 

Haskell, Texas 79521 

Houston, Texas 

Iraan, Texas 797̂ 1̂-

Irving, Texas 7506O 

Jacksboro, Texas 76056 

Junction, Texas 768^9 

Killeen, Texas 765^0 

they appeared on cards) 

Lufkin, Texas 75901 

McAllen, Texas 785OI 

Midland, Texas 

Munday, Texas 7637I 

Nacogdoches, Texas 75961 

Nazareth, Texas 79063 

Odessa, Texas 

Orange, Texas 7763O 

Ozena, Texas 769^3 

Pampa, Texas 

Panhandle, Texas 7906O 

Raymondville, Texas 7858O 

San Angelo, Texas 

San Antonio, Texas 

Satin, Texas 

Seymore, Texas 

Snyder, Texas 

Tulia, Texas 

Uvalde, Texas 788OI 

Vega, Texas 79092 

Victoria, Texas 77901 

Waxahachie, Texas 75165 

Wichita Falls, Texas 1^\(^S 

Wingate, Texas 
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training scheme. These towns and others constitute a 

routing scheme v/hich postal clerks must memorize, and on 

which they are tested periodically by sorting a deck of 

practice cards. These cards contain the city, state, and 

sometimes zip code. Only the city name was relevant to 

sorting the cards. The state and zip code were irrelevant 

information in this task. The cards were mimeographed in 

standard pica type. 

A pilot study revealed the existence of a small 

warm up effect to the task and the fact that continual 

performance for more than two hours without a break v;as 

fatiguing and caused a decrement in efficiency. For this 

reason, the length of trials was arbitrarily chosen to be 

approximately one to one and one-half hours. The pilot 

study further indicated that with practice, the subjects 

approached an average of forty cards per minute. For a 

one hour task, this requires approximately 2l|00 cards. All 

subjects started the performance trials after a practice 

trial which brought their sorting ability to 25 cards per 

minute. For 2I4.OO cards, this rate required 96 minutes. 

Progressing to 30 and I|.0 cards per minute required 80 and 

60 minutes respectively to complete the performance trials. 
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Sorting Cases 

The sorting cases used in this experiment were two 

item 15B, 63 cell (7 down x 9 across) post office sorting 

cases* The left two columns of cells v/ere partitioned off, 

so that the effective display was a î9 cell sorting case 

(7 X 7 cells). (See Figure 7.) The size of the 7 x 7 

display vjas 39 inches high x 35 inches wide, standing 

28 inches off the floor, with a ledge for mail extending 

outward 12 inches from the base of the case (see Figure 8). 

The Qontrol case was painted the official post office color 

pictured in Figure 9. The experimental case V7as coded V7ith 

17 colors. The paint used was flat finish tempera. The 

color coding consisted of painting the entire inside 

surfaces of the cell and the address face above the cell 

the particular code color (see Figure 10). 

The color code itself consisted of 17 colors which 

were arbitrarily chosen, with the condition that each V7as 

so different from the others that they could not be easily 

confused* Sixteen of the colors repeat three times each, 

and one color (black) appears only once in the code. The 

colors of the code V7ere arranged so that there would be no 

repeating combination, and so that the repeating colors 

would be a minimum of four cells distance apart. 
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^ 

Fig, 7--Forty-nine {7y^7) Cell Display. 
The tv70 loft colirr.rns V7ere partitioned 
off of the original sixty-three cell 
case in order to achieve a square array. 
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F i g . 8—Mail Ledge. 
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a 

Fig, 9—Control Case shovrlno- the 
original postal color" 
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P i g , 10—Color Coded Case . 
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The cases com̂ ionly used by the post office for 

sorting letters are I{.9 (7 x 7), 63 (7 x 9), and 77 (7 x 

11) cell cases. The l\.9 cell case, though the smallest 

post office sorting case, is used as much or more than the 

63 or 77 cell cases. It was chosen in this experiment for 

two reasons. The first was economy. Smith (1962, 1963, 

1961]., 1965) found that as display size increased, task 

time increased, but this effect is constant for both the 

color and no color conditions. This study V7as not designed 

to study display size. If the color code schem.e V7as found 

to be useful in increasing the efficiency of mail sorting 

in a 1|.9 cell case, there is every reason to assume that 

the color code would increase the efficiency of any mail 

sorting case due to task similarity. 

The second reason for choosing a l\3 cell sorting 

case was that a square array V7as desirable for randomiza

tion purposes. Using 2l\.0^ cards, this allowed L|.9 cards for 

each of the I4.9 cells of the sorting case. This filled the 

cells no more than one quarter full, so that the subject 

never had to be disturbed to remove cards from a full cell, 

and it further insured that subjects would not have to 

attempt to work cards into full cells. 

Another advantage of a simulated work situation was 

the control of the order of presentation of the simulated 
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letter cards. Even using a set deck of 2J4.OI cards, how

ever, required a four-hour shuffling task that must be 

repeated after each trial. For this reason a special 

process V7as developed so that the cards could be shuffled 

in a more economical manner. This process involved 

printing the 2I4-OI cards in order. Then the deck was 

randomized and the addresses were printed on the second 

side of the cards. This system allowed the deck of cards 

to be in order in one directions and randomly shuffled in 

the opposite direction. When the subject sorted the cards 

which he encounters in random order, he was himself per

forming the shuffling of the other side of the cards, so 

that if the sorted cards were rem.oved from the case cells 

in a random fashion, the "randomization" of the second 

side of the cards can be maintained. To do this, the 

sorted cards were removed from, the case approximately one 

third at a time in three random sequences and then hand 

shuffled. Although it cannot be said that the sequence 

was "truly random," this procedure provided ever varying 

sequence to the deck of sorting cards. 

The labeling of the sorting cases are identical. 

The sorting scheme consists of the Ij-9 Texas cities pre

viously described. The lettering is black on V7hite back

ground, approximately one fourth inch in height (upper case 
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letters). This V7as consistent with the case labeling at 

the post office. The case list is in Table 3 as it appears 

on the cases. The list V7as alphabetized and then ran

domized so that there would be no predictable order to the 

case list. This V7as consistent with some post office case 

arrangements, and further requires the subject to learn 

the actual position of each cell address on the case, 

rather than merely improving alphabetic filing skill, 

which may not be constant for all subjects. 

Subjects were 30 paid volunteer college students. 

A pilot study indicated that all volunteers could not 

learn the task to any degree of proficiency in a reason

able length of time. To reach a criterion of 25 cards per 

minute performance level required about 3/i| hour. Some 

subjects could not reach this level after four hours work, 

and shov7ed no improvement after tv70 hours. This indicates 

that the task is of sufficient difficulty to prevent slov7 

people from learning it readily. It V7as further found 

that these slow subjects scored lower on the numerical 

portion of the Minnesota Clerical Test (1933) than did the 

faster ones. The Minnesota Clerical Test is of the same 

form as the civil service clerical test that must be 

passed by all postal clerks as a condition of em.ployment. 

The Minnesota Clerical Test V7as therefore judged to be 

j^saemsaBrnTT-
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valid in the selection and screening of subjects. A 

cutoff of 130 on the numerical portion of the Minnesota 

Clerical Test was found to yield a group of subjects that 

could with practice perform the task at the desired rate 

of 30 to I4.0 cards per minute. 

Subjects V7ere randomly assigned to the two treatment 

groups, consisting of the plain postal sorting case and the 

color coded sorting case. Only volunteers scoring above 

130 on the Minnesota Clerical Test were accepted as 

subjects. 

Subjects were requested to be right handed and have 

normal color vision. Right handed subjects were used 

because the sorting V7as done with the right hand, and 

although left handed people can sort as well, it was felt 

that they may have a longer adaptation period. The normal 

color vision requirement was tested only on those assigned 

to the color coded case, and then only to the extent that 

they could readily identify all the colors. 

Each subject participated in only one level of the 

treatment, which consisted of one practice trial and five 

performance trials. Trials occurred one a day for six 

consecutive days. The practice trial introduced a naive 

subject to an arbitrary performance criterion of 25 cards 

per minute, defined by the first tv70 minute period in which 
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50 cards were sorted. Attainment of this criterion termi

nated the learning trial. The purpose of the learning 

trial was to insure that each subject began the performance 

trials V7ith the same level of proficiency and knowledge of 

the sorting case. The second through sixth trials were 

performance trials, during which the subjects performed 

the task until the entire 2I4.OI card deck had been com

pleted. In every trial the subjects began with the cards 

positioned in "random." order in the tray at the base of 

the sorting case, as in Figure 8. The cards V7ere upside 

down in the tray, just as they vjould be in the post 

office, so that V7hen the cards ;̂ 7ere picked up V7ith the 

left hand they were upright. This prevented changing the 

cards from hand to hand to position them. 

The pilot study has further shown that the per

formance time (time required to throw 2I4.OI cards) approached 

a learning asyiaptote during the fifth and sixth trials. 

The best estimate of true performance V7as taken to be the 

sixth trial performance time (best estimate of the asympto

tic value of mail sorting perforriiance of initially naive 

subjects). 

Instructions to Subject 

"This job is similar to the mail sorting job done 

at the post office. The cards in the tray have addresses 

j^E^ 
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on them corresponding to the labels on each cell of the 

mail sorting case. You will not encounter any card 

address that does not have a cell assigned. Your task is 

to pick up a handful of cards (about one inch thickness) 

from the tray with your left hand, and sort the cards into 

the case with your right hand. Put the cards in the cell 

below the case name, not above the name. In order to 

facilitate handling the cards, you are required to wear a 

rubber thumb cover on your right thumb. Continue v7orking 

until you are told to stop, or until you have v7orked all 

of the cards. Work as fast as you can without making 

mistakes." 

Analysis 

The hypotheses of this study were that (1) learning 

time for the mail sorting task would be shorter in the 

color coded condition than in the standard non-color code 

(plain) condition, (2) that the performance tim.e for the 

mail sorting task would be shorter in the color coded 

condition than in the plain condition, and (3) that there 

would be fewer errors in the color coded condition than in 

the plain condition. 

The raw data to test the learning hypothesis con

sisted of the time in minutes required by each subject to 

reach a criterion rate of 25 cards per minute. The data 
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V7ere collected and analyzed by completely randomized 

analysis of variance design, where the two levels con

sisted of color code and plain conditions. The data for 

the performance measure (trials 2-6) consist of the time 

in minutes required for each subject to sort 2l|.01 cards 

into either the plain or color coded case. Performance 

data were collected and analyzed by means of a split plot 

analysis of variance design having two levels of non-

repeated measures, consisting of the color coded and non-

color coded conditions, and five levels of repeated 

measures consisting of trials tv70 through six. 

Errors vjere not recorded for the practice trial. 

The error scores consisted of the number of mis-throv7n 

cards in each of the performance trials. Error data were 

analyzed by the split plot design as described above. 

The above three hypotheses were tested against the 

null hypothesis that there V7as no difference between the 

color coded sorting case and the non-color coded case. 

The null hypothesis V7as rejected if probability of a 

Type I error was less than five percent. 



CHAPTER III 

RESULTS 

Hypothesis I, Learning 

The first hypothesis was that subjects would learn 

the mail sorting task faster in the color coded condition 

than in the non-color coded condition. The procedure for 

testing this hypothesis was an initial practice trial, in 

which each naive subject worked until he could sort the 

cards at a rate of 25 cards per minute. The measure was 

minutes to criterion. These data appear in Table î., and 

the analysis by a completely randomized design F-ratio is 

presented in Table 5« The mean time for the plain case 

was longer (56.2 minutes) than the mean time for the color 

case (ii.8.2 minutes), but the difference was not signifi

cant (p > .05)• 

The main purpose for the initial practice trial was 

to bring all subjects to the same level, and thus to 

reduce intersubject variability. Although this task had 

obvious face validity as a measure of learning, it may or 

may not have had construct validity. The reason for this 

statement can be seen from the results of the performance 

trials. These results (Figure 11) show that performance 

was still improving through the third and fourth performance 

trials. The significance of trial differences is presented 

39 



TABLE li 

LEARNING 

(Time in Minutes for 0-25 Cards Per Minute) 

Sub j e c t 

1 
2 
3 
k 
5 
6 
7 
8 
9 
10 
11 
12 
13 
1 i | 
15 

Plain CJ 

ko 
^2 68 
k3 
75 
96 
k^ 
79 
32 
55 
63 
68 
hk 
hk 
kl 

ase 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Subject 

16 
17 
18 
19 
20 
21 
22 
23 
2k 
25 
26 
27 
28 
29 
30 

Color Case 

kk 
2k 
(>k 
ko 
52 
78 
39 
67 
56 
39 
32 
68 
32 
32 
55 
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TABLE 5 

ANOVA FOR LEARNING 

Source Sum of Squares df MS F-ratio 

Between Group î .96,1 1 1|96,1 1.71 (NS) 

Within Group 8,101,7 28 289.3 

Total 8,597.8 29 

j^^-^ 
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Fig. 11.—Practice and Perfomiance Trial Means. Note that 
the value of 96 minutes for the practice trial is not an 
actual value, but a projected value representing the 
practice criterion of 25 cards per minute. 
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in Table 6. The table differences were analyzed by the 

Newman-Keuls Multiple Comparisons Test. All differences 

were significant (p < .05) except v;here indicated. For 

the plain case there was a significant decrease in task 

time between the first, second, and third trials. For 

the color case, there was a significant decrease between 

the first, second, third, and fourth performance trials. 

This shows that the learning process was not complete 

until the third trial for the plain case and the fourth 

trial for the color case. Beyond the third trial for the 

plain case and the fourth for the color case there was 

no difference from trial to trial, indicating that 

learning had ceased and performance had reached an 

asymptotic value. There might be some importance in that 

the plain case reached its asymptote one trial before the 

color case. However, considering total time to asymptote 

rather than trials to asymptote, the results from Table 6 

show that the total times were 316 and 321 minutes for the 

plain and color case respectively (time totals include 

initial practice times). 

The dotted lines in Figure 11 show the relation of 

the first performance trial to the practice trial* The 

value given for the practice trial (96>minutes) is only a 

projected value based on sorting 2l].0^ cards at the rate 
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Trial 

1 
2 
3 
k 
5 

bi 

b2 

b5 
b3 

H 

bl 

t>2 

^3 
b,, 

^5 

bi 

bl 

TABLE 6 

TRIAL MEANS 

Plain Case 

92,67 
85.1̂ -0 
81 .20 
80.27 
82.13 

Plain Case 

b2 

7.27 

Color Case 

b2 

6.86 

Trial 

1 
2 
3 
k 
5 

Intertrial Differences 

5̂ 

10.51̂  

3.27 

b3 

11.I1-7 

1]..20 

0.93(NS) 

Intertrial Differences 

b3 

10.53 

3.27 

bi^ 

13.53 

6.67 

3.00 

Color Case 

75.86 
69.00 
65.33 
62.33 
61.14-7 

\ 

12.[[.0 

5.13 

1,86(NS) 

0,93(NS) 

^5 

11;.39 

7.53 

3.86 

0.86(NS) 

A l l Sig (p < ,05) excep t V7here i n d i c a t e d (NS) 
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of 25 cards per minute. This is not a real value, and is 

only for the purpose of comparing the finish rate of the 

practice trial (i.e., 25 cards per minute) V7ith the 

average rate for the first performance trials for the 

plain and color cases (i.e., 25*8 and 31.6 cards per 

minute respectively). 

For the plain case, the average subject began at a 

level of no experience and finished at a criterion rate of 

25 cards per minute. The next day on the first performance 

trial that subject sorted 2i;01 cards, averaging 25.8 cards 

per minute. This is not a significant improvement over 

the practice criterion. For the color coded case, the 

average subject also finished the practice trial at a 

rate of 25 cards per minute, but he finished the first 

performance trial sorting 2i|01 cards at an average rate of 

31 .6 cards per minute, V7hich was a significant improvement 

(p < .01). Not only did the color case produce more 

improvement from the end of the practice trial to the end 

of the first performance trial, but the improvement con

tinued for an additional trial and improved at a faster 

rats (significantly increasing linear Code x Trials 

interaction). 

Another factor relating to the learning hypothesis 

is the significant Code x Trials interaction (p < .001). 

The interaction is linear (p < .001), and shows the dif

ferences betv7een the plain and color case performance to 



14-6 

be increasing over trials. Not only did the color case 

performance start at a lower level, but it improved at a 

significantly faster rate and continued over a longer 

period. From Table 6, the plain case reached asymptote 

after 259 minutes, while the color case performance con

tinued to improve for 272 minutes, a difference of 13 

minutes (p < .05). 

Hypothesis II, Performance 

The second hypothesis was that performance would be 

faster for the color coded condition than the non-color 

coded condition. The dependent variable was time in 

minutes required for each subject to sort 2I4.OI cards into 

either the color case or the plain case. The data for 

the five performance trials are presented in Table 7» The 

results V7ere analyzed by a split-plot factorial design 

F-ratio. In a test of homogeneity of error variance, it 

was found that Fj^ax(observed) " ^*^^ ^^^ greater than 

^max(.05 2 Ik) ~ 3*00. The variance of the plain condition 

data was significantly larger than color condition vari

ance. To correct this difference, a reciprocal transfor

mation was performed on the performance data, and the 

split-plot analysis reported here was for the transformed 

data. The reciprocal of the score (1.0/score) was multi

plied by a constant (1000.) to make it easier to handle. 
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TABLE 7 

TIME IN MINUTES REQUIRED TO SORT 2i4-01 CARDS 

(Plain Case) 

Trial 

1 
2 

s 3 
u k 
b 5 
j 6 
e 7 
c 8 
t 9 
10 
11 
12 
13 
11; 
15 

16 
17 
18 

S 19 
u 20 
b 21 
j 22 
e 23 
c 2l\. 
t 25 
26 
27 
2d 
29 
30 

1 

83 
93 
82 
86 

III4. 
113 
73 
86 
110 
81| 
105 
87 
92 
106 
76 

70 
68 
90 
83 
81 
91 
60 
71; 
75 
61; 
80 
71; 
73 
77 
78 

2 

76 
83 
71 
88 
102 
89 

% 

105 
100 
91; 
85 
81 
93 
72 

(Color 

62 
57 
86 
72 
67 
81 
60 
76 
65 
62 
72 
68 
65 
68 
71; 

3 

72 
79 
67 
73 
93 
87 
59 
78 
115 
81 
98 
89 
76 
91 
60 

Case) 

61 
56 
75 
65 
61 
71 
62 
68 
65 
58 
63 
73 
58 
71; 
70 

k 

76 
76 
67 
70 
98 
87 
56 
78 
102 
82 
90 
87 
75 
93 
67 

61 
57 
68 
62 
57 
71; 
50 
67 
60 
55 
66 
71 
58 
71 
58 

5 

76 
90 
65 
70 
99 
90 
63 
78 
103 
82 
92 
85 
76 
97 
66 

61 
55 
65 
62 
56 
77 
51 
65 
60 
55 
63 
71 
58 
61; 
59 
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The analysis of variance table for the transform.ed 

data is shov7n in Table 8. The main effects (Coding and 

Trials) on the interaction (Code x Trials) were signifi

cant (p < .001). These results show that differences 

exist at all levels of the data. The results were 

analyzed on two groups. The first was analysis of the 

simple main effects, and the second was the analysis of 

interaction and trends. 

Table 9 shows the analysis of variance for simple 

main effects. This analysis shov7s that there was a sig

nificant difference (p < .001 ) between performance on the 

color case and the plain case at each of the five per

formance trials. These differences with their respective 

means are shov7n in Table 10. The Code x Trials means are 

shown graphically in Figure 12, V7hich was presented in the 

learning discussion as Figure 11. In order to compare the 

magnitude of these differences, Tukey's Honestly Signifi

cant Difference for the coding means was found to be 7«60 

minutes (p < .05) and 10.03 minutes (p < .01). The 

(p < .01) value was used in Figure 12 to illustrate the 

confidence limits for the coding means. The envelopes 

around the mean plots indicate their confidence limits 

(p < .01). 
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TABLE 8 

SOURCE TABLE FOR PERFORMANCE DATA 

Source 

Code 

Subjects w: 
Groups 

Trials 

I thin 

Code X Trials 

Trials x 
Subjects 

Total 

At*/ \f 
t\ 4\ tV P < • 

Sum of 
Squares 

31;8.11 

392.99 

111;.77 

12.89 

63.80 

932.56 

.001 

df 

1 

28 

k 

k 

112 

III-9 

Mean 
Square 

31;8.11 

1i;.0[|. 

28,69 

3.22 

0,57 

6.26 

F-ratio 

21;. 80 

50.37 

5.66 

Sig 

n n n 

4\ *\ *\ 
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TAB] 

ANOVA FOR SIMPLE 

Source 

Code at Trial 

Code at Trial 

Code at Trial 

Code at Trial 

Code at Trial 

Within Cells 

1 

2 

3 

k 

5 

Trial at Plain 

Trial at Color 

Code X Trial 

Trial x Sub w 

Total 

Gp 

< .001 

1;1.05 

55.87 

56.114-

89.71 

118.20 

1;56.79 

32.11 

91;. 95 

12.89 

63.80 

932.56 

:.E 9 

MAIN 

11;0 

k 

k 

k 

112 

11;9 

EFFECTS 

1;1.05 

55.87 

56.11; 

89.71 

118.20 

3.26 

8.02 

23.73 

3.22 

0.56 

6,26 

12.59 

17.13 

17.22 

27.51 

36.25 

11;.32 

1;2.37 

5.75 

%f \f \f 

\r \t \/ 

#% 4\ r\ 

4\ 4\ 4\ 

\f \f */, 
#C 4 "4% 

*/ JkJ^ \P 
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TABLE 10 

CODE X TRIAL MEANS 

(Transformed Means) 

Trial 

Plain 

Color 

Difference 

1 

11,003 

13.31).2 

2.339 

2 

11 ,936 

II4..666 

2,730 

3 

12,698 

15.1;31; 

2.736 

h 

12.767 

16,227 

3.1;59 

5 

12.1j-66 

16,14-36 

3.970 

Trial 

(Original Means) 

1 

Plain 

Color 

92,67 85.1;0 81,20 80.27 82,13 

75.87 69.00 65.33 62,33 61,11-7 

D i f f e r e n c e 16,80 16,1|.0 15.87 17.814. 20 ,66 
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The mean values in part one of Table 10 are trans

formed values. Since the numerical values of these means 

are inversely proportional to the actual mean times for 

the sorting operation, smaller means actually represent a 

larger number of minutes required for sorting the cards. 

This can be seen by comparing the transformed means with 

the original in Table 10. For clarity of presentation, 

original values have been used, so that the graphs will 

reflect more meaningful units. 

Figure 12 summarizes the coding treatment effects. 

The lines of the graph represent the performance behavior 

over the five trials. The top line is for the non-color 

condition, the bottom for the color condition. The average 

time for the plain case began at 92,67 minutes and reached 

a point of 82.13 minutes for trial five, compared to 75.87 

and 61 .i;7 minutes for the color case. The times get 

shorter from trial to trial, until trial three or four 

where they stabilize, indicating that the learning process 

had stopped and a skilled level of performance had begun. 

The dotted line envelopes around the lines shoi>7 that even 

at the p < .01 confidence limit, there is still an impor

tant minimum difference betv7een the tv70 curves, ranging 

from 5.8 minutes at trial three to 10.6 minutes at trial 

five. 
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The last trial is of particular interest. In order 

to get a valid estimate of mail sorting performance, it is 

necessary to choose a period of stable performance, or, 

after learning has stopped. The analysis of the trials 

effect answers this requirement. Table 8 shov7ed that 

there was a difference in the trial effect. This effect 

was further analyzed by a Nev7man-Keul3 Multiple Comparisons 

Test. Table 11 shows the results of this test for the 

transformed mean scores and the original mean scores as 

well. Figure 13 graphically illustrates the results of 

trials analysis. For the overall trial means, all levels 

except the fourth and fifth were significantly different 

(p < .05). Figure 13 shows that after trial three the 

decline of the curve has less slope, but the third trial 

was significantly longer than the fourth and fifth trials 

(p < .05)• The third trial is not significantly different 

from trials four and five at p < .01 . VJhether the curve 

levels off at the third or fourth trial is not so important 

as the leveling off itself. This tends to indicate, at 

least by trial five, learning had ceased and a stable level 

of sorting performance has been established. This gives 

justification for using trial five as the best estimate of 

sorting performance. Referring again to Figure 12, it can 

be seen that at the one percent probability level, the 
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TABLE 11 

PERFORMANCE TRIAL MEANS 

Original Means 
Trial Transformed Means Trial (minutes) 

1 81̂ .26 
2 77.20 
3 73.27 
k 71.30 
5 71.80 

1 
2 
3 
k 
5 

12.173 
13.302 
114..067 
11;.1;97 
il;.l;52 

Transformed Trial Means Differences 

Trial 

1 - 1.129-"""- 1 .891;-"""- 2.279-»""- 2.3 2k''^-"^ 
2 - 0.9 65-x--»- 1 .150-»-«- 1 . 1 9 6-X"X-
3 - 0.385-"- 0.[t.3l(NS) 
5 - 0.0l;6(NS) 
k 

Original Trial Means Differences (minutes) 

Trial 

1 
2 
3 
5 
1; 

1 

• M 

P 

P 

2 

7.1-"--"-

< .01 

< .05 

3 

1 1 . O'A-Yc 

3.9-"~"-

5 

12.5-"-"-
5.1;-"""-
2.[{.-x-

1; 

i3.o-»"»-
5.9-"""-
2.0(NS) 
0.5(NS) 
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actual difference in mail sorting performance for the 

plain and color cases is betv7een 10.6 and 3O.7 minutes. 

This is a relative improvement of between I3 azid 37 

percent (average 25 percent improvement for the color 

case). 

Since the trial main effect has both linear and 

quadratic trend components, it is possible to use an 

orthogonal polynomial to fit the trend. A general poly

nomial for linear and quadratic components has the form 

X = a + bY + dY2, The polynomial computed to fit the 

trial level data was X,- = X + 0.575 (Ĉ  ) - 0.197 (C.2) 
J. • ' - 1 

with values of C and C^ being as f ollov7s: 

level 1 = 1 2 3 1; C - 2 - 1 0 +1 +2 
C2 +2 -1 -2 -1 +2 

This describes transformed data only. If X is a grand 

mean, then X^ \illl be overall treatment means. If X is a 

code mean, then X̂ ^ V7ill be the Code x Trials means for 

that code. A test for goodness of fit resulted in 

^.05 1 112 " ̂ '^^ ^OBS = 3-12. This indicates that the 

polynomial predicted did not depart from the actual means 

by a significant araount. 

Another factor of importance to understanding the 

results is the Code x Trnals interaction. This interaction 

was.first described in the discussion of learning effect 

file:///illl
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and Figure 11. As previously mentioned, the interaction 

was significant (p < .001). Table 12. shox-7S the analysis 

of variance for the trend components of the performance 

data, which is necessary to interpret the results of the 

significant Code x Trials interaction. 

The statement has been made that trial five is a 

good estimate of mail sorting performance in this experi

ment. This is true only if the interaction functions are 

linear and not decreasing. If the interaction trend were 

other than linear, or zero, it would indicate that either 

learning had not stopped or that some other variable had 

not been accounted for. If the interaction trend were 

decreasing, it would indicate that the last trial V7as not 

a good estimate of sorting performance, because the 

functions of the two codes would meet in some future 

trial. This occurs as a result of a temporary effect on 

a complex task. 

This, hov7ever, was not the case. The trend was 

both linear and increasing (p < .001). Figure 12 shows 

the two curves decreasing in a parallel fashion until 

trial three, where the plain case curve levels off. The 

color case curve keeps decreasing until trial four, and 

the curves spread slightly further at trial five. This 

indicates that the learning period was terminated earlier 

for the plain case than for the color case. 
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PERFORMANCE TREND ANALYSIS 

Source 

Code 

Sub with Groups 

SS df 

392.988 28 

MS F-ratio Sig 

31;8.115 1 3l;8.ll5 21̂ .80 

11;.036 

Trials 

Linear Trend 
Quadratic Trend 
Cubic Trend 
Quartic Trend 

Code X T r i a l s 

111;.772 k 

99.625 1 
16.292 1 

0.817 1 
0.076 1 

12.892 I4-

28.693 50.371 

99.625 120.901+ 
16.292 27.751; 

0.817 1.038 
0.076 0.003 

3.223 5.658 \f \f %f^ 

Diff in Lin Trend 
Diff in Quad " 
Diff in Cub " 
Diff in Quar " 

11.825 1 
0.155 1 
Clj-OEj- 1 
0,14.87 1 

11,825 11;.359 
0,155 0,265 
o,lj.o[}. 0 .513 
0,li.87 0,021 

T r i a l x Sub w Group 63.799 112 

B X Sub Gp (lin) 
B X Sub (Quad) 
B X Sub (Cub) 
B X Sub (Quar) 

Total 

23.058 28 
16,141;7 28 
22.039 23 

653.750 28 

932.565 1I4-9 

0.570 

0,821; 
0.587 
0,787 

22.950 

6.259 

•Yf^Jr^^ P < .001 
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SZ£QJilĵ si_5__.JIl> Errors 

The third hypothesis was that there would be fewer 

errors under the color coded condition than the non-color 

coded condition. The dependent measure in this case was 

number of misthrown cards during each of the five perform

ance trials. The data were analyzed by a split-plot 

factorial design F-ratio. The results of this test appear 

in Table 13. The Code and Trials effects were signifi

cant (p < .05), but the Code x Trials interaction was not 

significant. 

Table ^k shov7s that the difference for the code 

effect occurred only at the second trial (p < .05), but 

the first trial was very close to significance. These 

results indicate that although the color case had fewer 

errors at every trial, and although one of the levels was 

significant, there V7as on the whole very little difference 

in the coding treatments with respect to errors. This is 

shov/n in Figure 11;. 

Table 15 shows the results of Nev7raan-Keuls Multiple 

Comparisons Test for the error trial differences. While 

the errors decrease for each code level at each trial, 

only the first and fifth trials were significantly differ

ent (p < .05)• This shows that errors decrease over trials, 

but are probably approaching the same low value. At the 
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second trial, the color case had fewer errors, but every 

other trial showed no difference. 
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Source 

Code 
Sub within Groups 

Trials 
Code X Trials 
Trials x Subjects 

TABLE 

ANOVA FOR 

Sum of 
Squares 

1;5.93 
21;9.1;7 

25.89 
8.11 

292,00 

13 

ERRORS 

df 

1 
28 

1; 
k 

112 

MS 

1;5.93 
8.91 

6.1;7 
2.02 
2.60 

F-ratio 

1.93 

2.31 
5.16 

Sig 

4% 

4% 

(NS) 

Total 621.39 11;9 1;.17 

TABLE llj. 

CODE X TRIAL ERROR MEANS 

Trial 

Plain 
Color 

Difference 

1 

3.20 
1.80 

1 .1;0 

2 

2.73 
1 ,00 

1.73-"-

3 

1.93 
1.53 

0,i;0 

1; 

2.33 
1.13 

1 ,20 

5 

1 ,60 
0,80 

0,80 

* p <,05 
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TABLE 15 

ERROR TRIAL MEAN DIFFERENCES 

1 

1 - 0.633 0,767 0,767 1.300-»-
2 - 0.13)-; O.13I; 0,667 
3 - 0,000 0,533 
k - 0.533 
5 

-̂ p < .05 



CHAPTER IV 

DISCUSSION 

Learning 

The analysis of the practice trial data favored the 

color coded case but the results V7ere not significant 

(p > .05). The performance data suggests that the practice 

trial alone may not have been a sufficient measure of 

learning since learning was not complete when the subjects 

reached the practice criterion of 25 cards per minute. 

Figure 11 shows that subjects working on the color coded 

sorting case finished the first performance trial faster 

than those sorting at the plain case. This figure further 

shov7S that the performance does not level off until the 

third or fourth perforraance trial. All subjects went into 

the first trial V7ith the same level of skill because they 

were not allowed to progress beyond the criterion. 

These V7idely different times for the first per

formance trial suggest that the initial practice trial 

probably would have been a significant effect had it been 

carried beyond the 25 cards per minute criterion. Since 

all subjects ended the practice trial at the same rate of 

performance and since there was no significant difference 

betv7een the plain and color case behavior, it would have 

been predicted that the coding effect for first performance 

65 
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trial would not have been significantly different. How

ever, it was different and the difference V7as greater than 

the differences at the second and third trials (although 

the differences 16.8, 16.14., and 15.1 minutes V7ere not 

significantly different). 

Ending the practice trial at a rate of 25 cards per 

minute, the subjects on the plain case averaged 26 cards 

per minute on the first performance trial (not a signifi

cant improvem.ent), while the subjects on the color case 

averaged 32 cards per minute (significant improvement, 

p <.01). Thus at the end of the practice trial the plain 

case subjects were approaching a learning plateau, V7hile 

the color case subjects were just beginning a period of 

accelerated learning. 

Since there V7as a one day rest period betv7een all 

trials, it can also be said that subjects of the color case 

retained their criterion skill level of the practice trial 

more effectively than did the subjects of the plain case. 

The above results strongly favor the color case as 

an aid to learning the sorting task. This questions the 

insignificance of the practice trial data. The rate of 

2^ cards per minute V7as arbitrarily chosen because at that 

level the sorting V7as progressing smoothly, where at a 

slov7er rate the subject would periodically require a long 
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period to locate a certain cell. In the time required to 

reach this criterion, subjects on the plain case had 

learned to some degree the cell positions associated with 

the addresses. During the same period, the subject on the 

color case had learned the cell positions to the same 

criterion, but also had learned to some degree the colors 

associated V7ith the addresses. This presented a more 

complex learning task and could have retarded as much as 

it facilitated the early learning. This is consistent 

V7ith the result that the first performance trial for the 

color case V7as significantly faster. In other V70rds, just 

as the subject on the color case was beginning to profit 

by the aid of the color code, he was stopped and could not 

continue until the first performance trial the next day. 

By contrast, the plain case subjects shov/ed no significant 

improvement from the end of the practice trial to the end 

of the first performance trial, indicating either that 

they forgot what they had learned during the practice trial or 

that they were on a learning plateau during this period. 

In summary, on the first performance trial, the 

color case showed a significant improvement V7hile the 

plain case did not. Not only did the color case have a 

faster initial learning rate, but continued the learning 

process at an overall steeper rate and for twice the number 
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of trials. The plain case had a rather shallow learning 

effect, which extended only between trials one and two, 

and two and three. The color case showed significant 

improvement from the practice trial through trial four. 

In other words, from the end of the practice trial to the 

end of the fifth performance trial, the plain case shoived 

a 25 percent improvement due to learning, V7hile the color 

case had a 35 percent improvement due to learning. 

Performance 

The performance trials V7ere those five trials 

follô 7̂ing the practice trial. Each subject had one trial 

a day for five consecutive days during V7hich he sorted 

2li.01 cards into either the color coded or non-color coded 

sorting case. 

The time required (in minutes) to complete this task 

is graphed in Figure 12. This figure suirmiarizes the per

formance effects described in the previous section in 

connection with Figure 11. The interest of this section 

involves the performance trials difference for the plain 

and color cases. 

Figure 12 shov7s that even with the trem.endous 

learning effect over the five trial period, the first 

trial time for the color case V7as less than the fifth 

trial time for the plain case. In other words, the color 
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case produced better results on the first performance 

trial than the plain case produced after five days work. 

Figure 12 shows further that the color case pro

duced more efficient performance on each of the five 

performance trials. The improvement was increasing over 

trials, shown by the significant linear interaction 

(p < .001). 

In order to say that this color coding method is 

superior, there m.ust not only be a significant improvement, 

but also a lasting improvement. If the improvement due to 

the color coding facilitated only the learning of the mail 

sorting task, it V70uld shov7 an initial difference but the 

improvement V70uld diminish in time because the plain case 

performance would gradually improve until there V70uld be no 

difference. Such a code V70uld therefore have no long range 

value. This is clearly not the case. The initial per

formance differences were very substantial, but these 

differences are increasing over time at a significant 

rate. Furthermore, both the plain and color coding effects 

reached an asymptote after the third and foiarth trial re

spectively. Both of these factors indicate that the color 

code improvement is not only a very substantial improve

ment but also an enduring improvement. 

>SBTI 
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Because the importance of the color code lies 

mainly in its long range effectiveness, the portion of 

the results of greatest importance are trials four and 

five, since they most accurately reflect this long range 

performance characteristic. Figure 12 shows that the 

performance rate for the plain case levels off at the 

third trial. There is a slight and insignificant decrease 

at the fourth trial and then an equally slight and insig

nificant Increase. The long range performance level for 

the plain case is most probably an average of these three 

points (81 .2 minutes to sort 214.01 cards, or 29.6 cards 

per minute). For the sam.e reason, the best estimate of 

the long range color case performance rate is the average 

of trials four and five (61.2 minutes to sort 214.01 cards, 

or 39.2 cards per minute). The color case performance 

rate did not level off at the third trial as did the plain 

case, but at the fourth trial. The leveling off period 

for the plain and color case are almost identical. After 

the fourth trial for the color case there was a slight and 

insignificant decrease in performance rate, just as 

described above after the third trial for the plain case. 

This is to say that after the curves reached the point 

after V7hich there V7as no significant increase or decrease, 

there was a marked similarity of the two functions, which 
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further justifies the use of these values to estimate long 

range performance. 

Comparing the last two trials for both cases, a 

slight increase in separation of the curves can be seen. 

This can best be interpreted as chance oscillations about 

the asymptotic performance rate for the two conditions. 

These minor fluctuations were not significant and there

fore cannot be interpreted as representing actual dif

ferences in the data. Thus, after the third trial for the 

plain case, and the fourth trial for the color case, these 

lines extend horizontally outward and parallel. The sig

nificant increasing linear interaction trend occurs mainly 

from the asymptote being reached on trial later for the 

color condition. 

Since it has been shovTn that color coding was an 

effective location display device, a more detailed expla

nation of the color coding mechanism can be presented. As 

previously stated, the purpose of the color code V7as to 

increase the discriminability or contrast betv7een the cells 

of the sorting case. In other words, the color code had 

the function of interrupting the uniform appearance of the 

sorting case. 

After a subject read the address on a card, he had 

to locate the cell of the sorting case with the correspond

ing address above the cell and put the card in the cell. 

x»l.<UHJ«..i 
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To locate the proper cell, the experienced subject relied 

primarily on his memory of the general location of that 

cell. Without this learned position effect, each phase 

of the sorting cycle would involve an extensive trial and 

error search. Because the sorting display V7as fixed, 

however, the subject was able to learn that a certain 

address occurred within some area much smaller than the 

total display. Since the subject was not fixed with 

respect to the sorting case, this learned position effect 

had a minimum size larger than the cell. This was dis

cussed earlier as the "nine cell effective display area," 

which included the target cell plus or minus one cell in 

any direction. 

This color code V7as designed to maximize the effect 

of this nine cell effective display, so the success of the 

color code tended to further corroborate the practical 

existence of an effective display area of this size. 

Thus the experienced subject approached the sorting 

task as having had a smaller immediate size than the size 

of .the total display. For the plain case this smaller 

effective display did not stop the trial and error search 

behavior in locating the correct cell. After the experi

enced subject read the card address, he still had to 

search the effective display area to find the correct cell. 
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A very experienced subject had to do a minimuia of trial 

and error searching because after reading only one or two 

cell addresses, he knew the location of the correct cell 

as having some relation to the neighboring cell he had 

just identified. Even the most experienced subject had to 

read at least one address, however, in order to locate the 

correct cell. 

The above process was not required V7hen color coding 

was present. An experienced subject on the color coded 

sorting case read the card address and chose the general 

position of the correct cell just as described above. In 

this case, hov7ever, it V7as not necessary for the subject 

to read anything. The subject did not have to look at the 

cell address label and then read it, and if it were incor

rect, to look at and read another cell address label until 

the correct location was found. The advantage of color 

coding is that color is not read, but seen. Reading is an 

active mental process requiring the focusing of eyes and 

attention on some alphanumeric code. Seeing color requires 

only that the color is within the field of vision. Thus 

as soon as the subject had identified the effective display 

area from memory as containing the correct cell, he simul

taneously saw the location of the correct cell because it 

was the only one in that area of the display of that 
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particular color. If necessary, the address label V7as 

still above the cell for confirmation. This confirmation 

could occur while the card was being put into the cell, 

rather than before, as was necessary with the plain case. 

Errors 

Figure II4. illustrates the results of the error 

analysis. The only significant difference (p <.05) 

occurred at the second trial, although every value for the 

color case was an average of one error lower than the cor

responding value for the plain case. There was also a 

significant decrease in errors over trials (p < ,05). 

Compared to the large and unifo2?m performance 

differences, the coding effects on errors seem less 

impressive. There is no reason to assume tha-u the sig

nificant difference at the second trial was less of a 

chance occurrence than was the very small difference 

(0,L;0 errors) at the third trial. There is nothing in the 

other data to indicate that any event occurred betv7een the 

second and third trials that could remotely explain this 

difference in the error data, A more realistic repre

sentation of the error results would be a straight, 

slightly decreasing line along the average plotted in 

Figure 11}., The fact that one trial showed a significant 

improvement for the color case cannot be expanded to mean 
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that there is a general trend that favored the color case. 

These results simply are not that strong. The reason for 

this uncertainty lies in the large subject variances for 

such small scores (approximately two errors in sorting 

2l;01 cards). 

These large subject variances can be traced 

directly back to the individual subject. Some subjects, 

while maintaining a high rate of performance, made very 

few errors at first, and then improved to either zero or 

one error per trial. Other subjects also maintained a 

high performance rate, but had a high error rate over all 

trials, showing little improvement. These subjects more 

frequently inserted the cards into the cells upside do'wn 

or backv7ard, although in this study, only those cards in 

an incorrect cell were counted as errors. For this reason 

there may have been an unknovin subject variable operating 

with respect to errors, which will here be called "careless

ness" for want of data for a more scientific term. 

For either the plain or color case there was a small 

number of errors. Because the number of errors V7as rela

tively small, it is possible that a larger sample size or 

even blocking the subjects on some error relevant task 

v;ould drsjnatize the differences, provided they exist. 
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It is good statistical procedure to minimize the 

importance of one significant value among many of equal 

rank since significance can sometimes be attained through 

the sheer number of tests. Had the curves for the plain 

and color code conditions crossed each other on one or 

several occasions, the hypothesis for significance based 

on repeated tests could be made. It should at least be 

observed in Figure ^k that at each and every trial the 

color case produced fev7er errors. For this reason, the 

hypothesis decision should be postponed pending more 

data. 

The fact that the color code produced fewer errors 

at all is of great importance. If the subjects had used 

the color code only or had not learned absolutely V7hat 

each color represented, then the error rate would have 

been much higher than for the plain case. This demon

strated t\\70 important points. First, since the color code 

produced fewer errors, and in one trial significantly 

fewer errors, then the subjects faster performance V7as 

truly more efficient than the plain case. Had there been 

more errors for the color case, serious doubts would ha-̂ e 

been cast on the importance of the faster performance of 

the color case. Second, the color code allowed the 

subjects to locate the cells rapidly and accurately. This 
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shows that not only V7as there efficient learning of the 

colors, but that there was also some continuous confirma

tion process that maintained the color code effectiveness. 

If the color code V7as used alone in sorting the cards, the 

error rate would have increased, which it did not; or the 

performance rate would have decreased, which it did not. 

These results give some insight into just how the 

color code must have V70rked. The fact that the color case 

was faster shows that the color code was the facilitating 

factor. \'\niether the color code was used constantly or 

only most of the time, and whether the color code was used 

consciously or unconsciously cannot be determined from 

these data. The confirmation process mentioned above must 

have evolved either the confirmation of only those addresses 

that V7ere not absolutely clear or the confirmation of all 

addresses after the correct cell had been located. The ex

perience of this author indicates that the first condition 

was more nearly the case. The confirmation occurs usually 

as an afterthought and in uncertain situations. When there 

is no need for confirmation, it is omitted. This limited 

confirmation process was probably responsible for some of 

the color code efficiency, since continual confirmation is 

a prerequisite for the plain case sorting. 



CHAPTER V 

CONCLUSIONS AND RECOMMENDATIONS 

The previous chapters report that the color coded 

sorting case was more efficient than the plain case in the 

areas of learning and performance, and questionably more 

efficient with respect to sorting errors. In order to make 

any predictions concerning the importance of these results, 

it is necessary to delineate the purposes and limitations 

of this study. 

The purpose of this study was to design and test a 

color coding scheme for a mail sorting task, A color code 

was constructed as described in Chapter II in accordance 

with the color coding principles defined by other invest

igators. Unlike the previous studies, the purpose here 

was to measure performance on a complex task after the 

point at which learning stopped. Other studies measured 

the initial rather than the long range effect of color 

coding. The long range effect is of vital importance for 

practical application of the color code to the industrial 

situation for V7hich it was designed. Unless it is estab

lished, as it was here, that the improvement due to color 

coding would not decay over time, the color code would be 

of little value. 

As mentioned above, only one code was tested and 

then only under laboratory conditions. For this reason 

78 
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it cannot be said absolutely that this color code is the 

most efficient color code arrangement although it V7as 

shown to be a very significant improvement over a non-

color coded scheme, especially in the areas of learning 

and performance. It cannot be said to be the most 

effective color code simply because other color codes 

were not tested on a mail sorting task. Because of the 

laborious data collection process involved in measuring 

performance beyond learning, only one color code was 

tested. This particular color code V7as chosen, hov7ever, 

so that there could be some inference about other color 

codes. Furthermore, this color code, described in 

Chapter II, is a compromise between information require

ments and the ideal configuration. The ideal color code 

would consist of as many different color coding units as 

there are categories. This is not practical because of 

the large number of categories involved in the mail sorting 

task and because of the limitations on the number of abso

lutely identifiable colors described in Chapter I. 

Because this 17 color code was shown to be more 

efficient than the non-color code, it can be inferred that 

a color code with more than 17 colors would work just as 

well provided that no colors occurring in the immediate 

field of vision could be confused. Although it can be 

justifiably said that a code with more than 17 colors 
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would be as good, it cannot be inferred that it would be 

more efficient. Indeed, this author feels that it would 

not be more efficient. Since the 17 color code was not 

just barely more efficient, but was robustly more effi

cient, it corroberated the original statement that the 

limited repetition of colors in the display would not 

hamper the code effectiveness provided that like colors 

did not repeat within the immediate field of vision 

(described in Chapter II as the 9-cell effective display 

area), 

If this repetition of colors had hampered the code 

effectiveness, it would have at least cancelled out any 

advantage of the color code over the non-color code 

condition. It is also felt that increasing the number of 

colors would be no improvement over the repeating color 

code because, as the number of colors increases the dis

criminability among the colors decreases and the identifi

cation time increases. Many shades of one color that 

could not be discriminated, therefore, would be no differ

ent than repeating that color. The latter would have a 

definite advantage due to the economy of application and 

maintenance of the paint. Therefore, it is felt that the 

17 color code is as good as, if not better than, a more 

complex code, 
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Inference about a smaller color code is more 

difficult. If the non-color coded condition could be 

considered the simplest color code (that is, having only 

one color repeating everyv7here), then a continuum might 

be set up with the "one color code" at one end and the 

17 color code at the other end. The 17 color code V7as 

robustly more efficient than the "one color code," It 

cannot be said that this relative efficiency decreases 

proportionately as the number of colors decreases. As 

the number of colors decreases, however, the distance 

between repeating colors does decrease. This distance 

continues to decrease until necessarily the same color 

repeats inside the immediate field of vision, and finally 

repeats in adjacent cells. In these cases there would be 

no unique identification of the cell by the color-position 

code arrangement alone. As this point is approached, the 

effectiveness of the color code would begin to break down 

causing the cell location time and sorting errors to 

increase. At just what point this degeneration begins to 

occur cannot be defined by these data. It can be said that 

this 17 color code scheme worked, which is more than can 

be said about a simpler code. Furthermore, this 17 color 

code is of sufficient simplicity to be practical with regard 

to application and maintenance. 
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Several points are relevant concerning on-the-job 

use of color coding. First, the results indicate that 

color coding improves sorting performance by an average 

of 25 percent (the probability is greater than 99 percent 

that the actual improvement is betv7een I3 and 37 percent). 

This is true only for sorting performance. In the experi

ment, the subjects sorted without taking breaks, having 

conversations, or removing mail from a full cell, such as 

frequently occur on the job. Therefore, on the job, any 

improvement realized vjould be applicable only for that 

portion of the V7orkers tim.e actually spent sorting mail. 

A second point concerning on-the-job use of a color 

coded sorting case relates to oversized mail. Oversized 

mail is a frequent occurrence at the post office and has 

the consequence of protruding from the cell so that it 

covers the alphanumeric address designation of the cell 

below it. This causes the clerk to have to lift that piece 

of oversized mail in orde-r to confirm the address of that 

cell. This problem should be completely eradicated by 

color coding the sorting case. The color provides unique 

information characteristics for confirming the address of 

a cell, even if the alphanumeric code V7ere concealed. 

Since the whole interior and face of each cell is color 

coded, it v7ould be almost impossible to conceal all of the 

>*BB!B?SKSr; 
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color from the viev7 of the clerk, no matter how the cell 

was stuffed with mail. After the performance and learning 

improvements, this is probably the most important advantage 

of color coding. 

Some variables of less importance to the experi

mental design still deserve a word of explanation in 

conclusion. These on-the-job variables that were con

sidered of less importance because they would have been 

present in either experimental condition to an equal 

degree. Because these vari8.bles were considered less 

relevant to color coding methods, they V7ere omitted from 

this study. In the post office work place, all cells of 

the sorting case do not receive the same amount of mail. 

For this reason those cells that get more mail are said 

to have a higher density and are therefore placed near 

the center of the sorting case. By arranging the case so 

that the highest density cells are in the center and the 

•lowest density cells are at the periphery of the sorting 

case, the average distance the clerk reaches to place the 

mail in the cells is reduced and the sorting time is also 

reduced. In this study, all cells were of equal density. 

Each of the [4.9 cells contained i;9 cards V7hen the sorting 

task was completed. The use of equal cell densities was 

necessary in order to simplify the card shuffling opera

tion. It V7as felt that the actual density effect would 
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have been more difficult to simulate accurately than \̂ ould 

have been rewarded with meaningful data. The density 

effect should be a constant effect in this study since the 

mechanism of the coding involves the location time, not the 

transport time. Because density is held as a more impor

tant performance factor than alphabetical and numerical 

ordering by the post office, the addresses are usually 

scrambled into several ordered groups over the surface 

of the case. This gives justification for randomizing 

the case schem.e addresses. The studies in Chapter I 

show that location time for number codes is the same as 

letter codes for single character codes, but word codes 

can be located slightly faster than complex number codes 

because of the extra reading time required (i,e., it takes 

longer to read a multidigit number than to read a multi-

letter word of equal or even slightly greater length), 

For this reason, the use of alphabetic addresses in this 

study V7as further justified. The current trend at the 

post office is toward sorting by numerical zip code in 

primary sorting and alphabetic namzc in secondary sorting 

operations. In either condition there should not be a 

significant effect difference between the actual and 

simulated V70rk places. 

Another occurrence worth mentioning in conclusion 

involves the pilot study V7hich has been referred to in 

various places in this text. In the pilot study the same 

y^-^ 
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subjects v7orked on both the color and the plain cases- in 

a counterbalanced design. Some began on the plain case, 

some on the color case. After five trials they switched 

cases. Some were switched only once, but some were 

switched twice or even three times. The perforraance 

results of the pilot study were consistent with those of 

the split-plot design reported here. Because the subjects 

of the pilot study sorted on both plain and color cases, 

they were able to make subjective comparisons of the two 

coding conditions. In all instances, subjects reported a 

strong preference for the color case and reported it to be 

easier and less boring, even though they V7ere doing more 

work in a given unit of time on the color case. Subjects 

even expressed displeasure at having to return to the 

plain case after having worked at both cases. Because the 

coding conditions were not statistically independent 

(i.e., once a subject learned and was tested on the color 

case, he could not forget this and have original learning 

on the plain case also), the same subjects could not be 

tested in both plain and color coded conditions and still 

maintain statistical validity. For this reason the 

reference to subjective comparisons must go back to the 

pilot study, which included the hypothesis that color 

coding would Improve morale. 
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The implication of these findings is that the 

color coding is useful in areas of morale as V7ell as 

production. The most probable explanation of the color 

code preference in connection with the. performance effi

ciency is that the color code made the sorting task 

easier. This was accomplished by simplifying the decision 

process for locating the cells of the sorting case, thus 

reducing the frustration that accompanies decision tasks, 

and at the same time allowing the subject to accomplish 

more. The color code did not force the subjects to v7ork 

faster, rather, it allowed them to V70rk faster. These 

two factors are very important to job satisfaction and 

morale. 

Selecting the Colors 

Figure 10 shows the colors used in this study. 

Although these colors were chosen somewhat arbitrarily, 

there were several considerations used in designing the 

color code that should be retained if similar color codes 

are to be used for sorting or other location tasks. There 

are three major attributes of color coding: (1) the sepa

ration of colors, (2) choice of colors, and (3) the appear

ance of the colors. As mentioned throughout this text, the 

minimum separation of either repeating colors or colors of 

confusing similarity is of primary importance. A "nine 

fi'-.' I. J.-
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cell effective display area" V7as defined earlier. For a 

mail sorting task, this is probably the minim.uni area of 

consideration. In this study the repeating colors V7ere 

placed farther apart than required for a nine cell unique 

display just to insure that the sajne colors would not 

repeat inside the field of attention. By using 17 colors, 

16 of V7hich were repeated three times, the repeating 

colors were four, five, or even six cells apart. The "nine 

cell" concept only requires that colors repeat no closer 

than three cells distance. 

The choice of the colors themselves is another 

problem. Since the purpose of the color code is to add 

discriminability to the cells of the sorting case, the 

colors should be chosen to maximize this effect. This 

means that pastel or soft colors should not be used ex

clusively. The colors used in this study included also 

several hard colors such as black, red, dark blue, dark 

green as well as their lighter shades of grey and white, 

pink, light blue, and light green. In other words, since 

there are not enough pure colors to make a 17 color code, 

the code should include extreme values of brightness and 

saturation characteristics. 

The paint used in applying these colors is of 

importance also. The paint should be a "flat" rather than 
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"glossy" finish. Glossy finish paint has a tendency to 

reflect glare, hiding or distorting the surface color. 

Although glare would not be a greai; problem because of 

the three dimensional construction of the sorting case 

cells, the color differences are best defined by flat 

finish surface color. 

Standardizing Color Position 

The arrangement of the colors of this code was 

random with the exception that repeating colors be as far 

apart as possible. The purpose of this scrambled arrange

ment was to avoid the repetition of color combinations. 

Every repeating color was surrounded by a different combi

nation of colors. This V7as the most important reason for 

choosing 17 colors for the code. 

In the post office situation, the s&me clerk usually 

sorts mail into cases with different address schemes. This 

situation presents a question. If color coding V7ere used 

in all sorting operations, should the color code arrange

ment be different for different address schem.es? Actually, 

the color code would be effective in either situation. It 

might be argued that a separate color code for each corre

sponding case scheme V70uld be better, since a separate 

color code v/ould have less transfer effect from one case 

to another. This assujnes that the color transfer would 

http://schem.es
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have a negative quality. If the color code were part of 

the address code this would be the case. However, the 

color code is more probably part of the position code. 

The cells of the sorting case are a fixed display in that 

the shape of the case does not change. This gives the 

case a certain topography V7hich is somewhat ambiguous and 

which the color code was designed to make more distinct. 

If the color code were standardized for all cases, then 

it would tend to give a permanent characteristic to the 

case topography. Regardless of the address scheme, each 

cell would still retain an absolute topographical identi

ty, which it is felt would give a positive transfer effect 

from one address scheme to another, V/hen the case size 

increases, it is suggested that the color code be retained 

in the center of the case. Since all sorting cases are 

seven rows of cells in height, increasing the size of the 

color code would simply involve adding one or two extra 

columns of color on each side of the basic code. The 

requirements of randomness and minimura separability could 

thus be maintained, and the same basic color code could be 

used for all cases. 
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