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Abstract 

This literature study was initiated to obtain an overview on the experimental research done 
in the past, regarding alphanumeric data entry on standard telephone keypads. It is 
important to know why and how the alphabetic characters were introduced in the telephone 
industry in order to assess current problems and possibilities. Therefore, a historical survey is 
also included. 

Why are there letters on telephones? 

In the early days of telephony, people called each other by signalling to a central point where an 
operator would connect them to the desired person. The first patent for an automatic telephone 
exchange was taken out in 1879 by Th.J. Mc Tighe, and the Connolly brothers. In 1889 this 
concept was developed further by Almon B. Strowger. His "Strowger switch" became the 
basic part of all telephone equipment around the world. 
In 1896, using the rotary dial system and dialing four numbers in sequence, people could reach 
almost 9000 subscribers. There was, however, one problem in reaching all subscribers in big 
cities, which required a 7 digit numbering scheme (Fagen 1975). Investigations by the Bell 
company showed that people could not remember seven digits but only four: " ... the short-term 
memory span of many people could not handle seven digits and many dialing errors due to 
memory lapse might occur" (Fagen 1975 p577). This was considered to be a good reason not 
to use all-number dialingl. 
In 1917, W.G. Blauvelt suggested a solution for this "Big City problem". He simply copied 
the concept that was used in many large, manually operated telephone centrals in which using 
local geographic names had become the custom in order to identify subscribers. A number 
consisted of a name to designate an office and four digits to indicate one of the roughly 10,000 
lines in the office. The problem with automatic telephone exchaages was that dials were 
intended to handle digits and had no provisions for handling names, as operators could do. 
Blauvelt simply proposed that positions on the dial be used to designate letters as well as 
numbers. A telephone number would then consist of 3 letters and 4 digits. This proposal was 
immediately implemented (see figure 1). 

FINGER WHEEL 

FINGER STOP 

Argent Co. 1400 Bway •..••..•.•••. GRE tlty 5513 
Argentina Brazil &: fhile Shippins Co 

70 Wall. HAN o>er 0307 
Arcentine Grnl Consulate. 17 Batry pl.. REC tor 6946 
Ar&"' tint lmpt & Expt Corp, Prod Ex ••. BRO ad 1768 
Ar&•ntine Merc:L11tile Corp, 42 Bway .••.. BRO ad 5066 
Argentine Saval Commission, 2 W 6 7 •. COL mbus 5623 
Argentine Quebracho Co, 80 Maiden la ••• • JOH n 1652 
Argentine Railway Co, 25 Broad .•..... BRO ad 1383 
Ar1"'1ine1'rldin& Co, 1164 e ... y ...... MAD Sq 1871 
Arceres Bros. Restrnt. 86 6th "' •••••• SPR in& 5337 
Arg.ro A. Grocer, 119 9th ar. ....•.. CHE !sea 6255 
Ar&his A. Tobacco, 7 4 Wall ..•...•.. HAN om 6311 
Ar&irople Theodore, Jwlr, 406 8th ar .. f'AR racut 9772 
Arco Parkin' Corpn, 705 Greenwich .•• f'AR ragut '1505 
Argon Dress Co, 24 E 12 •.•.••.••. STU yvsnt 2011 
Arconaut Supply Corp, 50 Union sq .. STU )'Ysnt 7476 
Argonne St..amship Co. 17 Battery pl •.. REC tor 2493 
Arcos Ad-Ari Co. 1133 Bway ........ f'AR ragut 5986 
ArcosyThe (A Pub), 280 Bway •••••. WORth 8800 

Figure I Dialing in big cities: the Blauvelt solution; Taken from (Fagen 1975 p579). 

1 The tests that yielded these results were, to put it mildly, doubtful: full of peculiarities and 
remarkable interpretations. However, as it was found during this literature study, even in the 
early 1900s research in Human Factors was conducted! 
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Each telephone number was made up of the first three letters of the office name followed by 
four digits. This meant that the traditional names were kept and subscribers were still given 
simple and easy to remember numbers. 
As it is shown in figure 1, no letters were assigned to the 11 1" and the "011 positions. The "O" 
position was always used for calling the operator and later used to make long distance calls. 
Therefore, for in-city calling it was not supposed to be used and no letters could be assigned to 
it. However, still the word "operator" is printed within the 110" position. 

The reason why no letters were used within the 11 1" position remains a mystery. Based on the 
literature search, one can speculate that the "l 11 could not be used because it had a special 
function, or it could be confused with letter "111

• If such speculations are true, than there are 
only 8 positions for assigning letters. However, 26 letters can not be distributed equally within 
8 positions and therefore, letters 11Q11 and 11Z11 were excluded to obtain 24 equally distributed 
letters i.e. three letters per position. 

The letters Q and Z were omitted because of their infrequent use (Fagen 1975 p578). This can 
be understood if one looks at the letter frequency in English as shown in table 1. As a 
comparison, the letter frequencies in Dutch are shown in table 2. From that it can be seen that 
the least used letters in Dutch are the letters "Q" and "X". In contrast, the letter "Z" is the 
seventh least used letter! 

Table I Letter frequencies in English; Taken Table 2 Letter frequencies in Dutch; Taken 
from (So/so and King 1976 p284). from (Rolf and Rinsoever I 984 p98 ). 

Letter F11 uenc Letter F uenc 

A 7.61 A 8.43 
B 1.54 B 1.59 
c 3.11 c 1.18 
D 3.95 D 4.87 
E 12.62 E 18.21 
F 2.34 F 0.76 
G 1.95 G 3.23 
H 5.51 H 3.13 
I 7.34 I 5.96 
J 0.15 J 1.84 
K 0.65 K 2.39 
L 4.11 L 3.94 
M 2.54 M 2.51 
N 7.11 N 9.81 
0 7.65 0 5.86 
p 2.03 p 1.22 
Q 0.10 Q 0.009 
R 6.15 R 6.23 
s 6.50 s 3.66 
T 9.33 T 7.01 
u 2.72 u 1.87 
v 0.99 v 2.71 
w 1.89 w 1.86 
x 0.19 x 0.04 
y 1.72 y 0.10 
z 0.09 z 1.58 

This numbering scheme, 3 letters plus 4 digits, left many of the seven-digit number 
combinations unusable for phonetic and ambiguity reasons. Later this original system was 
changed to two letters plus five digits and short thereafter today's all-number system was 
introduced. Even though there was no need to print the letters on the dials any more, the letters 
remained on dials and also on push-button phones. 
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At the introduction of push buttons in 1961, the same letter scheme was used to stay compatible 
with the dial phones. However, the letters "Q" and "Z" were still not available. This would 
become a major problem when people started using the telephones for alphanumeric data entry. 

Alphanumeric data entry 

When a telephone connection is established to another subscriber, it is still possible to use the 
dial or the push-buttons. With the dial and the first push-button telephones, a certain amount of 
pulses were send at doing so. By checking the number of pulses it is possible to determine 
which digit is dialed or pressed. Currently the push-button phones operate with tones, and 
therefore are called "touch tone" telephones. By checking the tone that is sent, the pushed digit 
can be identified. 
With the introduction of the push-buttons, extensive research was done investigating improved 
alphanumeric data entry. The reason for this was that companies were planning telephone 
services in which alphabetic data entry had to be unequivocally distinguishable. All research 
was focused on alternative layout of the keys and introducing additional keys to answer the 
new requirements; e.g. (Deininger 1960), (Davidson 1966), (Butterbaugh 1982), (Brown and 
Goodman 1983). None of the proposed improvements were implemented, therefore the 3x4 
telephone keypad remained unchanged (see figure 2). 

Figure 2 Standard Telephone keypad. 

Beginning in the late sixties, research shifted from proposing new layout of keys to 
experiments that tested the best method of alphabetic data entry using the standard keypad. A 
constraint in all these studies was that the researchers only looked at keying logics that assures 
the alphabetic characters are unequivocally distinguishable. 

Double keying 

Kramer (Kramer 1970) attempted to uncover some of the basic human factors problems in the 
use of push-button telephones for data entry, by analyzing user performance in terms of speed 
and accuracy. In addition to the laboratory studies on alphanumeric data entry, he also 
performed field studies on the real use of push-button telephones for numeric data entry. 
Kramer's study was the first thorough investigation into almost all the possible ways for 
unequivocal alphanumeric data entry on a telephone keypad. Kramer used a slightly modified 
keypad for his experiments. He assigned the"." and the letters "Q" and "Z" to the 1-key. The 
standard telephone keypad (see figure 2) does not include these characters. 

Kramer distinguished between three keying logics: 
1 The button on which the desired letter is printed has to be depressed the number of times 

corresponding to the position of that letter on the button. For instance, if one wants to enter 
the character "C", he/she has to press the 2-key three times in rapid succession. 

2 The bottom three buttons (*, 0, #) are used as letter position indicators. The appropriate 
position indicator button has to be pressed once - * for the first character position an the 
button, 0 for the second and # for the third - followed by one depression of the button with 
the desired letter. If you want to enter the letter "C", you must press the #-key followed by 
the 2-key. 
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3 The reversing procedure of the second method i.e. first pressing the button with the desired 
letter, than pressing the correct position indicator button. For the "C" you press the 2-key 
followed by the #-key. 

Eight subjects (of whom the characteristics are not known) for each method were asked to enter 
ordering lists of ten items which contained 101 alphabetic characters and 80 numeric characters. 
Because of this combined alphabetic and numeric input, subjects were required to transmit a 
mode-shift indication whenever they wished to change from numeric to alphabetic entry and 
conversely. From numbers to letters, subjects had to keypress "*"followed by"#". From 
letters back to numbers, "#" followed by "* ". There were four experimental sessions of which 
the first was spent in training. In each session two different orders had to be entered. 

In these studies it was found that the average total holding time, the total time necessary for 
keying in a complete ordering list, decreased by nearly 45% between the first and last entered 
order list. Holding times seemed to approach asymptote during the last session. This significant 
learning effect across sessions was found for all subjects; there were no differences in holding 
time as a function of alphabetic entry procedure. Kramer makes a remark on this by saying 
" ... that the measurement of total holding time included time consumed by a user's making and 
correcting errors; thus, real differences in holding times between codes may be obscured if 
there were differences in error rates between codes" (Kramer 1970 p250). There is no data on 
the part of the total time that subjects used for entry of the 101 alphabetic characters. 
Subjects who used the first method made fewer procedural errors (220 times) than did subjects 
using either the second method (329 times) or the third method (374 times). Procedural errors 
were made when subjects forgot to mode-shift, and entered data in the wrong mode or made an 
unnecessary mode-shift. There was no difference in the number of numeric errors across 
methods, but there were differences in frequency of alphabetic errors. Subjects using the first 
method made the most alphabetic errors (374 times), followed by subjects using the third 
method (224 times). Subjects using the second method made the fewest alphabetic errors (129 
times). 
In the first method the largest source of alphabetic error was in entering a wrong number of 
letter-key depressions, i.e. either too few or too many. In the second and third method the 
largest source for alphabetic errors was using the wrong position indication button. 
There was a big difference in timing errors between the first method and the other two 
methods. Subjects using the first method made over 100 times more timing-related errors. As 
in the first method the buttons had to be pressed in fairly rapid succession, for instance three 
times on the 2-key for the letter "C", subjects had to pause slightly between letters so that the 
computer could distinguish between letters (particularly successive letters on the same key). It 
was found that the time gate of 300 ms was too short. Therefore Kramer recalled the subjects 
who had used the first method for two additional sessions. The time gate in these sessions was 
increased to 450 ms. The results indicated that the number of timing errors for the first method 
were reduced by a factor of nearly 3; however, still there were more timing errors than with the 
second and third method. 
Subjects using the first method corrected 33% of their alphabetic errors (and 41 % of all their 
errors), subjects using the second method corrected 48% of their alphabetic errors (and 56% of 
all their errors) and the subjects who used the third method corrected 56% of their alphabetic 
errors (and 70% of all their errors). 
Due to a learning effect, there was nearly 25% decrease in the total number of errors in all 
methods. There were, however, differences in correcting alphabetic errors. Subjects using the 
first method didn't seem to learn from their errors; the number of alphabetic errors made even 
increased, though it was not scientifically significant. Subjects using the second and third 
method decreased their alphabetic errors by 47% and 15% respectively. The same holds for the 
number of uncorrected errors. Subjects who used the first method did not decrease their 
number of uncorrected alphabetic errors, while subjects using the second and third method 
decreased their uncorrected alphabetic errors by 53% and 21 % respectively. 

"The results of this study are not at all conclusive. While Codes [methods] 2 and 3 seem to be 
superior in terms of user accuracy to Code 1, a choice between the three codes is difficult to 
make. User accuracy seems to favour Code 2, but the difference is not great enough to reject 
Code 3 on other grounds, i.e., that Code 3 is an intuitively more natural code" (Kramer 1970 
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p252). Kramer does not explain why code 3 is more natural, and it is doubtful if it is true at all. 

Detweiler, Schumacher, and Gattuso (Detweiler, Schumacher Jr et al. 1990) have extended 
Kramer's work and tried to provide more conclusive data on alternative strategies for entering 
alphabetic characters. They used five different keying methods and 50 adult volunteers from 
within Bellcore, half male half female. The five keying techniques were as follows (see also 
figure 2): 
1 "Top Row"; a modification of Kramer's third method in that not the bottom three buttons are 

used as position indicators, but the top row buttons i.e. 1, 2, and 3. 
2 "Same Row"; another modification of Kramer's third method, in that now for position 

indication the three buttons are used that are in the same row as the already pressed desired 
letter. 

3 "Repeat key"; this is Kramer's first method. 
4 "Modal Position"; same as Kramer's second method. 
5 "Modified Modal Position"; a modification of the previous method in that for the centre 

position of the three characters, no position indicator had to be used (no "O"). 
The last method seems a little weird and the authors do not give an explanation why they chose 
it. However, one can imagine that this is done with in mind the 'de facto' assignment of 
requesting for help by pressing the 0-key. This has become a standard because in the early days 
of telephony the 0-key was used to call for the operator who would help the caller. 

In the experiments in which these five keying techniques were used, subjects had to enter 24 
strings of 6 letters on a standard telephone keypad. The strings were not real words but a 
combination of letters containing two letters from each of the three ordinal positions of the 
letters on the keys. The letters "Q", "Z" and special characters were not used. In addition, no 
two letters in a single string were from the same key. 
Results show that the mean error percentage was least for the Repeat Key method (6.7%), 
followed by the methods Top Row (8.0%), Same Row (10.5%), Modal Position (13.0%), and 
Modified Modal Position ( 17 .1 % ). The Modified Modal Position method was, statistically 
significant, more error prone than the Repeat Key method and the Top Row method. The main 
reason for the low error rate with the Repeat Key method would probably be, that the method 
requires the least amount of movement among keys. However, this low error rate is partly 
because subjects were not supposed to type two letters from the same key in sequence, i.e. the 
experiment was designed that way. Kramer found that, when subjects were asked to do so, the 
error rate was much higher due to timing difficulties that were introduced via this method. 
Many errors in the two "Modal Position" methods were due to the fact that subjects found it not 
instinctive to press the position indicator button before they pressed the key with the letter on it 
(subjects' subjective reports). 
The mean time to enter a six character string was again the least for the Repeat Key method 
(12.38 s), followed by the Modified Modal Position method (12.50 s), Top Row (13.50 s), 
Same Row (14.18 s), and Modal Position method (14.81 s). However, these differences are 
not statistically significant. The mean time for all methods in entering the six character strings 
was 13.47 s, i.e. 2.25 seconds per character. 
As a result of learning effects, the entry times were 0.5 seconds faster on the second half than 
on the first half of the 24 strings. The error rates also decreased during the experiment. From 
13.3% in the first half to 8.7% in the second half of the experiment. Both of these learning 
effects appeared with all five keying methods. 
Detweiler suggests that the Repeat Key method is the easiest to instruct and to learn. It may also 
be less susceptible to forgetting then the other methods. Detweiler also remarks that the 
analyses indicated that there were no gender effects in any of the results. 

In addition, before the experiments Detweiler, Schumacher, and Gattuso asked the subjects two 
questions. The first question was used to assess subject's knowledge of the placement of the 
letters on the keypad. Only 18% of the subjects knew the places of all the letters on the keys. 
Since all subjects were telephone company employees, this percentage is higher than might be 
expected among the general population. This indicates that most people are unaware of exactly 
how the alphabetic characters are arranged on the telephone keypad. This can be a problem 
because there are phones that don't have letters on the keys. 

5 



In the second question subjects were asked what method they would use if they had to enter the 
letter "L" over the phone, and make sure it was unambiguously interpreted as the letter "L", not 
"J" or "K"? And what about the letter "T"? Of all subjects 24% proposed the Repeat Key 
method, 17% the Top Row method, 11 % the Same Row method, 4% a reversed order Top 
Row method, and 28% an other self-defined method, such as "15" or" 1115" for the letter "L". 
Amongst these 28% were also people who proposed mapping the letters to unique spatial 
layouts or to their serial position in the alphabet. Finally, 15% said that the system should 
know what letter they intended when they pressed a certain key. They argued that the system 
should be able to disambiguate their intended responses. So, they proposed a method which 
was already used with the number scheme invented by Blauvelt! 

In summary, the results of both studies failed to show any strong advantages for choosing any 
one input strategy over another for alphabetic codes. All techniques are difficult to learn and 
result in relatively high error rates even by trained users, i.e. double keying is complex, hard to 
explain, and hard to remember. Therefore, most automatic telephone services today make use 
of a menu structure in which the caller makes choices by entering digits only. Also, there is a 
trend in using the bottom three buttons for special functions. The *-key is often assigned a 
cancel or back-up function. The 0-key direct users to a help facility. Therefore, some of the 
double keying methods can't be used any more. 

Single keying 

Kramer's and Detweiler et al's input methods were based on various techniques of double 
keying so that each letter could be specified unequivocally. Smith and Goodwin (Smith and 
Goodwin 1971) brought to mind 'the old' way of alphabetic data entry via a standard telephone 
keypad: the single keying method. In this method each alphabetic input is reduced to a numeric 
code equivalent, i.e. A, B, and Care assigned the digit 2; D, E, and Fare assigned the digit 3; 
and so on. For example, in this method "IPO" has a numeric representation of "476". 
However, this number may also represent e.g. "ISO". Therefore, the single keying method is 
not always unequivocally coded. 
Still, this method can be used because there are many practical situations in which the 
alphabetic entry to be made is constrained by the context of the computer program being used 
(e.g. street names in a navigation database). In such situations, the computer may compare the 
input to the finite list of inputs appropriate at a certain point in the dialogue. This then would 
resolve the occasional ambiguity that might result from such a single keying procedure. 
In the case of a navigation database with street names one can determine if there will be 
ambiguity when a user enters a street name using the single keying method. For that one has to 
translate all the street names into their numeric equivalent and determine the 'Hamming 
distance' between them; i.e. determine on how many places two numbers differ. When this 
Hamming distance is equal or greater than 1, all the street names can be coded unequivocally. 
For a Hamming distance of 2, it is also possible to make one keying error and still get the right 
alphabetic representation. For a Hamming distance of 3, two keying errors are allowed. 
Smith and Goodwin conclude that " .. .in many practical job situations little ambiguity will result 
from the single-keying technique, and this ambiguity can be resolved under computer control" 
(Smith and Goodwin 1971 p190). In the U.S.A. and Canada this technique is used with the 
"1-800" telephone numbers (comparable to the Dutch 06-numbers). For instance, if one wants 
to rent a car, he/she may call 1-800-RENTACAR, i.e. 1-800-73682227. This technique, alpha
mnemonic dialing, is a more 'natural' method than double keying, because entering letters with 
rotary dials was also single 'keying'. With this technique, it is also easy to remember the 
number. 

There is one major problem with alphabetic data entry even on push button telephones: the 
characters "Q" and "Z". Maries (Maries 1990) looked at the way users enter alphabetic 
information on a standard 12-key telephone using the single keying method. She was especially 
interested in how the twenty subjects, entering names, would enter the characters "Q", "Z" and 
other punctuation which do not appear on the keypad. The subjects were not given instructions 
on how to do the task. 
The results did not indicate a clearly preferred entry method for "Q", "Z" and hyphen. A variety 
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of methods were chosen to enter these special characters. However, apostrophes, e.g. as in 
O'Brien, were not entered by 80% of the subjects at all; subjects simply skipped them. There 
were also some subjects who changed their entry methods for the special characters when they 
had to type them for the second time. 
Results also indicated that entry times for names with special characters were significantly 
lower than for names without any special characters: 21.7 and 17.6 seconds respectively (all 
names consisted of 14 keystrokes). Thus, keying speed for names without special characters 
was 1.26 seconds per key, and for names with special characters 1.55 seconds per key. So, 
single keying (without special characters) is 1.79 times faster than the double keying methods 
Detweiler used. In addition, there was a learning effect: a decrease in entry time of nearly 20% 
was achieved. 
Error rates in the single keying method seem quite low. Maries observed only 28 keying errors 
out of the 5600 total entered keystrokes. i.e. 0.5%. Twelve of them were keystroke omissions, 
five of them were insertions, and eleven were substitutions. Of the last category, three of the 
240 instances of the letter "O" were pressed using the digit "O", and of the 20 instances of the 
letter "X", two substitutions of the *-key for the letter "X" were observed. The first behaviour 
is understandable with English speaking subjects, because zero is often pronounced as "oh" 
and looks like the letter "O". Maries says that the second behaviour is understandable because 
"X" is an infrequently used letter much like "Q" and "Z". Subjects apparently felt it would not 
be on the keypad and entered it as a special character. 

Conclusion 

This literature study described several studies done in the past regarding keying techniques for 
alphabetic data entry using telephone keypads. As a result, it appears to be that the single 
keying technique is superior to other keying techniques. 

Here, it should be pointed that this study investigated the layout of letters on telephones used in 
the United States. However, this layout is not compatible with the layout on some telephones 
used in the Netherlands. In addition, generally, it is not likely to see alphabetic characters on 
Dutch telephones. Further study is necessary to determine which layout is the most suitable in 
the Netherlands. 
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Alphabetic data entry methods used in various research: 

In (Smith and Goodwin 1971): 

The alphabetic letters are entered by single keying on the touch-tone pad. (e.g. "IPO" can be entered by "4", 
"7", "6") 

In (Brown and Goodman 1983): 

Three types of alphanumeric data 
entry were examined: 

Method 1: Letters are entered by 
pressing the "alpha" key, then pressing 
the key with the desired letter on it the 
number of times corresponding to the 
position of the letter in its group of 
three (e.g., the letter "B" was repre
sented by "alpha" plus two presses of 
the "1 "). 

Method 2: Either the "alpha left" (for 
the first of the triplet of letters per key; 
e.g., "A") or "alpha right" (for the third 
of the triplet of letters per key; e.g., 
"C") or both were pressed before each 

DOD 
CT:JITJCTJ 

letter; e.g., "B", then the key with the selected letter was pressed once. 

J, 

["~~) 0 0 Method 1 

ij"~~l 0 ~;~) Method 2 

~ r~~~~I ~;~J Method 3 

Method 3: Letters were selected by pressing the appropriate "alpha" key, then the key with the given letter. 

The space key (the forward arrow) was required at the and of each word or group of numbers in all logic. 

In (Kramer 1970): 

Three types of alphanumeric data entry were examined: 

Method 1: This method involves depressing the button on which the 
desired letter was printed, the number of times corresponding to the 
position of the letter on the button (multiple depressions of Single Button 
Method) For example, to enter the letter "L" the user would have to 
depress the 5-button three times in fairly rapid succession. 

Method 2: This method involves the use of the bottom three buttons"*", 
"O'', and "O" as letter position indicators (to designate one letter of each 
group of three on the other keys). That is "*", "O'', and "O" corresponds to 
first, second, and third position letters respectively. To enter letters, 
subjects were required to depress the appropriate position indicator 
button once followed by a single depression of the button upon which the 
desired letter appeared. For example, to enter the letter "L" the user 
would depress "0" followed by a depression of button "5". 

Method 3: This method is accomplished simple by reversing the proce
dures of the second method. 

11th 
Button 

12th 
Button 



In (Detweiler, 1990): 

Five types of alphanumeric data entry were examined: 

Method I: The repeat key method involves having subjects press the key 
containing the letter the number of times corresponding to its ordinal 
position on the key (e.g., '4' for 'G'). 

Method 2: The Same-Row method is similar to method 1 except that 
instead of the second key being in the top row, subjects press the key in 
the same row as the original key (e.g., '4' followed by '4' for 'G'). 

Method 3: Top-Row method involves having subjects press the key that contained the letter (e.g., '4' for the 
group 'GHI' containing the letter 'G'), followed by either the '1', '2', or '3' key, depending on the ordinal 
position of the letter on the key (e.g., '1' for 'G', '2' for 'H', and '3' for 'I'). 

Method 4: The Modal position method involves having subjects first press either the'*', 'O', or'#' key, 
depending on whether the letter was in the first, second or third ordinal position, then press the key contain
ing, the letter (e.g.,'*' followed by '4' for 'G'). 

Method 5: The Modified Modal-Position is the same as the modal position, except rather than entering a 'O' 
to indicate the center position, subjects needed to only press the key with the letter on it (e.g., 4 for 'H', 
rather than 'O' then '4'). 

Stimulus: "KWV DHO" 

Repeat Key Method 
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Modified Modal Method 


