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Abstract 

In our technology oriented society, data entry and 

manipulation are some of the most important tasks in which 

the human is involved. The present research is concerned 

with optimization of data entry via a computer keyboard. 

There is evidence that foot pedal devices could prove 

beneficial when used in conjunction with a keyboard for 

complex data entry. In the present research, the viability 

of a foot pedal entry device and a parallel mode of 

keystroking were examined. These two conditions, along with 

the standard key input and serial mode of keystroking were 

compared in two studies. Results showed that for 

inexperienced or unskilled typists, the addition of a foot 

pedal does not provide for better performance. Subjects 

performing with a foot pedal were consistently faster but 

committed more errors. Worst performance was noted for 

subjects using the foot pedal in a serial mode. There are 

indications in the data which suggest that high-skill 

typists may be able to more successfully adapt to using a 

foot pedal device, and may also be more able to coordinate 

their limbs in order to take advantage of the benefits of 

parallel entry. Implications for these results in light of 

current computer system design are discussed. 
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A Comparative Analysis of Data Entry Devices 

and Typing Modes 

Since the advent of the technological age, there has 

been a rapid increase in the use of computers and computer 

technology. The exchange and transcription of information 

is currently one of the most important tasks in which the 

human is involved. Dealing with large amounts of data 

requires some interface between the human and the machine. 

Presently, the major input device is the keyboard. Until 

advancements are made with other methods of data entry, the 

keyboard will continue to be the primary input device 

(Turtle, Penniman, & Hickey, 1981). Thus, with the impact 

of computers in industry, business and the home, and with 

the widespread use of keyboards as input devices, it is 

essential that keyboard design be optimal. 

Past research on keyboard design has focused primarily 

on the arrangement of keys. The arrangement that we are 

most familiar with is the "QWERTY" design developed by 

Sholes in 1873. Sholes selected the "QWERTY" design so that 

the jamming of the mechanical keys would be minimized. This 

of course is not a concern with today's modern keyboards, 

Appreciation is extended to Stan Barber for the development 

of the foot pedal. 
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but the design convention has remained. Other keyboard 

arrangements have been proposed, including the Dvorak 

Simplified Keyboard (Dvorak, Merrick, Dealey and Ford, 

1936), and the alphabetic arrangement (Avakian, 1968). 

After reviewing studies comparing the various keyboard 

arrangements, Alden, Daniels and Kanarick (1972) concluded 

that the occasional superiority of these alternate keyboards 

is limited to certain populations, and is not of sufficient 

magnitude to justify replacement and retraining. Since the 

use of computer keyboards is becoming more widespread, and 

even replacing typewriter keyboards for word processing 

applications, keyboard design considerations have increased 

in number and complexity. It is the increasing keyboard 

complexity with which this research was concerned. 

Computer keyboards are usually an amalgam of alphabetic 

keys, numeric keys, symbolic keys and various special 

function keys. Computer keyboard designs differ, but most 

computer keyboards have a standard set of special function 

keys which include control, escape, and alternate, to name a 

few. Some keyboards have special keys for text editing or 

printing, and many keyboards have a set of programmable 

function keys as well. As the number of keys on the 

computer keyboard increases with the number of advanced 

functions, the problem of key placement becomes more 

complex. Not only is there a concern for optimization of 
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space on the keyboard, but there is a more crucial concern— 

namely the usability of the keyboard. Design engineers have 

already discovered that people do not perform well with very 

small keys. In fact, the manufacturers of one of the most 

popular microcomputers, the IBM PC, have received many 

complaints and bad reviews concerning the original PC 

keyboard. The non-alphabetic keys which are used most 

frequently have reduced surface areas, and are placed in 

non-standard typewriter positions. For example, the keys in 

the bottom left hand corner of the keyboard are placed such 

that key confusion and errors occur. It is often the case 

that the user mistakenly types a control instead of a shift, 

for example. This problem is magnified when there is 

extensive use of one of the keys in this area. 

One example of a situation requiring extensive use of 

one key can be seen in the word processing package WordStar 

(MicroPro Inti. Corp., 1982). This package requires that 

control sequences be entered as the editing commands. An 

example is ”~B" which reformats a paragraph. To type this 

sequence, the user would depress the control key with 

his/her left hand, and while holding it down, type the 

letter "B”. A control sequence is typed in the same way as 

a shifted or capital letter. In many data entry situations, 

a mistakenly typed control sequence can be catastrophic and 

result in the loss of data. For this reason, it is often 
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the case that the user must take his/her hands away from the 

home row of the keyboard in order to correctly type the 

control sequence. This results in increased entry time. An 

extreme example of this keyboard problem can be seen in the 

Chinese typewriter whose keys number in the hundreds . The 

fact that keyboard complexity is a serious problem is 

evidenced by the various devices currently being marketed 

in computer journals to alleviate the problem. 

For the user with a particularly complex keyboard or 

one with inadequate design, there are a number of devices 

being advertised to improve productivity and efficiency. 

Perhaps the most popular are the alternate keyboards which 

are being marketed to replace the original keyboard. These 

keyboards are usually patterned more closely after the 

standard typewriter, and the special function keys are 

usually placed away from the alphabetic cluster. A less 

expensive remedy are the key caps which snap directly on top 

of the smaller keys, thus increasing their surface area 

(Hooleon Company). Finally, with an idea parallel to the 

one in the present research, some have proposed the 

attachment of a foot pedal to a computer for use in data 

entry. The foot pedals which Pfister (1984) and Brown 

(Langdell, 1984) are marketing are primarily targeted for 

users of the WordStar (MicroPro Inti. Corp., 1982) word 

processing package. The foot pedal is used instead of the 
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troublesome control key, and subjective reports from 

customers have been positive. The rationale behind using a 

foot pedal instead of a keypress in complex data entry is 

simple. A user should be able to increase the efficiency of 

data entry if the hands can be left on the home row. In 

other words, the work is being divided between the hands and 

the feet. The key confusion problem which arises when 

trying to type the control key is eliminated. 

Most researchers have asserted that the hands are 

superior to the feet for making refined or coordinated 

movements, and that the feet are only superior in making 

gross movements requiring force (Morgan,C.T., Cook, J.S., 

Chapanis and Lund,1963; McCormick,1964; Woodson and 

Conover , 1964 ; Damon,Stoudt and McFar1 and, 1966 ; 

Kroemer,1967). This is because the legs are able to exert 

more force and have more endurance than the hands. The 

general consensus in the literature appears to be that the 

hands are superior to the feet in terms of speed and 

accuracy. There has been, however, little empirical 

evidence to support this contention. Although the hands 

currently perform most primary tasks, there are obvious 

advantages associated with delegating at least part of the 

task to the feet. Since the hands are capable of a wider 

range of movement, use of the feet for the monotonous 

movements could result in a superior, more efficient system. 
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The hands would be free for a variety of peripheral tasks 

(Keller & O'Hagan, 1963). Surprisingly little research has 

been done to assess the feasibility of implementing foot 

controls instead of, or in addition to hand controls 

(Kroemer, 1971), although many present systems already 

successfully make use of both. Common examples are 

automobiles, airplanes, sewing machines, organs, etc. From 

an anatomical point of view, all of the movements performed 

by the hand are present in the foot except for the 

opposition of the thumb. One can even develop the foot as 

an effective grasp organ and for use in skilled activities. 

An excellent example of this can be seen in children with 

congenital amputations of the upper limbs. These children 

learn to feed themselves, write, etc., just like their 

normal peers. The degree of sophistication in the skills 

these children can perform, directly contradicts the 

consensus of the literature (Brunnstrom, 1962). Perhaps 

with practice, the use of the feet for controls can be 

developed to the point of equality with hand controls. 

Very little research has actually been concerned with 

comparing hand and foot operated controls. Grether (1946) 

evaluated performance on a tracking task for subjects using 

either hand or foot controls. Time on target was usually a 

bit higher for the hand operated controls, but some 

variations in the task resulted in no difference between 
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hand and foot operations. Kroemer (1971) investigated the 

speed and accuracy of various foot motions, and determined 

that the foot is very capable of making quick and accurate 

movements. Kroemer's subjects were seated at a specially 

designed experimental station which provided for placement 

of the right foot on a large matrix. The matrix consisted 

of five rows and three columns. Reaction times were 

measured for movements from one cell to another. All 

combinations of possible movements were performed and the 

subject received feedback via a visual display. Kroemer was 

surprised at the speed and accuracy the feet developed over 

a small number of sessions. Industry standard "reach" times 

for the hands are not at all faster than the travel times 

Kroemer found for the foot. Kroemer concludes that perhaps 

the feet could be successfully assigned tasks previously 

reserved for the hands. 

Keele (1984) is currently investigating motor systems, 

and more specifically comparing indices of performance for 

the different systems. On the basis of results so far, he 

has concluded that different motor systems have about the 

same timing variability. He has found that the motor timing 

for the finger and the foot is moderately correlated. In a 

tapping task, the foot and finger show equal performance, 

and the maximum speed of the inter-tap interval is also 

moderately correlated. From the small amount of empirical 
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evidence available, it appears that perhaps a valuable 

resource has been neglected. Perhaps the feet can take over 

some functions of the hands with relative ease. Quite a few 

opportunities for system advancement exist should further 

research on foot operated controls bear out the indications 

at this point. Thus, the primary goal of the present 

research is to provide empirical support for the idea of 

using a foot pedal to aid in data entry. 

As word processing systems are replacing typewriters at 

an increasing rate, not only may users have an option 

regarding entry device, but they may also have more 

flexibility regarding typing strategy. Since the early 

typewriters were mechanical, the typist was required to type 

rather slowly and in a serial fashion — one key at a time. 

The entries requiring two keypresses (i.e. "shift t" for"T") 

were also performed in serial, first the shift and then the 

letter. Present electronic keyboards can usually, handle any 

speed at which the typist types, and can in fact handle 

parallel keypresses if equipped with a special computer 

program to interpret the parallel entry. A parallel keypress 

is performed by simultaneously depressing two keys (i.e. 

pressing "shif t" and "t" at the same time to produce "T"). 

The speed at which computers operate allows the computer to 

discriminate which keypress actually arrives first, but a 

computer program can be written to allow for pseudo-parallel 
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entry, or entry which appears parallel to the user. Why 

should one be interested in equipping a keyboard for 

parallel input? 

A data entry device which allows for parallel entry 

provides for faster performance due to the reduction in 

number of keystrokes. The idea of parallel entry is not a 

new one. Several chorded entry keyboards have been 

developed and tested (Galli,1960; Ratz and Richie,1961; 

Seibel, 1962; Ayres,1965; Rosberger,1965). These systems 

have not met with much success for various reasons, the 

primary one being the difficulty in learning the chords. 

Perhaps limiting the parallel functions to those already 

requiring more than one keystroke (i.e. "shift t" or "cntl 

y") would result in increased entry speed. The difficulty 

of this parallel movement is negligible, and there is some 

evidence that it could be closer to one's natural tendencies 

than the serial method now practiced. Parallel task 

performance in general, has received a substantial amount of 

research attention in the last decade* 

Researchers in the area of parallel task performance 

are generally of the opinion that with sufficient practice, 

one can learn to perform two tasks simultaneously, as well 

as if performed individually. Spelke, Hirst and Neisser 

(1976) had subjects take single word dictation while reading 

prose. After 85 hours of practice, the tasks could be 
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performed in parallel without a decrement in reading speed 

or comprehension. Subjects were even able to categorize 

dictated words for meaning. In a similar study, subjects 

were able, with sufficient practice, to sight-read piano 

music while shadowing words (Allport, Antonis & Reynolds, 

1972). This was performed as well as the individual tasks. 

The fact that people can, with practice, learn to do two 

fairly complex tasks at once is impressive, and is more than 

enough evidence to support the feasibility of performing 

keypresses in parallel. 

Typing has continued to be performed in serial 

primarily because of convention. Serial performance could be 

a function of learning, rather than a natural tendency. In 

fact, studies by Gentner, Grudin and Conway (1980) who 

filmed typists, and studies by Rumelhart and Norman (1982) 

who developed a computer simulation of typing activity, have 

shown that when typing, the fingers actually move in 

parallel toward the keys. In other words, fingers move 

toward keys several letters in advance. This suggests that 

perhaps some component of typing behavior is parallel. If 

so, parallel entry may have an even greater advantage over 

serial entry if a foot pedal is used to perform part of the 

parallel movement. Thus, another goal of the present 

research is to provide empirical data concerning keyboard 

input in a serial and parallel manner. It is useful at this 
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time to summarize the questions which this research attempts 

to address. 

1) Does using a foot pedal in conjunction with a 

keypress provide for better performance than 

two keypresses? 

2) Does typing in a parallel fashion as opposed to 

serial enhance performance? 

3) Is there an interaction of entry device (foot 

pedal or key) and typing mode (serial or parallel)? 

To address these questions, while emulating a real world 

task as closely as possible, it was necessary that the 

experimental task meet several criteria. Since the task 

was performed via a keyboard, the level of difficulty had to 

be such that a non-typist could perform well. Also, because 

of the applied nature of this research, it was important 

that the experimental task parallel a real world situation 

as closely as possible. The task developed, involved typing 

a series of commonly performed computer keystrokes, namely 

control sequences. In fact, the experimental task required 

the same types of keystrokes as the editing features in the 

word processing package WordStar (MicroPro Inti. Corp., 

1982) mentioned previously. Subjects were required to type 

a series of control sequences and letters as they were 
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presented on the computer screen. Subjects were either 

instructed to type the control with the control key on the 

keyboard, or with the foot pedal, depending upon the group 

to which they were randomly assigned. In addition, subjects 

were either required to make the control entry in serial or 

in parallel. At this point a word should be mentioned about 

the computer's ability to interpret parallel entry. As 

stated previously, the speed of the computer makes truly 

parallel entry by humans virtually impossible. As the 

subject enters the control sequence in parallel, the 

computer determines which entry came first. A parallel 

control sequence may arrive to the computer as "~T", or as 

"T''". As long as the control and the letter arrive within a 

predetermined time interval, the computer's software 

interprets the entry as parallel. 

Experiment 1 

Method 

Design. Experiment 1 was a 2 X 2 between subjects 

design. Subjects were randomly assigned to 1 of 4 

experimental groups. These consisted of subjects using the 

foot pedal in a serial fashion, those using the foot pedal 

in a parallel fashion, those using the control key in a 

serial fashion, and those using the control key in a 

parallel fashion. 
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Subjects. Participants in Experiment 1 consisted of 

19 males and 22 females who were enrolled in introductory 

psychology classes at either Rice University or the 

University of Houston. All were undergraduate students who 

received course credit for their participation. 

Apparatus and Stimuli. Equipment consisted of a TRS- 

80 Model III microcomputer, BASIC and assembly software (see 

Appendixes A and B for program listings), a foot pedal 

attachment and a brief questionnaire. The foot pedal 

attachment is a non-permanent software-controlled device and 

thus, unobtrusive with regard to the normal functioning of 

the microcomputer. In these experiments, the foot pedal was 

programmed to simulate a control key. In other words, when 

the foot pedal was pushed, a control (“) was actually 

displayed on the screen. All displays of stimuli to be 

typed by the subject in the experimental session were 

presented on the computer screen. To minimize the 

difficulty for non-typists, only 4 letters were used during 

the entire experiment as stimuli. The stimuli were the 

letters "A", "T", ”Y", and their control counterparts 

"“A”, "'‘T”, ”~Y" and These were chosen specifically 

to maximize difficulty in the key condition. In other 

words, the letters chosen were those most likely to be 

involved in key confusion and those requiring the largest 
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hand deviations from the home row. All responses, response 

times and relevant information were recorded on diskette. 

Procedure. Subjects were first given a standard 5 

minute typing test to determine their typing skill level. 

Those who did not know how to type were given no 

instruction, but were told to do the best that they could. 

Subjects performed the typing test on the TRS-80 Model III 

microcomputer, the same device used in the experimental 

session. Material to be typed was provided on a piece of 

paper which rested to the side of the subject. Speed and 

accuracy were stressed, and subjects were told that they 

were not allowed to correct errors. After the typing test, 

subjects were asked to fill out a small questionnaire. This 

questionnaire consisted of demographic questions, as well as 

questions pertaining to previous experience with 

typewriters, word processors and computers. While the 

subject provided this information, the experimenter prepared 

the computer for the experimental session. This consisted 

of loading the appropriate programs, as well as removing 

certain keys from the keyboard. Due to the complex nature 

of programs used, pressing certain keys (return, break, 

etc.) would cause the program to abort. The absence of the 

keys was not directly explained to the subjects unless they 

asked. At this time, the subject was brought into the 
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experimental cubicle and given typewritten instructions. 

The experimenter read these instructions aloud and asked the 

subject to follow along. 

A trial consisted of the presentation of 9 stimuli on 

the screen which the subject was to type. Subjects were 

told to type as quickly as possible without making errors. 

Each keypress was timed, except for the very first one of 

each trial. This was to prevent the "startup time", or the 

deviation of the subject's attention away from the screen 

between trials, to confound the first reaction time. The 

experiment was divided into 4, 15 minute blocks of 

performance. 

Blocks 1 and 3 are referred to as "letters only" 

sessions and considered baseline experimental measures. 

For these blocks, only letters were presented for the 

subject to type. Nine character stimuli were presented on 

one line near the top of the screen. These were centered 

under numbered columns with spaces in between. The 

characters presented were randomly selected from the 

stimulus set ("A", "T", "Y", ;). All characters appeared on 

the screen at once and the subject was instructed to type 

them in the order they appeared. With each keystroke, the 

cursor automatically advanced to the next column. No 

carriage return was required and no error correcting was 

possible. When all 9 had been typed, the display cleared 



16 

and another set of 9 characters was displayed. Blocks 2 and 

4 were of the same basic structure with the exception of the 

stimulus items. Stimuli for blocks 2 and 4 were the 

experimental blocks, and thus the stimuli were randomly 

selected from the complete stimulus set ("A", "T", "Y", ;, 

A", "*T", "*Y", The Foot Serial group typed a 

control sequence by first depressing the foot pedal, and 

then while holding it down, typing the letter key. The Hand 

Serial group typed a control sequence by first depressing 

the control key on the keyboard, and then while holding it 

down, typing the letter key. Both of these groups typed 

the control sequences in the same manner as the common shift 

sequence is typed. The Foot Parallel group typed a control 

sequence by simultaneously pushing the foot pedal and the 

letter key. The Hand Parallel group typed a control 

sequence by simultaneously pressing the control key and the 

letter key. Both of these groups performed by moving the 

limbs in parallel. 

No instruction was given as to placement of hands on 

the keyboard, but all procedural questions were answered by 

the experimenter. Each block was followed by a 2-3 minute 

break during which the subject could leave the cubicle and 

walk around. When the experiment resumed, the subject was 

briefly reminded of the next block's task, and was again 

reminded of the importance of speed and accuracy. After all 
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4 blocks of performance had been completed, the subject was 

asked to respond briefly to questions regarding the ease of 

the task, fatigue, etc. The subject was then debriefed and 

given credit. 

Results 

The data were analyzed with a multivariate analysis of 

covariance. The first 10 trials of each block were 

considered "warm up" and were not used in the analysis. 

Dependent measures were response time and errors for the 

experimental blocks (blocks 2 and 4). Table 1 shows the 

response time means for the experimental blocks. The key or 

foot pedal condition is referred to as the Limb factor 

(Hand,Foot), and the parallel or serial mode of typing is 

referred to as the Mode factor (Parallel,Serial). Response 

time is the average keystroke time in milliseconds for the 

error-free trials. An error-free trial is defined as a 

series of 8 correct responses. As seen in Table 1, the 

Foot group had much lower response times than the Hand 

group. In addition, the Foot group performed faster in the 

Parallel mode whereas the Hand group performed faster in 

the Serial mode. Table 1 shows the performance of the 4 

groups in terms of error rate. Error rate is the percentage 

of errored trials. The decision to consider the presentation 

of 9 stimuli as one trial was based on the fact that 
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Table 1 

Mean Keystroke Time, Percentage of Trials 
on which Errors Occured and Number of Trials 

Typed per Minute 

Limb Mode 
Keystroke 

Time (msec) 
Percent 
Error Trials/Minute 

Foot Parallel 648.6 30.9 2.99 
Foot Serial 710.9 37.6 2.61 
Hand Parallel 844.7 24.6 2.87 
Hand Serial 791.6 24.1 2.84 
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keystrokes are not completely independent of one another. 

In other words, once an error is made, the probability of 

making an error on the next few keystrokes is greater than 

the probability of making an error on any independent 

keystroke. In addition, since an editing task generally 

requires successfully entering more than one command, the 

correct entry of a sequence of stimuli was the goal of the 

experimental task. The pattern of errors seen in Table 1 is 

the opposite of that seen for response time. The Foot group 

had a much higher percentage of errors as compared with the 

Hand group. It is interesting to note that the pattern in 

terms of the Mode factor is similar to that found for 

response time. For the Foot group, those performing in 

parallel committed fewer errors than those performing in 

serial. The opposite was true for the Hand group. In 

addition to the dependent measures, response time and 

accuracy, a single measure reflecting both speed and 

accuracy was desired. Since subjects performed the task for 

a set time period rather than a set number of trials, a good 

measure of throughput, or entry rate is the number of trials 

correctly completed per minute. The mean numbers of trials 

completed per minute appear in Table 1. 

Because the 4 groups originally differed on typing 

ability as measured by the "letters only" blocks (see Table 

2), it was necessary to take these differences into account. 
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Table 2 

Mean Keystroke Time and Percentage of Trials 
for which Errors Occured 

"Letters Only" Trials 

Keystroke 
Limb Mode Time (msec) 

Percent 
Error 

Foot Parallel 378.1 12.5 
Foot Serial 410.3 19.0 
Hand Parallel 449.3 12.6 
Hand Serial 429.1 15.2 
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Table 3 shows the means adjusted on the covariate measures. 

These adjusted means lend statistical support to the general 

pattern of results discussed previously. The analysis 

revealed a significant Limb effect for response time 

(p=.0469) as well as errors (p=.0427). Note that the effects 

are in opposite directions. The Foot condition seemed to 

result in faster response time, but resulted in a greater 

percentage of errors. The multivariate test for the Limb 

effect was also significant (p=.0002). The Mode effect and 

the Limb X Mode interaction failed to show significance for 

either response time or errors. A separate analysis was 

conducted in which the dependent variable was the number of 

trials correctly completed. No significant difference was 

found among the groups. The adjusted mean number of trials 

appears in Table 3. 

Task parameters in the 4 experimental groups were 

designed to reveal differences in performance.' The fact 

that no strong effects other the Limb effect emerged is 

puzzling. Perhaps the wide range of typing abilities 

represented in this sample diluted the effects of the 

experimental manipulations. The percentage of errors on the 

"letters only" trials ranged from 12.5% to 19%. In other 

words, perhaps the effects of Limb and Mode are very 

different for High-skill typists, as opposed to Low-skill 

typists. 
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Table 3 

Adjusted Mean Keystroke Time, Percentage of Trials 
on which Errors Occured and Number of Trials 

Typed per Minute 

Limb Mode 
Keystroke 

Time (msec) 
Percent 
Error Trials/Minute 

Foot Parallel 692.5 32.8 2.79 
Foot Serial 721.8 32.8 2.81 
Hand Parallel 808.8 27.9 2.80 
Hand Serial 779.6 24.0 2.87 
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To test this possibility, another analysis of 

covariance was performed with the addition of a third 

factor--Ski11 level. Two levels of skill were defined. 

Subjects were designated as belonging to the High or Low- 

skill level group based on skill defined by the error rate 

on the "letters only" trials. The entire sample was divided 

arbitrarily down the middle resulting in the 2 groups. 

Table 4 shows the adjusted means for the High and Low skill- 

level groups on response time. The difference in 

performance for the 2 groups is striking. The same basic 

Limb effect was present for both groups but the Mode effect 

was in opposite directions for the High and Low-skill level 

groups. The High-skill group (Foot and Hand) showed the 

fastest response times in the Serial mode. The Low-skill 

level group (Foot and Hand) showed the fastest response 

times in the Parallel mode. Table 4 shows the adjusted means 

for the 2 skill level groups in terms of error rate. Again, 

the basic Limb effects held for the 2 groups but the Mode 

effects tended to be in the opposite direction. The High- 

skill group had lower error rates when performing in serial 

whereas the Low-skill group tended to have lower error rates 

when performing in parallel. The cell sizes were 

insufficient (approximately 5) to warrant statistical 

significance tests, but the pattern of results suggest some 

interesting relationships. Could it be that the Low-skill 
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Table 4 

Mean Keystroke Time and Percentage of Trials 
for which Errors Occured 

High-skill versus Low-skill Subjects 

Keystroke Percent 
Limb Mode Skill Time (msec) Error 

Foot Parallel High 694.3 25.5 
Foot Serial High 646.5 18.0 
Hand Parallel High 855.3 22.8 
Hand Serial High 802.2 15.8 
Foot Parallel Low 683.2 35.5 
Foot Serial Low 760.6 48.5 
Hand Parallel Low 739.4 29.6 
Hand Serial Low 766.2 30.1 
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subjects performed better in the Parallel mode because it is 

more natural and a savings on keystrokes? Perhaps the High- 

skill subjects were so practiced in the "standard" serial 

mode of typing, that they were penalized in the Parallel 

condition due to the need to overcome the overlearned serial 

approach. The lack of statistical power to test this theory 

precludes the explanation of the effect. 

The result that does seem to lend itself to explanation 

is the significant Limb effect found in the first analysis. 

The opposing direction of the results seems to suggest that 

there was a speed/accuracy tradeoff. With only 30 minutes 

of performance on the experimental blocks, it is quite 

possible that subjects had insufficient practice with the 

foot pedal. In fact, a separate analysis in which number of 

trials correctly completed was the dependent variable, 

showed no significant differences among the 4 groups. This 

is direct evidence of a speed/accuracy tradeoff. In other 

words, subjects who typed the fastest, also committed the 

most errors. Although fast typists completed more trials, 

they consequently lost "credit" for these trials due to 

errors. Perhaps with more practice and more emphasis on 

accuracy, the subjects in the Foot condition could maintain 

their superiority in response time, while decreasing their 

error rate. Experiment 2 was designed to address this 

possibility. 
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Experiment 2 

Experiment 2 was conducted to investigate the effects 

of additional practice and greater emphasis on accuracy for 

the 4 experimental groups. 

Method 

Design. The design of Experiment 2 was a 2 X 2 X 2 

mixed design. As in Experiment 1, experimental conditions 

consisted of Foot Serial, Foot Parallel, Hand Serial and 

Hand Parallel. The additional factor in this experiment was 

Day. 

Subjects. Subjects in Experiment 2 consisted of 17 

males and 23 females. All were undergraduate introductory 

psychology students at Rice University who received course 

credit for their participation. 

Apparatus and Stimuli. Equipment and stimuli for 

Experiment 2 were identical to that used in Experiment 1, 

with one exception. The computer programs were modified to 

accommodate design changes. 

Procedure. The procedure for Experiment 2 was very 

similar to that in Experiment 1. There were however, a few 
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differences worth noting. Subjects did not take a typing 

test in Experiment 2. Since performance on the "letters 

only" block proved to be a good covariate measure, the 

typing test was not necessary. Experiment 2 was a two-day 

experiment, each day representing one hour of performance. 

Day 1 consisted of 4 blocks of experimental trials, or those 

trials on which letters and control sequences were 

displayed. Day 2 consisted of 4 blocks, with performance on 

the first block acting as the covariate measure. Only 

letters were presented for typing on this block. Again, 

blocks represented 15 minutes of performance, each separated 

by a small break. The procedure for Day 2 was identical to 

Day 1 except that the subject refreshed his/her memory of 

the instructions by reading over them. Also, the subject 

was asked to give subjective comments regarding the ease of 

the task, fatigue, etc. at the end of the session on both 

days. An average interval of 2.5 days separated the two 

days of performance. In Experiment 2 even more emphasis was 

placed bn accuracy. Subjects were told that although all 

responses would be recorded, even one error in the sequence 

would result in a trial which did not "count". 

Results 

The analysis in Experiment 2 was a multivariate 



28 

analysis of covariance with between and within variables. 

Dependent measures were response time and percentage of 

errors on the experimental trials. As in Experiment 1, the 

first 10 trials of each block were considered "warm up" and 

not used in the analysis. The pattern of results found in 

Experiment 2 are very consistent with what was found in 

Experiment 1. In fact, the pattern of results for Day 1 are 

exactly the same (see Table 5). The Foot condition showed a 

lower response time and a much larger percentage of errors 

than the Hand condition. No Mode effects were apparent. As 

in Experiment 1, the performance measures on the "letters 

only" trials differed substantially (see Table 6). This 

warranted the adjustment of the means on the covariate 

measures. An examination of the adjusted means for response 

time and errors (see Table 7) confirms the patterns of 

results. The analysis revealed a significant Limb effect 

for response time (p=.0093) and errors (p=.0189). As in 

Experiment 1, the direction of the effects are in 

opposition. Note that once again, the number of trials 

correctly completed does not differ among the 4 groups. As 

in Experiment 1, this is evidence of a speed/accuracy 

tradeoff. The multivariate test showed a significant Limb 

effect (p=.0158). Again, the Mode effect and the Limb X 

Mode interaction were absent. Note that the response times 

were faster and the error rates lower for Day 1 performance 
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Table 5 

Mean Keystroke Time, Percentage of Trials 
on which Errors Occured and Number of Trials 

Typed per Minute 

Day 1 

Keystroke Percent 
Limb Mode Time (msec) Error Trials/Minute 

Foot Parallel 660.3 23.3 3.28 
Foot Serial 633.5 25.5 3.29 
Hand Parallel 682.6 16.6 3.49 
Hand Serial 787.0 17.4 3.16 



30 

Table 6 

Mean Keystroke Time and Percentage of Trials 
for which Errors Occured 

"Letters Only" Trials 

Limb Mode 
Keystroke 
Time (msec) 

Percent 
Error 

Foot Parallel 377.2 09.9 
Foot Serial 368.0 09.3 
Hand Parallel 357.2 08.3 
Hand Serial 417.7 09.8 
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Table 7 

Adjusted Mean Keystroke Time, Percentage of Trials 
on which Errors Occured and Number of Trials 

Typed per Minute 

Day 1 

Limb Mode 
Keystroke 

Time (msec) 
Percent 
Error Trials/Minute 

Foot Parallel 665.3 22.7 3.30 
Foot Serial 652.3 25.5 3.24 
Hand Parallel 717.4 17.6 3.35 
Hand Serial 728.3 17.0 3.34 
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(see Table 7) as compared with Experiment l's results (see 

Table 3). This is due to the fact that in Experiment 1 the 

subject had 30 minutes of performance on the experimental 

trials, whereas; on Day 1 of Experiment 2, subjects had an 

entire hour of practice on the experimental trials. 

Performance on Day 2 is consistent with performance on Day 

1, with a few interesting exceptions. 

Day 2 showed an overall decrease in response time (see 

and percentage of errors (see Table 8) for all conditions. 

This is evidence of practice effects. The results in 

general, are similar to those in Experiment 1. As before, 

the means were adjusted on the covariate measures to equate 

for differences in typing ability. The adjusted means in 

Table 9 indicate that the Foot group showed the pattern of 

superiority; however, the Limb effect was not significant. 

As before, there was no Mode effect. There was a notable 

drop in response time for the Foot Parallel group on Day 2. 

Although the difference between Foot Serial and Foot 

Parallel for Day 2 was large, the interaction was not 

significant. Just as with response time, the Limb effect 

for error rate was not signficant (see Table 9). The Mode 

effect was also non-significant. It appears that practice 

eliminated the differences between the Foot and Hand groups 

which existed on Day 1. The number of trials correctly 

completed does not differ among the 4 groups. Although a 
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Table 8 

Mean Keystroke Time, Percentage of Trials 
on which Errors Occured and Number of Trials 

Typed per Minute 

Day 2 

Limb Mode 
Keystroke 

Time (msec) 
Percent 
Error Trials/Minute 

Foot Parallel 547.2 20.7 3.76 
Foot Serial 595.4 20.2 3.66 
Hand Parallel 581.1 16.1 3.89 
Hand Serial 662.6 16.4 3.59 
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Table 9 

Adjusted Mean Keystroke Time, Percentage of Trials 
on which Errors Occured and Number of Trials 

Typed per Minute 

Day 2 

Limb Mode 
Keystroke 

Time (msec) 
Percent 
Error Trials/Minute 

Foot Parallel 551.7 20.2 3.77 
Foot Serial 612.8 20.2 3.60 
Hand Parallel 613.7 16.8 3.74 
Hand Serial 608.2 16.2 3.79 
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significant Mode effect never emerged, the change in the 

pattern of results for response time from Day 1 to Day 2 is 

particularly interesting (see Tables 7 and 9). 

In Figure 7 one can see that performance in the Serial 

and Parallel modes for Day 1 was essentially equivalent. 

By Day 2 however, there appears to have been a slight 

advantage for groups performing in the Parallel mode. This 

is primarily due to the large difference between 

performance in the Foot Parallel and Foot Serial groups. To 

what can this difference be attributed? Is the Foot 

Parallel group improving significantly more than the other 

groups after one day of practice, or is the Foot Serial 

group failing to benefit from practice as much as the other 

groups ? An examination of the change in adjusted means 

from Day 1 to Day 2 (see Tables 7 and 9) shows that all 

groups except the Foot Serial group decreased their response 

times by approximately 100 milliseconds. The Foot Serial 

group showed only a 39 millisecond decrease in response time 

on Day 2. This seems to suggest that the user of a foot 

pedal in Serial mode may reach a level of maximum 

performance in a relatively short period of time, as 

compared with other methods. As in Experiment 1, an 

additional analysis was done which included the Skill 

factor. 

The subjects in Experiment 2 were designated as 
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belonging to either the High-Skill or the Low-Skill group 

based on the error rate for the "letters only" trials. This 

was the same criterion used in Experiment 1. The Mode effect 

for response time and errors was evident on both days. The 

Mode effect taken over all conditions appears to have varied 

substantially for the High and Low-skill subjects. On Day 1 

(see Table 10), the High-skill group showed best performance 

in the Parallel mode. The Low-skill group showed best 

performance in the Serial mode. The mode effects for the 

High and Low-skill groups were not as strikingly different 

as in Experiment 1. By Day 2 (see Table 11), High-skill 

subjects showed an even greater advantage in the Parallel 

mode for response time and errors . Low-skill subjects 

still showed slightly more accurate performance in the 

Serial mode, but showed faster response times in the 

Parallel mode. As in Experiment 1, the inadequate cell size 

precludes the statistical explanation of these effects. 

The following explanations are based solely on the 

patterns of the means in Tables 10 and 11. Since they are 

not supported by statistical analysis, they should be viewed 

as tentative, pending future replication. The first result 

worth noting concerns the differing pattern of results for 

Experiment 1, and Day 1 of Experiment 2. Because of the 

change in experimental design from Experiment 1 to 

Experiment 2, subjects had differing amounts of practice on 
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Table 10 

Mean Keystroke Time and Percentage of Trials 
for which Errors Occured 

High-skill versus Low-skill Subjects 

Day 1 

Limb Mode 
Keystroke 

Skill Time (msec) 
Percent 
Error 

Foot Parallel High 
Foot Serial High 
Hand Parallel High 
Hand Serial High 
Foot Parallel Low 
Foot Serial Low 
Hand Parallel Low 
Hand Serial Low 

666.7 
639.2 
690.2 
759.2 
662.6 
661.0 
760.8 
696.6 

15.8 
28.2 
16.8 
12.2 
30.8 
23.3 
15.6 
23.6 
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Table 11 

Mean Keystroke Time and Percentage of Trials 
for which Errors Occured 

High-skill versus Low-skill Subjects 

Day 2 

Limb Mode 
Keystroke 

Skill Time (msec) 
Percent 
Error 

Foot Parallel High 
Foot Serial High 
Hand Parallel High 
Hand Serial High 
Foot Parallel Low 
Foot Serial Low 
Hand Parallel Low 
Hand Serial Low 

563.3 
612.9 
599.0 
602.2 
539.2 
612.8 
637.5 
613.6 

12.5 
22.0 
15.4 
13.5 
28.7 
18.8 
16.3 
20.4 
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the experimental trials . Subjects in Experiment 1 

performed only 2 blocks of experimental trials, which 

amounted to 30 minutes of performance. Day 1 of Experiment 

2 however, required subjects to perform 4 full blocks of 

experimental trials amounting to 1 hour of performance. 

Subjects on Day 2 of Experiment 2 had an additional 3 

blocks, or 45 minutes of performance on experimental trials. 

Thus, the series of results (A. Experiment 1, B. Day 1 

Experiment 2, C. Day 2 Experiment 2) represents a 

progression from a lesser to a greater amount of actual 

performance on experimental trials. The following 

explanation for the series of results is posited. 

In Experiment 1, with relatively little performance 

time on the experimental trials. High-skill subjects in the 

Parallel condition were struggling to overcome the highly 

practiced serial strategy, and thus, performed better in the 

more familiar mode ( Serial). Because subjects on Day 1 of 

Experiment 2 had twice as much practice as in Experiment 1, 

the High-skill subjects began to convert to a parallel 

strategy, and thus, were able to more successfully perform 

in the Parallel mode. By Day 2 of Experiment 2, the High- 

skill subjects performed markedly better in the Parallel 

mode. Explanation of the Low-skill subjects' performance is 

a bit more difficult. In Experiment 1, Low-skill subjects 

perhaps performed better in Parallel because it is a more 
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natural and less effortful technique requiring fewer 

keystrokes. On Day 1 of Experiment 2, Low-skill subjects 

performed about equally well in Serial and Parallel. By Day 

2, Low-skill subjects performed faster in Parallel but were 

a little more accurate in Serial. Inconsistency and 

fluctuation in accuracy for these Low-skill subjects is the 

most probable cause for these results. Overall, the 

progression of results shows that with practice, subjects 

readily adapt to a Parallel mode of typing, and in fact show 

superior performance. It should be reiterated that the 

explanation of these results is based purely on the patterns 

of the means and does not have statistical support. 

Additional research providing for larger cell sizes would be 

needed to show statistical support for the explanations 

postulated. An additional descriptive result worth 

mentioning concerns the types of errors committed in the 4 

experimental conditions. 

The task used in the present set of experiments had 3 

classes of errors associated with it. These are defined as 

control errors, non-set errors and set errors. Control 

errors are defined as those responses for which subjects 

either failed to type a required control, or mistakenly 

typed a control when not appropriate. Non-set errors are 

those responses for which subjects mistakenly typed a 

character which was not in the stimulus set (A,T,Y,;). Set 
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errors occurred when subjects typed an incorrect character 

which was in the stimulus set (A,T,Y,;); for example, typing 

"T" instead of "Y". The rationale for classifying errors 

was to ascertain the percentage of each type of error 

committed for the 4 experimental conditions. Because the 

results from Experiment 1 were fairly consistent with 

results from Day 1 of Experiment 2, tables are presented for 

Experiment 2 only. Tables 12 and 13 show the percentage of 

each type of error for each experimental condition over Day 

1 and Day 2. The class of errors which constituted the 

largest portion of errors was control errors. The least 

common class of errors were the non-set errors. This 

pattern is consistent for all experimental groups and 

changes very little from Day 1 to Day 2. It appears that 

all experimental conditions committed the same classes of 

errors in approximately the same proportions. 

The importance of the results in Experiment 2 is the 

fact that they essentially replicated the pattern of results 

found in Experiment 1. Even after extensive practice (1 3/4 

hours), subjects in the Foot condition continued to show a 

greater percentage of errors than those in the Hand 

condition. However, the fact that on Day 2 the subjects in 

the Foot condition had reduced errors to the point of 

statisitcal equality with the Hand condition subjects, 

perhaps indicates a learning trend. It is possible that 
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Table 12 

Mean Percentage of Three Classes of Errors 
Committed on Day 1 

Limb Mode 
Control 
Errors 

Non-Set 
Errors 

Set 
Errors 

Foot Parallel 66.3 03.2 30.5 
Foot Serial 59.4 10.2 30.4 
Hand Parallel 51.9 10.1 38.0 
Hand Serial 54.2 10.1 35.7 
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Table 13 

Mean Percentage of Three Classes of Errors 
Committed on Day 2 

Limb Mode 
Control 
Errors 

Non-Set 
Errors 

Set 
Errors 

Foot Parallel 46.3 05.0 48.7 
Foot Serial 55.4 12.3 32.4 
Hand Parallel 43.9 08.4 47.8 
Hand Serial 43.5 08.2 48.2 
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with even more practice, subjects in the Foot condition 

would achieve a reasonable level of accuracy. 

General Discussion 

In view of the fact that Experiment 2 essentially 

replicated the findings in Experiment 1, it is worthwhile to 

present the collective implications of these empirical data. 

The fact that subjects in the Foot condition were 

consistently, and initially, significantly faster than the 

subjects in the Hand condition, suggests that the use of a 

foot pedal for data entry is a reasonable approach to 

improving data entry techniques. Even though after a Day of 

practice, the Foot subjects and the Hand subjects performed 

at equal speed, it is impressive that a device used by 

inexperienced subjects on a relatively unfamiliar task could 

provide for the same level of performance as a substantially 

more familiar device. The trend of response time results 

was always in favor of the foot pedal. It should be noted 

that the foot pedal provided for the best performance, in 

terms of response time, in the Parallel mode. There was a 

sharp decrease in response time from Day 1 to Day 2. This 

large improvement was not seen in the Foot Serial condition. 

In fact, the least improvement was seen in the Foot Serial 

condition. In terms of error rate, the Foot group committed 
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substantially more errors than did the Hand group. After a 

day of practice, error rates were reduced to the point of 

statistical equality with the Hand groups. Perhaps with 

even more practice with this basically unfamiliar device, 

subjects would be even more accurate with the foot pedal. 

The Foot Parallel groups showed an especially impressive 

trend by Day 2. 

The fact that no significant Mode effects emerged over 

the course of 2 experiments is surprising. Making a 

parallel entry requires the subject to coordinate two limbs 

at once. Perhaps the level of sophistication required to 

make a parallel movement is greater than originally 

postulated. In fact, it is worthy to note that one subject 

in Experiment 2 was never able to master the parallel foot 

pedal entry. Even after numerous reminders and visual 

instruction, the subject found it very difficult to make a 

simultaneous movement with the hand and the foot. She was 

continually having to suppress a serial entry. One could 

argue that the lack of a Mode effect might be a function of 

the range of typing skills represented in the present 

samples. It is evident from the analyses which included the 

Skill factor that for even the small range of ability 

represented, performance initially differed a great deal. 

The sample used for the present research consisted of 

students, many of whom were in their first semester of 
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college. The questionnaire revealed that the large majority 

of these students had little typing, word processing or 

computer experience. It is possible that because of the low 

skill level of this sample, experimental manipulations had 

marginal effects. It is important to remember, however, 

that the subject was only required to master the location of 

4 characters, and actually typed approximately 2500 control 

sequences over the span of the 2 days. It is unlikely that 

more practiced subjects would perform significantly better. 

However, performance may not only be a matter of practice, 

but of innate ability. 

One might hypothesize that a sample of highly skilled 

typists would be able to master using a foot pedal much more 

easily. Would this be a reflection of hours of practice or 

of some individual ability? It is a fact that people differ 

on coordination and ability to use their limbs in a 

uneffortful, harmonious manner. Dexterity, coordination and 

timing/rhythm play a large part in the act of typing. 

Studies as early as 1959 (Flanagan, Fivars, and Tuska) have 

shown that a finger tapping task is a reasonably good 

predictor of future typing performance. The degree to which 

a person is able to make quick and semi-independent 

movements with each finger is fairly indicative of typing 

ability. This type of task has actually been used to screen 

typing applicants. A more recent study (Cleaver, 1982) has 
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shown that it is not necessarily tapping ability or 

dexterity that is important. Rather, it is the ability to 

rapidly translate a visual stimulus into the required 

keypress,or in general, information processing ability. 

Perhaps the subjects in the present sample were unable to 

implement the particular strategies involved effectively 

because they were already overloaded in trying to perform 

the basic typing activity. It is interesting to note that 

the subjects classified as High-skill typists were able to 

perform in parailei•very successfully. From the results at 

this stage, however, it is unclear if a more skilled 

population would show different results. 

One possible procedural criticism should be addressed . 

The foot pedal used in the present experiment was not of 

optimal design. Primarily, the foot pedal did not provide 

an incline, (Barnes, Hardaway & Podolsky, 1942) nor did it 

provide a means of supporting or resting the foot (Roebuck, 

Kroemer & Thompson, 1975). These minor infractions, taken 

together with the amount of practice involved in this 

experiment, make it highly unlikely that an optimally 

designed foot pedal would provide for radically different 

results. 

At this point it is undetermined whether a different 

population or increased practice would provide for different 

results. It is clear however, that for the unskilled or 
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infrequent keyboard user, the addition of a foot pedal to a 

data entry system would not be a markedly beneficial 

modification, and in fact could be detrimental if the 

penalty for errors is high. This is especially interesting 

in light of the positive responses reportedly received by 

Pfister (1984) and Brown (Langdel1,1984) pertaining to their 

market versions of the foot pedal, which are incidentally of 

identical design to the one used in the present research. It 

is especially interesting to note that in the present 

research, practiced subjects in the Foot Serial condition 

improved 60% less than any other experimental condition. 

Subjects in the Foot Parallel condition continued to show 

improvement with practice. This suggests that the benefits 

to be gained from performing in serial with a foot pedal may 

be very limited. Current market versions of the foot pedal 

are designed to be used in a serial fashion. This is a 

very relevant example of the great need for research in the 

area of computer equipment design. 

While the diligent research currently proceeding which 

concerns futuristic means for data entry must be 

appreciated, a perhaps more valuable endeavor is 

investigating the merits of current systems and system 

modifications. These types of research goals are more 

productive because the research time, and conversion and 

retraining costs are minimal. In the future, system design 
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research should be more oriented toward improving current 

design with existing technology. 
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Appendix A 



5^ 

10 CLEAR 10000 
20 DEFUSR1=&HBE2C 
30 DEFINT A-Z 
40 DIM CC*<8)»T(18>»TM<100>*S*(16 ) 
50 DIM LS(8)»LT<18>>ZZ*(4>»NC*<8>»PT<8> 
60 DATA "A"»"T"»"Y"»"ï" 
70 CLS 
80 LB=16918 
90 L9=16919 
100 FOR 60=1 TO 70 
110 POKE < &HFE00+GO)» 32 
120 NEXT GO 
130 K=8 
140 FL=0 
150 LS <1)=&H3D4A 
160 FOR 1=2 TO K 
170 LS<I)=LS(1-1)+&H7 
180 NEXT I 
190 LT <1)=&HBE00 
200 FOR 1=2 TO 18 
210 LT(I>=LT<1-1)+&H1 
220 NEXT I 
230 PRINT 369," SELECT CONDITION: - 
240 PRINT 3128»"1. FP SERIAL 2. FP PARALLEL 3. KEY 
250 PRINT 386»" "? 
260 INPUT A 
270 PRINT 3325»"ENTER INITIALS: "5 
280 INPUT IN* 
290 CLS 
300 EN*="/DAT: 1" 
310 FI*=IN*+RI6HT*<STR*<A)» 1)+EN* 
320 OPEN "0"» 1 » FI* 
330 INPUT ZO* 
340 POKE &HBF00» A 
350 FOR 1=1 TO 4 
360 READ C* 

SEF 
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370 CC*<I>=CHR*<94)+C$ 
380 NC*(I)=C$ 
390 PT(I)=I 
400 NEXT I 
410 RESTORE 
420 FOR 1=1 TO 4 
430 READ ZZ$<I> 
440 CC*<I+4)=ZZ$(I) 
450 NC$<I+4)=ZZ$(I) 
460 PT(I+4)=1+4 
470 NEXT I 
480 FOR D=1 TO 4 
490 FOR Z=1 TO 200 
500 CLS 
510 Y=0 
520 FOR J=1 TO 9 
530 IF J=1 THEN Y=Y+2 ELSE Y=Y+7 
540 PRINT 3Y»J; 
550 NEXT J 
560 PRINT " * 
570 PRINT ■•============================“ 
580 K=3 
590 FOR 1=1 TO K 
600 R=RND(K) 
610 T1=PT(I) 
620 PT(I)=PT(R) 
630 PT(R)=T1 
640 NEXT I 
650 IF D=1 THEN GOTO 970 
660 AD=&HFE00 
670 J=&H1 
680 JJ=&H1 
690 IF LEN< CC$< PT<K)))<>1 THEN GOTO 730 
700 POKE<AD)» ASC< CC$(PT(K))> 
710 XT=6 
720 GOTO 790 



730 POKE(AD)>ASC(LEFT*(CC*(PT(K))»1)) 
750 AD=AD+&H1 
760 POKE(AD)»ASC(RIGHT*(CC*(PT(K))* 1)) 
770 XT=5 
780 J=&H1 
790 POKE(AD+J)» 32 
800 J=J+&H1 
810 IF J<=XT THEN GOTO 790 
820 AD=AD+J-&H1 
830 IF LEN(CC*(PT(JJ)))<>1 THEN GOTO 900 
840 POKE(AD+&H1)» ASC(CC*(PT(JJ))) 
850 AD=AD+&H1 
360 JJ=JJ+&H1 
870 XT=6 
880 IF JJ>8 THEN GOTO 950 
890 GOTO 780 
900 POKE(AD+&H1)> ASC(LEFT*(CC*(PT(JJ))» 1)) 
910 P0KE(AD+&H2> » ASC (RIGHT* (CC*(PT(.JJ) ) » 1 ) ) 
920 AD=AD+&H2 
930 JJ=JJ+&H1 
940 IF JJ<=8 THEN GOTO 770 
950 GOTO 1110 
970 K=8 
930 AD=&HFE00 
990 POKE(AD)» ASC(NC*(PT < K >)> 
1000 JJ=&H1 
1010 J=&H1 
1020 POKE(AD+J)»32 
1030 J=J+&H1 
1040 IF J <= 6 THEN GOTO 1020 
1050 AD=AD+J-&H1 
1060 POKE(AD+&H1)> ASC(NC*(PT(JJ >)) 
1070 JJ=JJ+&H1 
1080 IF JJ>3 THEN GOTO 1110 
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1090 AD=AD+&H1 
1100 GOTO 1010 
1110 PRINT 
1120 POKE L3> 30 
1130 POKE L9» 0 
1140 POKE<&HBE26)» 0 
1150 Y=USR1(0) 
1160 IF PEEK(&HBE26)=1 THEN GOTO 1620 
1180 S*="M 

1190 FOR K=1 TO 8 
1200 FOR L=1 TO 2 
1210 IF CHRf(PEEK(LS(K)-1+L))<>" " THEN S$=S$+CHRS 
1220 NEXT L 
1230 S$=S$+a • 
1240 NEXT K 
1250 K=8 
1260 CLS 
1270 PRINT #i»D?Z; 
1280 PRINT #l*Sf; 
1290 FOR E=1 TO 18 
1300 T(E)=PEEK(LT(E)) 
1310 NEXT E 
1320 CLS 
1330 FOR GO=l TO 66 
1340 POKE(&HFE00+GO)» 32 
1350 NEXT GO 
1360 IF PEEK(&HBE26)=1 THEN GOTO 1620 
1370 TM<0>=0 
1380 E=1 
1390 FOR FC=1 TO 9 
1400 TM(F C) = 1000*T < E)+33.33*(30-T(E+1)) 
1410 E=E+2 
1420 NEXT FC 
1430 FOR JO»l TO 9 
1440 TT< JO)=TM( JO)-Tli< JO-1) 
1450 NEXT JO 



1460 IF D=1 THEN GOTO 1 
1470 PRINT #1 » CC$(PT<K)) 
1480 FOR K=1 TO 8 
1490 PRINT #1 » CC$< PT<K)) 
1500 NEXT K 
1510 GOTO 1560 
1520 PRINT #1 » NC$(PT(K))» " 
1530 FOR K=1 TO 8 
1540 PRINT #1>NC*(PT(K)) 
1550 NEXT K 
1560 FOR U=2 TO 8 
1570 PRINT #1 * TT< U)î 
1580 NEXT U 
1590 PRINT #1 » TT<9) 
1600 CLS 
1610 NEXT Z 
1620 CLS 
1630 FOR V=1 TO 400:NEXT V 
1640 NEXT D 
1650 CLOSE 
1660 END 

v.
 t

n 
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Appendix B 
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00100 CRG 0BE00H 
00110 CNTL EOU 5EH UP ARROW 
00120 CONDKY EQU 0BF00H 1-4 INDICATES CONDIT 
00130 MSEC EOU 16918 CLOCK SEC 
00140 SEC EQU 16919 CLOCK MSEC 
00150 TLOC DEF3 18 STORAGE FOR RT 
00160 BUFF DEFS 20 BUFFER FOR CHARS 
00170 NEXTD DEFB 0 LOCATION FOR EXIT CO 
00180 FLAG DEFB 0 FLAG FOR 1ST INPUT 
00190 DELAY EQU 0060H DELAY ROUTINE 
00200 PARA DEFB 0 PARALLEL FLAG 
00210 FTRY DEFB 0 FLAG FOR PARALLEL OR 
00220 KYSET DEFB 0 HAS THE CNTL KEY BEE 
00230 STOCOL DEFB 0 COLUMN NUM STORE 
00240 GO CALL 0A7FH ACCEPT BASIC 
00250 LD HL » 0FE00H BLOCK LOAD STIM ON S 
00260 LD DE»3CC3H 
00270 LD BC» 66 
00280 LDIR 
00290 LD IX»3D43H SCREEN PTR 
00300 LD (STOCOL)»IX 
00310 LD HL»BUFF BUFFER PTR 
00320 LD B» 0 CNTR FOR 8 ITEMS 
00330 LD IY » TLOC PTR FOR TIME STORE 
00340 CKAL LD A»(387FH) SCAN ENTIRE KEYBOARD 
00350 OR A KEYPRESS? 
00360 JR Z » CKAL IF 0-TRY AGAIN ELSE ’ 
00370 CKEXIT LD A,(3810H) CK IF EXIT CODE HAS 1 
00380 OR A DID GET EXIT CHAR? 
00390 JR Z»CKROWl IF 0-NOPE CONT WITH i 
00395 PUSH HL DELAY FOR DEBOUNCE 
00405 LD HL» 3810H 
00415 CALL WAIT 
00425 POP HL 
00440 BIT 1 » A \ tIS IT A *1*? 
00450 JP Z » LDSTAR ! ; IF 0- PRINT A STAR El 
00490 DEC HL ! ! SEE IF PREVIOUS CHAR 
00500 LD A»(HL) ! 1 f 
00510 CP 31H ! ! WAS IT A *1*? 
00520 JP Z » GETOT1 i ! IF 0 THEN EXIT ELSE I 
00530 INC HL ' ! RESTORE PTR 
00540 PUT LD (HL)»31H ! ;PUT EXIT CHAR IN BUFf 
00550 LD A» 1 5SET INPUT FLAG 
00560 LD (FLAG)»A • 

J 

00570 INC HL 5BUMP BUFF PTR 
00580 JR CKAL ' »GO GET NEXT CHAR 
00590 CKROW1 LD A»(3801H) !CK ROW1 FOR INPUT 
00600 OR A ' !KEYPRESS? 
00610 JR Z » CKR0W2 ! !IF 0 NO TRY R0W2 ELSE 
00620 PUSH HL ■ ;WAIT TILL KEYPRESS I! 
00630 LD HL»3301H • 

> 



00640 
00650 
00660 
00670 
00680 
00690 
00700 
00710 
00720 

00730 
00740 
00750 
00760 
00770 
00780 
00790 
00800 
00810 
00820 
00830 
00840 
00850 
00860 
00870 
00830 
00890 
00900 
00910 
00920 
00930 
00940 
00950 
00960 
00970 
00980 
00990 
01000 
01010 
01020 
01030 
01040 
01050 
01060 
01070 
01030 
01090 
01100 
01110 
01120 
01130 
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CKR0W2 

CALL DECI 
POP HL 
BIT 1 » A 
JP Z» LDSTAR 
LD (HL)?41H 
LD A* 1 
LD (FLAG)»A 
JP CONDCK 
LD A»(3302H) 

;GET CONDITION AND LOC 
■ 

?IS IT AN ’A’? 
? IF 0-PRINT A STAR ANC 
ÎSTORE LTR IN BUFFER 
?SET INPUT FLAG 
m 
? 

ïYOU HAVE THE LTR-GO C 
» CK R0W2 FOR INPUT 

OR A 
JR Z» CKR0W3 
PUSH HL 
LD HL» 3802H 
CALL DECI 
POP HL 
JP LDSTAR 

CKR0W3 LD A»(3804H) ' 
OR A 
JR Z » CKR0W4 
PUSH HL 
LD HL*3S04H 
CALL DECI 
POP HL 
BIT 4»A 
JP Z»LDSTAR 
LD (HL)» 54H 
LD A* 1 
LD (FLAG)»A 
JR CONDCK 

CKR0W4 LD A»(3808H) 
OR A 
JR Z» CKR0W6 
PUSH HL 
LD HL»3808H 
CALL DECI 
POP HL 
BIT 1> A 
JP Z»LDSTAR 
LD (HL)» 59H 
LD A» 1 
LD (FLAG)»A 
JR CONDCK 

CKR0W6 LD A*(3S20H) 
OR A 
JR Z » CKR0W7 
PUSH HL 
LD HL» 3320H 
CALL DECI 
POP HL 
BIT 3,A 

KEYPRESS? 
IF 0 TRY ROW 3 ELSE C 
WAIT TILL KEYPRESS Iî 

CONDITION CHECK AND l 

CK R0W3 FOR INPUT 
KEYPRESS? 
IF 0-NO TRY R0W4 ELSI 
WAIT TILL KEYPRESS I: 

CONDITION CHECK AND I 

IS IT A ’T’? 
IF 0- PRINT A STAR A 
STORE LTR IN BUFF 
SET INPUT FLAG 

YOU HAVE THE LTR-CAR 
CK R0W4 FOR INPUT 
KEYPRESS? 
IF 0-NO TRY R0W6 ELS 
WAIT TILL KEYPRESS D 

CONDITION CHECK AND 

IS IT A. »Y*? 
IF 0- PRINT A STAR fi 
STORE LTR IN BUFF 
SET INPUT FLAG 

YOU HAVE THE LETTER- 
CK R0W6 FOR INPUT 
KEYPRESS? 
IF 0-NO TRY R0W7 ELS 
WAIT TILL KEYPRESS I 

CONDITION CHECK AND 

IS IT A ’5’? 



<31140 
01150 
01160 
01170 
01130 
01190 CKR0W7 
01200 
01210 
01220 
01230 
01240 
01250 
01260 
01270 
01230 
01290 CONDCK 
01300 
01310 
01320 
01330 
01340 
01350 

JP Z»LDSTAR 
LD < HL)> 3BH 
LD A» 1 
LD ( FLAG)» A 
JR CONDCK 
LD A* <3840H> 
OR A 
JP Z»LDSTAR 
BIT 4»A 
JP Z»LDSTAR 
PUSH BC 
LD BC» 700 
CALL DELAY 
POP BC 
JP CKAL 
PUSH BC 
LD A»(CONDKY) 
LD B* A 
LD A» 1 
CP B 
POP BC 
JR NZ » FPP 
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IF 0 PRINT A STAR AN 
STORE LTR IN BUFF 
SET INPUT FLAG 

YOU HAVE THE LTR-CAR 
BY DEFAULT-MUST BE R 
KEYPRESS? 
IF 0-NO PRINT A STAR 
IS IT A CNTL? 
IF 0-PRINT A STAR AN 
DELAY FOR DEBOUNCE 
10 MSEC DELAY 

IGNORE CNTL AT THIS 
SAVE FLAGS/CNTRS 

RETRIEVE FLAGS/CNTRS 
IF 0-YES GO ON ELSE 

01360 FOOTY 
01370 
01330 
01390 
01400 
01410 
01420 
01430 
01440 
01450 
01460 
01470 
01430 
01490 
01500 
01510 FPP 
01520 
01530 
01540 
01550 
01560 
01570 
01530 
01590 F00TY2 
01600 
01610 
01620 
01630 
01640 

LD A»(FTRY) 
CP 1 
JR NZiGETIME 
LD A»(HL) 
INC HL 
LD (HL)» A 
DEC HL 
LD ( HL ) » CNTL 
LD A» 1 
LD (FLAG)»A 
LD A»(HL) 
LD (IX+0)» A 
INC IX 
INC HL 
JP GETIME 
PUSH BC 
LD A»(CONDKY) 
LD B» A 
LD A»2 
CP B 
POP BC 
JR NZ » KYS 

LD A»(FTRY) 
CP 0 
JR Z » GETIME 
LD A»(HL) 
INC HL 
LD (HL)» A 

SEE IF THERE WAS A F 

IF 0-YES GO ON ELSE 
SWITCH ORDER OF CHAR 

SET INPUT FLAG 

PUT CNTL ON SCREEN 

BUMP SCREEN PTR 
PUT BUFF PTR ON CHAR 
GET RT 
SAVE FLAGS/CNTRS 
FP PARALLEL COND? 

RETRIEVE FLAGS/CNTRS 
IF 0-YES GO ON ELSE 
IT IS FP PARALLEL SO 
SEE IF THERE WAS FP 

IF 0-NOPE GET THE RT 
SWITCH ORDER OF CNTL 



63 
01650 
01660 
01670 
01630 
01690 
01700 
01710 
01720 
01730 
01740 KYS 
01750 
01760 
01770 
01780 
01790 
01300 
01810 
01820 LDSTAR 
01830 
01840 KYP 
01850 GETIME 
01360 
01870 
01830 
01390 
01900 
01910 
01920 
01930 
01940 
01950 PRTR 
01960 
01970 
01930 

01990 
02000 
02010 
02020 
02030 
02040 
02050 
02060 
02070 
02030 
02090 
02100 
02110 
02130 GETMO 

DEC HL 
LD ( HL ) * CNTL 
LD A» 1 
LD (FLAG)»A 
LD A»(HL) 
LD (IX+0)» A 
INC IX 
INC HL 
JP GETIME 
PUSH BC 
LD A»(CONDKY) 
LD B»A 
LD A» 3 
CP B 
POP BC 
JR NZ » KYP 
JR FOOTY 
LD (HL)» 2AH 
JR GETIME 
JR FOOTY2 
LD A»(SEC) 
LD (IY)» A 
INC IY 
LD A»(MSEC) 
LD (IY)» A 
INC IY 
LD A» 1 
CP D 
JR NZ » PRTR 
LD D»0 
LD A»(HL) 
LD (IX+0)> A 
INC IX 
INC HL 

INC B 
LD A»B 
CP 9 
JR Z»GETOUT 
PUSH BC 
LD IX»(STOCOL) 
LD BC» 7 
ADD IX » BC 
LD (STOCOL)»IX 
POP BC 
LD A» 1 
CP D 
JR NZ»GETMOR 
JP CKAL 

SET INPUT FLAG 

PRINT CNTL ON SCF 

BUMP SCREEN PTR 
PUT PTR ON CHAR 
GET THE RT 
SAVE FLAGS/CNTRS 
KEYPRESS SERIAL? 

RETRIEVE FLAGS/CN 
IF 0-YES GO ON EL 
GO PRINT THE CNTL 
TYPO SO PRINT A £ 
GET THE RT 
PRINT THE CNTL IF 
GET THE SECS F ROI* 
PUT SEC IN TLOC 
BUMP TLOC PTR 
PUT MSEC IN TLOC 

BUMP TLOC PTR 
SEE IF FP 

IF 0-YES GO ON El 
CLEAR FP 
PRINT THE CHAR Of 

BUMP SCREEN PTR 
BUMP BUFF PTR 

BUMP DISPLAY CNT 
SEE IF ALL 9 RES 

IF 0-YES GETOUT 
MOVE TO NEXT COL 

SEE IF FP 

IF 0 YES GO ON E 
GO GET ANOTHER C 
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02140 GET 0T1 LD A*1 ; [GO TO NEXT SET OF TF 
02150 LD (NEXTD)»A 5 [SET FLAG FOR BASIC 
02160 LD (HL)»31H 5 [PUT 1 IN BUFF 
02170 INC HL ! [BUMP BUFF PTR 
02180 GETOUT RET 5 [RETURN TO BASIC 
02190 
02200 
02210 SUBROUTINE TO DO CONDITION CK AND LOOK FOR C 
02220 
02230 
02240 
02250 DECI PUSH AF LD HELPER 
02260 LD A » < CONDKY) 
02270 CP 1 FOOT COND? 
022S0 JR NZ.CP2 FOOT C0ND2? 
02290 FT CALL WAIT YES FOOT COND 
02300 POP AF RESTORE IY 
02310 RET 
02320 CP2 CP 2 FOOT C0ND2? 
02330 JR Z» FT IF 0-YES ELSE KEY S< 
02340 CALL WAIT2 KEY COND 
02350 POP AF RESTORE IY 
02360 RET 
02370 
02380 
02390 SUBROUTINE TO LOOK FOR CNTLS 
02400 
02410 
02420 
02430 WAIT PUSH AF ; WAIT TILL KEYPRESS I 
02440 LD A»0 5 ZERO OUT FLAGS 
02450 LD (PARA)»A ; PARALLEL FLAG 
02460 LD (FTRY)» A 5FLAG-CODE FOR PARALl 
02470 CKMOR LD A»(HL) 
02480 OR A 
02490 JR Z » OUIT 5 IF 0-KEY IS UP SO RE 
02500 CALFT LD A»1 ;SEE IF FP FLAG SET ' 
02510 CP D ■ 

) 

02520 JR Z » CKMOR 5 IF 0-ALREADY SET SO 
02530 CALL FOOTS • 

» 

02540 LD A» 1 5 SEE IF FP OCCURED 
02550 CP D m 

7 

02560 JR Z» SET ; IF 0—YES FP SO CODE 
02570 LD A»1 ;SET PARALLEL FLAG 
02530 LD (PARA)»A ;SET PARALLEL FLAG Bi 
02590 JR CKMOR ?G0 SEE IF KEY UP OR 
02600 SET LD A»(PARA) ;CK IF FIRST TRY (SEI 
02610 CP 1 • 

7 

02620 JR Z»SECOND >IF SET-FTRY=2 ELSE 1 
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02630 
02640 
02650 
02660 
02670 
02680 
02690 
02700 
02710 
02720 
02730 
02740 
02750 
02760 
02770 
02780 
02790 
02800 
02810 
02820 
02830 
02840 
02850 
02360 
02870 
02880 
02890 
02900 
02910 
02920 
02930 
02940 
02950 
02960 
02970 
02930 
02990 
03000 
03010 
03020 
03030 
03040 
03050 
03060 
03070 
03030 
03090 
03100 
03110 

LD A» 1 5 SET PARALLEL FLAG 
LD <PARA)»A • * 
LD <FTRY)» A 5SET FTRY=i <SERIAL F 
JR CKMOR ;WAIT FOR KEY UP 

SECOND LD A. 2 «SET FTRY=2 <PARALLEL 
LD <FTRY)» A • 

JR CKMOR 5WAIT FOR KEY UP 
QUIT PUSH BC 5 DELAY 10 MSEC FOR DE 

LD BC» 700 
CALL DELAY 
POP BC 

510 MSEC 

FINCH LD A » < HL) «MAKE SURE NO DEBOUNC 
OR A m 

7 

JR NZ»FINCH- ;LOOP TILL CLEAR 

POP AF 
RET 

ÎRESTORE AF 

«SUBROUTINE TO DETECT A FOOT PRESS 

FOOTS LD A> 0 
OUT <232)»A 
DEC A 
OUT <233)»A 
LD A»108 
OUT <234)»A 
LD A,255 
OUT <235)»A 

FOOT1 IN A» <234) 
BIT 6»A 
JR Z » FOOT1 
PUSH BC 
LD BC» 80 
CALL DELAY 
POP BC 
LD A.0 
IN A,<235) 
OR A 
RET Z 
LD D» 1 
RET 

RESET RS232 

A=255 
SET BAUD TO 19200 
SET PARAMETERS 

SEND ALL ONES 

WAIT FOR CHAR TO BE 

LOOP IF NOT YET SENT 

WAIT A MILLISEC 

GET CHARACTER 
IS IT SOMETHING? 
NO ITS NOT 
SET FP FLAG 

; SUBROUTINE FOR KEY COND. 

? 
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03120 WAIT2 PUSH AF 
03130 LD A? 0 
03140 LD <PARA)»A 
03150 LD (FTRY)» A 
03160 LD (KYSET)» A 
03170 CKM0R2 LD A» <HL> 
03180 OR A 
03190 JR Z » QUIT2 
03200 CALKY LD A» <KYSET) 
03210 CP 1 
03220 JR Z» CKM0R2 
03230 PUSH BC 
03240 LD BC» 80 
03250 CALL DELAY 

03260 POP BC 
03270 LD A»(3840H) 
03280 BIT 4» A 
03290 JR NZ » SET2 
03300 LD A» 1 
03310 LD (PARA)»A 
03320 JR CKM0R2 
03330 SET2 LD A» 1 
03340 LD (KYSET).A 
03350 LD A»(PARA) 
03360 CP 1 
03370 JR Z.SEC0N2 
03380 LD A. 1 
03390 LD (PARA)»A 
03400 LD (FTRY).A 
03410 JR CKM0R2 
03420 SEC0N2 LD A»2 
03430 LD (FTRY)» A 
03440 JR CKM0R2 
03450 QUIT2 PUSH BC 
03460 LD BC.700 
03470 CALL DELAY 
03480 POP BC 
03490 FINCKK LD A»(HL) 
03500 OR A 
03510 JR NZ*FINCKK 
03520 POP AF 
03530 RET 
03540 END 

?SAVE FLAGS 
? CLEAR FLAGS 
? PARALLEL FLAG 
; PARALLEL OR SERIAL FL 
? CNTL KEY FLAG 
ilS THE KEY STILL DOWIt 
m 

; IF 0-NOPE SO GET OUT 
ÎIS CNTL KEY DOWN 
• 

; IF 0—YOU HAVE ONE SO 
5TO EQUATE WITH FP-NEE 

CK IF A CNTL 

IF NOT 0-YOU HAVE A < 
SET PARALLEL FLAG 
WASNT THERE 1ST TIME 
KEEP LOOKING 
SET CNTLKY FLAG 

SEE IF 1ST TIME THRU 

IF SET THEN SECOND T 
1ST TIME THRU SO SET 
PARALLEL FLAG 
PARALLEL OR SERIAL FI 
KEEP LOOKING FOR CNTl 
PARALLEL COND-2ND Til 
SET FLAG 
WAIT FOR KEY UP 
10 MSEC DELAY FOR DE: 

10 MSEC 

MAKE SURE NO DEBOUNC 

RESTORE AF 


