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Abstract—In this study, the recall accuracies for different 

keys on a keyboard were studied and analyzed in a systematic 

way. It was found that alphabetic keys in the area of “Typing 

Keys” resulted in relatively lower recall accuracies than 

“Function Keys”, “Control Keys” and “Numeric Keys”. 

Besides, there was an absence of significant association 

between the relative use frequency of English letters and their 

recall accuracies, confirming to the general expectation that 

typing tasks rely on the processing of implicit memory rather 

than explicit memory. Regarding the recall accuracies for 

numeric keys, participants had higher recall accuracy for the 

keys located in “Numeric Keypad” than those in the “Typing 

Key” area. This might be the result of experience transfer 

from their daily interaction with devices of similar layout 

(ATM). Some useful suggestions were provided for the design 

of a more user-friendly keyboard layout. 

 
    Index Terms-Keyboard Layout, Typing Performance, 

Recall Accuracy, Explicit Memory, Muscle Memory 

I. INTRODUCTION 

HE ten-finger QWERTY keyboard has become a 

standard device for entering textual data into 

computers. Its influence is so pervasive that even in 

situations where ten-finger typing is not an option, such as 

cell phones and some military computers [1, 2], the 

keyboards are always arranged in a QWERTY layout [3]. 

A computer user or typist is easily surprised when first 

looking at the seemingly arbitrary arrangement of letters on 

a standard computer keyboard. Neither does the 

arrangement have any alphanumeric logical order nor is it 

optimized according to a high hit rate or ergonomic 

comfort. The keyboard was thought to be optimized to slow 

down typists to prevent the keys getting stuck. 

Numerical typing is an error-prone daily task. 

Understanding human performance in skilled, perceptual–

motor activities is very helpful for numerical typing study. 

Numerical typing errors can cause serious consequences in 

critical systems, such as medical databases or nuclear 

power plants. Besides, for transactional systems, numerical 

typing errors may lead to financial loss, the consequence of 

which could be more serious than frauds [4]. These 
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problems are exacerbated by the fact that numerical typing 

errors are hard to detect. 

 The basic, single-plane QWERTY keyboard has long 

been the conventional keyboard used in the office 

environment. Despite the frequent use of telephones and 

calculator/computer keypads, individuals exhibit 

surprisingly poor memory when explicitly asked to 

reproduce the layout of numbers on these devices. For 

example, Rinck tested college students on their ability to 

correctly place the digits on a blank sheet using their 

memory for the layout of either a telephone or a calculator 

[5]. Accuracy for the correct placements of the digits 1 to 9 

was 78% for the telephone versus 48% for the calculator 

layout. That is, approximately one-half of the college 

students tested could not explicitly recall the locations of 

the digits on a calculator keypad, as presented in Fig 1. In 

addition, Rinck found that when participants made errors, 

especially on the calculator layout, they reversed the layout 

(for example, entered the layout for numbers on a 

telephone when they were supposed to enter the layout of a 

calculator). Jones and Martin also found relatively low 

recall success for the calculator layout in their sample of 

college students [6]. Only about 25% participants in the 

control group, which was not provided with any strategies 

or explicit instructions, reproduced the calculator layout in 

its entirety with all the digits in the correct locations. In 

contrast, the same group of participants reproduced the 

telephone layout with near-perfect accuracy.  

 

Why memorizing keyboard layout shows greater 

difficulty than performing normal typing task? In fact, 

recalling and typing tasks rely on two separate, viz., 

explicit and implicit, memory systems. Explicit memory 

system is involved when we need to consciously recall 

items/events, while implicit memory system is involved 

when we do not need to perform the recall task with 

conscious control or attention. It shows performance 

improvement of certain skill-based tasks (driving, typing) 

mainly by processing implicit memory system. Explicit 

and implicit memory systems seem to function quite 

independently from each other [7], but the question 

whether implicit and explicit memory depends on a single 

underlying system or multiple underlying systems remains 

unsolved [8]. 

In daily life, implicit memory (also known as long term 

memory) is being heavily dependent for performing 

various tasks in form of procedural memory, such as tying 

shoes and riding a bicycle, which do not require conscious 

effort and substantial attention to complete the tasks. 

Muscle memory is a form of procedural memory, in the 

presence of muscle memory, a motor task becomes 

automatic with minimal or no conscious effort through 

repetition or practice owing to the reduced need for 
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attention and enhanced efficiency within the motor and 

memory systems [9]. 

In this experiment, participants were given a paper with 

a typical computer keyboard on which the labels on the 

buttons were missing, and they were asked to recall the 

corresponding label for each button as many and accurate 

as they could. Recall accuracies for different keys were 

recorded and compared to give insight on the typing 

characteristics of the participants.  

            Telephone                    Calculator 

 
Fig. 1. The two alternative numeric keypads commonly used for the 
telephone keypad (left) and the calculator keypad (right). 

 

II. METHOD 

Ninety four Chinese students (26 female and 68 male) 

aged between 20 and 26 from City University of Hong 

Kong participated in this experiment. All of them had more 

than 3 years of computer use experience. They all gave 

informed consent before the start of the experiment and did 

not report any physical or health problem involving their 

brain and hands.  

The experiment was conducted in a quiet room. Each 

participant was given a paper with the picture of a keyboard 

where all the keys were blank. They had 5 minutes to fill 

out as many keys (alphabet/number/function) on the blank 

keyboard as they could. The recall accuracy was recorded 

for subsequent analysis.   

 

III.  RESULTS 

In order to facilitate the data analysis, the keyboard 

layout was divided into six sections, viz., control keys, 

function keys, typing keys, navigation keys, numeric 

keypad, and indicator lights, with reference to their control 

functions (Fig 2). However, the sections of “Indicator 

lights” and “Navigation Keys” were not subject to further 

analyses as the former did not refer to any input function 

while the latter was too easy to judge and distinguish by the 

spatial orientations (up, down, left and right) of the keys. 

 
Fig. 2. Keyboard Position: Control-Function classification. 

 

A. Control Keys 

    There are eight keys for “Control Keys”, and of them, 

the keys “Esc”, “Ctrl(left)”, “Alt(left)”, “Alt(right)” and 

“Ctrl(right)” obtained more than 70% recall accuracies, 

with the key “Esc” had the highest recall accuracy 

(97.87%). While for the keys “Print Screen”, “Scroll Lock”, 

and “Pause Break”, their recall accuracies were 27.66%, 

10.64%, and 1.06%, respectively (Fig 3). The relatively 

low accuracies could be the result of the little utilization of 

these keys in daily computer use. 

 
 
Fig. 3. Recall accuracies for “Control Keys”. 

 

B. Function Keys   

The “Function Keys” involve the keys F1 to F12, all of 

which had very high accuracies with the values ranging 

from 91.49% to 96.81% (Fig 4). With the sequential order 

of the “Function Keys”, there was slight decline in recall 

accuracies for the keys from “F10” to “F12”.  

 
 
Fig. 4. Recall accuracies for “Function Keys”. 

C. Typing Keys  

Most of the keying tasks are performed with the keys in 

this section. These keys include alphanumeric keys, 

punctuation keys and some function keys. Among these 

keys, there was a general trend that recall accuracies 

dropped from left to right on the keyboard (Fig 5). For 

instance, the recall accuracies decreased drastically from 

“QWERT”…to… “{,}, and \”, with the values dropping 

from 81.91% to 15.96%. In general, the average recall 

accuracy for function keys (Backspace, Tab, Enter, Shift, 

and Space) was the highest, followed by alphanumeric keys, 

and the average recall accuracy for punctuation keys was 

the lowest among all the keys in this section.  

D. Numeric Keypad  

As shown in Fig 6, the recall accuracies for the numeric 

keys were much higher than those for the non-numeric keys. 
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Within the non-numeric keys, the keys “Num Lock”, “+”, 

“Del/.” and “Enter” attained higher recall accuracies than 

the numeric operator keys “/”, “*”, and “-”. For example, 

the recall accuracies for “Enter” and “Del/.” were 84.04% 

and 77.66%, while those for “/” and “*” were 21.28% and 

30.85%, respectively. The results imply that participants in 

general had better memories on the locations of the 

numeric keys on the numeric keypad, due very likely to its 

calculator-like layout which they commonly encounter in 

daily life activities.  

 
 
Fig. 6. Recall accuracies for “Numeric Keys”. 

E. Comparisons in recall accuracies for numeric keys 

On the keyboard, there are numeric keys both in the 

areas of “Typing Keys” and “Numeric Keypad” (Fig 7). 

Fig 8 shows the recall accuracies for the numeric keys in 

these two areas. For all the numeric keys, the recall 

accuracies for numbers in “Numeric Keypad” were much 

higher than those in “Typing Keys”. Subsequent analysis 

with the Wilcoxon Signed Rank test showed that all the 

differences in recall accuracies between the numeric keys 

in these two areas were significant at the level of p’s < 0.01. 

The findings somehow reflected that numeric keys located 

in “Numeric Keypad” could be more easily recalled than 

those located in “Typing Keys” section. 

 

 
 

Fig. 7. The numeric keys between “Typing Keys” and “Numeric Keypad”. 

 

 
Fig. 8. Comparisons in recall accuracies for numeric keys between 

“Typing Keys” and numeric keypad. 

F. Comparisons in recall accuracies for repeated control 

keys 

Another comparison is for the recall accuracy of 

repeated control keys on the left and right hand sides of the 

keyboard (Fig 9). Except for the key “Shift”, participants 

attained higher recall accuracies for the keys “Ctrl”, “Alt”, 

and “Enter” on the left hand side than the same keys on the 

right hand side. Subsequent analysis with the Wilcoxon 

Signed Rank test indicated that the differences between the 

left and the right keys “Ctrl” (p = 0.05), “Alt” (p < 0.05), 

and “Enter” (p < 0.01) were significant.  

 
 Fig. 9. Comparisons in recall accuracies for control keys on the left and 

right hand sides of the keyboard. 

 

G. Correlations between relative frequencies of 26 letters 

in English writing and their recall accuracies 

Fig 10 and Fig 11 show the relative frequencies of 26 

letters in English writing and the recall accuracies for each 

letter. In English writing, “e”, “t”, “a”, “o”, and “i” are the 

five letters with the highest frequency of use. Fig. 11 shows 

that “a”, “q”, “s”, “w”, and “z” are the five letters with the 

highest recall accuracies. Spearman rank order  Correlation 

test showed that there was an absence of significant 

association between frequency of use and recall accuracy 

of the English letters (p > 0.05), implying that the letters 

with higher frequency of use did not facilitate participants 

to recall their spatial locations on the keyboard. 

 
 Fig. 10. Relative frequencies of 26 letters in English writing. 

 
Fig. 11. Recall accuracies of 26 English letters. 
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                                                                Fig. 5. Typing Keys correct percentage 
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IV. DISCUSSION  

A. Control Keys 

Among the control keys, the recall accuracies for 

“Print screen”, “Scroll Lock”, and “Pause Break” were 

significantly lower than those for the other control keys. As 

the functions of these keys are rarely used for normal 

computing exercises nowadays, it would be difficult for the 

participants to recall the labels of these keys. In a 

subsequent interview after the experiment, some 

participants even reported that they did not realize the 

functions of “Scroll Lock” and “Pause Break”. In fact, 

“Pause Break” was a useful function to stop the running of 

a program in the DOS era. However, with the advanced 

computer operating system, this function is not very much 

in use now. 

In a subsequent analysis on the recall accuracies for 

the repeated control keys “Shift”, “Ctrl”, “Alt”, and 

“Enter”, the results showed that there were no significant 

differences in recall accuracies between the left-right keys 

of “Shift”, “Ctrl”, and “Alt”. However, significant 

difference was observed for left-right key of “Enter”, with 

the recall accuracies for left “Enter” being significantly 

higher than that for right “Enter”. It may be partly 

explained by the fact that the left “Enter” is located in the 

main typing area which is of much higher frequency of use 

than the right “Enter” clustered in the numeric keypad area. 

Also, the results showed that the recall accuracies for 

these control keys were comparatively higher than that for 

the alphanumeric keys in close proximity. These might be 

the results of the salient positions of these keys at the edge 

of the keyboard layout as well as their different sizes and 

shapes as opposed to the uniform size of the other typing 

keys. 

B. Function Keys 

    The recall accuracies for “Function Keys” were all 

above 90% and significantly higher than the recall 

accuracies for “Typing Keys” and “Control Keys”. It might 

be due to the fact that the twelve function keys (F1 to F12) 

occupy a relatively independent area which could be easily 

differentiated from other parts of the keyboard, such that 

participants could readily recognize and recall the 

corresponding meanings of the keys. In addition, the 

arrangement of the function keys conforms to the general 

expectation of incremental values moving from left to right 

[10, 11]. The immediately adjacent key could therefore 

provide a useful hint for participants’ prediction of the 

meaning of the next key in the same row.  

C. Typing Keys 

    It should be noted that among the alphabetic keys, the 

recall accuracies decreased gradually from left to right for 

each row of keys. As the general reading habit for English 

writing is from left to right and it is expected that the best 

reading and memorize area should be in the left corner of 

the keyboard, and the key located closer to the upper left 

corner, the higher recall accuracy should be achieved [10,  

11]. Also, the absence of significant association between 

the relative frequency of use of English letters and their 

recall accuracies provided partial evidence that the typing 

task relies heavily on implicit rather than explicit memory 

for processing. Thus, as participants utilize muscle memory 

for typing, they could subconsciously locate the desired 

key. However, when they were asked to recall the location 

of each typing key on a blank keyboard, they had to search 

from their explicit memory on which the typing task does 

not usually depend, such that on average relatively low 

recall accuracy was resulted for the alphanumeric keys 

which cluster in the main area of the keyboard, as opposed 

to the function and control keys which are with more 

salient locations.  

D. Numeric Keys 

    In this study, the recall accuracies for numeric keys on 

“Numeric Keypad” were significantly higher than those on 

“Typing Keys”. As the isolated numeric keypad has a 

calculator-like layout with which we commonly operate in 

daily life, such as the Automated Teller Machine (ATM), 

participants could easily transfer their experience from 

their familiar layout to the recalling for the numeric keys on 

the “Numeric Keypad” here [12-14]. Also, the numeric 

keys on “Numeric Keypad” are arranged in a logical and 

sequential order which could facilitate the recalling for the 

numeric keys, resulting in significantly better recall 

accuracies than the recalling for the alphabetic keys. It 

should be noted that the numeric operators “/”, “*”, and “-” 

on “Numeric Keypad” had comparatively lower recall 

accuracies, due very likely to their low utilization rate in 

normal typing tasks.  

V.  CONCLUSION 

    The results of this study showed that participants had 

relatively lower recall accuracies for the alphabetic keys. 

Such finding is in agreement with the general expectation 

that typing tasks are very much dependent on the 

processing of our implicit memory (or muscle memory) 

rather than explicit memory. As the sample sizes of male 

and female participants are substantially different, the 

authors did not conduct any statistical analyses of 

differences in performance between them. The recall 

accuracies for different keys on the keyboard were 

systematically analyzed and compared.  Some useful 

recommendations for more user friendly keyboard design 

were provided.  

A. A tactile cue should be added to the first and the last 

key of “Function keys” (i.e., F1 to F12) and numeric keys 

in “Typing keys” (i.e., 1-0) to help the users locate the 

keys. 

B. Some keys such as “Scroll Lock” and “Pause Break” 

are rarely used nowadays and should therefore be removed 

to allow a more compact design of the keyboard.  

C. Keyboard designed in a way resembling to the devices 

of our daily operation could facilitate the transfer of use 

experience and enhance the recall accuracy for typing 

tasks.  

 

 

Proceedings of the International MultiConference of Engineers and Computer Scientists 2016 Vol II, 
IMECS 2016, March 16 - 18, 2016, Hong Kong

ISBN: 978-988-14047-6-3 
ISSN: 2078-0958 (Print); ISSN: 2078-0966 (Online)

IMECS 2016



 

REFERENCES 

[1] Solutions, T. (1998). The Fitaly one-finger keyboard. Retrieved 

April, 4, 2006. 

[2] Francis, G. and Rash, C. (2005). Analysis and Design of Keyboards 

for the AH-64D Helicopter. Fort Rucker, Alabama: US Army 

Aeromedical Research Laboratory: USAARL Report. 
[3] Francis, G. and Johnson, E. (2011). Speed–accuracy tradeoffs in 

specialized keyboards. International Journal of Human-Computer 

Studies, 69(7), 526-538. 
[4] Bohm, N. and R.J. Anderson. Banking and book keeping.Security 

engineering: A guide to building dependable distributed systems. 

2nd ed. Indianapolis, IN: Wiley Publishing Inc, 2008, pp. 313–364. 
[5] Rinck, M. (1999). Memory for everyday objects: where are the 

digits on numerical keypads? Applied Cognitive Psychology, 13(4), 

329-350. 
[6] Jones, G. V. and Martin, M. (2009). Spatial recall improved by 

retrieval enactment. Psychonomic Bulletin & Review, 16(3), 

524-528. 
[7] Lee, P. U.-J. and Zhai, S. (2004). Top-down learning strategies: can 

they facilitate stylus keyboard learning? International Journal of 

Human-Computer Studies, 60(5), 585-598. 

[8] Schacter, D. L. (1995). Memory distortion: History and current 

status. Memory distortion: How minds, brains, and societies 

reconstruct the past, pp. 1-43. 
[9] Krakauer, J. W. and Shadmehr, R. (2006). Consolidation of motor 

memory. Trends in Neurosciences, 29(1), 58-64. 

[10] Mishkin, M. and Forgays, D. G. (1952). Word recognition as a 
function of retinal locus. Journal of Experimental Psychology, 43(1), 

43. 

[11] Nazir, T. A., Ben-Boutayab, N., Decoppet, N., Deutsch, A. and Frost, 
R. (2004). Reading habits, perceptual learning, and recognition of 

printed words. Brain and Language, 88(3), 294-311. 

[12] Richardson, J. T. (1992). Remembering the appearance of familiar 
objects: A study of monarchic memory. Bulletin of the Psychonomic 

Society, 30(5), 389-392. 

[13] Battarbee, K. and Koskinen, I. (2005). Co-experience: user 
experience as interaction. CoDesign, 1(1), 5-18. 

[14] Cooper, W. Cognitive aspects of skilled typewriting: Springer 

Science & Business Media, 2012, ch. 4. 

 

 

Proceedings of the International MultiConference of Engineers and Computer Scientists 2016 Vol II, 
IMECS 2016, March 16 - 18, 2016, Hong Kong

ISBN: 978-988-14047-6-3 
ISSN: 2078-0958 (Print); ISSN: 2078-0966 (Online)

IMECS 2016




