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1 Introduction   and   Rationale   

Typing  on  a  computer  has  become  an  important  part  of  our  lives  today,  be  it  doing                  

homework,  making  notes,  or  even  programming.  Hence,  comes  the  need  to  type  fast.  As  it  turns                  

out,  QWERTY  is  not  the  only  keyboard  layout  (Fig  1)  that  exists.  There  are  other  much  faster                   

keyboard  layouts  designed  to  reduce  the  distance  between  typing  words.  In  this  project,  we  will                 

be  evaluating  the  different  existing  keyboard  layouts  in  terms  of  efficiency  and  will  be                

developing   one   which   is   the   most   efficient   for   both   typing   in   English   and   in   Mandarin.     

  

   Fig   1:   The   QWERTY   keyboard   layout   

The  QWERTY  layout  was  devised  and  created  in  the  early  1870s.  It  was  made  for                 

typewriters  so  that  letters  commonly  used  together  would  be  spaced  further  apart  so  that  the                 

typewriter  would  not  jam  up.  Soon  later  came  the  introduction  of  other  keyboard  layouts,  such  as                  

Dvorak  (1932),  Colemak  (2006)  and  Workman  (2010),  as  shown  in  Fig  2,  3  and  4  respectively.                  

These  keyboard  layouts  focus  on  having  the  most  commonly  used  letters  placed  on  the  home                 

row,  i.e.  the  middle  row,  and  reducing  the  distance  between  fingers  to  type  common  words.                 

Furthermore,  frequent  letter  bigrams  are  placed  side  by  side  so  that  some  words  can  be  typed  out                   

in  an  instant.  There  is  no  specific  way  to  optimize  the  placement  of  the  keys,  as  there  are  26!                     

ways  to  arrange  the  keys  that  are  usually  moved  in  other  keyboard  layouts.  Although  there  are  36                   

keys  that  could  be  changed,  we  are  not  including  specific  keys  such  as  “+”  and  “[”  as  they  are                     

not  frequently  used  in  written  texts.  Punctuations  will  also  not  be  included  because  its  usage                 

differs  from  text  to  text.  Hence,  to  test  for  the  efficiency  of  all  possible  combinations  would  take                   

too  long.  For  this  project,  we  will  assume  that  the  person  using  the  keyboard  uses  it  in  the                    

standard  way,  where  the  left  index  finger  rests  on  ‘f’,  the  left  middle  finger  on  ‘d’  and  so  on  and                      

so   forth   (Fig   5).   
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Fig   2:   The   Dvorak   keyboard   layout   

  
Fig   3:   The   Colemak   keyboard   layout   

    
Fig   4:   The   Workman   keyboard   layout   

  
Fig   5:   The   standard   finger   placement   for   QWERTY   keyboards   i.e.   touch   typing     

(any   keyboards   applicable)   
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2 Objectives   

1. To  evaluate  the  efficiency  of  QWERTY,  Dvorak,  Colemak  and  Workman  and             

others  oftenly  used  keyboard  layouts  through  finding  out  the  letter  frequency  and              

bigrams   with   the   help   of   computer   programs.     

2. To   evaluate   the   factors   that   make   a   keyboard   layout   efficient   

3. Using  the  research  done  in  Q2,  devise  a  keyboard  layout  which  is  the  most                

efficient   for   both   typing   English   and   Mandarin.     

  

3 Research   Questions   

1. How   efficient   are   the   keyboard   layouts   mentioned   in   Objective   1?   

2. What   are   the   factors   that   make   a   keyboard   layout   efficient?     

3. What  is  the  most  efficient  layout  for  users  who  type  both  English  and  Mandarin                

words?   

  

4 Field   of   Math   

       ●           Statistics  

       ●           Combinatorics   

● Bigrams   

● Geometry   --   Pythagoras   Theorem   
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5 Terminology   

6 Literature   Review   

Bucao  (2010)  suggests  that  the  Workman  layout  has  reduced  lateral  movement  of  the  fingers  and                 

wrists,  reduced  load  on  the  right  pinky  compared  to  Dvorak  and  Colemak  and  that  common                 

English  bigrams  are  easy  to  type.  “Colemak  Keyboard  Layout”  (n.d.)  suggest  that  fingers  on                

QWERTY  move  2.2  times  more  than  on  Colemak,  QWERTY  has  16  times  more  same  hand  row                  

jumping  than  Colemak,  there  are  35  times  more  words  you  can  type  using  only  the  home  row  on                    

Colemak  and  that  most  of  the  typing  is  done  on  the  strongest  and  fastest  fingers.  These  claims                   

made   by   the   creators   of   the   keyboard   layouts   will   be   tested   for   their   reliability.     

There   has   been   similar   research   done   on   other   types   of   keyboard   layouts.   

Amico  et  al.  (2008)  researched  on  single-finger  keyboard  layouts  for  smartphones  to  find  the                

most  efficient  one.  Similarly,  Kwon  (2018)  researched  keyboard  layouts  for  the  Korean  alphabet,               

which   features   a   different   set   of   characters.   

Yudai  Kimoto  et  al.  (2019)  researched  on  neuromuscular  and  biomechanical  functions             

subserving  finger  dexterity  in  musicians,  which  can  be  applied  to  typing  on  a  keyboard,  because                 

hitting  piano  keys  is  similar  to  typing  on  a  keyboard.  They  showed  that  the  index  finger  is  the                    
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Term   Explanation   

  Bigram   A  bigram  is  a  sequence  of  two  adjacent  elements  from  a  string  of               

tokens,   which   are   typically   letters,   syllables,   or   words.   

  Combinatorics   Combinatorics  is  an  area  of  mathematics  primarily  concerned  with           

counting,  both  as  a  means  and  an  end  in  obtaining  results,  and              

certain   properties   of   finite   structures.   



strongest,  followed  by  the  middle,  ring  and  the  pinky  finger.  The  number  of  keys  that  the  index,                   

middle,  ring  and  pinky  finger  can  type  per  second  on  average  is  about  5.9,  5.4,  4.25  and  4.1                    

respectively.   

7 Methodology   

1.   To   read   up   on   statistics,   combinatorics   and   bigrams.   

2.  To  make  a  computer  program  that  will  analyse  a  long  text  in  both  English  and  Chinese                   

and   come   out   with   the   frequency   of   letters   and   the   bigram.     

3.  To  compare  the  statistics  with  other  research  already  done  by  others.  If  the  difference                

in   statistics   is   minimal,   we   can   proceed.     

4.   To   find   out   the   factors   that   make   a   keyboard   layout   efficient.   

5.  To  compare  the  efficiency  of  commonly  used  keyboard  layout  and  determine  the  most                

efficient  one.  To  do  so,  we  will  be  making  another  program  to  calculate  the  factors  found                  

in   Step   2.     

6.  Using  all  the  information  we  have  obtained,  construct  a  keyboard  that  is  the  most                 

efficient   for   both   English   and   Chinese.    
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8 Results     

1st   Research   Question:   How   efficient   are   the   keyboard   layouts   mentioned   in   Objective   1?   

  

Section   A:   Method   of   calculating   distance   moved   

It   is   assumed   that   the   distance   between   adjacent   keys   laterally   and   horizontally   is   the   same.     

Let    h    be   the   horizontal   movement   and   let    v   be    the   vertical   movement,   

Let    d    be   the   total   distance   moved.   

  

Using   Pythagoras’   Theorem,   we   can   hence   create   the   following   equation:   

d   =     √h  2 + v 2 
 

  
The  method  to  calculate  the  distance  can  be  seen  in  the  following  examples,  as  well  as  the  text                    

above   Fig.   6.   

   

Example   1:     Distance   between   keys   horizontally   adjacent   to   each   other   

The   distance   between   ‘a’   and   ‘s’   =   1   unit.   

Example   2:   Distance   between   keys   vertically   adjacent   to   each   other   

The   distance   between   ‘a’   and   ‘q’   =   1   unit.   

Example   3:   Distance   between   keys   adjacent   to   each   other   

The   distance   between   ‘f’   and   ‘t’   =     =   units   √12 + 12  √ 2  

  

When  typing  capital  letters  using  the  Shift  Key,  the  additional  distance  would  be  added                

on  to  the  distance  between  keys.  If  the  key  which  is  to  be  capitalised  falls  on  the  right  hand  side                      

of  the  keyboard,  i.e.  the  letters  past  the  “H”  key  (Fig.  6):  then  the  shift  key  to  be  used  is  the  shift                        

key   on   the   left   hand   side.     
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Additional   Distance   to   Left   Shift   Key   

The   distance   between   ‘a’   and   ‘shift’   =     =   units   √12 + 12  √ 2  

Additional   Distance   to   Right   Shift   Key     

The   distance   between   ‘   ;   ’   and   ‘shift’   =     =   units   √12 + 22  √ 5  

  

  
Fig   6:   Hand   responsible   for   typing   certain   keys,   left   hand   in   yellow   while   right   hand   left   in   white.   

  

Section   B:   Labelling   of   Keys     

  

  

For   any   key n    and   key n+1,   

Distance   between   two   adjacent   keys    =    |    key n+1    -   key n    |     
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Section   C:   Keyboard   Efficiency   Formula   

The   efficiency   of   a   keyboard   is   seen   from   3   separate   formulae   seen   below:   

  Total   distance   =    ∑
n  1−

i = 1 
 key ∣ 
∣ i+1 − keyi  

 ∣ 
∣  

Let   this   value   above   be   T nm ,   where   n   is   the   keyboard   used   and   m   is   the   language   

 MT n = 2
T + Tn·English n·Chinese  

  

Let   the   number   of   times   that   the   right   pinky   types   a   character   be   finger RP ,   

the   number   of   times   that   the   right   ring   types   a   character   be   finger RR ,   

the   number   of   times   that   the   right   middle   types   a   character   be   finger RM ,   

the   number   of   times   that   the   right   index   types   a   character   be   finger RI ,   

the   number   of   times   that   the   left   index   types   a   character   be   finger LI ,   

the   number   of   times   that   the   left   middle   types   a   character   be   finger LM ,   

the   number   of   times   that   the   left   ring   types   a   character   be   finger LR ,   

the   number   of   times   that   the   left   pinky   types   a   character   be   finger LP   

Let   the   optimised   usage   percentage   for   each   finger   be    UOside·f inger  

Finger   Usage   =    UO  ∣∑
 

 
∣ f − n

f ingerf   

where    f     is   the   finger   used   and   n   is   the   length   of   the   text   

  
Let   this   value   above   be   F nm ,   where   n   is   the   keyboard   used   and   m   is   the   language   

 MF n = 2
F  + Fn·English n·Chinese  

  

Same   Finger   Usage   =     n
Number of  times same f inger used for key  and keyx x+1   

Let   this   value   above   be   S nm ,   where   n   is   the   keyboard   used   and   m   is   the   language   

 MS n = 2
S  + Sn·English n·Chinese  

  

The   lower   the   values   of       ,   the   higher   the   efficiency   of   the   keyboard.   MT n MF n MSn   
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Section   D:   Keyboard   Efficiency   Calculations   

  

MT QWERTY    =    2
 + 935605

582159 6608
17797  

                  =    0.523   (3   s.f.)   

  

MT Dvorak    =    2
 + 935605

518620 7359
17797  

               =    0.484   (3   s.f.)   

  

MT Workman    =    2
 + 935605

514157 7540
17797  

                 =    0.497   (3   s.f.)   

  

MT ABCDEF    =    2
 + 935605

708257
17797
10795

 

         =    0.682   (3   s.f.)   

  

MT Colemak    =    2
 + 935605

481020 7975
17797  

                 =    0.481   (3   s.f.)   

  

 UOLP = UORP  

             )= ( 4.1
4.1 + 4.25 + 5.4 + 5.9 ÷ 2  

             =    0.104   (3   s.f.)   

  

 UOLR = UORR  

      )= ( 4.25
4.1 + 4.25 + 5.4 + 5.9 ÷ 2  

      =    0.108   (3   s.f.)   
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 UOLM = UORM  

         )= ( 5.4
4.1 + 4.25 + 5.4 + 5.9 ÷ 2  

         =    0.137   (3   s.f.)   

  

 UOLI = UORI  

       )= ( 5.9
4.1 + 4.25 + 5.4 + 5.9 ÷ 2  

       =    0.150   (3   s.f.)   

  

MF QWERTY    =  ∣0.104 ∣( − 78639
935605 + 0.108 ∣∣ − 85886

935605 + 0.137 ∣∣ − 935605
174784  

               0.150 ∣ + ∣ − 935605
203691 + 0.150 ∣∣ − 935605

193147 + 0.137 ∣∣ − 72322
935605  

              0.108 ∣ + ∣ − 935605
110176 + 0.104 ∣∣ − 16960

935605 + 0.104 ∣∣ − 2777
17797 + 0.108 ∣∣ − 1325

17797

               0.137 ∣ + ∣ − 1583
17797 0.150 ∣+ ∣ − 1917

17797 + 0.150 ∣∣ − 6210
17797 + 0.137 ∣∣ − 2514

17797  

               0.108 ∣ + ∣ − 1372
17797 + 0.104 ∣)∣ − 99

17797 ÷ 2  

                  =    0.437   (3   s.f.)   

  

MF Dvorak     =  ∣0.104 ∣( − 76471
935605 + 0.108 ∣∣ − 69675

935605 + 0.137 ∣∣ − 935605
116041  

              0.150 ∣ + ∣ − 935605
133141 + 0.150 ∣∣ − 935605

179907 + 0.137 ∣∣ − 935605
130464  

             0.108 ∣ + ∣ − 935605
124131 + 0.104 ∣∣ − 935605

105775 + 0.104 ∣∣ − 1959
17797 + 0.108 ∣∣ − 1331

17797

              0.137 ∣ + ∣ − 1247
17797 0.150 ∣+ ∣ − 5078

17797 + 0.150 ∣∣ − 3500
17797 + 0.137 ∣∣ − 770

17797  

              0.108 ∣ + ∣ − 2338
17797 + 0.104 ∣)∣ − 1574

17797 ÷ 2  

                 =    0.288   (3   s.f.)   
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MF Workman     =  ∣0.104 ∣( − 78639
935605 + 0.108 ∣∣ − 935605

101774 + 0.137 ∣∣ − 935605
135834  

                0.150 ∣ + ∣ − 935605
175974 + 0.150 ∣∣ − 935605

152677 + 0.137 ∣∣ − 935605
141231  

               0.108 ∣ + ∣ − 85091
935605 + 0.104 ∣∣ − 64385

935605 + 0.104 ∣∣ − 2777
17797 + 0.108 ∣∣ − 1419

17797

                0.137 ∣ + ∣ − 1722
17797 0.150 ∣+ ∣ − 2180

17797 + 0.150 ∣∣ − 3536
17797 + 0.137 ∣∣ − 2541

17797  

               0.108 ∣ + ∣ − 1192
17797 + 0.104 ∣)∣ − 2430

17797 ÷ 2  

                  =    0.211   (3   s.f.)   

  

MF ABCDEF    =  ∣0.104 ∣( − 935605
170956 + 0.108 ∣∣ − 84897

935605 + 0.137 ∣∣ − 53460
935605  

               0.150 ∣ + ∣ − 935605
308109 + 0.150 ∣∣ − 76697

935605 + 0.137 ∣∣ − 935605
112934  

              0.108 ∣ + ∣ − 935605
127491 + 0.104 ∣∣ − 1061

935605 + 0.104 ∣∣ − 1959
17797 + 0.108 ∣∣ − 1331

17797

               0.137 ∣ + ∣ − 1247
17797 0.150 ∣+ ∣ − 5078

17797 + 0.150 ∣∣ − 3500
17797 + 0.137 ∣∣ − 770

17797  

               0.108 ∣ + ∣ − 2338
17797 + 0.104 ∣)∣ − 1574

17797 ÷ 2  

                 =    0.534   (3   s.f.)   

  

MF Colemak     =  ∣0.104 ∣( − 78639
935605 + 0.108 ∣∣ − 73937

935605 + 0.137 ∣∣ − 935605
105724  

               0.150 ∣ + ∣ − 935605
186680 + 0.150 ∣∣ − 935605

200276 + 0.137 ∣∣ − 935605
141231  

              0.108 ∣ + ∣ − 80987
935605 + 0.104 ∣∣ − 68131

935605 + 0.104 ∣∣ − 2777
17797 + 0.108 ∣∣ − 773

17797

               0.137 ∣ + ∣ − 1123
17797 0.150 ∣+ ∣ − 2105

17797 + 0.150 ∣∣ − 4418
17797 + 0.137 ∣∣ − 2541

17797  

               0.108 ∣ + ∣ − 2965
17797 + 0.104 ∣)∣ − 1093

17797 ÷ 2  

                  =   0.340   (3   s.f.)   

  

MS QWERTY    =    2
 + 67861

935605
749

17797  

                  =    0.0573   (3   s.f.)   

MS Dvorak    =    2
 + 39155

935605
847

17797  

               =    0.0447   (3   s.f.)   

11   



MS Workman    =    2
 + 41117

935605
132

17797  

                 =    0.0257   (3   s.f.)   

  

MS ABCDEF    =    2
 + 935605

122979 1003
17797  

       =    0.0939   (3   s.f.)   

  

MS Colemak    =    2
 + 29647

935605
280

17797  

      =    0.0237   (3   s.f.)   

  

Table   1:   Table   of   the   efficiency   of   all   keyboards   analysed   

  
From  Table  1,  we  can  conclude  that  Colemak  is  the  most  efficient  keyboard,  followed  by                 

QWERTY  and  Dvorak,  followed  by  Workman  and  finally  by  ABCDEF,  which  was  the  least                

efficient  for  all  tests.  We  will  be  using  the  Colemak  layout  to  build  on  a  more  efficient  keyboard                    

layout   for   the   use   of   both   Chinese   and   English.     

   

12   

Keyboard    MT n    Rank  MT n   MF n  Rank   MF n   MSn  Rank   MSn  Ranksum   Final   Rank   

QWERTY   0.523   4   0.437   4   0.0573   4   12   4   

Dvorak   0.484   2   0.288   2   0.0447   3   7   3   

Workman   0.497   3   0.211   1   0.0257   2   6   2   

ABCDEF   0.682   5   0.534   5   0.0939   5   15   5   

Colemak   0.481   1   0.340   3   0.0237   1   5   1   



2nd   Research   Question:   What   are   the   factors   that   make   a   keyboard   layout   efficient?  

  

The  factors  that  make  a  keyboard  efficient  will  be  important  in  trying  to  make  a  more  efficient                   

keyboard.  The  distance  one’s  finger’s  have  to  move  when  typing  affects  the  time  taken  to  type                  

out  certain  words.  Hence,  to  measure  the  efficiency  of  a  keyboard,  the  distance  travelled  by  the                  

fingers  is  calculated.  There  will  be  certain  factors  that  affect  this,  based  on  our  investigations.  All                  

of  our  results  will  be  run  on  a  long  text,  which  in  this  case,  would  be  Moby  Dick,  a  book  which                       

has  well  over  a  thousand  pages.  For  Chinese,  our  tests  would  be  run  on  the  first  chapter  of  The                     

Journey  to  the  West  converted  to  hanyu  pinyin,  which  is  the  medium  used  to  type  Chinese                  

characters.   

  

a. Assumption:   The  higher  the  number  of  letter  bigrams  side-by-side  within  the  keyboard,              

the   greater   the   efficiency.     

  
Graph   1:   30   most   frequently   used   bigrams   in   the   English   language   
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Table   2:    30   most   frequently   used   bigrams   in   the   English   language   
  

  

Graph   2:   30   most   frequently   used   bigrams   in   the   Chinese   language   
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Rank   Bigram   Percentage   (%)   Rank   Bigram   Percentage   (%)   Rank   Bigram   Percentage   (%)   

1   th   3.458   11   es   1.396   21   ou   0.893   

2   he   2.797   12   ed   1.107   22   le   0.890   

3   in   1.661   13   ng   1.075   23   al   0.885   

4   an   1.604   14   ea   1.065   24   or   0.855   

5   es   1.396   15   hi   1.062   25   it   0.851   

6   ha   1.328   16   nt   1.038   26   ar   0.843   

7   st   1.321   17   en   1.031   27   as   0.831   

8   re   1.260   18   on   0.990   28   et   0.824   

9   nd   1.187   19   to   0.958   29   te   0.798   

10   at   1.117   20   is   0.928   30   of   0.793   



Table   3:   30   most   frequently   used   bigrams   in   the   Chinese   language   
  

To  calculate  the  bigram  score  for  each  keyboard,  the  bigram  percentage  in  the  tables  will                 

be   added   up   for   each   adjacent   key   in   a   keyboard.   

  

  
Reference   to   a   QWERTY   Keyboard   Layout   

  

For  example,  the  bigram  score  for  ‘Q’  and  ‘W’  will  be  summed  up  with  the  score  for  ‘W’  and                     

‘E’,   summed   with   ‘E’   and   ‘R’   and   so   on   and   so   forth.     

  

15   

Rank   Bigram   Percentage   (%)   Rank   Bigram   Percentage   (%)   Rank   Bigram   Percentage   (%)   

1   an   4.923   11   zh   1.789   21   uo   1.205   

2   ng   4.183   12   ji   1.716   22   id   1.132   

3   ia   3.562   13   hi   1.669   23   ta   0.970   

4   sh   2.670   14   li   1.533   24   iz   0.923   

5   ao   2.503   15   ha   1.507   25   ua   0.902   

6   en   2.389   16   xi   1.393   26   is   0.892   

7   in   2.154   17   he   1.330   27   da   0.866   

8   ai   2.097   18   ou   1.293   28   iy   0.840   

9   hu   2.044   19   yi   1.220   29   na   0.840   

10   di   1.909   20   on   1.210   30   ho   0.782   



  

  

Table   4:   Ranking   of   MT   Score   as   well   as   Mean   Bigram   Score   
  

Using  the  results  from  Graphs  1  and  2,  also  seen  in  Tables  2  and  3,  we  have  come  up  with                      

the  results  in  Table  4.  From  Table  4,  we  can  tell  there  is  only  a  weak  correlation  between  the                     

bigram  score  of  the  keyboards  and  .  Only  QWERTY  and  Dvorak  kept  to  their  positions        MT n          

while  the  positions  of  the  other  keyboards  were  switched.  ABCDEF,  while  having  the  worst                

score  for  the  other  tests,  on  the  other  hand,  has  a  highest  bigram  score.  Thus,  side-by-side                  

bigrams  could  be  a  weak  factor  in  making  an  efficient  keyboard.  It  would  be  of  lower  priority                   

when   designing   a   more   efficient   keyboard.     
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Keyboard   Total   bigram   score   for   English   (%)   Total   bigram   score   for   Chinese   (%)   

QWERTY   8.156   4.780   

Dvorak   7.822   6.015   

Workman   5.273   5.010   

ABCDEF   7.362   7.861   

Colemak   7.420   6.031   

Keyboard   Mean   of   English   &   Chinese   
bigram   score     

Bigram   score   rank    MT n  Rank   MT n  

  

QWERTY   6.468   4   0.523   4   

Dvorak   6.919   2   0.484   2   

Workman   5.142   5   0.497   3   

ABCDEF   7.612   1   0.682   5   

Colemak   6.726   3   0.481   1   



b. Assumption:   The  higher  the  number  of  frequently  used  letters  on  the  home  row,  the                

higher   the   efficiency.     

  
Graph   3:   The   English   Alphabet   ranked   in   terms   of   frequency   

  

Table   5:   The   English   Alphabet   ranked   in   terms   of   frequency   
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Rank   Letter   Percentage   (%)   Rank   Letter   Percentage   (%)   Rank   Letter   Percentage   (%)   

1   e   12.51   10   l   4.53   19   p   1.75   

2   t   9.25   11   d   4.06   20   b   1.67   

3   a   8.13   12   u   2.86   21   v   0.91   

4   o   7.39   13   m   2.44   22   k   0.86   

5   n   6.97   14   c   2.32   23   q   0.13   

6   s   6.71   15   w   2.25   24   x   0.11   

7   i   6.70   16   g   2.19   25   j   0.09   

8   h   6.64   17   f   2.16   26   z   0.07   

9   r   5.54   18   y   1.79         



  
Graph   4:   The   characters   used   for   hanyu   pinyin   ranked   by   their   frequency   

  

              *Note   that   the   ü   character   when   typing   certain   words   is   denoted   by   the   v   character   on   the   keyboard   
Table   6:   The   characters   used   for   hanyu   pinyin   ranked   by   their   frequency   
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Rank   Letter   Percentage   (%)   Rank   Letter   Percentage   (%)   Rank   Letter   Percentage   (%)   

1   i   15.89   10   z   3.10   19   w   1.15   

2   a   12.01   11   s   3.01   20   m   1.12   

3   n   11.53   12   y   2.69   21   c   1.0   

4   h   7.34   13   l   2.12   22   q   0.94   

5   u   7.12   14   j   1.90   23   ü*   0.70   

6   o   6.58   15   t   1.78   24   k   0.66   

7   e   5.45   16   x   1.53   25   f   0.52   

8   g   5.37   17   b   1.51   26   p   0.25   

9   d   3.51   18   r   1.23         



  

  

Table   7:   The   row   usage   for   each   keyboard   
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Keyboard   Top   row   count   Top   
row   /   
length   
of   text   
(%)   

Home   row   count   Home   
row    /   
length   of   
text   (%)   

Bottom   row   count   Bottom   row   
/   length   of   
text   (%)   

QWERTY   
English     

468332   /   935605   50.06   331026   /   935605   35.38   136247   /   935605   14.56   

QWERTY   
Chinese   

7603   /   17797   42.72   6430   /   17797   36.13   3764   /   17797   21.15   

Dvorak   
English   

189873   /   935605   20.29   663867   /   935605   70.96   81865   /   935605   8.75   

Dvorak   
Chinese   

2625   /   17797   14.75   12900   /   17797   72.48   2272   /   17797   12.77   

Workman   
English   

193486   /   935605   20.68   637047   /   935605   68.09   105072   /   935605   11.23   

Workman   
Chinese   

3552   /   17797   19.96   12560   /   17797   70.57   1685   /   17797   9.47   

Colemak   
English   

167204   /   935605   17.87   688773   /   935605     73.62   79628   /   935605   8.51   

Colemak   
Chinese   

4676   /   17797   26.27   11445   /   17797   64.31   1676   /   17797   9.42   

ABCDEF   
English   

436046   /   935605    46.61   338336   /   935605     36.16   161223   /   935605     17.23   

ABCDEF   
Chinese   

9241   /   17797   51.92   5008   /   17797   28.14   3548   /   935605   19.94   

Keyboard   Mean   of   English   &   Chinese   
home   row   usage   (%)   

Home   row   usage   rank    MT n  Rank   MT n  

  

QWERTY   35.76   4   0.523   4   

Dvorak   71.72   1   0.484   2   

Workman   69.33   2   0.497   3   

ABCDEF   32.15   5   0.682   5   

Colemak   68.97   3   0.481   1   



Using  the  data  from  Graphs  3  and  4,  also  seen  in  Tables  5  and  6,  we  have  come  up  with                      

the  results  in  Table  7.  As  seen  in  Table  7,  a  correlation  is  observed  between  the  home  row  usage                     

and  the   score.  The  higher  the  home  row  usage,  the  higher  the   score.  However,  there    MT n            MT n     

are  some  variances  in  Dvorak,  Workman  and  Colemak  as  they  are  only  2.75  percentage  points                 

away  from  each  other.  Hence,  because  of  other  factors  in  the  keyboard,  the  of  Dvorak,                MT n   

Workman   and   Colemak   have   a   variance   of   ,   a   rather   insignificant   value.   .008± 0   
  

c. Assumption:   The  higher  the  number  of  times  the  same  finger  is  used  for  two  adjacent                 

letters,  the  lower  the  efficiency.  When  alternating  fingers  are  used,  no  time  is  needed  to                 

shift   the   finger   between   keys   and   thus   increases   efficiency.     

  

  

Table   8:   The   number   of   times   the   same   finger   is   used   for   each   keyboard   
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Keyboard   English   Count   English   count   /   
length   of   text   
(%)   

Hanyu   pinyin   
count   

Hanyu   pinyin   count   
/   length   of   text   (%)   

Mean   score   
(%)   

Rank   

QWERTY   67861   /   935605   7.25   749   /   17797   4.21   5.73   4   

Dvorak   39155   /   935605   4.18   847   /   17797   4.76   4.47   3   

Workman   41117   /   935605   4.39   132   /   17797   0.74   2.57   2   

Colemak   29647   /   935605   3.17   280   /   17797   1.57   2.37   1   

ABCDEF   122979   /   935605     13.14   1003   /   17797   5.64   9.39   5   

Keyboard   Mean   of   English   &   Chinese   
same   finger    usage   (%)   

Same   finger    usage   rank    MT n  Rank   MT n  

  

QWERTY   5.73   4   0.523   4   

Dvorak   4.47   3   0.484   2   

Workman   2.57   2   0.497   3   

ABCDEF   9.39   5   0.682   5   

Colemak   2.37   1   0.481   1   



From  Table  8,  another  correlation  is  observed  between  the  number  of  times  the  same                

finger  is  used  to  type  a  character  and  the   score.  The  only  inaccuracies  are  Dvorak  and           MT n         

Workman,  but  could  be  due  to  other  factors  in  the  keyboard  like  the  aforementioned  one.                 

Furthermore,  there  is  an  anomaly  with  the  same  finger  usage  in  Workman  for  Chinese  characters,                 

with   4.39%   for   English   but   0.74%   for   Chinese   characters.     

  

d. Assumption:   The  more  the  stronger  fingers  are  used  and  the  less  the  weaker  fingers  are                 

used,  the  higher  the  efficiency.  The  index  finger  is  the  strongest,  followed  by  the  middle,                 

ring  and  the  pinky  finger.  This  is  based  on  research  by  (Yudai  Kimoto  et  al.,  2019)  on                   

neuromuscular  and  biomechanical  functions  subserving  finger  dexterity  in  musicians,           

which  can  be  applied  to  typing  on  a  keyboard,  because  hitting  piano  keys  is  similar  to                  

typing  on  a  keyboard.  The  number  of  characters  that  the  index,  middle,  ring  and  pinky                 

finger   can   type   per   second   on   average   is   about   5.9,   5.4,   4.25   and   4.1   respectively.     

  

  
Graph   5:   The   proportions   of   each   finger   used   to   type   characters   for   each   keyboard   (English)   

21   



  
Graph   6:   The   proportions   of   each   finger   used   to   type   characters   for   each   keyboard   (Hanyu   Pinyin)   

  

  

Table   9:   F   values   for   English,   Chinese   and   Ranking   of   MF   Score   as   well   as   MT   Score  
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Keyboard   F n nglish· E  F n  hinese· C  

QWERTY   36.54   50.84   

Dvorak   15.50    42.09   

Workman   14.65    27.60    

ABCDEF   57.07    49.76   

Colemak   25.31   42.73    

Keyboard   MF n     Finger   usage   score   rank    MT n  Rank   MT n  

QWERTY   43.690   4   0.523   4   

Dvorak   28.795   2   0.484   2   

Workman   21.125   1   0.497   3   

ABCDEF   53.415   5   0.682   5   

Colemak   34.020   3   0.481   1   



From  Graphs  5  and  6,  we  have  come  up  with  table  9.  There,  a  correlation  is  observed                   

between  the  finger  usage  and  the   score,  with  the  only  discrepancy  being  Workman  and        MT n          

Colemak,  but  could  be  due  to  the  previous  factors  as  Colemak  had  performed  better  than                 

Workman   in   them.     

  

3rd  Research  Question:  What  is  the  most  efficient  layout  for  users  who  type  both  English  and                  

Mandarin   words?   
  

To  achieve  this,  we  have  made  a  program  using  Python  to  derive  new  keyboards  based  on                  

improving  on  the  factors  that  we  deemed  affected  the  efficiency  of  the  keyboard  in  RQ2.  The                  

program  randomly  executes  a  certain  move  over  a  chosen  number  of  generations.  The  4  possible                 

moves   and   the   flowchart   are   given   below:   

  

move_f1():   

This  move  takes  two  keys  of  the  same  column,  one  on  the  outer  rows  and  the  other  on  the  home                      

row.  If  the  home  key  has  a  lower  letter  frequency  than  the  outer  key,  both  keys  are  switched.                    

Likewise,  if  the  home  key  has  a  higher  letter  frequency  than  the  outer  key,  both  keys  are  also                    

switched.   This   would   affect   the   number   of   frequently   used   keys   in   the   home   row   (Factor   b).   

  

  

E   and   d   switched   represents   this   function   

  

  

  

  

  

  

23   



move_f2():   

This  move  takes  the  two  vertical  letter  bigrams  with  the  highest  frequency.  A  random  key  is                  

selected  from  both  bigrams  and  is  switched.  This  is  related  to  how  many  times  the  same  finger                   

types   the   two   adjacent   letters   (Factor   c).   

  

   

For   example   ed   and   tg   switched   to   become   et   and   dg   

  

move_f3():   

This  move  takes  the  two  columns  with  the  highest  deviance  from  the  optimised  usage  frequency                 

(UO f ).  A  random  key  is  selected  from  bigrams  and  is  switched.  This  is  related  to  the  conclusion                   

that   stronger   fingers   should   be   used   more   frequently   vice   versa   for   the   weaker   fingers   (Factor   d).   

  

  

Take   column   wsx   and   tgb   switch   t   and   x   
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random():   

Just  for  the  element  of  randomness,  two  keys  are  selected  from  the  keyboard  randomly  and  are                  

switched.   

  

Switch   m   and   d   

  

  
Flow   Chart:   Framework   of   how   the   program   derives   a   more   efficient   keyboard.   

  

Whether  or  not  the  new  keyboard  is  more  efficient  than  the  previous  most  efficient  one  is  derived                   

as   such:   

 MT old

MT new + MSold

MSnew + MF old

MF new < 3  
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If   this   condition   is   met,   then   the   new   keyboard   is   more   efficient   overall   than   the   previously   most   

efficient   one.   After   1000   generations,   the   graphs   of   improvements   over   Colemak   are   shown   in   

Graph   7: 

  
Graph   7:   The   graphs   of   improvements   over   Colemak   

  

As   a   control   group,   the   graphs   of   improvements   over   ABCDEF   are   shown   in   Graph   8:   

  
Graph   8:   The   graphs   of   improvements   over   ABCDEF   
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9 Conclusion     

The   most   efficient   keyboard   layout   we   derived   is   shown   below:   

  

  

  

The   comparisons   with   Colemak   and   ABCDEF   (control   group)   are   shown   in   Table   10.   

  

Table   10:   The   comparisons   with   Colemak   and   ABCDEF   
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Keyboard   MT n    Score  MS n     Score   MF n    Score   

ABCDEF   0.682   0.0939   0.534   

ABCDEF   Improved   0.437   0.0359   0.094   

Colemak   0.481   0.0237   0.340   

Colemak   Improved   0.402   0.0224   0.099   



A   snippet   of   the   Python   code   and   when   running   in   Powershell:   
import     random   

import     matplotlib . pyplot     as     plt   

import     database     as     db   

import     itertools   

  

files    =    [ "moby-dick.txt" ,    "chinese-text.txt" ]   

keyboard    =     input ( "Enter   a   keyboard   to   be   the   base:   " )   

  

  

def     textLength ( filename ):   

      '''   

 Returns  the  length  of  the  text  for  the  characters  that  would  be               

affected   

     '''   

     length    =     0   

      with     open ( filename ,    encoding = 'utf-8' ,    errors = 'ignore' )    as    fh:   

          for    line    in    fh:   

              for    letter    in    line:   

                  if    letter. lower ()    in     '''qwertyuiopasdfghjklzxcvbnm''' :   

                     length    +=     1   

      return    length   
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10 Limitations   and   Further   Extensions   

The  limitations  to  our  project  include  the  following.  We  only  managed  to  consider  three                

factors.  There  could  have  been  more  that  affected  the  efficiency  of  the  keyboard,  e.g.  trigrams  or                  

even  quadgrams.  The  program  only  ran  for  1000  generations,  when  running  the  program  for                

longer  could  have  resulted  in  a  more  efficient  keyboard.  Furthermore,  due  to  the  COVID-19                

situation,   we   had   limited   face   to   face   meetings   with   group   mates   and   project   mentor.   

Possible  extensions  that  can  be  considered  include:  Optimisations  to  be  extended  to              

punctuations  and  special  symbols,  extension  to  other  languages  like  Malay  or  Tamil  and  the                

implementation   of   keyboard   shortcuts.   
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