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Abstract. Many layouts have been proposed for keyboards since the
invention of the typewriter in the 1800s. The two most popular formats,
QWERTY and Dvorak, have been at the centre of a great debate for
decades—both layouts are claimed to be optimal. Academic evidence
is available supporting each layout, yet over 75 years since the debate
began there is still no clear answer. This paper discusses the history of
each format and presents new scientific experiments designed to give a
final determination of the optimal layout.

1 Introduction

Since the beginning of the 20th Century a battle has quietly been fought over the
optimal layout of alphanumeric keys on a keyboard. One might surmise the win-
ner to be QWERTY because this is virtually the only keyboard layout available
for purchase today. Although not universally accepted, the most commonly cited
reason that QWERTY is so popular is because such an overwhelming market
share was gained by QWERTY keyboards that it was unprofitable to continue
making Dvorak ones [1]. The question of which keyboard format is optimal still
rages on. Academic writing seems to point to QWERTY and Dvorak reaching a
draw; equal numbers of papers exist in favour of each format [2–4].

This paper investigates which layout is the most efficient for text entry on
a keyboard. The research conducted in this paper is part of a PhD research
project on identifying a typist by the way they type. Whilst the cognitive dif-
ficulties associated with text entry are ignored in this paper because they are
largely irrelevant with regards to keyboard layout, these difficulties can be used
to identify a computer user. This paper is related to, but not part of, the main
goal of the PhD: typist recognition. The PhD is mainly focused on implementa-
tion of machine learning techniques to process typing recordings into profiles of
users. The work in this paper resulted from experimentation of building profiles
based on finger movement instead of absolute times. The PhD project began in
March 2006.

The next section in this paper describes the history of the two formats.
Section 3 describes the design of the experiments and Section 4 gives the results
of the experiments. Finally some conclusions are drawn in Section 5 and future
work is discussed in Section 6.
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2 The History of the Keyboard Layout

The typewriter was first invented in the early 1800s and the keyboard was laid
out in alphabetical order with piano-like keys. The modern typewriter, invented
in 1868 by Christopher Sholes, also had an alphabetical layout (see Figure 1) [5].
Because the key hammers were not spring-loaded and required gravity to return
to their rest position, the hammers frequently jammed when two neighbouring
keys were pressed in quick succession. Sholes continued to make improvements to
his typewriting machine and eventually patented the QWERTY layout in 1878
(see Figure 2) [6]. The new layout was designed to place popular letter pairs onto
opposite hands in order to reduce the occurrence of jamming. The introduction
of QWERTY had the side effect of slowing typists down because the keys were
no longer laid out as intuitively as before. Over time some minor improvements
were made to the layout, until it finally became a standard layout (as seen in
Figure 3).

Fig. 1. Shole’s alphabetic layout [5].

Fig. 2. The original QWERTY keyboard layout [6].

Fig. 3. The modern QWERTY keyboard layout.
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To solve the problem of slow typists, regimented lessons were introduced.
These lessons helped transition typists from a hunt-and-peck technique through
to touch typing and by the early 1900’s typists were typing faster than ever
before.

In 1936 August Dvorak et al. published Typing Behavior [7], a book cata-
loging an 11 year study into keyboard layouts. Dvorak believed that the QWERTY
format was not optimal because it did not place the popular letter pairs in easily
accessible positions. He patented his own format, the Dvorak Simplified Key-
board (also known as DSK or Dvorak) layout, which placed popular letters like
t, h and e directly under the typist’s fingers. The Dvorak layout can be seen in
Figure 4. Even Sholes was not happy with his original QWERTY layout, and in
his final typewriter patent he included a new layout that has striking similarities
to the Dvorak layout—it places all the vowels on one row and under one hand
(see Figure 5) [8]. Sholes’s final layout was never included in any manufactured
typewriting machines.

Fig. 4. The Dvorak Simplified Keyboard layout.

Fig. 5. Sholes’s final keyboard layout [8].

As proof that his format was superior, Dvorak trained up some typists at the
Navy base where he worked and sent these typists around to various typing com-
petitions. These typists were so successful that the Dvorak layout was eventually
barred from all the competitions. Even today, the fastest known typing speed
was recorded in the 1940’s using the Dvorak Layout—212 words per minute
(wpm) burst speed and 150 wpm sustained over 50 minutes [9]. In marketing
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the layout, Dr. Dvorak invested heavily in producing a Remington typewriter
featuring his layout. Unfortunately this particular typewriter was “silent” (it
did not make the typical click-clack noises whilst typing) and did not sell well
because many typists disliked this aspect. The Dvorak layout failed to take off
and QWERTY is the common format we see in practice today.

3 Experimental Design

Rather than retraining several typists to the Dvorak layout, we assume that
there are no cognitive differences caused by laying out a keyboard in a different
format: a movement (such as the index finger moving from the home to top
row) takes a fixed amount of time, regardless of the keyboard layout. Of course,
typing is affected by cognitive aspects—typists may pause between syllables or
words as they prepare to type the next section. Assuming equality between
touch typing lessons, the pauses should be caused by the typist’s language and
keyboarding abilities, not the keyboard layout, and therefore occur in the same
places regardless of the format being used.

There are 676 possible combinations of digraphs (also known as letter pairs)
among the alphabetical characters on a QWERTY keyboard, and 1936 if the
9 punctuation keys operated by the right little finger are included. To simplify
all the possible combinations, the following types of movements are defined for
digraphs:

tap Both letters in the digraph are the same, meaning the finger can simply
‘tap’ the same key, as in ee, tt.

reach A digraph typed by the same finger on the same hand, moving over a
distance of only one key, as in ft, ju, ed.

hurdle A digraph typed by the same finger on the same hand, hurdling over
the home row, as in ce, un.

trill A digraph typed by adjacent fingers on the same hand, as in fe, op, te.
rock A digraph typed by remote fingers on the same hand, called so as the

fingers often move in a rocking motion, as in af, jp, on.
opposite A digraph typed by different hands, as in if, od, ma.

It is possible to have up, down and side reaches, and up and down hurdles.
Here these movements are only used to determine key distance so direction is
irrelevant—regardless of the movement being upwards, downwards or to the side,
a reach always moves the finger one key distance and a hurdle moves two. Taps
and opposites are 0 key distance digraphs. A trill or rock could be any of a 0,
1 or 2 key distance depending on the row distance between the first and second
keystrokes. For example, the trill et is typed all on the top row and the index
finger is already over the position t when e is pressed, so it has a 0 key distance.
Similarly, ct has a 2 key distance and ef has a 1 key distance. The actual key
distances are simplified to the set {0,1,2} to eliminate varying distances caused
by typing style and hand, finger and keyboard sizes. The format that is the
most distance efficient will have a lower key distance total across a given set



5

of digraphs. Using key distances is an approximate way of utilising Fitts’ law
[10] for the keyboard where movements are in three dimensions rather than the
required single dimension. Fitts’ law is used to calculate efficiency of moving
between two objects based on the distance between them and the size of the
objects.

Instead of assuming that one key distance will always take a fixed amount
of time, the keyboard layouts are also evaluated in terms of timing efficiency.
Timing data from two separate research projects focusing on continuous typist
recognition were used to obtain the times between two subsequent key presses
for all digraphs that appeared in the datasets (for more details on the datasets
see [11, 12]). The digraph time was recorded against the key position rather than
the letters, meaning that the time on a Dvorak keyboard could be inferred by
using times recorded on a QWERTY layout. For example, the digraph ff with
a 200ms time on a QWERTY layout would be recorded as {uu, 200ms} on the
Dvorak layout. Given a set of digraphs, any that did not have a recorded time
under either layout were discarded. Of the 1029 unique digraphs found in the
books, 474 were discarded. Although this seems like half the data was not used,
the 474 unique digraphs make up only 13.4% of the total number of digraphs
encountered in the corpus.

The two datasets used were not ideally suited to this task. One of the datasets
is composed entirely of Italian text and is recorded with a coarse resolution
of 10ms [12], while the other is in English and is recorded with an accurate
resolution of 1ms [11]. The keyboard was laid out in the same format in each
dataset (it was in QWERTY), but it is not known whether any of the typists
were skilled touch typists or not. To combat the inaccuracies in this dataset only
the average time for each digraph was used in evaluating the timing efficiency.

In order to have a measure of distance, a corpus of 21 free classic books
(including Moby Dick and The Last of the Mohicans) was mined for digraph
appearance. This particular corpus was chosen because it was freely available and
has been used in at least one similar experiment (see [13]). Digraphs featuring
one or more characters not in the bottom, home or top rows of either keyboard
layout were discarded. The space character is always typed by the thumb in
touch typing and because the thumb always rests on this key it can be discarded.
Numerical keys (which feature above the top row and again on the number pad)
and modifiers are discarded because of ambiguity—it is unclear which hand or
finger may press each key. Incidently, these keys are also in the same position in
both formats.

The counts of each digraph found in the corpus were multiplied by their key
distance and were totaled to give an overall comparison of QWERTY versus
Dvorak in terms of distance. In measuring the timing efficiency, key-specific
timings were initially used, relating each recorded time on a QWERTY keyboard
with the same keys on a Dvorak keyboard (which may have different letters
on those keys). The average time for each digraph was then multiplied by the
number of times it appeared in the corpus, summing up to give a total amount
of time taken to type the corpus under each format. To prevent the data being
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skewed because of key placement changes between QWERTY and Dvorak, each
layout was also measured using movement specific timings. That is, the average
time for a particular type of motion on the keyboard (as defined previously) was
recorded, then used to calculate the total time by multiplying the total number
of the movements in each book by the average time for that type of movement.
The results of the measurements are presented in the next section.

4 Experimental Results

The results from using the 21 books to determine the distance efficiency are
presented in Table 1 below. The Dvorak layout clearly requires the fingers to
move less over the keys, almost half as much as the QWERTY layout does. Most
of the gains from the key distance can be seen in the number of hurdles—an 8
percentage point drop is seen between the QWERTY and Dvorak layouts for
digraphs with distances that require the fingers to move across at least two keys.
Dvorak is the more distance-efficient layout, and Dvorak users require less effort
for text entry because the overall amount of movement around the keyboard is
less.

Measures QWERTY Dvorak

Total Key Distance 3203413 1774265

Percentage of 0 Key Distance Digraphs 69.3 79.7
Percentage of 1 Key Distance Digraphs 19.7 17.5
Percentage of 2 Key Distance Digraphs 11.0 2.8

Table 1. Key distances over a corpus of 21 books.

Although Dvorak may require the fingers to move less over the keyboard,
it does not mean that people will be able to type faster using this layout. As
seen in Table 2, using the timing datasets to calculate the timing efficiency
produces an entirely different view of the two layouts. After discarding counts
of letter pairs which did not appear in both formats, it appears that QWERTY
was faster to type on than Dvorak, even though the typist’s fingers had to
move further. However, the movement-specific times show that Dvorak is slightly
faster, contradicting the key-specific measurements. Table 3 shows the average
times for each movement (used to calculate the overall movement time), found
by averaging all the times for a given movement from both datasets. The timing
data used is biased towards QWERTY because it may be possible to achieve
different average movement or average key times using the Dvorak layout.

Measures QWERTY Dvorak

Total Time - Key Specific (ms) 1.7 ×109 2.1 ×109

Total Time - Movement Specific (ms) 1.83 ×109 1.81 ×109

Table 2. Total time over a corpus of 21 books.



7

Movement type Average Time (ms)

tap 170
opposite 238
trill 224
rock 245
hurdle 458
reach 244

Table 3. Average time taken for each movement.

The movement type times, as seen in Table 3, reinforce the ideas behind the
Dvorak layout—it is faster to press the same key in succession or use different
hands to type a key pair than it is for the fingers to reach or “hurdle” to a
different row. This is expected considering that pressing the same key or using
alternating hands allows for the finger to be moved into position over the key
before it is pressed. Hurdles and reaches require additional time for the finger
to leave the key before moving to the next one. However, it was surprising
that although the Dvorak layout significantly reduces the incidence of moving
over rows, it not quicker than QWERTY in producing the same text. On closer
inspection it was discovered that Dvorak has a lower average time for each of
0, 1 and 2 key distances but the incidence of digraphs with longer times was
greater. This is an example of bias favouring QWERTY because it is likely that
frequently made movements will have lower times since they are more practiced.
Often unpopular QWERTY movements are more common in the Dvorak format
due to the different positions of letters on the keys.

5 Conclusion

The results in this paper are not conclusive enough to end the debate over which
keyboard layout is the optimal one. The distance measure clearly shows that the
Dvorak layout requires you to move your hands almost half as much as the
QWERTY layout. The timing measures contradict each other and are biased
towards QWERTY. We settle on the following conclusion: the Dvorak layout is
the most efficient because it requires the least amount of effort to type some
given text, even though it may take approximately the same amount of time as
the QWERTY layout.

6 Future Work

Although no further work is intended in this particular area as part of this PhD
research project, somewhat related to this is the intention of collecting a better
dataset of keyboard recordings. As mentioned earlier, the two datasets are not
suited for the task of evaluating keyboard layouts—one is not in English, con-
tains coarse timings but has lots of data, the other is accurate and in English
but contains very little data. The non-English dataset also does not contain key



8

release events and although this is of no significance in the context of keyboard
layout comparisons, it has a huge impact on being able to use this dataset for
typist recognition (the subject of the PhD under which this research was con-
ducted). Therefore the next logical step is to collect some more typist data that
is in English and contains both key press and key release events. Unfortunately
the easiest way to collect such data is by using a web-based approach, where
timings have a coarse resolution of approximately 10ms. Work is currently un-
derway to collect recordings of emails using a web-based client that has been
altered to be able to record keyboard patterns. The data collection period will
last 3 months, hopefully collecting at least one email per day for each participant
during that time.
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