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Typing Style and the Use of Different
Sources of Information during Typing:
An Investigation Using Self-Reports

Martina Rieger* and Victoria K. E. Bart **

Department for Psychology, Medical Sciences and Health Systems Management, Institute for Psychology, University for
Health Sciences, Medical Informatics and Technology, Hall in Tirol, Austria

We investigated to what extent different sources of information are used in typing
on a computer keyboard. Using self-reports 10 finger typists and idiosyncratic typists
estimated how much attention they pay to different sources of information during copy
typing and free typing and how much they use them for error detection. 10 finger
typists reported less attention to the keyboard and the fingers and more attention to
the template and the screen than idiosyncratic typists. The groups did not differ in
attention to touch/kinaesthesis in copy typing and free typing, but 10 finger typists
reported more use of touch/kinaesthesis in error detection. This indicates that processing
of tactile/kinaesthetic information may occur largely outside conscious control, as long
as no errors occur. 10 finger typists reported more use of internal prediction of movement
consequences for error detection than idiosyncratic typists, reflecting more precise
internal models. Further in copy typing compared to free typing attention to the template
is required, thus leaving less attentional capacity for other sources of information.
Correlations showed that higher skilled typists, regardless of typing style, rely more on
sources of information which are usually associated with 10 finger typing. One limitation
of the study is that only self-reports were used. We conclude that typing task, typing
proficiency, and typing style influence how attention is distributed during typing.

Keywords: typing style, attention to sources of information, copy typing, free typing, error detection

INTRODUCTION

Due to the widespread use of computers typing is a frequent activity in everyday life for many
people. Typing is performed using different techniques, from the use of one finger of each hand
(“hunt and peck typing”) to the use of all 10 fingers (also referred to as touch typing, indicating
that it is usually performed without looking at the keyboard; Cooper, 1983; West, 1983). So far,
only little is known about how typing-related processes, representations, and the distribution of
attention differ in 10 finger typists and idiosyncratic typists, because typists of different styles are
rarely compared (but see Long et al., 1983; Jordan, 1995; Rieger, 2004, 2007, 2012; Beilock and Holt,
2007). Further, most studies are conducted on copy typing, some on error detection, but free typing
is rarely investigated. In the present study we therefore investigated the role of different typing styles
for the distribution of attention to different sources of information. We also took skill level within
typing styles into account. Using self-reports, 10 finger typists and idiosyncratic typists estimated
the extent of attention to different sources of information (template, screen, keyboard, fingers, and
touch/kinaesthesis) during copy typing and free typing. We further investigated which of these
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sources of information (including internal prediction as an
additional source of information) are used for error detection.

The importance of different sources of information in typing is
emphasized in contemporary models of typewriting, such as the
two-loop theory of typewriting (Logan and Crump, 2009). This
theory proposes a hierarchical control system consisting of two
nested feedback loops (outer loop and inner loop). The outer loop
transforms text and thoughts into a series of words and the inner
loop transforms words provided by the outer loop into a series
of keystrokes (Logan and Crump, 2009, 2010; Liu et al., 2010).
The two loops rely on different kinds of feedback: The inner loop
is responsible for generating keystrokes, monitoring the fingers,
and the keyboard, and processes tactile and kinaesthetic feedback
in order to ensure that a typist moves the right fingers and hits
the correct keys (Liu et al., 2010; Logan and Crump, 2011). The
outer loop monitors the screen to ensure that the intended word
matches the actual one. In case of a mismatch, the inner loop has
to correct the error (Logan and Crump, 2011).

During typing movement related information is provided by
the fingers and their movement into the right direction and
the keyboard to find and hit the correct key. Feedback about
the movement (feedback related information) is provided by
letters appearing on the computer screen, tactile feedback (the
sensation of hitting the keys), and kinaesthetic feedback (the
sensation of feeling the movement of the fingers). During copy
typing, the template is an additional source of information. For
error detection another source of information may be predictive
processes, which predict movement consequences based on
current motor commands (Rabbitt, 1978; Wolpert and Flanagan,
2001; Maidhof et al., 2009; see below). In the following we discuss
each of these sources of information and how attention to them
might be influenced by typing style.

The template is an obvious source of information in copy
typing regardless of the typing style as it is necessary for typing
a copy of the text. Thus, attention to it is non-optional. When
10 finger typists perceive letters, the corresponding finger used
to type the key (effector dependent representation) and the
spatial representation of the location of the key are automatically
activated (Van den Bergh et al,, 1990; Rieger, 2004; Beilock and
Holt, 2007). Thus, for 10 finger typists it may not be necessary
to devote a lot of attentional resources to the actual movements,
and they may therefore devote a lot of attention to the template.
However, idiosyncratic typists may frequently need to look away
from the template. They do not show such automatic activation
(Rieger, 2004; Beilock and Holt, 2007) and their typing style may
require them to visually search for the right keys on the keyboard.

Visual feedback consisting of text appearing on the screen
enables a typist to monitor, whether she or he actually produced
the desired output. In particular, the screen plays an important
role for error correction by providing information about the type
of error that has occurred (West, 1967; Long, 1976). Continuous
attention to the screen is one key characteristic of 10 finger
typing (as learned in touch typing lessons), even though not all
typists may adhere to this strict rule. Correspondingly, results
concerning the screens importance are contradictory. Diehl
and Seibel (1962) found that covering the sheet of paper in a
typewriter does not reduce typing speed or accuracy. However,

skilled typists do take frequent looks at the screen in order to
read the text they have typed (Johansson et al., 2010). Therefore,
10 finger typists may pay more attention to the screen than
idiosyncratic typists, because idiosyncratic typing often requires
looking at the keyboard to search for the right keys, which may
result in less attention to the screen.

Movement related information from (a) the fingers, i.e., the
fingers’ movement into the right direction, and (b) corresponding
information about the location of keys on the keyboard, seems to
be particularly important for idiosyncratic typists in order to find
and hit the correct keys. Movement related information should
be less important for 10 finger typists (see above). Still, 10 finger
typists might use information from the keyboard and fingers
at least to some degree. Covering the fingers and the keyboard
leads to decreasing typing speed and accuracy in 10 finger typists
(Hayes and Reeve, 1980; Tapp and Logan, 2011). This might be
due to the importance of information from the keyboard to find
rarely used keys (Long, 1976). Thus, we expect that 10 finger
typist do occasionally use information from the keyboard and
fingers during typing, but should do less so than idiosyncratic
typists.

Tactile (touching the keys and feeling the pressure of hitting
them) and kinaesthetic (feeling of the movements of the fingers)
feedback enables typists to detect and correct about 60-70% of
typing errors when the keyboard and the copy in the typewriter
are covered (Rabbitt, 1978). Loss of tactile feedback (Gordon and
Soechting, 1995; Rabin and Gordon, 2004) or only little tactile
feedback (Roeber et al., 2003; Crump and Logan, 2010) leads
to more errors, problems with detecting and correcting errors,
and slower typing speed in 10 finger typists. Further, 10 finger
typists use tactile/kinaesthetic feedback to determine the key
locations on the keyboard (Liu et al., 2010). Tactile/kinaesthetic
feedback seems to be less important in idiosyncratic typists, as
typing on keyboards with different or little tactile feedback (i.e.,
piezoelectric or membrane keyboards), leads to less impairment
of typing performance (speed and accuracy) in idiosyncratic
typists than in 10 finger typists (Loeb, 1983; Barrett and Krueger,
1994). We therefore expect that 10 finger typists pay more
attention to touch/kinaesthesis than idiosyncratic typists.

Internal prediction refers to the idea that when a movement
is performed, movement consequences (such as vision and
kinaesthesis) are predicted based on an efference copy of the
motor command (comparator model, Wolpert and Flanagan,
2001). According to the comparator model of motor control
errors can be detected due to comparisons of three different
signals about movement consequences: intended movement
consequences, observed movement consequences, and internally
predicted movement consequences. The comparison of intended
movement consequences and observed movement consequences
and the comparison of predicted movement consequences and
observed movement consequences are only possible if actual
feedback (here: vision and kinaesthesis) is available. However, the
comparison of intended movement consequences and internally
predicted movement consequences can lead to the detection of
(some) errors in the absence of feedback. Errors may be detected
even before the action is fully executed (i.e., before the actual
movement consequence is available), even though they may still
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be committed (Maidhof et al., 2009). Subjectively, internally
prediction may result in the impression that something is about
to go wrong in the absence of any other feedback. It is likely
that such predictive processes take place during typing (Rabbitt,
1978; Rieger et al., 2011). For instance, skilled typists execute
an erroneous keystroke with less force than a correct one. This
indicates that typists may (consciously or unconsciously) realize
that they are about to commit an error before they complete
the keystroke and they may try to inhibit the keystroke (Rabbitt,
1978). One may assume that internal models of typing are more
finely tuned in 10 finger typists than idiosyncratic typists, because
motor commands are more specific for letters in 10 finger typists.
Thus, to detect errors 10 finger typists may use internal prediction
more often than idiosyncratic typists.

In sum, the relative importance of different sources of
information within 10 finger typists and idiosyncratic typists
may differ because the two typing styles differ in the assignment
of fingers to keys. Due to higher automaticity of movements
(cf. Rieger, 2004; Beilock and Holt, 2007), 10 finger typists may
pay more attention to feedback related information, that is,
touch/kinaesthesis and visual feedback on the screen, and less
attention to movement related information, that is, the fingers
and the keyboard. In contrast, idiosyncratic typists may pay more
attention to movement related information, which diminishes
attentional resources for feedback related information. This
should be the case for copy typing, free typing, and error
detection.

Attention to different sources of information may not only
depend on typing style, but also on typing task. In copy typing
it is necessary to attend to the template, which does not exist in
free typing. Thus, we predict that attention to visual feedback on
the screen and movement related information from the fingers
and the keyboard should be lower in copy typing than in free
typing, because they cannot be attended to at the same time.
However, we expect that attention to touch/kinaesthesis does not
differ between free typing and copy typing, because it should
be possible to attend to touch/kinaesthesis and the template
simultaneously. These effects may be influenced by typing style.
Because we assume that 10 finger typists do not pay much
attention to movement related sources of information, we expect

that attention to movement related information does not differ
between copy typing and free typing in 10 finger typists. In
addition, we do not expect that attention to the screen differs
between free typing and copy typing in idiosyncratic typists,
because we assume that idiosyncratic typists do not attend to the
screen very often.

Because of limited attentional and perceptual resources some
sources of information should be prioritized at the cost of others.
This should be the case within both groups of typists. We assume
that positive correlations should be observed between attention
to sources of information to which attention can be paid at
the same time (e.g., the screen and touch/kinaesthesis) and that
negative correlations should be observed between sources of
information to which it is difficult to pay attention at the same
time (e.g., the screen and the fingers).

Typing ability varies widely, and some idiosyncratic typists
may be proficient in their style, because they may use it
on an everyday basis. Higher skilled typists of each style
should have more finely tuned internal models for typing. We
therefore assume that within each group of typists, higher skilled
participants pay more attention to feedback related information
and less attention to movement related information.

Not all idiosyncratic typists type the same way. Most
obviously, they use different number of fingers. The use of more
fingers may result in a way of distributing attention, which is
similar to typing using 10 fingers. We expect that idiosyncratic
typists who use more fingers use feedback related information
more and movement related information less than typists who
use less fingers.

METHODS

Participants

Originally 298 participants took part in the study. Because
of missing data five participants had to be excluded from
analysis. The remaining participants were assigned to two groups
depending on their typing style: typing using 10 fingers (10 finger
typists) and typing using an idiosyncratic style (idiosyncratic
typists). In Table 1 demographic data and data related to typing
ability and typing experience of the two groups are depicted.

TABLE 1 | Demographic data.

10 finger typists Idiosyncratic typists df t p
N =132 N = 161
Sex (female/male) 98/34 94/67 - - -

Education (university degree/higher secondary 12.2/61.6/26.7%

school qualification/lower secondary school

qualification)

Age M(SD) 31.3 (12.6)
Self-reported typing ability M(SD) 68.6 (20)
Years using a keyboard M(SD) 17.9 (10.5)
Hours typing/week M(SD) 13.2 (12.1)

No. of fingers used for typing M(SD) -

20.6/65.3/23.1% - - -

31.2(12.8) 291 0.041 0.97
43 (29) 291 10.3 <0.001
15.7 (9) 289 1.95 0.05

10.6 (11.9) 288 1.93 0.06

6.58 (2.52) - - -

Means and standard deviations of typing ability and typing experience separately for 10 finger typists and idiosyncratic typists, and results of t-tests for group comparisons.
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T-tests indicate significantly/a trend to higher performance and
more experience in 10 finger typists than idiosyncratic typists.
The study was approved by the local ethics committee and all
participants gave informed consent. The whole study took ~15
min.

Material, Procedure, and Design

All participants were asked to complete a questionnaire starting
with demographic data and questions about typing ability (see
Supplemental Material, Section A). Participants were also asked
to specify which fingers they use to type and to state their typing
style (10 finger typing style, idiosyncratic style). Afterwards
they were asked 14 questions to indicate to which extent they
pay attention to different sources of information during free
typing and copy typing, and which sources of information they
use to detect errors (see Supplemental Material, Section B).
The questions referred to looking at the keyboard, looking at
the fingers, looking at the screen, and the feeling of moving
the fingers (touch/kinaesthesis). In addition, for copy typing
a question concerning looking at the template and for error
detection a question concerning internal prediction was added.
To assess internal prediction, participants were asked about
“detecting a typing error even if they do not look at the screen, the
keyboard, or the fingers and their finger movements do not feel
weird. They just know without this information that something
is about to go wrong.” The questions were answered on a five-
point Likert scale (never, rarely, sometimes, often, and always).
In order to assess typing ability, participants rated their ability on
a 100 millimetre visual analogue scale (from 1 = very bad to 100
= very good).

Data Analysis

The data on attention to/use of different sources of information
for free typing, copy typing, and error detection were analyzed
using analysis of variances (ANOVAs). For all effects with
variables with more than two levels we report Greenhouse-
Geisser corrected F-values and p-values, and Greenhouse-
Geisser’e. Post-hoc comparisons were conducted using additional
ANOVAs and t-tests. The significance level for post-hoc tests was
corrected using the Holm-Sidak procedure. Where appropriate
exact, minimum (ppiy), and/or maximum (ppay) p-values are
reported. Pearson product moment correlations were computed
in order to investigate (a) correlations between attention to the
different sources of information with each other, (b) correlations
between attention to the different sources of information and
typing skill, and (c) correlations between attention to the different
sources of information and the number of fingers in idiosyncratic
typists. Correlations were compared using Fisher’s z-test.

RESULTS
Sources of Information during Copy Typing

Means and standard errors of attention to different sources of
information during copy typing can be seen in Figure 1A. An
ANOVA with the factors typing style (idiosyncratic typing, 10
finger typing) and sources of information (template, fingers,
keyboard, screen, and touch/kinaesthesis) was computed on
the reported extent of attention. The results of the ANOVA

can be seen in Table 2. The significant main effects of typing
style and sources of information were modified by a significant
interaction between typing style and sources of information. Post-
hoc comparisons showed that 10 finger typists reported more
attention to the template (p = 0.001) and less to the fingers
(p < 0.001) and the keyboard (p < 0.001) than idiosyncratic
typists. No significant differences between the groups were
observed in attention to the screen (p = 0.27) and attention to
touch/kinaesthesis (p = 0.63). 10 finger typists reported least
attention to touch/kinaesthesis, the fingers and the keyboard,
which did not significantly differ from each other, apart from that
they reported more attention to the keyboard than to the fingers
(p = 0.016, all other comparisons ppin = 0.14). They reported
more attention to the screen (pmax < 0.001), and even more
to the template (pmax < 0.001). Idiosyncratic typists reported
least attention to touch/kinaesthesis (pmax < 0.001), followed by
attention to the fingers (pmax < 0.001), the keyboard, and the
screen. In contrast to the results in 10 finger typists, attention to
the latter two sources of information did not significantly differ
from each other (p = 0.35). They reported most attention to the
template (pmax = 0.009).

Sources of Information during Free Typing
Means and standard errors of attention to different sources of
information during free typing can be seen in Figure 1B. An
ANOVA with the factors typing style (idiosyncratic typing, 10
finger typing) and sources of information (fingers, keyboard,
screen, and touch/kinaesthesis) was computed on the reported
extent of attention. The results of the ANOVA can be seen in
Table 2. The significant main effects of typing style and sources
of information were modified by a significant interaction between
typing style and sources of information. The interaction indicated
that 10 finger typists pay more attention to the screen (p <
0.001) and less attention to the fingers (p < 0.001) and to the
keyboard (p < 0.001) than idiosyncratic typists. No significant
difference between the groups was observed in attention to
touch/kinaesthesis (p = 0.77). 10 finger typists reported least
attention to touch/kinaesthesis and to the fingers. These did not
significantly differ from each other (p = 0.78). More attention
was reported to the keyboard (pmax = 0.005) and even more to
the screen (pmax < 0.001). Idiosyncratic typists, reported least
attention to touch/kinaesthesis (pmax < 0.001), more attention to
the fingers (Pmax < 0.001), and most attention to the keyboard
and the screen (pmax < 0.001). Attention to the latter two sources
of information did not significantly differ (p = 0.88).

Comparison of Copy Typing and Free
Typing

An ANOVA with the factors typing style (idiosyncratic typing,
10 finger typing), typing task (copy typing, free typing), and
sources of information (touch/kinaesthesis, fingers, keyboard,
and screen) was computed on the reported extent of attention.
The results of the ANOVA can be seen in Table 2. All main
effects and two-way interactions were modified by a significant
interaction between typing style, typing task, and sources of
information. To explain this interaction, we computed the
interaction between typing task and sources of information
separately for 10 finger typists and idiosyncratic typists. In 10
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FIGURE 1 | Means and standard errors of the reported extent of attention to different sources of information in (A) copy typing, (B) free typing, and (C) the
use of the sources of information for error detection in 10 finger typists and idiosyncratic typists.

finger typists the interaction was significant, F(3 393y = 11.56, p  and the screen (Mgir = 0.49, p < 0.001) in free typing than
< 0.001, nf, = 0.081, ¢ = 0.94, indicating that 10 finger typists  in copy typing. No significant differences between free typing
reported more attention to the keyboard (Mg = 0.14, p =0.007)  and copy typing were observed in attention to touch/kinaesthesis
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TABLE 2 | Results of the ANOVAs.

df, e F p 3
COPY TYPING
Typing style 1,291 48.4 <0.001 0.14
Sources of information 4,1164, ¢ = 0.09 274 <0.001 0.49
Typing style * sources of information 4,1164, ¢ = 0.09 45 <0.001 0.13
FREE TYPING
Typing style 1, 291 38.1 <0.001 0.12
Sources of information 3,873, ¢ =0.91 203 <0.001 0.42
Typing style * sources of information 3,873, =0.91 49 <0.001 0.14
COPY TYPING VS. FREE TYPING
Typing style 1, 291 58.9 <0.001 0.97
Typing task 1,291 32.1 <0.001 0.099
Sources of information 3,873, =0.9 232 <0.001 0.45
Typing style * typing task 1,291 13.3 <0.001 0.044
Typing style * sources of information 3,873,e=0.9 52 <0.001 0.15
Typing task * sources of information 3,873, =0.93 3.67 0.014 0.012
Typing task * typing style * sources of information 3,873, =0.93 9.75 <0.001 0.032
ERROR DETECTION
Typing style 1, 291 0.24 0.62 0.001
Sources of information 4,1164,¢ =0.85 217 <0.001 0.43
Typing style * sources of information 4,1164,¢=0.85 28.4 <0.001 0.089

The first two ANOVAs were performed with the factors typing style and sources of information on the reported extent of attention in copy typing and in free typing. The third ANOVA
with the factors typing style, typing task, and sources of information was performed on the reported extent of attention. The fourth ANOVA with the factors typing style and sources of

information was performed on the use of cues in error detection.

(Mgig = 0.038, p = 0.44) and the fingers (Mg;s = 0.12, p = 0.052).
In idiosyncratic typists the interaction between typing task and
sources of information was not significant, F34s0) = 1.6, p =
0.19, nlzJ = 0.01, ¢ = 0.91, indicating that attention to different
sources of information did not differ between free typing and

copy typing.

Sources of Information during Error

Detection

Means and standard errors of the use of different sources of
information during error detection can be seen in Figure 1C.
An ANOVA with the factors typing style (idiosyncratic
typing, 10 finger typing) and sources of information (fingers,
keyboard, screen, touch/kinaesthesis, and internal prediction)
was computed on the reported use for error detection. The
results of the ANOVA can be seen in Table 2. There was no
significant main effect of typing style, but a significant main effect
of sources of information, which was modified by a significant
interaction between typing style and sources of information. The
interaction indicated that 10 finger typists reported more use
of touch/kinaesthesis (p < 0.001) and internal prediction (p <
0.001) and less use of the fingers (p < 0.001), the keyboard
(p < 0.001), and the screen (p = 0.008) than idiosyncratic typists.
10 finger typists reported to use the fingers and the keyboard
(which did not significantly differ from each other, p = 0.06)
less than all other sources of information (pmax < 0.001). They
reported more use of internal prediction (pmax < 0.001), even
more of touch/kinaesthesis (pmax < 0.001), and yet more of the

screen (Pmax < 0.001). In idiosyncratic typists use of fingers
did not significantly differ from use of internal prediction, the
keyboard, and touch/kinaesthesis (pmin = 0.06). However, they
reported significantly less use of internal prediction than of the
keyboard and touch/kinaesthesis (pmax = 0.029). The latter two
did not significantly differ from each other (p = 0.99). Further,
they reported to detect most errors by using the screen (pmax <
0.001).

Correlations between Different Sources of

Information

In Table 3, correlations between the extent of attention to/use of
different sources of information are shown separately for copy
typing, free typing, and error detection and separately for 10
finger typists and idiosyncratic typists. In copy typing, 10 finger
typists who reported more attention to the template reported less
attention to movement related sources of information (fingers
and keyboard) and the screen. More attention to the fingers
coincided with more attention to the keyboard. In copy typing
in idiosyncratic typists more attention to the template coincided
with more attention to the screen. In contrast to 10 finger
typists, attention to the template was not significantly correlated
with attention to the fingers and the keyboard. However, less
attention to the fingers coincided with more attention to the
screen. Even though attention to the fingers and the keyboard was
positively correlated as in 10 finger typists, this correlation was
significantly lower than in 10 finger typists (p = 0.02). Further,
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TABLE 3 | Correlations between the extent of attention to/use of different sources of information in copy typing, free typing, and error detection

separately for 10 finger typists and idiosyncratic typists.

Template Keyboard Fingers Touch/kinaesthesis Internal prediction
COPY TYPING
10 finger typists
Screen —0.23" 0.09 0.06 0.05 -
Keyboard —0.38"* - 0.49** 0.04 -
Fingers -0.29" - - 0.16 -
Touch/kinaesthesis 0.009 - - - -
Idiosyncratic typists
Screen 0.28*** 0.01 —0.18* 0.1 -
Keyboard 0.06 - 0.26** —0.05 -
Fingers —0.1 - - 0.19* -
Touch/kinaesthesis -0.07 - - - -
FREE TYPING
10 finger typists
Screen - —0.41"* —0.38"* —0.02 -
Keyboard - - 0.56*** —0.02 -
Fingers - - - 0.09 -
Idiosyncratic typists
Screen - —0.23* —0.24* —0.02 -
Keyboard - - 0.29*** —0.07 -
Fingers - - - 0.2* -
ERROR DETECTION
10 finger typists
Screen - -0.12 -0.02 —0.41 —0.4
Keyboard - - 0.59"* 0.06 0.07
Fingers - - - 0.003 0.003
Touch/kinaesthesis - - - - 0.18
Idiosyncratic typists
Screen - —0.06 —0.29*** —0.22* -0.18*
Keyboard - - 0.49*** 0.18* —0.032
Fingers - - - 0.21* 0.06
Touch/kinaesthesis - - - - 0.43"*

"0 < 0.05: **p < 0.01; **p < 0.001.

attention to the fingers was positively correlated with attention to
touch/kinaesthesis.

In free typing the data pattern was similar. Again, positive
correlations between fingers and keyboard were observed in both
groups (the correlation was again higher in 10 finger typists than
in idiosyncratic typists, p = 0.004). Less attention to the fingers
and the keyboard coincided with more attention to the screen in
both groups. In idiosyncratic typists attention to the fingers was
again positively correlated with attention to touch/kinaesthesis.

Concerning error detection, both in 10 finger typists and
idiosyncratic typists, detection of errors based on information
from the fingers correlated positively with detection of errors
based on information from the keyboard. Higher use of
information from the screen coincided with less use of
touch/kinesthesis and internal prediction. Additionally, in
idiosyncratic typist, error detection based on information from
the fingers was negatively correlated with error detection based
on information from the screen. Further, more error detection

based on touch/kinaesthesis coincided with more error detection
based on information from the fingers, the keyboard, and internal
prediction.

Correlations between Typing Ability and
Attention to Different Sources of

Information

In Table 4 correlations between self-reported typing ability and
the extent of attention to/use of different sources of information
in copy typing, free typing, and error detection can be seen
separately for 10 finger typists and idiosyncratic typists. In copy
typing higher typing ability coincided with less attention to the
keyboard and the fingers. Further, in 10 finger typists higher
typing ability significantly coincided with more attention the
template. Attention to touch/kinaesthesis and attention to the
screen were not significantly correlated with typing ability in both
groups.
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TABLE 4 | Correlations between attention to/use of different sources of information and self-reported typing ability separately for 10 finger typists and

idiosyncratic typists.

Self-reported typing ability

10 finger typists N = 132

Idiosyncratic typists N = 161

Copy typing Free typing Error detection Copy typing Free typing Error detection
Template 0.34** - 0.09 - -
Screen —0.05 0.16 -0.07 0.08 0.25™ —0.03
Keyboard —0.42*** —0.4** —0.25" —0.51"* —0.54** -0.2
Fingers —0.28* —0.4** —-0.12 —0.24* —0.36"* —0.04
Touch/kinaesthesis —0.03 —0.03 —0.002 —0.01 0.23
Internal prediction - - —0.02 - - 0.18*

"0 < 0.05, **p < 0.01, **p < 0.001.

In free typing similar correlations were observed. Higher
typing ability again coincided with less attention to the keyboard
and with less attention to the fingers. Additionally, higher
typing ability coincided with more attention to the screen in
idiosyncratic typists. Attention to touch/kinaesthesis was not
significantly correlated to typing ability in both groups.

In error detection higher typing ability coincided with less
use of information from the keyboard in 10 finger typists. In
idiosyncratic typists, higher typing ability coincided with more
use of touch/kinaesthesis and more use of internal prediction.

The correlations between the number of fingers used by
idiosyncratic typists and the extent of attention to/use of different
sources of information are depicted in Table 5. The correlations
show that participants who use more fingers pay less attention
to the keyboard in free typing and copy typing. All other
correlations were not significant.

DISCUSSION

In the present study we investigated the extent of attention to
different sources of information during free typing and copy
typing and the use of different sources of information for error
detection in 10 finger typists and idiosyncratic typists using self-
reports. In addition, we analysed whether attention to some
sources of information goes along with costs to other sources
of information. Further, we were interested in the role of typing
ability for the distribution of attention to different sources of
information and whether the number of fingers used for typing
in idiosyncratic typists is related to the distribution of attention.

Attention in Free Typing and Copy Typing

In line with the expectations, 10 finger typists pay more attention
to the template in copy typing, more attention to the screen in
free typing, and less to movement related information (fingers
and keyboard) in both typing tasks than idiosyncratic typists.
These results reflect higher automaticity in processing movement
related information in 10 finger typists. According to the two-
loop theory of typewriting (Logan and Crump, 2009) the
inner loop is responsible for generating keystrokes as well as
monitoring the fingers and the keyboard in order to ensure that

a typist moves the right fingers and hits the correct keys (Liu
et al., 2010; Logan and Crump, 2011). Most likely the inner
loop is more precise in 10 finger typists, which is reflected in
automatic activation of keystrokes (Van den Bergh et al., 1990;
Rieger, 2004; Beilock and Holt, 2007) and leaves 10 finger typists
more attentional resources to attend to sources of information
related to the outer loop. Idiosyncratic typists compensate for
less precision in the inner loop by paying more attention to the
fingers and the keyboard. This interpretation is corroborated by
the correlations, which indicate that higher attention to sources
of information related to the inner loop results in lower attention
to sources of information related to the outer loop. Specifically,
more attention to movement related information (fingers and
keyboard) coincides with less attention to the screen in free
typing in both groups, and less attention to the template in
copy typing in 10 finger typists. Further, in idiosyncratic typists
more attention to the fingers coincides with less attention to the
screen in copy typing. These sources of information cannot be
attended to at the same time, because typists have to look in
different directions. Attention to the fingers and the keyboard
were positively correlated, most likely because typists look into
the same direction in order to acquire the respective information.

Unexpectedly, no significant differences in attention to
touch/kinaesthesis between the groups were observed. We
further observed that 10 finger typists’ reported attention to
touch/kinaesthesis did not significantly differ from their reported
attention to the fingers (copy typing and free typing) and was not
significantly different (copy typing) or even less (free typing) than
attention to the keyboard. Thus, attention to touch/kinaesthesis
was comparable to attention to sources of information to
which 10 finger typists rarely attend. We had expected that 10
finger typists pay more attention to touch/kinaesthesis because
tactile/kinaesthetic feedback is more specific in them than in
idiosyncratic typists and should thus be of more use for 10
finger typists. Why did we not observe the expected effects?
First, contrary to our assumption, touch/kinaesthesis may not
be more important in 10 finger typists than in idiosyncratic
typists and may not be as important as we thought. Nowadays
10 finger typists rarely adhere to the strict rules taught in
classic touch typing lessons. However, results pointing to the
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TABLE 5 | Correlations between the number of fingers used by idiosyncratic typists and the extent of attention to/use of different sources of information

during copy typing, free typing and error detection.

Template Screen Keyboard Fingers Touch/kinaesthesis Internal prediction
Copy typing 0.001 0.14 —0.35"** -0.13 0.06 -
Free typing - 0.1 —0.45** -0.12 0.03 -
Error detection - 0.12 —0.08 —0.03 0.14 0.14

“p < 0.01; **p < 0.001.

importance of tactile/kinaesthetic feedback in skilled typing are
not in accordance with this interpretation (Barrett and Krueger,
1994; Gordon and Soechting, 1995; Rabin and Gordon, 2004).
Second, the question about touch/kinaesthesis may have been
too unspecific. We assessed touch/kinaesthesis by asking to
what extent participants pay attention to the feeling of moving
their fingers. Maybe participants did not consider all aspects
of touch/kinaesthesis in typing (e.g., how it feels to touch the
key surfaces, the pressure on the skin when hitting a key, and
the feeling of the movement of the fingers), resulting in an
underestimation. A third explanation, which we think is the
most likely one, is that even though tactile/kinaesthetic feedback
is important in fast and automatic movements (Keele, 1968),
participants might not be consciously aware of its importance
during typing (at least as long as no errors occur, see below),
because movement related information is automatically activated
(Rieger, 2004; Beilock and Holt, 2007). This may even be
functional, as well-learned skills like typing are believed to be
based on automated control structures, largely outside explicit
attentional control. Attention to such automatic processes even
disturbs performance (Beilock and Carr, 2001; Logan and
Crump, 2009).

Interestingly, we observed positive correlations between
attention to the fingers and touch/kinaesthesis in idiosyncratic
typists. It might be that participants had difficulties to
distinguish between those two sources of information. However,
the question referring to the fingers explicitly asked about
looking at the fingers, whereas the question referring to
touch/kinaesthesis asked about the feeling when moving the
fingers. An alternative explanation is that vision of the
fingers promotes tactile/kinaesthetic perception. Such cross-
modal influences have previously been observed. For instance,
compared to darkness or viewing neutral objects, viewing the
own arm improves tactile discrimination at the arm (Kennett
et al., 2001).

Copy typing requires attention to the template and therefore
leaves less attentional capacity for other sources of information.
Correspondingly, we observed that both 10 finger typists and
idiosyncratic typists attend less to the screen and more to the
template in copy typing. Interestingly, attention to the template
and to the screen were negatively correlated in 10 finger typists
but positively correlated in idiosyncratic typists. Most likely,
in 10 finger typists a trade-off between attention to the screen
and the template occurs, as both cannot bet attended to at
the same time. Correspondingly, they report more attention to
screen in free typing than in copy typing. In idiosyncratic typists,

however, no trade-off occurs because the limiting factor for
attention to the screen and the template may be the necessity to
attend to movement related information (fingers and keyboard),
which may be non-optional for many idiosyncratic typists.
No significant difference between free typing and copy typing
in attention to movement related information was observed,
supporting this interpretation. However, the correlations only
partly support this. Less attention to the screen was related to
more attention to the fingers in copy typing, but attention to
the template was not significantly correlated with attention to
movement related information. No significant difference between
free typing and copy typing was observed for touch/kinaesthesis
in both idiosyncratic typists and 10 finger typists. Attention
to touch/kinaesthesis may not be limited by attention to other
sources of information like attention to the template. Thus, it may
be attended to the same extent regardless of the typing task.

A further interesting effect was observed when free typing
and copy typing were compared: 10 finger typists reported more
attention to the keyboard in free typing than in copy typing. Most
likely, this is a partly optional source of information which is
attended to more when more attentional resources are available
(i.e., attention to the template is not required). The result that 10
finger typists show more attention to the keyboard in free typing
than in copy typing may seem surprising, because the keyboard is
not an important source of information for them. However, even
though taught not to do so, 10 finger typists do sometimes attend
to the keyboard, for example to find uncommon keys (Long,
1976). Our results suggest that they do use the keyboard as a
source of information in particular when their attention is not
required elsewhere.

Error Detection

In both groups of typists visual feedback on the screen is used
more often than any other source of information to detect
errors. This corresponds to results showing that for the detection
of some errors visual feedback is necessary (e.g., Long, 1976;
Rabbitt, 1978; Hayes and Reeve, 1980) and that visual feedback
facilitates error correction (Rieger et al., 2011) by providing
information about the error type (West, 1967; Long, 1976).
Further, typists preferentially rely on information from the
screen, or, in terms of the two-loop theory of typing (Logan and
Crump, 2009) on information from the outer loop, when they
have to decide whether they actually made an error (Logan and
Crump, 2011). They even report that they committed an error
when they actually typed correctly, but an error is experimentally
inserted, and they do not report an error when they committed
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one but this error is experimentally corrected (Logan and Crump,
2010). This is the case even though implicit error detection
(measured by post error slowing, mediated by the inner loop)
only occurs after actual errors but not after experimentally
inserted errors (Logan and Crump, 2010; Snyder et al., 2015).
Thus, other sources of information may contribute to error
detection, but the final decision about the occurrence of an error
largely depends on visual feedback from the screen.

In 10 finger typists the importance of the screen for error
detection (they use it more often than any other source of
information) was expected: their typing style facilitates more
attention to the screen. Interestingly, however, 10 finger typists
use the screen less than idiosyncratic typists to detect errors. This
may seem surprising, as idiosyncratic typists report less attention
to the screen than 10 finger typists in free typing. Idiosyncratic
typists may rely more on the use of the screen for error detection,
because other sources of information, like touch/kinaesthesis and
internal prediction are less informative for them. In contrast,
10 finger typists use internal prediction and touch/kinaesthesis
more, which may reduce the necessity to use the screen for
error detection compared to idiosyncratic typists. Presumably,
10 finger typists have developed more precise internal models
(Wolpert and Flanagan, 2001) of typing allowing them to
detect errors based on a comparison between intended action
consequences and internally predicted action consequences (cf.
Rabbitt, 1978; Maidhof et al., 2009).

The observation, that touch/kinaesthesis is more informative
in 10 finger typist than in idiosyncratic typists is consistent
with previous studies (Gordon and Soechting, 1995; Rabin
and Gordon, 2004; Crump and Logan, 2010). It might seem
surprising that differences between the groups in the use of
touch/kinaesthesis were observed in error detection, but not in
free typing and copy typing. As argued above, touch/kinaesthesis
might be a source of information, which is usually not
consciously attended to during typing. However, errors disrupt
the flow of intended action effects. A mismatch between
intended and observed tactile/kinaesthetic feedback occurs and
this mismatch might serve as a signal to become consciously
aware of tactile/kinaesthetic feedback.

As expected, error detection based on attention to fingers
and keyboard was more pronounced in idiosyncratic typists than
in 10 finger typists. The use of the fingers and the use of the
keyboard for error detection were positively correlated in both
groups. This indicates that when a typist searches for the right
key on the keyboard she or he also attends to the finger she or
he wants to press it with. In particular during error detection, an
error might be detected by comparing the intended and the actual
position of the fingers on the keyboard.

Typing Ability

So far, we have discussed attention to different sources of
information during typing depending on typing style. However
users of a specific style may have higher or lower typing ability,
which may also contribute to how attention is distributed during
typing. We therefore correlated the extent of attention to different
sources of information with self-reported typing ability and
number of fingers used by idiosyncratic typists. In free typing

and copy typing, we observed that participants with higher typing
ability reported less attention to the fingers and the keyboard.
In idiosyncratic typists, the use of more fingers coincided with
less attention to the keyboard. Thus, proficiency in typing goes
along with (implicit) knowledge about the location of the keys,
regardless of typing style. In free typing, higher typing ability
coincided with more attention to the screen (in idiosyncratic
typists) and in copy typing higher typing ability coincided with
more attention to the template (10 finger typists). Overall,
idiosyncratic typists with higher typing ability partly distribute
their attention in a way that is associated with 10 finger typing.
Conversely, less proficient 10 finger typists partly distribute their
attention in a way that is associated with idiosyncratic typing.

For error detection, higher typing ability coincided with
less use of information from the keyboard in 10 finger
typists. This is in accordance with the observation that higher
typing ability coincides with less attention to the keyboard. In
idiosyncratic typists higher typing ability coincided with more
use of touch/kinaesthesis and internal prediction, supporting the
assumption that higher skilled typists, regardless of typing style,
rely more on sources of information which are usually associated
with 10 finger typing.

Thus, proficiency in typing partly contributes to the
distribution of attention during copy typing and free typing and
to how errors are detected. However, even though proficiency is
important, typing proficiency alone cannot explain all differences
between typing styles. If this were the case, the patterns of
correlations discussed above should be similar within each
group. This was however not the case. For instance, in copy
typing attention to the template and the screen were negatively
correlated in 10 finger typists but positively correlated in
idiosyncratic typists, indicating that different factors limit the
trade-offs between attention to different sources of information.
Thus, both proficiency and typing style contribute to how
attention is distributed during typing.

Limitations and Perspectives

The use of self-reports is a limitation of the present study.
Using self-reports to assess typing ability rather than an actual
typing test might be subject to biases. For instance, estimating
typing ability might depend on the chosen comparison group
(i.e., does one type better than the average person he or she
knows). However, the pattern of correlations in our study (e.g.,
higher self-reported typing ability is associated with less attention
to movement related information) corresponds to studies using
objective measurements of typing ability (Johansson et al., 2010).
Thus, we think self- reported typing ability sufficiently reflects
actual typing.

Further, using self-reports might have been problematic for
assessing the distribution of attention. What participants think
they are doing might not correspond to what they actually do or
they may report what they think they should be doing (e.g., 10
finger typists might think they should not look at the keyboard
and fingers). However, we think this is unlikely because not all
results were what one would expect using common sense. For
instance, 10 finger typists use the screen less than idiosyncratic
typists to detect errors. Further, participants did not know that
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one aim of the study was to compare typists using different styles.
Thus, we think it is likely that participants made an effort to
report their actual typing behavior.

We think that our study provides useful data on the topic,
because we had a large sample of participants and were thus able
to investigate the influence of several factors on the distribution
of attention to different sources of information during typing
(typing style, typing skill, and number of fingers used in
idiosyncratic typists). As sample sizes are usually much lower
in experimental studies, some of these factors are usually kept
constant and their influence is not investigated. Nevertheless,
self-reports are just an initial step to approach this topic. In
future studies eye movements might be recorded in different
experimental conditions to observe actual behavior.

Models of typewriting usually deal with skilled 10 finger
typing and do not take into account that people type using
different styles. Further, the process of skill acquisition, and
correspondingly typing proficiency, is also largely neglected.
Thus, models might be extended to take those factors into
account.

CONCLUSION

In conclusion, our results indicate that typing task, typing
proficiency, and typing style influence how attention is
distributed during typing. In terms of the two-loop theory of
typing (Logan and Crump, 2009, 2011; Liu et al., 2010), the
inner loop is less finely tuned, or in terms of the internal
models (Wolpert and Flanagan, 2001), internal models are less
precise in idiosyncratic than in 10 finger typists. However, the

present results also indicate that typing ability contributes to the
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