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Text input speed in persons with cervical spinal cord injury

S Pouplin1,2,3,4, N Roche3,4,5, I Vaugier4, S Cabanilles1,2, C Hugeron2 and D Bensmail1,2,3,4

Study design: This is a prospective clinical study.
Objectives: The objectives of this study were to determine text input speed (TIS) in persons with cervical spinal cord injury (SCI) and to
study the influence of personal characteristics and type of computer access device on TIS.
Setting: This study was conducted in the Rehabilitation Department, Garches, France.
Methods: People with cervical SCI were included if their level of injury was between C4 and C8 Asia A or B, and if they were computer
users. In addition, able-bodied people were recruited from the hospital staff. Each participant underwent a single evaluation using their
usual computer access devices. TIS was evaluated during a 10-min copying task. The relationship between the characteristics of
participants with cervical SCI, type of computer access device and TIS were analyzed using a Scheirer–Ray–Hare test (nonparametric
test similar to a two-way analysis of variance).
Results: Thirty-five participants with cervical SCI and 21 able-bodied people were included. Median TIS of participants with cervical
SCI was 9 (6; 14) words per minute (w.p.m.) and of able-bodied participants was 19 (14; 24) w.p.m. (P=0.001). Median TIS of
participants with lesions at or above C5 was 12 (4; 13) w.p.m. and of those with lesions below C5 was 10 (9; 18) w.p.m. (P=0.38).
The Scheirer–Ray–Hare test showed that only the type of computer access device significantly influenced TIS. Surprisingly, none of the
person’s characteristics, including the level of cervical lesion, affected TIS.
Conclusion: This is the first study to analyze TIS in a group of participants with cervical SCI. The results showed that only the type of
computer access device influenced TIS.
Spinal Cord (2016) 54, 158–162; doi:10.1038/sc.2015.147; published online 15 September 2015

INTRODUCTION

The use of technological devices such as computers is often essential

for the social and professional integration of persons with cervical

spinal cord injury (SCI);1 however, they can be difficult to access.

Depending on the level of the lesion, different devices exist to facilitate

computer access.2 Persons with cervical SCI Asia A and B can be

classified into two functional groups.3 The first group includes those

whose injury level is at or above C5. To access a computer, this group

requires assistive devices that are operated by head movements. The

mouse cursor can be controlled by head tracking devices involving

video or infrared cameras,4 and for text input, mouthsticks5,6 can be

used with a standard keyboard or pointing devices with an on-screen

keyboard.7,8

The second functional group includes those whose injury level is at

or below C6 Asia A and B. This group may be able to use a standard

keyboard with hand splints, or to press keys with the metacarpopha-

langeal joint of the little finger using forearm supination. Special

devices such as trackballs and touchpads can be fitted to standard

hardware to control the mouse cursor. Speech recognition devices are

also an option for both groups.5

However, despite the development of these different devices, text

input speed (TIS) remains lower for people with sensory motor

impairments than for able-bodied people.9 In the literature, it is very

difficult to find specific data regarding TIS for persons with cervical

SCI, particularly for those with high levels of SCI (C5 or above, Asia A

or B). Many studies have been carried out to evaluate TIS;5,7,8

however, all of them have important limitations: first, the

pathologies10 (both sensory and motor impairments such as locked-

in syndrome, neuromuscular disorders and cervical SCI) and the

severity of sensory–motor impairment11 (pooled results of assessments

with persons with different motor function capacities) evaluated are

quite heterogeneous. In addition, (i) the samples are usually very

small; (ii) the computer access devices used very different; and

(iii) some important methodological aspects are not specified.

A summary of the studies evaluating TIS is provided in Table 1,

which is classified according to the pathologies and devices studied.

The studies presented in Table 1 highlight the lack of data regarding

the influence of participant’s characteristics on TIS. The effect of lesion

level, age, gender, education level, word processing use and duration of

computer use have not been analyzed, although these parameters

could influence TIS.12 A few studies in able-bodied people have

assessed the effect of gender on TIS and showed an effect on Internet

searching speed13 and on a visuospatial task14 in men. Until now, no

study has evaluated the effects of such parameters in persons with SCI.
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Indeed, studies of people with cervical SCI have been limited to case

studies or studies of small samples,5–7,12,15 focusing on TIS but not on

the possible interaction between participant’s characteristics and TIS.

It has also been shown that differences in TIS could be explained by

the use of different computer access devices;5,7 however, these studies

were carried out on very small numbers of heterogeneous patients.

Existing devices are considered to be adapted to the level of injury,

functional capacities, sensory motor impairments and spasticity of

people with SCI; however, the influence of individual devices on TIS

has never been studied in a sample of people with SCI. Because these

previous studies showed a very high level of variability of TIS and as

typical TIS is not known, the aims of this study were first to study TIS

in a sample of persons with Asia A or B tetraplegia and second to

study (i) the influence of participant characteristics on TIS and (ii) the

influence of the type of computer access device on TIS.

We hypothesized that participant characteristics and the type of

computer access device would influence TIS in people with

cervical SCI.

MATERIALS AND METHODS

Participants
This study was carried out between January 2011 and December 2012. During

this period, participants with cervical SCI followed up in the Department of

Physical Medicine and Rehabilitation of a Teaching Hospital were included if

they were over 18 years old, had an SCI between C4 and C8 Asia A or B, were

computer users and could read and write French. Participants were excluded if

they had cognitive, linguistic or visual impairments. The study was approved by

the local ethics committee (CPP Ile de France, Saint Germain en Laye, France),

and all participants provided written informed consent before participation.

In addition, able-bodied people were recruited from hospital staff. The

inclusion criteria were as follows: computer users who could read and write

French. The able-bodied persons were matched to the participants with cervical

SCI for age, gender and education level.

Materials and study design
To standardize the evaluation conditions, able-bodied participants all used a

standard Hewlett-Packard Compaq 8510P computer (Hewlett-Packard, Palo

Alto, CA, USA). The participants with cervical SCI used the same computer that

was equipped with a Windows On-screen Keyboard and a speech recognition

system (Dragon Naturally Speaking v.12, Nuance Society, Burlington, MA,

USA), along with their usual computer access devices. If they usually used a

speech recognition system, a standard keyboard or on-screen keyboard and

pointing devices, the evaluations were carried out with these same devices. The

use of word prediction software was not allowed to limit the bias associated with

the type of computer access device on TIS. The speech recognition system was

used in a quiet room.

A single evaluation was carried out for each participant. During this

evaluation, TIS was evaluated during a copying task involving a 400-word text

that the participant was asked to type in 10min. The 400-word text was drawn

from national newspapers. Average word length was 5.3 characters (s.d.= 0.3).

The length of the text was deliberately too long to be copied within 10min. The

evaluation was stopped after 10min.

Measures
TIS (words per minute (w.p.m.)) was calculated as follows: number of

characters typed in 10min divided by 10, including punctuation marks and

spaces but not backspace, selection errors or correction times. Results obtained

in characters per minute were then divided by 6.3 (the mean number of

characters per word in the text+one space) to provide results in w.p.m.

For the speech recognition system, TIS was calculated only on correctly

written words (number of characters typed in 10min divided by 10). Results

obtained in characters per minute were divided by 6.3 to provide results in

word per minute.

Assessment of participant characteristics. For able-bodied participants, gender,

age, level of education, frequency of use of word processing software (regularly:

4twice per week; occasionally: ⩽ twice per week) and years of computer use

were evaluated using a questionnaire.

For people with cervical SCI, the same characteristics were noted. In

addition, injury level, time since lesion, type of computer access device and

duration of use of the device were also recorded.

Data analysis
The data did not follow a normal distribution (Shapiro–Wilk test) (P= 0.04).

Comparison of able-bodied participants and participants with cervical SCI:

descriptive statistics, median and interquartile range (IQR) were used to

describe continuous variables, and frequencies were used for categorical

variables. A Wilcoxon's test was carried out to analyze differences in age and

education level and a χ
2 test was used to analyze differences in gender between

participants with cervical SCI and able-bodied participants. A Wilcoxon's

paired signed-rank test was used to analyze differences in TIS between

participants with cervical SCI and able-bodied participants.

Analysis of the characteristics of participants with cervical SCI. The relationship

between participant characteristics, computer access device and TIS was

analyzed using a Scheirer–Ray–Hare test with the level of lesion as the first

factor and, respectively, age, gender, laterality, level of education, time since SCI,

duration of use of computer, word processing system used, type of computer

access device and the duration of use of access device as the second factors.

Comparison of high and low tetraplegia. Differences in the frequency of use of

word processing software between participants with high-level tetraplegia and

those with low-level tetraplegia were analyzed using a χ
2 test. Differences in TIS

between participants with high-level tetraplegia and those with low-level

tetraplegia were analyzed using a Wilcoxon's unpaired signed-rank test.

All data were analyzed using the R Project for Statistical Computing,

R (version 3.0.2) software (The R Foundation, Vienna, Austria). The level of

significance was fixed at Po0.05.

RESULTS

Participants

Table 2 shows the general demographic description of the participants

with cervical SCI and the able-bodied participants.

Thirty-five participants with cervical SCI were enrolled in this study.

In addition, 21 able-bodied people were recruited. There were no

significant differences between groups for age (P= 0.44), gender

(P= 0.93) or years of education (P= 0.08).

Table 1 TIS in the literature

Participants Number of

participants

Devices TIS

(w.p.m.)

Studies

Participants with

cervical SCI

1–6 Standard keyboard 5–35 5–7,12

1 On-screen keyboard 3–3 7,15

1 Speech recognition

system

20 5

Participants with

sensory motor impairment

(mixed pathologies)

1–24 Standard keyboard 1–38 8,12,19

1–10 On-screen keyboard 0.5–24 8,10,11

1–8 Scanning on-screen

keyboard

0.3–5 20,21

5–24 Speech recognition

system

5–113 19,22

Abbreviations: TIS, text input speed; SCI, spinal cord injury; w.p.m., words per minute.
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Seventeen participants with cervical SCI had a high level of lesion

(C4 and C5 Asia A or B) (high tetraplegia group) and 18 participants

had lesions between C6 and C8 Asia A or B (low tetraplegia group). In

the high tetraplegia group, 10 participants used word processing

programs regularly (4twice per week) and 7 did not (⩽ twice per

week). In the low tetraplegia group, 6 participants used word

processing programs regularly and 12 did not (Table 3) (P= 0.002).

Table 3 shows the gender and number of years of education for

each participant with cervical SCI and the devices they used.

Text input speed

Median TIS was 9 (6; 14) w.p.m. for participants with cervical SCI and

19 (14; 24) w.p.m. for able-bodied participants (P= 0.001).

In the high tetraplegia group, median TIS was 12 (4; 13) w.p.m.

In the low tetraplegia group, median TIS was 10 (9; 18) w.p.m.

(P= 0.38).

Influence of participant characteristics on TIS

Table 4 shows the TIS of participants with cervical SCI as a function of

their characteristics.

For participants with cervical SCI, the Scheirer–Ray–Hare test

showed (i) no significant effect on TIS by any characteristic (age

(P= 0.76), gender (P= 0.47), laterality (P= 0.35), education

(P= 0.06), time since SCI (P= 0.92), duration of computer use

(P= 0.74), word processing use (P= 0.39) and duration of use of

access device(P= 0.90)); (ii) no significant effect of the level of lesion;

and (iii) no significant interaction between any characteristic and the

level of lesion.

Influence of computer access device on TIS

Table 5 shows the TIS of participants with cervical SCI as a function of

tetraplegia level and computer access device.

For participants with cervical SCI, The Scheirer–Ray–Hare test

showed an effect of computer access device (Po0.001), no effect of

Table 2 Demographic description of participants

Number Median (IQR)

People with cervical SCI

Gender

Male 28

Female 7

Age 36 (32; 46)

Education years 14 (14; 17)

Tetraplegia level

High 17

Low 18

Time since SCI (years) 4 (2; 11)

Years of computer use 16 (10; 26)

Duration of use of the access device (years) 6 (1.5; 12)

Able-bodied people

Gender

Male 17

Female 4

Age 31 (29; 41)

Education years 14 (12;15)

Abbreviations: IQR, interquartile range; SCI, spinal cord injury.

Table 3 Tetraplegia level, computer access devices and frequency of use of word processing software by participants with cervical SCI

Number of participants Gender Tetraplegia level Education years Devices Frequency of use of word processing

2 M High 17 Speech recognition system Regular

2 M High 17 On-screen keyboard and head pointing Regular

1 M High 17 Standard keyboard and mouthstick Regular

1 M High 12 Speech recognition system Regular

1 M High 14 Speech recognition system Occasional

2 M High 14 On-screen keyboard and head pointing Occasional

1 M High 12 On-screen keyboard and head pointing Regular

1 F High 17 On-screen keyboard and head pointing Regular

1 M High 12 Standard keyboard Occasional

1 M High 14 Standard keyboard Occasional

1 M High 15 Standard keyboard Occasional

1 M High 17 Standard keyboard Occasional

1 F High 17 Standard keyboard Regular

1 M High 12 Standard keyboard Regular

1 F Low 15 Speech recognition system Occasional

4 M Low 14 Standard keyboard Occasional

1 F Low 17 Standard keyboard Occasional

1 M Low 17 Standard keyboard Regular

1 F Low 14 Standard keyboard Regular

1 M Low 14 Standard keyboard Regular

2 M Low 15 Standard keyboard Regular

2 F Low 15 Standard keyboard Occasional

1 M Low 19 Standard keyboard Occasional

3 M Low 12 Standard keyboard Occasional

1 M Low 12 Standard keyboard Regular

Abbreviations: F, female; M, male; SCI, spinal cord injury.
Regularly (4twice per week) and occasionally (⩽ twice per week).
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the level of lesion (P= 0.41) and no interactions between computer

access device and the level of lesion (P= 0.83).

DISCUSSION

The aims of this study were to evaluate TIS in a sample of persons

with tetraplegia, and to study the influence of personal characteristics

and the type of computer access device on TIS.

This study is the first to provide data regarding TIS in persons with

cervical SCI. Moreover, the sample included is the largest in the

literature for this type of study. The results showed that TIS was

significantly lower for participants with cervical SCI compared with

that for able-bodied participants. This is in accordance with results in

the literature from studies of persons with a variety of pathologies.9

Surprisingly, there was no influence of the characteristics of

participants with cervical SCI on TIS. We had hypothesized that

characteristics such as education level, duration of computer use and

word processing use would influence TIS. In the literature, no studies

have evaluated the effect of these characteristics on TIS. The closest-

related study evaluated visuospatial tasks and showed that men

performed them better than women.14 Another study showed that

people with SCI who have a higher level of education use Internet

more.16 It is possible that a high level of education is related to greater

computer use and facilitates the use of Internet. The results of this

study, however, suggest that these characteristics do not influence TIS.

The type of computer access device was, however, found to affect

TIS, confirming results in the literature.5,7 This is likely to be related to

the fact that the different types of device are designed for use by

persons with different levels of motor ability. For example, the voice

recognition system, which is mostly used by persons with high levels

of tetraplegia, is actually associated with a higher TIS compared with a

virtual keyboard used by persons with lower levels of tetraplegia.

Surprisingly, the results showed that there was no correlation

between TIS and lesion level. The most likely explanation is that

speech recognition software, used by several participants with high

tetraplegia, compensates well for motor difficulties related to the level

of injury, leading to a higher TIS. The TIS of participants who used

voice recognition software was close to that of able-bodied partici-

pants. This would suggest that voice recognition software may be the

solution of choice for people with cervical SCI, particularly those with

high tetraplegia. However, this result must be interpreted with caution.

Participants sat in a quiet room to carry out the evaluation. This

situation does not always correspond to real life. For example, in a

noisy home environment (with music, television and other people),

the use of such software may be compromised. Moreover, voice

recognition software requires a high investment in terms of learning

time.17 After 10min of voice recording, it is necessary to learn the

most appropriate manner in which to dictate to the software. For

example, based on our clinical experience, it is preferable to formulate

the sentence mentally before saying it aloud. Similarly, it is necessary

to learn command words to correct errors and to navigate within the

text. In our experience, this learning period can take from several

hours to several days depending on the person. If persons are left to

learn alone, they may become discouraged. Indeed, in an unpublished

study carried out by our team in 22 participants with cervical SCI,

voice recognition software was abandoned by 27% of users in the first

6 months. In all cases, participants with cervical SCI who abandoned

the use of voice recognition software also had another computer access

device. Furthermore, we found that the dropout rate for speech

recognition software was halved if participants received training. Lack

of training and support from health-related professionals is the most

cited reason for abandoning this device. Another hypothesis is that

people prefer devices that are more adapted for internet use.

Interestingly, the participant with the highest TIS had a C4 A/B SCI.

He used a standard keyboard and a mouthstick to input text. This

suggests that it may be easier to input text using head movements

when the neck muscles are intact, compared with the use of the upper

limbs when several upper limb muscles are nonfunctional as in C6, C7

or C8 A/B SCI. The impaired control of the upper limbs may lead to

text input errors and a low TIS. However, it is difficult to conclude

regarding this point, as the sample only included one participant with

high tetraplegia who used this method.

Table 4 TIS with participants with cervical SCI (w.p.m.)

Participants with cervical SCI TIS (w.p.m.),

median (IQR)

Gender

M 9 (6; 10)

F 15 (10; 17)

Age (years)

18–40 9 (5; 16)

40–60 9 (7; 13)

Tetraplegia level

High 12 (4; 13)

Low 10 (9; 18)

Education (years)

⩽12 8 (6; 9)

⩾13–o15 7 (5; 7)

⩾15 10 (10; 15)

Frequency of word processing program use

Occasionally 8 (6; 13)

Regularly 10 (6; 15)

Devices

Speech recognition software 18 (17; 21)

On-screen keyboard 3 (3; 4)

Standard keyboard 8 (7; 10)

Abbreviations: IQR, interquartile range; TIS, text input speed; w.p.m., words per minute.
Regularly (4twice per week) and occasionally (⩽ twice per week).

Table 5 TIS as a function of tetraplegia level and device used

Tetraplegia level

(AIS A or B)

Number of

persons

Computer access device TIS (w.p.m.),

median (IQR)

C4 2 On-screen keyboard 3.4 (3.3; 3.5)

C4 1 Standard keyboard (mouthstick) 10

C4 2 Speech recognition software 16 (14; 18)

C5 4 On-screen keyboard 3 (2; 7)

C5 6 Standard keyboard 10 (9; 10.3)

C5 2 Speech recognition software 22.5 (21; 24)

C6 9 Standard keyboard 7.5 (7; 10)

C6 1 Speech recognition software 17

C7 7 Standard keyboard 8 (7.8; 14)

C8 1 Standard keyboard 6

Abbreviations: AIS, ASIA Impairment Scale; IQR, interquartile range; TIS, text input speed;
w.p.m., words per minute.
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Limitations

The results of this study should be interpreted with caution because of

the small number of participants in each subgroup with cervical SCI.

To avoid even smaller subgroups, we chose not to allow the use of

word prediction software during the assessments. Word prediction

software can be used with both on-screen and standard keyboards. It is

not a computer access device, but it is designed to optimize TIS.

However, it may be interesting to study the influence of such software

on TIS in future studies. The regular use of word processing by some

participants could have increased their text input ability and therefore

influenced their TIS. Further studies are necessary to assess the

influence of this specific point. However, it must be noted that this

study included the largest sample of patients with cervical tetraplegia

in the literature.

Supplement material area

The data did not follow a normal distribution, and we therefore used

the Scheirer–Ray–Hare test (nonparametric equivalent of the two-way

analysis of variance). However, our data were close to a normal

distribution and analysis of variance are known to be ‘robust’ to

violations of the normality assumption. Therefore, sample data might

deviate considerably from normality but the test will still yield an

appropriate conclusion regarding the null hypothesis18,19. Therefore,

the results of the present experiment were verified using a two-way

analysis of variance with the level of lesion as the independent factor

and age, gender, laterality, level of education, time since SCI, duration

of computer use, word processing system used, computer access device

used and the duration of use of the access device as dependent factors.

The results of this complementary analysis yielded the same results as

the Scheirer–Ray–Hare test. We are thus confident that our results are

robust.

CONCLUSION

This is the first study to determine TIS in participants with cervical

SCI and to evaluate the effect of participant characteristics on TIS. Our

results showed that no characteristics influenced TIS, not even the

level of lesion. However, the type of computer access device did

influence TIS. TIS was highest for participants who used speech

recognition systems; however, this device has some drawbacks. We

propose that prescription of this device should be more widespread;

however, users should be given appropriate training to gain the

benefits of the system. It may be useful to advise patients to use several

types of access devices depending on their computer needs. It is

important to spend time to choose the most appropriate device for

each individual to improve TIS, as the results of this study showed that

the type of device influenced TIS. Equally, future studies of TIS should

take the type of access device into account, rather than the level of the

lesion.

The results of this study provide reference data of TIS for patients

with cervical SCI, which can be used as a base for further studies on

computer use in people with cervical SCI, such as the evaluation of

rehabilitation methods.
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