Chapter 4

The Chording Glove Experiment
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4.1 Introduction

This chapter describes an experiment to examine the claims set out in the previous chapter. Specifically,
the Chording Glove claimsto combinethe quick learning time and high performance of achord keyboard
with the portability of a glove interface.

The learning rates of standard chord keyboards (see Section 2.2.3) indicate that the keymap of a
chord keyboard can be learned in a short period of time. Mounting the keys on a glove should make no
differencein the learning rate. Asa consequence, the Chording Glove's keymap should be learned and
retained in a comparable manner. In other words, we hypothesise that the 97 character keymap for the
Chording Glove should be memorised to the extent that the user can perform continuoustext input within
90 minutes. In addition, the keymap should remain in long term memory, allowing usersto maintaintheir
chording speed after extended periods of disuse.

After eleven hours of use, a one-handed chord keyboard can be expected to have a text entry speed
around 20-24wpm. Sources differ asto the expected text entry speed of a standard keyboard. Gopher &
Raij (1988) found it to be about 14wpm after 11 hours of practice, while atouch typing course claimsto
reach aspeed of 20wpm after 12 hoursof training (Noyes, 1983). However, onethingisclear, for beginner
and moderate users, aone-handed chord keyboard should be asfast or faster than a QWERTY keyboard.
As a consequence, we hypothesise that the Chording Glove should be able to reach input speeds of at
least 20wpm after 11 hours of chording.

The expected error rate for the Chording Glovewas be determinedin Chapter 3 by weighting Seibel’s
(1962) error data against the chord's frequency of use. Theresult is an error rate of approximately 7%.
Thisis, of course, the steady state error rate, ie the rate after long term use. For comparison, theerror rate
for the QWERTY is12.7% (Potosnak, 1988). We hypothesise that the error rate for the Chording Glove,
after 11 hours of use, should be somewhat higher than the 7% level. In addition, we hypothesise that the
Chording Glove should be able to chord on any solid surface without any significant loss in speed.

In order to test these hypotheses, a longitudina experiment was performed. In addition, data were
collected to analyse fatigue, muscle strain, preferences, and the subject’s opinions on various aspects of

the devicein order to provide further insight into the Chording Glove's performance.

4.2 Materials

A simplified version of the Chording Glove was used to limit the scope of the experiment. It was decided
that the features should belimited to only those necessary for plain, line-by-linetext entry with no editing

functions.

4.2.1 Shift and Function Key Changes

The <Hel p> key’sbehaviour was changed dlightly for the experiment. The normal behaviour (as men-
tioned in Section 3.2.1) isto display the keymap when double pressed. The keymap would then disappear
when <Hel p> ispressed again. In the experiment, the keymap is displayed whilethe <Hel p> key is
depressed. When released, the keymap disappears. Thisis done to measure how long the subject needed
to view the keymap.
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Figure 4.1: Circuit diagramsfor the two types of finger sensors

The <Cont r ol > shift was not needed for the experiment, nor were any of the function keys
except the <Hel p> key. To minimise the amount of controls the subjects had to contend with, the
<Cont r ol > shift was remapped in software to produce the sameresults as pressing the <Hel p> key.
Sincethe <Hel p> key was now redundant and the rest of the function keys were not wanted, the entire
set of function keys were removed from the glove to avoid confusion.

The LEDs next to the <Cont r ol > shift were not removed, nor were they used during the experi-

ment.

4.2.2 Finger Sensors

Thefirst fivesubjectsin the experiment started out using the Resistive Foam finger sensors(Figure4.1(a)).
As the foam was compressed, the resistance (r;) lowered. This was measured as a change in voltage.
Since this was an anal ogue sensor, the voltage had to be compared against a set cutoff voltage. Thisvolt-
age was set by a potentiometer (r,). Each sensor had it's own control potentiometer to allow it to be
adjusted to maximum sensitivity.

Once the Chording Glove was used by multiple people over ashort period of time, it was found that
the sensors could not handle such frequent use. The problem was that r; was excessively temperature
dependent. The longer the sensor wasin use, the more the resistance changed. Eventually the resistance
would fall outside the range of r5, making the sensor useless after just over an hour of chording.

These sensors were replaced with a new design. This was alarge, non-flexible button made of two
metal plates separated by springs (Fig 4.1(b)). Compressing the button touched the plates, grounding
Vout.

In order to change the sensors without redesigning the entire circuit board, the new finger sensors
were attached to where the function keys were. The software was then modified to map the function key
input to the finger sensors. This could be done since the function key input expected a digital signal,
as opposed to the finger sensor inputs which were designed for an analogue one. This did not cause a

problem since no function keys were needed.
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The new sensor design was used for the remainder of the experiments, However, as a result, the
subjects who used the foam sensors suffered a degradation in performance, as compared to those who
used the plate sensors. The effects of thisis discussed in more detail in Section 6.1.1

4.2.3 The Keymap

Table 4.1: The reduced keymap

upper case number and math punctuation
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space

space

space

space

back-space

back-space

back-space

back-space

return

return

return

return

A dlightly reduced keymap was used in the experiment (Table 4.1). The special characters <Tab>
and <Escape> were not shown, since they were not used in the experiment. In addition AutoCapswas

turned off in the experiments asit would only add another variable to an already complex situation.
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4.3 Method

4.3.1 Subject Selection

Advertisements were placed around the Queen Mary and Westfield College campus. Additional adver-
tisements were posted on the several appropriatelocal internet newsgroups. Potential subjectsreplied by
email or telephone. They were asked tofill out aninitial questionnaire either on paper or viaemail. Ade-
guate subjects were accepted and times were scheduled. Details on the selection criteriaare available in
the appendix in Section D.1.1).

Fifteen subjects were used, but 5 dropped out after the tutorial. Of the remaining 10, there were 4
males and 6 females, all right-handed and aged between 18 and 28. All the subjects described themselves
as competent typists with six subjects using keyboards for only a few hours aweek, and the rest typing
on adaily basis. No subjectsreported ever having used a chord keyboard or having experienced any RSI.
Each subject was paid £1.50 per session after the tutorial, and an additional £15.00 on completing all
the experiments. One subject chose not to be paid. The subjects each performed ten chording sessions

following atutorial session, spread out over a period of approximately 2—3 weeks.

4.3.2 Tutorial

Figure 4.2: Sample text from the tutorial session. The entire tutorial is available in Appendix D
Type the letter g
9999

Now t ype:

ing

ing

Note that "'ng’ is forned by the first two fingers(index and m ddl e)
foll owed by the second two fingers (middle and ring).

Type again: ing

ing

Now t ype:
t hi ng
t hi ng

this and that thing
this and that thing

let their chimey fly.
let their chi_

The initial session was atutoria to teach the chord keymap. The tutorial was designed to last ap-
proximately one hour (Figure 4.2). The subject was given two sheets of paper for the tutorial. The first
listed the keymap (Figure 4.1) and the second displayed the chords which are similar in shape to the char-
acters they make (Figure 3.4). The subject learned each chord by being asked to chord a character and
then generate several short phrases using it and some previously learned chords. The subjects could take
as long as they needed to finish. Most took between 1 and 11/, hours to complete. After finishing the
tutorial, the subject was given a questionnaire to fill out. See Appendix D for more details on the tutorial

and questionnaire.
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4.3.3 Chording Sessions

Figure 4.3: A sample section of a chording session

Al'ice was beginning to get very tired of sitting by her sister
on the bank, and of having nothing to do: once or tw ce she had
peeped into the book her sister was reading, but it had no
pictures or conversations init, ‘and what is the use of a book,’
thought Alice ‘without pictures or conversation?

So she was considering in her own mind as well as she coul d,
for the hot day nade her feel very sleepy and stupid, whether

Al'ice was beginning to get very tired of sitting by her sister
on the bank, and of having nothing to do: once or tw ce she had
peeped into the book her sister was reading, but it had no
pictures or conversations init, ‘and what is the use of a book,’
thought Alice ‘without pictures or conversation?

So she was considering in her owmn mind (as well as she could,
for the hot da_

There were ten chording sessions following the tutorial. These sessions consisted of preparation,

fifty minutes of text input, and wrap-up.

Preparation

Before starting the subject is asked, “ Have you experienced any unusual or unexplained pain in your
hand, arm, or back since the last session?” The subject then puts on the glove and is asked if they are
ready to begin.

Trials

The subject would then perform four chording trials. Each trial consisted of entering text which would
appear on the monitor. The screen was divided into two windows. The top displayed the text, oneline at
atime. The subject would chord this text and their work would appear in the bottom window. When the
subject pressed <Ret ur n> the next line would appear in the top window. In each session the subject
was told to chord as quickly and as accurately as possible. Fixing errors was not too important, and the
subjects were told to fix mistakes “only if it doesn’t require too much effort”.

The trial length and content were varied to avoid mental fatigue in the subject. The first and third
trials were always 15 minutes long, while the second and fourth were always 10 minutes. Between each
trial the subject could take abreak of up to five minutes. Most subjectspreferred to wait lessthan aminute
before continuing with the trials.

The first and last trials always consisted of entering text from the novel Alice's Adventures in Won-
derland. Thiswas chosen because it is easy to read, but is still interesting enough to keep the subject’s
attention. The second and third trials alternated between text and dataentry. If the first wastext entry the
second would be data entry, and vice versa. Each session alternated which was performed first. The data
entry mostly consisted of tabular stock market data. The data was mostly numbers, but there were some
words. The full text of the dataentry trialsisin Appendix D.

Every few sessions, during arandomly selected trial (any except thefirst one), the subject was asked
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to chord without a chair to sit in, or without a desk to chord on. This was to test the portability of the
Chording Glove. Only four of the subjects were used in these tests.

Wrap-Up

After the final trial of the day, the subject was given a questionnaire. This was the same one that was
used after the tutorial (see Appendix D). The subject then was asked to schedule more sessions if they
had not already done so. Afterwardsthe subject was given £1.50 and were donefor the day. If the subject

finished all ten sessions they were given a £15 bonus.

4.4 Results

4.4.1 Text Entry Speed and Error Rate
At the end of the tutorial the average overall speed was 8.9 + 1.4wpm. The speed was calculated asthe

average digram time in seconds (¢,), assuming an average of 5 characters per word (MacKenzie et al.,

1997). The conversion equation is:

12[ e |

s/char

t4[s/char] (4.2)

speed[wpm] =

The error rate was cal culated as the ratio of errors to the total number of characters. This was 27%
+ 2.5% after the tutorial. The chording speed increased over the sessions with no signs of levelling off.
The chording speed at the final session was 16.8 + 2.5 wpm. Thefinal error rate had fallen to 17.4% +
0.6% with some signs of levelling off (Figs 4.4 and 4.5).

4.4.2 Keymap Learning Rate

Thetutorial took an average of 80 minutesto complete. By the end of thetutorial, the subjectswere able
to enter text while only rarely needing to view the keymap. Thisindicatesthat the chordshad been learned
well enough for continuoustext entry. Thisis supported by the fact that less than 4% of thefirst chording
session was spent looking up unremembered chords (this was the first session for which this data was
available). By the 10th session the amount of time spent looking at chords had dropped to 0.4% (Figure
4.6).

One subject was asked to return 3 and 6 months later for additional chording sessions. During these
periodsshedid not usethe Chording Gloveat all. The subject’sfinal chording speed after thetenth session
was 16.2wpm. After three months, at the start of the session her input speed was 13.2wpm. However, this
rose to 17.0wpm within 20 minutes. Her final chording speed was nearly 5% higher than her speed at the
end of her last session. The subject spent 2.8% of thetimelooking up chords. Thisincrease may bedueto
the change from the ol d, resistive foam sensorsto the new metal plate ones (Section 4.2.2). Regardless, it
is clear her chording speed did not suffer from the absence. Three months|ater, at the start of the session
her input speed was 13.9wpm, and rose to 17.9wpm within 30 minutes. Thisis 10% better than her speed
at her tenth session, and 5% better than her speed at her previous trial, three months before. The subject
spent 1.2% of the time looking up chords. Since the same sensors were used in both return sessions, itis

clear that her performance did not decay.
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Figure 4.5: Average percent error per session

Figure 4.4: Average chording speed in WPM per session

O TTTT T T T T T[T T T T T T I T T[T T T T T T T T[T T T T T T T T[T T TTTITTTIT
B Jo c [ ]
S
f [ |
O
o
L 1w P L i
°
P —
o]
=
C
o
= =
| 1ot > | i
© 3
C
o]
L 160 =2 L |
% =
[ -
. i # | |
)
e
=
L 1 %’ L i
g
L 1« L i
<
©
C . | | N E T AT PR T
3¢ »e »e »e o »e N »e > N N
(@] [fe} (@] fe} > fe} < M ™~ — (@]
M o e\ — (@] 6
1T SI ple] uimal Ul ¢
10113 3 obossny iT 1817 pioyD Bumeln swil %
T 1 T 17T T T 7T T T 7T T T 7T T T 7T T T T 177
)
— O
— 00
-~
Jog
e}
£
5
z
— 0
c
iel
a
n
(0]
- <+ n
-1 ™M
-1 N
— O
\‘\\\‘\\\‘\\\‘\\\‘\\\‘\\\‘\
(@) [ve) [te] < o~ o 00
134 - - - - =

(Wdm) peads sbousay

10

Session Number



4.4. Results 99

4.4.3 Portability

To measure portability, four subjects were asked to perform a text entry trial while standing up. They
were allowed to chord on any surface they wished (a desk, afile cabinet, the computer monitor, etc). The
input speed of the standing-up trial was compared to the average input speed of the two other text entry
trialsin the same session, which were performed while sitting. The average differencein input speed was
+0.47wpm =+ 5.48wpm. The speed is so small compared to the standard deviation that thereisreally no

significant difference in input speed while standing and while sitting.

4.4.4 Questionnaire Results

Thefollowing isasummary and analysis of the subjects’ responsesto the daily questionnaire (Appendix
C).

Fatigue

Fatigue was measured by asking the subject if they felt that they could chord for longer, had chorded too
much, or if they had chorded for the right length of time. The scale was 1 to 5, where 1 was too much
chording and 5 was oo little. Since the fatigue levelsare opinions, the scaleis not necessarily linear. As
a consequence computing an average value may not be meaningful. The most frequently occurring value
was used instead. The mode fatigue level after the tutorial was 3 with some even distribution about that
value. Thiscorrespondsto a*“just about right” amount of chording. Thevalue slowly tended upward over
the sessions (corresponding to less fatigue) to the final mode value of 4 with some tendency towards 5

(Figure 4.7). A value of 4 meansthat they could have chorded for longer.

Figure 4.7: Distribution and mode of fatigue levels per session. The size of the glyph correspondsto the
number of subjectswho reported that level of fatigue. Thefilled glyphs are the most frequently reported
fatigue level for each session.
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Muscle Strain

Figure 4.8: Average muscle strain over time. The size of the glyph correspondsto the number of subjects
who reported that level of fatigue. The filled glyphs are the most frequently reported fatigue level for
each session
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The level of muscle strain was assessed in the questionnaire given after each session. The subject
was asked to rate any pain in their hand or arm on ascale of 1 to 5, where 1 was“No pain at all” and 5
was “Very soreftired”. Theinitial mode pain level was 3 with atendency towards 4. This correspondsto
abit more than “some” pain. Over the course of thefirst five sessions more subjects reported lesslevels
of pain (Figure 4.8). After thefifth session, the mode pain value levelled out at 2, whereit stayed for the

rest of the experiments. Thefinal pain level was 2 with a slight tendency towards 3.

Preferences

After each session the subjects were asked to compare the comfort of the Chording Glove to writing and
typing. These were measured on ascale of 1 to 5, where 1 was “much worse than typing/writing” and 5
was “much better than typing/writing”. Neither of these values varied significantly over the course of the
experiment. The final mode value for typing equally was distributed between 2 and 3, which means the
subjects found it as good as or slightly worse than typing. The final mode value for writing was 2 with
dlightly more tendency towards 3 than 1. This means the subjects preferred writing over chording, but
not by much.

The subject were also asked if they would want the Chording Glove for personal use. The scale for
thiswas 1 to 5, where 1 was “Never!” and 5 was “ Definitely”. There was no significant change in the
responses over the duration of the experiment. The final mode value was 3 with most of the rest of the

subjects reporting 2, this corresponds to being somewhat less than “ sometimes’.
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Opinions

Table 4.2: Top 5 positive and negative comments about the Chording Glove

Likes Dislikes
comment number || comment number
1 || Onehanded use 5 Some chords hard to make 5
2 || Visual supervision 5 Chording is too slow 5
3 || Mnemonics/memorisation 3 General hardware problems 5
4 || Portability 2 Straining to use 4
5 || Similar to piano 2 Difficult to memorise 2

Table 4.2 shows the top five most common positive and negative comments made by the subjects
over the duration of the experiment and the number of subjects who made those comments. The most
preferred aspects of the glove were the one handed use and the lack of visual supervision in chording.
Theleast preferred aspects were almost all due, at least in part, to thelow sensitivity of the finger sensors
(both old and new). The insensitive sensors made the chords which used more fingers more difficult to

create. Thisslowed down the chording speeds and added to the muscle strain.

4.4.5 Analysis of Questionnaire Data and Final Results
Table 4.3 tabulates the results of theinitial questionnaire, the experimental data, and thefinal daily ques-

tionnaire. The meaning of each column is described below.

Personal data Twelve questions were asked on the initial questionnaire (Section D.1.1). Three ques-
tions were answered the same by all subjects: All subjects were right-handed with no previous RSl or

chord keyboard experience. The nine remaining questions are described below:
Subject Thisisa unique random number assigned to the subject.

Language Thisisthe subject’s native language.

Sex Maleor female.

Glasses Does the subject wear glasses? Yesor no. All but two of the subjects wore glasses, making this

variable unusablein a statistical anaysis.

Music Thisisarating of 0to 5 of how well the subject can play amusical instrument. If the subject can
play more than one, the highest rating isused. Zero correspondsto no knowlegde and 5 correponds

to proficient.

Sign Thisisarating of 0to 5 of how well the subject knows any sign language. Zero is no knowledge

and 5 is fluent.

Usage Thisisarating of 0to 5 of how well the subject can type on akeyboard. Zero is* never used one’

and 5is“very good at touch typing”.
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QWERTY Thisisthesubject’sself-reported typing speed in words per minuteon aQWERTY keyboard.
The validity of thisis questionable, since it was not tested.

Frequency Thisisarating of 0to 5 of how often the subject uses akeyboard. Zerois“never” and 5is

“several hours per day”.
Experimental data These are the final values for each person of the data collected in the experiment.

Speed Thisisthe subject’s average speed on the Chording Glove during their last session, measured in

words per minute.
Error Thisisthe subject’sfinal ratio of incorrect charactersto total characters.
Help Thisisthe subject’sfinal percent time spent looking up chords.
Tutorial Thisishow long (in minutes) the subject took to complete the tutorial.

Portability Thisisthe changein the subject’schording speed between sitting down at a desk and stand-
ing up, in words per minute. A negative number indicates that they chorded faster when standing.

Opinion data These are the final values each person gave for the daily questionnaire (Section D.1.2.

Pain Thisisthe subject’sfinal reported pain level after using the Chording Glovefor an hour. Thisison
ascaleof 1to5wherelis“nopainat al” and5is“very soreftired”.

Fatigue Thisthefina value of how tired the subject was reported to be after chording for an hour. This

ison ascaleof 1to5where1is*too much chording” and 5 is*“could chord for longer”.

Typing Thisisthe final reported value for the Chording Glove's comfort relative to typing. Thisison a
scale of 1to 5 where 1 was “much worse than typing” and 5 was “much better than typing”. This

value did not change significantly over the course of the experiment.

Writing Thisisthefinal reported valuefor the Chording Glove's comfort relative to writing. Thisison
ascale of 1 to 5 where 1 was “much worse than writing” and 5 was “much better than writing”.

This value did not change significantly over the course of the experiment.

Use Thisisthefina value for the subject’s opinion if they would want the Chording Glove for personal
use.This was on a scale of 1 to 5, where 1 was “Never!” and 5 was " Definitely”. Thisvalue did

not change significantly over the course of the experiment.
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Table 4.4: Correlationsof Personal, Experimental, and Opinion data. The value givenisthe square of the
correlation coefficient. Values in bold are significantly different from zero at the 5% level. n = 10 for
all calculations except for the following: T Subjects who had no musial experience were not used in this
calculation (n = 7). * Subjects who did not know any sign language were not used in this calculation
(n = 5). ¢ Only the subjects who took part in the portability tests were used in this calculation (n = 4).

Speed Error Help | Tutorial Port. Pain Fatigue | Typing | Writing Use

Music | 0.80t | 0.31 | 017t | 0.005 | 0.38% | 074" | 014 |014 |012 | 0139t
Sign | 0.025 | 058t | 0.22¢ | 0.075 | 0.34% | 0.083' | 0.083! | 056! | 0.75¢ | 0.23
Usage | 0.065 | 022 | 027 | 015 |023 || 018 |0011 |0040 | 018 | 017
QWERTY | 0.020 | 0.33 | 0.033 | 0.005 | 0.11¢ || 0.045 | 0.006 | 0.007 | 0.30 | 0.028
Frequency | 0.36 | 0.043 | 0.15 | 0.043 | 0.26° || 0.002 | 0.073 | 0.012 | 0.043 | 0.033
Speed | 1.0 | 0003 | 032 | 0002 | 027F | 015 |010 |0.000 | 0018 | 0.000
Error | 0003 | 1.0 | 0.090 | 0.10 | 0.080° | 0.075 | 0.000 | 017 | 041 | 0.067
Help [ 0.32 | 009 |10 | 039 |036° || 0014 | 0007 | 0083 | 041 | 0.036
Tutorial | 0.002 | 010 [ 039 |10 | 035 | 0001 |032 |0058 |0016 | 0.051
Portability | 0.27¢ | 0.080¢ | 0.36% | 0.35° | 1.0° | 0.90° | 0.88% | 0.074% | 0.091¢ | 0.025°
Pain | 0.15 | 0.075 | 0.014 | 0.001 | 0.90° |[1.0 |[055 |020 |O015 | 0014
Fatigue | 0.10 | 0.000 | 0.007 | 0.32 | 088 | 055 |10 | 0011 | 0083 | 0.017
Typing | 0.000 | 0.17 | 0.083 | 0.058 | 0.074° || 0.020 | 0011 | 1.0 | 018 | 0.000
Writing | 0.018 | 041 | 041 | 0016 | 0.091% | 015 | 0083 | 018 |10 | 0014
Use | 0.000 | 0.067 | 0.036 | 0.051 | 0.025¢ || 0.014 | 0.017 | 0.000 | 0.014 | 1.0

Relationships A series of regression analyses were performed on thedata. Language, Sex and Glasses

were |eft out of the analysis because they are categorical variables not suited to such an analysis. A table

was generated of the correlations of all the variable. Personal datawere not correlated against each other

because any significance would tell nothing about the Chording Glove. Table 4.4 lists the squares of the

correlation coefficients (r?) for each of the variables. Bold numbers are significant at the 5% level. The

details of the correlations significant at the 5% level are show in Table 4.5 and the results are analysed

below.

Table 4.5: Summary of significant correlations

y n | dope| S, | r? T p

Pain Fatigue | 10 | -1.00 | 0.32 | 0.55 | -3.13 | <0.02
(explanitory) | (explanitory)

Music Speed 7 | 293 | 065|080 | 454 | <0.05
(explanitory) (dependent)

Writing Error 10| 466 | 028 | 041 | 234 | <0.05
(explanitory) (dependent)

Writing Help 10| 0.66 | 200 | 041 | 234 | <0.05
(explanitory) (dependent)
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Figure 4.9: Muscle Strain vs. Fatigue. For additional clarity, duplicate points are slightly offset.
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Muscle Strain and Fatigue Theregression analysisgivesagreater than 98% likelihood of aneg-
ative linear correlation between the levels of pain and fatigue (»2=0.55) (Figure 4.9). The high degree of
correlation isnot unexpected. It statesthat those subjectswho were uncomfortable chording becametired

faster. The experimental results agree with what we would intuitively expect.

Chording Speed and Musical ability There appearsto be alinear rel ationship between musical
ability and chording speed. The greater the person’s self-reported musical ability, the faster their final
input speed (Figure 4.10). The correlation coefficient squared (r2) is 0.80, which is significant at the 5%
level. However this relationship only holds when those who do not play any instruments are weighted
out of the calculations. When these people areincluded 2 drops to 0.00.

The people who gave zero for an answer are those who do not play any instruments. One interpre-
tation of these resultsisthat practicing amusical instrument can help with theindependent finger coordi-
nation needed for chording. However, thisis obviously not the only way to achieve proficiency, as some

of the non-musical people had fairly high chording speeds.

Writing preferences There was a positive correlation between the error rate and preference to
writing significant at the 5% level (r?=0.41). There was also a positive correlation between the help
use and preference to writing which is significant to the same level at 5% (r?=0.41). Therelationshipis
counter-intuitive. It statesthat those who remembered the keymap less or made more mistakes preferred
to use the Chording Glove, rather than write. There was not very much variation in writing preferences,
asit ranged from 1to 3, on ascale of 1-5. Half of the values were clustered at 2, while two were at 1 and

three valueswere at 3 (Figures 4.11(a) and 4.11(b)) . Considering the poor distribution of values and the
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Figure 4.10: Chording speed vs. Musical ability. Diamonds (¢) are used for the people who know a sign
language and are used in the regression. x is used to mark those who do not know any sign languages
and are not used in the regression.
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realtively low r2 values, it islikely this relationship is coincidence.

4.5 Discussion

The subjectstook an average of 80 minutesto learn the entire chord set well enough to allow continuous

text entry. Most chord keymaps claim to take between 30 to 60 minutes to memorise (Gopher & Raij,
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Figure 4.11: Correlations of writing preferences
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1988; Kirschenbaum et a., 1986; Microsoft Corporation, 1995; Roberts, 1995). The time for mem-
orisation for this keymap is dightly longer because the character set is much larger, containing al the
characters from a standard keyboard. Most other chord keymaps use only the letterswhen measuring the
time taken to memorise the keymap. Since just under half the tutorial is spent with numbers and punc-
tuation, arough estimate would put the timeto learn just the letters at 40-45 minutes. Thisfallsright in
the middle of the standard 3060 minute range.

Theevidence suggeststhat it isfaster tolearn touch typing onthis chording system than on astandard
keyboard. After about an hour the subjects could chord without constantly looking at a guide. After 6
hours the learning curve levelled off, with subjects needing to look up a few seldom used chords. Touch
typists often requirevisual supervisionlong after the keyboard layout has been memorised. Many casual

typists are never ableto type without visual supervision (Gopher & Raij, 1988).

The data al so suggeststhat the keymap goesinto long term memory within ten sessions. While only
one subject was used to determine the long term effects, the results implied that a user returning to the
Chording Gloveafter along absence can quickly recall the keymap. In addition, thefact that the subject’s
performance improved both times she returned from an absence implies that the coordination skills are
retained as well. To give afuller understanding of the effects of long-term disuse, this experiment needs

to be extended to include more users and testing over alonger period of time.

The above implications agree with the hypothesis that the learning and remembering the keymap
for Chording Gloveis no more difficult than for a normal chord keyboard. This further suggests that the
keymap designed for the Chording Glove is as good as existing keymaps for chord keyboards.

After 11 hoursof training theaverageinput speed for the Chording Glovewas 16.8 wpm. Thisisless
than the expected value of 20wpm. However, thisis higher than Gopher & Raij’s(1988) value of 14wpm
for the QWERTY. The dower input speed of the Chording Glove is due to the low quality finger sensors
used in the experiment. They were not sensitive enough for general text input. In addition these sensors
were also too large to allow comfortable freedom of movement. Smaller, more accurate sensors should
increase the text input speed significantly. The steady state expected error rate is about 7%. We would
expect theerror rate after 11 hoursto bedlightly higher. The Chording Glove' sexperimentally determined
error rate after 11 hoursis 17.4%, which is more than twice the expected value. The inflated error rate
can be explained by thelow accuracy of the sensors which often caused problemswith chordswhich used

most of thefingers. Again, moreaccurate sensors should reducethe error rateto amore comparablelevel.

There was no significant difference in the subjects’ speed when chording while standing or sitting.
In addition, one-handed use, lack of visual supervision, and portability were three of the top four most-
liked attributes of the Chording Glove. All of theseimply that the Chording Glove has potential for an

unobtrusive input device in a mobile environment.

Most subjectsreported feeling some pain in their hand when they first used the glove. This occurred
for the first few sessions. By the last session, the subjects claimed to feel some pain immediately after
chording, but this quickly diminished. The reported pain level slowly decreased over the course of the
experiment, implying that the discomfort they felt was temporary and would eventually disappear asthey
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became acclimated to the glove. Thisisreinforced by thefact that, as the subjects performed more exper-
iments, they felt more and more willing to chord for longer periods. None of the subjects reported pain
in their upper arms or back during the course of the experiment, only the hand. However, as each session
was only an hour long, there is no data as to the effects of prolonged use of the Chording Glove. This
needs to be addressed in further experimentation.

The muscle strain and fatigue that the subjects felt [essened as they used the Chording Glove more,
however the final values were still higher than desired. Thisis unexpected because research has shown
that a chord keyboard should cause less exertion than a standard one (Kirschenbaum et al., 1986). Like
error rate and input speed, it its likely that the extra strain was due to the low-sensitivity of the finger
sensors, which required more pressure to trigger than they should have. Smaller sensors would allow
the usersto chord in more comfortable positions, reducing strain. Lowering the noise and increasing the

sensitivity of the sensors should reduce the amount of work in chording, reducing fatigue.



