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The Chording Glove: A
Glove-Based Text Input Device

Robert Rosenberg and Mel Slater

Abstract—This paper introduces a new text input device called three sticky shifts, mounted on the side of the index finger, in

the chording glove. The keys of a chord keyboard are mounted order to be pressed by the thumb. Function keys are provided
on the fingers of a glove. A chord can be made by pressing to enable quick use of rarely used utilities.
the fingers against any surface. Shift buttons placed on the

index finger enable the glove to enter the full ASCII character

set. The chording glove is designed as a text input device for A, The Glove Layout

wearable computers and virtual environments. An experiment ) . )

was conducted to assess the performance of the glove. After an  The chording glove (Fig. 1) consists of three parts.
average of 80 min of a tutorial, ten subjects reached a continuous 1) finger sensors;

text input speed of 8.9+1.4 words/min, and after 10 1-hr 2) shift buttons;

sessions, they achieved6.8 + 2.5 words/min. .
3) function keys.

Index Terms—Chord keyboard, disabled users, glove inter- 1y minger Sensors:The finger sensors detect when a finger
faces, input devices, one-handed keyboard, portable computers, . . . .
QWERTY, text entry, virtual reality, wearable computers. is pre;sed against something. Sensors are located at the_ tip of

each finger, except for the thumb. The thumb’s sensor is on
the side, just below the knuckle. This facilitates chording when
. INTRODUCTION the hand is horizontal, as the side of the thumb is usually used.

N THIS paper, a new glove-based text input device called 2) Shift Buttons: There are three sticky shift buttons on the

the chording glove is introduced to provide a text inpugide of the index finger [Fig. 1(c)]. These are pressed either by
for a wearable computer. This uses chording to generdﬂ@ thumb or by the other hand. The shift buttons are used to
characters, similar to a chord keyboard, except that the kegange each shift statesaps number and control. A single
are mounted on the fingertips of a glove and the chords d@ss applies the shift to the next character made. A double-
formed by pressing against any hard surface. There are cleggss locks the shift until it is pressed again. By using sticky
space advantages over both a conventional keyboard ang@hits, the number of possible characters is increased from 31
chord keyboard. The purpose of this paper is to introdute 248. LED'’s next to each shift show the state: a green LED
the device and assess its performance. In Section I, figs shifted and a red LED for locked.
device is described in detail. Section Ill details a performance3) Function Keys: The function keys are seldom used keys
experiment, and the results are given in Section IV. Finall{hat are located on the back of the hand in easy reach of the
in Section V, we speculate about the utility of the glove as@her hand. These keys are pressed individually, and each has
text input device for wearable computers. its own function.

Pause causes all finger sensors to be ignored until this key
is pressed again. This is to allow the hand to perform other
actions without accidental chording.

) _ Escape has the same effect as on a normal keyboard.
~On a standard keyboard, a character is made by pressing, single press orfielp calls an application sensitive help
either a single key or a key in conjunction with a shift ofynction, and a double press displays the chord keymap until

control key. The layout permits any number of characters, gg key is pressed again. This allows the user to be able to
long as there is room on the keyboard. A chord keyboard takggk up chords at any time.

a different approach. There is one key for each finger. Multiple ytocaps Toggle turns on and off the AutoCaps feature.

keys are pressed simultaneously in various combinationstige AutoCaps feature automatically capitalizes the first letter
enter characters, much in the same way that a chord is mafl&, sentence. This is to save effort of using the shift at the
on a piano. Pressing combinations of keys in this way is callgght of each sentence. The Caps shift turns on automatically

chording whenever a sentence ending character is chordizdperiod,

The chording glove is a chord keyboard where the buttoggclamation point, and question mark). There is an LED next
have been mounted directly on the fingers themselves. Taeihis button that shows if it is on or not.

31 character limit of a chord keyboard is surpassed by usingrhere are fourirrowKeys.

Il. THE CHORDING GLOVE: A
NEw KIND OF CHORD KEYBOARD
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Fig. 1. Chording glove. (a) Bottom view. (b) Top view. (c) Side view (the shift buttons)

Fig. 2. Chords for the letters, M, and U are some of the chords that resemble the letters they make.

These act the same as arrow keys on a normal keyboard to TABLE |
provide basic pointer control. CHORD PATTERN FOR NUMBERS
index | middle | ring | little
No thumb 1 2 3 4
B. The Chord Keymap o = < - S
Seibel rated the relative difficulty of chords by measuring 9
the discrimination reaction time (DRT) for each chord [1]. Oretum

The chords with the fastest DRT’s are the easiest to make.
The chord keymap for the chording glove was developed
by associating the most frequently used characters with the3) Sequential characters can be made by following a simple
fastest DRT's. In addition, five basic mnemonics were used to  pattern For example, numbers are made as described in
facilitate memorization of the keymap. Table 1.
1) The chord can resemble the charact@he finger com-  4) One chord can be based on another chdfdr example,
bination can have some obvious relation to the shape of the similar characterSomma andPeriod have similar
the character typed_ For examp|e' the |et[§erﬂ7 andUu chords, with only one finger difference between the two
are all made in such a way that the shape of the fingers  (Table II).
which make the chord resemble the shape of the letters®) A shifted chord can be based on an unshifted chBaf.
(Fig. 2). example, the chord fogxclamation point is a shifted
2) Asequence of chords can have some meaning and be easy Vversion of the chord foe.
to make For example, the common sequencke is This keymap was designed for the English language. How-
made by a simple sequence of chords—Indexniddle ever, it would be possible to redesign the keymap for other
— ring—which are easy to make in succession. alphabets.
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TABLE I DRT by the frequency of the associated character. This is a

Chorp Kevmap heuristic method for estimating the potential chording speed,

and although the model is somewhat physiologically oversim-

Chord Shifts plified, it does give a rough idea of speeds that might be

expected. Using this method, a theoretical maximum speed

Default | Caps | Num | capeinum for this keymap would be estimated as 305 ms/character or

[ T

£z 8§ 3

e e o o o a A 5 &

« e o e o b B ¥ 40 words/min.

e s e+ o c < ‘/) 7;0_ Seibel [1] calculated DRT’s by measuring the time it took
o o - - E 3 7 for a subject to make a chord once asked to do so. The
* o o e f F Tab chords were displayed randomly and were not associated
— = £ f{ 5 é with any characters. When using chords for text entry, the
o o o o = i I 1 7 following character is known in advance, giving the subject
2 e o o e J J _ _ a slight time advantage, as entering text is always faster than
S TN = = < entering random characters. This implies that it is possible
o e e e o m M - - to achieve faster speeds than the afore-mentioned theoretical
: ; : : : 2 g g 'I' 40 words/min. Further study must be carried out to show the
o & o e o P P T Z validity of this model.

o e & o o q g 5 L The experiment was designed to explore the following
- - 2~ . = = 5 performance features of the chording glove:

o e o0 o o t T i ' 1) Learning the KeymapChording glove’'s 97 character

> -2 = - 3 L Escape{ keymap should be able to be memorized within 90 min: well
T~ e 5 o . - W T ] ) enough to allow continuous text input.

e o o e o x :C( . * 2) Visual Supervision:Touch typing takes hours of prac-
e L = tice to perform without looking. Even if the key layout is

¢ o e+ e , (comma) ; memorized, typists still tend to look at the keyboard when
R S : (P°'i°d;pm : typing [2]. Users of the chording glove should be able to chord
o o o o e Back Space without needing to look at their hand and only need to look
° e s o o Return up infrequently used chords.

3) Portability: The chording glove should be able to chord
on any surface without any significant loss in speed. This

metal plates would allow the chording glove to be used anywhere without
any loss in productivity.
=

4) Text Entry Rates:For beginning and moderate users, a
chord keyboard should be as fast or faster than a QWERTY
keyboard.

resistive foam

A. Materials
(@ (b)

Fig. 3. Finger sensors. (a) Original “resistive foam” finger sensors. (
Replacement “metal plate” finger sensors.

The chording glove was simplified for the experiment,
li’i)miting its features to those necessary for plain, line-by-line
text entry with no editing functions.

C. The Hardware 1) Shift Buttons: The control button was not needed for

In the first version, the finger sensors were small, flexiblge experiment. This button was remapped to be itaep
resistive foam sensors [Fig. 3(a)]. The sensor was trigger@dtton. The keymap would be displayed for as long as the
when the resistance across the foam dropped below a di,ﬁlp button was held down. When the button was released
off value. After the first few pilot experimental sessions, ithe keymap would disappear (this was to measure how long
was found that long term use caused increased noise levE}§, subject needed to view the keymap).
rendering the sensors useless after a few hours of chording?) Function Keys:The experiment did not require any
These were then replaced with larger, more reliable, metdnction keys, except fomelp, as described above. The
plate buttons [Fig. 3(b)]. functiop keys were removed from the glove to avoid any

The new buttons were stable and much more accurate. Taggfusion.
disadvantage was that they were much larger and more cum-
bersome to use. The large size most likely had a detrimenial Method

effect on accuracy and speed. 1) Subject SelectionTen subjects were selected from those

who responded to advertisements around the college campus.

There were four males and six females, and all were right
The theoretical input speed for this keymap can be apanded and aged between 18 and 28 years. All the subjects

proximated by averaging Seibel's DRT’s and weighting eaatescribed themselves as competent typists with six using

I1l. EXPERIMENT
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Typs the letter g i
BBBE -
Rov typa: - 4% |
ing [ -
ing -

Note that 'ng' is formed by tha first two fingers(index and middle)
folloved by the second two fingers (middle and ring).

Type again: ing £
ing

W oo%= 3
Now typa: . | -
thing o - ; 1
thing =

=
this and that thing 2o 7 .
this and that thing -
let their chimney fly. - S :7”77[ PR
let their chi_ 0 - - -

0%

o Nurnber

Fig. 4. Sample text from the tutorial session. Fig. 6. Average percent time spent looking up chords per session.

Alice vas beginning to get very tired of sitting by her sister

on the bank, and of having nothing to do: once or twice she had Each session consisted of a 15-min trial, followed by a 10-
peaped into the book her sister was reading, but it had no . K . . . . . .
picturas or convaraations in it. ‘amd hat in the use of a bock.’ min trial, another 15-min trial, and a final 10-min trial. The first

So she was considering in her own mind as vell as she could, and last were always text, whereas the second two alternated

for the hot day made her faal vary aleapy and stupid, whather

from session to session, being either text first, followed by
data, or data first, followed by text. The variation in trial length

Aiice vas begimning to Get very tired of sitting by her sister and content was to avoid mental fatigue in the subject. After
poaped v the ook ek ciever mos reating. et 1t nad ma each chording session, the subjects were asked to fill out a
D e e e or e rt oy 120 oF @ ook questionnaire. The questionnaire asked to report their levels
o the e eTAT8 e om wind (ax well ax she could, of fatigue, muscle strain, and what they liked, disliked, and

what they would change about the chording glove.

Fig. 5. Sample text from the chording session.
IV. RESULTS

keyboards for only a few hours a week and the rest typing on
a daily basis. No subjects reported ever having used a chéxdThe Chord Keymap
keyboard or having experienced any RSI. Each subject wasThe subjects took an average of 80 min to complete the
paid £30.00 for completing the experiment. The subjects eaghorial. By the end of this period, they were able to enter
performed ten chording sessions following a tutorial sessi@gxt while only rarely needing to view the keymap. This took,
spread out over a period of approximately two to three weeks the average, 1.25 h. This suggests that the chords had
2) Tutorial: The initial session was a tutorial of approxi-been learned well enough for continuous text entry. This is
mately one hour to teach the chord keymap (Fig. 4). For tRepported by the fact that less than 4% of the first chording
tutorial the subject was given two sheets of paper, where tg€ssion was spent looking up unremembered chords (this was
first listed the keymap (Table 1), and the second displayaHe first session for which this data was available). By the
the chords, which are similar in shape to the characters thagt session, the amount of time spent looking at chords had
make. The subject learned each chord by being asked to ch@f@pped to 0.4% (Fig. 6).
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 Bs/NPut Speed and Error Rate
h to finish the tutorial. At the end of the tutorial, the average overall speed was 8.9
3) Chording SessionsThere were ten chording sessionst 1.4 words/min. The error rate was calculated as the ratio
following the tutorial. The sessions consisted of 50 min aff chording errors to the total number of characters. This was
text input. Each subject was paid £1.50 at the end of ea2h + 2.5% after the tutorial. The chording speed increased
session. When the subject finished all the sessions, they waver the sessions with no signs of leveling off. The average
paid an additional £15.00. chording speed of the final session was 1:6.8.5 words/min.
For the chording sessions, the screen was divided into tWhe final error rate had fallen to 174 0.6% with some signs
windows (Fig. 5). The text that appeared in the top windowf leveling off (Figs. 7 and 8).
was chorded by the subject and displayed in the bottomOne subject was asked to return three and six months later
window. In each session, the subject was told to type &w an additional chording session. After three months, at the
quickly and as accurately as possible. Correcting errors watart of the session, her input speed was 13.2 words/min, but
not as important, and the subjects were told to fix mistak#ss rose to 17.0 words/min within 20 min. Her chording speed
only if it did not require too much effort. had risen 5% since her tenth session. The subject spent 2.8%
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digram time while sitting. The difference in digram times was
1 +0.47 £+ 5.48 words/min. There was, therefore, no significant
T | difference in input speed while standing and while sitting.

20

WOM)

{ ’ ] V. DISCUSSION

The subjects took an average of 80 min to learn the entire
chord set well enough to allow continuous text entry. After 6
. h of use, the subjects only needed to look up a few seldom-
used chords. Most chord keymaps are claimed to take between
30 to 60 min to memorize [2]-[5]. The time for this keymap

| is slightly longer because the character set is much larger,
F | ; ; | | \ | | ] containing all the characters from a standard keyboard. Most

1 2 3 5 5 7 g 9 10

S on Moo i other chord keymaps used in these studies include only the
Fig. 7. Average chording speed for all subjects per session (in words Ag;ters and not numbers ar.]d punctuation. . .
minute). After about 1 h, the subjects could chord without looking
at a guide. Touch typists often require visual supervision long
after the keyboard layout has been memorized. Many casual
typists are never able to type without visual supervision [2].
This implies that it is faster to learn touch typing on this
chording system than on a standard keyboard.

Most subjects reported 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 typing, but this quickly diminished.

\ﬁ ’ i None of the subjects reported pain in their upper arms or back
T 1 during the course of the experiment: only the hand. However,
\1}\ | as each session was only 1 h long, there is no data as to the
" effects of prolonged use of the chording glove. This needs to
15% L ‘ | ! ! ‘ ‘ ‘ be addressed in further experimentation.
1 25 4 w86 /890 An additional positive benefit of the chording glove is that
session Number only one hand is required. Most subjects reported that they
Fig. 8. Average percent error for all subjects per session. liked the fact that one hand was free to perform other tasks.
The other most liked aspect was the fact that they never needed
to look away from the screen when chording. There is no
of the time |00king Up chords. Three months |ater, at the St%lﬁange in input Speed for the Chording g'ove even When the
of the session, her input speed was 13.9 words/min and rosgi@ject is in a position in which it would be very difficult to

17.9 words/min within 30 min. This is an increase in Chordin@pe on a keyboard_ This has positive ramifications for the use
speed of 10% from the tenth session. The subject spent 1.g¢&he chording glove for a mobile computer.

ge Speed {
N
\
\

Averag

| ]

07T

r

5% -

fwerage % Erc

20%

of the time looking up chords. While only one subject was used to determine the long-
term effects, the results implied that a user returning to the
C. Fatigue chording glove after a long absence can quickly recall the

Fatigue was assessed in the questionnaire given after eﬁ%}ﬁmap- This implies that. the keymap goes Into Iong-ter.m
session. Fatigue was measured by asking the subject if t 9mory after the ten sessions. To give a fuller understanding

felt that they could chord for longer, had chorded too mucfl keymap retention, this experiment needs to be extended to

or if they had chorded for the right length of time. The scal'é‘CIUde more users f"‘r.]d testing over a anger period of time.
After 10 h of training, the average input speed for the

was 1 to 5, where 1 was too much chording, and 5 was tog di | ds/mi he i q
little. After the last session, the average value was=3.9.0. chording glove was 16.8 words/min. The input speed on a

QWERTY keyboard for a previously untrained user after 12 h
. of training is 20 words/min [6]. The slower input speed of the
D. Portability chording glove is due to the low quality finger sensors actually
To measure portability, the subject was asked to type foruged in the experiment. They were not sensitive enough for
trial (text entry) while standing up. They were allowed to typgeneral text input. In addition these sensors were also too
on any surface they wished (a desk, a file cabinet, the computege to allow comfortable freedom of movement. Smaller,
monitor, etc.). The input speed of that trial was comparadore accurate sensors should increase the text input speed
with the input speed of the other two text entry trials in thagignificantly.
session. The average digram time (the time between one chor@he standard error rate for the QWERTY is 12.7% [7],
and the next) was calculated and compared with the averaggich is slightly less than the chording glove’'s 17%. The
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inflated error rate can be explained by the low accuracy ohe. This could open up computing to many people who would

the sensor. More accurate sensors should reduce the error hatee previously found it difficult or impossible.

to a more comparable level. The chording glove can be modified for use in a virtual
The fatigue the subjects felt lessened as they used the chadvironment. It would be simple to combine it with an existing

ing glove more. The final value was higher than desirable. Likertual reality glove interface. This would expand the uses of

error rate and input speed, this can be blamed on the fing@amersive virtual reality to include all text aspects of modern

sensors, which required more pressure than they should havdesktop computers. This would allow one to program, write e-

work. Smaller sensors would allow the users to chord in moneail, and manipulate virtual objects without leaving the virtual

comfortable positions, reducing strain. Lowering the noise amtvironment.

increasing the sensitivity of the sensors should reduce the

amount of work in chording, reducing fatigue. ACKNOWLEDGMENT
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The_ implementation of the chqrdlng glove use_d n thf'echnical assistance and all the subjects who participated in
experiment was somewhat flawed in the bulky and inaccurafe, experiment

finger sensors. This led to a certain disadvantages as compared
with the standard QWERTY keyboard, such as slower input
speed. Any future models will have more accurate sensors,
which should improve the chording glove’'s performancelll R. Seibel, “Performance on a five finger chord keyboard,"Appl.
Thus, the 16.8-words/min speed is a conservative estimate gf FSYchol-vol. 46, no. 3, pp. 165-169, 1962.
! - : p . Qﬁ D. Gopher and D. Raij, “Typing with a two-hand chord keyboard: Will
the possible speed for the chording glove. the QWERTY become obsolete?ZEE Trans. Syst., Man, Cyberwgl.
The evidence suggests that the keymap can be learngd 18, pp. 601-609, July/Aug. 1988. , _
icklv. i . bl ith oth hord kevb d ?3 A. Kirschenbaum, Z. Friedman, and A. Melnik, “Performance of dis-
quickly, In a time comparable W't_ ot _er chord keyboards, * apled people on a chordic keyboardjuman Factorsyol. 28, no. 2,
and that the keymap can be retained in memory over long pp. 187-194, Mar. 1986. _ _
periods, but another experiment must be done to prove thigl.] %AT IBM-PC Quick Reference GuideSeattle, WA: Microsoft Corp.,
It has been shown that the chording glove enables the USgE} s, Roberts, “Chord keyboards,Microship Status, no. 80, Jan.
to enter text without any visual supervision, and it may be 1995 Available ~ WWW: http://www.microship.com/gopher-
; ; ; ; ; ; data/Microship_Status/Microship_Status_950131.
possible to improve on _thl_s_further by addlr_lg audio or tactil 6] J. Noyes, “The QWERTY keyboard: A review/nt. J. Man-Mach.
feedback. There is no significant difference in the performance” siudiesyol. 18, no. 3, pp. 265-281, 1983. _
of the chording glove when the user is standing or sitting}’] *é M. IPOI?St”ak:t_“K?I’S Hanld 'éeyb%%fds}:‘ 'Ha$d?(00E|<l Of_HUngé
. . . omputer Interactuonji. Helander, . ew YOork: sevier, ,
ther_efore, the chording glove might be used in a portabk_e ch. 21, pp. 475-494.
environment. However, further research needs to be done in
more complicated situations, such as chording on a part of the
body or while moving. A flexible capacitive membrane sensor
would be the mostly likely candidate to improve the finge Robert Rosenberg received the B.S. degree in
Other topics that should be looked into are the effe : engineering physics from Cornell University, Ithaca,
sensors. . p NY, in 1993 and the Ph.D. degree from University
of adding function keys, the long-term effects on the muscle College, London, U.K., in 1998, concentrating in
and the effects of combining with a pointer input. alternative input devices for wearable computers.
The chording glove has many potential uses. The compa
ness and flexibility for chording give it potential as an input fo
a wearable computer. Most wearable text inputs use a bo
braced between the hand and something else. Keyboard
stylus inputs must be held or strapped to the body to be used
with a wearable computer. This usually takes up one or both
hands, limiting the real-world tasks the user can do at th~
same time. Voice input devices avoid these problems and
very portable, but they have numerous privacy problems a
may not work at all in a noisy area. The chording glove i
completely passive and can be called into use at any tin
When it is not wanted, it can be ignored, just as one c:
ignore wearing any normal glove.
The simplicity of the chording glove interface makes its us/ ’ &
especially easy for visually impaired people. Learning to tougicipants in a shared
type on a chord keyboard is much easier than on a standalgdrithms.

REFERENCES

Mel Slater is a Professor of Virtual Environments

in the Department of Computer Science, University
College, London, U.K. He was a Visiting Professor
with the Computer Science Division, University
of California, Berkeley, in 1991 and 1992 and a
Visiting Scientist at the Research Laboratory of
Electronics, Massachusetts Institute of Technology,
Cambridge, during the Spring semester of 1998. He
leads a number of projects in the area of shared
virtual environments, and his main research interests
are concerned with presence, copresence between
virtual environment, and computer graphics rendering



