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A Simple Approach to Adaptive Text Editors
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Summary. We propose asimple adaptive predictive interface for text editing
tasks. A text editor can predict the next user input from various information
available, such as the user’s repetitive operations, a dictionary of frequently-
used wors, preveoudy-input text strings, etc. Using a text editor with such
a predictive feature, a user can ask the system to predict his next operation
and select the appropriate one from the candidates shown by the system. If
the system can also keep track of the user’s selections and know the user’s
preferences, it can gradually adapt itself to the user and show more appropriate
candidates next time. We implemented five prediction schemes on GNU
Emacs, and aso implemented one simpl e adaptation scheme for ordering the
prediction schemes. Empirical results show that adaptive predictive interface
shows higher usability than non-adaptive interface.

1 0000

ggogobooobbooooobobobobbuooooooobobobbooooobobo
ggogobooobbooooboobbobobuooooooobobboooooboobo
00000000000 )000oooo000ooo200o0oo000ooooooo
0000000000000 0O0000O0O00 DOO0ODODO0O0OO0OOoDOooOoOooOo
ggogobooboooooobooboooboboooobooobooboooobobobo
ggogobooboobobbooooobobobobooooooobobobbooooobobo
gogoooo

2 00O0DOO0ODOOoOooo

ggogobooobboooboobobobobooooooobobobbooooobobo
0000000 (adaptive) DD ODO0OO000O0O0O0OO0OO0O0O0O0O0OOOOOOOOOO
ggogobooobbooooobobobobboodooobobobboooobobobo
ggogoboobobobbooooobobobobbuoodoooobobobbooooobobobo
goobooboooooo
ggdobodboooooodoooodoobooob oo oooooo
ggobobooboooooooboooobbobboooooboboooobbobooo

* Toshiyuki Masui, 00000000 000000000



2 WISS 94

21 0O0O0O0OO0OO0oOood

ggodgobooboobbooooobooboobobobooooooobobobboooobobobo
gogobobbooooobobbooooobobooo

e IOUOODODODO

000000000000000000000000000000000000
000000000000000000000000000000000000
000000000000000IBM-PCO0 KeyWarchO OO O [13]0000
000000000000000000000000000000000000
0000000000000 Dynamic Macro(DM)[12]0 0000000000
000000000000000000000000000000000000
00000000000000000000000/00000 Eager[3]00 Mac-
intosh0 HyperCard0 0000000000000 00000000O00000
000000000000000000000000000000

oo oL boobDobobobbOon
0000000000000 O0O0 UIDE[AS|0D0000ooooooooon
oo oL boobobobobboOon
0000000000 FHexc[16) OO Exed DOOOODOOO0OO0OOOOOODO
O0000 Exel DOOODOOODOODOO0OODOOO0OOOOOOODOOOOOOO
ggoboooboood

o IOOOODODOOO

oo uobbooon
oo booobboobbooon
gobooooooobbooobbobooboooboooobuoobbooo
oooooo0o SplitMenu[M4] 0000000000000 OO0OOOOOOOO
oo oobboooboboon
00000 GreenbergD DO OO0O0O0OO0O0O0DOOO0OOOOOOOOOOOOO
oo ooobooooooobboobbooon
O[6000000000 KuhmeO ActionPrompting0 000 [8]0 00000
goooobobooobooobuoobuoobboobuooooooooo
gooooobooobbooooobboooboobbbuobbooo
goooobooogoooo

o HUUOODODODOOO

Reactive Keyboard D O OO [5] 00 UNIXOOOOOOOODOOOOOOOO
gogoboooopoobobbbobbobobbooboboobooboboboon
gogoobooboood

e UUOODODOOOOO

MaesOODOOOOODOOOOODOOOODODOOO0ODOOOODOOOODOOO
oot ooooooobobboobooobbobn
O0000O0000o00o00ooO0O0o0oooooooo (100



A Simple Approach to Adaptive Text Editors 3

22 0000O0OO0OOOO

ggogoboobobobbodooooobobobbuoooooobobobobbooobobobo
ggobbbooooobooboboooobobobuoooobboboooo

o UUOODODDOOOUOODLDDOOO

ool UL b OB
0000000000000 BenyonOOOOO [JOO00O0O0OooOOoOoOO
gdodoooooooooobobbbdoodooboooooooooo
O00000000000000O0 UIDE[AS|l0000O00o0o0ooooooon
ggoboboobooooobooboooobbobooooobboooobbobooo
oo OO
00000 Fexcel[16) DO OO O0DO0OO0OO0OO0OOO0OOOOOOOOOOOOO
ggoboboboooooboboboooobboooooooo

e UUOODODOOOOO

oo ob oL obbOon
ggoboboooooboboboooobbooooobooobo

o IOOOODODOOO

oo oooobooboobobboon
000000000000 00 MaesODOOODODOOOODODOODOOOODO
O000oo00oooo [7oo000o0o00ooo0o0o0oooooooooo
gL b DO
ool oL oOobL OB
O00oooo0ooooooooo [11o

3 000DoooOoooooooo

2000 000000000000 0000D0000U0O0DODOOO0OoOoOOOOOg
ggogoboobobbooooooboboobobboooobooboobobbooboooobobobo
ggoooo

e IUOODODODOO

gdogdoooooobooooobooboobobobboobobobboon
bbb oboooobobobboobobobboon
O0000o0o0o00ooooo00ooooooooooo(@oo)oooo
O0000o0o0o000ooooo00ooooO(@oOo)oboooooooooo
ggobobbooooooboooobooboboooaon

o IOOODODO

oo obboobDobDbbobbOon
000000000 000O0O0 /00000000000 Ooo0ooooooon
g0 UUUO o
gL b OB
gl ob oL obbOon



4 WISS 94

iDL oL UL b OB
O0/000000000000o0o0o0o000oo0ooooooooooooon
gogobobboooooboboooobobobooooboobobooooobooo

o IOOOODODOOO

oo oobLDobbOon
iDL b OO
ol oL UL b OB
il oL oL LD OO
oo oboobobobboOon
oo ooooobbOon
ggobobooboooooooobooooboboboooobboboooobobooo

o IOOOODODOOO

oo oL oo ob oL obbOon
gdododoooooboboboboobooboobobbooboobobobboon
gl UUULO o
gL oD Lo
gogooooboogd

4 0O0/Oo0oooooooooooo

ggoogobooobobbooooobobobobuoodoooobobobbooobobobo
ggoboobobooooooobooboobobobboodooooboboobooooobobobo
ggogoboobobbooooobobobuooooooobobobboooobobobo
gogoboboboooogn

41 0OO00O0ODODOOOODOOO
411 00DOOOO0OOOOO

Dynamic Macro(DM) [12] 000000000000 (O0Rera0 00)000000
000000000000000000000000000000000000000
000000000000000000000000000000 (00 Freoer0O0)
000000000000000000000000000000000000000
000000000000000000

0 10 Rerran)d Prepel0 0 00 0000000000000 000 (TA8)(TAB)(a)(b)

(c)(RET)(TAB)(TAB)D DD DO OO Reeeal0 000000 (TAB)0 000 20000000
00000000000000(A)000000000000 [Rera)0O00000(TAB)

0000000000000 0000000000000000000 0 (ereoiet0 O O
O0000000O(a)b)(c)RETODODDODODDOOOOOOOOOOOODODOOO
000000000000 Reesar0 0000000000 DOOOOOOOOOOOOO
goono

Preoc0 0000000000000 completion0 0000000000 O0O0OO
000 completionD 00000000 O0OOOOOOOOOOOOOOOOOOOOO



A Simple Approach to Adaptive Text Editors 5

<TAB><TAB>abc
<TAB><TAB>
l REPEAT
PREDICT
<TAB><TAB>abc <TAB><TAB>abc
<TAB><TAB><TAB> <TAB><TAB>abc
l REPEAT
REPEAT

<TAB><TAB>abc
<TAB><TAB><TAB><TAB> <TAB><TAB>abc

<TAB><TAB>abc

<TAB><TAB>abc

01 (rRePEATD OO OOO(PREPCTIO 000000000

ggogobooobbooobooboboboooooobooobooboooooobobo
00000 completionOD O 00000000 20000

| PREDICT | PREDICT PREDICT
) pred.c ”;» predecessor ”g

0 2. [prepicT)0 0 O completion 0 0

pred I

412 0DODOODOOOO
0000000 DM O completion0D 0000000000000
¢ Dynamic Abbreviation (dabbr ev)

completion0 0000000000000 DOOOOOOOOOOOOOOOO
oo oL oL b OB
00 “abbreviation"O00O0O00ODODODOOOO0OOO “abb”0O00O0O00O0O
0O “abbreviation"0 00000000000 ODOOOOOOOOOOOOO
goon

e 20000000 DOOOODO (twice)

dabbrevOOOOOOOODOOOOOODOODOOOOOOODOOOOOOO
0000000000000 00 20000000000 completionCO0O0O0
go0oO0oO0ooooooOoOO0ODOOOOO0 *“SHARP,.Corp.” 0000000 2000
0000000000000 “SHA" OO “SHARP,Corp.” 000000

e 00IUDD2000000000O00O00 (twice-history)

O00twiceODMOODOOOOOOOOODODODODOOOOOOOOO 200000
oo obobobboOon
goo0ooO0oO0oO0o0O0O0O0OO0OOOOOOODMOOOOOZ20000000000
000000000000 0000000000000 twice-historyO OO0
oo ooobooboboboboon
gogobboobooooobooboooobbbooooboboooon



6 WISS 94

0000000000000 0000000000000000000 0 (ereoiet O O
ggogobooobbooooboobbobobuooooooobobboooooboobo
000000oooo0o0o0ooUo 3000ooooooouooouoooooooogd
000000000 400000000000 completionOO 0 “adaptation” 00
“adapt” 00000000000 O0OO

An adaptive system should also be
adaptable, since not only the
system, but also the user, should
be able to make the system ada

03000000

\DDDD \DD \

dabbr ev | adaptable
adaptive

completion | adaptation
adapt

twice adapt

04 0000000

00000000000 O000000oo00 (1000000000000 ooon
ggogobooobbooooboobobobooooooooobobooboooooboobo
ggogoboobobbooobooboboboboooooobobobboooooboobo
ud

42 0000000000000000O00O000O0

2000 00000000000000000000U00OO0O0ODO0OUOO0DOOOOOO
ggodgoboobobobbooooboobobobobuooooooobobobbooooboobobo
ggodgoboobobbooooooboboobobbuooooooobobobbooooobobo
ggodgobooboobooooobooboobobooooooobobooboooooboboobo
gogobboobooooobooboboooobobobooooboboooon

GNU EmacsO 0 0000000000000 000D0OO0O0OOOOOOOoOn
S50000000000000000000O0000O0DOD0DO0O0DO0O0DODOOO
ggogobooobboooooobobobbuooooooobobobboooobobobo
O000o0000o0o0000oo000oo000oo0oooooo [A71000000
0000000000000 00O0O0O0O000OO0OO0OO0000000O0O0O0O (0o
O000000oo0)0o000o (oooo0O0)oooooOoooOoOoooooon
ggogoboobobobboooboboboboboooobooboboobooooobobo
gogoboobooooobobooooobobooo



A Simple Approach to Adaptive Text Editors 7

| |Doooooo 000 | 0000
gooooo (o) a undo
ogooo doooooooooooooda a undo

REPEAT ooog O PREDICT
dabbr ev ooooo O dabbrev OO
PREDICT goooooo 0 PREDICT
gooooo ogoooo a ogooo

05 0000000000000 0000O0

43 00000000000000O0

4120000000000000000000000000OOOODO 30000000
ggobobobooogooobooooboboboooooboboooobboboooon

o HUUOODODODOOO

oo oL UL b OB
ooo0ooO0ooOoO0OO0OO0O00O0O0OO0O0000O0O/OOOOOOOOOOOOO
g0 ooobboobobobboOon
gogoooog

e DO0OOODOO/ODODOOOO

g0 oULoL OB
oo oo obobobbOon
ggobooboooooooo

o UUOODODDOOOODLDLOOOOO
ggoboboooooboboboooobbooooobooobo

0000000000000 00ooooo0O0ooooooO/oooooooooo
Oo0oOooOoOo/ooooooOoOoOoOOOO/OOOOOOOOOOOO/OOOO
ggoboboboooooboboooobboooooooo

431 0O000OO0OO0OOOOOOOOOOOO0

0400000000Feei0000000000000000000O0000O0O000
0000000000000 compleiond0000 “adapt” 000000 40000
00000000000000000000Fene)0 400000000000000
0000000 “adapt” 00000000 completion0 0000000000000
000 “adapt” 0 completion 0 00 0000000000000000000O000
00/000000000000000000000000000000000000
000 1000Freme]d 00 “adapt” 0000000

432 00000O0O0OOOOOOOOO

dabbrevO OO0 twiceOOOODODODODODODOOODOODOODODDOOOOOOOODOOO
O0000000O0O0O0O0completionI D0 0000000000000 20000



8 WISS 94

gogoboboboooooobooooboobboooon

433 000000000000

0000000000000 000000000000000000O00000000
0000000000000000 (900 4000000000000000000
00 “adapt abl e”, “adapt i ve”, “adapt ati on”, “adapt ”, “adapt” 0 5000
00000004000 “adapt” 0 completion0 0000000000000 OOO
00 5000 “adapt” 0 “adaptabl e’ 0 “adaptive” 000000000000
000000000000 0000000000000000 4000 “adapt” 00
05000000000000000000000000000000000O0DOO0
000000000000 0000000000000000 /0000000000
0000000000000000000000000000000D00000000

gdn

434 00000000

000 completionO 00 completionD 0000000000000 D0O0OOOOOO
000 twiceOOOOOOOOOOOOODOODOOOOOOOOOOOOOOOOOOOO

5 000000D

O000000oooooDoooO0/oo EmacsO0O0OO0OO0OO0OOOOOOOOOOO
00000000000 0000000000 twiceOOOOOOOODOOOOOOO
gbbooooooooobbooobbooobboobooobboooobobooobo
ggodgobooboooboooooobobobooooooobobboooooobobo
000000000000 twiceO twice-historyD OO OO OoOoOooooooooOO
ggodgoboboooboooobooboobobobooooooobobobboooooboobo
gogobooboboooooboobooooboboboooobbbooooobooo

6 00

61 0D000O0OO0OO0OOOOOOOOOO

30000000000000000000000000O000O00O0000O000
000000000000 0o00ooooo000ooDoooo0ooOoOo/oooooo
O0/00000o0oooo0oO00 /000000 D0D0ooooooe00oooon
ggogoboobobobboooooboboobobboodooobobobbooooobobo
ggogoboobobobboooboobbobobuoodoooobobobboooooboobo
ggogoboobobobboodoobobobuooooooobobobboooobobobo
ggodgobooboobboodooboboboboodooobobobboooobobobo
ggodgoboobobbooodooboboobobboooooobobobbooooobobo
O0000oO000000O0[I0)oOO000D0 [1YJUooooooooooooooon
gooooood



A Simple Approach to Adaptive Text Editors 9

gogoogogdg
oo/00 00/00 0o00/00 000/00
00000
oooo
oooo ooooo ooo
0ooo Dﬁﬁfm ooooo oooo O00OO0O00IF
goooooo
ooooo
gooo EEEE Sgggi oooo 00000000 | 0000000
oog vVOooooog
0
oooo ooooo
0ooo OOO00000 oo 0ooo
oooo D00000 N nppppooo |oooooooo oooo
oo }——
0000 |00000000 oo oo 0ooo
oooo oooo oo ooooo oooo
oo oo

06.00000000/000000

62 0O00OOOOOOO

O000000ooo0oo0o000ooooo0O0oDoooooooooooooo/o
000000000 [120000000000000000000000O00 [2100
OCOUNIXDODOODODODODOOODOODO0O0O00Do00OD00o00D00o0oo0o0ooooo
ggogobooobbooooobobobobobuoooooobobobobboooooobobo
gogoboooboooooooboooobobobooooonbboooobboobooo

7 00O

ggogobooobbooooobobobobbuooooooobobobbooooobobo
ggogobooboobbooooooboboobobboodoobobobobobbooooobobo
ggogobooobbooooboobbobobuooooooobobboooooboobo
ggogobooobbooooobobobobbuooooooobobobbooooobobo
goon

8 OO

DM OO0O0OO0OO0O0000000D00O000D0O0000O0O00O0ooOoo0ooooooon
gooboboooooobooooobooboog

godgd

[1] Devid Benyon and Dianne Murray. Developing adaptive systems to fit individual aptitudes.
In Proceedings of the 1993 International Workshop on Intelligent User Interfaces, pp. 115—



10

(2]

(3]

[4]
(5]
6]
[7]

8]
(9]

[10]

[11]

[12]

[13]
[14]

[15]

[16]

[17]

WISS 94

121. ACM Press, January 1993.

Daniel Crow and BarbaraSmith. Theroleof built-in knowledgein adaptiveinterface systems.
In Proceedingsof the 1993 Inter national Workshop on I ntelligent User Interfaces, pp. 97—104.
ACM Press, January 1993.

Allen Cypher. Eager: Programming repetitive tasks by example. In Proceedings of the ACM
Conference on Human Factorsin Computing Systems (CHI’ 91), pp. 33—39. Addison-Wesley,
April 1991. alsoin[4].

Allen Cypher, editor. Watch What | Do — Programming by Demonstration. The MIT Press,
Cambridge, MA 02142, 1993.

John J. Darragh, lan H. Witten, and Mark L. James. The Reactive Keyboard: A predictive
typing aid. IEEE Computer, Vol. 23, No. 11, pp. 41-49, November 1990.

Saul Greenberg and lan H. Witten. Adaptive personalized interfaces - a question of viability.
Behaviour and Information Technology, Vol. 4, No. 1, pp. 31-35, 1984.

Robyn Kozierok and Pattie Maes. A learning interface agent for scheduling meetings. In
Proceedings of the 1993 International Workshop on Intelligent User Interfaces, pp. 81-88.
ACM Press, January 1993.

ThomasKuhme. A user-centered approach to adaptiveinterfaces. Knowledge-Based Systems,
Vol. 6, No. 4, pp. 239-248, December 1993.

ThomasKuhme. A user-centered approach to adaptiveinterfaces. In Proceedingsof the 1993
International Workshop on Intelligent User Interfaces, pp. 243-245. ACM Press, January
1993.

Pattie Maes. Learning interface agents. In Proceedings of the 1994 Friend21 International
Symposium on Next Generation Human Interface, February 1994.

Toshiyuki Masui. Evolutionary learning of graph layout constraints from examples. In
Proceedings of the ACM Symposium on User Interface Software and Technology (UIST’ 94).
ACM Press, November 1994. to appear.

Toshiyuki Masui and Ken Nakayama. Repeat and predict — two keys to efficient text editing.
In Proceedings of the ACM Conference on Human Factorsin Computing Systems (CHI’ 94),
pp. 118-123. Addison-Wesley, April 1994.

Micro Logic Corp., POB 70, Hackensack, NJ 07602. KeyWatch, 1990.

Andrew Sears and Ben Shneiderman. Split menus: Effectively using selection frequency
to organize menus. ACM Transactions on Computer-Human Interaction, Vol. 1, No. 1, pp.
27-51, March 1994.

Piyawadee Sukaviriya and James D. Foley. Supporting adaptive interfaces in a knowledge-
based user interface environment. In Proceedings of the 1993 International Workshop on
Intelligent User Interfaces, pp. 107-113. ACM Press, January 1993.

Chritoph G. Thomas and Mete Krogsaeter. An adaptive environment for the user interface
of Excel. In Proceedings of the 1993 International Workshop on Intelligent User Interfaces,
pp. 123-130. ACM Press, January 1993.

O0O00O. keisen.el 00000, July 1991. etl port.etl.go.jp O Nemacscon-
tib0 000000000 0OO.



