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Support Method for Finding Undone Operations
Based on Changes on Desktop Screen
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Abstract: Undo operation in Graphical User Interfaces is implemented on most applications and widely
used. However, conventional implementations of undo operations have the following two problems: (1) users
may miss the undone part since the operation is instantaneously performed, and (2) it is difficult to know
the undone contents if the user temporarily interrupts a work the user works on multiple operations in
parallel. Though there have been several researches to improve undo operations, they are specialized to
specific applications. In this research, we propose a visualization mechanism for undone operation, which is
independent from the running applications based on the idea that an undo operation causes the change of
display graphically. Our method specifies the area for undo operation by changes on the screen.
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Table 1 Undoable operations for each application.
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72, ZORERNS, SExGRE L4 2OHFT, Excel T
DI EHBI RSN 72t E2 N5, RIZ, FiE
DENPEORETIE, TRTOREFLEEERTEDON
WCHEESENH -7 (hEDbq(2,75) =714, p< .01, K
P q(2,75) = 6.26, p < .01, FHEd:q(2,75) = 9.09,
p<.01, HiEe:q2,75) =682, p<.01). ZTNIZXD
RETEDSMNEBICEML TWE W2 b, F/2, Fik
dizxt LT, HiEc (q2,75) = 3.39, p < .05 & e
(q(2,75) =4.13, p< .01) CTHEEDVH o7z, ZORFERN
5, FHFOREMYH LAFIRZIEH L72GE, 5 H»
FORBAARRLZNEW) I LN RREEZ B L 72356 &
R, MELEEZ B TETWEZ L0905,
5.2.2 AEILE
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F£2 TV —2aryOHEMIEHEICBIT S Tukey H:OHHE

Table 2 Result of Tukey’s test in simple main effect for applications.

A I-11 I-111 -1V II-111 I-1v  II-1v

itk a q fE 0.00 16.09 21.45 16.09 21.45 5.36
HEE - p<.0l p<.0l p<.01 p<.01 p<.01

Tk b q fE 2.14 32.14 42.86 34.29 45.00 10.71
HEE - p<.0l p<.0l p<.0l p<.01 p<.01

Jitk e q 13.51 2.46 2.46 11.05 15.96 4.91
HEZE | p<.0l — — p<.0l p<.01 p<.01

% 3 THOHMIERNEIIBI D Tukey F:OHEH
Table 3 Result of Tukey’s test in simple main effect for methods.

e a-b a—c a—d a—e b—c b-d b—e cd ce d-e
I q fi 0.00 66.06 132.12 142555  66.06  132.12 142,55  66.06 76.49 10.43
HEE - p<.0l p<.0l p<.0l p<.0l p<.01 p<.01 p<.0l p<.0l p<.01
11 q fii 3.55 28.38 127.70 15253  31.93  131.25  156.08  99.32 124.16  24.83
HEE - p<.0l p<.0l p<.0l p<.0l p<.01 p<.01 p<.0l p<.0l p<.01
I qfé 14.32 19.09 69.20 73.98 4.77 54.89 59.66 50.11 54.89 4.77
HEX | p<.0l p<.0l p<.0l p<.0l p<.05 p<.0l p<.0l p<.0l p<.0l p<.05
IV qfii 10.74 12.08 38.94 41.62 1.34 28.20 30.88 26.85 29.54 2.69
AEE#E | p<.0l p<.0l p<.01 p<.01 — p<.0l p<.0l p<.01 p<.01 —
35 va v CHESE D -7 (1. F(4,280) = 60.20, p < .01,
3 IT : F(4,280) = 66.57, p < .01, III: F(4,280) = 31.03,
25 p<.01, IV . F(4,280) = 29.28, p<.01). #2C, %%
s =it a7 o 7288, |BIRT LIS, I, HIZBUA7
e :i: Pra & kb, IVIIBIFA LD & e DAV THER:
1 it BHotz. DEOFERLY, WY HESNIAEBENT OB
05 mme WZRPERPAERTH Y, WO LIEEEOREL ETE 3
0 tEzoNA,. F2, Word & Excel IZ2BWT, itk ek
Paint Explore

0: £<{EETERN O, 1: KENCTETSE
2: —EPIEREICIEIR TS/, 3! [ERE(CIEIECE

11 M) LER(EQ NEEHRISEE O P39l & FEdR R 2
Fig. 11 Mean and SD of accuracy to know the undone

contents.

AaE L, FolBIBRTER oA R 0 & LT,
ZOFAEL L 72 NEIRBKE 12DV T, GBI O3,
TV = arOFEME (F(3,280) = 15.69, p < .01)
EFEOERFE (F(4,280) = 176.92, p < .01), XHAE
A (F(12,280) = 3.38, p < .01) §RCICBVWTHES
WhHol., 2T, 77V 75— a ryOREMEMEOK
EXRATo TG R, Hika~Thkc THREEDVH 72 (Fik
a’ F(3,280) =5.88, p < .01, Kitb: F(3,280) = 11.13,
p < .01, Jikc: F(3,280) = 506, p < .01, Jji&
d : F(3,280) = 0.65, n.s., ke . [(3,280) = 0.35, n.s.)
BREAEDRD - 12OV T, LEILER T 724ER, | 2
WRT LIS, Hika b HEbIIBITA T LT, Hikcll
BIFA T LI PANTI%KETHEFEEVH o7, /2, F
FOHMERROBREZIT o 726 HR, T_TOT7 7)) r—
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WEWZR D, L PERE— N Excel Ao 7 7 r—
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K52, T/ ATO—FIBWT, MFARREEDE S
SN RT SITEBEE G2 T W EWghb.

53 74— MER
5.3.1 EERFTM

FNENOT TV r—a BT AKHTETORY W
LEED D) ¢ SO L FEREZE 12 12, &
T TN — 3 Ol IR TFEISGRIEN R R 13
2R

BAEAL L7200 0 R d EDT V7 — MERIZOWT, 58k
GHEORER, 77 75— 3 OFRE (F(3,280) = 4.54,
p < .01) EFFEOEFRE (F(4,280) = 89.72, p < .01)
THEEDV®H 72N, ZHEAEATRIAEREEI R, o7z
(F(12,280) = 1.17, ns.). £2°C, 770 r—>vark
FHEFNZENOTFNEIZOWT Tukey £ L 5L HILE %
fTo7z. ¥, 77047 —v 3 Y OFHEORBTIZ, 11
W3 LC I CTHEENH - 72 (¢(2,75) = 3.37, p < .05).
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£ 4 THEOERRIZBIT S Tukey FOKEH
Table 4 Result of Tukey’s test in main effect for methods.
MAeEE a-b a—c a—d a—e b—c b-d b-e cd ce d-e
q 18 17.72 13.20 24.07 24.81 2.13 6.94 6.23 8.21 7.61 1.19
HEE | p<0l p<.01 p<.0l1 p<.0l p<.0l p<.0l p<.0l p<.0l —
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Explore

12 WY LIRIEDO A0 R S O P & R

Fig. 12 Mean and SD of the comprehensibility of undo opera-
tion.
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0 r T .
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Fig. 13 Best method for each application.
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Table 5 Aware of undo operation outside the visible area.
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