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Mobile Application Accessibility Enhancement Method Based on Recording and Playback

LI Xiangmin, SHEN Liwei and DONG Zhen
School of Computer Science and Technology, Fudan University, Shanghai 200438, China

Shanghai Key Laboratory of Data Science(Fudan University) , Shanghai 200438, China

Abstract Accessibility of mobile applications refers to the ability to use mobile applications conveniently without being affected
by physical and cognitive impairments.,which is of great significance to the elderly and disabled groups. Shortening the interaction
path(reducing the number of steps) during the use of an application is an important way to enhance the accessibility of mobile ap-
plications. The recording and playback technology automatically executes fixed operations in the interactive process based on the
recorded scripts to reduce the interactive operations. However.,existing recording and playback tools still have limitations.inclu-
ding relying on ROOT permissions or using intrusive means to record and realize script migration. In addition,scripts recorded by
existing tools do not support parameterized operations. In response to these problems, this paper proposes a mobile application ac-
cessibility enhancement method based on recording and playback. In the recording process of this method,the accessibility service
is used as the medium to avoid applying for ROOT permission or using intrusive means. The path index algorithm is designed to
ensure the portability of scripts,and the script parameterization algorithm is designed to record parameterized operations,so as to
generate application execution scripts with terminal mobility and operation data generalization. Based on the proposed method,a
prototype tool RRA for recording and playback is developed and 50 common execution scripts for 10 popular applications are con-
structed. The playback success rate on the same device using these scripts is 80 % , which is comparable to the comparison method
SARA. Parameterized recording of 5 scripts out of 40 scripts successfully played back by RRA with a 100% playback success rate
on the same device. The 29 scripts and 5 parameterized scripts that can be successfully recorded by both methods are migrated
and executed,and the playback success rate of RRA is 94 % , which is higher than that of SARA.

Keywords Android. Mobile application, Accessibility . Recording and playback. Transferable
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1. containers<—getListContainers(root, path) ;

= ﬁ%% container

2. successors <getListContainerSuccessor(root, path) ;
3. if containers. size() =0 then
return null;

. for index<-0 to containers. size() do

4
5
6. container <—containers. get(index) ;
7 count<—container. getChildCount() ;

8 if container. getChildCount() =1 then
9 Continue;

10.  successor <—successors. get(index) ;

11. similarElements<Q;

12.  for compare<-0 to count do

13. element<—container, getChild(index) ;
14. if isSimilar(element,successor) then
15. similarElements. add(element) ;
16. if similarElements. size() = count then

17. return containers;

18. return null.
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Fig. 5 Interaction process of recording execution script
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Fig.6 Recording execution script process

SRIG S AETCRR IS 8 T 1 P S E SR A AT 32 T ARG 15
YEAE B O BARTESE . 2R AR 4% 75 24 A 5t b e 7 3 H AR i
PR IR 23R B FR A1 AR RG] ISR K B 7R XY m S P
A7 3 B AR B 2 23 A 007 S e A J AR A A
B H AR W AR E AR R B R T . TE T A gk
R PR AR R G R MR IR P AR T B Bk e SE PR R AR
AT S T S A0SR AE 2 A S R S R e
LR S IR 242 7 A 2 T 1 JE AL 20 W% 4 T 45 R I 45 o A 4K



38 Computer Science MBI Vol. 50, No. 12, Dec. 2023
JREE TR S, RRA [\ 5 B AT A B i fR an P 8 7R . 156 . RRA

B A RBUS AR R AT R AR R (S B0 1
ZER, G AL 24 4R R 2 B A R AR L I8 4 RRA R iET S $ik
ARFR L 4R AT AR A B E I8 4 RRA 3 i3 35 ¥ i W)
JE ST LN RO T R A W IR i A
S84 RRA G i 5 4878 B P i & 328 s i 9 i F P e o
T AT AR P A R L84 RRA 2 5 Y 6
B NERAE G A I R [ E . A S AR A 0 H AR
FHEAFHT B4 RRA AN X AT fE 2 — e e 4k, &0l
15T 5 P AT RO A0 OR A R DA B 1 S — A O e 4
PT84 23 0 57 4 i 0 1 O 07 37 80 4 1 il 9K 55 5 25 70 10 % 42
Ryl #FTie sk,

FoJr K 000 5 A B RS B A 2B N BAT A
R IR S ) 5 0 B 5 TR S R AR BN P AR T IR AR . 2R
TR A SE L IR 4 RRA 2% R 3 30 5 S o R i 18 .

1E A R v, 27 2 L vl Bk IR A P B R A
A S R T A A R T A T B A T X T A T R A
R B 3R 00T LAY AT 0] e R R VE R e b 3R
A B S AR A R e A AR . S T 3R T R AR S R
V4 I LA o 3% S ) R W, AR SO B B A B AT T R B
AR F B2 SRR S 22 e o B AR R . R,
N FF & 2T LR Hie T X n] 37 I i 4 3k AT 4 A B T LA
ARSCH T R AT BE TG ik 7 B H AR . X T R B, AR
SC 2 1) P A R 2 O 2R i B AR DR

o TR A A A Z N NESTEZANM AR
P 4 A “abedef”7 ANBESCFERE S A T AN AT,
T B i A IR AT R R AL B L A 3R B A AT L AR
Fi st 140 L 0 U Ay A PR A OB L AR A B AR R R
Ik % B2 IS A AL JG — A S it SR R 2R
EZOLTDNE R LSS DOE AR S =1 N R IR S N
SR TR
3.6 RA#ITHIARE M A

A RRA (81755 7 F $ AT I A 1 22 Bk B an 1 7 Jor 7
e, P R L A R AT IR AR  RRA AR 45 B $h
FTIAS B 3 HBR R . vk RRAMRE AT A AS Hh g B g
PRERAE . WREHRAER T S8 ERE. 4 RRA &5
PR AT T 58 H AR BB B 9 A IR SR AT R R A . SRR
AR R THE S BUL R 1E . I8 4 RRA T 82 0007 35 1 8 1 .
FeJe s RRA AT U 0] 4 iR 55 3R I 40 B AR SAAT 45 SR K 46
B BRAE B PAT B

B R HAT 4

@ :numnawx
a

mp WEASRLAE

JB B B AR R

>

—_—
RRA PATEE R AE B4R KR

J

L AT B A

EEREENNE RIEIFRAF

Bl 7 Il R P AR 28 B

Fig. 7 Interaction process of replaying execution script
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Table 2 Experimental equipment A

%% BR o E/ 24

1QO05 23401080 Androidl2
g 1O o % gk
EAT F L

12GB ; 256 A £ V2024 A
iy # 4 /GB ° By
A MP 0.1 E i PD2024C_ A 4.19.125-
A& - WA 5 A_8.11.1 MRA 5 pef+
B3 MTEFS_PACK- » 2.84 GHz

ran vare 4 B . )

B A& 1.383597.41.397522. 94 X & 865 N\ ¥

#3 LRBADB

Table 3 Experimental equipment B

% & B HR/ A4

% # & % P20 s 2244X1080 Android10
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YER ST R G . BRI & A SCHE RQL M RQ3 1 52 46 BF 5
ol RRA BY45 R 5 SARA B 45 5 #4750 He 20 0

FHh R SARA Sl AR B & S8k ie 1k B A
A 4% A N A TR 2R g B &R S 80kie s, R AR
SCFE RQ2 LB BF ST RN AL R G AT X b, BB R
RRA FEA [A] 19 2 805 8 [0 508 FH PA T B AR B 38028
5.2 ERAM(RQI)

J T T4 RRA B93& B M A SO A SC 0 46 A 22300
F 1P 50 A8 FH 3 55 b 1 AH R 1) B BT AR, 0 3t 5
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RQL W8 25 R an 3k 4 Fral. 76 50 A4 & 5,
RRA A LA ) 3t 5% il AT Horb iy 40 A, 5340 10 A 3% il
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LR 3y Ml 3 s R AR 40 A4S L B4 10 (A5, B4, D3,
E4,F1,F2,F3,G4,H2, H5) 3% il 5 B0 W, DB A 25 21 5k
F - RRA F1 SARA 35 il Fl ] 5 %) 38 BUAH 24 . 1 2 5% o) e 7k 4
YA 80, MAEARF MM MEHG =T . HESA
.

DFELIEY :RRA [R5 SARA MHF L. HH 2 5
(A5.F2) %0,

215 BARIC RRA I AT T 14 g5, a3 4
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DRAEE RRA I IPAT T 4 M5 FAMN 14
Gl ¥t & Ry s SARA LI AT T 5 S35, RRA W
FHAL T SARA.

S5)FEE S RRA B HLIRAT T 9 4~ 3 5t SARA K3
AT T 6 N5 AR 3 M5 (E4.FL, GO 2R,
RRA R IE T SARA,

4 BT AT B

Table 4 Script execution

R J HAT M
Al A2 A3 A4 A5
*H R N N N X
S. N N N X
Bl B2 B3 B4 B5
" E R. N, / X N,
SN N N X N
C1 C2 C3 C4 C5
AR A NG N N N N
s, N N NG N
D1 D2 D3 D4 D5
QQ # & R N N N N
SN N X N N
El E2 E3 E4 E5
Keep R. N N/ N N X
SN N N X N
F1 F2 F3 F4 F5
LA E R, X X N N
S. X X X N N
Gl G2 G3 G4 G5
W R. X NG X N N
s, Y N N X N
H1 H2 H3 H4 H5
QQ Hf 44 R N N N N
S,V X N/ N/ X
11 12 13 14 15
Citymapper  R. N N/ N N NG
SN N N N N
AR 12 13 J4 15
AFtEE N X X X J
s, Y N N N N

HAR RRA R0 A 8 0 38 F1 SARA #HY, {H2 RRA
1A 2 3 A AR PR A T A B P 4 32 EL R AR T
PR

%, RRA R— DR Z Sy, P AHET
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A STl A S o Dl s P P A 2 2 B AR TR M A
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P32 5 L T 3 ST RSB AY SARA 75 52 7835 17 i 4 B A
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Fig. 10  Failure steps
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IR S i B R 0, F2 0 A T SR B RN 7 AR
sk 2T Y TC R 2 O A T AR AN T SRR i R
AT 119 75 b B 380 ) 8 10 R S A8 1 288 TR 10 I e o 47

HR BRIk S B 4 0 3 i DR 1 FH B 3 X T ] M Al
55 AT T B A B, 81 4n 5 53 R onTouch O J5 % B 3 on-
ClickO) 77 #: . 5 performAccessibility Action () J7 1 % F &
Xof i R B A S R AT SR . X TR T AR T AR TR
0% T B A5 R BOAS 7 AR TE R R S S B0 ) A T DA
P Ak TE B 5 5 1 B Wi i) 1 Ak B A S AR, i A R R R
J7 5 8 7 s AL L 8 BN A B S5 50 A [0VR LB Btk
[ 85 I AT IE B . ANk, W] 7 IA) M IR 5% 180 ) sk 2 s ML 2
PRI B0 1 I AR T R 4K I 495 FA AR SR 77 125 8 T XT3 26
FH B A7 A — 8 1 SRy BR M

7E RRA R 10 A5, 3% 5t B4 F1 E5 28 Y 5t A
SEF R AR B AR R RG], TEG R B4 W
sl B b ST R TR B W B s bk i R E AR AR R T
TR BRI TR 0 BT kB B AR R B T R i A )
R A5 Y AR BN R P A S R A TR AR B A
T 5 ES i Bkl Mk v i I B R A, H bR
e S AR I 34 A 1 TE T 1 MR B, JE vk A ST Y TR R
51 U B X R gl i R 2 O R H AR R R 7
LA AR BRI AR R .

e R R TR S PO R N Rl E R T R G
B9 T] A0, T L5 o b 70 45 44 19 2 5 AR TR 58 36 TG B i Y AR
BRI EEE G MR EREE., Kb s ammngi
SIAR AT LU S 38 S 4 00 SO B, R IR A A N A E
o B AR IR 5 58 3 TOBE 519 s U5 B X Ry 5 i 5 G AT DL
A ST (9 TC AT A BT R R AR R b IR s S
e 1A BN T R RS T A B

LR L TR X T A M 5T ), AR S BB H LR 45
W« T RS 2l P A 06 P T 32 4 R A R SR B B0t 2 L
AL ) AR 45 00 A T B AR A B A N R 2 A L R 40 0 B A fif
MG AR R 4% 1 ] RRA #8345 5 75 5K 09 B AT I A Jf
5B RRA IE#i AT .

5.3 &1 (RQ2)

T IFAL RRA & #E A SO RQL 23R ik i 5 4
R 7 P8 P 3 5 (A4, B3, F1, G5, 11) , i JHS2 B0 3 4 A
TR A X i 37 55 S A R 19 2 B0k B R AT R AR i
N FHPAT AR 76 7R [R) 2 5050 A 09 1% BT J2 75 #0 BB IE o B BR
1o B AR BINE BRI fF BB LA 5 B AR e
553X 4 RIS TG 3 5 v A R B — A RQU b 55 538 i oy 19 fiff
G5, B0 A4LTL, HT R FLs 2R 5 DRI A 149 d5c % A9 182 F o
PEH —A~ RQL H 3286 i s 6 3% 5, B GS sl 5 463X 5 4>
Y5 7 S T B Bk 5 FTElg 5 AR

®S5 RQERYGE

ZH AU

(DA FHAHEERBERTAEE 4R
(2) 8 5% E kg 1k

(DA %k B AT & ik B # o8 7“5 K F
BN EFA R ARER R K
&5

HERAERERFAFR AR

DA RARE B ERERTHAHAG
B75 (O WE B AR R
(3) 0 85 44 19 BH R R T 5

ARERTEERANRER TN RZE

Table 5 Experimental scenario in RQ2
%5 B PR i % A
P1 m 4 9A 7 5 WK R E N R R RN R R T
(AD) 0 LY T JE
HEHAEF, FRE R RKE R, EFR
P2 A E # Kk (F1) Flk b B H AR KA, BN K
&5
e NP wEAAERTTFRAE  HEE A
P3 e i (G5) NS T
WRERBGEA AR ARG EHATHE
P4 QQ 4 K (HD R, B EARAKREAEFREASHE BN
HE A
- Citmanner WERE WREEREMIL . MARESILEE LN
Alymapp WAL R E R B AR

HIE” 5 (2) % B Mok 3 8% 00 0F R 1E

TR R S A A R R T A B R R A I
L IF AR TE B 250 rh s 4 1 5 H 8 A 3 e o WO B 3 5%
VIRIERE I3 St 2 A4k . 85, SR AR AR 06 v i i JT Bl A
T 2SI F S i FH 28 TR DA O (A4 A T T L 3
R TR E RIS U, SO S 18 W B 3l 3 B9 32 3 B
P Mk (P B He A% 0 W (R 3% 5, 8 T4 2 AT 55 2%
TEUC, B AR 2 T PN 0% BR T P e 2 A ek 22 400 L 78 U AC B vh 3T 38
(G REHFAEFPH I BTEMERELRE.
aE T QQ WY P R BER . QQ A 7] A B 4% 7T X A4 4 A
NEC R CHD 2z B A% ol 55 8 T R A A B2 i
J& » Citymapper J2 8 S5 AT (9 2 36 5238 7 0 H Al
H A3 R R R LB P SR T R bk (T R 3
AL S AN BT A A T3 5 B TR BV R . BRik =z 4h . i
5 3 5 Y — SE AR T LU AT 2 804k TR I R AR N A AR A
HO AT BB B R L A A R TR S R I T R

XT3 5 A 5 AR A SCR R 50 S Ul B SR
T I Y R AT AR, 98 JR X RS BT AR ER AT T3
YR [ ik S B B AR 3 52 BE IE B b [mD . 7E 3 W [l i s 5
WS 1 AT I AR A SR O AR — B R R T SR A
FTRAS (9 IE B M 5 55 2 YRS 3 R HRAT 13 B 2 AR 9 1 5 75 R
ARAY, TR N TN R AT I A 0 £ e 2 AT BIE

Y F 35k PL AR SCXE Ad 25 B8 rp (009 )ik #4209 5 1 4%
AT T SHALA . 5 1 WHATRE RS 4 b & Z s,
BEEEFN RPN EE 2 AT 4 2= 5 (L Ll S0 ) B g
35 57 45 2 WARAT I, 38 R K 44 8 40 R i L B8 K
H S 5 A TEIH U S0 0 (b1 52 L T 3k ) 4 B B ek
JED” 5 3 RARAT IS 48 2005 5 4 O DURE WS IR L ik B A Yy
5559 AN T T R I i I v T I R D

Xt F 35k P2, AR SCXE F1 25 3R op (4 4 J 48 3% R0 % Tk 4 40
WA TS AL, B 1 RMTH. G EFH SR
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187xxxx3198, 5 Mk A 45 Ky 20055 3 IHATHS I K FHLT H
158xxxx5797 . 7 Ik & %k 300,
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Fig. 11

15 RQ2 M550 1 5 rh AL 3 28U M i A 3R A L X
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P1 search results of two executions
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5.4 TE#H M (RQ3)

H T A RRA T B M, A SO S0 860 38 4 A L bl
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B iR s A F RRA MR E.

AT RQL A RQ2 v 3% i s B 81 sk 2 1) g 44
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B 0 AT AR e A5 8] T RQ3 Y S5 I B 4R L 3t 34
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RQ3 MSEE L5 RN 6 B o, 26 34 A~ Rp AT A s
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6 RQ3 LR

Table 6 RQ3 Experimental results
Al A2 A3 A4 Bl
R N; NG N NG NG
S N N N N v
B2 B3 Bs DI D2
R NG X N NG NG
S Ni X NG N N
DI D5 El  E2  E3
R N; NG N NG NG
S N N N N Vv
F4 F5 G2 G5 HI
R N/ NG X N/ N
S N, J X N, J
H3 H4 Il 2 I3
R N; NG N NG NG
S N N N X Vv
4 5 J1 J5 Pl
R N; NG N NG NG
S N N N N —
P2 P3 P4 P5
R N; NG N NG
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Fig. 12 Execution failure scenario in RQ3
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