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Abstract: In the emerging smart society, human user’s attention will be a very precious resource and will be
a new bottleneck in computing, especially in a situation where the increasing amount of information, includ-
ing frequent interruptive notifications, are sent from versatile application and services to the user, through
various types of user’s mobile and wearable devices. This research proposes “Attelia”, novel middleware that
detects opportune timings of information notifications that lower cognitive load overhead of the users. Attelia
runs on user’s versatile mobile and wearable devices, without any external psycho-physiological sensors or
modifications to the applications, and detect the timings in real-time. Our extensive “in-the-wild” user study
with 30 participants for 16 days, based on the Attelia prototype on smart phones, resulted 33.3% reduction

in user’s cognitive load when the notifications were delivered in the timings that Attelia detected.
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Table 3 Comparisons of power consumption.
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WHLY VB Th D ITEHEE IS SRR SN A ISR B &
OCyxAn2a—7ICBE LTI, £3 ISRBoEEE (#
FABER FI2B W T, Android OS FECTH > 7)) v 7 AE —
K% “Fastest”, “Game”, “UI” & ZNFNikE LERNE
N7 Ty T — % kAU EARN % Android
TIN = arwFEEL, BEhoEEEEFHIL 2.
UL A XY M TF=ZEICBIT A4 — N~y NiL, IEE
EHE L7, 15Hz B XA E L0y, 60Hz i &
R L CIRIZEE & 2D, 120Hz B & X5 & P0RE
Thrb., IV v 40X a3—FLLELE4, 100Hsz,
50Hz, 15Hz W& B L7286 b 4 — /"~y Fi3dh
Mol A= b7 VIZBWTE ¥ 2 flio TREHEA
L7284 3 2 7 BIEICBIY 2 BREATFSE [24], [25] 1B W
TIE, IkEERr, Yy 1 nxa—7, GPS LoD
WL o R AGDETBY, T6 EHKT AL, Ul
ANRY M F=FHETOF =N~y Fiddhnbni s,

5.5 EHUELY—EXELTOEE

Attelia 70 b ¥ 4 71% Android 4 79 v b7 + — 4 -
T “Service” & L THEHEIN, Google Play A 7 % LT
BiA [ hECTdH 5. F 72 Attelia 1 Linux ¥ A 7 A T root
MMRZ LB L Lo, % o—fi7% Android 7754
AWA VAP =VTE, TV FLZ—HFADEWF 70 A Pk
DEBIZHFG L TwA.
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5.6 & breakpoint D#H

Attelia 7’12 F ¥ 4 71X Android 4 7°F v b 7 4 — AD°
3 % Bluetooth & v M7 — 27 OgEXFH L, 754
A R ENEIZ £ % breakpoint DFHF 1T . KT /34
AN YA =N Attelia 121E, E)vol (KT
INA ATD) breakpoint EREFAIKEOMARICL 5T
A 72 breakpoint A1 E K19 5 2B $ 5 12— R
FICLALEREN DO LOFESN TS, HET
INA AD Attelia 25t STV LRI TIE, #7514 A
® Attelia I$, breakpoint AT 5 72N, M7 /¥4 R
D Attelia ~MRH L7 EOEHZ XET 5. FEEIZ, W
NPT /N4 A5 @ breakpoint M % ET 5 T &
12, T—FOIFEHEIZD > & o THERMILZFTV, i
17 breakpoint A DHEZITH . K70 by A4 7ITH
WU, BB SND 2 DOTNA A e FEFEE, &7
A AT ® breakpoint AL % K T b BAP I 1 BEFEEE
LHGET D720, gt vy T — 2 ECOREIEERIIN
Wz oNnb LEZD.

6. 1—YERIEHMEER

AREETIE, FEE L7 Attelia 7’0 b ¥ {4 7D breakpoint
BANCED CBHEEAT V2 =) v 7O —HBHHA
TR RN D VTR 24T 9 . FEICEBRENTEM L
72, 37T NOWERE I3 B x BBREEIN T ORI FERR T L,
L —HF ORI 46. 2% DT A S 7z [26]. [FFER
T, Attelia A4 v A b =)V L72FEEH O Android A< —
N7 REHBREICEL, RERWET T r—2a Vi
OFI#HIZ, NASA-TLX #: [27] % v CREME R % %€
L7z, ZOfERE ) ARZETIE, #BEHS A - FIH
THAY— b7+ YEEICBIT S Attelia DVEREFEATE H
B & L72EHIERIC OV TR 5, BEEZFTA O Android
A<= b7+ I Attelia 4 YA M=V LEFESELZ
LT, BWBEOHEN LAY — M7+ YFIHABICBT S,
Attelia O —FFRHIEA RN R OV THREEZ 4T o 72.

6.1 wWERE

18 D5 29 D RFERLKFIMEALS 25 30 A (Fk
20 A\, 10 N) OWEREZFE L. 20 NIFETHAER
R TH AN (B L 22 BERE TH D, 10 NITHRER
g LHY, HAYL LMo HERETH o2, TRT
DO EEE 1L, Android 4.3 LED A~ — 7+ v % HEAE
WTHALTWA, BEREIIZHLE LT, EBRRTHRIC
60 K LS bi7z,

6.2 EEREfR

FEERIZEME LT, Attelia ¥— ¥ 21213V D DB N%
ERRIST A= PEEEI Nz, Attelia 1$F2ER] breakpoint
KT — FICBRESN, ¥4 L 7L —LI325BICHETESN
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R4 STHEOHMT — 7128 L EHAEIRE VR
Table 4 The top 10 features with the biggest information gain

in the model training data.

TR TR

0.07589 TimeGap_min

0.05022 TYPE_-WINDOW_CONTENT_CHANGED_rate
0.04335 TimeGap_max

0.03951 TimeGap_mean

0.03933 TYPE_VIEW_SCROLLED _rate

0.03657 isEnabled_rate

0.02823 TYPE_VIEW_TEXT_CHANGED _rate
0.02138 TimeGap_stdev

0.01503 | TYPE_VIEW_ACCESSIBILITY_FOCUS_CLEARED _rate
0.01294 TYPE_VIEW_TEXT_SELECTION_CHANGED_ rate

7z, FEREH breakpoint BHEID 7280 D E FIVNZIE, FhifaEAh
EERCIELZ T R by v—A%HHliT—5 & L
T 72 IR PEARD G e 7z, 3G A
RIIEDR 281, FLFEEZERI L2/ — FEId 561 & % -
72, pEEROU Y Y Z B LI E R R THIT, R4
I TEHF 2R & Wi R 10 8% /R §. TimeGapmin,
TimeGap max, TimeGap mean, TimeGap_stdev & o7z,
7 L= AWIZB W TRSRAIE ETREE S 5 UL A x> M
W= DRRHCRE T 2 H A B S WS L5, £
72 _rate T#b A Useld, 7L —2WNIZBIT A, Android
Accessibility Framework CHE SNz &fA Xy N TL D
HEBUHEE BT D5 TH 5.

6.3 HMEOBMIATLERFY 1 —1) > THE
Attelia 1121%, SEMO -0 OME OB A F A
L, WHIAT Y a—) VIR R R LT, ER SNl
MY AT B2 K BEARIE, A~ — b7+ v FICAHHERE
IRENLBAIR Y T v T4 Y K7k o T b s,
WEH IZNENDORy 77y FICHLT, TEAETE
(R ML URETHI Lz ROLNS.
BRI, B 2V HARER S 2 EHAA DR B D
BRI B 2 L RIET A 720, BAN 3R 900 B, &
1800 WOMIRE /ST A =% L LTHRE L. &%
BREO 1 Hb ) oFR@MBITHROK 12 [, @A ER
SNAEMWIEHEHTI SN TFHRIKEITL, e
NRNT A= L LTEREL. INHDRT X —FfHIZ,
PERE IC K EHDEESY — V2OV THERY 2475729
2T, HEEIREORBEMND 2 L, FFRFIZT5S
LBEOTF -5 ERETEDL L) ME LoREE, ELL.
F/WHA T ¥ 2= ¥ 7HEREIZIE, (1) Disabled, (2)
Random, (3) Breakpoint &9 3 DDH% 5 A A k
T 57V %FE L7z, Disabled A b T 7 VRRER @A
MR, 2O EANTER SRV, Random A
NG T URERCI, WENET VY LY A I T TER
END. THITEHMAY T 2= v 7 &b WEEEDE
HY AT LEREL-MIE TS 5. Breakpoint A b I 7 Vik
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ERFITIE, Attelia 2SFERFH THIERE @ breakpoint % ]
L7 &Ddh, #MELRRTH. WTNOA T TV,
AR OMME, 1 Hd72) o RKEE, RHwICET 587
A=y EREDHMNTENET 5.

ANT TV, FEEEICELT, EBRERRER T v
FLIZEBRESNI, Lzdo T, SlEEEIISEH, HZE
IZ (1) Disabled, (2) Random, (3) Breakpoint @9 LD &
NP 1DODANTTVICHEDSCHHAAT YV a—1) ¥ 72tk
BRd 5. BEBREIIERTFGBIICH LN LD, TOHI L
DEALIZ O WTHZ 2 5 —77, BUEER SN TV 53l
HMA T T II220 T Attelia NEICBE S TBY, #
BE ZBEORE L SR TS 2.

6.4 EEBFIE
EBRTIHIIKREL 3207 2 =X hokasns. (1)
FPEBRBGHIC, SEBREIEREE I —T 1 V7 RAT
v, FEERIZOWTOHMEZIT, ZMAEEICELT L.
FOBRWEZD A< — N7 + V12 Attelia D51 Y A b —)b -
RE SN, EFSHBESNL. (2) EERBIGE, WERE S 16
HiZh72 0 Attelia DM %2 AT 5. AlaRO X 9 12
AT TFVIREHT VY LAICEREEINS, HTEH, F
% 9 B2 NASA-TLX #—~A1 @ URL 2HBRE~ 2 — v
HEE SN, #EE IR, £0OHOMAKERICE L T%
EL727 4 — 2%V CEBNZZRMEMFMEIT . (3)
16 Hf&tts, WEREXERLEOT v 7r— MIEZ, Attelia
EAR—DNT A DT VA YA M=V, #HLEZIT
5.

6.5 TF—2BE/ REFE

Attelia ¥ — ¥ 213, BEZE L OEHOMMA b T 7
T, B H B R G 2 0 — A L 2 b L — DI
T4, T IIHHREICRA DT —~EEF S F
72 NASA-TLX ¥ — A 7 4 — L 13FKk 4 D Web H— /3 |
12 Web R— D& L CHEESN. FWEBEHEHO R
URL 2M0E A — V%G S, = A FERIET — Wiz
EY RSN

6.6 EERIER

16 HBCh 72 59T, 30 AOWEE X A2 S 16 H
M5 D NASA-TLX =AD& T— 5 2Lz, Z
DI HT = I FFHEDO LT =R — A DRATNDLDH -
723 ANEBHL 2T NGO T — 8 R IR S OFEERRE R & L
oo FBWEBEDAT— T 5 Y ETOBAICEL T,
“Random” A 77 VIZFH L T 1,130, “Breakpoint” A b
STFUICELTL032 07— % #UE L, BN SO ER
L L7z,
6.6.1 1—YO7T)4sr—3 3> FIRE
WEREDFIRT 2 48:%7 7)) 7 — 3 3 ¥ ~O Attelia
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BIREY (A)
4
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- []

I T T T T T 1
20 40 60 80 100 120 140
A7 7UT—vaviyr—I

K5 #BAOFHAT 7)) r—a 8y r—=I%
Fig. 5 The number of application packages used by partici-

pants.

K5 WHREOFMT 70 r—2 a5y r— v (fil)
Table 5 The number of application packages used by partici-
pants (Statistics).

B | P | ek | R
35 | 57.6 | 123 17.2

DA ERERT R, EBRPICEREDOAY— 7 *
CHTHHENS ULA N> b &Y, Android 7 7Y 7 —
TaviiBI ANy r—=VBOBLN S, HEHE ORI
BT TV —a YEEEE L. 16 HEOERLE G,
30 NDOWERE DT /NA A TEEH 2,500 5D UL A X2 b
AR Sz, B 5 IHEE LRI Sy r— YV %ICET 5
LA NI LERT. TR 5 IR RT. WHERED A
Y= b7 A ETEMET T r =Y 3 YHOFHERTW
LI ENHMRTED,

B 5IRTEBY, 1 NOWREPMBOWERE L T
FEFIELOT TV r—2ary2FAHALTWSZ L%
Dol RRO ZNLRETRIAT 5 BRI ENE
N, CO1AZEL 2T ANDOTF—2 %R LTS, F
c—0, ZO 1 NEBA LGS ERENT, K5HT
BT HEADEMSC, KERDOERNEDKFEIZ BT
RPN L ERFERIBATHD LA ZITRET.

6.7 TR/ 1 —YEHER

30 NOWERE K AH 5 16 04D NASA-TLX #—
ADORETFT—5 ENEL, 209 b7 — 7 REFRHROTT —
R =R DBATNDTEDH 723 AN2KHEL 2T AT —
YAt L7z, B 6 12, BiERE & NASA-TLX Weighted
Workload (WWL) A 2 712X % FEWERMET Ol % /R
. EBREIL o TRAITORFUGENSRONDL Z L
5, AATDOHEIN X BWERED Y T A5 55 % kAT,
FF Ward b 2—2 1) v FFEEAZ WCHRER 2 A%
G ERAT o7, M7 IORT Ty R s 5 41280WT, 22
DT AYHERAIC L D (EHERE) ICHFE3N5ET
DEE (Thbb I IAINT =Y FEHFMD2 75 A%
MToEW) X, MFEICH» NN ELLDNrTAY
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Fig. 6 Variances of NASA-TLX WWL scores among the par-

ticipants.

Cluster Dendrogram
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1
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Fig. 7 Resulting dendrogram of the hierarchical cluster analy-

7L (WEEHEZEo

sis on the participant’s WWL score variances.

K6 K7 T7AYDOWERBRE A DT EHERE
Table 6 The number of participants and score’s standard de-

viations of each cluster.

7T A% BERE R | WWL R Z O
7 I AL N
“WWL sensitive” 13 21.38
“WWL insensitive” 14 8.19
Hoth T HpIlEnZ e nirsb. 202 eh
5, BERERL, [A 37 050l (B L THSAEEEIIE LS
20D FTAYIHITOND EEZLND (FERDTZD

K-means {512 L 2IEME ) 7 7 A & 5541 (7 7257@1% 2
IZERSE) BATo 7. DEIENT 2007 5 A ORERIZ
MFECBWTH— 2722 %28Y). 61287 TR
7 OWERERE WWL A3 7IEERAE T RS, #HA T
VLB AT OEALDEEIZEH LTI IAY ) VT %
LTWh7d, 7IAY %Z NI “WWL sensitive”,
“WWL insensitive” & %1772, 27 ANid 13 A& 14 A
2o, BRI 2 U EOES R S .
20D FAYENFNIIBITLHEMANT TV L
NASA-TLX WWL A2 7 DEWEZE 8 1277 . “WWL
sensitive” 7 7 A% TIEA M T 7V T EIEICRE { #
WIS, ROEELFERL L LT, breakpoint ¥ 1
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10

Disabled Random

BHRNSTY

Breakpoint

M8 /IAYTLOBMA LT T VHFEH WWL 227
Fig. 8 The average WWL scores of each notification strategies

for each cluster.

IV T OBAN & B EIAAR D T —FORIE LA OH
HHZRhEA D B Z L DS DI o 7o, BB O LK
DN BT HR=AF 4 v EALEDIT 5 “Disabled” & It
N, AADPEFOBHA Y AT LS5 AELAA T L 72
“Random” T, FABAMIZ 49.2%D LAMH SN2 —
77 Attelia A% breakpoint Z A L7245 A I ¥ 7 D A THA]
%479 “Breakpoint” A M 77 ¥ Tl, “Disabled” & X
7o RBANEAT R AT 32.9% 1212 5, “Random” & ML L
T EFAIEDS 33.3%MRIE L T 5B 2 L% h 5.

“WWL sensitive” 7 7 A # 128V TIE, Friedman HE
DGR, BMA NI T VEO WWL 237 #2126 E
(x3(2) = 8.5, p < 0.05) PRAH N7z, F7- Holm %
Hiv: 72 Wilcoxon DNERLAIRE 12 & % % & e Tl
“Disabled” & “Random” (p < 0.01, v = 0.37), “Random”
& “Breakpoint” (p < 0.05, v=0.20) (ZZFNZNA =N
MR L7z, “Disabled” & “Breakpoint” [ I1Z13H &
ERRO NG D o7z, T 72 “WWL insensitive” 7 7 A %

2BV TId, Friedman HE DGR, @HA 77 THO
WWLZ:T%&ﬁﬁﬁ IO o7 (3(2) = 0.7,
p > 0.05).

6.8 WERAM: 75X PL =23

NASA-TLX WWL A2 7 2K TAREDH L, 77
ARV =23 YOREFROAREROFHMEERT LEEZD
NLZENL, 21 NDH—RAF—=FIZBALT, BHiZ7 5
A ML= a YREIZOWTHITEIT-> 72, K912, #ibk
FZLTIAPL—a DA TDEERT.

WEEIZL > TRAIT7OHFIGEVSRONSE Z &
5, AATDHEIN X BWERED T T A5 55H & kAT,
T3 Ward e 12—27 v FiigEz HWCHEHN s 725
M EATo 720 B 10 2R 2 oRY. WWL 237 D
SENC X B 2 9 A Z Ak LR, T Ka s T ADRIR
BB S, HEERE, [79 AL —Y a3 237D
S 1B LTI REEEIREIC 2 DD 2 T A I B
LEEZLNDL (MERDIZD, RGBT K-means
X BIEREN 2 7 A5 50 (7T A5 $ik 2 12%%E)
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Fig. 9 Variances of frustration scores among the participants.

Cluster Dendrogram
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QONRRIT2CLETPLENIOCIRIRRYEIR
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FAML=2a v AATORHIZLS)
Fig. 10 Resulting dendrogram of the hierarchical cluster anal-

ysis on the participant’s “Frustration” score variances.

RT K7 IASOWHELKELE T TA ML= a v A3 7Bl RE
Table 7 The Number of Participants and Frustration Score’s

Standard deviations of each cluster.

7T A% WERERL | 7T A ML= 3 SRR
DY T AY P
“FRU sensitive” 17 25.29
“FRU insensitive” 10 7.72

KR8 22007 T AYHKERD I

Table 8 Comparisons between two clustering analysis.

FRU sensitive

FRU insensitive

WWL sensitive

13

0

WWL insensitive

4

10

ATolz. EIEN 2007 5 A OREBIL, MRS
BWCFH—77Zo/-Z % d).
RTIETTRAYOWEEERLT7IA ML -2 a v A
T OFEHERAEZ RS, WA N T T UICL B AT D%
DIRFEIZBA LTI FAY Y U 7R LTWAELD, 7 TAY
 ZNZEN “FRU sensitive”, “FRU insensitive” &
AP 7z 27 NE 17 A& 10 N, T 7-mvefR 2 c
3L EoESR SN,

F72, 6.7 Wi TIr>72, WWL A27 D5 LB 7T
A G GHTRER & DFEROE 2, |’ 8 IZ/”F. WWL A
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Fig. 11 The average frustration scores of each notification

strategies for each cluster.

IAT7OFEICE DB 7T A5 ) T “WWL sensitive”
Lhro7213 Ni&, BFARZ 7 A5 ¥ 7 “FRU
sensitive” & 72 o7z, —J, WWL A7 DI E 57 T
A H ) v ZHEIZ “WWL insensitive” 7 7 A% &7 572 14
AN, 9B 10 AWK 2 A% ) » 712 “FRU insensitive”
720, 4 NlT “FRU sensitive” & 72 o 7=,

20D FTAYENFNIIBITAHEHA LT TV ET
FAMNLV—=Yary2a70EVER 11 IZ/RT. “FRU
sensitive” 7 I AF TIZANT TV T EIHICRE {ED
BEE &7z, breakpoint ¥ 1 3 ¥ 7 OB X B EAH
B, 779AML—2a VORBEIZBWTH A3 7 EHOH)
IR EDSH B Z LS IR o2, EGHICBIT 5
N—=2A T4 ¥ MBS S “Disabled” & KX, “Random”
TlE, 79A ML —33 Y AT T7I241.0%D FADBH SN
72. —77 “Breakpoint” A I 7 7 ¥ Tl “Disabled” & H~X
7RREAT ESAE 27.6% 12 2 B4, “Random” & HELL
T EFIEAY 32. 7% L TV B Z L3500 5.

“FRU sensitive” 7 I A % IZBWTIZ, Friedman MED
R, WA NI TFVMOT7IAN L -V AT
WCAEEME (3(2) = 4.7, p < 0.05) 2SRBH LN, T/
Holm #:% V272 Wilcoxon DNERFIMEC & % %
ETlE, “Disabled” & “Random” (p < 0.05, v =0.33),
“Disabled” & “Breakpoint” (p < 0.05, v = 0.22), “Ran-
dom” & “Breakpoint” (p < 0.05, ~ = 0.17) IZHEEDS
RO BNz, 72 “FRU insensitive” 7 7 A 7 1I2BW T,
Friedman M€ DGR, BHMA T T IPEOT7 T A ML —
v a yAATEICEERETEOSNE o7 (3(2) = 4.2,
p > 0.05).

6.9 ERA/M Ky TT7 vy T NDERERRE

R, WEREDR Y TFT7 v T4 v By ~DIE TR
BICE L TOrairo 7z, I0EEREEE, Ry 77 v 7
WHEICFERENTHL =Ry U ENLEFTO
FTEEEECh 5. BERE AT, “Random” ([ZB1) 5
WIREERIE 318 B TH 2 DIZx L, “Breakpoint” Tl
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B 12 Ky 77y I OIERERR (WWL 5§27 725 ZL)
Fig. 12 Response time for the popup windows (Each “WWL

Variance”-based clusters).

OFRU sensitive7 543

FRU insensitive7 5 X%

RYTTYTINOIGEFTER ()
~
o

Random Breakpoint
BHRNSTY

B 13 Ky 77y TNOIEFERH (77 A L= a3 Y5y
TAE L)
Fig. 13 Response time for the popup windows (Each

“Frustration”-based clusters).

27T E Y, 12.9% DA DSHERR S L7z, Wilcoxon @
g HE 21TV, A N T 7 VB OIERE R 0@ ICH
BB O LN (WEEE K W =343, Z = —3.19
p < 0.05, v=0.37).

X 12 12, WWL A2 75802 &% 7 28 Z L D5
FEHEIRT. “WWL sensitive” 7 5 2% T 10.5%, “WWL
insensitive” 7 7 A ¥ T 15.8% DA & 72 - 72. Wilcoxon
DI FNENE 24TV, A N T 7 VOISR O#EIZE
AR 5Nz (“WWL sensitive” 7 T A% T W = 92,
Z =182, p<0.05, v=0.21, “WWL insensitive” 7 7
A% W =81, Z=248, p<0.05, v=0.28).

F/2T7F5AMN L= a3 AaTONRICEBEKZ T T A
FIZOWTH N EiT- 72, #ExBE 13 IR, “FRU
sensitive” 7 7 A% T 9.7%, “FRU insensitive” 7 7 X ¥
T 18.8% D/ 75T S 7z, Wilcoxon D555 B AR 5E
5, ANTTF VOB OENIAEEEIGRD S
72 (“FRU sensitive” 7 9 A% | W = 138, Z = 2.28,
p < 0.05,v =0.31, “FRU insensitive” 7 7 A% . W = 49,
Z =219, p<0.05, v=0.30).

7. BEEMZR

ELGAARIWZHE L7294 I Vv 7R BRI 572000 O
72k LCHorvitz 513, A2 by FaryCa—F4 7
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BEICBWT, FNNAREDA 757 ay, BgER
T, AU IA ALY —EDI YT XA ME
Hwa H W CEBAARTTREME 2 HERm L 72 28], AAFZEIC BT
X, ERMTORBTE R HBW R T — Y RIToT 7
O —FH¢ 57z, Begole 5 [29], Horvitz 5 [30] DFZE
X, ERFECELAA RO AT B 1Y A7
LEWVZ BN, EHON=FT7 =27 %L L7z, Igbal
5[14], [31] &, TAZ by T EomlME, FERR TR L

CEBARICE L7254 3 v 7 FTIESE S OASIS %K
L72. OASIS F, 2—HI2X 2797 F - hyb—AiE
Mea—H - 77)r—2a ol ry523ar%H
T, breakpoint [10] DR IZEH L 7.

LY EAETIE, BENAINVTINA R A5G L7 E5A T
REVEICEES AIF2EATh TV A . Ho HiE, Z—F D
T 77 AT AWBRRDOY A 32V TEHRAARERFT 72
DIZ, FREEOT A X L AIEE £ >3 % A7z [32).
FEERROFER, -V oL EHIE, EARST 7 T4 E
T 4 DY Z I T b -G E I mA b s s 2 L 25
L7z, Ho 507 70— F 3O G REE R % 4
BT L0, Attelia 3 A~ — b+ 7 + v DA TFDRE
#FEHT A, Fischer b1, R TOMERB L ¥ SMS
BEERD Y A I 2 7B 2 EAR I E R 4T
72[33]. =W, FRHDF AL IV FIZBNT, ol
BOYA Iy 7L L CGRANOEWILETEZ 7R3 1H
M2SH 5472, Fischer 507 70— F 138755 SMS 12
HLZBMEO RN UM TH—F, AUETIE, @5
SMS &L AY— N7+ VIZA YA b= NVENTLHELT
T —va refkE gL LT\wh, Smith 513, #&EE
DERBIERL, BEIMIGEGFFOEREE— F&, HEILE,
HBEEEELGR, EHE Vo200 E— FICY ) B2 5,
[F&F0/ikE ] o7 7a—F2FMA L7z [34]. Efich:
b —HEBOERET a0 —F13, a7 FY 7
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Table 9 Comparisons of related work on reduction of cognitive load.
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