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In recent years, studies about multitasking becomes more important. During multitasking, operators can feel
frustration when they are interrupted during the task and frustration can affect operator’s emotional state and
performance. However there is no research on measuring the frustration quantitatively in multitasking
environment. In this paper, we suggested quantitative measurement of frustration during multitasking. In order
to measure the frustration, we made a mathematical representation with emotional decay model and the initial

intensity of frustration based on cognitive closure theory

. The amount of initial intensity could be represented as

the ratio of actual remaining time to expected remaining time. By the experiment, we measured the frustration
during the experiment and compared this values with values of frustration dimension of NASA-TLX. Finally we
got the linear regression model with a good accuracy (R? = 0.986). This study contributes to measuring the
emotion quantitatively by the relation of expected and actual remaining time in multitasking environment.
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A F 2 (Multitasking) 27 &0 A Al
=0 A3 HEof o]} A
(Salvucci and Gray, 2004; Salvucci et al., 2007,
Staton and Young, 2005), AH5- 87 ol Al A A & 5
(Czerwinski et al., 2000) 5] ZA g}, o] of whe} <l
NME a2 374 &oll A AFEY S5 T4
TEo| A& g WY1 gtk 5§35 A3 A FH
wobll e s Y 874 FollA 24 Yol
o QAR FH T, A E o) M3} ol v A=
&t AF7F 2] 735 a1 ¢l th(Adamcezyk and Bailey, 2004;
Bailey and Igbal, 2008; Bailey ef al., 2001; Zijlstra et al., 1999).
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Salvucci and Taatgen, 2008),
Qb Asr] Hal 222
HAE v 7FEA Z (Adler and Benbunan-Fich,
2013; Duggan et al., 2013), 18] 2L T2k WA AV A 5}, Z3A] 2
A WA T3 2ol A4 Mol A7 497 AT Garrett and
Danziger, 2007; Trafton et al., 2005). 32 5F &4 71 Y o] = o
S Aol gE AT BlE FAAY AAH
of thgk A77F ol FPFHAT. AAAE A9 & 78 EF
AA NS A HH 72 APt Ao 48] s}
2 Zata HYOZ g He) & Tt o] 2 Qs YA}
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G ol i3t AT F 23T (Monk et al., 2008).
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A7 T AY & =5 Wafsty] Wl AR st =
2747 (Frustration) = =7/ t:’h’%—(Berkowitz, 1989). T3k 7]=

Aol w2 olel e Aol Z7he ARl A4 3
7t2 % o]od = th(Mark et al., 2008). & 274 o 5
el A0S AN, A0S B84 A 02 A &
A7 AR T T AAGHUY TR FdFe ok ot
ZhA Aol A A2ES tARle Foll 9lof Fdzts 1
Hote AL 1# ag Aot

Aol e 2y S A F-E 1#3E7] S8 A
= "—%“1}7} Fds 58 Foll FALE it “AEA S
AL davt Aot AR 7)1E AFodA e Ay S
AN ZAAA7} L ZAA A E AFH o8 2AT dTE
].Xl Z agﬂ;(] 01—9}}1:]- a2 -124 A O]L} _,_75124 A o] ol 7k
o AAA A FEFE vA = A= AAATHChoi and
Myung, 2016; Gunzelmann et al., 2007; Park et al., 2015; Park
and Myung, 2014; Park and Myung, 2015; Ritter ef al., 2007), 2}
HA7F BAE FPste S =7 TR ¢& A= A

FE AHA G A B4 Rl Aol
A3A% Lol 4 QRke] AR L BFA 02 BHsel = AT

7} A 8LA THD’Mello and Graesser, 2011; Santos ef al., 2011),
ol Y 4 S BHsA o £ Argho] w71 7
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sa3) Aol 93 B2 BAGN AP F3) A4
AZS ZAPT, B AL A A Wyo] Agekn A=
it
2. 348 A
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HA70] oj| 7+4AA ghotsly] Yl AgSo] A4,
dup} 247 e} Qut

3 2
SR AFEL dite A& A ZYS W HFHELS h’d;}
(Berkowitz, 1989; Roseman and Smith, 2001). Berkowitz(1989)
o 87 MR AREEAG 94 4 28 4ak
I 53794 " Aojeke Azt BEo| v &4 & (pleasure)
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AE e B O AW A T4 &7 #
Zo|TH(Need For Cognitive Closure, Kruglanski, 2013). 17|
A A &8 H ARG dS BlHAsE £FE 9
got whek A & s F el E A HE BuEdE s
WA X8 A Y F2 &7 F2HA X3l e HE7
S L7tk dkok(Schiffman and Greist-Bousquet, 1992). A A
EAYAEL Ay S AA AN s B E
dow Ao FAA Z|PUY ARG T 7 Alto] &
o AR A4S TA4F 7 Uth ol FEMY L= 2]
AAA7F 71 YA A4 o] FART AA] Ao A0l 47
5“3}—’ &5 QAL o] ol AHAUe] AAH FALT F
< ol Aol Al A7 wrA ok & 4 o

Berkow1tz(1989)“ ArgEol drhd RS “7EA 9
el Aot A9 Fx 24 7 EAFE 71
gt o] AR, 7Y w2 A7)l whet =
A He #FE7e 2717 @bt é Aot & AA AN
ol o] Fof HeAd wet HFA7e| 277 ARdg &
T A th(Berkowitz, 1989; Czerwinski et al., 2000; Johnson and
Rule, 1986; Zillmann and Cantor, 1976). o] = Q1A & £4 &+
o2 E YW EA AWt Qe Aol EUAT
5 QAAA 4 &7 A 1o AR Pl o1 Ay
Z70d| wal) FZHA X &77F A7) W] AH7Y A
71 = A (Niculescu et al., 2014).
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A3st7] 915 x84
2 92 Az 719k AA g ol &3ty AEtE drt
U w7eA] 88 5 A Aolth ol & Asl A4S A F
Ao R gyste Yol T Aot
22917 3RS AgA 2
AFA % wEoket A s okl A= zto] e 2R S
AFH o R st AEEC] AU 53] AFA T Fof
e A7t AAHAH WS 2Ho] T F IEE AT
o A S BA5te 25 FA g A Edshe ZEE] B
Eo3=d, 215 EAQ A 0] Mehrabian2] PAD Zd o]t}

(Pleasure Arousal Dominance model, Frijda, 2007; Mehrabian,
1996). PAD E@ A P= pleasureZ 742 FAA = 7H
AL gu)sla, AE Arousal 2 I A9 B¥H £F DE
Dominance 2 A skl = =748 fugt), o] Al 7HA &=
Az FYZolu] 1ol 1Al o] ghe 7HAEA gt
71 %(mood) & B 4 vkl &k 71H A& B A%
(joy)el 7%, A,D)=(04,02,0.)Z EAT & Qvtx g},
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g88f Ao A E W 2 Foll e A= ZAHA
THGebhard, 2005). & A8 AFH o2 Fdste Yo =
Aol A7 & e A7 APHUTG L & 5 YTt

Algjghiore A5 AvEH, dubE 0 7 Q7HY| 7%
443}t | & g ol Akl = o] of 2t Azt whet 2] A
O ZhAastAA AA 8] AlgtA = AR A THD Mello
and Graesser, 2011; Santos et al., 2011). 53] D’Mello9} Graesser
(2011)8] ATl M= 74 Aol whe} 1 A &o] 2t
FAg =, o & S 2 F3Hboredom), & HH(confusion) T 2

A2 91 Bl S -S(persistent states) 7] Z-(delight), & T (surprise)
o} 28 A A A Q] A Etransitory states)20F B HA3] 74
Sht} of 7] A 24 72 F7H El (intermediate state) 2 551
152 B3 GAA FH S SUAEY B4 &S 7t
Aoty dndshal ok
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5 & rle
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2 AFIHE AGAYol A& thedd oA A7 2
79| k& A YA HFHALE AFHOE Fdde
WS ALgEH, oju] A o2 7HAEE 29 (emotional
decay model) & 288 7 2 Zolth webA £ Ao A=
A4 EAS AHT F 9lon, AQlo] FAE & AY F
P EF 7 AHY) S AFHOE AT 5 Ye B
& AlQkstaa gk

Frustration(t) = I, ¥ e (1)

Lo 7o W =7 AR ARR A ()2 Ae [
HAZE w7 H2 A7) W} p, o HERE AFFHoR 7
Ashe AL RHYT A AF T vhet 2ol A u &L 7
Aol w2t 21, D’Mello9}t Graesser(2011)S] -0l A A<t
g 24 (frustration) ] s F3ke &2 0.156010 9]
Agstd A 4 )= 298¢ U

o
e

Frustration (t) = 0.156 ¢

hxe )

HAZY 2713 BRATE T B2 A 7Y
3 AA e ol g3 ER YT <Figure 1> 71t et TAA
kel Aol oel HA o] WA k= A Al o]
MAE S8 A4 277 ave AS 24402 Uet
Wet A Yol %1.01"} AN-E 7128 FA7F 22 w7t

2 A A7 2 A7 AA Fh(Actual remaining time)©]
2k atd, o= N Ao FHA1)F YA Adol &
ojup7] Aol o }3te g AlZke] 7] R Zt(Expected remaining

Sungoo Jeong *
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time)2] gholet & = At 2 ULz s A
of ZIthell wish /Hdd 2efel FHNAULF =

JuA =L
12 98 948 $4 877 3294 Rata BE2Y
o A e T AdAt A4S =71A dd
interruption
(1) $ 7 _{% Expected Remaining Time; —
I
——— Actual Remaining Time; —
R
interruption
I—i‘ Expected Remaining Time, 1
@) 1
'; Actual Remaining Time, —

Pleasur Pleasure  Pleasure @

I: Interruption task time
Figure 1. A Schematic Depiction of the Idea about Representing the
Initial Amount of Frustration

E890d <Figure 1>4
= A4 g3 1A HeS
o AR FA7e 2715 58S 5 9)
A (3) 2

to ot -

Actual Remaining Time

Frustration(t) =
rustration (t) FErxpected Remaining Time

< €f0.156><t

4 (3)9) B2 2AgA g ARl A e A
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AN o2 Qs Aol A7, 1 e ARt
wra} AgH oz 45t Aok wetA Al s e EF =
7 % HFAEE A7) AeA A (3)& ARl disf 73t
[0, Actual Remaining Time] ol 4] A& &2 B8 A=t} /1Yol
Yol AR RE 2 =40 7P sk, 11 H = 2ol
2 | 744 2™ AES Astetd Q”i ALLe] W5
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Actual Remaining Time

Total Frustration = / Frustration(t) dt

0

ebA 2 A7 E A Yol e aEAd
A GA7E =R HATEE A (5)9 2ol EAAH ol &
A3l Mol e a2y Aol A AA Abgre
=AY Zlﬁﬁfﬂt} ol 7]M A& 3 A7t HlolE
Yt A ASRT o] TS AAF3E S

9] NASA-TLX 9] Jf%iﬂ L4 FH N HAFS

A% a4 Aol de
@%a%ﬁwa@ﬂea%ﬂmﬂ@
o ojstel (o2 319, @A 79)0) Adshed Foisiet Ao
e Z7hake] 2 43 A7k Bl o] Bl ¢} NASA-TLX Ho|E &
SR 2 ATl A A pE o HAR 2487 9

Staveland, 1988). NASA-TLX O A Al4be 247 A4l ghe &
AFAA S 27 e Bl 0B AT A 84
S_ Allegro Common LISP 10.0 87 ol A Q1A o}7] 814 ACT-R

< o] &3t Al om, A Aol A= TS #70
*1 er.é_]ﬂa 48] el 4 HAl= LA AG A AL A

o2 74501908, 719 A7]ol He Hzto] g = A
2 Y 5 YE= Y,
41489 A2 A A

U3} 29 © 2= Bailey9} Iqbal(2008)2] 7ol 29 A=
A FAE A5t ALY o] IA= MEOE AES
o A HIE AHE St 7HE Fe BEY THE A E
g A2 E Adste Az gAY 87 APoA AF 2
o] A o] Th(Bailey and Igbal, 2008; Igbal and Bailey, 2005;
Salvucci, 2010). A1 0.2 A1 H A& St 11 2ol B 7
AR} QRAEE AT 4 9T o] & Y UF o]
ddste Aotk 3 ARl 374 Aol o] dE HEY B

& 2 A 5}0494 FHAZL A Aol SATAA, MU A = grze gkt 2+ ARE B8 D 429 £ AP, &
o FHALE SAYY. o] & ol & F2 AT AA FF 928 At RE A Y5 & AP E LTS AN
7105k E Alatete] Ao A4 Af o] s AU g H uns 58 A G A2, A ARR ARE AP
Aol Solzt AZe W de Azkel AR G2 ART S o 248 HS <Figure 259 <Figure 35914 2 % 9=, 27
3, A7 A A 2 SANTL WA G A AR o) ol arfo) A2 GE AR ARE HFIHEE G0
SANE ot B o2 HA AE5S 5t NASA-Task  7)Q) A7)0 whet d7e] 3771 Dat s AL 8old 4
Load Index(TLX, Hart and Staveland, 1988)5 283tk NASA- ¢z 2 Ha 4 39 (sub-task) < 2 ¥ o]] A 4o g S8t o7
TLX & JAFeHE $A43517] 18] A4 FakMental Demand), 2ty z}7} A2 o] AR E spotat= T2 2 YL W83
A& E-3H(Physical Demand), A7+ -3} Temporal Demand), q.. Ao 2oz A 1L 3] WA 429 HRE got
%) % (Performance), ‘=3 (Effort), Z-% Z¥(Frustration) 2] 6714 Zo] AYANUL, AF 2= T WA AEE gotiis £
Aol s A7 =7 AEE A ES Holdth ol o) AL s} o] 2 Ba) AA FA A = Aol B
AT g2 YA Rk A AAA S WFI] o7l A7)2 2- s 7 & Sdo] WRF A7t o HE
A% 842 AP A FALS Yebd £ o THHartand 27 g) ] AL 248 & QR E AT
Route 1: Rivendell
From To Distance Fares
Rivendell Hobbiton 97.0D 107
Hobbiton Sackville \
Sackville Bagent Mirkwood *
Total add the distances |add the fares
Route 2: *Hobbiton
From To Distance Fares
Rivendell Mirkwood : "
Mirkwood Bywater Bywateri%
Bywater Bagend
Total add the distances |add the fares
Sackville
Bagend

I The shorter route is :

| select the route from the drop down list '|

[ The cheaper route is : [ select the route from the drop down list -]

Figure 2. The Route Planning Task from Bailey and Iqbal(2008). A User Needs to Retrieve the Distance and Fare Information from the Map,
Click on the Data at Data-Panel, add the Distance and Fare, and Choose the Shortest and the Cheapest Route
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(& Route Planning? (PLANNING)

Route 1
To Distance
Hobbiton [ 10 2 040 50 10 2

sackville 10 20 ) 40 50 10 2
Bagend 0 20 20 0 50 0 20

From To Dis

Gayara 1 20 3 ) 50 10 2
Konyila 10 20 ) ) 50 10 2
Bagend 10 2 £ ) 50 0 2

Total 60 i) 80 90 [ 100 100 || 110

Route 3

1 2 ) ) 50 10 2

10 20 £ ) 50 10 2

100 || 10 | 120 | 130 [ 140 ) i)

Route 4

Mirkwood [ 10 20 30 ) 50 0 20
i Bywater 10 2 ) 40 50 10 2
Bagend 10 2 ) ) 50 0 2

Total () £} () % [ 100 50 ()

the cheapest is
Route1
Route2
Route3

Routed Roulsd

e~

e Revendell

fare

Tigresor

Gayara
Hobbiton

Mirkwood

sackville Wondobew

W

Bagend

Figure 3. The Modified Route Planning Task for this Research. Two Additional Routes are Added and the Participants Only Used Mouse
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A% A 9] ol 27}

AR e FE IS
FA57] HBH MY AGESdeF AP oE APHT AP
INAEE A ANsdol S0l ™ sHdo 1004 100/\]'014
Xq‘)FﬂX“ﬂ THe HEo] YR YEE I o] E LEX
A HE BF FEW o] AFH 0 R ARA & %‘:}. ZJ’?J
Mol ol & E A= do|7be= A2 As7] Sl HA
S e FHE QA S P o)= AANA L Az
A AA ] FHA TS FHA AL 5 UAEF o
A A7l tisl Adamezyk S} Bailey(2004)= S1-& 53
Mol 5o w7tell 3taL Jd DAt #HA| of ol wref 2
Aol AAAte A el = FFY o] =2t A
& SR ol AFME 7 At Al e 2 F F |
A Ao AEE JEste T AANDE ANt BF 5
A 220 AAANUl A2 + AEE APSA & AR
o o] & B3l Mol EolshS o A& SHse oW A
Tl A A A7 drpt F ke Al ol weba 27t 317]
7t M AL aHH oS ol ¥ 4 9 EE AYHBHL

ARt & < glet.

2 7pe]
Ol

=
=2

3 Ay @;}

2k
AN
N
>
it

s A

S NASA-TLX S #A 7 Ao g3t 3| AR LS 5
A

A=}

5. 2%
AEE B3l ANAEY AA A9 PN, Aol &
o2 AZ1 N A& FAAITE T AR ElolE & T
E3 A7AEC] A3 NASA-TLX AS 25 #4724
o] S A=A <Figure 4> A F F7IAESY AZE HlolH
Measured Frustration & NASA-TLX Frustration
Measured NASA-TLX
Frustration Frustration
10.0 3.5
95 - 30
20 - 25
85
80 // 20
75 :%'—-//' L5
70 10
6.5 05
6.0 0.0

Experiment-1 ~ Experiment-2  Experiment-3  Experiment-4

—+—Measured Frustration
—+—NASA-TLX Frustration

Figure 4. Measured Frustration Values that were Calculated Using
Eq. (5) and NASA-TLX Values of Dimension of Frustration

Table 1. Mean Frustration Values and Mean NASA-TLX Values

of Dimension of Frustration

Frustration NASA-TLX FR

Taks
Mean S.D. Mean S.D.
Experiment-1 7.294 0.109 1.247 1.036
Experiment-2 7.550 0.166 1.587 0.937
Experiment-3 8.003 0.214 1.907 0.973
Experiment-4 9.163 0.400 3.173 1.402
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Linear Regression Analysis '3H ;g ao]:;g'l o7 3:‘_‘L_§:]_—5—]..‘L__‘ &'% }ﬂ] _C[’__J‘—_y o]% %sﬁ },].;\(_:_}Q-% %

’ Aok A7E AP B A7E 0F A $494 Az

* Y= L0 61363 4 o AL AFH o2 ZH}E ATE B 4EHY BAS

, s BT e slo} AR olslsia Agel A4 &

; HeAFHOR 1Y 5 =S FRH O /08 Jrku
15 ERliies

1 B Aol A AQKEE 7] WYL Aglo] U o

05 MAE TEFE o 2 dTe Ades AL 2 2830

° 53] A9 1004 42 ZE A PHo Ade Hdg

6.0 .6.5 7.(') 75 .8.0 85 9.0 '9.5 10.0 171}\_0] %7]—6‘}—“‘_—‘- %%k% %—ﬂ]/ﬁlgi :1?_]_5‘;_' Z’: 2}3}\1’,} E]»E'_

Figure 5. Linear Regression Model of Frustration

Hy:py =% B 75E 0.0585 p-value?t ZA Yt

2 2 AT Aoke HHo g A (5)0] Hedte] e U, ol L3H E ATl Ae Aol AL B

AR A2 BTG NASATLXE §al 0 A2 24 SAhE 72k & 5 Slth NASA-TLX ) A4 ghe 53

el HAFe a2y 9 1 HAEH mzHae o A% paired-rtestS DY W AF 13429 G2 FAH R

<Table 1>} gﬂr T Aol & & & AT (p =0309), o] & FH7He] 2

Ao A Ho|HZ 5 717 G Az A1 ghel e ek FH o] B e o

ol B AT ARG WH O
A 27 2 E7e) EA S # 2dsta ok A 15
WA A9 YA} 2 ] B B sglel Aol
<, <Figure 4>& B A4 25 E FYGNY L2 U3 ¢
TR e AEEF 9&‘3}. o] = &AHE4 (Analysis of
variance, ANOVA)S 53 A5 F(3, 36) = 11.077, p <
0.00012 4719 A9 dlo|Ej7} M2 24 o5& FAsHA
paired-r-testE 53l AT AT 7, : py = 1,8 B2 A 0}—1-
(p=0.09) T 0.0500 tal FAACE Fn G 2o &
HAg=48S ‘”Oiq( )y =
D < 0.0001; Hy: iy = jug, p = 0.028; Hy: oy
= pig, p = 0.011).

pg, 0 =0.003; Hy: py = py,
=y,, p = 0.007;
Hy g =

o2, B A4 At WHo g A 247
# 7 NASA-TLX ®] 247 A 9] gho] ZatA H4HadAE B
A ASYT ol & df A HH O
2, NASA-TLX ] HAZE y& 3ho] 43
o}, 1 A 3}+= <Figure 5>9F 2T},

T R AL FAFS AW B, FBA T (Correla-
tion coefficient)= 0.997, £2=0.995 2 F HEE= 743 AR AA
g Holn 3 A o] ZFEF AP H S /G E S ¢ 5 A
BABA BA S BH (1, 2) = 412.739, p = 0.002, RMS =
0.0720.2 A ¢+3k uhf 0. 2 A abel #Hd 7ko] NASA-TLX ) 3

A= 2UT AR A R0l T o 9l

6. £2]

O R Aol o3t A A W} 53 A4
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ot} & Aol A #E Y 2718(7) S FE AR A
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o 27159 A7 2 ARt 7]‘33%%«] ) 25} 7] 2ol
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A= B7] 9faA
&AM e ol Eﬁﬂo}tbﬁx AR gs
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A A TR =T AU A=
ﬂﬂ 4719 A4 FP L B F3
N718 188l RS Aegdoz &
7 AFolMeE 2718(4) = E ’\]Z_
&5 B3 TAFo=N AN A
e -9 A7)7} Apol7
A7 D’Mello9} Graesser(2011) 9]
= 0544 A ol A JJr s
0% AT 7 A AFA
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Héii @aﬂ o= j?ﬂ’é}% ATE PP
X

o| 4z 7+ A& Al
&t
AT o

}Lﬂh4é
&%m“

&

d.

p

R
o

o
—-~L

=2

r

zo Lok
re

?ﬂﬂreﬂl 29
%kwi 3

o
%9
|

G
R
a2

[e]

Ao
2 e oj
|

o

jin)

X

2

N

N

oxl

lo

12 =
m°"

o, f

STy R o = A A

rlo
o

ofr
QL

oxl
lo
[
=5
cl
ol
rir
re
—LJ
m[m
rﬁ
o G
b
r
=,
“g

U r—&
-
2 S
X

o
"
o
(2
o
i)
o
it
ofo
ol
oS
M)
oX
tlo r
23]
ol
ol
4%
=l
rO
of
N

>



182

o)A}

N

A& T3 A 2®(Group decision-support systems)
= O Rt 7 A5 T F AES 719
ot 152 74l whet 7] %S PAD model(Pleasure Arousal
Dominance model, Frijda, 2007) 7]%¥+¢] A Layered Model of
Affect(ALMA, Gebhard, 2005)01 4 4 2|3 302 4481 9)
= Oq‘_r“’ﬂ/‘i AR 27130 Blasty] 98 180 dw
3 A F AARS Aua 4 9 7hg u)25 7140l A
”L(Dlsappomtment)A e ggsto] nasf Rk sk R o
A AFE AAE B AFolA At e AL Al
710 wet 7] gho] EebA 7] W&ol <Figure 44 3%
o] A& HolA T Santos} FEE(2011)0] A+ W
Z7)gko] ke Zlo] ofyt EAT go 2 nA 7] f o
23 2719 Yol BdeTF FHEOE ) ghol o
AAE Y AHE & 5 UAMT & & ATl A A A
T4 RS 7129 Aol Hs A Aol whet 27t
Fol EYAEE AR o R FHYL ¢
R 4 B ) e R e
ol = AN 9HF A
o & Aol A A #E goz
A7 Aol s Fate grolth. shA
Ae Aol A FH FHH o A
AT Abe] ol tiell 3742 Ql w&
H &2 SH A ©o] A3t vk
M &8s Aol e s
B S ?@3}7]“} g AA A7 =

O
=] LT

o eat L
o &L

o

r o
lo

Sl NZ

ri‘i
o

2 o
—_

™y
ol X

_Eng_‘z

Jm,imr
N
do B 3@ ol

ol
ok

o
>
it o T

o2
e

O
-

ofr
-
k)

SHEREE)
RRELE:
Fapol 4 A2k

]
ox - fo 2 ok
_Q

filo sfﬁ fou rjr 2 Ao
ox Mo o g e fHo Jx
R ook

4
%0
o
2
it
X
FD‘I
O
O
=
o T
Z
O
I-FU
Y,
Y
Zi

& a7l A J?‘f& ‘%“ﬂ < %OH 7H?M7

N2 3k

o
im\m
= 8
%%

(o]
H‘iw
Nruz

o

e

>

¥

o

h-)

Y

Y

=N

L—_Q,oﬁﬁ

gwﬂi?&

719 %?Oﬂ Hl oH

AN

7.2 &

& AN E BEAY S ALl g2 W A A
7} L7l BA7e AR oz ZASE L Fokg o
TS 2T 27188 AN Aol RS W e A
A7 w3 AAA 71k 2 Azt &2 B AL
o, 7)o A¢A g RS A ste] A £ g9 =7
HAN Fo AFA R AL F0R ol E AR AHZ
APoE F2AS FA N AN D NP FHAE]
AIZEEIOlE S o] &3f 7S AR o] 21 NASA-TLX
o 24 Akl o] w3t wlatstel F gro] FAA LR DA
AFBAE 7H L Y& B £ o] WS /A9 A
719l weh A zdo] @A AL R o s EFE 9l
At o] & Bl W2 Ak AAl g 719 &S o &

Sungoo Jeong *

Rohae Myung

H
8449 5UY 4 918

S ok

]

Adamczyk, P. D. and Bailey, B. P. (2004), If not now, when? : the effects
of interruption at different moments within task execution, In Pro-
ceedings of the SIGCHI conference on Human factors in computing
systems, ACM, 271-278.

Adler, R. F. and Benbunan-Fich, R. (2013), Self-interruptions in discre-
tionary multitasking, Computers in Human Behavior, 29(4), 1441-1449.

Bailey, B. P. and Igbal, S. T. (2008), Understanding changes in mental
workload during execution of goal-directed tasks and its application
for interruption management, ACM Transactions on Computer-Human
Interaction (TOCHI), 14(4), 21.

Bailey, B. P., Konstan, J. A., and Carlis, J. V. (2001), The effects of inter-
ruptions on task performance, annoyance, and anxiety in the user
interface, In Proceedings of INTERACT, 1, 593-601.

Berkowitz, L. (1989), Frustration-aggression hypothesis : examination
and reformulation, Psychological bulletin, 106(1), 59.

Choi, Y. and Myung, R. (2016), Modeling Time Pressure Effect on Visual
Search Strategy, Journal of the Korean Institute of Industrial Engineers,
42(6), 377-385.

Czerwinski, M., Cutrell, E., and Horvitz, E. (2000), Instant messaging :
Effects of relevance and timing, In People and com-puters XIV :
Proceedings of HCI, British Computer Society, 2, 71-76.

D’Mello, S. and Graesser, A. (2011), The half-life of cognitive-affective
states during complex learning, Cognition and Emotion, 25(7), 1299-
1308.

Duggan, G. B., Johnson, H., and Serli, P. (2013), Interleaving tasks to
improve performance : Users maximise the marginal rate of return.
International Journal of Human-Computer Studies, 71(5), 533-550.

Frijda, N. H. (2007), The laws of emotion, Lawrence Erlbaum Associates
Publishers.

Garrett, R. K. and Danziger, J. N. (2007), IM = Interruption management?
Instant messaging and disruption in the workplace, Journal of Computer-
Mediated Communication, 13(1), 23-42.

Gebhard, P. (2005), ALMA : a layered model of affect, In Proceedings of
the fourth international joint conference on Autonomous agents and
multiagent systems, ACM, 29-36.

Gunzelmann, G., Gluck, K. A., Kershner, J., Van Dongen, H. P., and
Dinges, D. F. (2007), Understanding decrements in knowledge access
resulting from increased fatigue. In Proceedings of the twenty-ninth
annual meeting of the Cognitive Science Society, 329-334.

Hart, S. G. and Staveland, L. E. (1988), Development of NASA-TLX
(Task Load Index) : Results of empirical and theoretical research,
Advances in psychology, 52, 139-183.

Igbal, S. T. and Bailey, B. P. (2005). Investigating the effectiveness of
mental workload as a predictor of opportune moments for interruption,
In CHI'05 extended abstracts on Human factors in computing systems,
ACM, 1489-1492.

Johnson, T. E. and Rule, B. G. (1986), Mitigating circumstance infor-
mation, censure, and aggression, Journal of Personality and Social
Psychology, 50(3), 537.

Kruglanski, A. W. (2013), Lay epistemics and human knowledge :
Cognitive and motivational bases, Springer Science & Business



Quantitative Measurement of Frustration for Multitasking Environment 183

Media.

Mark, G., Gudith, D., and Klocke, U. (2008), The cost of interrupted work:
more speed and stress, In Proceedings of the SIGCHI conference on
Human Factors in Computing Systems, ACM, 107-110.

Mehrabian, A. (1996), Pleasure-arousal-dominance : A general frame-
work for describing and measuring individual differences in tempera-
ment, Current Psychology, 14(4), 261-292.

Monk, C. A., Trafton, J. G., and Boechm-Davis, D. A. (2008), The effect
of interruption duration and demand on resuming suspended goals,
Journal of Experimental Psychology : Applied, 14(4), 299.

Niculescu, M., Payne, C. R., and Luna-Nevarez, C. (2014), Consumer
response to interruption features and need for cognitive closure,
Journal of Consumer Behaviour, 13(1), 60-72.

Park, S., Choi, N., Jeong, S., and Myung, R. (2015), Modeling of Facili-
tating Effect of Positive Affect on Task Switching with ACT-R, In
Proceedings of the Human Factors and Ergonomics Society Annual
Meeting, 59(1), 701-705.

Park, S. and Myung, R. (2014), Modeling the Effects of Positive Affect on
the Knowledge Availability of Declarative Memory, In Proceedings of
the Human Factors and Ergonomics Society Annual Meeting, 58(1),
869-873.

Park, S. J. and Myung, R. H. (2015), Cognitive Modeling of Unusual
Association with Declarative Knowledge by Positive Affect, Journal
of Korean Institute of Industrial Engineers, 41(1), 43-49.

Ritter, F. E., Reifers, A. L., Klein, L. C., and Schoelles, M. J. (2007),
Lessons from defining theories of stress for cognitive architectures,
Integrated models of cognitive systems, 254-262.

Roseman, L. J. and Smith, C. A. (2001), Appraisal theory, Appraisal
processes in emotion : Theory, methods, research, 3-19.

Salvucci, D. D. (2010), On reconstruction of task context after inter-

ruption, In Proceedings of the SIGCHI conference on human factors
in computing systems, ACM, §9-92.

Salvucci, D. D. and Gray, R. (2004), A two-point visual control model of
steering, Perception, 33(10), 1233-1248.

Salvucci, D. D., Markley, D., Zuber, M., and Brumby, D. P. (2007), iPod
distraction : Effects of portable music-player use on driver perfor-
mance, In Proceedings of the SIGCHI conference on Human factors in
computing systems, ACM, 243-250.

Salvucci, D. D. and Taatgen, N. A. (2008), Threaded cognition : an
integrated theory of concurrent multitasking, Psychological Review,
115(1), 101.

Santos, R., Marreiros, G., Ramos, C., Neves, J., and Bulas-Cruz, J. (2011),
Personality, emotion, and mood in agent-based group decision making,
IEEE Intelligent Systems, 26(6), 58-66.

Schiffman, N. and Greist-Bousquet, S. (1992), The effect of task inter-
ruption and closure on perceived duration. Bulletin of the Psychonomic
Society, 30(1), 9-11.

Stanton, N. A. and Young, M. S. (2005), Driver behaviour with adaptive
cruise control. Ergonomics, 48(10), 1294-1313.

Trafton, J. G., Altmann, E. M., and Brock, D. P. (2005), Huh, what was I
doing? How people use environmental cues after an interruption. In
Proceedings of the Human Factors and Ergonomics Society Annual
Meeting, 49(3), 468-472.

Zillmann, D. and Cantor, J. R. (1976), Effect of timing of information
about mitigating circumstances on emotional responses to provoca-
tion and retaliatory behavior, Journal of Experimental Social Psychology,
12(1), 38-55.

Zijlstra, F.R., Roe, R. A., Leonora, A. B., and Krediet, I. (1999), Temporal
factors in mental work : Effects of interrupted activities, Journal of
Occupational and Organizational Psychology, 72(2), 163-185.



