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Inconsistent evidence has been reported regarding the role of visual short-term memory (VSTM) load on attentional selection.
Some studies demonstrated that maintaining large amount of information in VSTM enhanced attentional selection. Using similar
experimental methods, however, others observed impaired attentional selection by VSTM load. Here, we attempted to replicate
previous conflicting results and tested the role of VSTM load as a modulating factor on attentional selection. In Experiments 1~3,
participants performed a flanker task while maintaining the colors and locations of visual objects in VSTM for change detection.
Irrespective of stimulus configurations, condition orders, and memory set sizes, we failed to find evidence that VSTM load
modulates flanker interference. By demonstrating that flanker interference did decrease by perceptual load in Experiment 4, we
excluded the possibility that our current attentional selection measure might not be sensitive enough. Experiment 5 manipulated
the spatial relationship between memory items and a flanker. When memory items and a flanker appeared on opposite sides of
the center, flanker interference increased with VSTM load. When their positions were overlapped, however, flanker interference
was not affected by VSTM load. In addition, individual difference analysis failed to find a reliable relationship between VSTM
capacity estimates and flanker interference. The equivalence test showed that the modulating effects of VSTM load on flanker
interference were only negligible. The current findings provide evidence against the assertion that VSTM load modulates
attentional selection, and call for new models within which the dynamic relationships between working memory and visual
selection are fully described and tested.
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T AL Ot 3o AFE S5l 1Ry £ 2Y
o] A2 o 4Y
A st ofeisit. o] A7AEE A
selection)o] A4
I HY 9d AY kA A e sk 89ls #
12 AEstgthKahneman, 1973; Kahneman & Treisman,
1984; Lavie, 1995).

Lavie= ‘A1 o]&(perceptual load theory)' < &5l
Al oA o] Ad) A4S APk A
St th(Lavie, 1995, 2005; Lavie et al., 2004). o] o]Zd]
A Fo] e WA pafo] ARkt AR A5ty HE
29 G e 28t AEE AYshs ° Y9
of. EkA A7 A4A 0w offe wle Fo Aol
1Zx5o] TA A (task—relevant) FET A2 = 2]THZ7]
A, BA7F 48 wle Jof Apdo] Aste] A AT
(task—irrelevant) ARE A2|d 4 QIth(F7] A=), 24
o1 AdolA Laviee AlAEAE 2ot E%7] IhA| (flanker
task; B. A. Eriksen & Eriksen, 1974)& 45t A€
o] ol AZAEH FEs At Lavie, 19953
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BAE e d FoE AFF R, ¥ (4R =
ANME FI5 AFokA Yot A FHo] =yt
(pop-out). A8 A¥L EPA7} B4 S THot=A
ZAsto] & 4 Ath HARAG FH EPAE Mol
=5 o 354 9gg 1M Aolr] wiiolth AF At
ZY7 e A4REe] FE o FEFI(Tr] AE),
2450l =2 = AR A9). ol A9 2
(locus of selection)o] 1% Zo] ofe}t z|ztReof| wat
gtk 7Pde] Hitete Aot AZEH o2 A

H7o| Bero] Hols Hdlse 2o sdde=m ¢
Ade] B HAE T 2okl 5 AFE ARSI THBeck
& Lavie, 2005; Cartwright-Finch & Lavie, 2007; Handy
et al., 2001; Rees et al., 1997; Schwartz et al., 2005; Yi
et al., 2004).

1 QRdE B, ARG o2e SAYL

pRerel ool BEsth HEE Wolghth Lavie:

217
AR EE TAof| gt zp=Fo] wotba A2|8aFo] 1
He Aoz Aogt vt Qlth(Lavie, 2005; Lavie & de

Fockert, 2003). wetA 212G s 2246k WHo=
o= Aot ggo] F2 SEE9Ih A} A7
oF {ARRE WeAFo] WeSE Ao 2o 279
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FAo] AZAA o FlshA th2d 2|7 Ho] e 70
2 FEEACH, Beck & Lavie, 2005; Lavie & Cox,
1997). 2y o8t 7|&E2 A&HAY A 2A=5S
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Marciano, 2013; Yi et al, 2004) 522 53t 2=9]
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A= et oll w2171 fokBenoni & Tsal, 2013; Murphy
et al., 2016; Roper et al., 2013).
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e W AR fAFORN AXAATL FAA
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stof SHAY 20%(AF M = 2365, o1 118)S BYsky
. AR A8 el AABOIMe] ABelan, A9 ¥

71 gzl eele] osf AP Sl=E .

L

oRt O] QG FAoA Aol ALt A= AA
o} ¥hg 32 Psychtoolbox 5 &8ol= Matlab &
AHE oJ3f Aol= Ak (Brainard, 1997). &7HHs 60cm
HojZ 157914 CRT SFAGIAE 1024 x 768, FA&
85Hz)ol A =& sy, HEHA(DirectIN High
Speed Button—Box, Empirisoft Corporation, New York,
NY)= ¥he2 f=stalet. 23 £42 R &34 435
AHR Core Team, 2022). LA4HE 5% olots 7|&o=
SAA fFo=E Aot & Ao HE Auet #A4F
TE Github Ato]E(https://cogneuro.github.io/vstmAS)®]
S7Nst3iet.

A52 23

WPkE ul Alduit VSTM THA|e] mbz]7|3bel E37 o
AE wFstAT(Fig. 1A). 2 AellAe Aol '+ BoFe
SAHE7] 33 x 3300 A sk Tl 1x
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load)” A= < AT A=A, 7= Ul 4
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Sfjof gct, mA I} £712H0] tf-g-(mapping) H7HAE
o= Qo S A S=AZE AREAE, 1,900mso] 733t
StAY 74 whgo] lgd wizbx] SARRE A=A @
Hhgo] g =AY §hgo] FetEH, A1 spHo] 2x3t A
AEQITE mRRer oz AARFEC] AN EHIH. HARGES
71953 ZAYEE A&, A FE Azo] tE
g SQISTHER AR, 7Hke dARbEol 7|9gsat 22
2] EAE 9 HAG FAE Aol 3% ojufe] Hir
aflof k. 7]oukgo] Y=EH 1% § AR Aol 7jA|
Holoh 7Ete AV A 59 AR = Ut
Ut & 2gE o] Hifojof 3t o] Hit= H7HAt
2Qf71ode] ARE G2 o oA A A(verbal rehearsal)
Hop VSTMeO| oJ&Estes FEti(E-S9A, articulatory
suppression; Luck & Vogel, 1997). ¥ AdL F 192 A
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Figure 1. Trial sequences and results of Experiment 1. (A) The left sequence is an example of a target—flanker incongruent trial

without color change in the low VSTM load condition, and the right sequence is an example of a congruent trial with color change

in the high load condition. (B) The left plot shows mean response times as a function of VSTM load and flanker type, and the right

plot shows mean flanker interference effects (incongruent minus congruent condition response time) of the VSTM load conditions.

Error bars represent 95% within—subject confidence intervals (Cousineau, 2005; Morey, 2008).
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A Aol A A 24 MBI VSTM-EA olgdA] EH= FEO & Hlwsh| Qi b 2HoA H3} AP
12 Al 2= AGshalth Aukg-at S Ao @uFg-E0] Aolof 71YE e
335to] Cowan's K& FAottHCowan et al, 2005;

A 3 Table 1). Cowan’s A= AHE XHTE 1HG XA

T o ol o Zd, a = 9.35, p € .001, d = 2.09. o]

VSTM ZHA| g A 719%=E Mg Aok VSTM BE o2 A4

VSTM 3] 5 A%e 243 18 2408 ol she 6 andoR 489ee Lot
H@elrHTable 1). AShEL ARG zART 1RG *
AA 13% 74 Bk, T Aol BAMOR golnlstd S A

o}, o = 7.38, p € .001, d = 1.65. F7t=, VSTMe| 52 VSTM H(oad; AFE, 1HHT Z3PA {3 (flanker

il

Table 1. VSTM task accuracy and Cowan’s K estimate as a function of VSTM load

% Accuracy Cowan’s K
Experiment Low Load High Load ALow-High Low Load High Load ALow-High
92.71 79.43 13.28 85 2.35 1.50
Expt 1
(5.22) 9.62) (8.05) (10) 77 (72)
93.33 75.78 17.55 .87 2.06 1.20
Expt 2
(1.78) (8.32) (8.84) (.16) (67) (.62)
Exor 3 ~ 82.08 ~ ~ 1.93 ~
P (7.46) (45)
Expt 5 93.28 70.94 22.34 .88 1.85 97
(Non-overlap) (4.94) (7.60) (8.26) (.06) (.48) (.48)
Expt 5 93.96 73.12 20.83 .87 1.67 .80
(Overlap) (2.80) (6.04) (6.26) (10) (6D (.60)

Note. Standard deviations are in parentheses.

Table 2. Mean errors and reaction times as a function of load and flanker type

% Error Reaction Times

Flanker type Low Load High Load Atigh-Low Low Load High Load AHigh-Low

Experiment 1

Congruent 3.02 (2.48) 3.75 (3.42) .73 (3.84) 733.07 ( 88.19) 734.43 ( 83.90) 1.36 (26.34)
Incongruent 6.65 (3.09) 2.81 (2.81) -.83 (2.74) 757.09 ( 99.16) 753.01 ( 91.11) -4.08 (30.30)
A ncongruent-Congruent .62 (4.39) -.94 (3.13) 24.02 ( 31.57) 18.58 ( 30.38)
Experiment 2
Congruent 3.75 (3.35) 3.33 (2.65) -.42 (2.75) 739.74 (100.10) 717.22 ( 68.59)  -22.52 (70.87)
Incongruent 6.04 (8.36) 5.62 (5.82) -.42 (6.22) 783.89 ( 98.74) 769.28 ( 76.11)  -14.62 (59.88)
A ncongruent-Congruent 2.29 (6.30) 2.29 (5.65) 44.15 ( 29.08) 52.05 ( 34.35)
Experiment 3
Congruent 3.96 (4.05) 6.04 (5.10) 2.08 (5.36) 624.95 (103.48) 751.84 (137.88)  126.89 (82.99)
Incongruent 4.90 (5.71) 8.44 (6.18) 3.54 (5.45) 675.96 (129.76) 808.49 (170.92)  132.53 (75.27)
A ncongruent-Congruent .94 (4.25) 2.40 (5.03) 51.01 ( 50.44) 56.65 ( 60.89)
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Table 2. Mean errors and reaction times as a function of load and flanker type (continued)
% Error Reaction Times
Flanker type Low Load High Load AHigh-Low Low Load High Load AHigh-Low
Experiment 4

Congruent 2.03 (2.32) 9.67 (6.46) 7.64 (4.93) 576.56 ( 54.10) 726.07 ( 75.05)  149.50 (65.25)

Incongruent 5.06 (5.42) 14.24 (8.90)  9.18 (8.69) 624.13 ( 56.35) 737.24 ( 72.06)  113.11 (59.65)
A Incongruent-Congruent 3.03 (4.10) 4.56 (5.83) 47.57 ( 16.66) 11.18 ( 24.86)

Experiment b (Non-overiap)

Congruent 3.54 (5.11) 2.08 (2.34)  -1.46 (5.19) 743.86 (115.09) 731.10 (117.85)  -12.76 (32.03)

Incongruent 4.38 (5.53) 3.65 (3.57) -.73 (4.45) 796.45 (128.29) 807.32 (127.57) 10.87 (37.72)
A Incongruent-Congruent .83 (4.40) 1.56 (4.16) 52.59 ( 55.58) 76.22 ( 43.43)

Experiment 5 (Overlap)

Congruent 3.33 (3.47) 2.92 (2.98) -.42 (3.35) 750.15 (114.03) 738.48 (118.42)  -11.67 (44.98)

Incongruent 3.54 (3.58) 3.44 (3.26) -.10 (3.48) 806.30 (125.12) 794.36 (126.86)  -11.94 (37.34)
A Incongruent-Congruent .21 (2.86) .52 (4.21) 56.15 ( 59.35) 55.88 ( 50.48)

Note. Standard deviations are in parentheses. Reaction times are in ms.

type; 94X, BYAS AR W] A 2A0E 0RET
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Figure 2. Stimuli and results of Experiment 2. (A) Examples of
flanker task displays for incongruent and congruent trials. (B)
The left plot shows mean response times as a function of VSTM
load and flanker type, and the right plot shows mean flanker
interference effects (incongruent minus congruent condition
response time) of the VSTM load conditions. Error bars
represent 95% within—subject confidence intervals (Cousineau,
2005; Morey, 2008).
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Figure 3. Results of Experiment 3. The left plot shows mean
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Figure 5. Trial sequences and results of Experiment 5. (A) The left sequence is an example of the color-flanker non-overlapped,

congruent trial without color change in a load VSTM load block, and the right sequence is an example of color—flanker overlapped,
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condition response time) as a function of overlap and VSTM load. Error bars represent 95% within—subject confidence intervals

(Cousineau, 2005; Morey, 2008).
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AlZ¥2 @717 (visual short-term memory, VSTM)o] Folideof mizl= kol Boff HFDF=2 Q=] ¢F2 23
HAUSHA. dF dFelde VSTMo] B2 FRE RAIshs F¢toll FoAddo] o= dA, tE d+toie vt 23t
& AHRlEOlE Skl VSTM Fdo] Fojdels efeiizit. ofdfl, 2 4= AdddS & A3d+2 2Zed 23
S SQlstal FolidEle] 24 aQlomi VSTM Fde] dgs HAESAA sioirh. A 1~304 it HaldAE s
=419 A3t Y21E VSTMel frAlske &t €971 IS dsialth. 2=y A= v, 24 &4, 71985 il
glol, VSTM Feo] 37 e 2ddte 718 e o 8ot A9 4= E3971 e daille A4 ane
gelgtozyn A 1~39] Fo4d S4o] WshA] otk 7Fs/de WAkt 29 5 VSTM 7= E3719] &

VSTM £33} Ze7] 704 WISieRe ojnlls ARS Holx) gikT, B54 AAKE VSTM Beo] Z27 7Hie] 7]
° AP £29L Sl ZRHOR B AT VSTM Sl Foldue rdgithe 24 s slejHel
=
=

A= Bde] 284S A7t

N
i
]
>
30
rir

_55_



