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To investigate developmental changes of top-down attentional modulation in visual saliency, the current study examined infants'

eye-movements with three models: (1) the equal weight model in which all weights of low-level features are assumed to be

equal, (2) the unequal weight model in which feature weights were assumed to unequal, and (3) the unequal weight model with

face weight in which an additional weight was assumed for face stimuli, as well as unequal weights between low-level features.

These models were fitted to 4-, 6-, and 8-month-old infants' first fixation data to estimate a set of feature weights which can

best explain the data. The results showed the unequal weight model and the unequal weight model with face weight predicted

infants' eye-movements more accurately than the equal weight model. Also, 6- and 8-month-old infants' eye-movements were

significantly better explained by the unequal weight model with face weight than by the unequal weight model. These results

suggest that low-level features contribute to the visual system with different weights and that face stimuli attract more attention

as infants grow up. Our findings also highlight the importance of adjusting feature weights in studies of visual and attentional

development.
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Figure 1. An example of saliency map. The model used in this study includes both bottom-up and top—down modules of visual

attention. In feature maps and saliency maps, bright areas are for high saliency objects/locations, and dark areas for low saliency.

Top—down attention is implemented in weights for feature maps (w; w; and w,) and weight for the face category (wy.
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Table 1. Best fitting weights and proportion of fixations on the most salient object/location

Group Model We Wi Wo Wi z;f:;?eti? p-value

4 Month Equal weights 0.33 0.33 0.33 - 21 1.61 .054
Unequal weights 0.52 0.24 0.23 - 25 3.37 <.001

Unequal weights w/ Face weight 0.31 0.11 0.57 2.31 .26 3.72 <.001

6 Month Equal weights 0.33 0.33 0.33 - .19 0.96 .168
Unequal weights 0.27 0.68 0.05 - 24 2.61 .005

Unequal weights w/ Face weight 0.17 0.17 0.67 3.10 37 7.13 <.001

8 Month Equal weights 0.33 0.33 0.33 - .18 0.39 347
Unequal weights 0.00 0.64 0.36 - 29 453 <.001

Unequal weights w/ Face weight 0.39 0.12 0.49 8.96 A48 11.41 <.001

Note. p(fixation@salient) represents proportion of trials in which the first fixation was made on the most salient object/location out of

six stimuli. Test statistics, z and corresponding p—values are for the binomial test.
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Figure 2. Proportion of fixations on the most salient object/location for three models in (a) 4-month, (b) 6-month and () 8-month

old infants. The chance level is denoted by dotted lines. Error bars represent 95% confidence intervals. Asterisks below the dotted lines

indicate statistical significance of binomial tests, and asterisks between unequal weighted models indicate significance of McNemar tests

(* for p<05, ** for p<.01, and *** for p<.001)

A2 oo} @ ol5 e tpgom @ A4 Fo| dpeld A
94 AA4e wE, S A7k B4 51 9o
(Amso et al., 2013; Amso et al., 2014; Gluckman &
Johnson, 2013; Kwon et al., 2016) ot oz xjo]
et dAA By Al disiMe BESle =97t o
ojz]7] okt E AL gotse] L&A e & A
A ALE Axtstr] fsll 71E Fot Al 7t
AMEE T 9l Walther?t Koch(2006)2] @44 &
ARSI sHFA F9 Z1AIE @A Ak Aol 1
m Qord F129 ATEWRE A, A% Y =S
7St d= ol dit 7HEAE 247 HEA Fo
ol WHY BUAV} lHoR B3 At WAY B
Peti et al, 19987 & x|t & ofye}, YJolse] &

2 o 2 A9 FAdes, B 9y A% 9 @
o

o

N
JT o2l oF Hm

o
rr

=)
o

Ll

[¢]

__V.LL

{fe)

N

d

1o oo ol ¥ N >
oy rr 2
=
ol
el
]
2

B
my
K

Fo 7IAE FARY A A AT

Fl
i)
o
b
ojr
N
oy
i';
H
ofl
lo

L}Emm orole. whehA

Ho
re,
j>
N
:;_l‘
Jo
1o,
d
o,
o : of,

et rlo
2
o,
i
1=

f2o M 2t /‘ﬂ
(I:1:Doz AAEo] QAT o] & Iz ARES
Aole FO5 7]&cjof & Zlo=m HAth 7]E9] ot
2013; Amso et al., 2014; Gluckman

& Johnson, 2013; Kwon et al., 2016)ol41= S804
Agste A9 7lEgE e ARgste] fith wetbA,

T A=l dote] B0 H= 7HAE ARSdhe

N
rh
T

re rr
jﬁ N

=(Amso et al.,

=
=

Zo] k2 Heolet.

3

EG B Q7o HRE EA nen 92 XY vRE
A Bde 5g A% T dolHE 1Y T Ause
ABAGES HEY, of AL LeAdd 1o wg
of dsl F5 7HEA nenc o ge ABS ARe. 2
2o) el Yst Aol 7KsT B ok, 24 EL g
of WE AN ERS 719 AEA gt B4 wFel U
A sk 5o AnE FHoR ARE 4 U B
5, 92 = HlFE JHEA REel Ag Avks 44Y o

2 dF AF] 23149 7EEANRS

O ot A 3104, 5719
= Hol&et, ol#gt %’%4 7}?51] %

=20 FO Wy oigt g A+
Artg PAH0| L R oldfsit dlE golE 7
T}, Fagan(1972)9] 9+ oJgi2 gJot= HjolUHARE d=
B AR AT Folg Ll Aew Jed g, o
=o| o 2= @A AXE dlol= 67 mieke] Fobd
o] Az o] FO] HFo] WA I Aor dHA 9l
th(Di Giorgio, Turati, Altoe, & Simion, 2012; Frank,
Amso, & Johnson, 2014; Frank, Vul, & Johnson, 2009;
L 2016). 59l G Tike] otel A FAT
42 20| Folqdun T U2 2o 4FH A
ol tet A2 te A=ET WA FAshs Aol &
ZtHKwon et al., 2016). o|2|gt Ao]st A= E Ao
A 8ol 4AReA 8AY Aole] obe] AZe| 15
s Fne AT HE ARl sl %, 4199 A
29 ZFAE G2 4PH FAYRG o o1} OE

Kwon et al.

e =2

r& mz

- 270 -



Developmental Changes of Top-down Attentional Modulation in Saliency Model

% Fgel s} A Aot ek goitt 2eiBE 9
23} 02 A3e| W AND o 4FH BAYY JFL
Bl Mok FRsAe] Slek uhel 67k oY, 87
W = FelAE Ao AFA7} BE 4 AR
o folulekAl E9k) W, A 4 @AYl B
£ AFo] W ANsEE AZne] 7o BFL 1Y
% qlgke Aol
e @] we o
HIA Fad

slo
= =
L AR w4 9 A

_\1

okl @AY 2R o5y &
g P, 2 a7 dut
2 Aol A 4 At
Hastch 54 A7E P B APAE Acke chet
z gl 97 A% 4 2
5 ot Aol 7V Bol A
53 g @AY AN =79 @AY BUAE ol g 3

0 PP AFAAT. A AT FA DA

\IL

o,
©

o

Jiv)
)
©
N
o
o

O

S
HT
i
2
=
=
(0]
o°
T

References

AWA (1999). AlZH4d Mo oigt 4173% 23: Feature Gate

R0 sk 714, st=elx|ntstE|x|, 10, 1-15.

Amso, D., Haas, S., & Markant, J. (2014). An eye tracking
investigation of developmental change in bottom-up attention
orienting to faces in cluttered natural scenes. PloS One, 9,
€85701.

Amso, D., Haas, S., Tenenbaum, E., Markant, J., & Sheinkopf,
S. J. (2013).
children with autism. Journal of Autism and Developmental

Disorders, 44, 664-673.
Bruce, N. D., & Tsotsos, J. K. (2009). Saliency, attention, and

Bottom-up attention orienting in young

visual search: An information theoretic approach. Journal of
Vision, 9, 1-24.

Cave, K. R., Kim, M-S., Bichot, N. P., & Sobel, K. V. (2005).
The FeatureGate model of visual selection. In L. Itti, G.

Rees, & J. K. Tsotsos (Eds.), Neurobiology of Attention
(pp. 547-552). San Diego, CA: Elsevier.

Di Giorgio, E., Turati, C., Alto, G., & Simion, F. (2012). Face
detection in complex visual displays: an eye-tracking study
with 3- and 6-month-old infants and adults.
Experimental Child Psychology, 113, 66-77.

Fagan, J. F. (1972).
Journal of Experimental Child Psychology, 14, 453-476.

Frank, M. C., Amso, D., & Johnson, S. P. (2014). Visual search

Journal of

Infants’ recognition memory for faces.

and attention to faces during early infancy. Journal of
Experimental Child Psychology, 118, 13-26.

Frank, M. C., Vul, E., & Johnson, S. P. (2009). Development of
infants’
110, 160-70.

Freund, R. J., Mohr, D., & Wilson, W. J. (2010). Statistical
methods (3rd ed.). Burlington, MA: Academic Press.

Gluckman, M., & Johnson, S. P. (2013). Attentional capture by

attention to faces during the first year. Cognition,

social stimuli in young infants. Frontiers in Psychology, 4,
527.

Harel, J., Koch, C., & Perona, P. (2007). Graph-based visual
saliency. Advances
Systems, 19, 545.

Itti, L. (2005). Models of bottom-up attention and saliency. In L.
Itti, G. Rees, & J. K. Tsotsos (Eds.), Neurobiology of
Attention (pp. 576 —582). San Diego, CA: Elsevier.

Itti, L., Koch, C., & Niebur, E. (1998). A model of

saliency-based visual attention for rapid scene analysis.

and Machine

in  Neural Information Processing

IEEE Transactions on Pattern Analysis
Intelligence, 20, 1254 —1259.

Johnson, M. H. (2010). Developmental cognitive neuroscience.
Oxford: John Wiley & Sons Inc.

Judd, T., Durand, F., & Torralba, A. (2012). 4 benchmark of
computational models of saliency to predict human fixations
(Tech. Rep. MIT-CSAIL-TR-2012-001). Cambridge, MA:
MIT Computer Science and Artificial Intelligence
Laboratory.

Knudsen, E. I. (2007). Fundamental components of attention.
Annual Review of Neuroscience, 30, 57-78.

Kwon, M.-K., Setoodehnia, M., Baek, J., Luck, S. J.,, & Oakes,
L. M. (2016). The development of visual search in infancy:
Attention to faces salience.

Psychology, 52, 537—555.

McNemar, Q

Versus Developmental

(1947). Note on the sampling error of the

difference between correlated proportions or percentages.

- 271 -



The Korean Journal of Cognitive and Biological Psychology

Psychometrika. 12, 153 —157.

Niebur, E. & Koch, C. (1998). Computational architectures for
attention, In R. Parasuraman (ed.), The Attentive Brain (pp.
163 —186). Cambridge, Mass.: MIT Press.

Nothdurft, H. (2000). Salience from feature contrast: Variations
with texture density. Vision Research. 40, 3181 —3200.
Theeuwes, J. (2010). Top-down and bottom-up control of visual

selection. Acta Psychologica, 135, 77-99.
Walther, D. (2006). Interactions of visual attention and object
recognition: Computational

modeling, algorithms, and

psychophysics. PhD  thesis, California Institute of

Technology, Pasadena.

Walther, D. & Koch, C. (2006). Modeling attention to salient
proto-objects. Neural Networks 19, 1395-1407.

Wang, J., Borji, A., Kuo, C.-C. J. & Itti, L. (2016). Learning a
combined model of visual saliency for fixation prediction.
IEEE Transactions on Image Processing, 25, 1566-1579.

Wolfe, J. M. (1994). Guided search 2.0: A revised model of
visual search. Psychonomic Bulletin & Review, 1, 202—238.

- 272 -



Developmental Changes of Top-down Attentional Modulation in Saliency Model

A DHOIM SHakA Zo| J|Hje| weta to|

QAL ote] g Ale] G wAL AT 4G Fo| Al Wekd Aol thee] Al 7P BRS AHgslol
Zoj, 3, 944 THE T4 gs}% 7 AN EAE 2ol BU THENE PSR F5 EAR, B, 2 AN
QS 7o) B2 ABAE e Hlas EARE, tgor AR E45 70 b kEAd SR 4 Wxel A
o G 319 AFAE AR 9F T B ABARHL AHgelel, 2 THA 4, 6, S FoIES| w3
| dlolel AW g B Agek BN ek 1 A, vlaE EARg 92 XF vlEE HEARge
ob] EgHUS 9o S oo B AFP] Hal, 71 ol AT FHIISH AGHY #5 JHEARES 1

]_
175 AR Es AEHRE] e 6L 84Y dolse] HeAUe gel
2 AR EAE0] 2] T fEoz A7 2 Fo AAe
o FA), 2 ATl dl o BE Folg 71gol] B ojulgie Bl ohjel, Beke o] W
a9l A7 Sl B mael A S5 9] AR Sk hele] Lae Adart

o
il
filo
i
EL %2
v
o
ol
gy
H
il
ur)

FHO: e o, siF Fo, @A, FAY ENfL, Foh, EE, d=

=

- 273 -



