
�
47 � � 5 � � � � � Vol. 47, No. 5

2022 � 9 � ACTA ACUSTICA Sept., 2022

� 	 
 � � 
 � � � � 
 � � � � � � � � � � � ∗

� � 1,2 � � 1† �! #" 3 �!$#% 1

(1 &('()(*(+(,(*(-(.(/10(2 100190)

(2 &('()(*(+(3(*10(2 100049)

(3 0(2(3(*54(6(7(8(9()(*(*(+:0(2 100871)

2019 ; 2 < 25 =?>(@
2022 ; 6 < 20 =?A(BCEDGFEHEIEJEKELEMENEOEPRQESRTRURVXWZYRIE[R\R]_^R`RUEVaWZYESRTRIRbEcRdReRfEgihEjRkRUElRmR`RnEoRpRqErRdRsRN

tELEuEsENEtEvEwExaWZYRSETRIRyRzE]|{E}RoRg|UEVR~E�RoR�RwExR�R�RqE�R�R�RqEIRdRsRpE�R�|�E�R~R�E�R�RIRuEsR�R�R�
� g|�E�E�E�ENEtR�R�R�|dRsRLRuRsENRtR�R�R�|�R�RdRsRNEtR���R�RuEsRNRtRLR�R�ENRtR]��R�EvRwRxR~R�R�E�R�R�R� � I
UEVXW(YE�EQE E¡E\RbEcR]_¢E£R¤ � �

(1)
pEqErEdEsENEtE¥E¦RPEQR�R�EvaWZYRwExRIRbEcR§R¨E©

(2)
uEsENEtEvXW(YESETR§

¨EIEªE«E¬E­E®E¯RdRsR°R�RqE�R�R±R¤R²R]|³R´Rg|¯RSRTRURVaW(YRdRg�URµE¶R·R¸R­RdRsENRtRg�¹R¯EºR�R»RdRsRM|¼R½R¾Rd
¸E­EuEsENEtEg|�RªE�RvRwRxaW(YRIR¿R¶RmEVRPRÀR]
PACS ÁÃÂ 43.66

Effect of temporal and spatial expectations on auditory target detection

GUO Lu 1,2 BAO Ming 1† CHEN Lihan 3 CHEN Zhifei 1

(1 Institute of Acoustics, Chinese Academy of Sciences Beijing 100190)

(2 University of Chinese Academy of Sciences Beijing 100049)

(3 School of Psychological and Cognitive Sciences, Peking University Beijing 100871)

Received Feb. 25, 2019

Revised Jun. 20, 2022

Abstract Reasonable inference and expectation of the auditory target is one of the key issues in speeding up the target

detection. Using the reaction time task, the present study explored how temporal expectation and spatial expectation

affect detection of the target tone. Expectations were created implicitly using a moving sound sequence, which moved

with a regular or irregular pace, following a well-ordered or unpredictable spatial trajectory. There were four types of

expectation: no expectation, only temporal expectation about the moment of target’s onset, only spatial expectation

about the location of target’s occurrence, combined temporal and spatial expectation. The task for participants was

to respond as quickly as possible to the target tone, which was usually presented following the sequence. We found

(1) a significant independent effect of temporal expectation in speeding target discrimination and (2) benefits of spatial

expectation which appeared only when targets occurred at the unpredictable moment. The above findings suggest that

listeners choose temporal expectation in preference to spatial expectation during auditory target detection. Alternatively,

they exploit spatial expectation when temporal information is uncertain or unavailable for prediction.
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éÃê
[3−4] ë"$#&%$' â ÇôÈôÊôËôÌ �ôÍüÔ ì Ì �ôÍ)()*  ! Ð Ý Ó$�$+$,ôÔ$-$.$/ ê [4] ë Jones � [5] 0 Ö$12�35476�8�9

(Pitch Judgement) :�;�1�< 2 ÇÃÈ �2$3$=$> Ý$ $! ë@? 8$9)A$B)C)DE4F6)G$H)I)J Ýç�K < 2 (Standard Tone) Ô�L ä < 2 (Probe Tone)Ý 2M3MN Ê ëPOMQMR ý âPS < 2 õMTÃóíÇÃÈMUMVÃêMW
L ä�X�Y�Z�[ “ \Ãð ” ? ÇÃÈ�]�^ÃË â_C�D�2�35476O�Q Ý K�`�a�b�3 ë Mathewson � [6] c ð�d���e�f^ L$g$1 ËôÌôÇôÈ$h è  $! Ð$� C)i$j$X$Y Ý$k$lm)n ë ')oEp â@Cqi)j å ç ð ÜüÈ)rüêüÝ d)�)s)t
Û H éíê ëPOMQMR ý âPu ó S éíêíË�vMw dM�Ms�t ÝrôêôÇôÈ ï$x Ë â@C)i$j å ç$y)C)z$K)` U ;)� ë{$| "$#&} /�~ â ÇôÈ s$t p û)�ôéüÝôËüÌ Þüßôàá$�$�)�$� �$�$� éôê X)Y Ý +), �)� ëXì Ì �ôÍ�$� .��F� Ê Ô$�$� Ê$�$�$�$� [7] ë �F� Ê ì Ì �
ÍMeM� óM�íÝ ì Ìíûíýíþíÿ (

h Ï����M�M� ÝM�M�M��
) ��� C�D ��� k Ï5� å�ç�X�Y�  ñ [8−9] , ��� Êì Ì �íÍ cM¡M¢ XMY ÌíÝ   ñM£M¤íÜíÈ (

h XMY �M¥
��¦�§�¨ éÃê ) ©«ª�¬ ^�U (bottom-up) ­�� C�D �k

[10] ë ×�® "�# /5~ â � å�ç ì Ì   ñ�¯�°ÃÝÃó��ã � â �M±M²M³ � ? ñíò � XMY Ý +M, ËÃÌ â û 3 Ó
��/ ê [11−12] ëËíÌ Ô ì ÌM´ îMµM¶M·íð â Ð 0 ÖM¸M�M¹Mº ÝíËÌ �íÍ ú ì Ì �íÍ ´ îí×M» â½¼M¾ U *M�í×íØM¹Mº Ý
�íÍ O ÷M¿MÀ â ï Ë �MÁíÖ ¢ å|ç ÙíÚ Ý ãíä ë ðMÂ
sMtMª â Doherty � [4] O ÷ 1 ËíÌ Ô ì Ì �íÍ â L #
1MÃMÄM�MdM�MÅ Þ å|çM�M� ÝM M! ëP? '�o�p â R ýÆ ^ * Vôê �ôØ$Ç��FÈ$É)Ê)Ëôî > Å Þ Ý)Ì$Í ë SÌ$Í ± Ü c ú î Ü c ÝôËüÌôÇ)Î)Ï@Ð$Ñ)Òôþ)Ó)ÔôúÕ$Ö$×$Ø$Ù$Ú$Û$ÜôÞ$Ý È$É$Ê$Ë H * C ³$Þ i$jôâÕ�H ð�È�É�Ê�Ë�ß�����à�á éÃêÃË â Ì�ÍÃó 50%

Ý
â a *ôð�ãFä � C)å ^ ç$æ ë C)D)A$B �)à$á éôêÝ Cüç)æ Ì)Í)çéè å)ê)ë)¾)ì ë@O)Q /E~ â@S Ì)Í± Ü c ÝôËôÌôÇ$Îôú$ÐüþôÊ Ú)Û �îí ÜôÞ Ë â *ï©Þ U$ð$ñ C)D �$ò$ó éôêôÝ$Ì$Í � � ¯$°ôËôÌ Ô ìÌ ã � âPôMõ û 3 � CíçMæ ÌMÍíÝ �M�Mö º ë {�÷ ËÌ Ô ì Ì �ôÍôÛ Ì$øôó §qù � ìüâ@ú ~ ð$d)�)e$f^ â �M� �íÍ � �MûMN ¢ îíï ÝMü ÓM+M, ùMý âPþ ©
µ�¶�ÿÃÖ ëw ¸)�)¹)º Ý �üÍ ¼E4 â�� � ËüÌ Ô ì Ì O ÷
�ôÍ���� û���� Ý "$# 4F6 ó�� ë d)�$e)f ^ ���Ý "$# ñôê â ËôÌ Ô ì Ì �ôÍ$�)d$�)Å Þ å ç)�$�ó ¼ ùMµM¶ Ý �íÍ � ìíâ
	 ¬íðM�ÃÒíÓM��� p â ËíÌì Ì O ÷ �ôÍ h è�
 ï  $! Ð$�$< 2 å ç Ý +$,ôÔ

�M����� � Ó ë
� û�� Ó â dM�íÔM��� { � ØíÒ��Me
fôð û��ôËôÌ Ô ì Ì àüá Ý�� º  �� ·üð���� ë Ð� d$� Ý ì Ì � �$a�� é 1$�$��� ñ �$� [13], �ôðËíÌ ¹Mº ^�� î��M�M� û���� Ý���� +�,���º [14] ë
:� � d$�ôÔ$�$� ù$ý ð Ë ì ¹$º ^ôÝ îüïôÒôÓ�!Ê â ðM�M�MeMf å|çM�M�M8M9 p â ËÃÌ ì Ì O ÷�" Í
Î�# ó$Ñ îüï ¢ d$�$e$f Ý / ê$¯ Ù%$ ¡$¢ ± ^ �
� â
& "M# 0 ÖM�M� å|çM�M� Ý ¾Mì Ë '�o â e�� ©'�(�)ôÝ ã+* ¯ <�, '$o�- Vôê < 2 õ$T â õ)T pO�.�/ ÝôËôÌôÇôÈ Ô Ð ã+* Ó$ÔôÝ ì Ì$£$¤ !�0 �� ð$ñ C)D ¯$°ôÇôÈôÊôËôÌ�" ÍüÔ ì Ì�" Í â@C)DA$B � õ$T�1�2 Õ$Ö VôêôÝ �$� å ç çqè å$ê$ë�3ä ë eM�M�M�M� å|çM¾Mì Ë � - ý�) ��4 â � ��xML
g ÇôÈôÊôËôÌ�" ÍôÔ ì Ì�" Íôð$�ôÒôÓ$��� p Î�#
·Ãð�5Ãï�ÿÃÖ ÝÃøÃù ë
1 687:9<;>=@?@ACB@D@ECF@G
1.1 H�I
&�J�K�L�M�N

16 O�P�Q�R�S�T�U�V�WYX[Z]\�T
9 O�W]^�T 7 O�W]_�`�a�b�c 21.5±1.83 d�e]f�g�U
V[h]c�i�j�k�W�l�m�n�o�p�l�m�p�q�W�r�m�p�q�e
1.2 s�t�u�vJ�K�w�x

2 ( y�z�{�|�}�~���|�������|�������
)×2 ( ��z�g���}�~����������+��g������������
��� )×2 ( r��8����~�������������� ) ��U�V<���� W��� �¡�c�r��¢�£��¤�¥�¦ ( §¢�£��¨[Z]¦ ) ��©ª y�eJ�K�« �£����� ( ��������� ) ������¬�� w�xN _�­�� � W�®�¯�U�V�°�± ABBA ��r��¢�£��¬��²�³�J�K�´�µ W�¶�®�¯�U�V�° BAAB � ��·�¸�J�K
( ¹�º A � B »�¥�¼�½�¾���������������¿�c�r��À�
� ) eÁy�z�{�|�}�����z�g���}�¹�Â�Ã¢ÄÅ �¡�Æ�P��
�¢�£�������¢�£��Â�Ã�Ç�_�È�É�Ê�Ë�Ì���������e
1.3 u�Í�Î�Ï�ÐJ�K f x ��Ñ�½�Ò�Ó�Ô�Ó 1 f�½�W�Õ�Ö�×�®�Ã
¯Ø�Ù����Ú�Û�WÜ¯�Ý�c 1.6 m, Þ�ß�`�à�á�â�ã 11 Ãä ��å�WÅÂ�Â�æ�z�ç�è�c 15◦ eÅ¹�é ä ��å�ê�ëÀÄÅÕ
� � ��Õ�ì�í�î�Õ���ï�ð�ê�ñ�Wò��������ó�ô�õ<�ö ´ ��U�V�e J�K Z+÷ x�ø�ù â�ú « �ûÚ�Û�� ä �
å ·�¸�ü�ý W�þ�ÿ�����������	�� ä ��å�
�ô�ñ����
 J�K���� e J�K ÷ x�� ��y�z�������© ª����� U�V�°�����© ª y�eJ�K�� � w�x Matlab � ö µ���µ S������
PsychToolbox [15−16] ��� e ��!�"�# 17 ��"�# 18,
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J�K ÷ x ��Â�%�����&�'���¦�»�¥�c 750 Hz �
3000 Hz e ¹�Â(%()������+* Adobe Audition ,�É(-
¿�T�.�W+y�/�`�c 50 ms ( 0�� 5 ms ��1�2���1�3 ),

Q(4(5�P�r��(6 ´ ����7(8�`�c 60 dBA SPL e J�K
÷ x ��l���&�'�×�®�Ã�6�9���: ù LED, ¿�c�;�l
6�P�U�V�p�<�
�����e

=
1 >@?@A@B@C@D =

1.4 E�F
c�á�G�H�I�J�K «�J�K ��L���M�N�W J�K P�OP Z ·�¸ WRQ�»�c�Â�Ã(S�T�~VU(W�S�T���p(X J�K e
P(U(W(S(T�W U�V(Y(Z([(\�����������¹�Â(%��

�(&('�WV](^(_ J�K(`�a(b W N(c�J�K(d�e eÅ��5�W
U�V�f�g�hji�k�P�l�m�Þ�W�Õ�V�n�o�p�q�]�r�s�X´ õ[�]��Û «�ª �[� ö ô�t�W�c�p�X J�K�u 4�Ñ�e
p�X J�K Zvf����w* 9 Ã�����&�'�� 8 Ã�&�'

z�y�x (Inter-Stimulus Interval, ISI) y�.���� � W
X�Z�< 8 Ã�����c���4�&�'�W z�5�®�Ã�����f�{�|
¦�����������4�&�'�n8� ��&�'�e }�~�y�z�{�|�}

����z�g���}���f������ � »�c�y�z���|���z�g��
(T+S+) ��y�z���|���z���� (T+S-) ��y�z�����|
��z�g�� (T-S+) ��y�z�����|���z������ (T-S-)� %���� ( ��Ó 2) e�X�Z+W�y�z���|�� (T+) � �
°�±wivk���&�'�z�y�x (400 ms) ��������&�'�e�y
z�����| (T-) � � Z]W ��®�Ã���z�5�®�Ã�&�'�z�y
x�c 400 ms, Z]z 6 Ã�&�'�z�y�x�»�¥�c 190 ms �
260 ms � 330 ms � 470 ms � 540 ms � 610 ms, ��¹
6 Ã�y(x�P(�(��V(�ØZÙ��á � ¬�������e
P���z�g��
� (S+) � � ZÙW 9 Ã������Ø�Ù��Û�Þ�� ä ��å�g���(� e������+*��(�+�Ùi(�(}(������y�W�f�����{(|
¦(�(� −75◦ � −60◦ n −45◦

´ � ä ��å�¿�c����(�
6�e������+*Ùi(�+���(�(}(������y�W�f����({�|�¦
�(� 75◦ � 60◦ n 45◦

´ � ä ��å�¿�c����(�(6�e P��
z������ (S-) � � Z]W�¹�é�����]�����ã[�+�������� W ������* 9 Ã�����
�ô�� ä ��å�}�������W
����P(
�ô�á�â�Þ(��g���Æ(�(��e
¶���W
c��(��U�V
Ú�.�© ª k���W�§���;�Ò�]�¤�¥������ � Z z�5�®
�(&('�×(¡�cÀ�Å�(&('�W J�K(¢(£ � N(¤(¥ &('�e ¤¥ &�'�f�¦�0�� 9 Ã�����Z+W � ��&�'�f�����P��� Z�§¨<�������ô�t ´ ����W ����������P�� ��©ª W�¹�«�� � ��¬�.�U�V�P�q�Ã�� � ����­ z���;
Ò���î�e
p(X J�K S(T(®�Ã(¯(°�±(²�<�WÁU�V�p(<�
 ( §

0◦
´

) � ä ��å(f �(� ����n�����������W ¾�³(´�µ

(a) ¶@·@¸@¹@º@·@»@¼@½@¾@¿@¼@À@C@Á (b) ¶@·@Â@¸@¹@º@·@»@¼@½@¾@¿@¼@À@C@Á

(c) ¶@·@¸@¹@º@·@Ã@¼@½@¾@¿@¼@À@C@Á (d) ¶@·@Â@¸@¹@º@·@Ã@¼@½@¾@¿@¼@À@C@Á
=

2 Ä@¹@Å@¶@·@Æ@Ç@È@º@·@Æ@Ç@½ 4 É@Ê@Ë@Ì@Í
( Î@ÏÑÐ@Ò@Ó@Ô@Õ@È@Ö@Õ@½@×@¾@Ø@Ù@Ú@Û@Ü@Ð@Ý@¾@¿@ÈßÞàÐ@¾@¿@áÑâ@ã@ä@å@æ@C@ç@×@¾@Ø@Û
Ü@¾@¿@è@¼@À@é@½@ê@¼@áÑë@Ì@ì@Õ@í@î@ï@·@½@·@ð@ñ@ò@æ@C@ó@ô@õ@·@¶@ö (ISI) ½@¶@ñ )
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U�V(ú(¯ J�K �À�Å�(&('�eû��Ö J�K(� ��c�~ûü(ý�Wû6
9�p(<(
�� LED ¿�c(;�l(6�W 1200 ms 5 � ����� �� ®(������� � n ¤(¥ &('�W��À�£�(&('�3���y�W
U
V�Y�þ¨ÿ x i�k�� ` °�Ê�© ª�� Þ���© ª ��e�U�V
g 1500 ms ��y�z u °���© ª W�Ô�P�³�y�T������� 	�°(��W
Æ(s�c�U�V��($(³À�Å��&('�e z(5(;�l(6�
	 W 1.5∼1.8 s 5 � �¢Ä��


�
��Ê�®�Ã�V���e
p�X J�K Q�g 432 Ã�V���W�X�Z 8 Ã J�K È�É

�
�
� 48 ��W ¤�¥ V���Q 48 Ã (11.1%) e J�K Q�»
c 8 Ã�¯�°�W ®�Ã�¯�°�¦�0 54 Ã�V���W U�V�Ë�.�®
Ã�¯�°�5
��� 2∼3 min e

2 F>G����
U�V�¤�¥����¢�£����p�r�¦�c 99.5%( ��4
��c

1.4%), ¹�����L�×�*+õ J�K ��� N ��Y�Z��������
µ���¤�¥ d�e W�¾���õ�U�V�P�� J�K È�É�Ê���g �
����© ª p�r�} ( ��¼ 1) e���³�W 5�����»���f�¾
© ª y�c ` ��W�ã���!���U�V « r��%������© ª��
��P���� J�K È�É�Ê��
�
 �e

�(!("(# 19, p(X J�K Z ¤(¥ V(�(�!��¿(3�°(�
© ª V���� © ª y
"�õ 150 ms ��R�õ 1200 ms V��
(0.11%) � � 2 « © ª y��
# � »
��e ��� J�K È�É
Ê�f�g�U�V���_�`�© ª y ��� Ô�¼ 1 ��Ó 3 f�½�e
¾�y�z�{�|�} (T+/T-) � ��z�g���} (S+/S-) ��r��
�Å� (750 Hz/3000 Hz) cÀÄÅ �¡�W « © ª y�¿���� �
¡(
���»���e �(��$ ½�W
y�z�{�|�}���Õ
% ª�$
& W
F (1, 15) = 23.775, p < 0.001, η2

p
= 0.613 e�U�V « y�z

��|(��� �(©(ª ���������À�Å����© ª y (293.5 ms)$�& ÿ�õ�y�z�����|�� � (305.0 ms) e
��z�g���}��
r��8������Õ�% ª `�� $�& (F (1, 15) = 1.643, p =

0.219, η2
p

= 0.099; F (1, 15) = 0.174, p = 0.682, η2
p

=

0.011), ¼(']U�V « ��z�g������ � î���z��������

��©�ª ���������%� ����© ª y�� $�& �� �W ��y
���¢�£����¦�����������M�N�U�V���¤�¥�© ª y�e

ú J�K�) ��Z���*���×�W������ � ��y�z�{�|
}�����z�g���}�æ�z�+�P $�& ��,�-�¿ x ( Ô�¼ 2 �
Ó 4 f�½ ), F (1, 15)=8.243, p< 0.05, η2

p
=0.355 e/.

)�Õ�% ª »�� $ ½�W y�z�{�|�}�% ª P������ � ��z
g�����������z�����������È�É�Ê�`�0�	 N�$�& Ç
_�W Fs>23, ps<0.001 e21(����z�g���}�% ª�3 *�T
P�y�z�����|�È�É�Ê�W F (1, 15)=4.92, p<0.05 e ��Ö4�5 W
P�y�z�����|�È�É�Ê�W
U�V « P���z�g������
��� ��©�ª ���������8������© ª y (300.4 ms)

$

=
3 Â76@>@?@í78@ë797:ßÞàÐ7;@Ú@½7<7=@¶

=
4 4 É@¶@· – º@·@Æ@Ç@Ê@Ë@Ì@Í@ë797:ßÞàÐ7;@Ú@½7<7=@¶

(∗: p<0.05; ∗ ∗ ∗: p<0.001; n.s.: Ã7>7?7@7A7B7C )

æ 1 Â76@>@?@í78@ë797:ßÞàÐ7;@Ú7D@È7<7=@¶@½7E7F@È@Ð@Ý7G7B
¾@¿ Â76@¶@·@º@·@Æ@Ç@Ê@Ë@Ì@Í
ÞàÐ T+S+ T+S- T-S+ T-S-

;@Ú7D (%) H7I 99.7± 0.3 99.2± 0.6 99.7± 0.3 99.5± 0.4J I 99.5± 0.4 99.5± 0.4 99.5± 0.4 99.7± 0.3

<7=@¶ (ms) H7I 292.3± 8.7 291.5± 9.2 301.2± 7.9 308.2± 9.6J I 295.4± 7.8 294.7± 8.0 299.6± 7.1 310.7± 8.9

æ 2 K@É@¶@· – º@·@Æ@Ç@Ê@Ë@Ì@Í@ë797:ßÞàÐ7;@Ú@½7L7E7<7=@¶@È@Ð@Ý7G7B
Â76@¶@· – º@·@Æ@Ç@Ê@Ë@Ì@Í

T+S+ T+S- T-S+ T-S-

<7=@¶ (ms) 293.8± 7.3 293.1± 8.3 300.4± 7.3 309.5± 8.7
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