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Abgract The efectsof deviant visud and auditory stimuli on event-related potentia s were i nvestigated
in an intermoda oddbdl task. Tones of different pitch were used as auditory stimuli (sandard:
1000 Hz ,85 %, deviant 800 Hz. 15 %) and various snge Chinese words and smple geometric figures
were used as visua stimuli. Auditory and visud stimuli were presented sequentidly to subjects at ran-
domized 1Sl of 700 1300 ms. The subjects wereingructed to attend visud channd and ignore the au-
ditory in one block and to attend auditory and ignore visua in the other with key-regponses to the current
attended stimuli. Results showed the deviant auditory stimuli dicited smilar mismatch negativity
(MMN) in both attended and unattended conditions. MMN’ s indgendence of attention in auditory
moddity may reflect the automatic processng of auditory senory inputs. In the visud modality , the de-
viant stimuli eicited no MMN or MMN-like component in both conditions because of the pardld pro-
cesding system of visud modality and its difficulty of establishing the memory trace. The enhanced P300
dicited by the auditory and visuad deviant stimuli in active condition may reflect the representation updat-
ing of work memory. The results were consstent with Naatanen’ sobservation on MMN.
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0 Introduction

The mismatch negativity (MMN) component wasfirs isolated from N2 by Naatanen and his
co-workersin 1978 by usng the oddbal paradigm under passve and active conditions which
usualy occurs at alatency of 100 200 msfrom stimulusonset. The MMN can be measured from
a difference wave by subtracting the ERPs to standard stimulusfrom the ERPs to deviant stimu-
lus, and it can be dmilarly dicited by the deviant auditory stimuli in both attended and unattend-
ed conditions. Naatanen interpreted the MMN as a reponse to the relation between consecutive
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stimuli , and as reflecting automatic procesing of sensory stimulusfeatures because of itsindepen-
denceof attention. In active condition, the deviant stimuli usualy €icit a wave complex caled
“ N2-P3a'[?. ThisN2is probably composed of MMN and a further negative component caled
N2b. The N2b usudly overlgpsthe later part of mismatch negativity. The N2(N2b) isconsdered
to be a correlate of stimulus categorization!®! and N2b and P3a might be closdly related to the ori-
enting response!®!. In the visual modality , Naatanen stated that no MMN would occur due to the
diff erence between two modalities. It might be related to the chiefly sequential nature of auditory
procesdsng compared to the visua sense, which can be characterized as a parale-procesing sys
tem!®],

The present paper examines the ERPs dlicited by visual deviant stimuli and the ERPs by de-
viant pitch with an intermoda oddball paradigm. Because of the highly focused attentionad sate
produced , the experiment provided a test of Naatanen’ sproposal that the auditory MMN isinde-
pendent of attention and it questioned the existence of the MMN-like in visuad modality. In the
experiment , ERPs to deviant pitch were dlicited in both active and passve conditions. As re-
viewed by Naatanen!®! | the N1 component appears to be a reponse to individua stimuli and the
MMN is aregonse to the relation between consecutive simuli. We proposed that there was no
difference in N1 dicited by the deviant pitch between active and passve condition. In both modal-
ities, we a2 proposed a larger P300 to visual or auditory deviant stimulusin active conditions.

1 Methods

Bleven univerdty students (aged 18 26, al mae and right-handed with norma hearing and
oorrected or normal vison) were instructed to key-regpond to an intermodal oddball task. At last ,
four subjects were rejected because of too many EEG EO G artifacts and regponse failure.

The auditory stimuli consst of a train of tone pips (standard: 1 000 Hz, 55 db, 20 ms,
85 %;deviant :800 Hz, 55 db, 20 ms,15 %) presented to the two ears at a random IS| of 700
1300 ms. Eghteen s mple geometric figures such as square, triangle and 40 Smple sngle Chinese
words (all in same Sze of 2cm x2cm, yellow in black background) were randomly presented to
the monitor at random ISl of 700 1 300 ms. The distance between subjects and the monitor is
2.0m.

In one block , subjects were instructed to attend visual stimulus, ignore the auditory channel
and confortably touch different sendtive buttons to response to different visua stimuli (standard
and deviant , we cal them frequent and infrequent stimuli) with different hands. In the other
block , subjects attended to auditory stimulus with corregpondent key-regponses and ignored al the
visua stimuli while their eyes ill fixed on the monitor al the time. The experiment epoch is 700
ms and prestimulus baseline is 50 ms. To avoid the artifactsfrom the key-regponse, we used two
indicatorsin auditory (aclick , 1004 s, 18 db) and visual (adot,0.13 cm x0.13 cm) modalities.
The subjects were instructed not to touch the button until the indicator randomly presented & ter
the recording epoch. Thus, the subjects couldn’ t predict when the indicator would be presented ,
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they must keep high attention on the current attended channels to get correct regponse. Before
each run, the subjects practiced to key-respond correctly up to 95 % within 30 s.

Brain eectrica activity was recorded usng Ag/ Agd eectrodes placed at 6 scap dtes (Fz,
Cz ,Pz ,0z ,P3,P4) of theinternational 10 20 system, al referred to both mastoids. The EEG
was amplified with a band passof 0.1 100 Hz. ERPs were averaged offline. Electro-Ocular Ac-
tivity (EOG was ao recorded from the Ieft of the Ieft eye to enable artifact regection of trids
with blinks and other eye movements.

Averaged ERPs were obtained to auditory and visua stimuli when attended and unattended.
Mean amplitudes of ERP waveforms, relative to the baseline were measured across windows visu-
a:v1(80 160ms) ,V2(160 280 ms) , V3(280 380 ms) and V4(380 600 ms) ; auditory:
A1(60 130ms) , A2(130 210ms) , A3(210 280 ms) , A4(280 400 ms). Latencies and
amplitudes of MMN to deviant stimuli were measured from difference waves by subtracting ERPs
to standard from ERPsto deviant in each conditionsin two modalities. These ERPs data were en-
tered into separate repeated measure analyses of variance (ANOVA) .

2 Results

2.1 ERPsfor Auditory Simuli in Attend and Ignore Conditions

Figure 1 showsthe ERPsédlicited at Fz ,Cz,Pz,0z ,P3 and P4 by the deviant tones when they
were attended or unattended , superimposed on the ERPs to the corresponding standard tones.

The comparin between the ERPs dicited by the deviant versus standard tones can be seen
more clearly in the difference waves. In the upper part of Figure 1, in the range of window A1,
the deviant dicited a negativity larger than the standard at P3( F(1,6) =8.607, P <0.05). In
the window A3, the deviant dlicited alarger negativity at PA( F(1,6) =7.335,P<0.05). Inthe
range of A4, the deviant dicited a Sgnificantly larger podtive at al stes ( F(1,6) =6. 22 for Fz,
9. 965 for Cz, 14. 891 for Pz, 16. 114 for Oz, 10. 974 for P3 and 10. 017 for P4, P<0.05). In
the lower part of thefigure, in the unattended conditions, the deviant elicited no dgnificant com-
ponentsin windowsfrom Al to A4. For both attended and unattended tonesin different blocks,
a negative difference wasevident in the deviant ERPs relative to the standard ERPs. The negative
differences started from 100 ms and lasted to 280 ms at Fz(mean amplitude [ deviant/ standard] :
-2.59uv/ -2.33uv) ,Cz(-3.04uv/ - 2.414vV) , Pz(- 2.34u v/ - 1.74uv) , Oz(- 1.60U v/
-1.00pv), P3(- 2.196MVv/ - 1.684vVv) and P4(- 2.51Pd v/ - 1.84Pv). Their mean ampli-
tudes were no sgnificant difference in unattended conditions and in the attended conditions at al
stes. The different postives in the attended conditions in window A4 were sgnificantly larger
than in the unattended conditions (mean amplitudes, F(1,6) =12.46, 13.49, 18.46, 11.88,
15.46 and 10.45, P<0.05). There was d2 no difference of the deviant N1 components be-
tween two modalities.
2.2 ERPsfor Visual Simuli in Attend and Ignore Conditions

Figure 2 shows the grand (N =7) average ERPs for visud standard (85 %) and deviant
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(15%) stimuli. In the upper part of Figure 2, in the attended conditions, the deviant visual stim-
uli elicited larger podtivesin window V2 and V4. The peak amplitude of the podtivein V2 by the
deviant was dominant in al stesexcept Oz( F(1,6) =80. 732 for Fz ,43. 69 for Cz ,8. 395 for Pz,
37.314for P3 and 14. 166 for P4, P<0.01). In window V4, the deviant eicited sgnificant
larger peak amplitudes than the standard did at al stes ( F(1,6) =17. 183 for Fz,18. 90 for Cz,
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Fig.1 Thegrand ( N =7) average ERPsfor auditory sandard (85 %) and deviant (15 %) pitch

40. 085 for Pz, 20.551 for Oz, 29. 347 for P3 and 29. 397 for P4, P<0.001). From the lower
part of thefigure, in the unattended conditions, there wasa dgnificancein window V1 at P3, P4
(F(1,6) =7.465,8.634,P<0.05) , V2 at Fz (F(1,6) =12.58, P<0.01) Oz, V4 at P3
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(F(1,6) =8.828,P<0.05). Intheright part of thefigure, the deviant visual stimuli elicited a
dgnificant different podtivesin the range of 360 600 ms when they were attended than that
when they were ignored ( F(1,6) =29.21 for Fz, 31.979 for Cz, 51. 644 for Pz, 22.568 for
Oz, 50. 306 for P3 and 63. 089 for P4, P<0.002) . There were no sgnificant differencesin win-
dow V1 and V3 in attended and ignored condition.
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ERPs difference waves (deviant-standard) in attended and unattended conditions at sx scap stes(Fz ,Cz,Pz,0z ,P3,P4)
Fig.2 Thegrand ( N =7) average ERPsfor visual standard (85 %) and deviant (15 %) stimuli

3 Discussions

In the present experiment , the attended deviant tones dlicited a negative difference wave
which started at 100 ms and lasted to 280 ms with its peak amplitude ( - 3.04J v at Cz) at the
peak latency of 160 ms and followed by a postive component at 330 ms. The deviance negativity
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could be identified as the typica mismatch negativity that overlapped the N2b component and fol-
lowed by a P3a component due to the higher task difficulties in active condition. In the pasive
condition, we a9 distinguished a deviance negativity at the latency range of 100 ms to 250 ms
(mean amplitude= - 2. 41y v at 168 ms at Cz) without afollowing of P3aor N2b components.
The onset , peak latencies ,wave shape and distribution of the waves were smilar in both attended
and unattended conditionsif subtracting the overlapping N2b from the attended deviance negativi-
ty in attend condition. Asdescribed in the methods, both the auditory and visud stimuli repeated
to present in the exchanged postion (condition) of attention, and the tasks for subjects were
highly focused with key-regponses with no time for the subject to switch attention between two
modalities. It could not be explained as controlled processng in unattended condition because of
the highly focused primary visud tasks. The smilarity of unattended MMN and attended MMN
oould reflect itsindependence of attention and could be interpreted as automatic processng of audi-
tory snory inputs. Due to the fact that the intendties of the tonesin different conditions were
both the same 55 db, the Smilar N1 component elicited by the auditory deviant in attended and
ignored conditions may reflectits correlation with physcal features of individual stimulus but not
the relation between stimuli.

In the visual ignore condition, however , the visua deviant dicited no mismatch negativity-
like componentsin the corregponding latency range in comparion with the sandard ERPs at all
dtes. In active condition, MMN is awaysoverlapped with a N2b component in auditory modality
according to Naatanen’ sinterpretation[5]. From the upper of thefigure 2, thereis no N2b conr
ponent or an enhanced N2 component within the corregponding latency. We can ad $ conclude no
MMN component occurred in the active condition in visua moddity. Naatanen claimed that no
MMN could occur in visua modality. He accounted the difference between two moddities to the
different procesing nature of visua and auditory sensry that there exists a parallel processng
system in visua modality and a sequentia processng system in auditory. And the duration of au-
ditory sen®ry memory is severa seoconds, whereas the duration of visua iconic memory is less
than half a second or may not exist. Naatanen cons dered senory memory astheinformation bass
of MMN®!, In this experiment , the diff erence between the standard and deviant visua stimuli is
the meaning of the word that could be explicitly expressed as the familiar or regular structure of
the words or other phydcal features. It is difficult to produce an invariable iconic memory due to
the sequentially presentation of repeated and varied words and figures. S it isimpossble to estab-
lish a memory trace!® that could be reflected by MMN which could reflect the automatic process:
ing of senory stimulus asin auditory modality. Due to the variance of the visua stimuli, the N1
amplitude is much smaller in both conditions.

In the attended condition , both visuad and auditory deviant stimuli which dlicited larger P300
than that by the standards, especialy in the visua modality. That the P300 amplitude to targets
isattenuated with increased target probability is studied in selective dichotic-listeni ng[s]. P300 la
tency and amplitude for targets might reflect the further procesing of to be attended sti mulit®!.
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The deviant stimuli icit P300 when the stimulus sequence isto be attended but no P300 or small-
er when the stimulus sequence is to be unattended!’!. Donchin!® proposed a hypothesisof context
updating to interpret the meansof P300 may reflect the representation updating of work memory.

In the present experiment , the visua sequence condstsof various Chinese words and s mple geo-

metric figures. The subjects reponded to the different physca features of words and figures,
their different propertiesof structure, but a< the categorization of stimuli , that is, the difference
between serial meaningful words and meaningless figures. It couldn’ t be explained only by the
probability of the stimulus because too many words and figures occurred in the sequence and to
each word and figure that each probability was rather low. The context updating theory may ex-
plain the enhanced P300 in this experiment. Thus the representation updating of work memory
may describe the enhanced P300 by the change of the deviant figuresin the sequence of the Chines
words.

In summary , in theintermoda oddball task , the auditory deviant stimuli which dicited s mi-
lar MMN in both the attended and unattended conditions may condst with Naatanen’ s concluson
that MMN'’ sindependence of attention reflects automatic processng of senory stimulus. The at-
tended auditory MMN overlapped the N2b and followed by a P3a component in active condition
that might be related to activation brain events and the orienting response[3]. In the visua modal-
ity , a sequence of various sngle Chinese words and s mple geometric figures were used that ap-
peared the deviant visua stimuli elicited no MMN-like componentsin both attended and unattend
ed conditions. The visud deviant simuli dicited alarger P300 may reflect the inner categorization
of visual stimuli and may be interpreted by the context updating theory proposed by Donchin!®!.
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