Neural and perceptual correlates of modal incongruence
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Introduction
Cadences and Pre-Cadential Contexts [’agtgdpft'f“,s < (99 formalos. 17 males. 5 lofichanded. 1 ambidext N ERAN response is observed for all deviant cadence type difference waveforms, and the main effect of cadence type is significant (p < 0.001).
* In Western tonal music, cadences are harmonic progressions . Agep‘g‘ye";'f;;f‘ﬁe‘an e 1e el g e I, I ) The Neapolitan cadence produces the strongest ERAN response, followed by the Deceptive and Parallel-Mode Tonic (PMT) cadences. P3a and N5 did
composed of two fundamental chords that conclude musical » Musical experience (years): Range = 0:40, Median = 7, Q1 =2.8, Q3 = 10.5 not show systematic differences between conditions.

phrases. There are various cadence types, and those with endings Stimuli This suggests that cadences with increased syntactic irregularities are associated with an enhanced ERAN response.

- - T : « Each chord sequence contains 5 chords in which . ERAN Window = 142-242ms followina final chord tat?2 FCL FCM FCR A .
mcregsmgly deviating from t_he_ tonic (thg most stablg note of a the first 4 chords (500ms each) provide tonal Trial Structure indow ms following final chord onset at 2s e R . FER ©ocecee
key) introduce more syntactic irregularities and provide a reduced context and the final 5th chord (900ms) indicates g N | | | | | —
sense of resolution. the cadence type. - o | | -
. : : : * The penultimate chord (4th chord) is always the . ER.AN LN = oD ‘ = ‘/\ /\\\7\ o~ ,\ / | - ~
* The pre-cadential context is the tonal quality, or mode (Major or dominant (V) g oS $ g $ Difference 8. | R R \Y | Elecirode
minor), of the musical material preceding the cadence. The pre- + There are 8 cadence conditions: 4 cadence types amp“,’vg:,aeﬂg:r‘::s S ol [l | el A o ol
cadential context and the final chord of a cadence can have a (Authentic, Parallel-Mode Tonic, Deceptive, and - - " . <, = o | e == N | ® Fcm
. : . . : : Neapolitan) x 2 pre-cadential modes (Major or '{" » O Parallel-Mode Decentive Neaoolitan po _ __ J — -_ _ L
Congruent (MajOr-tO-MajOr, manr-tO-manr) or Incongruent (Major- minor)- O = Tonic g g o roz 22 24 26 28 3 R 22 24 26 28 J R 22 2.4 26 28 g ® FeR
to-minor minor-to-Major) relationship * S unique variations were composed and transposed Time (s) .
) . : o Parallel-Mode Tonic
to 4 different keys per cadence condition (5 x4 x 8 | —— ] 0al ' | | | ] )| - | | | | A )| - ' ' ' ' A Deceptive
Pre-Cadential Context (I;fllr:)?::l C°"esgg:zii’t‘ig:sade“°e =160 pOSSible trial CombinationS). S e . ozl | ol | ozl | Neapolitan
 Per block, 16 chord sequences were presented in T T T o ——— e : s NG | /> | O Dec-N 0.05
Major Authentic marimba timbre for a simple timbre deviant l l,l l,l l,l l,l ", l,l l ER_AN LLC!? % OLAQ‘/\\\/\/V\/‘ o)/ \‘(\ L/ W 0 AR /A’ W O Dgg -Pl\j'erl(fop: 0.65))
Major Neapolitan* identification task (button press) in addition tothe = ™ * & °© . leferenc.e ERG 1 02 \y ‘ o2 \I/ - ‘ O  Nea-PMT(p < 0.05)
Modal Congruence 160 presented in piano timbre. T%p‘c’)vgraghles c_;l sl A sl A oal A
minor Authentic ngm . - an ave Orms o ° - - . .
e 8 Cadence Conditions per Variation ol — = oo 1 ] B o= | 08 - ‘ 55@2',1:'"5’;"35:2?;;22 P
Parallel-Mode Deceptive Neapolitan oa | = | | | | = - | | R | bl - | - Dec vs. Nea <0.001
Major minor Tonic ' 2 22 2.4 2.6 2.8 3 ' 2 22 24 2.6 2.8 3 ' 2 2.2 2.4 26 2.8 3 Dec vs. PMT NS
Major Deceptive Pre-Cadential Contextl Final Chord Pre-Cadential Context I Final Chord _ : | : ! _ Time (S) Nea vs. PMT <0.001
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Mot I ver §%gru o—if-o—jf-e—iipo Hriﬁﬂ’ o—fo—e—o The ERPs of the Authentic cadences exhibit a significant, large sustained Behavioral Rating Results
| . ' R T divergence between Major and minor modes at a latency of 700 to 1000ms Val - Valence Interaction Plot
. n M 7 Cadence Type
. . * = out-of-key final chord _ . - hBLE § . o Wlthln FCR_ | | | . Valence ratings are @ Authentic y |
Neural C_orrelates _of Caden_tl§l Processing N ar o gﬁd £ :’I e | == E;’I = We speculate that the late processing is unique to modal congruence which may generally higher for a o = oo
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syntactic irregularities within musical chord progressions, typically dhalesrs o fs |3 Pkssewls |3 5 1% T | | T ] [ e except for the PMT. 3 §§
in the right frontocentral region with a latency around 200ms [1-5]. Va3 ([0 e lee vaimnarenie || | Theref if the final 5 SRR v _
. D s e e S e S R ererore, It tne fina s A¥Treeeeee T §
* The ERAN is generally follow.ed by a P3a (200-400ms) and N5 e . ke —— . o o chord is the tonic, its
(400-600ms), both observed in the frontocentral area. mode may matter more -
[ ] I I . — th — '% ! 0 0 Me;jor mirlwor
The P3ais c_onS|_dered to reflept the processing of low-probability, %ﬁzﬂa I e Pesss s o = s than the context. Pre-Cadential Mode
infrequent stimuli or novel, salient stimuli during tasks that do not ver 4 gt P e o fo e iglrrrelo o o o Maj-min Authentic Dearee of Combletion:
) i o o - ro— Y o o L ® o , , , , , , , , , , , | e _g—u
I r—r—r | m -0.5 -0.5 -0.5 . . .
reqUIre ?ttentlon [6]. . o . 2 2.2 2.4 2.6 2.8 3 2 2.2 -I-“TZ]; (3)2.6 2.8 3 2 2.2 2.4 2.6 2.8 3 Only cadences that conclude on a tonlc chord have SIgnlflcant
* The N5 is a late negative component that elicits in response to L o o . differences between pre-cadential modes
violations of harmonic expectations and is sensitive to the [Fisi= = et et e e The ERPs of the PMT cadences elicit an N5 in FCM which is significantly . : . . .
P il | ~ Similar to val Major Authent ted higher th
. _ Var. 5 L . e |l . - | for the Maior PMT than th . PMT cad Imilar to valence, viajor Autnentc IS rated nigher than minor
integration of tonal contexts [2-4]. Presssanes ¥ Je Ikl s FEe o o arger for the Major an the minor cadence. Authent d mi BMT is rated hiaher than Maior PMT. H
B e I e ) . : : : uthentic, and minor IS rated nigher tnan Iviajor . Flowever,
A N Since the N5 reflects context integration [2-4], the observed N5 implies that modal unlike valence. minor PMT is rated lower than minor Authentic
R S iIncongruence is processed as a violation in tonal context integration. Furthermore, .. . '
Present Study & Hypotheses o° ¢ , ob s l J P . Jrall - Thus, DOC is influenced both by the mode of the final chord and
the enhanced N5 for the Major PMT cadence may suggest that it is more difficult to context St e —
<® ® . . . . . . egree of Completion Interaction Plo
» The current study examines the ERAN and subsequent ERPs for integrate than its minor counterpart (the Picardy Third). § Gt
T : : Procedure and Apparatus Window = 400-500ms ;wth:nlﬁ; de Ton
e EElIBIE: V.a rI.OUS Cad.e.nce. IEEs. S EHID o dl.ﬁ EE « Neuroscan SymAmpRT with whole-head 64-channel Neuroscan Quik-Cap (10-20 system) O LGSR Gee 2 f —_ § —_— . 3 i ‘‘‘‘‘‘‘ B B ccoie
typeS Of SyntaCtIC "TGgUIarltleS IN CadenCeS dare reﬂeCted IN the . Recordings conducted in a sound-attenuated and e|ectrica||y_shie|ded room mﬁi ﬁm § © Neapolitan
ERPs.  Audio stimuli delivered through insert stereo earphones . el in PMT S s
P— * 4 blocks total (4sec ITl x 176 trials = 11.73min for each block). Block order rotated one place 3 o5 - 05} | 05} - - S
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gyf)’;’:ceﬁcyl’:fe’;ug’;;y° Final Chord Ly oo ey Mo for each following participant § ,./,J\ £, % %
Data Analysis = L /J e Y _ o d N AN\ LXK _ 5
Tonic In-Key Congruent « EEG epochs (-500ms to 3000ms) for chord sequences : gV =4 I \Y V\/ Sa
_ | « Trials with channels exceeding + 70pv discarded Maj-min PMT - % --------------- %
Parallel-Mode Tonic fonie Out-ofey inoongruent « Baseline: 50ms before onset of final chord at 2s —— sl e = .l ..
o . . - Electrode groupings: " S L s s Vi mior
. Non-Tonic chord built on the Sixth T .
Deceptive scale degree In-Key Incongruent e e T (AF3, F7. F5, F3, FT7, FC5, FC3, T7, C5, C3) ime (s) Pre-Cadential Mode
Non-Tonic, Major chord built on OutotKe Congruent in Major mode: » Frontocentral Middle (F1, Fz, F2, FC1, FCz, FC2, C1, Cz, C2) ) Ref
the flatted Second scale degree y Incongruent in minor mode - Frontocentral Right (AF4, F4, F6, F8, FC4, FC6, FT8, C4, C6, T8) CO“CIUSIO"S erterences
° In addItIOn, the Psa and N5 are antICIpated tO SUCceed the ERAN * ERF.’S were obtained for each Cade.nce condition and diﬁerenqe waveforms were obtained for 1. S:arlzasi\éi!?l:;eél,BrEé;iﬁ.r,el?S);aatﬁi;;), ;Eé,sléﬁigg;?i,"rOstergaard, L., & Vuust, P. (2011). Distinct neural responses to chord violations: a multiple source
) _ deviant cadence types by subtracting the ERP for the Authentic cadence. . The ERAN ind | | tacti Tyt i | : h t tacti R e D8 Sehréaer. E. (2000). Brain indices of musi - . N .
for deviant (non-Authentlc) cadence types. These ERP - Using the grand average difference waveforms, peak amplitudes were determined by the _ € _ In exeS_ Sl SIERIee 2t Bl 1) Beiri=l ILEUE STETE glrieElel Spiiele aByE0Ar e B e B SEROS - (2000)- Breiin indices of music processing: “nenmusicians” are musical. / Gogn Neuroser
components may share a similar relationship to the ERAN where m.inimum amplitude (for ERAN gnd N5_) or maximum ampli_tude (for P3a) within typical time iIrregularity result§ In an enhanced ERAN response. | 3. Eg:?ec;y SofEcolf;;rg:;e(r)fl\ﬂhem:?;;ssiatl'\;s iff;f;?;e%180-(228(;:11352423?%38;29 of hierarchical syntactic structure in music. Proceedings of the National
. I t d f . . windows for each component. Time windows were determined by half of the peak-to-peak i The ERPS fO”OWIﬂg the ERAN may reﬂeCt Iarger COnteXtual prOCGSSIHQ SUCh as 4. Loui, P, Grent-'t-Jong, T., Torpey, D., & Woldorff, M. (2005). Effects of attention on the neural processing of harmonic syntax in Western music. Brain
greater syntactic Irregularity and years of music experience may amplitude between the identified component amplitude and neighboring peaks to the left and modal congruence. Interestingly, mode and its shift may be uniquely processed in 5. Pagseporiabella, C.. Toro, . M. (2020). Dissonant endings of chord progressions elct a arger ERAN than ambiguous endings n
correlate with heightened responses. right. OVAS § f e aﬁ d time win do;/vs " musicians. Psychophysiology, 57:13476
. 300 y - . Three_way repeated measures ANOVAs for all ERP Components were conducted with factors . 6. Seppanen, M., Pesonen, A. K., & Tervaniemi, M (2012). Mysic training enhapces the .rapid plasticity of P3a/P3b event-related brain potentials for
Through secondary analyse_s, participants’ behavioral responses of pre-cadential mode (Major, minor), cadence type (PMT, Dec, Nea), and electrode group « DOC is more sensitive to the context than valence and specifically highlights the e SoundS'Attentlony’72
to cadences may reflect their ERP responses. (FCL, FCM, FCR). : : :

importance of tonic-concluding cadences. This poster was presented at the NeuroMusic Conference held at McMaster University, Hamilton, ON, November 19, 2022.



