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 Processing of rhythmic and melodic 'Gestalts'  -  an ERP study

                               Christiane Neuhaus, Thomas R. Knösche

  Max Planck Institute for Human Cognitive and Brain Sciences (Leipzig, Germany)

Introduction

The present study deals with the temporal aspect of sound processing, comparing brain responses to structured and unstructured tone sequences with each other. Tone rows consisted either of melodic or of rhythmic elements, i.e. of pitch, interval and time or, simply, of time information. Structured versions, so-called 'melodic Gestalts' and 'rhythmic Gestalts', were based on traditional musical rules or included a clearly recognizable rhythmical pattern. Unstructured versions were generated by random permutation, either of the same notes or of ten different time values. While most research in this field is done with PET and fMRI (e.g. Griffiths, 1998; 2001), this work uses event-related potentials (ERPs).

Methods

Subjects  

(  14 healthy non-musicians 

(  age:  21 to 28  (average: 24.29, stdev: 2.23)

(  gender was balanced 

Stimuli 

Rhythm condition (Experiment 1):  

    (  40 randomized time rows and 40 time sequences including one out of four    

        different rhythmical patterns; four blocks of stimuli

                 (  used patterns: a. quarter notes 

                                            b. syncopation 

                                            c. dotted rhythm

                                            d. group: eighth note and two sixteenth notes

                 (  each pattern:  repeated 10 times, each time enclosed in a different  

                                           unstructured context; first tone slightly accentuated

   (  each time sequence:  consisting of 60 tones of constant pitch;

                                         length of a quarter note: 0.2 s;

                                         pause length between each tone 

                                         ('offset to onset', ISI): 0.05 s  

Melody condition (Experiment 2): 

     (   40 well-balanced and 40 randomized tone sequences; two blocks of stimuli

     (   identical elements in balanced melodies and randomized sequences,  but  

      variation in tone order and pause length between each tone (ISI)  

 (   half of randomized versions: ISI at random,  

      for the other half: ISI equalized to 0.075 s

 (   equipment: keyboard, sound colors 'piano' and 'kettledrum',

      software: Steinberg Cubasis VST 4.0

[image: image1.png]Nl

§ b

§ b

§ b

§ b

§ b

§ b

§ b

§ b





[image: image2.png]Il

S b

]

hih b





                         Fig. 1a: Examples of a time sequence including a rhythmical pattern 

                                      and of a randomized time row   
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                          Fig. 1b: Examples of a structured melody and of a randomized tone row

Task 

(  attentive listening to randomly presented sequences

(  detection of a rhythmic or a melodic Gestalt and press of key buttons

Recording 

(  64 small Ag/AgCl electrodes referenced against the left preauricular point

(  ground electrode: Sternum

(  vertical and horizontal electro-oculograms (EOGV and EOGH) for the control of   

    blink artefacts

(  sampling rate: 500 Hz for each channel

(  filtering: off-line, high-pass 0.5 Hz

Data Analysis

(  artefact free trials were baseline-corrected, using a 0.1 s time interval

    pre-stimulus (rejection of time segments with EEG activity larger than 30 µV (EOGH) and 40 µV (EOGV))  

(  trigger points were set at each tone onset within the whole sequence

(  time window for artefact rejection and averaging: -0.2 .. 0.8 s post trigger

(  visual analysis of grand averages over all subjects, conditions, sequences and individual tones (i.e., ERP traces for each condition reflect merged activity over all tone onsets)

(  statistical analysis: 

    whole time range: two-factor analysis of variance for repeated measures 

                      (   'melody': time (5 levels) x condition (2 levels)

                        (   'rhythm' (only middle part with/without rhythmical pattern): 

                           time (3) x condition (2) 

(   each time window:  three-factor  repeated measures ANOVA 

                     (   'melody': condition (2) x left-right topography (3) x 

                                         anterior-posterior topography (3)
                     (  'rhythm':  condition (2) x left-right topography (3) x 

                                         anterior-posterior topography (3)
                                         (correction with Huynh & Feldt's epsilon) 

Results

Un-structured time sequences compared to rhythmical Gestalts evoked a significantly increased P2 as well as a sustained negative potential between 300 and 700 ms with a maximum at fronto-central electrode positions

(P2160..240: cond x vert p<0.05, Sustained Negativity300 .. 700: cond p <0.0001, 

 cond x vert p < 0.0001).

Melodies compared to unstructured tone series elicited a significantly increased N1 and P2 primarily in fronto-central regions of the brain (no lateralization)

(N1100 .. 150 : cond  p < 0.01, P2170 .. 220 : cond  p = 0.062).

Randomized tone sequences showed a P3-like component between 350 and 450 ms (P3370 .. 420 : cond p < 0.001). 
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               Fig. 2:  Grand average ERPs for non-musicians

                         Blue trace: Brain responses  to time sequences including a  rhythmical pattern 

                               Red trace:  Brain responses to randomized time rows  
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               Fig. 3:  Grand average ERPs for non-musicians.

                           Blue trace: Brain responses to well-balanced melodies

                           Red trace:  Brain responses to randomized tone sequences 

Discussion

ERP components in both experiments suggest an ongoing comparison of the actual tone input with the preceding sound information: 

In the rhythm experiment, the sustained negative potential might indicate a stronger mental effort for the processing of irregular compared to regular time sequences. As long as no clear rhythmical pattern is recognized, mental effort is needed to integrate a number of recent tones in order to detect possible regularities. Once the rhythm has been identified, task load is low, and strong predictions on the following stimulus are generated and confirmed each time.

In the melody experiment, by contrast, N1 and P2 amplitudes might indicate  different states of regularity and, thus, different predictabiliy for the incoming input: for structured melodies, the enhanced N1 and P2 might reflect the regular and logical succession of tone events in time. For unstructured sequences, however, predictability for tone progression is low, resulting in a reduced N1 and P2. Thus, already in this early stage of stimulus encoding, top-down processes are likely.

This finding is in line with results of Griffiths et al. (1998, 2001). They observed bilateral activity in the secondary auditory cortex when "more complex pitch sequences" (melodies) but not tone sequences with constant pitch were presented.

This brain region is assumed to be the main source area for the generation of N1 and P2 components.

In addition to that, present data do not reveal a specific correlate for auditory Gestalt formation as a later stage in melody processing. Instead, the P3-like component for randomized, but not for structured sequences, might suggest a kind of inconsistency with melody concepts stored in long-term memory.

Conclusions

Predictable tone order in melodic Gestalts and detectable time order in rhythmic Gestalts seem to be processed in a different way. Thus, perceptual and underlying neural mechanisms for tone progression (i.e. interval relations) in melodies and for less complex time relations in rhythm sequences might be dissimilar. Although paradigms in both experiments are quite analogous, effects of task (detection of a rhythmical pattern vs. matching of actual tone input with stored melody concepts) and of context (present in the rhythm experiment, absent in the melody experiment) could also influence the perception and processing of auditory Gestalts.
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